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Agilent’s Electronic Measurement Group, including 
its 9,500 employees and 12,000 products, is becoming 
Keysight Technologies. Learn more at www.keysight.com 

View the Agilent Basic  
Instruments Catalog

Use the Agilent Basic Instruments  
Catalog to find information  

on oscilloscopes, waveform  
generators, power supplies,  

spectrum analyzers, signal  
generators and more, along with  

interesting measurement tips!



WE’VE BEEN PROVIDING MEASUREMENT INSIGHTS FOR 75 YEARS.
AND THAT’S JUST THE BEGINNING.

The company shaped by William Hewlett and Dave Packard in 1939 and
championed through Agilent’s Electronic Measurement Group is becoming
a new stand-alone company. 

Of course as our customer, you’ve always been a priority. Today you become 
an imperative. Because we never forget that our success depends on your 
success, and your ability to unlock insights.

To do this, our mission is clear. We must deliver for you. We must provide 
insights for you. That’s why we’re focusing all of our experience, all of our 
energy on what’s next in test and measurement.

Our new name is Keysight Technologies. And our focus is unlocking test 
and measurement insights for you.

Sincerely,

Ron Nersesian, CEO

www.keysight.com

View the Agilent Basic  
Instruments Catalog
Use the Agilent Basic Instruments  
Catalog to find information  
on oscilloscopes, waveform  
generators, power supplies,  
spectrum analyzers, signal  
generators and more, along with  
interesting measurement tips!
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CONEC Cooperation
125 Sun Pac Blvd.
Brampton Ontario • Canada L6S 5Z6
Tel.: +1 905 790 2200 • Fax: +1 905 790 2201
info@conec.com • www.conec.com

Screw Connection

Field attachable connectors from CONEC give you the 
freedom and flexibility to react to the cabling situa-
tion on site.  Practical, cost-effective and above all, 
flexible solutions for quick cabling termination are 
required for both small series and special purpose ma-
chines.  This program includes connectors and adap-
ters – naturally with anti-vibration locking – in straight 
or angled, as well as in shielded versions.  You can 
choose a cable diameter of 4mm up to 12mm.

CONEC also offers a complete product line of over-
molded cable assemblies, for details and specifica-
tions please contact us at:  info@conec.com

M12

Screw Connection

M12

M8

7/8“ 

M12

M8

Round 24

AUTOMATION ENGINEERING

Circular Connectors 
Field attachable

TECHNOLOGY IN CONNECTORS  
                     DESIGNED TO PERFORM

SAL_Fieldattachable_ _.indd   1 2/20/2013   10:54:50 AM
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Defined as ‘devices and apparel or textiles made of discrete elec-
tronic and electrical hardware sold on its own,’ wearable technol-
ogy continues to emerge as a growing OEM sector in this country, 
spawning a bevy of fresh OEMs. 

It has also resulted in many international investors opening up 
their chequebooks to these Canadian business ventures. Kitchener-
based Thalmic Labs, Toronto-based InteraXon, Vancouver-based 
Recon Instruments and Montreal-based OMsignal have all closed 
multi-million dollar deals with US–based venture capital firms. 
Just recently, computing superpower Intel announced that they 
had acquired Vancouver-based startup Basis Science for up to 
$150-million. With these recent investments and acquisitions, it 
is fair to say that Canadian startups are a formidable force in the 
wearables space.

Internationally, the wearables market has the largest number of 
big names behind the most promising new developments such as 
Adidas, Accenture, Fujitsu, Nike, Philips, Reebock, Roche, Samsung 
and SAP, with Apple recruiting top people from that industry for 
obvious reasons. Their intellectual property is profound, according 
to recent research from IDTechEx, their agenda is heroic, address-
ing many of the biggest issues of our time, such as the graying of 
the population, the epidemic of obesity and diabetes. This even 

extends to a replacement pancreas as a skin patch and exoskel-
etons and limbs to make the disabled whole again.

Industry analysts are forecasting formidable growth in the wear-
ables market with Gartner estimating that the wearable electronics 
market will grow to $10-billion by 2016, and CCS Insight predict-
ing that there will be up to 100-million smartphone companions 
(ie: smartwatches) by 2017. 

With a global market that is already very saturated, Canadian 
startups are gaining recognition, especially from our neighbours 
down south, according to a report from MaRS, a Toronto-based 
biz incubator. The MaRS report profiles nine Canadian startups, 
some of which are MaRS clients, that have created revolutionary 
devices in the health and fitness market that go beyond measuring 
simple step counts and heart rate. These unique devices capture 
advanced body metrics, such as brainwaves (Muse), breathing rate 
and breathing volume (Hexoskin), head impact (Shockbox) and 
explosive strength (PUSH).

With these recent investments and acquisitions, it is fair to say 
that Canadian startups are a formidable force in the wearables 
space, representing a bright future for tomorrow.

Wearable tech market fits nicely in Canada

http://ept.hotims.com/51124-2
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NEWSWATCH NEWSWATCH
Cisco to build $100M innovation centre in Toronto
Cisco Systems Inc. has selected Toronto as the location for one of its four global 
Internet of Everything Innovation (IoE) Centres, representing a planned investment of 
up to $100-million over 10-years.

The decision builds on Cisco’s recent investments in Canada including:
• Up to $4 billion over 10 years to expand Cisco’s footprint in Ontario and create up to 
1,700 new jobs;
• Multimillion dollar investment to establish research chairs, professorships and innova-
tion centres at 10 universities across Canada; and
• Signing on as a Premier Partner in the 2015 Pan Am/Para Pan Am Games.

Toronto will join Songdo, South Korea; Rio de Janeiro, Brazil; and Germany as one of 
four centres announced worldwide. The decision to locate in Canada’s largest city reflects 
Cisco Canada’s demonstrated thought leadership and expertise in working with munici-
palities, and the Canadian construction and real estate industries.

Focusing on technologies and market opportunities surrounding the Internet of 
Everything, the Innovation Centre will help start-ups, established companies, and entire 
industries explore what is possible with Cisco technologies and Smart+Connectedô solu-
tions, while fostering Canadian-based innovation.

This North American hub for thought leadership and experimentation will bring 
together start-ups, technology and services partners, academia and customers to rethink 
and transform the status quo, while continuing Cisco’s tradition of making IT relevant to 
decision makers and business leaders.

Toronto engineers launch Ubi odyssey project
Beta test program for the ubiquitous computer
Toronto-based Unified Computer Intelligence Corp. launched its Project Ubi Odyssey 
recently. Ubi, also referred to as The Ubiquitous Computer - is a device made to usher in 
the era of ubiquitous computing, when humans will be able to interact with computers 
without requiring the use of screens or handheld devices.

Developed by Toronto engineers Leor Grebler, Mahyar Fotoohi and Amin Abdossalami, 
Ubi is a WiFi-connected, voice-operated computer that plugs into a power outlet and 
makes the environment around it Internet enabled. Reminiscent of voice controlled 
computers depicted in science fiction, early uses of the Ubi include Internet search, mes-
saging, and communications without the use of hands or screens. The Ubi also includes 
sensors that allow for remote monitoring of the environment around it.

The Ubi relies on powerful server technology that processes natural language to infer 
requests from the user and then pulls data from various Internet sources. Users can easily 
build voice-driven interactions and connect devices and services through the Ubi Portal. 
The device is equipped with temperature, humidity, air pressure and ambient light sen-
sors to provide feedback on the environment around it. Also onboard the Ubi are stereo 
speakers, two microphones, and bright multi-colored LED indicator lights. 

Surtek donates to BC’s Children’s Hospital
In its continuing support of BC’s Children’s Hospital, Surrey BC-based electronics con-
tract manufacturing (ECM) provider Surtek Industries Inc., contributed $29,000 to the 
health care facility recently.

A proud supporter of BC’s Children’s Hospital for several years, Surtek has managed 
to raise more than $150,000 through benefits and donations. The firm also managed to 
raise more than $3,000 through its Festival of Trees charitable program, thanks to its 
customers, suppliers and friends, according to Saranya Tharmarajah, director of Surtek.

Electro-Sonic acquired by Master Electronics
Distributor to continue its 63-year legacy  
serving the Canadian market
63-year-old electronic component distributor Electro Sonic Inc. has been acquired by 
Santa Monica, CA-based Master Electronics.

After filing for bankruptcy protection in February, Markham ON-based Electro Sonic says 
it will carry on as a leading Canadian electronic component distributor serving thousands 
of customers as it has done for the last six decades, according to a press announcement.

With its broad line card, Electro Sonic has served the Canadian electronics design com-
munity with a focus on serving OEM, contract manufacturers and MRO customers. The disty 
provides its customers with a focused inside and outside sales team located throughout 
major markets in Canada. The firm also develops custom programs to fit its customer needs.

“We have a tradition and strong history serving our Canadian customers and we are 
eager to continue our deep relationships with customers, reps, and suppliers alike,” says 
Electro Sonic’s sales manager, Niall Flanagan. “We are looking forward to the additional 
resources and enhanced capabilities we will soon offer which will be of great value added 
to our diverse customer base.”

Master Electronics is an authorized electronic component distributor, dedicated to stocking 
a breadth of products offering customers over 350,000 in stock part numbers for immediate 
delivery. Master Electronics has over 46 years of industry experience with 9 sales branches 
in North America and 2 sales branches in Asia. Master is franchised for over 230 suppliers.

2" MORE 
GIVES YOU 
2X MORE
AC-DC 
POWER.

10kW5kW

1-800-269-6426
www.PioneerMagnetics.com
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• Ottawa-based electronic distributors J-Squared Technologies Inc. has added another 
four people to its Mississauga sales team. The firm has appointed Monica Persaud and 
Angela Harington to the position of product managers, while Joseph Valencia and 
Mike Masci have joined the team as account managers servicing the southern Ontario 
market. J-Squared offers value added solutions with both electronic components and 
embedded products. 

• Simcona Electronics of Canada Inc., London ON-based distributor of electronic compo-
nents and wire & cable, has appointed Chris Barber as field account manager for Ottawa 
and surrounding area. 

• Integrity Testing Laboratory (ITL) Inc., Markham ON, recently announced the 
appointment of Larry Cook to the position of business development manager.

ISO 9001:2008 and CGR (Controlled Goods Program) registered, ITL has extensive 
experience in analysis of electronic components and semiconductor devices.

• Alberta-based manufacturers’ representative firm Excellit Marketing Ltd. (EML), has a 
new address at: 115, 1925-18th Ave. NE, Calgary, Alberta, T2E 7T8. Phone: 623-207-8484.

• Electronic manufacturing services (EMS) provider Dorigo Systems Inc., Burnaby BC, 
held a draw during the Eptech trade show in Calgary this Spring.

John Bobbett of OPI Systems Inc. in Calgary is the lucky winner of a Jolt Charger 
battery backup module for charging mobile devices.

MG Chemicals appoints Matrix as distributor
MG Chemicals Ltd. Burlington ON, manufacturer of cleaners, coatings, epoxies, shield-
ing, thermal greases and adhesives has appointed Matrix Technology Ltd. Markham On, 
as a full-line authorized distributor in Canada.

“Matrix’s experienced sales force combined with its associated target markets of 
aerospace, electronics, medical, energy and transportation, will make them a great 
addition as a sales partners,” says Ritch Mackie, VP of sales, MG Chemicals.

“With MG Chemicals’ portfolio of products, we will now be able to provide special-
ized chemical products for almost any electronic application - further demonstrating 
our commitment to bring additional solutions to our valued customers” says Simon 
Bennington, president, Matrix Technology.

Sager signs GE’s Critical Power biz
Sager Electronics, North American distributor of IP&E electronic components, has 
reached a distribution agreement with GE’s Critical Power business, a leading manufac-
turer of end-to-end power solutions for the building, box and board. 

“Sager’s strength is in the industrial and medical markets, and we have a strong field 
application engineering program. Our commitment to GE is to introduce their power offer-
ing into our market leading customers using our team and their technical expertise,” says 
Bruce Kellar, vice-president of sales for Sager. 

Mouser launches open source hardware tech site
Mouser Electronics Inc., Dallas TX, has launched a highly interactive website containing 
useful information on many of the latest open source hardware boards and accessories.

The Open Source Hardware (OSHW) technology microsite serves developers seek-
ing quick access on open-source products, including BeagleBone, Arduino, Netduino, 
STMicroelectronics Nucleo, Texas Instruments LaunchPad and the Intel Galileo. 

Found on Mouser main site (www.mouser.com) the new site contains schematic diagrams, 
technical details, and compatible expansion boards for the most common OSHW boards. 

Digi-Key responds to demands for IoT solutions
Responding to growing customer demand for Internet of Things (IoT) solutions, global 
electronic components distributor Digi-Key Corp. has added several new suppliers to its 
existing catalog. As device connectivity becomes more prevalent, embedded and wire-
less suppliers offering machine-to-machine M2M solutions have turned to Digi-Key in an 
effort to expand their customer reach. 

“We believe that Bluetooth Smart will be a core foundational technology for the bil-
lions of wireless sensors that will form the ‘Internet of Things’ and be capable of being 
mounted almost anywhere, at low cost, and able to communicate and interact with the 
external world via smartphones and tablets,” says Darren O’Donnell, director of sales for 
the Americas, Nordic Semiconductor. 

Neutronics to represent LS Research in Canada
Ottawa-based Neutronics Solutions, representative of advanced components, MCAD and 
ECAD design software solutions, has been selected by LS Research to represent its cus-
tom and standard wireless solutions coast-to-coast within Canada. LS Research provides 
wireless products and services, including EMC testing to industrial, consumer, medical 
and defense markets. 

“We are honoured and proud to be selected to represent LS Research within Canada,” 
said Dave Stubbs, president, Neutronics Solutions. “On the cusp of our 20th anniversary, 
our knowledge base of the component market is comprehensive, and we are committed 
to partnering with only the most advanced technology providers.” 
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Electronic Enclosures & Thermal Management

   

Email us at inforequest@jsquared.com with any questions or inquiries  
or call us toll free at 1-855-365-2188 for price and availability

www.jsquared.com

FEATURED PRODUCTS:

• Manufacturer of explosion protected electrical components and systems
• ATEX, NEC/CEC, IECEx, GOST and INMETRO certifications
• Broad range of intrinsically safe products including electrical distribution & 
 control systems, motors, gas analyzers, PA systems, seismic equipment,  
 heat trace systems, enclosure, scanner, displays and cameras

• Complete line of electrical enclosures & small enclosures
• Racks and rack cabinets, outlet strips & transformers
• Full line of handheld enclosures

Selecting a cooling system for an elec-
trical enclosure is an important task that 
is not always as simple as it might seem. 
The consequences of choosing the wrong 
system can be significant, so taking the 
time to make an informed choice is vital.

To choose the most efficient and cost-
effective cooling system you must first 
consider factors such as the NEMA rating 
and heat load for the enclosure. These 
two pieces of information will help you 
determine whether to use an air condi-
tioner, heat exchanger, or a filtered fan 
system to cool the enclosure.

However, the choices do not stop 
there. Once you decide which type of 
cooling system makes the most sense, 
you must determine the cooling capac-
ity and the appropriate size to ensure 
optimal efficiency. Even with access to 
resources such as cooling capacity calcu-
lators, selecting the right cooling system 
can be challenging, especially if you have 
never gone through the process before. 
The financial consequences of choosing 
an improperly sized system are not insig-
nificant, so it is important to make your 
purchase with confidence.

Common environments for enclosures
The National Electrical Manufacturers 

Association (NEMA) creates industry stan-
dards for the performance of electrical 
enclosures based on the surrounding envi-
ronment. The NEMA enclosure type will 
help inform which kind of cooling system 
is appropriate for your application.
NEMA 1: A NEMA 1 rating is the least 
stringent designation for an electrical 
enclosure. The enclosure will always be 
indoors and the surrounding environment 
will be similar to normal atmospheric 
conditions.
NEMA 3R: An electrical enclosure with a 
NEMA 3R rating is intended for outdoor 

use so it must protect against environ-
mental conditions.
NEMA 4: enclosures must be weather-
proof for outdoor applications and able 
to withstand more extreme indoor condi-
tions where water or other liquids are 
present.
NEMA 4X: A NEMA 4X rating is similar 
to a NEMA 4 rating, but the 4X designa-
tion must also include protection against 
corrosion.
NEMA 12: An enclosure with a NEMA 12 
rating is intended for indoor use, such 
as manufacturing plants, and must meet 
certain standards for protection against 
dust, liquids and debris.

Enclosures of NEMA types 1 and 3R can 
often be cooled with a simple filtered fan 
system that does not provide protection 
against water spray, dust, or other air-
borne contaminants.

Determining, managing heat load
Understanding the sources that con-

tribute to the heat load and how that 
heat is transferred is one of the first 
steps in selecting an appropriate cool-
ing system. The two primary factors 
that contribute to the heat load of the 
enclosure are the internal and external 
heat sources: motor drives, transformers, 
communication equipment, servos, power 
supplies, control boards, programmable 
logic controllers, servers and other net-
working equipment, 

Ambient heat
Ambient heat refers to the tempera-

ture in the environment surrounding the 
enclosure. In an indoor environment, the 
ambient temperature can be affected by 
factors such as: industrial ovens, kilns, 
furnaces. When ambient heat is high 
enough to impact the internal tempera-

ture of the enclosure, it must 
be factored into the heat load 
calculation.

Understanding heat transfer
The second law of thermody-

namics states that heat always 
transfers from an object or 
region of higher temperature 
to one of a lower tempera-
ture. For example, when ice is 
added to a glass of water, the 
warmer liquid actually heats 
the ice and as a result, the 
temperature of the liquid is 
lowered. The same concept can 
be applied to electrical enclo-
sures in three different ways:

1. Natural convection cooling
The flow of heat from a 

warmer environment to a cooler 
environment occurs naturally 
when the ambient tempera-
ture surrounding an electrical 
enclosure is cooler than the 
internal temperature. The heat 
from the enclosure will natu-
rally radiate through its walls 
and the internal temperature 
will be lowered accordingly. Although this 
method is by far the most simple, it is 
also the least effective because the tem-
perature difference between most enclo-
sures and their ambient environments is 
not large enough to sufficiently cool the 
components inside the enclosure.

2. Forced convection cooling
The amount of heat that transfers from 

a warmer area to a cooler area can be 
increased with addition of a fan or blower 
to decrease the thermal resistance of the 
barrier between the two areas.

In the case of an electrical enclosure, 
filtered fans can provide affordable forced 

convection cooling to reduce the internal 
temperature. But what happens when 
the outside air has contaminants like 
dust and dirt or oil? The filtered fan may 
provide the cooling you need, but it will 
deposit these contaminants on electrical 
components at the same time. When air 
contamination might be a problem, the 
best solution is a closed loop air to air 
heat exchanger.

However, just as with natural convec-
tion cooling, the amount of heat that can 
be transferred away from the components 
inside the enclosure is limited by the 
ambient air temperature.

3. Active cooling
When natural convection or forced 

convection do not provide enough heat 
transfer to adequately cool the compo-
nents inside the enclosure, an air condi-
tioner may be required. An air conditioner 
also provides a closed loop system which 
is needed when the components inside 
the enclosure must be protected from 
environmental factors such as dirt, dust, 
or liquids.

After you have identified the NEMA 
rating of the enclosure and calculated its 
heat load, you have enough information 
to decide whether you need a filtered fan, 
a heat exchanger, or an air conditioner.

AC sizing & selection
Selecting a properly sized air condi-

tioner is critical for achieving optimal 
performance and efficiency. Calculating 
the required cooling capacity is an essen-
tial step in selecting a properly sized air 
conditioner. The required cooling capacity 
of an air conditioner, which is expressed 
in BTU/hour, is based on the internal 
heat load and the heat load transfer.

Internal heat load – Each component 
in the enclosure has a maximum heat 
output specification, typically provided 
in Watts, which can be converted to BTU/
hour. Adding the maximum heat output 
specifications for every component in the 
enclosure will give you the total internal 

Choosing a cooling system 
for electrical enclosures By Thermal Edge Inc.

continued on page 10

http://ept.hotims.com/51124-5
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For more than 25 years, Fabcrest has been supplying custom enclosures,  
components and products to OEM manufacturers in the  
Electronics, Fire & Safety and Communications industries.

Our 50,000 sq. ft. Concord, Ontario facility is equipped with the most  
advanced fabrication technology including “Lights-Out” automation to provide  
quick turn around and precision parts at lower costs. 

Excellent Part Quality – Guaranteed
All manufacturing processes are “in house” giving us full control over quality  
and lead times. Maintaining tight tolerances throughout all production processes  
allows us to guarantee high quality parts with a perfect-fit during assembly.

“Just in Time” Support - Why Hold Inventory?
With our blanket order system, we only ship parts on an “as-needed” basis.  
Fabcrest carries all costs associated with inventory. Our clients receive a  
high volume price and only pay for the products as they are shipped. 

• Design & Prototyping
• CNC Punching 
• CNC Laser 
• CNC Forming 
• Welding  
• Hardware Insertion 
• Sub and Final Assembly 
• Electrostatic Powder Coating

www.fabcrestmetal.com
Tel 905.660.3461

Mobile temperature system 
speeds electronic test, 
verification
Thermostream ATS-535 mobile temperature control 
system for high-speed thermal testing of electronic 
components, sensors and printed circuit boards brings 
temperature to the test site by directing a stream of 
cooled or heated air, reaching temperatures between -60 
to +225C very quickly. Highly mobile without the need for 
an external air supply, unit can execute fast temperature 
transitions e.g. -40 to +125C in 12-sec. This allows for 
thermal characterization at the test bench or site, for 
example, rather than moving the test subject to a thermal 
chamber or custom engineered enclosure.  Product’s swivel 
arm and pneumatic controls allow precise connection 
with the device under test. System setup and control is 
accomplished via a controller with adjustable positioning 
for convenient local operation, as well as connectivity for 
remote operation. 
INTEST THERMAL

http://ept.hotims.com/51124-36

Thermoelectric air conditioner has half ton capacity
AHP-6263 Model 3 Phase, 240 Vac thermoelectric 
air conditioner with a half ton of cooling capacity, 
allow reliable thermoelectric cooling to be used in 
new applications, cooling larger enclosures than 
ever before. Products include the energy saving 
Eco-Mode feature, whereby the built-in tem-
perature controller provides passive cooling thus 
reducing the requirement for active cooling. Unit 
cools using 86% less energy than in the active 
cool mode. Eco-Mode is available in all of firm’s 
new models and has recently been added to many 
legacy models.
TECA CORP

http://ept.hotims.com/51124-40

Encapsulant materials enhance device protection
Loctite EccoBond EN 3810T and EN 3838T 
encapsulant formulations can be selective-
ly applied to environmentally-susceptible 
components, delivering a barrier that is 
impervious to moisture and fluids. Both 
materials are suitable for handheld and 
automotive applications where exposure to 
various liquids, chemicals and fluids is com-
mon and potentially detrimental. Products 
cure quickly at moderate temperature, are well-suited for high-volume manufacturing 
operations with unique rheologies conducive to jet dispensing. 
HENKEL

http://ept.hotims.com/51124-41

Junction boxes meet NEMA 6P & IP68 ratings
YQ Series of NEMA-rated electrical junction boxes 
protect components in harsh environments, meet-
ing NEMA Type 1, 2, 3, 3R, 4, 4X, 5, 6, 6P, 12 and 
13 specifications and IP68 of IEC 60529 require-
ments (UL File No. E352997). Product is avail-
able in eight sizes, ranging from 6”x 4” through 
16”x 14”, and is molded from impact-resistant 
polycarbonate. Made in the USA, products provide 
stainless steel screws for corrosion resistance, 
a waterproofing closed-cell gasket and a cover 
available in opaque or clear. Units are surface-
mountable with your choice of mounting feet or 
mounting flange. 
POLYCASE

http://ept.hotims.com/51124-37

Box enclosure seals out water and dust in extreme 
conditions
PIP Series IP67 box enclosure provides waterproof 
protection of electronics for approximately 10% 
less than competing enclosures. Unit is made from 
a polycarbonate plastic material enhanced with 
10% fiberglass, which provides improved rigidity 
and tighter tolerances. Users can be confident of 
a tight, reliable seal and that components will fit 
precisely without the need for time-consuming 

rework. Box cover is polycarbonate. If desired, a clear polycarbonate lid allows inspec-
tion without opening the box and indication without adding cutouts.
BUD INDUSTRIES

http://ept.hotims.com/51124-42

Thermal interface material provides 
compressibility, conformability
COOL-PAD CPR7154 new class of thermal interface material that 
dispenses like a thermal pad, but performs with characteristics 
like that of a grease or gel when device temperatures increase 
to above 45C. Product is optimized to accommodate large areas 
with different heights and gaps of less than 3-mil along its 
interfacing area.  Product is filled with a modified oxide mixture 
and is electrically insulating at normal voltage and is designed to 
have high compressibility as applied in comparison to traditional 
thermal pads. Once the device temperature reaches 45C, product 
will ‘melt-flow’ to fill even the smallest of trapped air along the 
interface between the device and heat-sink or heat-spreader.
AI TECHNOLOGY

http://ept.hotims.com/51124-38

Thermally conductive adhesive bonds circuit boards
COOLSPAN TECA film is a thermally and electrically conductive 
adhesive that is suitable for bonding circuit boards to heavy metal 
backplanes, heat sinks and housings. The thermosetting, epoxy-
based, silver-filled adhesive is a practical alternative to fusion bond-
ing, sweat soldering, press-fit, and other mechanical approaches for 
attaching circuits to associated structures. Product is supplied in sheet form on a PET 
carrier and is able to survive lead-free solder processing, while improving chemical resis-
tance and high temperature performance.
ROGERS CORP.

http://ept.hotims.com/51124-43

Enclosure gaskets  
boost performance
Beryllium-copper fingerstock gas-
kets provide reliable electrical contact 
between parallel seams (mating surfaces) 
that are created by enclosure access 
doors and panels. The high-performance, 
hardened Alloy 25 gaskets are avail-
able in hundreds of easy-to-install styles 
and sizes to accommodate thousands of 
enclosure applications. Once installed, 
the gaskets improve shielding effective-
ness over a broad frequency range. Due 
to high tensile strength and resiliency, 
products withstand repeated compres-
sions that are encountered when opening 
and closing an enclosure door. Products 
can be cut to application specific lengths 
and are available in multiple plating 
finishes to promote optimal galvanic 
compatibility. 
LEADER TECH

http://ept.hotims.com/51124-39
If the Fabcrest Metal Products insert is missing from this issue, please go to http://ept.hotims.com/51124-6
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● 1000 BTUH to 20,000 BTUH
● Condensate Removal is Standard
● Designed for 12” Enclosures
● Programmable Digital Controller  

- Visible Alarm and/or Messaging 
- System Status Indicator 

● Hazardous Location Systems 
● Optional Integrated Heat
● Corrosive Environment Packages

(972) 580-0200 or (888) 580-0202  1751 Hurd Drive, Irving, TX 75038  www.thermal-edge.com

Your electrical components can be damaged  
by heat and environmental contaminants.  
Give them a cool, clean, safe environment  
with Thermal Edge Air Conditioners.

● NEMA Type 12, 4, 4X
● UL Listed

HOT ELECTRICAL ENCLOSURE? 
Keep Your Cool Without Damage or Drips!

No water drips  
from Thermal Edge 
enclosure air conditioners

At the heart of modern electronic devices 
and many other products are printed 
circuit boards (pcbs), which have proven 
to be rugged, reliable, and quickly and 
inexpensively produced. Thermal imag-
ers provide a powerful set of diagnostic 
tools for testing pcbs during design and 
prototyping – and can even help improve 
manufacturing excellence when used in 
production, process monitoring and qual-
ity assurance applications.

Pcbs mechanically support electronic 
components and connect those compo-
nents via conductive pathways or traces. 
The traces are etched from copper sheets 
laminated onto non-conductive sub-
strates. Then components are automati-
cally placed and soldered to the boards 
in accordance with designers’ schematics. 
Ensuring that a pcb is properly designed 
and functions correctly before the device 
in which it will operate goes into general 
production is the principal task of elec-
tronic design engineers. 

When the circuit board has proven 
itself in the design phase and as a com-
ponent in a prototype, consistent pro-
duction practices will typically ensure its 
integrity and success in the final product. 
This article will review the use of thermal 
imaging to test and monitor pcbs. 

Thermal imagers – also known as 
infrared (IR) imagers or IR cameras – cap-

ture two-dimensional representations of 
the surface temperatures of electronics, 
electrical components and other objects. 
Since overheating may signal that a trace, 
a solder joint, or a component (chip, 
capacitor, resistor, etc.) is malfunction-
ing, Fluke’s powerful handheld thermal 
imagers can provide a powerful set of 
diagnostic tools for testing pcbs.

What to check?
Thermal imagers are used primarily 

to test circuit boards during the design 
and prototyping phases, but may also 
be useful under certain circumstances in 
production or process monitoring applica-
tions and in support of quality assurance. 
Check the following:

New designs (prototypes)
Thermal imagers can play a signifi-

cant role during the design of pcbs. 
For example, when designing circuits, 
engineers can use infrared equipment 
to monitor the thermal characteristics 
of certain components and make design 
modifications based on their findings. 
After developing a prototype, engineers 
will, of course, power up the board to the 
level it is expected to run in the finished 
product and monitor the results. 

One of three things might happen: 
1) the board will power up with no 
discernable problems; 
2) the board will shut down; or 
3) the board will cycle on and off in 
some tests. 

When a test board shuts down or 
cycles on and off, it is up to design 
engineers to determine the cause. Even 
if the board powers up with no problem, 
designers must determine if it is operat-
ing optimally. Scanning each powered-up 
prototype board using a thermal imager 
can be revealing in a variety of diagnostic 
test scenarios.

Boards from contractors
Many manufacturers of electronic 

devices purchase their circuit boards from 
companies that specialize in pcb manu-
facturing; often contracting with multiple 
suppliers to produce the same board. 
Powering up and checking these boards 
with a thermal imager before a produc-
tion run can help ensure all purchased 
boards function properly and that quality 
is consistent from unit to unit and from 
supplier to supplier. Such screening can 
be especially important before the first 
production run of a new device, when the 
purchased pcbs also represent the first 
production run for the supplier(s).

Boards in production
One traditional quality assurance (QA) 

strategy – especially in companies where 
manufacturing tolerances are tightly con-
trolled and defects minimal – is to test 
every nth product off the line; or in the 
case of circuit boards, to test every nth 
board to be installed. Alternatively, QA 
inspectors might check circuit boards 
randomly. Whichever strategy a company 
employs, a thermal imager can play a 
significant role.

Selecting an imager
Electronic devices are becoming more 

compact every day, and that means that 
the boards and components in these 
devices are also getting smaller. Because 
of this trend and because engineers may 
need to determine the temperature of 
something as small as, say, a pin on a 
component, an IR camera’s spatial resolu-
tion and thermal sensitivity are important 
factors in choosing an imager for this 
kind of work. The spatial resolution of a 
thermal imager is called its instantaneous 
field of view (IFOV) and is measured in 
milliradians (mrad) – e.g., 1.30mrad. 
In essence, a thermal imager’s IFOV 
describes the smallest object one can 
observe. Regarding thermal sensitivity, 
today’s pcb designers have available to 
them thermal imagers with thermal sensi-
tivities ≤0.05C at 30C (or better). Using a 
thermal imager with good spatial resolu-
tion and thermal sensitivity, a technician 
can view and compare the temperatures 
of small, irregularly shaped objects. This 
makes it possible to pinpoint small tem-
perature differences between very small 
areas on pcbs. Additionally, a feature of 
Fluke thermal imagers, IRFusion, further 
enhances the usefulness of thermography 
in pcb applications. 

What to look for?
Whether one uses a thermal imager to 

scan pcbs for R&D, pre-production tests 
or quality assurance, there are various 
kinds of problems that will manifest 
themselves as hot spots on a thermal 
image. Typical pcb problems discovered 
by thermography are improper soldering 
of circuitry or components, broken or 
undersized traces between components, 
power fluctuations due to lifted leads, 
missing components, reversed polarity 
of components, bent pins and incorrect 
component placements. This long list of 

IR-Fusion
IR-Fusion allows the operator of a thermal imager to fuse together on the camera’s 
display both an infrared and visible light image of a pcb. In fact, using an imager with 
IR-Fusion, a technician can view images in a range of modes from a completely infrared 
image to a completely visible-light image or a blended image at any ratio in between. 

In addition, IR-Fusion capability permits the operator to use a picture-in-picture 
mode in which a visible-light frame of reference surrounds an IR portal. Cameras with 
IR-Fusion may also have an IR/Visible Alarm mode in which temperatures above, below 
or in between a specified range are displayed in IR format while the rest of the image 
is in visible-light format. The purpose of each of these modes is to provide visible-light 
details that allow operators to more easily identify specific components on printed 
circuit boards.

Using thermography as    
a diagnostic tool for 

testing printed circuit boards
By Colin Plastow, industrial product manager, Fluke Electronics Canada

Fluke’s handheld thermal 
imagers can provide a 

powerful set of diagnostic 
tools for testing pcbs.

continued on page 10

Screening 
circuit boards 
using a thermal 
imager can help 
ensure quality is 
consistent.

Scanning each 
powered-up 
prototype board 
using a thermal 
imager can be 
revealing.

http://ept.hotims.com/51124-7
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www.protocase.com

Protocase allows you to buy custom
electronics enclosures with a whole new level

of speed and convenience.

info@protocase.com
1.866.849.3911

Our friendly and knowledgeable
sales representatives will be happy to

assist you in placing your order.

The fastest and easiest way to design, priceand build custom electronics enclosures. 

Free Downloadable 3D Enclosure Design Software
Fast and Easy Design
Instant Price Quotes
Buy Your Custom Enclosure Online With 2 - 3 Day Turnaround

Also Available

One-stop Shopping
We build fully finished enclosures to your design, in 
your choice of steel, aluminum, stainless or galvanized,
including cutouts, powder coats, silkscreens, fasteners, 
and hardware.

Built in 2-3 days
We offer unheard-of manufacturing speed. This lets you 
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800.323.2439 • 214.340.0265

.  We’ll make YOU a fan.

AC Fans • DC Fans • Fan Trays • Accessoriesorionfans.com

Your DC Fan Specialists
Standard, special function and custom DC fans  
and accessories with JIT delivery worldwide 

With a broad range of DC fans and  
accessories, and the engineering support  
to meet your custom requirements,  
Orion Fans will make your DC fan…FAST.

    

Shortest lead-times. Great prices. 

Find it. Spec it. Buy it. 

Vane Axial DC Fans
High performance fans 
with superior airflow 
in high static pressure 
 environments.

 Series #s:  OD1238VA  

  OD9238VA         

  OD8038VA  

  OD6038VA

 Size:  60 – 120mm 

 Air Flow:  61 – 283 CFM

View fan video at orionfans.com
Up to 5 special functions per fan including:  

tachometer output, locked rotor alarm,  
PWM input, thermal control & constant speed control.

KE1024 ad Film.indd   1 4/7/14   11:22 AM

potential pcb problems detectable using 
thermography precludes a detailed dis-
cussion of all of them. Let’s instead look 
at some examples of how thermography 
has been used to support the design and 
manufacturing of printed circuit boards.

At the design stage, thermal imagers 
help designers identify areas of pcbs 
that use excessive power. This capability 
is especially important if the board is 
intended for use in a battery-operated 
portable device. The designer then has 
an opportunity to tweak the design, 
decrease the board’s power consump-
tion and, thereby, prolong battery life 
in the final product. Similarly, knowing 
that a board or component ’runs hot’ can 
alert the designer to the fact that it will 
require either active cooling or a larger 
heat sink in the end product, or a rede-
sign that does not run so hot.

At the test stage, if a design engineer 
uses thermography and discovers that an 
area of a pcb is overheating, it may be for 
any number of reasons, including all of 
those mentioned earlier. It is then incum-
bent upon the designer to find the root 
cause of any anomaly, perhaps by using 
other test tools. For example, using an IR 
camera, one engineer found that a trace 
on a board was cycling from hot to nor-
mal about once every second. It turned 
out that one of the parts on the trace was 
mounted backwards and was shorting out 
the power supply. The overload that pro-
tected the circuit was alternately turning 
the circuit on and off, causing the trace, 
in turn, to heat up and then cool.

Pre-production screening of pcbs using 
thermography saved one printer manufac-
turer the embarrassment of shipping faulty 
units and dealing with the resulting recalls 
and warranty claims. A company electron-
ics engineer discovered during routine 
testing of pcbs for a new printer line that 
a large number of the boards were over-
heating and tripping protective devices. 

Further research found that the motor 
driver chips on the failed boards were 
hot to the touch. The engineer secured a 
thermal imager and found that the motor 
driver chip was indeed overheating, but on 
only 25% of the units.

After using the thermal imager to 
isolate the faulty boards, the engineer 
determined that the malfunctioning units 
were all from one of two suppliers. 
Informed in a report documenting the 
problem, the supplier sent new boards 
with functioning motor driver chips.

The bottom line is this: Using thermal 
imagers to observe the heat patterns 
generated by pcbs enables engineers to 
correct design or manufacturing flaws 
and ultimately improve products and the 
processes used to create them. Pcb manu-
facturers and OEMs that use pcbs have 
successfully deployed thermal imagers to 
monitor circuit boards en route to maxi-
mizing production efficiency, minimiz-
ing time to market and 
avoiding costly recalls 
and warranty issues.

For more information 
on thermograph from 
Fluke, go to  
http://ept.hotims.com/51124-45

Using thermography as    
a diagnostic tool continued from page 8

IR-Fusion capability enables  
the operator to view and capture an 

image that “blends” infrared and  
visible light at any ratio.

heat load for the system.
Heat load transfer – The heat that 

transfers between the inside of the enclo-
sure and the ambient air outside is 
referred to as the heat load transfer. 
When the temperature inside the enclo-
sure is higher than the ambient tem-
perature, the heat load transfer will be 
negative. When it is warmer outside the 
enclosure than it is inside, the heat load 
transfer will be positive. 

Enclosure & AC dimensions
In addition to calculating the cool-

ing capacity, you must also consider the 
physical size of both the air conditioner 
and the electrical enclosure to ensure 
that they are compatible. Enclosure air 
conditioners come in a variety of shapes 
and sizes, including narrow units that are 
designed to fit on enclosures as small as 
only seven inches deep.

Heat exchanger selection
Heat exchangers are most commonly 

used in relatively low ambient tem-
peratures when a closed loop system is 
desired to keep contaminants out of the 
enclosure. They have the advantage of 
providing highly efficient cooling without 
the need for filters. 

The required cooling capacity for a 
heat exchanger is expressed in Watts/
degree Celsius (W/°C). It is calculated in 
a similar way to air conditioners, but with 
the addition of another factor: Delta T.
• Internal heat load – Just as with air 
conditioners, the internal heat load is 
calculated by adding the maximum heat 
output specification for all of the compo-
nents in the enclosure.
• Heat load transfer – Using the same 

concepts as those described for air con-
ditioners, the heat load transfer for a 
heat exchanger is calculated using the 
square footage of the surface area and 
an industry standard constant that varies 
depending on the enclosure material.
• Delta T – Delta T is calculated by 
subtracting the maximum ambient tem-
perature from the maximum allowable 
enclosure temperature.

Filtered Fan selection
Filtered fans are a viable solution 

for enclosures rated NEMA Type 1 or 
3R because they do not keep particles 
or liquids out of electrical enclosures. 
Filtered fans can also only be effectively 
used when the ambient temperature is 
lower than the temperature inside the 
enclosure.

Calculating cooling capacity
The cooling capacity of a filtered fan 

is expressed in cubic feet per minute 
(CFM). The equation used to calculate 
the required CFM of a filtered fan includes 
both the internal heat load and Delta T.
• Internal heat load – Just as with an air 
conditioner or heat exchanger, the inter-
nal heat load of an enclosure that uses a 
filtered fan is calculated by adding the 
maximum heat output specifications for 
all of the components in the enclosure.
• Delta T – This is the difference between 
the maximum ambient temperature and 
the maximum internal temperature.

Conclusion
Selecting the right cooling system for 

an electrical enclosure is important for 
keeping operating costs low, protecting 
valuable equipment and getting the most 
from your investments. Choosing the 
wrong system could result in equipment 
damage, higher operating costs, or even 
equipment failure.

The steps for selecting the right 
cooling system include:
• Determining the NEMA rating of the 
enclosure
• Calculating the heat load of the 
enclosure
• Deciding which type of cooling sys-
tem is appropriate
• Calculating the required cooling 
capacity
• Selecting a system that meets all of 
the above requirements and physically 
fits on the enclosure.

Although each step in the process is 
clearly defined, the actual process of 
selecting a cooling system can be quite 
intimidating, especially if you have never 
done it before. When you consider the 
potential consequences of installing a 
cooling system that does not function 
as expected, it is clear that making the 
right choice from the 
beginning is extremely 
important.

For more information 
on selecting a cooling 
system for electrical 
enclosures from Thermal Edge Inc., go to  
http://ept.hotims.com/51124-47

Enclosure system for electrical enclosures
continued from page 6

Cable lacing bar eases cable 
management
Cable Lacing Bar (CLB) simplifies organization of cabling for 
IT professionals. Product reduces strain on cables connected 
to a patch panel or device. Available in three depths, unit is 
sold in packs of 10.
HAMMOND MFG

http://ept.hotims.com/51124-44

Direct-wired pod provides users direct control  
of the hard drives
Storinator Direct-Wired Standard pod captures the essence of a 
major design leap and the evolution of the Backblaze 4.0 storage 
pod. Product is designed to use a single Zippy PSL-6850 power sup-
ply; removing a potential point of failure in the system. Product 
provides users direct control of the hard drives allowing for a solu-
tion that is faster and more efficient. Unit is supplied completely assembled and tested 
and with operating system installed. Direct-wired controlled device is non-redundant and 
comes with sliding rails. Hard drives not included.
45 DRIVES

http://ept.hotims.com/51124-46

http://ept.hotims.com/51124-9
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We’re METER MAD at 
Murata Power Solutions!

Our design engineers 
have been working like 
crazy to bring you the 
new

Panel Meters
NEW 

NANO

DMR20-1-ACV-R-C

Self-Powered, 
85 to 264Vac, 
LED Display 
Line Monitor
• Universal 85 to 264Vac 

measurement range 

• Self-powered directly from the 
AC supply

• Reads true-rms value to 0.1V 
resolution 

DMR20-1-TMP-R-C

Digital 
Thermometer 
with Thermistor 
Probe
• –40 to +105°C (–40 to +221°F) 

measurement range

• Celsius or Fahrenheit readings

• Operates from 24Vac or 6 to 
50Vdc supplies 

DMR20-10-DCM-R-C

2-Wire, Self-
Powered, Auto-
Ranging DC 
Voltage Monitor
• Self-powered, requires only 

two connections

• Auto-ranging 6 to 75Vdc input 
range

• Reverse polarity protected to 
–100Vdc 

Nanometers install in round oiltight 17/32 inch (30.5mm) switch knockouts.

resolution 

www.murata-ps.com/dpm

For complete speci� cations or to order a sample, visit our website. 

There are many kinds of oscilloscope 
probes on the market with differing 
functions and electrical/physical charac-
teristics. Some suit low-frequency appli-
cations, while others function well at 
high frequencies or high voltages. In this 
article, we’ll go over some of the salient 
characteristics of common probe types 
and provide some tips on which serve 
best in given circumstances.

Let’s take a brief look at some basic 
probe varieties:

PASSIVE PROBE:
• Standard oscilloscope probe supplied 
by all scope manufacturers
• No active devices, only passive parts
• Physically and electrically robust; 
handles hundreds of volts
• Maximum bandwidth is 500MHz but 
at the higher frequencies probe loading 
becomes an issue

ACTIVE PROBE:
• Typically an optional probe that is 
powered by the oscilloscope
• Based on an active device such as a 
transistor or FET
• Not as robust as a passive probe but 

has much wider bandwidths and much 
lower capacitance
• The ideal probe for high frequency 
measurements

DIFFERENTIAL PROBE:
• Measures the difference between two 
signals when there is no ground reference
• Comes in two flavors: High voltage for 
floating measurements in a power supply, 
lighting ballast, motor drive, etc., and 
high bandwidth for differential serial data 
streams

CURRENT PROBE:
• Active device that measures the cur-
rent in a signal rather than the voltage
• Three main types: Transformer based; 
Hall effect devices; or combination 
transformer/Hall effect
• Most modern clamp-on current probes 
are combination transformer/Hall effect 
types

How probes affect the DUT
Each probe type has its own set 

of electrical characteristics. When we 
attach a probe to a circuit or device 

voltage of 600V, and rated bandwidths 
of up to about 350MHz. But, be wary at 
bandwidths above 50MHz; Hi-Z probes 
present an appreciable amount of capaci-
tive loading at high frequencies.

Thus, Hi-Z passive probes are best 
suited to general-purpose applications 
at 50MHz or less. Because they use only 
passive components, they’re pretty robust 
mechanically and electrically. They’ll also 
give you a wide dynamic range, with the 
low end of the amplitude range limited 
by the probe’s attenuation factor and the 
oscilloscope’s vertical sensitivity.

Low-impedance (Low-Z) passive probes 
generally provide a 10:1 attenuation fac-
tor into the oscilloscope’s 50-ohm input 
termination. Where the high impedance 
probe uses capacitive compensation to 
provide flat frequency response with 
minimum capacitive loading, the low 
capacitance probe uses transmission line 
techniques to achieve extremely wide 
bandwidth with very low capacitance. 
Low-Z passive probes are best suited for 
wide-bandwidth or fast-transient mea-
surements in circuits that can drive 
50-ohm impedances. In such cases, low-Z 
probes offer excellent frequency response. 
And, unlike Hi-Z probes, Low-Z probes do 
not require compensation to match the 
oscilloscope’s input impedance.

When it comes to impedance matching 
at the oscilloscope’s signal inputs, Hi-Z 
passive probes always have an adjustment 
trimmer capacitor located at the connec-
tor end. The trimmer implements a simple 
RC compensation scheme that matches 
the time constant of the RC circuit in 
the probe to the time constant of the 
probe input resistance and shunt capaci-
tance. The adjustment compensates for 
the capacitive load of the oscilloscope’s 
input. It forms a high-pass path to com-
pensate for the low-pass nature of the 
oscilloscope input. 

As a result, the probe and oscilloscope 
combination becomes an all-pass filter. 
All oscilloscopes have a Cal (short for 
Calibration) output that provides a clean 
square wave for adjustment and compen-
sation of passive probes. Adjusting the 
trimmer capacitor tunes the probe for 
that oscilloscope. Just turn the trimmer 
until you see a proper pulse shape on the 
display.

ACTIVE PROBES: HIGHER IMPEDANCES
Passive probes are the basic, gener-

al-purpose probe type. However, active 
probes often suit more specialized appli-

By David Maliniak, technical marketing 
communications specialist, Teledyne 
LeCroy, Chestnut Ridge, NY Choose and use

oscilloscope probes wisely

Test & Measurement

continued on page 14

under test, it becomes 
a part of the circuit and 
its characteristics affect 
that circuit or device. 
Probes transfer some of 
the energy present in 
the circuit to the oscil-
loscope input. Thus, to 
the signal source, the 
probe constitutes another 
load. This load on the cir-
cuit can change the signal’s 
shape and/or change the behavior 
of the DUT.

Broadly speaking, there are three pos-
sible outcomes when we connect a probe 
to a circuit. In the best case, the oscil-
loscope accurately reproduces the signal 
on screen. However, the probe may alter 
the signal in a way that misleads us about 
what is present at the probing point. A 
worst-case outcome is that the operation 
of the DUT changes radically, causing a 
well-designed device or circuit to mal-
function (or vice-versa).

Probes are designed with high resis-
tance at the point of contact in the hope 
of reducing the energy drawn from the 
circuit and, thus, to reduce the loading. 
High input resistance is important but it 
only makes a difference at dc or at low 
frequency ac. At different frequencies, 
different characteristics of the probe gain 
importance:
• At dc or low frequencies, the high 
input resistance dominates the overall 
impedance
• As frequency increases, the capaci-
tance dominates the impedance and 
dramatically lowers the overall imped-
ance
• The result of the high probe capaci-
tance shows up in the signal shape 
seen on screen.

There’s one more major piece to the 
puzzle of a probe’s impact on the DUT: 
inductance. In typical measurement sce-
narios, you can’t just connect the probe 
tip to the DUT unless you’re trying to 
make a floating measurement. The probe’s 
ground lead must be attached to earth 
ground, or as close as you can get to 
it. All measurements are fundamentally 
differential in that there has to be some 
kind of reference point to measure a volt-
age. In general, that reference point is 
earth ground.

Thus, it’s important to be aware that 
any lead added to the probe tip or the 
ground wire adds inductance to the cir-
cuit. 

Passive probes:  
One size fits all

Now for a closer look at the pas-
sive probe, which essentially constitutes 
an attenuator circuit due to the probe 
impedance and the oscilloscope’s imped-
ance. If the coupling of the probe to the 
oscilloscope is set incorrectly, the result 
can be a signal that is over-attenuated. 
Fortunately, modern passive probes auto-
matically set the correct coupling and 
attenuation factor.

There also are high-impedance and low-
capacitance (or low-impedance) passive 
probes on the market. High-impedance 
(Hi-Z) passive probes are the most com-
monly used oscilloscope probes and offer 
attenuation factors of 10:1 (X10) and/or 
100:1 (X100), a typical maximum input 

High-voltage differential  
probes handle common-mode 

voltages up to 1kVRMS.

http://ept.hotims.com/51124-11
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The most complete 
range of trusted 
calibration solutions 
to help you maintain 
quality and traceability.

From the bench to the field, and 
most everywhere in between, Fluke 
Calibration brings you the latest 
electrical, temperature, RF, pressure, 
flow and software tools for process 
calibration. 

Helping maintenance professionals 
around the globe keep their world 
up and running.

Download the product catalogue at:  
www.flukecanada.ca/processcal-2014

Details and where to buy at:  
www.flukecal.com

Electrical Temperature Pressure Flow SoftwareRF

Fluke Calibration. Precision, performance, confidence.™

5730A High 
Performance 
Multifunction 
Calibrator. 
The new gold 

standard in electrical calibration.

2700G Series 
Reference 
Pressure 
Gauges. 

Accuracy to 
0.02% of full 

scale.

3130 Portable Pneumatic Pressure 
Calibrator.  
It is ideal for calibrating pressure 
transmitters, transducers, 
gauges and similar devices. 
The 3130 contains everything 
needed to generate, control and 
measure pressure, as well as read 
the output of the device under test (DUT).

7526A Precision 
Process Calibrator. 
Versatility, precision and 
value, combined into a 
single bench-top process 
calibration tool.

1586A Super-DAQ Precision 
Temperature Scanner. 
The most accurate and flexible 
temperature data acquisition system 
on the market. Scan and record 

temperature, dc voltage, 
dc current, and 
resistance for up to 
40 input channels 
and scan speeds as 
fast as 10 channels 
per second.

9190A Ultra-Cool Field 
Metrology Well. 
Ultra-cool dry-block 

calibrator 
with best-

in-class 
stability.

2638A Hydra 
Series III Data 
Acquisition 
System/Digital 
Multimeter.

cations. The main difference between the 
types is the passive probe contains no 
active components while the active probe 
contains an amplifier near the probe tip, 
most commonly based on a transistor or 
FET. Such probes typically provide higher 
overall impedance than passive types, 
presenting high resistance to dc volt-
ages and low-frequency signals and low 
capacitance to high-frequency signals. 
Active probes have high resistance at the 
probe tip but terminate into the 50ohm 
input of the oscilloscope.

When considering active versus passive 
probes, probe impedance is an important 
factor. Passive probes provide the highest 
impedance below frequencies of 20kHz. 
Their high input capacitance causes cir-
cuit loading at high frequencies or with 
low-frequency signals containing high-
frequency content.

Meanwhile, active FET probes provide 
high impedance from dc to 20kHz, main-
taining that impedance out to about 1.5 
GHz thanks to their low capacitance. FET 
probes, then, are truly general-purpose 
probes at nearly all frequencies. Their low 
capacitive loading makes them usable 
on high-impedance circuits that would 
suffer severely from loading with passive 
probes.

Where should one use a passive probe 
vs. an active probe? Knowing which to 
use in a given measurement scenario 
avoids bad results or even damaging a 
probe:
• Passive probes are an excellent 
choice for low-frequency measure-
ments, especially if high voltages may 
be encountered
• Active FET probes are better suited 
for measurements requiring high 
bandwidths
• Active FET probes are a great gener-
al-purpose choice for all frequencies 
out to the multi-GHz range, but watch 
out for higher voltages, which could 
damage the probe amplifier.

Differential probes:  
When ‘ground’ is relative

General-purpose single-ended probes 
(whether active or passive) can only 
accurately measure “ground-referenced” 
voltages. However, some measurements 
require probing test points with reference 
to each other, whether one of them is 
true earth ground or not. One example is 
VDS of a FET in a power supply; another 
is a serial-data link, when one is probing 
the positive and negative data lines of a 
differential signal.

Here is where differential probes come 
into play. Among the most common are 
high-bandwidth types, high-voltage types, 
and those with differential amplifiers offer-
ing a high common-mode rejection ratio.

High-bandwidth differential probes are 
best suited for applications such as prob-
ing differential serial-data lines. To func-
tion effectively, high-bandwidth probes 
must deliver high dynamic range at the 
higher bandwidths and a large offset 
capability. Another must for such probes is 
extremely low probe noise and impedance 
characteristics that minimize loading.

High-voltage differential probes are 
built to handle common-mode voltages 
up to 1kVRMS and 1.4kV peak differential 
voltages (for example, Teledyne LeCroy’s 
model ADP305). Such probes suit trouble-
shooting of low-frequency power elec-
tronics in cases where ground is elevated, 
or the location of true earth ground is 
unknown. When looking 
at high-voltage differ-
ential probes (or any 
high-voltage probes, for 
that matter), be mind-
ful of safety ratings.
For more information on oscilloscope 
probes from Teledyne LeCroy, go to 
http://ept.hotims.com/51124-51

Choosing  
scope probes
continued from page 12

PTCRB-approved protocol test case targets  
IMS emergency services
PTCRB-approved protocol test case for IMS 
Emergency Services is now available on 
firm’s ME7834L Protocol Conformance Test 
(PCT) and Carrier Acceptance Test (CAT) 
system. The IP Multimedia Subsystem or IP 
Multimedia Core Network Subsystem (IMS) 
is an architectural framework for delivering 
IP multimedia services. It was originally 
designed by the 3rd Generation Partnership 
Project (3GPP), as a part of the vision for 
evolving mobile networks beyond GSM. 
ANRITSU

http://ept.hotims.com/51124-48

General purpose, 
portable, scope boosts 
bandwidth
6000 X-Series general purpose, portable, 
oscilloscope provides embedded operating 
system oscilloscope with bandwidths up 
to 6GHz. Device sets the price-perfor-
mance standard with high-value, improved 
visualization, 6-1 integration and invest-
ment protection. Product’s fast, uncom-
promised, update rate is combined with 
hardware zone trigger speeds debugging. 
AGILENT TECHNOLOGIES CANADA

http://ept.hotims.com/51124-50

RTE oscilloscopes combine ease of use 
with powerful analysis
RTE digital oscilloscopes provide high sampling and acquisition rates 
and improved signal fidelity. Available with bandwidths from 200MHz 
to 1GHz, units provide an acquisition rate of more than one-million 

waveforms per second. Product’s comprehensive set of measurement and analysis tools 
deliver fast results and the high-resolution touchscreen simplifies use. Unit’s highly accu-
rate digital trigger system with virtually no trigger jitter delivers highly precise results. 
ROHDE & SCHWARZ

http://ept.hotims.com/51124-49

http://ept.hotims.com/51124-13
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  newswatch

Richardson RFPD 
launches lab bench 
test web resource
Richardson RFPD Inc., LaFox IL, has 
launched a new website resource 
focused exclusively on Lab Bench Test 
components.

The site is designed to simplify users 
browsing experience while sourcing the 
most commonly-requested and in-stock 
lab bench test items by product catego-
ry and features components with excep-
tional price and performance value that 
do not require a minimum purchase, 
www.richardsonrfrd.com.

Scopes boost signal integrity for R&D use
Infiniium S-Series oscilloscope 
incorporates next-generation tech-
nologies for superior measure-
ments and provides fast 10-bit ADC 
combined with low-noise front-
end, while delivering higher fidel-
ity measurements for electronic 
R&D engineers. Product can view 
smaller signals with more preci-
sion than competing scopes. A 
new time base with accuracy of 20 
parts-per-billion ensures improved 
horizontal accuracy. 
AGILENT TECHNOLOGIES

http://ept.hotims.com/51124-52

Integration scope delivers six instruments in one
MDO3000 Series of Mixed Domain 
Oscilloscopes includes a spectrum analyzer, 
logic analyzer, protocol analyzer, arbitrary 
function generator and digital voltmeter. Unit 
is completely customizable enabling customers 
to select the functionality and performance 
needed to test and debug virtually any embed-
ded design. Product provides the functionality 
of six independent instruments without the 
significant cost of separate instruments. Users 
can access both time domain and frequency 
domain analysis in a single instrument.  
TEKTRONIX

http://ept.hotims.com/51124-55

Serial adapter interfaces for Android devices
ANDROID-232 USB serial interface board can 
control legacy RS-232 devices directly from mod-
ern Android devices. Product uses the Android 
Open Accessory protocol to convince an Android 
device that its onboard USB port (normally lim-
ited to USB ’slave’ or ’OTG’ modes) is actually an 
RS-232 port. This two way data port allows exter-
nal hardware to control the Android unit 
or for the Android unit to control external 
hardware. Serial data up to 921.6kbps 
is supported (a max of 115.2kbps with-
out flow control). Onboard circuitry will 
provide power to charge your Android 
device while connected. Multiple status 
and fault LEDs complete the package, and 
allow simple and convenient confirmation 
of operational state. 
ACCES I/O PRODUCTS

http://ept.hotims.com/51124-53

Measurement device 
shrinks dev time for 
engineering teams
SV1C Personalized SerDes Tester is an 
ultra-portable, high-performance instru-
ment that creates a new category of 
tool for high-speed digital product engi-
neering teams. Unit integrates multiple 
technologies in order to enable the 
self-contained test and measurement of 
complex SerDes interfaces such as PCI 
Express Gen 3, DisplayPort, Thunderbolt, 
or MIPI M-PHY. Coupled with a seamless, 
easy-to-use development environment, 
tool enables product engineers with vary-
ing skill sets to efficiently work with and 
develop SerDes verification algorithms. 
Product fits in one hand and contains 8 
independent stimulus generation ports, 
8 independent capture and measurement 
ports and various clocking, synchroniza-
tion and lane-expansion capabilities. 
INTROSPECT TECHNOLOGY

http://ept.hotims.com/51124-54

Thermal imaging camera boosts image performance
FLIR T-Series model T600 Thermal Imaging Camera pro-
vides improved erogonomics and image performance for 
intensive IR inspections. The flexible and professional-
grade handheld unit delivers 480 x 360 pixel thermal reso-
lution. Device provides exclusive rotating optical block, 
MSX thermal image enhancement, as well as remote camera control and streaming video. 
Unit permits sketch on IR / visual, and allows user annotation.
HOSKIN SCIENTIFIC

http://ept.hotims.com/51124-56

http://ept.hotims.com/51124-14
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1100 E. Corporate Grove Drive, Buffalo Grove, IL  60089
224-676-5765  Email: news.buf@komaxgroup.com

The New Kappa 331 and the Cosmic product line 
will strip your most diffi cult wires and cables.

Rotary Strip with Komax

www.komaxusa.com

Cosmic 42/48R

Kappa 331Kappa 331

Cosmic 42/48R

T H E  W A Y  T O  M A K E  I T

  west tech report

Wearable technology enthusiasts will often share their vision 
of the future which usually includes the weaving of technology 
into everyday life through the use of interactive glasses or 
James Bond inspired wrist watches. But so far, cost and size, 
coupled with the challenges of making the interaction with 
wearable devices intuitive has limited the growth of these 
products. If Vandrico has its way, all of this is going to change, 
and change fast. 

The decreasing cost of processing power and other com-
ponents is encouraging widespread adoption and availability 
of wearable tech, opening the door to innovation. According 
to ABI Research, due to the relative ease of compatibility with 
smartphones and other electronic devices, the wearable tech-
nologies market will spike to 485-million annual device ship-
ments by 2018. Vandrico hopes that it can integrate a number 
of these devices for industrial clients, by identifying the right 
technology and delivering cost-effective solutions to empower 
industrial workforces. I recently had the opportunity to meet 
Vandrico’s CEO, Gonzalo Tudela, to hear his thoughts on this 
growing industry.

Q: Why should wearable technologies such as Google Glass 
interest OEMs?

“The advancement of technology will boost overall eco-
nomic productivity. We are currently in a technological era and 
wearables are the next steps for mobile computing,” explains 
Tudela. “Think of the first brick cell phone and what it did for 
communication. Wearables, in our opinion, are the future.”

Q: What is Vandrico’s niche?
“Vandrico’s niche is the industrial workplace,” says Tudela. “As 

a team, we ask ourselves, how can smart watches and heads up 
displays help a company be safer and more productive? Critical 
notifications and alerts are great. We built a software platform 
that integrates into existing ERP systems.” Tudela explains a 
critical event scenario at a mine where a tooth in a shovel 
breaks. If this broken reinforced steel tooth reaches the crusher, 
a large industrialized piece of machinery designed to crush rocks, 
a company can expect up to 36 hours of downtown and incur 
$10M in expenses. “That’s not a good thing,” explains Tudela. 
“We have identified that the existing systems are catching these 
events with great accuracy, but the workers are not receiving the 
information. When a tooth ends up in the payload and reaches 

the crusher, it causes a problem. The focus of 
our technology is to ensure workers receive 
the relevant information so that these capital 
intensive accidents can be avoided.” 

Q: So how does Vandrico integrate with ERP 
systems to deliver these capabilities?

“For example, we are working with Motion Metrics (www.
motionmetrics.com), who use cameras to detect when a tooth 
breaks off of a shovel, among other things that are critical to 
payload management.” Tudela adds, “Their system can alert the 
appropriate truck operator, who has a tooth in his payload, so 
that he or she can take appropriate measures to ensure that its 
payload is not dropped off at the conveyor.” The value of this 
cannot be understated. The system is catching the issue, but 
the workers are not seeing it for a variety of reasons. “The noise 
levels on a site are extremely loud. The ground is shaking and a 
shovel operator has a variety of monitors in their cab to worry 
about,” explains Tudela. “Sometimes critical event details can be 
missed and windows of opportunity close quickly when produc-
tion output is a key benchmark to a mine’s performance. But it 
is impossible to ignore an alert on your safety glasses, where it 
is directly in your field of vision. Where we come in is we bring 
that critical information to the relevant workers through the use 
of head mounted displays or smart watches, instantaneously, in 
a manner in which they cannot ignore.” 

Q: How can EP&T’s readership benefit from knowing more 
about Vandrico and wearable technologies?

“We are a tech company helping industrial clients save 
money,” says Tudela. “The future of wearable technologies in 
the workplace will be based on its ability to help a user or 
professional make timely decisions.” Knowing what is on the 
horizon in the wearable device industry can help us prepare for 
a fundamental shift in how we bring information to workers. 
“Every machine has analytics,” says Tudela, “the problem is 
analysis paralysis. What we do is bring relevant information 
to the appropriate worker, which saves time and money for 
end users, and we want to make sure that we’re using the best 
devices suited for this job.”
To learn more about integrating wearable technologies and 
this growing Vancouver-based company, go to www.vandrico.
com. Visit online for full interview.

Spotlight on Vandrico  
Integrating wearable technologies to increase productivity

Sohail Kamal 
West Coast 

Correspondent

Next-Gen Ethernet switches deploy 
quickly into PROFINET apps
Ha-VIS mCon 3000 Next Generation fully managed Ethernet 
switches have been optimized for fast deployment in the harshest 
industrial environments to support today’s increasingly sophis-
ticated network structures. Devices deliver high availability, 
network security, monitoring and reliability and are designed 
for mounting on top-hat rails in control cabinets. With their 

PROFINET I/O stack, products can be deployed and incorporated seamlessly into existing 
and new PROFINET applications.  
HARTING

http://ept.hotims.com/51124-57

Surface mount jumpers 
link circuit board  
traces/tracks
Keystone Electronics SMT PC Board 
Jumpers serve as alternative where 
through-hole jumper use is not feasible. 
Devices provide low-profile circuit linkage 
for high-density, high current pcb pack-
ages on power and aluminum backplanes. 
Manufactured from copper with silver 
plating, units come in 3 styles: Compact, 
micro-miniature, and miniature, each in 
bulk or tape and reel. All tape and reel 
parts are packaged per ANSI/EIA-481 
standard for compatibility with most 
vacuum and mechanical pick and place 
assembly systems.
EMX ENTERPRISES

http://ept.hotims.com/51124-60

Workbenches withstand 
wide range of industry 
use
Xpress All-Purpose 
Workbenches are 
tough and suit 
a wide range of 
industries, appli-
cations and environments, while inte-
grating with firm’s drawer, overhead and 
other storage systems. Two lengths are 
available with plastic laminate, static 
dissipative plastic laminate or butcher 
block work surface. Product provides a 
work surface area of 60” x 30” or 72” x 
30” and height of 35.25”. 
LISTA

http://ept.hotims.com/51124-59

Earth ground tester speeds verification of equipment
1623-2 and 1625-2 Earth Ground Testers with advanced 
features and accessories speeds verification of a reliable 
connection to earth for grounded electrical systems, helping 
solve power quality problems and lowering the risk of shock 
to users. Accessory reels can save up to 50% of set-up and 
tear-down time compared to existing wire reels. Units pro-
vide USB connectivity for easy storage of up to 1,500 records 
with time stamp and fast downloading of measurements, 
eliminating the need for manual data transfer. 
FLUKE

http://ept.hotims.com/51124-58

TCXO/TCVCXO delivers 
0.5pm frequency 
stability
ILSI America 
I547/I747/I587/
I787 Series ana-
log compensated 
TCXO/TCVCXO provides a frequency sta-
bility of 0.5ppm for GPS applications. 
Product family provides options for an 
ultra-miniature temperature compensated 
frequency control product in ceramic sur-
face mount packages sizes of 3.2x2.5mm 
and 2.5x2.0mm. Devices are available in 
3.2x2.5mm ceramic SMD and 2.5x2.0mm 
ceramic SMD package sizes. Product pro-
vides 1.8V, 2.7V, 2.8V, 3.0V, 3.3V supply 
voltages. Device is equipped with clipped 
sinewave and delivers low-jitter non-PLL 
based output.
CST ARWIN

http://ept.hotims.com/51124-61

http://ept.hotims.com/51124-15
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You’re 
working 
on the 
next big…
You need service - information, 
speed of response and reliability.

At Sager Electronics, our sales representatives
have a wealth of services suited to meet 
your supply chain demands. And with 
solutions from leading manufacturers like
Artesyn Embedded Technologies, ebmpapst,
Honeywell Sensing and Control, Mean Well,
Phoenix Contact, and TE Connectivity, 
we can ensure you get the product 
you need when you need it. 

we can help.
Contact your local Sager sales representative
or service center at 1.800.724.3780 or visit us
at www.sager.com.
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Nanotechnology

The need for precise vibration isolation 
with scanning probe microscopy (SPM) 
and near-field scanning optical micros-
copy (NSOM) systems is becoming more 
critical as resolutions continue to bridge 
from micro to nano. Whether used in aca-
demic labs or commercial facilities, SPM 
and NSOM systems are extremely suscep-
tible to vibrations from the environment. 

When measuring a very few angstroms 
or nanometers of displacement, an abso-
lutely stable surface must be established 
for the instrument. Any vibration coupled 
into the mechanical structure of the instru-
ment will cause vertical and/or horizontal 
noise and bring about a reduction in the 
ability to measure high resolution features 
– the vertical axis being the most sensitive 
for SPMs, but they can also be quite sensi-
tive to vibrations in the horizontal axis. 

Traditionally, bungee cords and high-
performance air tables have been the 
vibration isolators most used for SPM and 
NSOM work. The ubiquitous passive-sys-
tem air tables, adequate until a decade 
ago, are now being seriously challenged 
by the need for more refined imaging 
requirements. Bench top air systems pro-
vide limited isolation vertically and very 
little isolation horizontally. 

Also at a disadvantage are the active 
isolation systems, known as electronic 
force cancellation, that use electronics 
to sense the motion and then put in 
equal amounts of motion electronically to 
compensate and cancel out the motion. 
Active systems are somewhat adequate 
for applications with lasers and optics, as 
they can start isolating as low as 0.7Hz, 
but because they run on electricity they 
can be negatively influenced by problems 
of electronic dysfunction and power mod-
ulations, which can interrupt scanning. 

Enabling more complex  
optical mesaurements

Lately, the introduction of integrated 
microscopy systems employing multiple 
microscopes is enabling more complex 
optical measurements, but these systems 
are also much heavier, and there has been 
little vibration isolation technology avail-
able for such heavy instrumentation. Air 
tables, which have been liberally used for 
optics applications, are not ideal for these 
nano-scale resolution systems because of 
their inability to effectively isolate vibra-
tions below 20Hz. Nor can active systems 
be used with these newer combination 
systems because of their inability to 
handle heavy instrumentation.

But now, negative-stiffness mecha-
nism (NSM) vibration isolation is quickly 
becoming the choice for SPM and NSOM 
systems. This includes applications using 
atomic force microscopy (AFM) integrated 
with micro-Raman spectroscopy, where 
negative-stiffness vibration isolation is 
particularly well adapted. In fact, it 
is the application of negative-stiffness 
isolation that has enabled AFMs to be 
truly integrated with micro-Raman into 
one combined system. Negative-stiffness 
isolators can handle the heavy weight of 
the combined AFM/micro-Raman system, 

as well as isolate the equipment from low 
frequency vibrations, a critical set of fac-
tors that high-performance air tables and 
active systems cannot achieve.

The integration of AFM with micro-
Raman enables a sizable improvement in 
data correlation between the two tech-
niques and expanded Raman measurement 
and resolution capabilities. Micro-Raman 
is a spectroscopic NSOM technique used 
in condensed matter physics and chem-
istry to study vibrational, rotational, and 
other low-frequency modes in a system. 

It relies on scattering of monochro-
matic light, usually from a laser in the 
visible, near infrared or near ultraviolet 
range. The laser light interacts with pho-
nons or other excitations in the system, 
resulting in the energy of the laser pho-
tons being shifted up or down. The shift 
in energy gives information about the 
phonon modes in the system.

Scanning samples in a micro-Raman 
system, however, suffers from several 
problems. As a sample is scanned, even a 
very flat sample, it is hard to keep the dis-
tance of the lens to the sample constant. 
Thus, as one goes from pixel to pixel under 
the lens of a Raman, a mixture of sample 
and air is sampled in the voxel (volumetric 
picture element) that is illuminated. 

This causes intensity variations in the 
Raman that are unrelated to the chemi-
cal composition of the sample and are 
artifactual. This is even more pronounced 
with rough samples and standard methods 
of auto-focus are simply not accurate 
enough for a whole host of problems that 
are being investigated today. Additionally, 
the point spread function, which deter-
mines the resolution of the Raman image, 
is significantly broader where there are 
contributions from the out-of-focus light 
and this reduces resolution.

The atomic force microscope, being 
a very high-resolution type of scanning 
probe microscope, has demonstrated reso-
lution of fractions of a nanometer, making 
it one of the foremost tools for imaging, 
measuring and manipulating matter at the 
nano-scale. The information is gathered 

by ‘feeling’ the surface with a mechanical 
probe. Piezoelectric elements that facili-
tate tiny but accurate and precise move-
ments on electronic command enable the 
very precise scanning.

The AFM consists of a micro-scale 
cantilever with a sharp tip (probe) at 
its end that is used to scan the speci-
men surface. The cantilever is typically 
silicon or silicon nitride with a tip radius 
of curvature on the order of nanometers. 
When the tip is brought into proximity of 
a sample surface, forces between the tip 
and the sample lead to a deflection of the 
cantilever. Resultant characteristics, such 
as mechanical, electrostatic, magnetic, 
chemical and other forces are then mea-
sured by the AFM using, typically, a laser 
spot reflected from the top surface of the 
cantilever into an array of photodiodes.

Most systems employing AFM in concert 
with Raman perform separately, executing 
either an AFM scan or a Raman scan inde-
pendently. The recently developed direct 
integration of Raman spectroscopy with 
AFM technique, however, has opened the 
door to significantly improved technique 
and sample analyses. 

Micro-Raman is a micro-technique, but 
when AFM is added, it becomes a nano-
technique. It allows the AFM structural 
data to be recorded online and improves 
the resolution of the Raman informa-
tion when the nanometric feedback of 
the system adjusts, with unprecedented 
precision, the position of each pixel of 
the sample relative to the lens. Also the 
small movements of the AFM stage pro-
vide oversampling which is a well-known 
technique for resolution improvement.

One integrated AFM-Raman system 
developed by Nanonics Imaging Ltd. in 
association with major Raman manufac-
turers such as Renishaw plc, Horiba JY 
and others provides simultaneous and, 
very importantly, on-line data from both 
modalities. This advantage addresses criti-
cal problems in Raman including resolu-
tion and intensity comparisons in Raman 
images while permitting on-line functional 
characterization such as thermal conduc-
tivity, elasticity and adhesion, electrical 
and other properties. It also provides 
for new avenues of improved resolution 
including AFM functioning without opti-
cal obstruction, parallel recording with 
Raman in a wide variety of scanned probe 
imaging modalities enabling direct and 
simultaneous image comparison and anal-
ysis, and high-resolution Raman mapping.

“Until recently, Raman scattering has 
remained separate and removed from the 
proliferation of insights that the scanned 
probe microscopies can give,” says Aaron 
Lewis, President of Nanonics Imaging, 
which was the first to see the potential 
of such integration. “Without this inte-
gration of the systems, investigating a 
sample with scanned probe microscopy 
required removing the sample from the 
micro-Raman spectrometer. This meant 
that the exact region that was being 
interrogated by Raman could not be 
effectively correlated with the chosen 
SPM imaging technique.” 

“Another aspect of optical integration 

is that SPMs can measure forces, but they 
cannot measure distribution of light in 
micro-lasers, silicon-based wave guides, 
fluorescently stained biological materials, 
etc.,” explains Lewis. “For example, there 
are many important advances occurring 
in the application of photonics to silicon 
structures and plasmonic metals. In the 
past, these photonic structures were 
in the micrometer range, now they are 
nanometric.” 

The Nanonics platform can be used for 
structural and photonic characterization, 
as well as the structural and chemical 
characterization that is available with 
AFM and Raman integration.

For these applications, Nanonics Imaging 
is the innovator of AFM and NSOM systems, 
including dual tip/sample scanning AFM 
systems, the industry’s first NSOM-AFM 
cryogenic systems, integrated Raman-AFM 
systems, multi-probe AFM and SEM-AFM 
systems. The company also holds patents 
to the largest range of unique nano-probes. 

These probes form a NanoToolKit for 
its unique characterization platforms with 
a variety of tasks, such as for nano-pho-
tonics, plasmonics, nano-chemical imag-
ing and even nano-chemical deposition 
based on its singular NanoFountainPen 
technology. The company is focused on 
full integration of AFM technology with 
optics, chemical imaging and other ana-
lytical tools. 

Negative-stiffness  
vibration isolation

The Nanonics MultiView AFM-NSOM 
microscope, with its free optical axis on 
a standard micro-Raman, now makes it 
possible to truly integrate the separate 
worlds of Raman and AFM/NSOM nanochar-
acterization, which has led to a new era in 
high-resolution Raman spectroscopy.

Facilitating this integration is not only 
the geometry of the AFM/NSOM platform 
but also a new generation of AFM glass 
probes that have very unique character-
istics – such as hollow glass probes with 
cantilevered nano-pippets for material 
deposition, probes with glass surrounding 
a single nano-wire in the middle for ultra-
sensitive electrical measurements, or dual 
wire glass probes for thermal conductivity 
and thermocouple measurements. Glass 
probes are ideal for Raman integration 
because of their transparency to laser 
light and no Raman background. They also 

Improving nano-scale imaging 

using negative-stiffness vibration isolation
of integrated micro-Raman/AFM systems
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Nanonics MultiView 4000 MultiProbe 
System for scanning probe microscopy 

permits full integration with optical 
techniques such as Raman using 

Negative-Stiffness vibration isolation.

The MicroView4000 platform from 
Nanonics Imaging is the basis for  

AFM-Raman Integration.

By Jim McMahon, instrumentation technology writer
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EP&T announces 
its 2014 series 

of EPTECH 
trade shows 

2
0

14
CALGARY • March 4 • 10am-5pm 

The Coast Plaza Hotel & Conference Centre*

EDMONTON • March 6 • 10am-5pm
Mayfield Inn & Suites (Doubletree by Hilton)*

MONTREAL/POINTE CLAIRE • April 15 • 10am-5pm
Holiday Inn & Suites Pointe-Claire 

MARKHAM • April 17 • 10am-5pm
Le Parc

80 Valleybrook Drive 
Toronto, ON  M3B 2S9
Tel: 416.510.5207 • Fax: 416.510.5134  
email: eptech@ept.ca 
www.ept.caelectronic products and technology

Sponsored by:

electronic products and technology TECHNICAL SEMINAR Program at most venues!

EPTECH Shows have thousands 
of leading-edge products & services 
on display:

• Passives • Switches • Wire & Cable • ICs • Test 
Equipment • Data Acquisition • Electronic Components 
• E-Commerce • Industrial Electronics • Peripherals 
• Relays • Hardware • Semiconductors • Tools 
• CAE/CAD Systems • Connectors • Batteries 
• Sensors • Chemicals • RoHS Compliant Products  
 ... and many more

Plan to attend if you are an:
• Engineer • Designer • Technician • Purchaser 
• Technical & Senior Management 
... or are involved with electronics

FREE Registration online at 
www.ept.ca/eptech/

VANCOUVER/COQUITLAM • May 29 • 10am-5pm
Hard Rock Casino Vancouver Theatre  

(formerly Red Robinson Show Theatre)

QUEBEC CITY • September 23 • 10am-4pm    
Hotel Plaza Québec

HALIFAX • September 25 • 10am-4pm
Dartmouth Sportsplex

OTTAWA • October 28 • 10am-4pm
Brookstreet Hotel

MISSISSAUGA • October 30 • 10am-4pm    
Mississauga Convention Centre

Piezoelectrics - materials that can 
change mechanical stress to electric-
ity and back again - are everywhere 
in modern life. Computer hard drives, 
loud speakers, medical ultrasound, sonar. 
Though piezoelectrics are a widely used 
technology, there are major gaps in our 
understanding of how they work.

Now researchers at the National 
Institute of Standards and Technology 
(NIST) and Simon Fraser University in 
Burnaby BC believe they’ve learned why 
one of the main classes of these materi-
als, known as relaxors, behaves in dis-
tinctly different ways from the rest and 
exhibit the largest piezoelectric effect. 
And the discovery comes in the shape of 
a butterfly.

The team examined two of the most 
commonly used piezoelectric compounds- 
the ferroelectric PZT and the relaxor PM, 
which look very similar on a microscopic 
scale. Both are crystalline materials com-
posed of cube-shaped unit cells (the 
basic building blocks of all crystals) that 
contain one lead atom and three oxygen 
atoms. The essential difference is found 
at the centers of the cells: in PZT these 
are randomly occupied by either one zir-
conium atom or one titanium atom, both 
of which have the same electric charge, 
but in PMN one finds either niobium or 
manganese, which have very different 
electric charges. The differently charged 
atoms produce strong electric fields that 
vary randomly from one unit cell to 
another in PMN and other relaxors, a situ-
ation absent in PZT.

“PMN-based relaxors and ferroelectric 
PZT have been known for decades, but it 
has been difficult to identify conclusively 
the origin of the behavioral differences 

between them because it has been impos-
sible to grow sufficiently large single 
crystals of PZT,” says the NIST Center for 
Neutron Research (NCNR)’s Peter Gehring. 
“We’ve wanted a fundamental explanation 
of why relaxors exhibit the greatest piezo-
electric effect for a long time because this 
would help guide efforts to optimize this 
technologically valuable property.”

A few years ago, scientists from Simon 
Fraser University found a way to make 
crystals of PZT large enough that PZT and 
PMN crystals could be examined with a 
single tool for the first time, permitting 
the first apples-to-apples comparison of 
relaxors and ferroelectrics. That tool was 
the NCNR’s neutron beams, which revealed 
new details about where the atoms in 
the unit cells were located. In PZT, the 

atoms sat more or less 
right where they were 
expected, but in the 
PMN, their locations 
deviated from their 
expected positions—a 
finding Gehring says 
could explain the 
essentials of relaxor 
behavior. 

“The neutron beams scatter off the 
PMN crystals in a shape that resembles 
a butterfly,” Gehring says. “It gives a 
characteristic blurriness that reveals the 
nanoscale structure that exists in PMN—
and in all other relaxors studied with this 
method as well—but does not exist in 
PZT. It’s our belief that this butterfly-
shaped scattering might be a characteris-

tic signature of relaxors.”
Additional tests the team performed 

showed that PMN-based relaxors are over 
100% more sensitive to mechanical stim-
ulation compared to PZT, another first-
time measurement. Gehring says he hopes 
the findings will help materials scientists 
do more to optimize the behavior of 
piezoelectrics generally. 

Ubiquitous piezoelectrics
Wouldn’t it be nice to know how they work?
By The National Institute of Standards and Technology (NIST)

These two neutron scattering images represent the nanoscale 
structures of single crystals of PMN and PZT. Because the atoms in 

PMN deviate slightly from their ideal positions, diffuse scattering 
results in a distinctive “butterfly” shape quite different from that of 

PZT, in which the atoms are more regularly spaced
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expand outward allowing unprecedented 
correlation of Raman and AFM, also per-
mitting multiple probes to be brought 
easily together, which is very difficult with 
a standard AFM.

Enabling AFM and Micro-Raman to 
Function as an Integrated Platform

Underlying this pioneering integration 
AFM with micro-Raman is negative-stiff-
ness vibration isolation, developed by 
Minus K Technology Inc. What negative-
stiffness isolators provide is really quite 
unique to SPM-Raman and other NSOM 
systems. In particular, improved transmis-
sibility of a negative-stiffness isolator – 
that is the vibrations that transmit through 
the isolator relative to the input floor 
vibrations. Transmissibility with negative-
stiffness is substantially improved over air 
systems and over active isolation systems. 

Negative-stiffness isolators employ a 
unique - and completely mechanical - 
concept in low-frequency vibration isola-
tion. Vertical-motion isolation is provided 
by a stiff spring that supports a weight 
load, combined with a Negative-Stiffness 
mechanism. 

The net vertical stiffness is made 
very low without affecting the static 
load-supporting capability of the spring. 
Beam-columns connected in series with 
the vertical-motion isolator provide hor-
izontal-motion isolation. The horizontal 
stiffness of the beam-columns is reduced 
by the “beam-column” effect (A beam-
column behaves as a spring combined 
with a negative-stiffness mechanism). 

The result is a compact passive iso-
lator capable of very low vertical and 
horizontal natural frequencies and very 
high internal structural frequencies. The 
isolators (adjusted to 1/2 Hz) achieve 
93% isolation efficiency at 2 Hz; 99% at 
5 Hz; and 99.7% at 10 Hz. 
For more information on negative- 
stiffness vibration isolation from  
Minus K Technology Inc., go to  
http://ept.hotims.com/51124-62

continued from page 18
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Embedded Systems & Engineering Software

Expanded power IC model library devised for 
Cadence PSpice
Version 4.1 of the AEi Systems’ Power IC Model Library for the 
Cadence PSpice simulator provides more than 550 high-fidelity 
and correlated simulation models for power electronic designs. 
Update simplifies users goal of obtaining high quality bench 
tested models, especially those simulating power supplies and 
other types of high powered circuitry. Product includes model 
netlists in PSpice syntax, schematic symbols for both Cadence 

OrCAD Capture and legacy schematics and a set of example application circuits for many 
of the IC models. All models are compatible with OrCAD Capture version 16.x software. 
EMA DESIGN AUTOMATION

http://ept.hotims.com/51124-63

Software delivers ultra-rapid prototyping, 
code development for ARM Cortex-M based 
microcontrollers
Software Platform v5.0 of TASKING 
C compiler delivers ultra-rapid pro-
totyping and code development 
for ARM Cortex-M based microcon-
trollers. The VX-toolset for ARM 
is seamlessly integrated into the 
toolset’s Eclipse based IDE. The 
complete offering also includes a C/
C++ compiler, simulator and hard-
ware debugger and a wide collec-
tion of frequently used middleware 
components, such as TCP/IP, USB, 
CAN, web server, graphical user-interface, and an RTOS. At the cost of a traditional 
development toolset the developer gets everything needed to build an application much 
faster than is possible with other compiler suites and additional third party middleware 
components.
ALTIUM

http://ept.hotims.com/51124-66

Pcb design software integrates 
system design to mfg execution
Xpedition VX Enterprise printed circuit board (pcb) soft-
ware provides design flow and integration from system 
design definition to manufacturing execution. Product’s 
patented technologies can reduce design cycles by 50% 
or more while significantly improving overall quality and 
resource efficiency. Product conducts a variety of design tasks, such as pcb design 
creation, simulation, layout, design collaboration and library management.
MENTOR GRAPHICS

http://ept.hotims.com/51124-64
Electronic circuit design software 
issues upgraded version
Proteus Design Suite 8.1 software package for computer-
aided design of electronic circuits is delivered in a new 
platform, as well as application framework, enabling the 
delivery of more important features - including four main 
areas: Pads and Footprints; Project Clips / Design Snippets; 

Dynamic Teardrops; Proteus VSM for Arduino AVR. Product provides the ability to store 
vias with the library part, enabling users to define a fanout topology for an IC in the 
library part and also to stitch thermal pads on a footprint (e.g. QFN). Product has the 
ability to suppress, resist and paste on a per pad basis and then added the ability to 
draw it for the package itself. This permits users to define a stippled paste pattern on a 
large SMT pad or to escape a large area of resist around a button pad. 
LABCENTER ELECTRONICS NORTH AMERICA

http://ept.hotims.com/51124-67

Compliance management system details steps  
for realizing ISO 26262 standard
LDRA Compliance Management System (LCMS) provides companies with the proper 
infrastructure enabling ISO 26262 compliance. Software walks customers through the 
fully compliant plans, document and transition checklists, standards and other lifecycle 
documents and problem reports to help customers manage software planning, develop-
ment, verification, and regulatory activities of ISO 26262 Part 6, Product Development: 
Software Level (ISO 26262-6). LCMS for ISO 26262-6 details a process that ensures soft-
ware functional safety at dramatically reduced project costs. 
LDRA

http://ept.hotims.com/51124-65

Software-defined radio platform solution speeds 
system prototyping
Software-defined radio (SDR) platform solutions and 
ecosystems simplify rapid SDR system prototyping and 
development in applications ranging from defense 
electronics, RF instrumentation, communications infra-
structure and open-source SDR development projects. 
The AD-FMCOMMS4-EBZ is a transceiver FMC module that 
includes the AD9364 RF Transceiver IC in a cost-effective 
1 x 1 SDR rapid prototyping FMC module. Device is also 
a transceiver FMC module and was engineered for 70MHz 
to 6GHz wideband tuning applications such as hand-held and whitespace radios.  
ANALOG DEVICES

http://ept.hotims.com/51124-69

Product development management solution 
consolidates previous web clients
TestTrack 2014 version of product development management solution integrates the 
functions of firm’s three previous web clients, enhancing the user experience with a 
modern interface, improved usability and additional features. Product features full 
test management and requirements management support, along with enhancements 
that make finding and updating data easier and more intuitive. Users can now create, 
update, manage and report on all work items and project artifacts within a unified 
TestTrack web client.
SEAPINE SOFTWARE

http://ept.hotims.com/51124-68

Compact, rugged display computer boosts 
performance via GPGPU technology
3U VPX MAGIC1 Rugged Display Computer combines 
Intel Core i7 CPU technology with NVIDIA’s EXK107 
GPU (Graphics Processing Unit) to deliver improved 
levels of performance for rugged applications. When 
deployed as a Display Computer, the unit supports the 
industry’s most demanding video and image applica-
tions, taking advantage of the significant processing 
power available from GPGPU (General Purpose com-
puting on Graphics Processing Units) computing.
GE INTELLIGENT PLATFORMS

http://ept.hotims.com/51124-70

in support of

June 12, 2014
Glen Eagle Golf Club

Hwy 50, Bolton, Ontario

     The 21st Annual 

Electronics Industry
GOLF TOURNAMENT

sponsored by

For more information  
contact EP&T at: 
• 416.510.5207   

• pdloney@ept.ca
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800.522.5546             vcclite.comVCC, more than indication – communication.                             

            Enabling Better  
Communication  
with Light

VCC Design & Light  
Modeling Services

VCC design services help 
OEMs solve challenging  
applications involving  
delivery of light in complex 
HMI systems

vcclite.com/designservices

Your Indicator Experts
More options – Faster response – Shorter time to market
Today, VCC includes CML, Leecraft and Littelites indicator product lines providing  
engineers with the most options across all indicator light technologies. 

LED Light Pipes • LED, Incandescent, Neon Indicators • Modular, 1-Piece, Sealed & Custom Indicators    

The Global Leader in Indication and 
Specialty Illumination Solutions

TM

CML Leecraft Littelites VCCTM TMTM

VCC1019-A  EP&T AF.indd   1 4/17/14   10:07 AM

Surface mount coin cell holders are 
ultra low-profile
Keystone PN 1057 battery cell holder, secures #2032 
Lithium coin cells, is surface mount and provides an ultra-
low profile of 2mm above the pcb surface. Device retains 
cells securely under shock and vibration in high-density 
applications for pcb requirements. Device provides built-in stabilization tabs in the 
LCP, UL 94V-0 base add mounting security, while gold plated contacts assure increased 
pcb and solder joint mounting strength.
EMX ENTERPRISES

http://ept.hotims.com/51124-72

Latching micro-D connectors withstand high shock, 
vibration
Latching Micro-D connector can 
be mated or un-mated without 
the need for a screwdriver or hand 
tools. Built to meet or exceed the 
testing specified in MIL-DTL-83513 
specifications, the small, light-
weight, high strength devices 
have passed extensive shock and 
vibration testing. Product’s push-
and-latch design incorporates fin-
ger grips to assist field operation, and can be used by those wearing bulky gloves or no 
gloves at all. 
OMNETICS

http://ept.hotims.com/51124-71

Ac-dc power supplies comprise five power levels
HWS-A series of ac-dc power 
supplies comprise five power 
levels rated from 15-150W. 
Product series achieves up to 
a 3% efficiency improvement 
at full load (up to 91%), 
and up to a 4% improvement 
at low loads. Off-load power 
consumption is considerably 
reduced, thereby contributing 
to a reduction in environmen-
tal impact. Product weight has also been reduced by up to 12%. Operating from a uni-
versal input of 85-265Vac (47-63Hz), the 15, 30, 50, 100 and 150W models are available 
with nominal outputs of 3.3, 5, 12, 15, 24 and 48Vdc.
TDK-LAMBDA

http://ept.hotims.com/51124-76

Fiber to ethernet media 
converters deliver  
real-time compatibility
Fiber to ethernet media converters provide real-time 
compatibility and the ability to integrate glass fibers 
into a network while remaining transparent to other net-
work devices. Product converts the Ethernet, via an RJ45 
port, to an optical port with SC or ST glass fiber connec-
tions. Link Fault Pass-Through (LFP) technology employs 
mechanical relay outputs that alarm on power failure and 
port breakages on either fiber or Ethernet ports. The LFP 
feature retains the collision domain between the two 

Ethernet participants, resulting in status transparency between the two Ethernet inter-
faces. Redundant power inputs allow for more secure connections.
WEIDMULLER

http://ept.hotims.com/51124-73

32-bit SoC processor supports next 
gen connected devices
Intel Quark X1000 System on a Chip (SoC) 32-bit processor 
is built for the next generation of connected devices, ranging 
from Internet of Things (IoT) to wearables, transportation, 
energy, and industrial control. Devices run as fast as 400MHz 
and are designed specifically for high performance low power 
applications. Product is backwards compatible with previous Intel processors and soft-
ware compatible with existing x86 based CPUs such as the Intel Atom and Intel Core 
line of processors. Device’s performance is enhanced with 16Kbytes of shared instruc-
tion and L1 data cache, improving code execution speeds by minimizing the number 
of times the CPU needs to access external memory. 512Kbytes of on chip SRAM is also 
available.
MOUSER

http://ept.hotims.com/51124-77

Software monitors wire production, processing
S.WOP (Software for Wire Optimized 
Production) manages the planning 
and monitoring of all wire process-
ing machines in a factory. Product 
extracts data from an order man-
agement system, optimizes orders 
according to the most efficient pro-
duction workflow, and assigns them 
to individual machines. By control-
ling and monitoring the entire wire 
processing operation over a local 
network with S.WOP, productivity 
and quality are greatly increased. 
Administrative work, WIP, inventory, lead times and overall costs are also reduced.
SCHLEUNIGER

http://ept.hotims.com/51124-78

RF encoder suits remote control system applications
NTE7233 an RF encoder for remote control system applications provides an operating 
voltage of 2.4V to 12V low standby current. Product’s one word minimum transmission 
data code has positive parity. Minimal external components provide low power and high 
noise immunity. Device works in conjunction with NTE7232 (RF Decoder).
NTE ELECTRONICS

http://ept.hotims.com/51124-79

Compact fuse delivers 1500A 
breaking copacity at 500Vac
SHF series 6.3x32 compact fuse provides overcurrent protec-
tion up to 500Vac. The high breaking capacity of 1500A at 
rated voltage safeguards electronic systems and operators in 
the event of a catastrophic short circuit incident. Device’s 
compact size, combined with its high ratings and perfor-
mance, makes it suitable for a much broader range of applica-

tions than a typical 6.3x32mm fuse. Device is available in 10 current ratings ranging from 
1 to 8 A and has a time-lag characteristic 
according to UL 248-14. Lead-free device 
is RoHS compliant and cURus approved. 
The operating temperature range is -40C 
to +85C. 
SCHURTER

http://ept.hotims.com/51124-74

High sensitive NFC 
Z-axis antenna is low 
profile
PREMO ZC1003HF 
Series low profile 
antenna is based 
on NFC technol-
ogy and provides 
compact dimensions and a low profile 
height of less than 3.2mm. The Z axis 
SMD ferrite device is suitable for signal´s 
reception/transmission at 13.56MHz. 
Devices are highly sensitive and com-
pact, measuring 10x10x3.1mm. Product 
requires less board space compared with 
pcb printed loop antennas and provides 
up to 30% longer reading distances. 
Devices come with 2,5µH/13,56MHz 
inductance value and can be tailored 
according to customer’s specifications. 
DB LECTRO

http://ept.hotims.com/51124-75

http://ept.hotims.com/51124-17
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FLM36
B-staged film 

for bonding  
& sealing

www.masterbond.com

+1.201.343.8983 • main@masterbond.com

http://ept .hotims .com/51124-21

http://ept .hotims .com/51124-25

http://ept .hotims .com/51124-26 http://ept .hotims .com/51124-27

EMSCAN EMxpert
The EMxpert provides 
unique pre- and post-EMC 
compliance testing that  
images real-time  
emissions. EMX allows 
engineers to visualize the 
root causes of potential 
EMC and EMI problems.

GAP WIRELESS
www.gapwireless.com
Tel: 855.826.3781 • info@gapwireless.com

http://ept .hotims .com/51124-22

http://ept .hotims .com/51124-20

Magnetic Epoxy Shielded 
SMT Power Inductor
MPS Industries introduces a 
new line of surface mount power 
inductors featuring magnetic epoxy 
shielding as a lower cost  
alternative to conventional ferrite 
shielded inductors.  
By replacing the traditional ferrite shield with a  
magnetic epoxy resin, we are able to significantly  
reduce both material and labor costs, as well as  
improve production lead times.

MPS INDUSTRIES
http://www.mpsind.com/press.html
Contact email: sales@mpsind.com

http://ept .hotims .com/51124-19

http://ept .hotims .com/51124-23

http://ept .hotims .com/51124-18

OrCAD is the #1 Choice for  
Schematic Capture
Cadence® OrCAD® 
Capture® represents the 
industry standard in  
schematic design. From  
complex multi-gigabit  
networking systems to the  
electronics powering LED lighting, OrCAD Capture is the 
tool of choice for defining PCB logic. Join the tens of  
thousands of engineers that depend on OrCAD Capture 
daily for their schematic capture needs.

EMA DESIGN AUTOMATION
www.ema-eda.com/Capture   

info@ema-eda.com

http://ept .hotims .com/51124-24

B&E Electronics Ltd. since 1975 has offered a full range of products  
required for the electronic maintenance and manufacturing industries.

• electronic components & equipment 
• test equipment • wire and cable 

• batteries, power & protection products 
• electronic chemicals • tools and cases
B&E Electronics is a founding member of EDGE Marketing,  

a North American buying group of independent electronic distributors.

Contact us or visit our website  
for online purchasing at:

www.be-electronics.com
Head Office: B&E Electronics Ltd.

444 Manitou Road SE, Calgary, AB T2G 4C4  •  Tel: 800.661.5619
Branches: Regina: 800.667.3528  •  Saskatoon: 888.249.5144

Save assembly time and money with  
VCC solderless LED interconnect solution
The CNX 440 and CNX 460 Series LED holders provide 
solderless LED connection 
and multiple LED options for a 
simple panel mount indicator 
solution. The receptacles require 
no tools for assembly, offering 
threaded connections into a 
broad selection of panel lenses. 
The LED holders can be used 
for NEMA 4 applications requir-
ing moisture-proof performance.

VCC
http://vcclite.com/panel_mount_indicators.php

TM

CML Leecraft Littelites VCCTM TMTM

Efficient Thermoelectric Cooling  
for Enclosures
TECA's thermoelectric air  
conditioners have the highest  
power efficiency ratings in the  
industry. With performance ratings  
from 100 to 5,600 BTU/hr, TECA  
offers the industry’s largest collection  
of solid-state cooling products for all  
environments. Reliable and versatile, TECA air  
conditioners excel in high ambient temperatures.  
Explore your options and contact TECA today!

THERMOELECTRIC COOLING AMERICA
http://www.thermoelectric.com/
sales@thermoelectric.com

Best Source of Polyimide Film & Tape

CREATIVE GLOBAL SERVICES INC.
info@cgstape.com  •  www.cgstape.com
5-70 Ironside Cres, Toronto Ontario Canada M1X 1G4

Quality Guarantee,  
Price Competitive, Prompt Delivery

• 1/2” mil to 5mil Polyimide Tape
• ESD Polyimide Tape
• Die-cut Polyimide Dots
• Polyester Splice Tape

• 1mil to 10mil Polyimide Film
• MT Polyimide Film
• FEP Coated Polyimide Film
• Glass Cloth Tape

Call 1-877-828-8898 for more information

electronic products and technology • may 2014

engineering
TECHNICAL & WHITE PAPERS
engineering
TECHNICAL & WHITE PAPERS

HARTING DEVICE CONNECTIVITY
This is a 16-page 
introductory overview of 
HARTING’s extensive 
product lineup for device 
and field cabinet connectivity 
– wire-to-board and in-box – 
as well as key specifications for each.  
This overview is part of HARTING’s 825-page 
Device Connectivity Catalogue available free at 
the download centre of www.harting.ca.

Go to http://tinyurl.com/l49yssy

HARTING Canada Inc.

Newark element14 inks disty deal 
with NKK Switches
Newark element14, has become an officially authorized 
distributor of NKK Switches, manufacturer of electrome-
chanical switches.

NKK Switches designs, produces and sells more than 
3.5-million different switches that set the standard for 
quality, stability and reliability in switch solutions. The 
company product offering includes toggle, rocker, pushbut-
ton, slide, rotary and key lock electromechanical switches 
in addition to illuminated, process sealed, miniature, spe-
cialty, surface mount and programmable switch devices. The 
products are used in a wide variety of applications in the 
medical, industrial, military/aerospace, security, robotics, 
energy and audio/broadcast industries.

http://ept .hotims .com/51124-28
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Scan the QR 
code or use 
the Layar app 

to see 
a video

© Agilent Technologies 2014

No other oscilloscope can touch it.
But you can.

Experience the difference. 
Get time-saving app notes.
www.newark.com/Agilent_Scopes

Agilent 4000 X-Series Oscilloscopes Agilent 3000 X-Series Oscilloscopes 
200 MHz to 1.5 GHz 100 MHz to 1 GHz
Starting at $5,611* Starting at $3,222*
12.1” capacitive touch display 8.5” display
Infi niiScan Zone touch triggering —

1M waveforms/sec update rate 1M waveforms/sec update rate
Fully upgradable: bandwidth, MSO, 
dual-channel  WaveGen, DVM, serial 
analysis including USB

Fully upgradable: bandwidth, MSO, 
WaveGen, DVM, and serial analysis

* Prices are in USD and are subject to change

The oscilloscope experience redefi ned. 

800-463-9275  
www.newark.com/agilent

http://ept.hotims.com/51124-35
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Agilent  
Basic Instruments

Right Instrument. Right Expertise.  
Delivered Right Now.

See promos on page 8 or 
scan QR Code for complete 
promo listing.

NEW higher frequency  
waveform generator  
from Agilent.
Our Featured  
Distribution Partners  
make it easy to buy.
PAGE 3

Check it out. Upgrade to your 
Ultimate Scope 
Get Up to 16 scope  
applications for the  
price of 1!
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Agilent and our network of Agilent Authorized Distributors  
have teamed up to provide fast, easy access to the  
world’s largest selection of off-the-shelf T&M  
instruments. It’s the best of both worlds: Agilent’s  
measurement expertise and product breadth  
combined with speed, convenience and same-day  
shipping from our distribution partners. It’s never  
been easier to get the right instrument in the  
right hands, right away. 

Agilent

Our Distributor  
Network
Right Instrument. Right Expertise.  
Delivered Right Now.

Eliminate the uncertainty and generate the signals you expect to see
When your tests demand a precise and predictably shaped signal, can you be 
sure your signal generator is outputting the signal you expect?
The drawbacks of DDS
Direct digital synthesis (DDS) is a simple and inexpensive method that produces 
approximations that are acceptably close to the ideal for many applications, which 
is why lower-cost waveform generators typically use this technology.
However, these signals are indeed approximations, which can create problems 
with harmonic distortion, jitter, aliasing, and even skipped points in the waveform.
Because DDS generators have a fixed sample clock, if they output one unique 
point for each sample clock, they would be able to output only one frequency. 
When a lower frequency is needed, the generator needs to use many clock cycles 
to output a single point and will repeat points. When a higher frequency is needed 
and the generator can’t output all of the points in waveform memory, it will skip 
over some points. The higher the frequency, the more points are skipped—and 
the less the output resembles the signal you expect to see.
Moreover, DDS generators use internal algorithms to determine which points are 
skipped. These algorithms put a priority the phase of a signal, which results in 
signals that don’t necessarily skip the same samples in every cycle. 
True signals with Trueform technology
Trueform waveform generators use proprietary technology that allows waveforms 
to be expressed with the same shape, regardless of frequency. Designers working 
with complex waveforms can use Trueform generators to generate signals with 
complex modulation and abnormalities. Digital waveforms with transients and 
pulses can be reproduced with the same characteristics every time.
Figure 1 shows an example of the dramatic differences between DDS and  
Trueform waveforms. Note the three small peaks in the Trueform signal and com-
pare the DDS output; these signal characteristics are distorted or missing entirely.
Dramatic reduction in jitter
Another key benefit of the Trueform architecture is extremely low jitter.  
Cycle-to-cycle jitter for the new Agilent 33600A Series, for example, is specified 
at less than 1 ps for all waveforms, including arbitrary, sine, and square waves. 
That’s about 200 times less jitter than DDS-based generators (Figure 2).
Missing the point
Figure 3 illustrates the problem of missing points in DDS outputs. At 1 kHz, both 
generators were able to create an accurate waveform with all seven aberra-
tions, but when the frequency was dialed up to 2 MHz, three of the seven signal 
features disappeared from the DDS output. At even higher frequencies, the aber-
rations can be become intermittent or distorted—or all of them can disappear 
completely.

To learn how to overcome your function generator challenges with  
Trueform technology, view videos and download free measurement briefs,  
visit www.agilent.com/find/trueformTC

Figure 1:
Signals at the same 
frequency created by a 
DDS generator (upper 
trace) and a Trueform 
generator (lower trace)

Figure 2:
This 40 MHz sine wave 
from the 33600A shows 
less than 800 femto-
seconds of jitter.

Figure 3:
A DDS generator  
(upper trace) was 
unable to output all 
seven aberrations in 
this 2 MHz arbitrary 
waveform.

SPOTlighT
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You need it when? Agilent distribution  
partners offer expedient delivery.

Need to visualize multiple instrument measure-
ments simultaneously? Capture data, screen shots, 
or system states? Return your entire bench to an 

earlier state to replicate tests? Remotely monitor and control 
your bench with a mobile device? You can do it all with Agilent 
BenchVue. Data capture simplified: Click. Capture. Done.

•	 Frequency, frequency ratio, time interval,  
rise/fall time, phase, and much more

•	 Histograms, trending, data logging, and built-in 
math and statistical functions 

•	 53230A offers: 20 ps single-shot, burst micro-
wave, and continuous gap-free measurements 
with time stamped edges

•	 Optional 6 or 15 GHz RF channel
•	 USB, GPIB and LAN (LXI) connectivity

•	 Sine, square, ramp, triangle, noise, pulse 
generation with variable edge, DC waveform, 
AM, FM, and more

•	 Linear and logarithmic sweeps and burst  
operation modes

•	 USB, GPIB and LAN (LXI) interfaces included
•	 BenchVue software compatibile

53200 Series RF and 
universal frequency 
counters

33200 Series  
waveform  
generators

High performance, multifunction counters cover the 
RF and microwave spectrum from 50 MHz to 46 GHz 

General purpose function generators with arbitrary 
waveform capabilities and high signal fidelity  

Model Key specifications
Price from 

(US)
33210A 10 MHz, 1-Ch, 14-bit, 50 MSa/s, 8 K point, 5 MHz pulse (optional arb) $1,321
33220A 20 MHz, 1-Ch, 14-bit, 50 MSa/s, 64 K point, 5 MHz pulse $2,487
33250A 80 MHz, 1-Ch, 12-bit, 200 MSa/s, 64 K point, 50 MHz pulse $4,953

33500B Series 
waveform  
generators

33600A Series 
waveform  
generators

Validate your most challenging designs with realistic 
test signals using exclusive Trueform technology             

Higher frequency with Trueform technology delivers 
unparalleled signal integrity.

Model Key specifications
Price  

from (US)
33509B (Arb optional), 33511B 20 MHz, 1-Ch, 20 MHz pulse $1,707
33510B (Arb optional), 33512B 20 MHz, 2-Ch, 20 MHz pulse $2,607
33519B (Arb optional), 33521B 30 MHz, 1-Ch, 30 MHz pulse $1,914
33520B (Arb optional), 33522B 30 MHz, 2-Ch, 30 MHz pulse $2,922
33502A Isolated amplifier, dual channel,  

50 V peak-to-peak
$2,812

WAVEFORM gENERATORS 
FREQUENCY COUNTERS

WAVEFORM gENERATORS 
FREQUENCY COUNTERS

•	 Superior graphical I-V Curve
•	 High sourcing and measurement resolution  

(61/2 digit)
•	 Wide output range (210 V / 3 A DC / 10.5 A pulse)
Price from (US):  $6,133

•	 Ultra-low noise performance with the external 
low noise filter (10 μVrms)

•	 High sourcing resolution (61/2 digit, 100 nV/10 fA)
•	 Innovative sourcing capability such as ARB and 

DC emulation
Price from (US):  $6,133

B2900A Series 
source measure  
units (SMUs)

B2960A Series 
low-noise power 
sources

Quickly and accurately evaluate your DUTs with  
precision/low-noise sourcing and easy-to-use GUI

•	 20 Hz to 300 kHz / 500 kHz / 1 MHz
•	 Exceptionally low noise at both low and high 

impedance to improve test quality; 0.05% basic 
impedance accuracy

•	 High speed at an affordable price: 12 ms (SHORT), 
118 ms (MED), 343 ms (LONG) @ 1 MHz

•	 16 impedance parameters
•	 100 µV to 2 Vrms, 1 µA to 20 mA variable 

test signal
•	 201-point programmable list sweep
Price from (US):  $4,266

E4980Al precision 
lCR meter

Speed, accuracy, and measurement versatility

NEW

Model Key specifications
Price  

from (US)
33611A 80 MHz, 1-Ch 660 MSa/s arb, 60 MHz pulse $3,995
33612A 80 MHz, 2-Ch 660 MSa/s arb, 60 MHz pulse $5,695
33621A 120 MHz, 1-Ch 1 GSa/s arb, 100 MHz pulse $4,695
33622A 120 MHz, 2-Ch 1 GSa/s arb, 100 MHz pulse $6,695

Model Key specifications
Price from 

(US)
53210A 350 MHz RF frequency counter, 10 digits/s $2,165
53220A 350 MHz universal frequency counter/timer, 12 digits/s, 100 ps $2,507
53230A 350 MHz universal frequency counter/timer, 12 digits/s, 20 ps $3,918

•	 Exclusive Trueform technology generates  
high-fidelity, gap-free signals with very low  
jitter and low harmonic distortion

•	 Arbitrary waveforms: 4 M points (64 M optional), 
sequencing, and embedded editor

•	 Sine, square, ramp, triangle, noise, DC, AM,  
FM, PWM, Sum, PRBS, and more

•	 14 bits of resolution, 1 mVpp to 10 mVpp
•	 USB, LAN (LXI), and optional GPIB connectivity
•	 BenchVue software compatibile 

•	 Trueform waveform technology generates  
signals with the low jitter (<40 ps) and  
harmonic distortion (<0.04% THD)

•	 Arbitrary waveforms: 1 M points (16 M optional), 
sequencing, and embedded editor

•	 Sine, square, ramp, triangle, noise, DC, AM,  
FM, PWM, Sum, PRBS, and more

•	 16 bits of resolution, 1 mVpp to 10 Vpp  
•	 USB, GPIB and LAN (LXI) connectivity
•	 BenchVue software compatibile
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high performance DC power

Anticipate new demands with high speed,  
versatility, and accuracy

•	 Stable and accurate: these loads are  
easy to integrate into your test system

•	 Automated command list execution  
reduces workload on system controller

•	 1800 W mainframe accepts up to six 150  
to 600 W modules for simultaneous testing

•	 Maximum inputs up to 240 V and 120 A 
•	 GPIB connectivity
Price from (US):  $1,833

N3300 DC 
electronic load 
mainframe

POWER SUPPliES

For applications that require precise, accurate  
measurements and efficient analysis of AC power

•	 One-box solutions provide generation, measure-
ment, and AC power analysis by combining 
the capabilities of a multimeter, oscilloscope, 
harmonic analyzer, arbitrary waveform genera-
tor, and power analyzer

•	 Available in 375, 750, and 1750 VA models, 
with 300 Vrms, 3.25 to 13 Arms, and 40 to 
80 A peak

Price from (US):  $7,610

6810B Series AC 
power sources/
power analyzers

high value

Solid performance and robust features help you 
achieve more on lower budgets

•	 Basic, high-power, single-output power  
supplies

•	 45 affordable models in compact 1 U (750 and 
1500 W) and 2 U (3.3 and 5 kW) packages

•	 Up to 600 V or up to 400 A
•	 Programmability and built-in V & I measure-

ments simplify test set ups
•	 USB, GPIB and LAN (LXI) connectivity
Price from (US):  $2,611

N5700 and N8700 
Series system  
DC power supplies

•	 Autoranging to do the job of multiple  
power supplies

•	 240 or 1200 W output, up to 500 V and  
up to 120 A

•	 Programmability and built-in V & I  
measurements simplify test setups 

•	 GPIB connectivity
Price from (US):  $5,338

6030 Series  
basic autoranging 
DC supplies

•	 5 kW and 10 kW basic, single-output,  
autoranging programmable DC power for  
ATE applications

•	 Just the right amount of performance at just 
the right price

•	 18 models that offer up to 1000 V or 340 A
•	 Easily parallel units to create “one” power 

supply with 100 kW of power 
•	 USB, GPIB, LAN (LXI) connectivity and analog 

programming
Price from (US):  $7,722

N8900 Series 
autoranging  
high-power  
system supplies

                               The free Agilent Power Product Catalog 
helps you choose your instrument by the number of outputs, 
output power characteristics, packaging, special features  
and application specific solutions.  
www.agilent.com/find/highpower

Agilent offers more than 
300 power products to meet  
your specific needs. 

DC POWER SUPPliES

6600 Series  
high-performance 
DC supplies

•	 Fast, low-noise outputs improve  
measurement accuracy and test throughout

•	 40 to 6600 W, single output, up to 120 V,  
and up to 875 A

•	 Programmability and built-in V & I  
measurements simplify test setups

•	 GPIB connectivity
Price from (US):  $2,488

N6700  
low-profile  
modular  
power system

•	 Ideal DC power supply solution for automated 
test systems: small, fast, and flexible

•	 Small 1 U high mainframe (400, 600, 1200 W) 
with slots for up to 4 programmable DC  
power modules

•	 Mix and match the performance you need  
with your choice of over 30 programmable  
DC power modules: basic, high performance, 
and precision (mA and µA); available in 50,  
100, 300, and 500 W

•	 USB, GPIB and LAN (LXI) connectivity
•	 BenchVue software compatible 
Price from (US):  $2,627

E3600 Series  
DC power supplies

•	 Output noise as low as 1mVp-p/0.2mVrms
•	 Tight 0.01% load and line regulation
•	 Fast load transient response time (<50 μs)
•	 30 to 200 W outputs
•	 BenchVue software compatible 

Price from (US):  $657

N6705B DC  
power analyzer

•	 Get deep insight into DUT power consumption— 
without assembling a complex test system

•	 Integrate up to four DC programmable power 
modules with DMM, scope, arb, and data  
logger features; up to 600 W total power

•	 New source/measure units and application-
specific modules for battery-drain analysis, 
functional test and more

•	 USB, GPIB and LAN (LXI) connectivity
•	 BenchVue software compatible 
Price from (US):  $7,471
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Configure a low-cost, high-performance RF solution  
for wireless transceiver measurements by pairing a 
N9320B/N9322C spectrum analyzer with the N9310A  
RF signal generator using a 33500B/33600A Series  
waveform generator as its modulation input. You can  
measure any wireless connectivity device with ASK,  
FSK, or GFSK modulation across a range of industrial, 
automotive, and consumer electronics.

hiNTM  E  A  S  U  R  E  M  E  N  T

Agilent distribution partners: fast, local  
response with a direct line to Agilent’s  
test and measurement experts

•	 Low-cost, 3-slot unit with 61/2 digit DMM and 
built-in signal conditioning 

•	 Choose from 8 plug-in modules, up to 120 
1-wire (60 2-wire) channels or 96 cross points

•	 BenchLink Data Logger software included, 
optional 34830A BenchLink Data Logger Pro

•	 GPIB & RS-232 connectivity (34970A) 
USB & LAN (LXI) connectivity (34972A)—
built-in web interface for easy control

Price from (US):  $1,745/$2,015

Model Key specifications
34901A/02A/08A  
multiplexers Up to 300 V, 16, 20, or 40 channels

34903A gP switch 300 V, 20 actuator channels
34904A matrix 4x8 matrix 
34905A/06A  
RF switches 2 GHz dual, 50 and 75 Ω 

34907A multi-function DIO, DAC, totalizer 

Model Key specifications
34921A–34925A  
multiplexer switch modules Up to 300 V, 40, 70, or 80 channels

34937A–34939A  
gP switch modules Up to 64 channels, 5 A, 300 V

34931A–34934A  
matrix switch modules Up to 512 crosspoints per module

34941A–34947A RF &  
µWave switch modules Up to 26.5 GHz bandwidth

34950A–34952A  
system control modules

DIO, DAC, totalizer, frequency 
period, counter

34970A/72A plug-in modules

34980A plug-in modules

•	 High performance, 8-slot mainframe with  
61/2 digit DMM and built-in signal conditioning 

•	 Choose from 21 plug-in modules, up to 1024 
1-wire (560 2-wire) channels or 4096 cross pts.

•	 Optional 34832A BenchLink Data Logger Pro
•	 GPIB, USB,LAN (LXI) connectivity—

built-in web interface for easy control
Price from (US):  $2,803

34980A  
multi-function 
switch/ 
measurement unit

N9310A  
RF signal generator

34970A/72A  
data acquisition  
switch units

Modular flexibility and universal channels for a 
wide range of measurements with no external 
signal conditioning

DATA ACQUiSiTiON/SWiTCh UNiTS

Achieve more on a tight budget: Solid performance 
with robust measurement features

Professional performance and compact size  
for general purpose testing needs

•	 Frequency range: 25 MHz to 4 GHz
•	 3.0 ms/data point sweep time
•	 VSWR/return loss/cable loss; distance-to-fault
•	 4-hour battery life
Price from (US):  $5,248

N9330B handheld 
cable and antenna 
tester

•	 Frequency range: 9 kHz to 3 GHz
•	 One-button features: channel power, ACPR, 

OBW, field strength, spectrum emission mask
•	 3 GHz tracking generator: insertion loss, 

amplifier gain, filter passband
•	 AM/FM IBOC and xDSL measurement
Price from (US):  $8,599

N9340B handheld 
spectrum analyzer 
(hSA)

SPECTRUM ANAlYZERS
RF SigNAl gENERATORS

N9320B  
basic spectrum 
analyzer (BSA)

•	 Frequency range: 9 kHz to 3 GHz
•	 DANL: -148 dBm with pre-amp on
•	 RBW: 10 Hz to 1 MHz
•	 LAN, GPIB, and USB connectivity
•	 3 GHz tracking generator
•	 PowerSuite: channel power, occupied  

bandwidth, and more 
•	 AM/FM and ASK/FSK demodulation analysis
•	 Free remote control PC software
•	 BenchVue software compatible 
Price from (US):  $8,452

N9322C  
basic spectrum 
analyzer (BSA)

•	 Frequency range: 9 kHz to 7 GHz
•	 DANL: -152 dBm typical, with preamp on
•	 RBW: 10 Hz to 3 MHz
•	 7 GHz tracking generator, built-in VSWR bridge
•	 AM/FM, ASK/FSK demodulation
•	 Free remote control PC software
•	 BenchVue software compatible 
5-in-1 RF analyzer
•	 Spectrum analyzer
•	 Stimulus and response tester
•	 Spur and interference analyzer
•	 ASK/FSK modulation analyzer
•	 Peak and average power meter

Price from (US):  $11,699

•	 9 kHz to 3 GHz CW output, 20 Hz to 80 kHz low 
frequency (LF) output 

•	 -127 to +13 dBm output level range  
(max +20 dBm settable) 

•	 - 95 dBc/Hz SSB phase noise
•	 Extensive analog modulation: AM, FM, phase, 

and pulse modulation
•	 Optional IQ modulator, 40 MHz bandwidth 
•	 Up to ± 0.1 ppm aging rate
Price from (US):  $7,808
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Model Description

Features
Max reading 

rate at 4½ digits  
(rdgs/s)

Built-in PC 
interfaces

Price  
from (US)

Digits of  
resolution

DCV, DCi 
True RMS 
ACV/ACi

2– and 4– 
wire Ω 

freq/ 
period

diode/ 
cont cap. temp.

U3401A Dual display. Elegantly simple and  
affordable DMMs with basic capabilities

41/2 
● ● ● ●

3
None

$497
U3402A 51/2 22 $662

U3606A
DMM with built-in 30 W power supply.  
Halves bench/rack space needed for 
two instruments

51/2 ● ● 37 USB, GPIB $1,258

34450A
Faster measurement speed, ultra-bright  
OLED with dual display, and basic  
statistical tools

51/2 ● ● ● ● ● ● 190
USB,  

Serial interface (RS-232), 
optional GPIB

$813

34460A Display DMM results in ways  
you never have before and measure  
with unquestioned Truevolt confidence

61/2 ● ● ● ● ●
300 USB,   

optional GPIB and LAN
$945 

34461A 1,000 USB, LAN  
optional GPIB $1,095

34401A Industry standard for accuracy, speed,  
measurement ease and versatility 61/2 ● ● ● ● 1,000 GPIB $1,159

34410A Dual display. Highest throughput of 
benchtop DMMs, best choice for  
system use

61/2 ● ● ● ● ● ●
10,000

USB, GPIB, LAN $1,404 
$2,23534411A 50,000

34420A Nano volt/µΩ meter. Very accurate,  
low-level measurements 71/2 DCV only ● ● 250 GPIB $4,349

3458A
The fastest, most flexible and most  
accurate multimeter, ideal multimeter  
for demanding applications

81/2 ● ● ● 100,000 GPIB $9,568

U1230 Series U1240 Series U1250 Series U1270 Series U1210 Clamp Meter Series
Counts 6,000 10,000 50,000 30,000 4,000
AC bandwidth 1 kHz 2 kHz 30 to 100 kHz 100 kHz 2 kHz
Voltage AC/DC 600 mV to 600 V 1 to 1,000 V 50 mV to 1,000 V 30 mV to 1,000 V* 4 to 1,000 V
Current AC/DC 60 μA to 10 A 1 μA to 10 A 500 μA to 10 A 300 μA to 10 A 40 to 1,000 A
Battery life 500 hours 300 hours 72 hours* 300 hours 60 hours
Additional  
features

Built-in flashlight, continuity 
alert with flashing backlight, 
ZLow non-contact voltage 
detector with Vsense*

Switch counter, harmonic ratio, 
dual and differential tempera-
ture measurements*

20 MHz frequency counter, 
programmable square wave 
generator*

Low pass filter, AC and/or DC 
voltage check, low impendance 
mode offset compensation*
Operational down to -40 °C*

Large 2” jaw size, back light 
with dual display, ACI, ACV/
DCV, diode test, R, C, frequency
400 Ω to 40 MΩ resistance 
4 to 4,000 μF capacitance*

Connectivity IR-USB and Infrared (IR)-to-Bluetooth

Price from (US) $101 $206 $390 $347 $255

Agilent U1177A: 
an electronics industry  
multiple award winner  
for 2013.

handheld DMMs
Rich features and robust design for real-world conditions
 ▪ High-contrast OLED display with 160° viewing angle  

(U1273AX, U1273A and U1253B)

*Specification available on select models only.

The U1177A  
infrared (iR)-to-Bluetooth® Adapter:   
Enables Bluetooth connection to ALL Agilent  
U1200 Series handheld meters. Use with the  
complimentary Mobile Meter and Mobile Logger,  
on your Android device to monitor and log data  
remotely and wirelessly (up to 3 handheld meters).

DigiTAl MUlTiMETERS

Benchtop DMMs
Exceptional performance and ease of use 
        BenchVue software compatible 
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The N2820A 2-channel high sensitivity current probe 
comes with two parallel differential amplifiers inside the 
probe with different gain settings. The low gain side  
allows you to see the entire waveform, the “zoom out” 
view of the waveform, and the high gain amplifier  
provides a “zoom in” view to observe extremely small  
current fluctuations, such as a mobile phone’s idle state.

hiNTM  E  A  S  U  R  E  M  E  N  T

Agilent distribution partners:  
your local connection to Agilent’s  
global technical resources

Get a FREE 30-Day Trial License. www.agilent.com/find/30daytrial 

Gain greater insight with powerful applications 
See the complete list at www.agilent.com/find/scope-apps

Description 2000 X-Series 3000 X-Series 4000 X-Series
20 MHz WaveGen DSOX2WAVEGEN DSOX3WAVEGEN DSOX4WAVEGEN2
3-digit voltmeter DSOXDVM DSOXDVM DSOXDVM
DSO to MSO upgrade DSOX2MSO   DSOX3MSO* DSOXPERFMSO
CAN/LIN trigger/decode DSOX2AUTO DSOX3AUTO DSOX4AUTO
I2C/SPI trigger/decode DSOX2EMBD DSOX3EMBD DSOX4EMBD
RS232/UART trigger/decode DSOX2COMP DSOX3COMP DSOX4COMP
USB full/low trigger/decode DSOX4USBFL
USB high trigger/decode DSOX4USBH
USB signal quality test DSOX4USBSQ

2-ch  
AWG

*1 GHz models require DSOXPERFMSO

2000 X-Series •	 70 to 200 MHz bandwidth, up to 1 Mpts  
memory, DSO and MSO models

•	 8.5-inch WVGA display offers 2x the  
viewing area and 5x the resolution of  
competitive scopes

•	 Standard 5 year warranty
Price from (US):  $1,258

•	 100	MHz	to	1	GHz	bandwidth,	up	to	4	Mpts	
memory,	DSO	and	MSO	models

•	 8.5-inch	WVGA	display	is	50%	larger	and		
3x	the	resolution	of	competitive	scopes

•	 Segmented	memory	optional
•	 Standard	3	year	warranty
Price from (US):  $3,222

3000 X-Series

Breakthrough scope technology lets you see more, 
do more and get more for your money 

•	 5.7-inch VGA TFT LCD display with indoor, 
outdoor, and night-vision viewing modes

•	 3-in-1 instrument: oscilloscope, DMM,  
and data logger

•	 Fully isolated channels (U1610A, U1620A)
•	 Up to 2 GSa/s sample rate and up to 2 Mpts 

deep memory to zoom in on critical details
•	 Benchtop-like dual window zoom for more 

detailed waveform analysis
Price from (US):  $1,388

U1600 Series 
handheld scopes

Maximum versatility to troubleshoot today’s  
challenges and anticipate tomorrow’s needs

Get a FREE 30-Day Trial License. www.agilent.com/find/30daytrial 

See the big picture without losing sight  
of the details

Big scope performance with a small scope price 

1000 Series 
oscilloscopes

N2820A & N2821A 
high sensitivity  
current probes

For the complete list of available probes:  
www.agilent.com/find/probes

OSCillOSCOPES
PROBES OSCillOSCOPES
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4000 X-Series •	 200 MHz to 1.5 GHz bandwidth, 4 Mpts  
smart memory, DSO and MSO models

•	 12.1-inch capacitive touch display is  
40% larger than competitive scopes

•	 InfiniiScan Zone touch triggering— 
if you can see it, you can trigger on it

•	 Segmented memory standard
•	 Standard 3 year warranty
Price from (US):  $5,611

Oscilloscopes

Experience speed,  
usability and integration

•	 50 to 200 MHz, 2 and 4 channel DSO 
models with up to 20 kpts memory

•	 5.7-inch color display offers powerful  
signal capture and display

•	 Up to 2 GSa/s sample rate
•	 23 automatic measurements, sequential 

acquisition, mask testing and digital filters 
provide advanced measurement capabilities

•	 Accelerate your productivity with an  
11-language user interface, USB  
connectivity, and a standard educator’s kit

Price from (US):  $520

•	 Measure currents as low as 50 μA
•	 Measure currents as high as 5 A
•	 Measure AC and DC
•	 Also use as a voltage probe with as  

low as 3µV sensitivity 
•	 Bandwidth; 3 MHz Zoom-Out Channel,  

500 kHz Zoom-In Channel
•	 Compatible with InfiniiVision 3000X  

and InfiniiVision 4000X
Price from (US):  $2,100/$3,200

•	 Up to 1,000,000 waveforms/sec update rate
•	 MegaZoom IV responsive, uncompromised 

smart memory
•	 Integrated—5 instruments available in one 
•	 Fully upgradable—bandwidth, MSO, 

memory, serial analysis, built-in WaveGen 
function generator, or digital voltmeter

•	 BenchVue software compatible 
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Trueform signal integrity.
Introducing the new  
80 & 120 MHz 33600A Series  
Trueform waveform generators
SEE PAgE 2

Special 
promotions 
available only 
through Agilent 
distributors  Our Featured  

Distribution Partners

www.microlease.com/agilent 
800.432.3424

http://agilent.testequity.com 
800-588-3457

www.newark.com/agilent 
800.463.9275

Check out these great offers*

SCOPES Upgrade to your Ultimate Scope with the  
InfiniiVision X-Series Application Bundle. 
Ends 9/30/14.

*Certain restrictions apply.

RF Buy a N9310A RF Signal Generator and get a  
free IQ Modulator.  
Ends 6/30/14.

RF Promo FREE 5 Year Warranty.  
Ends 9/30/14.

Buy a New 33600A Series Trueform Waveform 
get FREE Waveform Builder Pro License 
Ends 8/31/14.

WAVEFORM 
gENERATORS

NEW
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