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Truevolt DMMs for your

next generation of insights.

As the industry leader in bench digital multimeters (DMMs), Keysight

delivers more than numbers. We empower insights. Now we’re raising

the standard again with two new Keysight Truevolt DMMs, the 6½

digit 34465A and 7½ digit 34470A. Both models build on Truevolt’s

graphical capabilities such as trend and histogram charts offering

more insights quickly. They provide a data logging mode for easier

trend analysis and a digitizing mode for capturing transients. Also,

both offer auto calibration that allows you to maintain measurement

accuracy throughout your workday. Our new 7½ digit DMM offers

greater resolution and accuracy for your most challenging devices.

View DMM test challenge application briefs and videos.

www.keysight.com/find/TruevoltWW

Truevolt DMMs 34461A 34465A NEW 34470A NEW 

Resolution 6½ digits 6½ digits 7½ digits

DCV accuracy 35 ppm 30 ppm 16 ppm

Linearity 2 ppm 1 ppm 0.5 ppm

Reading speed 1 k/s 5 k/s (opt 50 k/s) 5 k/s (opt 50 k/s)

BenchVue software enabled  Control your DMM with other Keysight 

instruments via a PC or mobile device

Trend chart

Histogram

Find our products at:

Innovative 

Instruments 

Inc





30 Innovation
Stridalyzer: A Uniquely-Designed 
Wearable for Runners

44 Futuristic
Tuning to Terahertz Electronics

50 Test & Measurement
Seven Ways to Effectively Use  
Today’s Feature-Heavy Scopes

62 Defence Electronics  
Precision-Guided Munitions: 
Laser-Guided Munitions (Part 2 of 4)

70 EFY Plus DVD  
This Month’s DVD Contents

78 Interview
“Programmable SoMs based on 
an FPGA have both sequential 
processing and broad massive parallel 
programmable logic processing...” 
— Ramani Sundaresan, managing director, 
India, and Bryan Fletcher, global technical 
marketing director, Avnet Electronics Marketing

79 Interview
“Wearable devices are intensely 
personal” 
— Anshuman Singh and Shuvadeep Sarkar, 
co-founders of ReTiSense

80 Interview
“Many disciplines are now involved in 
getting a final electronic product out  
of the drawing board” 
— Elmar Dukek, EMEA VAR manager, and 
Sreekanth Tammana, country manager—India, 
Pakistan, Bangladesh and Sri Lanka, Altium 
Europe GmbH

4 March 2015 | ElEctronics For You plus www.EFYMag.coM

 06 Feedback
 08 Q&A  
 10 Useful Websites
 12 Tech News
 100 First Look
 106 Make in India: Industry News
114 New Products
119 Business Pages Ads
131 Electronics Mart Ads
136 Product Categories Index +  
 Attractions During 2015
137 Advertisers’ Index

Regulars 

 next issue    • 3G, 4G & Beyond:  • industrial inverters &  • FPGA Based  
 Latest in telecom  uPses for Corporate  Development Boards

Do-IT-Yourself

•	 Mini	Offline	UPS	..................................................82

•	 5V	from	Portable	Wind	Turbine...........................86

•	 Letterbox	with	Letter-Counting	Facility	...............88

•	 Audio	Buffer	and	Line	Driver		
	 with	Low	Quiescent	Current	................................90

•	 Wireless	Baby	Monitor	........................................92

•	 Analogue	Input	on	Raspberry	Pi	.........................94

•	 Host	Software	for	RFID	Based	Attendance		
	 Management	System	(Part	2	of	2)	......................95

Electronically 
Overhauling  

the Homo Sapien

TEch Focus

18

102 estyle Buyers’ Guide
Be Smart When Buying a Smartwatch

110 Make in India
Market Survey: LED Lighting and 
Automotive Industry to Boost SMT 
Equipment Demand

BuYERs’ GuIDE
Touch-Screen, Wireless 
and Detachable Displays 

Make Modern Multimeters Exciting
56

24
Pretty and Purposeful Wearables
Tech Focus

72 Towards an Extra Layer of Security:  
The Cost of Two-Factor Authentication 
(Part 3 of 3)

security 

Embedded     
34 What You Ought to Know About  

Designing Memory into Embedded 
Systems

40 Battle of the SoCs

contents
electronics for you Plus  |   March 2015  |   Vol. 3   no. 11  

Editor : ramesh Chopra

Editorial  : Editorial Secretary  
CorrESpondEnCE  phone: 011-26810601; E-mail: editsec@efy.in 
  (technical queries: efylab@efy.in)

SubSCriptionS & : phone: 011-26810601 or 02 or 03 
miSSing iSSuES  E-mail: support@efy.in

baCk  iSSuES,  : kits‘n’Spares, new delhi 
bookS, Cds,   phone: 011-26371661, 26371662 
pCbs  etc.  E-mail: info@kitsnspares.com

ExCluSivE  : ibH books & magazines distributors ltd 
nEwSStand  unit  no.10, bezzola Complex ,  
diStributor  opp.  Suman nagar, Sion trombay road,  
  Chembur, mumbai 400 071 
  phone: 022-40497401/02 
advErtiSEmEntS  
nEw dElHi : ph: 011-26810601 or 02 or 03  
(HEad offiCE)  E-mail: efyenq@efy.in

mumbai : ph: 022-24950047, 24928520 
  E-mail: efymum@efy.in

bEngaluru : ph: 080-25260394, 25260023 
  E-mail: efyblr@efy.in

CHEnnai  : ph: 044-42994363 
  E-mail: efyenq@efy.in

HydErabad : ph: 040-67172633 
  E-mail: efyenq@efy.in

kolkata : ph: 033-22294788 
  E-mail: efyenq@efy.in 

punE : ph: 020-40147882 
  E-mail: efypune@efy.in

gujarat: :  ph: 079-61344948 
  E-mail: efyahd@efy.in

CHina : power pioneer group inc.   
  ph: (86 755) 83729797, (86) 13923802595 
  E-mail: powerpioneer@efy.in 

japan : tandem inc., ph: 81-3-3541-4166 
  E-mail: tandem@efy.in 

SingaporE : publicitas Singapore pte ltd 
  ph: +65-6836 2272 
  E-mail: publicitas@efy.in

taiwan  : j.k. media, ph: 886-2-87726780 ext. 10 
  E-mail: jkmedia@efy.in

unitEd StatES : E & tech media 
  ph: +1 860 536 6677 
  E-mail: veroniquelamarque@gmail.com 

printed, published and owned by ramesh Chopra. printed at nutech photolithographers, 
b-38, okhla industrial area, phase-1, new delhi, on the first day of each month and 
published from d-87/1, okhla industrial area, phase-1, new delhi 110020. Copyright 
2015. all rights reserved throughout the world. reproduction of any material from this 
magazine in any manner without the written permission of the publisher is prohibited. 
although every effort is made to ensure accuracy, no responsibility whatsoever is taken 
for any loss due to publishing errors. articles that cannot be used are returned to the 
authors if accompanied by a self-addressed and sufficiently stamped envelope. but 
no responsibility is taken for any loss or delay in returning the material. Efy will not 
be responsible for any wrong claims made by an advertiser. disputes, if any, will be 
settled in a new delhi court only.  

The G Hardware Design Language I
Archimedes: A Free Monte Carlo Simulator  III 
for Semiconductor Device Simulations 
MyHDL: A Python Based Hardware Description Language  VII

efY Plus DVD





6 March 2015 | ElEctronics For You www.EFYMag.coM

FEEDBACK

EFY’s Continual Improvement!
I am a regular reader of EFY for the 
last 30 years and have all EFY issues 
since 1989 in my collection, along 
with three Electronic Projects vol-
umes. As an electronic hobbyist, I 
refer to these books frequently since 
my student life. 

You may be surprised to know 
that, when I am in a bad mood, 
EFY delights me; when I am in good 
mood, I enjoy EFY. If for any reason 
I cannot sleep, I read EFY and get 
to sleep. I love EFY as much as my 
favourite food. It is truly food for my 
mind. 

Recently, I have observed that, 
you have brought some changes in 
EFY that were in my wish list. 

First, you have brought Feedback 
(letters) section to the beginning. 
Second, I observed that, you have 
increased the text font size to a rea-
sonably comfortable size for reading, 
which, according to me, is a very 
good decision. Third, now you are 
publishing photographs of authors, 
which is a new type of recognition to 
EFY contributors. 

All these changes have made 
good value addition to EFY magazine. 
It shows your care for readers and 
mindset for continual improvement. 
At the same time, I must mention the 
incomparable customer service of EFY. 

In my long subscription period, 
whenever I missed any issue due to 
postal delays/problems and informed 
your customer care department about 
it, they took prompt action. 

I thank EFY for offering its read-
ers one of the most beautiful techni-
cal magazines, EFY, with excellent 
customer support and playing a re-
sponsible role in the development of 
electronics industry in India. 

Gautam Kumar Mandal
Assistant general manager,  

industrial engineering department, 
Durgapur Steel Plant (SAIL) 

EFY. We are glad to get such posi-
tive feedback from our esteemed 
reader! We strive to continually im-
prove the contents and our services 
for our readers. Our readers and 
customers are the reason for our 
existence. We look forward to hear-
ing from Mr Mandal and the others 
in future too.

Software Based Projects
Thank you EFY for your Android 
app! I, an electronics engineer, 
work on embedded C programming 
and many a time need to know 
about Visual Basic, NET, PHP and 
others. Please publish articles on 
these software based projects.

Kishor Potdar
Through email

EFY. Visual Basic and .NET programs 
have been used in many EFY pro-
jects. You may refer to the following 
articles:

1. Simple CAD Utility Program 
Using Visual Basic, June 2010

2. Electronic Voting Machine in 
Visual Basic, February 2010

3. Create OEM Logo Using Visual 
Basic.NET, February 2011

Topics on PHP can be found in 
‘Webserver Set-Up for Wordpress on 
Rasberry Pi’ DIY article published 
in September 2014 issue. If you are 
interested in any of these, you may 
contact our associates, Kits‘n’Spares 
(info@kitsnspartes.com), or buy 
digital versions of the magazine 
from online stores, such as magzter.
com.

Prototype for DIY Article
I would like to know whether send-
ing a prototype is mandatory for a 
DIY article.

Suresh Rejeti
Through email

EFY. If you are able to send your 
prototype, it helps us in checking 
it and publishing your DIY article 
sooner. Otherwise, we have to rig 
up the whole circuit once again in 
EFY Lab to satisfy ourselves be-
fore publishing your article, which  
can take a long time for a bigger 
project.

From electronicsforu.com: Circuits and Microcontrollers
I like ‘Alcohol Level Tester’ circuit published in June 2014 issue. Congratulations! 

Shivali Dongre 
EFY. Thanks for the feedback!
 Which sensor is used for ‘Alcohol Level Tester’ circuit? 

Jose Salazar
EFY. A 6-pin, MQ3 alcohol sensor was used for the project.
 The ‘Colour-Sensing Robot with MATLAB’ project published in EFY is an awesome 
project! Whom shall I contact to get some more details on this project?

Kashmira Tamboli
EFY. You may send your technical queries to efylab@efy.in 

‘Spot An Error’ Award Winners
In ‘Broadband Internet Access Using ADSL’ article in January issue, on page 66, the  
line reads “voice, and the range from 4Hz-25kHz”. Here, the correct range should be 4kHz-
25kHz.

Dhaval Vaidya
 In ‘Current Control Circuit for LED Lighting’ article in January issue, coil L1(470μH) is 
used in the circuit but not listed in parts list.

Adil khan

mailto:efylab@efy.in
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Answers compiled by EFY joint director 
(training), Col. N.C. Pande (Retd). Let-
ters and questions for publication may be 
addressed to Editor, Electronics For You,  
D-87/1, Okhla Industrial Area, Phase 1, New 
Delhi 110020 (e-mail: editsec@efy.in) and should 
include name and address of the sender 

Things You  
Wanted to Know!

Q1. Many circuits published in 
EFY that require a step-down 

centre-tap transformer having volt-
age ratings of 15V-0-15V, 18V-0-18V 
or 21V-0-21V, and current ratings of 
1A, 1.5A, 2A, etc are not available 
in the market. Where can I get these 
transformers?

Anirvan
Kolkata

A1. This information is available 
in EFY’s annual Electronics  

Industry Directory. You can also get 
this information online from our web-
site www.eleb2b.com

Q2. I have a couple of questions: 
1. What are wearables? Please 

provide brief information about these.
2. What are AVR controllers?

Ashish Mulajkar
Pune (Maharashtra)

A2. Wearables. The terms weara-
bles, wearable technology and 

wearable devices all refer to electronic 
technologies or sensors and comput-
ing devices that are incorporated in 
items of clothing and accessories, 
which can comfortably be worn on 
the body. To understand the subject, 
please read the Tech Focus articles in 
this issue. We have covered this sub-
ject in some previous issues as well. 

AVR controllers. A microcontroller 
is a tiny computer on chip. It com-
bines an arithmetic logic unit (ALU), 
memory (ROM, RAM or EEPROM), 
timers/counters, serial ports, input/
output (I/O) ports, clock oscillators 
and a number of peripherals. These 
include small (micro) and control pro-
cesses, objects and events. A number 
of companies are making controllers 
in billions; a large percentage of these 
find applications in embedded systems. 

AVR microcontrollers are a product 
of Atmel. According to Atmel, an AVR 
is not an acronym and does not stand 
for anything in particular. However, it is 

commonly accepted that AVR stands 
for Alf and Vegard‘s RISC processor. Alf 
and Vegard are initials of two Norwe-
gian students who conceived the archi-
tecture of AVR. AVR microcontrollers 
are divided into three groups:

• tinyAVR
• AVR (classic AVR)
• megaAVR
The difference between these de-

vices mostly lies in available features. 
A tinyAVR microcontroller is a device 
with a lower pin-count or reduced fea-
ture set, as compared to the megaAVR. 
All AVR devices have the same basic 
instruction sets and memory organisa-
tion, so migrating from one device to 
another is usually easy. ATmega16 is a 
very popular AVR microcontroller. You 
will find many projects based on AVR 
microcontrollers in EFY. 

Q3. I want to design a 12V dual 
power supply. Please help me 

chose the required components.
Suresh Jaganathan

Through e-mail

A3. The circuit diagram of a dual 
power supply is given in the 

figure above. Transformer X1 is a 
step-down transformer with a centre-
tap. It steps down 230AC mains at 
its primary winding to 15V-0-15V 
AC voltage, 1A at its secondary. The 
stepped-down voltage is rectified by 
bridge rectifier BR1. The rectified DC 
voltage is smoothened out by electro-

lytic capacitors C1 and 
C3. Positive voltage 
from BR1 is input to 
positive regulator 7812 
(IC1). Output of regula-
tor IC1 is +12V, which 
is available at CON1. 

Similarly, negative 
voltage from BR1 is 
input to negative regu-
lator 7912 (IC2). Out-
put of regulator IC2 is 
-12V, which is avail-
able at CON2. Capaci-
tors C2, C4, C5 and C6 
are de-couplers. These 
decouple ripple volt-
ages spewed by voltage 

regulators on the power line. These 
should be soldered near the pins of 
regulators. Diodes D1 and D2 are for 
protection. The regulated voltage pro-
vides line as well as load regulation. 

Q4. I am a hobbyist and would like 
to know about EPABX.

Susanta Payra
Kolkata

A4. A private branch exchange 
(PBX) is a telephone exchange 

that serves a particular business or of-
fice, as opposed to one that a common 
carrier or telephone company operates 
for many businesses or for the general 
public. 

PBXes are also referred to as:
PABX - private automatic branch 

exchange, or 
EPABX - electronic private auto-

matic branch exchange
PBXes make connections among 

internal telephones of a private organi-
sation, usually a business, and connect 
these to the public switched telephone 
network (PSTN) via trunk lines. PBXes 
are differentiated from key systems in 
that users of key systems manually 
select their outgoing lines, while PBXes 
select outgoing lines automatically. 

C2
0.33u

C1
1000u

1

2

3IC1
7812

2

1

3

IC2
7912

C3
1000u

C4
0.33u

C6
1u

C5
1u

D1 1N4007

D2 1N4007

35V

25V

25V

X1

X1 = 230V AC PRIMARY TO 15V − 0 −15V, 

BR1
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35V

L

N

1A SECONDARY TRANSFORMER

230V AC

50Hz

15V
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0V
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−12V

CON1
+12VINPUT

Circuit diagram of a dual power supply 

http://www.eleb2b.com/
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All about FPGAs 

niraj sahay 

Field programmable gate arrays (FPGAs) are programmable digital logic chips that can 
be used to create our own digital circuit. This month we highlight a few websites that will 
introduce and help you learn more about these programmable semiconductor devices 

fpga4fun.com
FPGA is a wonderful technology but can be intimidating. This is what Jean P. Nicolle, the creator 
of this website, believes. As many FPGA vendors are providing affordable parts and free tools, this 
is the right time to learn, claims Nicolle. FPGA4fun provides you information on FPGAs and FPGA 
projects to build with an FPGA board. It provides great examples and a great learning experience 
for beginners as well as professionals. The website reflects the author’s experience and opinions on 
FPGA technology. 

http://www.fpga4fun.com/FPGAinfo1.html

embeddedmicro.com
The website covers all that is needed to understand and get started with FPGAs. This is the 
right place for you if you have no idea what an FPGA is. Tutorials are based on Mojo, an FPGA 
development board. The board is designed to teach how to use FPGAs. The site also sells Mojo 
development boards, along with other shields compatible with Mojo. 

https://embeddedmicro.com/tutorials/mojo/what-is-an-fpga

xilinx.com
Xilinx is the world’s leading provider of all programmable FPGAs, SoCs and 3D ICs. These 
industry-leading devices are coupled with a next-generation design environment and IP to 
serve a broad range of customer needs, from programmable logic to programmable systems 
integration. The website has a dedicated section on FPGA tutorials. It has tutorials on ISE 
Design Suite, ChipScope Pro and embedded development kits. 

http://www.xilinx.com/training/fpga-tutorials.htm 

fpgacentral.com
The website provides a central place for FPGA and CPLD vendors and users to share experiences and 
information about FPGA design, development, verification, validation, process, tools and products. It 
has FPGA tutorials and videos that can be a good resource for getting started with FPGAs. 

http://www.fpgacentral.com

altera.com
Altera Corp. is the pioneer in programmable logic solutions. It offers FPGAs, systems on chips 
(SoCs) with embedded processor systems, CPLDs in combination with software tools, intellectual 
property (IP), embedded processors and customer support. Apart from several tutorials and online 
courses, the site has a free online course on How to Begin a Simple FPGA Design. This training is 
for engineers who have never designed an FPGA before. You will learn about the basic benefits of 
designing with FPGAs and how to create a simple FPGA design using Quartus II. 

http://www.altera.com/education/training/courses/ODSW1010 
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Now turn your regular eyewear  
into a sunglass 

You can experience a new kind of eyewear, which 
can be transformed into eyeshades whenever you 

wish. A new kind of lens will make it possible very 
soon. The lens can convert your regular eyeglasses to 
shaded ones, and back again, as and when you wish.

The new lens is capable of converting your regular 
glasses to dark eyeshades within a few seconds and then 
the glasses can become regular once again in response 
to a small electrical charge. The charge can be controlled 
by the user. Lenses have a variety of colours too that can 
match a wide range of hues.

The research is led by Anna Osterholm in John 
Reynolds’ group at the Georgia Institute of Technology, 
the USA. The study has also pointed out that existing 
transitional lenses are not made as per users’ 
requirements. For instance, if a user is driving or 
wearing a baseball cap, then the available lenses usually 
stay clear and do not switch to the darker mode even in 
bright sunlight.

Available lenses are also not capable of blocking 
the harshest light, like reflection from snow. The next 
generation of eyeglasses will solve these limitations and 
these will benefit pilots and security guards, among 
others. According to Osterholm, the colour of lenses 
can also be fine-tuned to match the range of hues in 
commercial sunglasses.

Google develops skin to test  
cancer-detection device

Google is working on a nanoparticle based 
technology to detect cancer and artificial skin to 

test it on. Since last year, Google has been working 
on magnetic nanoparticles that would seek out 
cancer cells in the bloodstream and report back to a 
wristband.

Nanoparticles employed in this technology are to use 
light signals to communicate with the wristband through 
superficial veins in the wrist.

Skin based device can now convert  
muscle movements into electricity

A team of researchers from National University of 
Singapore, Singapore, has developed a new method 

to charge wearable gadgets. The team has developed 
a tiny new device that can generate electricity from 
friction produced by human skin. This device generates 
electricity using tribo-electric effect in skin.

Skin is a great material for tribo-electric effect. 
This stamp-sized device takes electrons from the skin. 
Constant fictional movement in skin donates electrons to 
this device, which makes the device positively charged. 
The negative layer of the device is made up of flexible 
silicon rubber, which has thousands of tiny pillar-like 
structures on it. These structures increase the surface 
area in contact with the skin. The rubber layer contains 
50nm-thick gold film, which acts as an electrode.

Test results show that, if you tap the device with 
fingers, it produces 90V of current and 0.8MW of power. 
Researchers tested this device by attaching nano pillar side 
of the device on a human throat and forearm. The amount 
of electricity generated from one tap is good enough to light 
up 12 standard LED lamps. There has been a lot of research 
in this area and there are some tribo-electric generators 
already available in the market, but this new product is 
flexible and very small in size. The team is working on 
different sizes that can be attached to the human body.

The research team is being led by Chengkuo Lee, 
a professor of electrical and computer engineering. 
The device was demonstrated at IEEE MEMS 2015 
conference, where a graduate student, Lokesh Dhakar, 
explained the tribo-electric effect of the skin.

Technology aT your Service

The postage-stamp-sized device uses static electricity to convert 
mechanical energy into electrical energy 

Google is developing artificial human skin to test cancer-detection devices 



http://www.efy.in
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Therefore, to test the device, Google scientists have 
developed artificial skin that factors in a range of skin 
types and colours. Fake arms that the scientists have 
created have the autofluorescence and biochemical 
components of real arms.

Singapore’s first 3D-printed  
concept car is here

A team of students has developed Singapore’s 
first urban solar-electric car with an innovative 

3D-printed body shell that has 150 parts. The car is 
mounted on a carbon-fibre single-shell chassis, and is 
referred to as Nanyang Technological University (NTU) 
Venture (NV) 8. 

NTU students have also built NTU Venture (NV) 9, 
a slick three-wheeled race car that can take sharp turns 
with little loss in speed due to its unique tilting ability 
inspired by motorcycle racing. 

Designed from scratch by NTU undergraduates and 
built over a year, these two eco-cars aim to attain the 
highest fuel efficiency. Associate professor Ng Heong Wah, 
who mentored the two teams, said students had taken a 
leap of faith and decided to go with disruptive innovations 
instead of making improvements over previous versions. 

The two NTU teams consist of 16 students from 
various engineering schools. Over a year, they built 
the cars at the Innovation Lab, housed at School of 
Mechanical and Aerospace engineering.

Hands-free smartphone for 
differently-abled people

A completly hands-free smartphone, the first of its 
kind, has been developed by an Israeli company, 

Sesame Enable. It will allow differently-abled people 
to control the device with their head movements. The 
smartphone is exclusively designed for those who are 
suffering from spinal cord injuries, amyotrophic lateral 
sclerosis (ALS), cerebral palsy and other disabilities, that 
prevent hands and arms to function properly.

NTU’s new eco cars—NV 8 (left) and NV 9 (right)—with the student team 
who built these (Image courtesy: Nanyang Technological University) 
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It is an Android based smartphone that is powered 
by head-tracking technology. It also packs an advanced 
computer vision algorithm and a front-facing shooter 
that helps track the user’s head movements and allows 
the user to control a cursor on the screen. The cursor is 
like a virtual finger that allows the user to do everything 
others can do with a regular smartphone.

The developer of the smartphone, Giora Livne, 
is disabled and he plans to hand out 30 Sesame 
smartphones to differently-abled people who have been 
nominated by their peers. Livne conceptualised the 
smartphone after watching a TV demonstration for a 
game that was controlled by head movements.

Livne holds a degree in electrical engineering and 
he estimated correctly the technology’s potential to help 
him and the others. Now he is able to text and send 
WhatsApp messages to his friends and children on a 
regular basis. The phone has helped him get rid of social 
isolation, which affects several disabled people.

Smartphone that can diagnose HIV 

A team of researchers from Columbia University, 
the USA, has developed a low-cost smartphone 

accessory that can perform a test that simultaneously 
detects three infectious disease markers from a finger 
prick of blood in just 15 minutes.

Led by Samuel K. Sia, associate professor of 
biomedical engineering at Columbia’s School of 
Engineering and Applied Science, the device replicates 
the mechanical, optical and electronic functions of a lab 
based blood test. Specifically, it performs an enzyme-
linked immunosorbent assay (ELISA) without requiring 
any stored energy, as all necessary power is drawn from 
the smartphone.

Early diagnosis and treatment in pregnant mothers 
can greatly reduce adverse consequences to both 
mothers and their babies. 

The device is small and light enough to fit into a 
hand and can run assays on disposable plastic cassettes 

The smartphone uses Google Nexus 5 for the handware and  
works out of the box 
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A fire-fighting robot to help the Navy

Students from Virginia Institute of Technology, the 
USA, have built a human-like robot called SAFFiR. 

The robot is specially designed to help sailors of the 
Navy in their missions. The team has been working 
on the prototype of SAFFiR (shipboard autonomous 
fire-fighting robot) for four years. SAFFiR is capable of 
helping sailors in hazards like fire.

The prototype has undergone various tests to ensure 
reliability. SAFFiR can handle all major fire problems very 
efficiently. It weighs 64kg and is the size of a human being. 
It has two legs and two hands, and can pick up and handle 
all fire-fighting instruments. The robot can operate a water 
hose, which can be used to spray water in case of fire.

In hazardous situations, human beings have their 
limitations. Robots like SAFFiR can be amazing non-
human entity managers to carry out human-like tasks. 
The robot’s body is made of a strong shell, which can 
withstand flames and the heat of a fire. It can accurately 
judge victims of fire and rescue them. SAFFiR is 
equipped with infra-red eyes that let it see even through 
the smoke. The robot is designed with light detection and 
ranging (LIDAR) technology.

The team is working on an advanced version of this 
robot that will feature surplus memory and faster  
sensor equipment.

A robot scientist that can speed up  
drug recovery process  

Automation is entering the field of science with 
great speed. Robotic scientists are now capable of 

conducting experiments, study observations, analyse 
and explain findings, and they never fall tired till the 
results look satisfactory enough. Hence, hypothesis-led 
automated research work has received a huge boost.

A team of researchers from University of Manchester 
has developed a robot scientist, EVE, which can speed up 
the process of drug recovery. EVE can identify new drug 
candidates for deadly diseases like malaria and others, 
including African sleeping sickness and Chagas’ disease. 

These diseases infect millions of people worldwide. The 
cost and speed required to discover small molecule drugs for 
these diseases are almost impossible. Now, with the help of 
EVE, researchers can use artificial intelligence technology to 
select, screen and separate compounds, which can discover 
drugs in a faster way. EVE can automate the early-stage 
drug-designing process, and its robotic system can also 
screen over 10,000 compounds every day.

EVE can also improve the screening process by 
selecting a sub-set of the library to find compounds. 
Researchers believe that a future version of EVE would  
be able to synthesise such compounds and not just 
discover these. 

Check efytimes.com for more news, daily

with pre-loaded reagents, where disease-specific zones 
provide an objective read-out, much like an ELISA assay.

A small device that easily connects to a smartphone 
or computer was recently piloted by healthcare workers 
in Rwanda, who tested blood obtained via a finger prick 
from 96 patients.

During the field testing in Rwanda, the vast 
majority of patients (97 per cent) said that they would 
recommend the device because of its fast turn-around 
time, ability to offer results for multiple diseases and 
simplicity of procedure.

This touchscreen touches you back

Touching your smartphone or tablet is such a passé! 
Yes, it is. It is time for touchscreens to touch you back 

and yes, we are not talking of Hollywood fiction here.
As per researchers from Northwestern University, 

the USA, and Carnegie Mellon University, the USA, any 
flat surface has two virtual bumps, but under certain 
circumstances, people touching the surface feel only 
one bump. Fingers might get an illusion that the surface 
actually contains bumps, due to the forces they feel. 
This is termed as virtual bump illusion, and is a well-
known term in the touch based (haptics) field.

Explaining about the research, J. Edward Colgate, 
an expert in haptic systems from Northwestern’s 
McCormick School of Engineering and Applied Science, 
stated that they aim to create something that will make 
touch a reality for people interacting with their screens, 
and this work is a step in that direction. 

The team presented two virtual bumps to people 
participating in the study. Subjects of the study reported 
two bumps as one when the spacing between bumps and 
finger were identical. In such a case, the brain tends to 
think of a coincidental situation where there should be two 
bumps at the same time so it registers the bumps as one. 

This kind of experiment can help in creating flat-screen 
displays with active touch-back technology, which will 
make a touchscreen keyboard feel like an actual keyboard. 

The touchscreen of your smartphone or tablet could touch you back 
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Electronically Overhauling  
the Homo Sapien 

Neil Harbisson, 32, can receive phone 
calls directly into his head. He can 
perceive colours invisible to the hu-

man eye. He has an antenna that sprouts 
from the occipital bone in his Bluetooth-
enabled skull. Neil is not a sci-fi movie 
character, nor from the future; he is the 
world’s first legally-recognised cyborg.

Just like Neil, wearing and later em-
bedding electronics is now becoming 
part of life for an increasing number of 
people. “Wearables, a nicer name for wear-
able computers, are not just technology 
strapped onto body parts. These will play 
a significant part in the Internet of Things 
(IoT), which aims to connect everyone and 
everything with each other,” says Deepak 
Thomas, India sales manager at CSR.

While some people wear electronics to 
help them perceive their surroundings more 
deeply, others wear these to keep track of 
calories, distance walked, heart-condition 

and other parameters.

Enabling smarter 
humans

Did you know there 
are people who can 
sense their laptops 
beginning to stall, 
or if their hard 
drives have begun 

to spin-up under 
load? An arti-
cle by Quinn 
Norton from 
W i re d  h a d 

talked about this 
almost a decade 
back. Fast-forward 
to the present, 
and adding new 

sensor technology 
that complements or 

supplements our existing five senses has 
already gained steam. 

The Internet went wild with news cov-
erage when people began adding rare Earth 
magnets implanted in their fingertips, but 
in 2015, you have dedicated bio-hacker 
communities, like biohack.me, set-up to 
support grinders (people who practice body 
modification to extend and improve human 
capacities). With this trend already up and 
running, humanity just might move at least 
a few steps closer to becoming entities like 
the cybernetic Borg species from the fic-
tional world of Star Trek.

What new role does sensing  
play in this
After measuring calories, steps and dis-
tance, measuring heart rate is the new 
goal every fitness device developer aims 
to perfect this year. Vendors like Valencell 
specialise in clinically-validated biometric 
technology, and have come out with newer 
heart-rate-monitoring technology, powered 
by better sensors and algorithms. Their Per-
formTek sensor technology is licensed by 
the likes of Jabra, Scosche, LG and ATLAS. 
One important feature of their photo-detec-
tor-powered heart-rate-monitoring technol-
ogy is its ability to be scalable to multiple 
form factors, like earbuds, armbands and 
wrist devices. Companies such as Belgium 
based imec are working on optical sensors 
that can give accurate pulse and blood 
oxygen levels, and wearable ECG sensors 
to monitor your heart function.

Perhaps, the most interesting of all is 
Xelflex technology, which enables a gar-
ment itself to become the sensor. Developed 
by Cambridge Consultants, the fibre-optic-
thread based garment provides the user 
with guidance and feedback on his or her 
movements and can be used for a variety of 
purposes, like sports and fitness activities. A 

Dilin Anand is a senior 
assistant editor at EFY
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small electronics pack clips on to the 
garment, where data can be processed 
and made sense of.

According to a paper published 
in Advanced Function Materials, 
researchers at Singhua University 
and Nanchang University in China 
have claimed that it is possible to use 
grapheme-strain sensors to monitor 
vital signs on a human body. This 
technology, once developed, could be 
implemented into implantable devices 
or on electronics skin. For instance, 
the strength of motion created when 
a person moves creates a larger strain 
on the sensor, which allows the signal 
to be recorded and monitored easily.

Using wearables as the first in-
formation tool in sports is another 
trend that is picking up, and about 
time too. Last year’s FIFA World Cup 
Final saw one example, where a Ger-
man player was injured after getting 
a shoulder-hit to the head. The player 
played for some time after the hit, 
before it was realised that he had a 
serious injury. 

Blackbox Biometrics and MC10 
are two companies that have been 

building technology for this sec-
tor. By measuring the magnitude of 
motion and rotational forces in the 
environment around the brain, these 
sensors can give an idea about the 
actual impact to the brain and the 
chances of potential injury.

University of Michigan is working 
on millimetre-scale energy-harvesting 
sensors, such as a wireless intra-oc-
ular pressure sensor that is intended 
for glaucoma patients to measure 
and report the pressure in the eye. 
“All elements, including the sensor, 
solar cell, energy storage, MCU and 
radio, could be part of this sensor. 
The university has indicated that it 
occupies a volume of only 1.5mm3 
(0.5x1.5x2.0mm3) and can be im-
planted with a minimally-invasive 
procedure that is routinely used for 
cataract surgery. Commercialisation 
is anticipated in two to three years,” 
adds T. Anand, managing director, 
Knewron.

Smarter algorithms. Sensing 
data alone is just halfway to the goal 
when it comes to wearable devices, 
because the amount of noise in an 
everyday-use environment is pretty 
high. PerformTek sensor module 
technology, mentioned earlier in this 
story, has a signal-extraction method 
that removes noise from skin move-
ment and footsteps, as well as the 
environment, to keep data clean. 
Additional algorithms are then run 

on this to accurately extract heart rate, 
respiration rate and other parameters. 
An additional proprietary algorithm 
leverages accelerometer data to meas-
ure running and cycling cadence, 
calories burned and distance travelled.

But, why did it take so long for 
these applications to be tapped?

“Electronics are rigid and boxy, 
while humans are soft and curvy.” 

First heard at the D11 conference in 
2013, this statement is a simple way to 
understand the challenge put forward 
by wearables. You need circuits that 
can follow the form and elasticity of its 
user, yet keep functioning optimally.

MC10 and Multek are examples of 
companies that seem to have under-
stood the limitation of conventional 
electronic board technology when 
considering their utility for wearable-
device designs. One of MC10’s patents 
is for what is termed as extremely 
stretchable electronics. The invention 
is built around the idea of using two 
isolated electronic components at-
tached to an elastic-substrate material. 
An electrical interconnection is placed 
between components that maintain 
electrical characteristics, while the 
substrate is stretched. 

An interesting MC10 design is 
Biostamp, a sensing sticker technol-
ogy that can be placed on the skin. 
It stretches and flexes along with the 
skin, while maintaining the functional-
ity designed into it. It can measure a 
variety of physiological functions, like 
data from the brain, muscles, heart, 
body temperature and movement.

Flexible printed circuit board (PCB) 
is a technology that has been around 
for some time. Multek has expertise in 
manufacturing flexible PCBs, and avail-
able technologies include standard flex 
and rigid flex, and also newer technol-
ogy, like Novaflex HDI that features 
high-density interconnects. Novaclad 
is a material from Sheldahl, which is 
made-up of ultra-thin build-up of cop-
per materials for flexible circuits.

Newer technology designed espe-
cially for wearables is the fabric circuit 
board. Developed by Xiao-Ming Tao 
and her team from Institute of Textiles 

The Lord of the Ring?
Rings with sensors built into them are not new, at least conceptually. There are quite a 
handful of start-ups that have tried to build these in one way or another. 

Business Week reports that CES 2015 saw a big crowd at the display for Logbar’s 
product called Ring. Previously seen on crowdfunding website, Kickstarter, where it raised 
US$ 880,000, these now have enough moolah to display at CES. 

But, is the product ready yet? Their initial try was a failure with rings that were deemed 
not worthy of funders’ fingers due to the material used (zinc) and functionality issues. 
Logbar says, it is ready now and will be out in March 2015, but Joshua Bernstein reported 
in his article from CES 2015 about spotting a disclaimer warning of potential itchiness, 
irritation and rashes, depending on the user’s health conditions.

On the other side, there is our own desi team building Fin, a ring that can be used 
as a gesture interface. While it was successfully campaigned on crowdfunding website, 
Indiegogo, last year with approximately US$ 202,000 raised, the company has missed its 
target delivery date of September 2014, as the product remains under development. The 
team has posted an updated delivery date of May 2015 in response to queries from funders 
about the product’s status. They have also uploaded a video of the prototype in its current 
stage, which is reassuring. However, it still remains to be seen how the final product will hit 
consumer expectations. 

Did you know there are 
people who can sense their 
laptops begin to stall, or if 
their hard drives have begun 
to spin-up under load? 
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and Clothing in Hong Kong, it is a 
highly-stretchable fabric formulation 
that can withstand multiple machine 
washes. The material has multiple fila-
ments of pre-stretched elastic yarn and 
polyurethane-coated copper fibres. 
These are combined to form a thin 
material that can have microchips and 
components fixed on it, whose electri-
cal connections are maintained even 
when stretched.

An interesting example of these 
materials being used is in a police-
man’s bullet-proof Kevlar vest. If the 
policeman is shot, then the material 
senses the bullet’s impact and calls for 
back-up automatically. This allows the 
policeman to focus on the situation in 
front of him. 

Another example of electronics-
infused textiles started right here in 
India. Nihal Kashinath, founder, IoT-
BLR, one of the largest IoT-focused 
meet-up groups in the world, says, 
“At IoTBLR, we prototyped a program-
mable shirt—a shirt on which you can 
load apps, such as music controller, 
slide-show controller, remote-camera 
controller, movement tracker and 
panic button. The project was spun-off 
as a separate company, ThingsEvolve, 
where specific use-case shirts and 
other apparel are being developed.”

With great features comes  
great power consumption
The power problem is certainly not an 
easy one to solve, particularly in the 
wearable segment. “Today’s technolo-
gies are allowing engineers to harvest 
and manage low-power (nano) from 
a variety of sources, including solar 
cells, thermoelectric cells, electromag-
netic and vibration energies. These 
technologies are providing designers 
with more options to charge batteries 
while the device is in use,” says Sachi-
dananda Karanth, senior technical 
architect, Mistral Solutions.

Energy harvesting from movement, 
heat, light and even ambient radiation 
is being explored for wearables. Nihal 
explains how the selection of energy-
harvesting method depends heavily 
on use-case (if it is a sleep tracker, 

kinetic-energy harvesting would be 
a poor choice) and power require-
ments of the device’s features (if your 
wearable camera needs to be used for 
advanced image processing, energy 
harvesting will not be of much help). 

Thin-film-battery technology is 
already being implemented in elec-
tronics, like Biostamp from MC10, that 
has partnered with Braemar Energy 
Ventures for its solutions. One exam-
ple is Solicore, which provides flexible 
thin-film lithium-polymer batteries 
that are less than half a millimetre 
thick and yet hold up to 25mAh while 
delivering three volts. These allow 
design engineers to disregard bulky 
conventional battery designs while 
developing the product.

New wearable designs must sup-
port an increase in functional inte-
gration, as well as offer a reduction 
in overall power consumption, cost 
and physical footprint. “These cost-
sensitive embedded designs require a 
move away from the traditional arms 
race of MIPS, bytes and megahertz, 
and a paradigm shift into the era 
of function enablement,” explains 
Marten Smith, marketing manager, 
Medical Products Group, Microchip 
Technology Inc.

Another technology available is for 
those devices whose design enables 
these to gain from harvesting energy 
from the environment, like sunlight. 
What is required is a high-efficiency 
thin-film-photovoltaic technology. 
Organic photovoltaic seem to be one 
potential candidate here. One com-

pany, named Solarmer Energy, has 
been successfully working on organic 
photovoltaic technology that could be 
used to make power-generating fab-
rics. Other firms in this segment are 
Eight19, Heliatek and Dyesol.

Korea Advanced Institute of Sci-
ence and Technology (KAIST) has a 
team working on developing a flex-
ible glass fabric based thermoelectric 
(TE) power generator that produces 
electricity from the heat generated by 
a human body. Their journal states 
that they used a screen-printing tech-
nique to build the generator, which 
can be used to power self-sustaining 
devices. “With this technique, it is 
possible to make the device thin 
(~500μm), light-weight (~0.13g 
cm−2) and flexible,” light enough for 
wearable devices.

At CES this year, Intel’s CEO, 
Brian Krzanich, plucked a button 
from his blazer and explained how 
that is Intel’s new Quark SE SoC-
powered device named Curie, their 
latest development module targeting 
the wearable market. 

Deepak adds that a California 
based start-up, Imprint Energy, is de-
veloping flexible and rechargeable bat-

How nanotechnology could affect wearable electronics
Innovators at NASA Glenn Research Center have developed a suite of nanotechnologies 
that offer the potential to enhance or replace silicon based technology for high-speed, 
high-computing power devices that operate at low voltage and current levels. These 
nanotechnologies are used to make polymer nanowires, carbon nanotubes (CNTs) and other 
nano-ionic structures, which produce a variety of nano-scale electronic switches, which 
are the basic building blocks for relatively inexpensive, low-voltage and high-speed logic 
circuits. The nanotechnologies are more durable, with longer lasting circuits, and enable 
computational capabilities at specific locations.

These circuits can be used to make sensing systems, wireless and embedded 
communications, large-area flexible electronic displays, active matrix light emitting diode 
(LED) displays, along with antennae and radiofrequency identification (RFID) devices, such 
as smart keys and smart cards. These could also find applications in electronic-circuitry-
protection elements.

—James Colby, manager, business and technology development  
semiconductor business unit at Littelfuse 

Bend, stretch, flex and 
back. These are words you 
usually hear in those early 
morning fitness programmes 
on TV, but these now apply 
to circuits too 
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flexible, durable elastomer material 
without latex. Fitbit’s clasp is made 
of surgical-grade stainless steel and 
contains traces of nickel.

Looking at the material space, it 
looks like luxury brands have their 
own game to play here. For instance, 
Mont Blanc (yes, the old upmarket 
pen company) has launched an  
e-strap for their line of luxury 
watches. Made from leather with a 
carbon-fibre texture, it holds an or-
ganic LED display in a carbon-coated 
steel housing. 

In an example of taking it all the 
way, Austrian luxury brand Swarovs-
ki has teamed-up with Misfit to cre-
ate a giant crystal, embedded with an 
activity tracker that can be matched 
with whatever pieces of jewellery you 
have from Swarovski. This could be 
a dangerous combination for your 
purse if you have a nerdy girlfriend, 
but it is still impressive from a purely 
technical standpoint.

Will society accept wearing and 
implanting electronics
When computers were first intro-
duced, there was uproar on the jobs 
it would displace, the automatons 
that would substitute humans at 
work and the emotion-less digitisa-
tion of life. Today, we have comput-
ers on our desks and laps, in our 
cars, homes and pockets. Wearables 
and implantables will probably have 
the same destiny. Dr Nagesh tells us 
that, under Obama Care, America 
is planning to use implantables for 
greater social benefit.

It seems apt to use the most-used 
dialogue of the cybernetic Borg here, 
and quote: “Resistance is futile.”  

teries that can be printed cheaply. Yes, 
printed! In the meantime, smaller bat-
teries mean shorter battery life, which 
will need advancements in wireless 
power and charging, over and above 
what wireless power alliances, like Qi 
and A4WP, are supporting today.

“A lot of research is being done to 
solve the battery-power issue. Imprint 
Energy has come up with an ultra-thin 
and flexible battery that can power 
your wearable gadget, by making it 
less bulky and more designer friendly. 
They have used Zinc battery technol-
ogy, called ZincPoly, which is stable 
and safer than conventional lithium 
based batteries. Screen printing is the 
technology used by them to create 
custom-shaped batteries for weara-
bles,” says Arvind Sanjeev, founder 
of DIYHacking.com and creator of the 
indigenous Google Glass clone.

He adds that transparent weara-
bles is something that is gaining a lot 
of attention. Imagine wearing a trans-
parent band/watch, wouldn’t it be 
cool? The major hindrance towards 
making this a reality was batteries, 
which had to be transparent too. 
However, SLAC National Accelerator 
Laboratory has come out with a solu-
tion to this as well, by making trans-
parent batteries using a transparent, 
slightly-rubbery compound known as 
poly-di-methyl-siloxane (PDMS).

T. Anand also explained about an 
alternative battery technology that 
sounds interesting. “A new alterna-
tive in the form of solid-state bat-
teries is coming up. These batteries 
would be fabricated over silicon dye 
and would undergo almost the same 
process as that of chip manufactur-
ing. These batteries are expected to 

have very-high-density energy stored, 
just like a chip would contain mil-
lions of transistors.”

Materials technology is now 
more significant than ever
When the game is about building 
products that are in constant contact 
with human skin, choice of material 
gains a new level of significance. 

While selecting materials might 
seem purely cosmetic to some, there 
are examples where a wrong selec-
tion has resulted in a rash of recalls 
(notice the pun). Fitbit Force was one 
such product that had to be recalled 
due to complaints of irritation by cus-
tomers. The cause was presumed to 
be either the nickel in the stainless-
steel part of the device or adhesives 
used in the strap. This was so serious 
that it resulted in the initiation of an 
investigation by Consumer Product 
Safety Commission of the UK. An-
other example is the use of zinc in 
Ring gesture device by Logbar, which 
caused signal interference.

“Over US$ 100 billion will be spent 
on materials for wearable electronics 
in the coming decade,” reports Dr 
Peter Harrop and Dr Guillaume Chan-
sin in their research report, Wearable 
Technology Materials 2015-2025.

While sports products like my 
Jawbone UP24 came with hypo-al-
lergic medical-grade TPU rubber, pre-
mium products like Apple’s iWatch 
are claimed to come with stainless 
steel, silver aluminium or 18-karat 
yellow and rose gold. Nike’s Fuel-
Band came built with a mix of ther-
moplastic elastomers, polypropylene, 
magnesium and stainless steel. Fitbit 
band was also marketed as having a 
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Pretty and Purposeful Wearables 

Smartwatches, smartglasses and fit-
ness wearables have been much 
talked about in the past year. While 

some go for wearables that help them 
stay fit or get a richer media experience, 
others use their wearables for always-on 
connectivity, especially to social media. 
However, the fact is that this class of 
devices is much larger than these hyped 
eye-grabbers. 

Wearables showcased at CES 2015, 
as well as other devices launched in the 
recent past, show that wearable devices, 
more than being trendy, can also be re-
ally useful in a variety of tasks, ranging 
from watching pets, taking care of kids 
and elders, and making driving safer 
to maintaining good posture during re-
habilitation, and of course, fitness and 
training too. Here is a quick round-up of 
some such useful wearables, which have 

been recently launched or are slated to be 
launched in 2015. 

Sproutling baby monitor  
keeps an eye on junior 
Generally, one look at the puffy eyes of 
the mother is enough to judge whether the 
baby slept well or not. However, in coun-
tries where babies are brought up more 
independently, baby monitors are an es-
sential part of parenting. Unlike traditional 
baby monitors that simply keep a digital 
eye on the baby, Sproutling baby monitor 
claims that it can sense, learn and predict 
the baby’s sleep patterns and optimal sleep 
conditions. 

Key to the operation of the Sproutling 
system is a band worn around the baby’s 
ankle. The baby-safe band is made of soft, 
breathable, washable and flexible material, 
and has the smart sensor safely encapsu-
lated in medical-grade silicone. The sensor 
monitors the baby’s heart rate, tempera-
ture, motion and position, and communi-
cates with the app on your smartphone. 
The app, in turn, studies this data to 
provide you with various insights, such as 
how well your baby is sleeping, when she/
he is likely to wake up, whether she/he is 
feeling upset or happy when she/he wakes 
up, and more such information, which will 
help you plan your baby-care better. You 
can attach bands to more than one baby 
and watch all of them with a single app. 

In the flurry of parenting, surely you 
would not have time to properly charge 
the band; the team has thought about that 
as well and provided a smart bowl-like 
charger. You just need to toss the band 
into the bowl and it automatically charges. 
The charger also has a bundle of sensors, 
which monitor environmental factors, like 
lighting, sound and humidity, and helps 
maintain ideal parameters for sound sleep. 
When you hurriedly do the dishes and cre-
ate too much of a din, the app is likely to 
sound an alarm for you to hush. 

Janani Gopalakrishnan 
Vikram is a technically-
qualified freelance writer, 
editor and hands-on mom 
based in Chennai 

Sproutling baby monitor
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QardioCore watches  
your cardio health
An electro-cardiogram-capable weara-
ble is highly essential for people with 
heart problems. QardioCore gives 
people with cardiac issues a chance 
to lead a normal life, with the assur-
ance that somebody is taking care of 
their heart and will surely warn them 
if something is amiss. 

QardioCore has, at its core, a 
revolutionary technology capable of 
medical-grade wireless electro-car-
diogram monitoring without messy 
gels and patches. A professionally-
designed, unobtrusive band straps 
around your chest to monitor vital 
parameters, like beat-by-beat heart 
rate, body temperature, distances 
walked and calories burnt. This data 
is pushed to a secure Qardio Cloud, 

where it is analysed to detect vari-
ations, onset of infection, excessive 
stress and other harmful situations. 
Readings can also be shared with 
your doctor or other family members 
to modify medication or to beget im-
mediate help in emergencies. 

Just stick on an AmpStrip 
before your workout
Athletes can be picky. Even wear-
ing a watch or band could seem 
cumbersome to some. However, it is 
important to continuously monitor 
the heart rate when they train, sleep 
and recover. This is crucial not just 
for better training but also to stop 
them from overdoing it and hurting 
themselves in the long run. 

A 2015 CES Innovation Awards 
honouree, AmpStrip, offers a way 
out. It is, in fact, a wearable you do 
not really have to wear—just a small 
strip that you have to stick on your 
torso. Voila! The tiny sensor-filled 
wonder can continuously monitor 
your heart rate, movements, tem-

Fitness is foremost
Here are some of the fitness wearables 
in the market. These monitor some or all 
parameters, like exercise, diet, heart rate, 
temperature, blood pressure and sleep. 
These may be used by anybody, including 
sportspeople in the way they desire. 

  Basis Peak
  DigitSole
  D-Shirt
  Fitbit
  Footlogger
  Garmin Vivofit 2
  iHealth Edge
  InBody band and InLab
  Jawbone UP3
  LifeTrak Gem
  Misfit Swarovski Shine
  Polar A300
  Withings Activite 

Targeted at athletes
Some fitness trackers specifically targeted 
at athletes are:

  Adidas miCoach
  Athos smartshirts
  Catapult sports sensors
  Epson Runsense
  Garmin Fenix 3
  Garmin Forerunner 15
  Garmin Vivoactive
  Moov 
  Reebok CHECKLIGHT
  SEAL for swimmers
  Sensoria smartsocks
  Under Armour E39 

perature, rest and recov-
ery period, among other 
vital stats, and provides 
comprehensive feedback 
essential to improving 
performance. A single-
lead ECG sensor helps 
grab the heart rate pre-
cisely, while a three-axis 
micro-electro-mechani-
cal-system (MEMS) accel-
erometer detects motion 
in all planes. Proprietary 

algorithms work on these and other 
parameters to judge specific activities 
and effort levels. 

Measuring just 8.9x2.5x0.6cm 
(3.5x1x0.25-inch), including the ad-
hesive, and weighing less than 11.5 
grams, the strip is very comfortable 
and waterproof too, so you do not 
have to take it off even when you 
shower. Each strip lasts three to sev-
en days, till the adhesive wears out. 
The best part is that, AmpStrip, al-
though its own app is under develop-
ment, can sync wirelessly with your 
phone and work with all popular 
workout apps. It uses a 20mA wire-
less rechargeable battery, which usu-
ally needs to be recharged only once 
a week. Apart from the processor, 
a small amount of memory is also 
integrated into the device to store a 
day’s data, so you can hold on to the 
information even if your phone is not 
around constantly. 

Well, the flip-side is that, like a 
consumable, you would have to keep 
buying more strips as your stock 
goes out. 

Jins Meme glasses  
detect fatigue
Jins, the well-known Japanese eye-
wear maker, has come out with Jins 
Meme, a sensor-studded spectacles 
frame that can help you stand 
straight, sit better, work better, 
drive better and, basically, do better. 
The best part is that this wonderful 
device looks like a normal glass. 
There are no funny projections. It 
does not look thick or geeky. Just 
a normal professional frame, fitted 

QardioCore  

AmpStrip  
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with prescription glasses that you 
could wear to work. 

Where do sensors come into the 
picture? The six-axis accelerometer 
and gyroscope fitted in the frame 
and metal electro-oculography (EOG) 
sensors in the nose piece measure 
eye movements and blinking. It uses 
this data to surmise your posture, 
stress levels, fatigue and other such 
essential parameters, which could, in 
turn, help avert accidents on the road 
or avoid goof-ups at work. 

If you have been driving for too 
long and seem too sleepy, Meme 
could sound an alarm or force you to 
pull-over. Or, if you have been work-
ing on the computer for too long, it 
could ask you to take rest. If you are 
slouching, it could poke you to sit up 
straight. 

This very useful device, however, 
requires USB charging, which some 

might consider a burden in this era 
of wireless charging. 

Quell could be your carry-along 
physiotherapist
Every time you experience pain in 
your knee, elbow, back or wherever, 
you go to the doctor, who prescribes 
medicines, exercises and physiother-
apy. All therapies seem to be very 
effective when you undergo these, 
but in many cases, bang, the pain 
is back in an hour. Would it not be 
great if you had a medicine-free 24x7 
solution to pain?

Quell, claimed to be the first-
ever wearable pain-relief solution, 
is a discreet device equipped with a 
special electrode and a comfortable 

Smartwatches and rings
Smartwatches, and now rings, do a lot 
more than heart-rate monitoring or activity 
tracking. These have miscellaneous 
capabilities, such as interfacing with 
apps on your phone, alerting you when 
messages arrive, managing media, letting 
you control smar t devices, including 
televisions, and more. 

  Apple watch
  EmoPulse
  Guess Connect
  I’m watch
  LG G watch R
  Logbar ring
  MontBlanc’s e-Strap
  Moto 360
  Pebble watch
  Samsung Gear S
  Sony smartwatch
  Tag Heuer’s Intel-powered watch

Smartglasses
From providing vir tual-reality media 
experiences to sports training and safety 
for miners, smartglasses can do a lot of 
useful things. Here are some of the well-
known makers of smart glasses.

  EmoPulse NanoGlass
  Epson Moverio BT-200
  Meta AR smartglasses
  Samsung smartglasses 
  Vuzix M100 

Wearables that work with your car
As you would have seen in EFY’s CES report published last month, wearables that co-
operate with automobiles are in. Here are some from that category.

  Mercedes has an app for Pebbles smart watch, which lets the user quickly report 
road accidents, be warned of road hazards, etc. 

  BMW showcased an app for Samsung’s Galaxy Gear for drivers to monitor BMW i3 
electric car’s vital parameters and control its features from a distance. 

  Nissan’s demonstration of its Nismo smartwatch with the company’s 331hp sports 
car 370Z shows the possibility of measuring not just car metrics, like speed and fuel 
consumption, but also monitoring car racers’ heart-rates to detect fatigue.

There were also some examples of carmakers teaming up with Google Glass, but with 
the withdrawal of the Glass, it remains to be seen how these projects will change course.

band that lets you 
wear the device on 
your calf muscles, 
24x7. The company’s 
proprietary, Food and 
Drug Administration-
approved, OptiTh-
erapy technology 
stimulates nerves on 

your upper calf, which, in turn, carry 
sensory signals to your brain to trig-
ger a pain-relief response in your 
central nervous system. This blocks 
pain signals throughout your body, 
relieving pain due to any physiologi-
cal condition, be it diabetes, bone de-
generation, sciatica or fibromyalgia. 
The stimulation is optimised to your 
body condition, and the activity you 
are performing, detected using an ac-
celerometer. For example, when you 
are asleep, the system shifts to night 
therapy, ensuring deep and comfort-
able rest. 

The device connects with an iOS 
app to monitor your therapy and 
quality of sleep. The power-efficient 
device also offers around 40 hours of 
relief on a single charge. 

Prevent concussions  
with Linx IAS
Linx Impact Assessment System 
(Linx IAS), from BlackBox Biomet-
rics, received three honours, in the 
Wearable Technologies, Tech for a 
Better World, and Fitness, Sports 
& Biotech categories at this year’s 
CES Innovation Awards. BlackBox 
Biometrics, the maker of this device, 
has a strong background in sensor 
technology to instantly assess forces 
that can cause traumatic brain injury. 

Jins Meme spectacles frame 

Quell, your fill-in physiotherapist 
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Although they initially developed the 
technology for the USA Army, and it 
continues to be used extensively by 
them, they developed Linx IAS for 
the public, as it can be very useful 
for many segments of people, espe-
cially sportsmen, who often suffer 
from the immediate and cumulative 
effect of head impacts. 

Linx IAS is a small wearable de-
vice that can be fitted into the player’s 
helmet to give real-time feedback 
to players, parents and coaches on 
potential concussion-causing head 
impacts. In the event of an impact, 
light emitting diodes (LEDs) on the 
device glow in yellow, green or red 
to signify the seriousness of the hit. 
Apart from this, a mobile app helps 

Linx IAS 

FitBark device installed around the neck of the pet 

notify coaches and parents, as 
well as to analyse the pattern 
or cumulative impact of inju-
ries. Coaches can monitor over 
128 players in one dashboard. 

The light-weight, comfort-
able device features a three-
axis gyroscope, accelerometer 
and Bluetooth connectivity. A 
single charge fuels the device 
for over 14 hours, so players 
can continue unflustered! 

FITGuard, by Force Im-
pact Technologies, is a mouth 
guard that serves a similar 
purpose, measuring the im-
pact of hits and foreseeing 
potential concussions. 

Better pet care  
with FitBark
There have been many devices 
in the past that help keep 
track of the location of your 
pets. Now, here is a much bet-
ter wearable device that helps 
you assure yourself of your 
pet’s health. A small device 
that can be clipped to your 
dog’s collar, FitBark monitors 
and tracks the activity and rest 
patterns of your dog.

The eight-gram device is 
equipped with an accelerom-
eter, Bluetooth technology to 
sync with the mobile app and 

a battery that, apparently, needs to 
be charged only once in two weeks. 
Based on the accelerometer data, the 
app calculates your dog’s activity, play 
and sleep time, and compares it with 
the healthy average of that breed. Like 
most human fitness trackers, the app 
lets you look at information in vari-
ous views to cumulate, compare and 
monitor the health of your pup. 

The company has also developed 
another device, a kennel-shaped Wi-
Fi bay station, which can be added 
to your wireless network to sync the 
data of several FitBark devices. This 
could be useful for professional ken-
nel services, as well as enable you to 
check on your dog when you are at 
work.  

http://www.efy.in


http://www.efyexpo.com
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Stridalyzer: A Uniquely-Designed 
Wearable for Runners 

Runners are among those lucky groups 
of people who are in the spotlight of 
the tech industry. Be it apps, weara-

bles, services or dedicated devices, the sheer 
number of solutions targeting them show 
how popular running is.

But, are all those apps worth it? Except a 
few, these do not really leverage technology 
to help people run better, but just build the 
habit of going for a run, through crowd-
sourcing support for each other. Of course, 
these all have that familiar pedometer 
functionality to give the runner a sense of 
achievement that he or she can unlock and 
tweet every time he or she runs.

What most people do not realise is that 
distance is not the only thing that matters 
while running—running form and style 
are also essential to enjoy and improve our 
runs. That is where Stridalyzer comes in.

Innovatively fusing sensors and  
data analytics into your sole
Focusing on the running form of the runner, 
instead of the number of steps, calories or 
distance, Stridalyzer is a wearable device 
that comes in the form of sensor-fitted in-

soles. It looks at running in a more holistic 
way, and aims to help users (runners) un-
derstand their running style and improve 
on it, so that they can run better and pre-
vent injuries.

Sensors send data to your smartphone 
using Bluetooth Low Energy (BLE), which 
is the standard method for almost all wear-
able products. Stridalyzer app uses this 
data, in combination with the phone’s GPS 
data and intelligent analysis algorithms 
built into the device, to constantly monitor 
your run to provide guidance in real-time. 

The great thing about this device’s 
design is that the device and its local 
processing units are designed to ensure 
minimal processing on the device. The 
device shifts out most of the processing 
to the Cloud. 

“At this Cloud, we have maintained a 
very sophisticated biomechanical model 
of the human leg. The model operates 
on a real-time basis, providing users with 
real-time feedback. The device maintains 
a constant link between the wearable 
device, app and the Cloud server for func-
tionality,” explains Anshuman, co-founder, 
Stridalyzer.

Once your run is complete, you can see 
the summary of your run, as well as deep-
dive into your run-data by yourself or with 
your trainer, and understand what you did 
well and how you can do better.

The hardware
It uses a BLE module, a microcontroller 
integrated in it and an antenna. The 
signal-conditioning circuitry from sen-
sors is connected to the sensors through 
analogue-to-digital conversion. Piezoelec-
tric sensors that do not require power are 
embedded into the insole, so that users 
do not feel anything. These sensors are 
placed in strategic locations near the 
heels, toes and sides. 

Dilin Anand is a senior 
assistant editor at EFY 

Prototype of Stridalyzer 
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The innovation also includes the 
methodology to objectively decide 
optimal sensor placement for run-
ning as well as various other sports. 
“Our unique hardware architecture 
enables us to provide users with a 
battery life that is multiple times 
that of competitive products,” they 
claim.

The product was first launched 
on Kickstarter in December 2014. 
It was priced at US$ 90, without 
ExpertConnect add-on service or 
shipping costs.

Covered by over half-a-dozen 
in the first few weeks of its listing, 
this device could be a boon to every 
runner who understands the im-
portance of correct training. In the 
words of Lynn Jennings, the first 
American woman to win a long-
distance track medal in the Olym-
pics, “If I am not out there training, 
someone else is.”  

Sensors and the electronics 
function with very high accuracy, 
capturing high degree of details, 
including your foot landing, roll 
and push-off. The electronics are 
designed such that these last about 
a week on their charge. It takes 
about 15-20 minutes to charge each 
insole to its full level. 

The software
The software and analytics are built 
on the fundamental philosophy 
of providing real-time, actionable 
guidance. This requires enormous 
effort in ensuring that the mod-
els based on which the analytics 
are done, can calculate with just 
enough accuracy and return the 
data to the app real-time, while be-
ing able to handle network latency 
and connectivity gaps.

The challenges
Being placed in a person’s shoe 
and expecting the device to func-
tion while the person is running 
causes the device to experience 
high amounts of stress on its com-
ponents. The team explained that 
they had to do the industrial design 
in such a way that, while critical 
components are designed to be 
kept out of the way of stress from 
the device, sensors are still able 
to collect data from points where 
there is maximum pressure, while 
simultaneously ensuring that it 
does not affect other components 
and are shielded from pressure.

An important design challenge 
of this device was the existence of 
two wearable devices working in 
tandem—one sole on each foot. 
On the Cloud side, they needed to 
ensure a regular sync mechanism 
with the app, and at the same time 
ensure that all calculations on the 
app side get done within one or 
two seconds, so that information 
and guidance can be communi-
cated to the user in real-time.

“Our end-goal was to design 
a product for runners, which is 
extremely non-intrusive and has 

a long battery life, but still provides 
the software component of the prod-
uct with all the data that is needed 
to understand a runner’s form. 
For this purpose, we iterated over 
various existing solutions and finally 
had to invent our own solution. We 
have applied for a patent for it.”

On the software side, the team 
explained that defining the user-
experience, so that the user could 
run without too many interrup-
tions during a run, but get impor-
tant information at the same time, 
was challenging. The design team 
worked with coaches, UI design ex-
perts and others to come up with an 
optimal solution.

How unique is it
There is currently no product in the 
market that does the same thing; 
closest products are Sensoria’s 
socksand runScribe. However, these 
devices only work on one foot and 
are comparatively limited in their 
guidance and injury-prevention 
advice.

The team has filed for a patent 
for the hardware design, architec-
ture and the way data is collected. 

Spark of innovation
We enjoy running very much, and like all runners know, running form and style are 
extremely important in order to continue to enjoy running and improve our runs. When we 
checked, however, we found out that all currently available fitness trackers and devices 
are essentially glorified pedometers. These do not help with the fundamentals of running 
form, understanding the uniqueness of a person’s body or providing actionable guidance.

—Anshuman Singh and Shuvadeep Sarkar, co-founders

Slapping your feet on 
the pavement to push 
forward is not the best 
way to run 

Stridalyzer 
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What You Ought to Know About  
Designing Memory into Embedded Systems 

The era of data and information 
explosion is upon us. A 10.2cm 
(4-inch) iPhone today has 128GB 

of storage, which is far more storage than 
that of an average desktop computer from 
15 years ago.

Sandisk, Samsung, Toshiba, Micron 
and SK Hynix are responsible for almost 
all NAND flash memory manufactured, 
including its many varieties—and, there 
are a lot of varieties. Storage require-
ments vary with each project and design 
constraint, and there is no one-size-fits-all 
solution here.

So what elements does a modern en-
gineer have to consider while selecting 
memory? Let us find out.

“Flash memory is designed  
to be used up…”
Flash memory has a limit to the number 
of times that it can be written on, or the 
number of write cycles that it can handle. 
This points to endurance, which is an im-
portant parameter for memory selection.

What level of endurance will be suitable 
for your project? You will need to figure out 
the life of your product in consumers’ hands 
in order to answer this question. “In the 
smartphone segment, for instance, typical 
usage is for three to four years. In such cas-
es, triple-level cell (TLC) provides the most 
cost-effective kind of memory,” explains 
Vivek Tyagi, director, business development, 
OEM and enterprise, SanDisk India.

Single-level cell (SLC) technology has 
the highest endurance, in that it can be 
written up to 50,000 times. But because it 
can only store one bit of data per cell, it 
costs more per gigabyte than other tech-
nologies. Multi-level cells are cheaper and 
can store more memory in the same cell-
size, with the drawback that you will have 
to work with reduced endurance. TLCs are 
the latest and hold three bits per cell.

However, if you are building an indus-
trial project or a device that is expected to 
work for eight years or so, the engineer 
has to check the endurance of the memory 
and see whether it meets the requirements 
put forth by the customer or user of that 
design. In most cases, since the industrial 
project might not have to deal with multi-
media files, it need not have huge amounts 

of capacity. Thus, this trade-off can be 
used to opt for SLC.

Typically, when you buy an 
eMMC flash, your vendor knows 
about endurance and will pro-

vide you with a slew of multiple 
choices based on your demand. If 

you are looking at TLCs, Samsung 
and SanDisk are the only vendors who 

have it as of now. Other vendors are ex-
pected to fall suit later this year.

Getting a hold on performance
Depending on your product design, you 
may have a set requirement for the time 
that your device can take to read or write 

Dilin Anand is a senior 
assistant editor at EFY

Anagha P. is a technical 
correspondent at EFY
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onto flash. These are read-access and 
write-access times. 

Whether you are using apps like 
WhatsApp, or imaging or recording 
videos, you are running all these 
on the flash memory of your smart-
phone. Because these activities are 
run simultaneously, it is very critical 
to have excellent read and write times 
on your device. In other applications, 
like the Internet of Things (IoT) gate-
way or a set-top box, it might not be 
so critical.

Playing just a movie might not be 
very demanding on the memory, but 
multiple usages, like imaging, music 
and other running applications, cre-
ate a critical demand for the need for 
speed. Companies like SanDisk differ-
entiate their product lines according 
to performance and endurance. Their 
iNAND products range from standard 
to ultra, and finally extreme for high-
est performing chips.

Understanding what capacity 
your project really needs
Industrial devices do not usually 
deal with memory-heavy multimedia 
files or videos, and hence can make 
do with cheaper lower-capacity TLC 
memory. Alternatively, in those cases 
where the industrial device requires 
higher performance, it can move on 
to get an SLC NAND memory instead 
of TLC.

On the other hand, customer 
requirements for smartphones and 
consumer electronics are growing 
to 128GB for smartphones launched 
this year. In these cases, TLC is the 
better choice over SLC because the 
designer can access higher capacities 
of memory with the same budget con-
straint. Moreover, the end-user will 
value the size of the memory on the 
device quite heavily while making a 
purchase decision.

Memory capacity requirements are 
also based on the kind of operating 
system (OS) that you intend to run 
on the device. Microkernels are de-
signed to work using minimal system 
resources and can be used with limited 
memory capacity. On the other hand, a 

full-featured OS requires more memo-
ry and plentiful system resources.

For every embedded design, soft-
ware considerations are very impor-
tant. “However, the term embedded 

design is itself very broad, and so 
careful consideration has to be taken 
by the architect or system designer. 
The designer has to think on the 
amount of writing to be done. So, in 

What does 3D NAND mean for the user?
3D NAND adds a third dimension to the traditional X and Y. This allows the technology 
to continue capacity and cost scaling, and outperform previous generations of NAND 
technology.

The biggest benefit made available to users is the increase in capacity. This technology 
has enabled the creation of SSDs that can store up to one terabyte of memory on a single 
drive.

Due to the removal of cell-to-cell interference from this picture, the programming 
algorithm that is implemented for storage can be a far simpler version of what is currently 
being used. 

Finally, the use of an insulator, rather than a conductor, as the material used has had 
an effect on endurance. The insulator is far less prone to wear and tear than a conductor, 
and it is claimed that this can result in an endurance that is ten times higher. 

ARM memory management
Instruction sets of ARMv8-A architecture come with new instructions for managing 
memory protection, cyclic redundancy check (CRC) instructions and enhanced 
floating-point instructions, according to the latest IEEE standard. ARMv8-R architecture 
specification will have high-end memory-protection capabilities with real-time and 
industrial-safety characteristics. 

Today most embedded NaNd is now made to eMMC specs. This shift 
made it possible for vendors to make better decisions on selecting 
memory without worrying about rewriting the entire software”  
— Vivek Tyagi, director, business development, OEM and enterprise, SanDisk India 

Types of Memory and Their Applications
Memory Brief description Typical end applications 
types

SSD Solid-state drive, primary storage media  Personal computing devices (but not in 
 based on semiconductor, unlike magnetic  desktops due to price being high); 
 drives (hard drives); faster memory access,  widely seen in tablets, laptops 
 less power usage is the main USP 

NAND Flash-type but not for random access,   MP3 players, digital cameras, digital photo 
 used for file access only stands, PC cards, compact flash, secure  
 (data storage only) digital media

NOR Flash-type for random access  Home appliances, low-end consumer 
 (code storage only) items (like mobiles—old generation)

USB Universal serial bus, usually in flash Usually available as external memory agent 
 drive format to be used for all consumer items

SAN Storage attached network, used to provide  E-mail servers, very frequent and high 
 access to block-level access usage file servers (enterprise level)

NAS Network attached storage was invented  Used in clusters for file system 
 before SAN management

HDD Traditional hard disk drive Used in desktops, traditional computing,  
  thin clients

HMC Hybrid memory cubes, next-gen Can be used in space-critical applications,  
 memories routers 
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field-deployed systems, we need to 
know what the system needs to do 
(application) versus what is demand-
ed by the OS. Hence, there is a need 
to know what is written in storage,” 
explains Sambit Sengupta, demand 
creation manager, Avnet Electronics 
Marketing. RTOSes are always very 
application-optimised and in every 
embedded design where these are 
used, these use solid-state drives 
(SSDs). But in a custom OS, we have 
to be careful about bad-block man-
agement, and hence mostly, these 
use eMMC based memory.

Compatibility with platforms
Not all storage devices are compat-
ible with all chipsets, field program-
mable gate arrays (FPGAs) or micro-
controller families. 

For example, the MT29F family of 

NAND flash by Micron is compatible 
with Freescale’s Kinetis K70 microcon-
troller units (MCUs), TI’s Sitara ARM9 
processors and Xilinx’s Zynq-7000 
all-programmable system-on-chips 
(SoCs), but not suited for Freescale’s 
Kinetis K50 MCUs and Xilinx’s Virtex 
FPGAs. Usually, storage solution ven-
dors provide ready reckoners to check 
the compatibility of their product with 
different available platforms.

With higher data width comes 
faster data-transfer rate, provided 
there is data-line support available. 
This means that a memory with 32-
bit data width will fetch more data in 
the same cycle as a memory with 16-
bit data width, which will fetch more 
data than a memory with 8-bit data.

According to Guru Ganesan, man-
aging director, ARM, “There is a lot 
of developer as well as application 
migration from 8- and 16-bit MCUs 
to 32-bit ones today.” “The chief rea-
son being that typical modern-day or 
IoT type of applications require more 
memory (determined by the address 
bus size), as well as larger data buses 

FRAm is the most 
promising technology for 
low-power devices 

Selecting between volatile and non-volatile memories
The most basic division of storage solution for any application is based on its volatility. 

On the volatile memory front, where the memory chip is used to store run-time data like 
stacks and program instructions, SRAM, DRAM and SDRAM are suggested. Access time and 
cost are the primary factors for choosing RAM, and SRAM is the most widely used for timing- 
critical, high-speed applications as it is almost four times faster than DRAM. However, DRAM 
beats SRAM in terms of cost-memory ratio, since these are cheaper for larger memory sizes. 
It is important to note DRAM does require a controller for interfacing.

Many systems actually use a combination of both SRAM and DRAM to achieve optimum 
performance levels and minimise cost metrics.

The latest family of high-speed RAMs are SDRAMs, which possess abilities to transfer 
data at both edges of the clock, that is, DDR and DDR2. These are typically used in media 
based use-cases involving video processing or in mission-critical systems.

Traditional non-volatile memory options are NAND flash, NOR flash, SD cards and 
EEPROMs. These flash memories offer block/sector read and write options, whereas 
EEPROM allows every bit to be modified.

NAND flash, which is commonly used in USB drives and SSD, is slower compared to 
NOR flash, but has a higher cost-memory ratio and better endurance.

FRAM is the most promising technology for low-power devices. It is a non-volatile memory 
and yet offers the speed of DRAM. It is 1000 times faster than EEPROM and ultra-low power 
with 100 trillion write cycles (practically unlimited). Data retention is also guaranteed for at least 
100 years at ambient temperature. It is currently offered by companies like TI, Fujitsu, Ramtron 
and Cypress, and currently supported till few kilobytes, but in the near future, it would be an 
apt solution for low-power embedded devices meant for IoT solutions.

Most vendors provide capacity information in kilobits and not kilobytes, hence designers 
have to be careful while choosing parts.

Most embedded applications require both types of memories, as these both serve 
exclusive purposes.

—Darshan Virupaksha, systems engineer, Altiux Innovations and co-organiser of IoTBLR

http://www.electronicsforu.com
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for quicker and more efficient opera-
tion from a lay-persons standpoint,” 
he explains in an interview with EFY.

Evolving circumstances and  
the importance of supply
The first generation of engineers us-
ing NAND memory had to not only 
select the memory but also figure out 
how to manage it. “The NAND was 
manufactured on a thin small outline 
package (TSOP), and embedded de-
sign engineers had to write the code 
on how to manage read, write on this 
memory, as well as figure out error 
correction,” explains Vivek Tyagi.

Moreover, since the NAND char-
acteristic would change from one 
NAND supplier to the next, if a 
certain requirement (technical or 
cost) meant changing your supplier, 
then the engineer had to rewrite the 
software, managing the memory after 
understanding the data sheets of the 
new supplier’s solution. Not many 
engineers looked forward to this.

With embedded multimedia card 
(eMMC) technology, the controller 
and NAND flash were combined 
together. Now, since the entire hard-
ware belonged to the supplier, they 

also wrote the software to manage 
the memory, making it easier for the 
engineer to switch suppliers.

Supply problems are not a rarity 
either. For instance, memory market 
research company DRAMeXchange 
predicted last year that NAND flash 
pricing will suffer because of a tem-
porary shortage due to manufacturers 
switching to newer NAND production 
methods, as well as the release of 
next-generation iPhones and demand 
for already constrained LPDDR3 mo-
bile DRAM.

Vivek adds, “Today most embed-
ded NAND flash is made according 
to eMMC standard, whether it is for 
the memory being used for automo-
tive solutions, point-of-sale devices or 
other embedded systems. This shift 
made it possible for vendors to make 
better decisions on selecting memory 
without worrying about rewriting the 
entire software.”

Bill O’Connell, key account man-
ager, Swissbit, explained to us, in 
an interview at an industry event 
in Bengaluru, how it is very essen-
tial for the memory in medical and  
casino gaming electronics to be 
highly reliable, and those in strate-

Minimising development requirements and easing 
integration into system designs
Demand continues to grow for large-density NAND flash memory chips that support 
high-resolution videos and deliver enhanced storage. This is particularly true in the area of 
embedded memories with a controller function, which minimise development requirements 
and ease integration into system designs. With the introduction of 15nm based eMMC, 
Toshiba has produced a chip that comes in a 11mmx10mm package that is well-suited for 
space-limited applications. Toshiba will advance its leadership in memory technology by 
starting 3D NAND production in 2015.

—Arun Kumar, regional marketing manager, Toshiba India 
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gic and industrial electronics to be 
additionally capable of running over 
a wider range of temperatures from 
-40°C to 85°C. Sourcing memory for 
these specifications could be tougher 
than those for the usual kind, so you 
might need specialised vendors to 
source these for you.

Costs can escalate quickly
At the end of the day, cost per unit 
of the memory device is almost al-
ways a major constraint for system 
architects in any choice of system 
components. 

While some devices, like SSD 
and SRAM, exhibit large storage ca-
pacities, high speed and low-power 
consumption, their cost is very high. 
The designer may have to compro-
mise a little on these factors and go 
for HDD or EEPROM, and DRAM 
instead. USBs and flash devices are 
typically cost-effective. But, flashes 
that come with added features, 
like wear levelling and bad-block 
management, are priced higher. The 
cost of remote storage depends on 
the number of devices sharing the 
memory.

“Even though people keep say-
ing that their memory is unlimited, 
most systems are still designed for 
optimal resources (with respect to the 
hardware and software), and for op-
timal size and form factor. They are 
interested in finishing it with the bare 
minimum, as they have to pay for 
each bit of extra memory,” explains 
Shinto Joseph, operations and sales 
director, LDRA Technology Pvt Ltd, 
in an interview with EFY. While this 
amount might be negligible when 
you are looking at just one or two 
chips, it does add up to a lot when 
you consider the quantities involved 
in mass production and shipping of a 
consumer product.

Even if we talk about an infra-
structure system, it requires high-end 
reliable memory of the kind used in 
a critical system and every gigabyte 
(GB) costs a lot. This will also cause 
designers to put a cap on the memory 
that can be used here.  
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Battle of the SoCs 

Gone are the days when mobile 
phones were considered a luxury. 
Nowadays, necessity is the best 

way to describe these. In the past, design 
and brand were the only things that people 
focused on before purchasing a handset. 
Changing trends and high demands from 
the consumer have led to major changes 
in the central processing unit (CPU). Your 
camera, screen resolution, applications 
and operating system (OS) can only im-
prove if the CPU becomes more powerful. 
Smartphones have gone from single-core to 
dual-core to quad-core, and are now gradu-
ally moving towards octa-core. System on 
chip (SoC) is a very common term in the 
industry, but what is it exactly?

What is SoC
An SoC is an integrated circuit that in-
tegrates all components of an electron-
ic system into a single chip. Rather than 
having to implement the CPU, graphics 
processing unit (GPU), etc individually, 
manufacturers can implement the SoC and 
reap its benefits.

Following is a comparison between 
two popular SoCs: Nvidia Tegra K1 and 
Qualcomm Snapdragon 801.

Nvidia’s SoC features Kepler GPU, four 
Plus-1 Cortex A15 processors and dual ISP 
cores, among others, whereas Qualcomm 

has managed to pack all of that, as well as 
wireless radios, like GPS, Wi-Fi and LTE, 
on a single chip. Both Snapdragon 801 and 
Tegra K1 use a smaller fabrication process 
(28nm) for the chip.

ARM, the backbone
ARM is a 32-bit microprocessor origi-
nally created by Acorn Computers in 1987. 
Since then, ARM has been the preferred 
microchip by any and all companies look-
ing for a cheap and, more importantly, 
low-powered chip for portable devices. 
ARM uses a completely different architec-
ture as compared to Intel and AMD, who 
have stuck with x86 architecture, and 
hence all three companies have happily 
co-existed.

Since ARM architecture is licensable, 
companies can either obtain an archi-
tectural licence to design their own cus-
tomised CPU or simply choose from one 
of ARM’s designs. Popular core designs 
from ARM include Cortex-A7, Cortex-A8, 
Cortex-A9 and Cortex-A15. Companies 
like Samsung and Apple simply choose 
one of these designs and package these, 
along with a GPU and other components, 
into their own branded SoCs. However, 
SoC manufacturers like Qualcomm prefer 
to design their own custom CPUs, rather 
than go with the crowd. 

Akul Sabharwal is 
an electronics and 
communication engineer. 
He is currently working 
with Simmtronics 
Semiconductors Ltd

Fig. 1: Nvidia Tegra K1 SoC (left) and Qualcomm Snapdragon 801 SoC (right) 
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The different GPUs 
Unlike the CPU component, graphics 
portion is manufactured by multiple 
vendors, which gives companies the 
flexibility to pick and choose the 
GPU that goes best with the CPU in 
their SoC. While back in the day, the 
primary job of the graphics card was 
rendering 3D images and displaying 
these on the screen, today, GPUs are 
used for much more than just playing 
games and are as crucial as the CPU. 

Today’s OSes rely heavily on the 
GPU since the interface and all ani-
mations are rendered on the graphics 
chip. This is how you are able to get 
the buttery-smooth transition effects. 
It also comes in handy when watch-
ing HD videos. Just like its PC com-
ponent, a graphics chip essentially 
has more cores than a CPU, thereby 
allowing it to distribute the load bet-
ter and leaving the CPU free for other 
tasks. 

Some of the most popular ven-
dors for GPUs are:

ARM Mali. Mali is a series of 
GPUs produced by ARM. Unlike other 
GPUs, Mali chip does not actually 

have any display controller built-in to 
drive the LCD panel. Instead, it is just 
a pure 3D engine that does the job of 
rendering graphics into the memory. 
The most popular chip is Mali-400 
MP, a quad-core GPU that is used in 
plenty of SoCs, like Samsung’s Exynos 
and ST-Ericsson’s NovaThor.

Qualcomm Adreno. Qualcomm 
changed the branding to Adreno 
from Imageon after a buyout by 
AMD. Adreno has since been used 
in Qualcomm’s Snapdragon SoCs, 
their most popular ones being Adreno 

205, Adreno 220 and 
Adreno 225.

I m a g i n a t i o n 
PowerVR. PowerVR 
GPUs are not manu-
factured by PowerVR 
themselves, but in-
stead, they license 
their design and pat-
ents to other com-
panies, like Texas 
Instruments, Intel, 
Samsung and Ap-
ple. Their PowerVR 
SGX series have been 
quite popular and 
feature SGX543XT, 
S GX 5 4 4 X T  a n d 
SGX554XT.

Nvidia Geforce. 
The name Geforce 
is synonymous with 
graphics cards ever 
since these were in-
troduced, way back 
in 1999. NVidia de-

Smartphones: Their CPUs and GPUs
Smartphones Chipset CPU GPU

HTC One M8 Qualcomm Snapdragon 801 Quad-core Krait 400 Adreno 330

Samsung Galaxy S5 Qualcomm Snapdragon 801 Quad-core Krait 400 Adreno 330

Samsung Galaxy Note 3 Qualcomm Snapdragon 800/  Quad-core Krait 400/  Adreno 330/  
 Exynos 5 octa 5420 quad-core Cortex A15 Mali-T628 MP6 
  and quad-core Cortex A7

Apple iphone 5S Apple A7 Dual-core Cyclone Power VR G6430

Nokia Lumia 1520 Qualcomm Snapdragon 800 Quad-core Krait 400 Adreno 330

Samsung Galaxy Alpha Exynos 5 octa 5430 Quad-core Cortex A15 Mali-T628 MP6 
  and quad-core Cortex A7 

LG G3 Qualcomm Snapdragon 801 Quad-core Krait 400 Adreno 330

Micromax Canvas Knight Mediatek 6592T Octa-core Cortex A7 Mali-450MP4 

veloped these graphics chips in-house 
and, till now, these only feature in their 
own Tegra SoCs. Their Tegra 3 SoC ups 
the ante by offering a 12-core GPU, 
whereas Tegra K1 offers 192 cores with 
shared architecture.

AnTuTu Benchmark comparison
AnTuTu Benchmarking is an appli-
cation to assess the performance of 
smartphones and tablet PCs. The to-
tal score depends on various features, 
like CPU, GPU, RAM and IO. The 
multi-tasking score depends on the 
CPU and RAM. 2D and 3D graphics 
score depends on the GPU. 

Future prospects
SoC manufacturers are using 32-bit 
SoC architecture (ARMv7) these days. 
After Apple set the ball rolling last 
year with the first 64-bit SoC used in 
iphone 5S, all major manufacturers 
are likely to base their designs on 
the 64-bit architecture. The biggest 
advantage of ARMv8 is the support 
for more than 4GB RAM. Three major 
upcoming 64-bit SoCs are:

Qualcomm Snapdragon 610 and 
615. The new Snapdragon 610 and 
615 chipsets are 64-bit quad-core and 
octa-core chipsets, respectively.

Nvidia Tegra K1. The biggest 
advancement from Tegra4 is the in-
clusion of a Kepler based GPU with a 
staggering 192 shaders.

Mediatek MT6732. It features 
four Cortex-A53 CPUs capable of run-
ning up to 1.5GHz. It will also sport 
the new Mali-T760 GPU.  

Fig. 2: ARM Cortex A15

Fig. 3: Need for Speed Most Wanted running on an iPhone

http://tech.firstpost.com/news & analysis/qualcomm-announces-64-bit-quad-core-snapdragon-610-octa-core-615-mid-range-devices-218820.html
http://tech.firstpost.com/news & analysis/qualcomm-announces-64-bit-quad-core-snapdragon-610-octa-core-615-mid-range-devices-218820.html
http://tech.firstpost.com/news-analysis/mediatek-announces-mt6732-first-64-bit-quad-core-chipset-218940.html
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Tuning to Terahertz Electronics 

The terahertz (THz) region (nomi-
nally 0.1-10THz) separates elec-
tronics from photonics, and has 

historically been difficult to access. Semi-
conductor electronics run out of steam 
after ~100GHz due to transport time 
limitations. Photonic devices falter below 
~10THz because photon energy drops 
to thermal energy. At the high-frequency 
end, infra-red (IR) optoelectronics cannot 
operate significantly below 10THz. Since 
these devices employ photon-electron 
particle interactions, as photon energy 
hv decreases below thermal energy kT, 
the device ceases to operate efficiently 
unless it is cooled down. This adds 
significant cost and weight. At the low-
frequency end, semiconductor electronic 
devices cannot operate at frequencies 
significantly above 100GHz. Transport 
time across the semiconductor junction 
is limited by drift and diffusion speeds. 
The largely-untapped frequency region 
between 100GHz and 10THz (the THz 
region) holds promise for a wide range 
of commercial and military applications. 
Terahertz electronics (TE) is a new tech-
nology that extends the range of electron-
ics into the THz-frequency region. 

Terahertz electronics
Terahertz electronics technology opens 
up practical applications in high-speed 
data interconnects, THz imaging, and 
highly-integrated radar and communica-
tion systems. The gap between electron-
ics and photonics has closed. Further use 
and development of such technological 

devices will make TE a reality in the near 
future. It does not use semiconductors; 
instead, it is based on metal-insulator 
tunnelling structures to form diodes for 
detectors and ultra-high-speed tunnelling 
transistors for oscillator based transmit-
ters. With these devices, detectors and 
transistors for operation in the THz re-
gion have been designed. Besides being 
extremely fast, TE devices are made en-
tirely of thin-film materials—metals and 
insulators—and so may be fabricated on 
top of complementary metal oxide semi-
conductor (CMOS) circuitry—a technol-
ogy for constructing integrated-circuits 
circuitry or on a wide variety of substrate 
materials. 

Based on metal-insulator tunnel junc-
tions, TE technology extends the range of 
electronics beyond the 100GHz barrier to 
10THz. In these devices, charge transport 
through the junction occurs via electron 
tunnelling, which has a time constant 
of ~10–15 seconds. Charge transport to 
and from the junction occurs via plasma 
oscillation in metals, which is easily sup-
ported with low loss in the THz range of 
interest. Furthermore, epitaxial growth 
and high process temperatures are not 
required. Thus, integration of TE onto 
low-loss insulating substrates (for exam-
ple, glass, sapphire, ceramic or plastic) 
or onto silicon-integrated circuits is 
possible. Industries are employing this 
concept in practical components, like 
detectors, transistors, mixers and other 
devices, to provide a full suite of ultra-
fast integrated components for building 

high-frequency electromagnetic 
wave circuits and systems. The 
result is complete integrability, and 
consequently, low cost. In addition, 
devices may be fabricated onto 
large-area flat panels or flexible 
sheets, enabling completely inte-
grated microwave/millimetre-wave/
sub-millimetre-wave sensor and 

Dr S.S. Verma is a professor 
at Department of Physics, 
Sand Longowal Institute of 
Engineering & Technology, 
Sangrur, Punjab 

Fig. 1: Terahertz gap 
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emitter arrays. These devices operate 
at low voltages, allowing compatibil-
ity with CMOS circuitry, coupled with 
innovations in antenna design and 
travelling wave devices. This leap in 
performance and flexibility enables a 
host of new applications for TE. 

Sources of terahertz radiations
One of the main reasons that THz ap-
plications have not fully materialised 
yet is the lack of a small, low-cost, 
moderate-power THz source. THz 
radiations are generally emitted as 
a part of black-body radiation from 
anything with temperatures greater 
than 10 kelvin. While this thermal 
emission is very weak, observations 
at these frequencies are important for 
characterising the cold 10-20K dust in 
the interstellar medium. However, the 

opacity of the Earth’s atmosphere 
to sub-millimetre radiation restricts 
these observatories to very high 
altitude sites, or to space. About a 
decade back the only viable sourc-
es of THz radiation were:

1. The gyrotron
2. The backward-wave oscilla-

tor (BWO)
3. The far IR laser (FIR laser)
4. Quantum cascade laser
5. The free electron laser (FEL)
6. Synchrotron light sources
7. Photo-mixing sources
8. Single-cycle sources used in 

THz time domain spectroscopy, 
such as hoto-conductive, surface 
field, photo-dember and optical-

rectification emitters 
There have also 

been sol id-s tate 
sources of millime-
tre and sub-millime-
tre waves for many 
years. Nowadays, 
most time-domain 
work is done via 
ultra-fast lasers. In 
mid 2007, scientists 
announced the crea-
tion of a compact 
device that can lead 
to portable, battery-
operated sources of 

T-rays, or THz radiation. This new 
T-ray source uses high-temperature 
superconducting crystals that com-
prise stacks of Josephson junctions 
that exhibit a unique electrical prop-
erty—when an external voltage is 
applied, an alternating current will 
flow back and forth across junctions 
at a frequency proportional to the 
strength of the voltage (phenomenon 
known as Josephson effect). These 
alternating currents then produce 
electro-magnetic fields whose fre-
quency is tuned by the applied volt-
age. Even a small voltage, around 
two millivolts per junction, can 
induce frequencies in the THz range. 

In 2008, engineers announced 
they had built a room-temperature 
semiconductor source of coherent 
THz radiation. Until then, sources 

had required cryogenic cooling, 
greatly limiting their use in every-
day applications. 

Many other THz-source tech-
nologies have been investigated in 
the past four decades. Numerous 
groups worldwide are producing 
tuneable CW THz radiation using 
photo-mixing of near-IR lasers. 
Direct multiplied (DM) sources 
take millimetre-wave sources and 
directly multiply their output up to 
THz frequencies. DM sources with 
frequencies up to a little more than 
1THz and approximately 1µW of 
output have been used as local os-
cillators for heterodyne receivers in 
select applications, most of which 
are in radio astronomy. 

However, these can produce 
substantially more output power 
at lower frequencies, and are 
often well-suited to applications 
requiring frequencies of less than 
500GHz. In addition, physicists 
have recently demonstrated quan-
tum-cascade semiconductor lasers 
operating at wavelengths in the 
4.4THz regime. These lasers are 
made from 1500 alternating lay-
ers (or stages) of gallium-arsenide 
and aluminium-gallium-arsenide 
and have produced 2mW of peak 
power (20nW average power), 
and advances in output power and 
operating wavelength continue at 
a rapid pace. 

Recently, researchers at JILA 
(formerly known as Joint Insti-
tute for Laboratory Astrophysics), 
jointly operated by University of 
Colorado and National Institute of 
Standards and Technology, USA, 
have developed a laser based 
source of THz radiation that is 
unusually efficient and less prone 
to damage than similar systems. 
JILA instruments for generating 
THz radiation make use of ultra-
fast pulses of near-IR laser light 
that enter through the lens on 
left, striking a semiconductor 
wafer studded with electrodes 
(transparent square that is barely 
visible under the white box con-

Fig. 2: Mercury arc lamps generate light in terahertz 

Fig. 3: Close-up of the electron source 
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nected to orange wires) bathed in 
an oscillating electric field. The 
light dislodges electrons, which 
accelerate in the electric field and 
emit waves of THz radiation. Fig. 
3 shows the close-up of the elec-
tron source.

General applications 
THz radiations are non-ionising, 
and therefore safe to humans. 
These penetrate a wide variety of 
non-conducting materials, includ-
ing clothing, paper, plastics and 
ceramics, and can also penetrate 
fog and clouds, but are strongly 
absorbed by metal and water. Until 
recently, researchers did not exten-
sively explore the material interac-
tions occurring in the THz-spectral 
region because they lacked reliable 
sources of THz radiation. How-
ever, pressure to develop new THz 
sources arose from two dramati-
cally different groups—ultra-fast 
time-domain spectroscopists who 
wanted to work with longer wave-
lengths, and long-wavelength radio 
astronomers who wanted to work 
with shorter wavelengths. Today, 
with continuous wave (CW) and 
pulsed sources readily available, 
investigators are pursuing potential 
THz-wavelength applications in 
many fields. 

Companies are planning to ex-
ploit the commercial applications 
of TE. THz applications span the 
physical (security imaging), bio-
logical (cell formation) and medi-
cal (cancerous-tumour detection) 
sciences with a growing interest 
in the application of THz frequen-
cies from security imaging through 
clothing in airport scanners to non-
destructive pharmaceutical and 
manufacturing inspection through 
multilayered or opaque surfaces. 
The unique properties of THz ra-
diation also include high-frequency 
radars to produce high-resolution 
images of objects through cloud, 
fog and dust storms to support 
aircraft landing in harsh environ-
ments.

Much of the recent interest in 
THz radiation stems from its ability 
to penetrate deep into many organic 
materials without the damage asso-
ciated with ionising radiation such 
as X-rays. Also, because THz radia-
tion is readily absorbed by water, it 
can be used to distinguish between 
materials with varying water con-
tent, for example, fat versus lean 
meat. These properties lend them-
selves to applications in process and 
quality control as well as biomedical 
imaging. Tests are currently un-
derway to determine whether THz 
tomographic imaging can augment 
or replace mammography, and some 
people have proposed THz imaging 
as a method of screening passengers 
for explosives at airports as well as 
for detecting the presence of cancer-
ous cells in humans. However, all 
these applications are still in the 
research phase.

THz radiation can also help sci-
entists understand the complex dy-
namics involved in condensed-matter 
physics and processes such as molec-
ular recognition and protein folding. 
CW THz technology has long inter-
ested astronomers because approxi-
mately one-half of the total luminos-
ity and 98 per cent of the photons 
emitted since the Big Bang fall into 
the sub-millimetre and far-IR, and 
CW THz sources can be used to help 
study these photons. One type of CW 
THz source is the optically pumped 
THz laser (OPTL). These lasers are in 
use around the world, primarily for 
astronomy, environmental monitoring 
and plasma diagnostics. The emerg-
ing field of time-domain spectroscopy 
(TDS) typically relies on a broadband 
short-pulse THz source. A split an-

tenna is fabricated 
on a semiconductor 
substrate to create 
a switch. A DC bias 
is placed across the 
antenna, and an 
ultra-short pump- 
l a s e r  p u l s e 
(<100fs) is focused 
in the gap in the 

antenna. The bias-laser pulse com-
bination allows electrons to rapidly 
jump the gap, and the resulting cur-
rent in the antenna produces a THz 
electromagnetic wave. This radia-
tion is collected and collimated with 
an appropriate optical system to 
produce a beam.

Terahertz electronic devices
Metal oxide semiconductor (MOS) 
transistor is the building block of 
integrated circuits (ICs) in electron-
ics and is the engine that powers 
these. Today’s most complex ICs, 
such as microprocessors, graphics 
and DSP chips, pack more than 
100 million MOS transistors on a 
single chip. Integration of one bil-
lion transistors into a single chip 
will soon become a reality. The 
semiconductor industry faces an 
environment that includes increas-
ing chip complexity, continued cost 
pressures, increasing environmen-
tal regulations and growing con-
cern about energy consumption. 
The observation that the number 
of transistors per integrated circuit 
doubles every 18 to 24 months is 
well-known to industry analysts 
and many of the general public. 
New materials and technologies are 
needed to support the continuation 
of Moore’s law. 

TE holds promise of greatly-
expanding and numerous applica-
tions in detection of biological 
and chemical hazardous agents, 
building and airport security, and 
explosive detection, as well as 
in radio astronomy, biology and 
medicine. Many companies are 
thinking towards exploiting the 
commercial applications of TE 

Fig. 4: Terahertz transistor 
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beyond traditional aerospace and 
medical markets. The technology 
being exploited depends on the 
fabrication of electronic devices 
that operate above 100GHz, where 
traditional electronic circuits no 
longer function. It is a generic de-
vice technology that can be used as 
both a detector and source of THz 
radiation, opening the potential 
for very-high-frequency commu-
nication systems and radars. The 
devices, Schottky diodes, operate 
at room temperature, rather than 
under cryogenic conditions like 
most competitor technologies, sig-
nificantly simplifying system infra-
structure and reducing cost. 

Companies are focusing on the 
development of microwave mono-
lithic integrated circuit (MMIC) 
technologies at frequencies ap-
proaching 1THz, including cor-
responding circuits, components 
and modules. Voltage-controlled 
oscillators and amplifiers, power 
amplifiers, frequency multipliers 
and mixers will soon be developed 
with operating frequencies beyond 
500GHz. These devices shall be 
used to realise compact integrated 
front-end modules for radar and 
communication systems.

THz transistor technology is 
now emerging and short-channel 
Si CMOS, InGaAs based hetero-
structure bipolar transistors and 
high-electron mobility transistors 
have reached cut-off frequencies 
and maximum frequencies of oscil-
lation in the THz range. Si Schottky 
diodes have demonstrated milli-
metre-wave detection. GaN based 
FETs have additional advantages 
at THz frequencies with a different 
design. The device feature-sizes 
have shrunk to the point where 
ballistic mode of electron trans-
port becomes important or even 
dominant. THz radiation excites 
oscillations of the electron density 
(plasma waves) in transistor chan-
nels. Plasma waves propagate with 
velocities much larger than electron 
drift velocities and have character-

istic frequencies in the THz range 
even for devices with feature-sizes 
exceeding a few hundred nanome-
tres. The rectification of plasma 
waves by the device non-linearity 
can be used for detecting THz ra-
diation and for imaging and in-situ 
testing of transistor structures. Using 
synchronised THz transistor arrays, 
it is expected to yield dramatic per-
formance improvements of plas-
monic THz electronic detectors and 
sources. 

Today’s research of TE is also 
focused on a variety of different 
compact optoelectronic devices, like 
photoconductive antennae (PCA), 
which operate at room temperature 
but need an external laser excitation, 
or THz quantum cascade lasers that 
are powerful but currently operate 
at cryogenic temperatures. One of 
the main sources of THz radiation, 
the inter-digitated photoconductive 
antenna, can now be tuned to THz 
frequencies that were previously 
difficult to reach. Researchers found 
that changing the spacing between 
electrodes in the antenna’s structure 
enables the emission spectrum to be 
centred at a chosen frequency—a 
property that will be useful for spec-
troscopy and imaging, where access 
to particular parts of the THz spec-
trum is needed. 

We will need to think about new 
geometries and new materials to 
improve these issues, possibly com-
bined with the use of cheaper and 
compact fibre based laser systems. 

Fig. 5: A terahertz mixer component containing 
a Schottky diode

Improving these types of 
sources will permit the THz 
technological range to become 
mature and comparable to 
those used in microwave elec-
tronics and IR optical systems.

Challenges ahead
The objective of the TE pro-
gram is to develop critical 
devices and integration tech-
nologies necessary to realise 
compact, high-performance 
electronic circuits that oper-
ate at centre frequencies 

exceeding 1THz. The main focus 
will be on the development of two 
critical THz technical areas. One 
is THz transistor electronics to 
develop multi-THz InP HBT and 
InP HEMT transistor technologies 
to enable TMICs along with THz 
low-loss inter-element interconnect 
and integration technologies to 
build compact THz transmitter and 
receiver modules. Another is THz 
high-power amplifier modules for 
compact, micro-machined vacuum 
electronics devices to produce a 
significant increase of output power 
at frequencies beyond 1THz and to 
radiate this energy at an antenna. 

The success of TE will lead 
to revolutionary applications by 
enabling coherent THz-processing 
techniques such as THz-imaging 
systems, sub-MMW, ultra-wideband, 
ultra-high-capacity communication 
links and sub-MMW, single-chip 
widely-tuneable synthesisers for 
explosive-detection spectroscopy. 
Despite intense research efforts, 
there have been many challenges 
that have not yet been overcome 
in achieving a miniature, efficient 
THz source. Further research in 
TE should investigate innovative 
approaches that enable revolution-
ary advances in electronic devices 
and ICs achieving THz frequencies. 
Efforts are being made to use band-
gap engineering and the unique 
properties of graphene to develop 
basic building blocks of graphene TE 
and to accelerate its applications. 
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Seven Ways to Effectively Use  
Today’s Feature-Heavy Scopes 

Since its inception, the oscilloscope is 
one test and measurement product 
that has seen a lot of transforma-

tions to deal with the needs of new 
technological advancements. “Recent 
advancements in analogue and digital 
electronics with growth in telecom, medi-
cal electronics, automotive and other sec-
tors have brought revolutionary changes 
in the scope,” says Vivek Mantri, country 
manager, industrial segment, Scientech 
Technologies Pvt Ltd. Requirements have 
elevated measurement parameters from 
MHz to GHz, when it comes to band-
width of the scope. He adds, “Right from 
an engineering student analysing his 
basic astable multivibrator to engineers 
testing and verifying complex designs, the 
oscilloscope is a useful tool.” 

But, there are often some features and 
methods that are unused or missed-out 
while testing designs. In this attempt, we 
try to cover some important functions of 
the oscilloscope that would help you ef-
fectively use it and efficiently test your 
designs.

Use memory depth feature for finer 
signal analysis 
While considering an oscilloscope, the 
obvious parameters that you look for are 
bandwidth, acquisition rate and sam-
pling rate, but one feature that is often 
overlooked is memory depth. To achieve 
highly-accurate calculations, memory 
depth is said to be one of the top features 
of oscilloscopes today. This feature allows 
better monitoring, triggering and analysis 

of signals, especially appli-
cable on those signals with 
high-frequency components. 
Obtaining extended time 
periods with the capabil-
ity to zoom into the signal, 
without loss of data, allows 
an engineer to verify the 
hardware design in a swift 
and proper manner. 

Some digital oscillo-
scopes provide the ability 
of encapsulating waveforms 
in long-memory mode. For 
standard oscilloscopes, 
memory depth ranges from 
1kpt to 16kpt (pt is point). 
With the long-memory fea-
ture, oscilloscopes can cap-
ture complex signals in great 
detail over extended time 
periods. This allows test 
engineers to inspect effects 
of high frequency within the 
captured waveform.

Abhishek A. Mutha 
is a senior technical 
correspondent at EFY
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Use peak-detect mode  
to calculate small pulses
When the sampling rate of a digital 
oscilloscope is not high enough to 
fully capture details of a signal, 
you can use peak-detect mode 
to help capture the envelope or 
narrow-pulse information that 
may be lost when using a normal-
acquisition mode. To know the 
difference between normal mode 
and peak-detect mode, use an 
arbitrary waveform generator to 
output a signal. For example, the 
signal could be 1kHz in frequency, 
with 5V peak-to-peak amplitude 
and 10ns pulse width. Connect this 
signal to channel one of your oscil-
loscope and adjust the time base of 
the oscilloscope to 1ms/div, vertical 
scale to 1V/div and memory depth 
to 140kpt. 

The acquisition, or acquire 
mode, on your oscilloscope is usu-
ally set to normal mode and in 
that mode, there are some pulses 
with varying amplitudes that 
are seen, but the display is not 
stable. By changing the mode to 
peak-detect mode, the amplitude 
of pulses is fixed and a stable 
view is available. Therefore to ac-
curately measure narrow pulses 
using peak-detect mode on your 
scope, first configure the vertical 
and time-base scale to capture the 
signal. Then, choose peak-detect 
mode to get the exact information 
about narrow-pulse or peak fea-
tures within the signal.

Use ground spring probes to 
achieve signal and noise quality
Most common factors that need to 
be tested for verifying the quality of 
every design, especially embedded 
systems, are data-transmission rate, 
signal quality and timing specifica-
tions. It is important to analyse the 
overall accuracy and system-level 
timing delays of an embedded de-
sign. Another common issue with 
testing and verification is noise, 
which can come from a variety of 
sources, including electromagnetic 

interference (EMI), bandwidth prob-
lems and bad grounding. 

For noise-related issues, alligator 
clip ground strap, which connects 
on the probe, is normally used to 
establish a ground connection. 
Although connections are made 
correctly, noise could still be an 
issue, in which case it would be 
advisable to use the ground spring 
instead. Comparatively, the ground 
spring connects closer to the tip of 
the probe and significantly reduces 

the loop area of the connection, 
thereby improving the noise and 
signal quality. 

If ground noise still persists, 
detaching your oscilloscope from 
ground could help. By isolating the 
rest of the device or the device under 
test, ground loops are eliminated. 

Use precision probe for 
measurements at high bandwidth
Oscilloscopes have reached very high 
bandwidth levels today. For instance, 

Some Mid-range Digital Oscilloscopes in the Market Today
Brand Model Top features

GW Instek GBS-1000 series •	200MHz/100MHz/70MHz bandwidth range
•	1GSa/s real-time sampling rate and 25k point  

memory depth
•	25GSa/s equivalent time-sampling rate
•	14.5cm (5.7-inch) TFT LCD display

Keysight 
(formerly 
Agilent)

DSO9064A •	600MHz bandwidth across all four analogue channels
•	Three instruments in one: scope, logic analyser and 

protocol analyser
•	38.1cm (15-inch) XGA display with debug and  

compliance software applications

Pico  
Technology

PicoScope 3400 •	Bandwidths 60MHz to 200MHz, four channels and 
external trigger
•	Up to 128MS  buffer size with advanced digital  

triggers
•	1GS/s real-time sampling, up to 10GS/s  repetitive 

sampling
•	Built-in spectrum analyser and function generator

Rigol MSO/DS2000A series •	Bandwidths 70MHz to 300MHz, maximum sample  
rate 2G Sa/s

•	Memory depth up to 14Mpt (standard), 56Mpt  
(optional), waveform capture rate up to 50,000wfs/s

•	Up to 65,000 frames hardware based real-time wave-
form record, replay and analysis function (standard)

•	Built-in two channel waveform generator (DS2000A-S) 
20.3cm (8-inch) TFT (800x480) WVGA 

Rohde & 
Schwarz

R&S RTE1054 •	Four channels, 500MHz bandwidth, acquisition 
memory of 10/40 Msample, upgradable up to 50/200 
Msample
•	77 measurement functions, two cursor sets, four 

maths waveforms 
•	26.42cm (10.4-inch) LC TFT colour touch-screen, 

1024×728 pixel (XGA)

Tektronix DPO5054B •	500MHz analogue bandwidth, five GS/s sample rate, 
25M point - 125M point record length 
•	FastAcq with digital phosphor display
•	Built-in analysis tools

Yokogawa DLM2000  
series

•	Bandwidths 200MHz to 500MHz and memory up to 
250Mpt
•	Real-time filter with optimum noise reduction supports 

a wide range of frequencies (from 8kHz to 200MHz)
•	Zooms into two different points, waveform zoom and 

search functions, with dedicated zoom keys



TesT & MeasureMenT   

53www.EFYMag.coM ElEctronics For You | March 2015

Major contributors to this story 

Vivek Mantri
country manager, industrial 

segment, Scientech 
Technologies Pvt Ltd

Sanchit Bhatia
application engineer, 

Keysight Technologies 
India Pvt Ltd

Naresh Narasimhan
country marketing 

manager, Tektronix India

Srinivasa Rao Appalla
manager, product support 
and applications, Rohde & 

Schwarz

Teledyne LeCroy introduced the 
first 100GHz real-time oscilloscope, 
and Keysight oscilloscopes offer 
bandwidth up to 63GHz. “But, you 
need to be very careful while taking 
measurements at high bandwidths, 
even if it is 16GHz or 20GHz, as the 
microwave effects from cables, con-
nectors and other peripherals tend 
to distort signals,” informs Sanchit 
Bhatia, application engineer, Key-
sight Technologies India Pvt Ltd. The 
response waveform might not be ab-
solutely clean. “One possible method 
to obtain a noise-free response would 
be to first make measurements on a 
network analyser and then use the 
response of the cable and de-embed 
that in the oscilloscope,” adds Bha-
tia. [De-embedding is an attempt to 
make the port as ideal as possible, 
similar to a calibration of a radio 
frequency (RF) measurement system 
with probes or connectors used for 
measurement]. 

A precision cable, or precision 
probe, can be used in order to get rid 
of the anomalies caused by a regular 
cable or probe, and hence bypass the 
process of using an analyser. Bhatia 
says, “In our oscilloscopes, we have 
a built-in simple, mini network- 
analyser feature, which measures 
the response of the cable, or probe, 
by generating a high-speed pulse, 
and the insertion loss of the cable is 
measured up to double bandwidth of 
the scope.” He adds, “The measure-
ment performed by the scope is used 
to compensate for the loss with cal-
culations done by the software. This 
unique feature can be used to meas-

ure the insertion loss in the time do-
main, which is ultimately converted 
into frequency domain.”

Use software packages for 
performing different kinds of 
analyses
Naresh Narasimhan, country market-
ing manager, Tektronix India, says, 
“Engineers are increasingly customis-
ing their general-purpose oscilloscopes 
via software packages that are now 
available with many oscilloscopes 
in this class.” For instance, software 
applications, such as various serial de-
code packages, vector signal analysis 
(VSA) software, power application and 
offline viewing and analysis software, 
allow users to customise and use their 
general-purpose oscilloscopes in a 
very specific manner. 

“SignalVu VSA software, from 
Tektronix, that runs on the com-
pany’s various oscilloscopes series, 
has been enabling engineers to easily 
characterise and validate wideband 
and microwave spectral events,” says 
Narasimhan. He adds, “SignalVu-PC 
VSA software helps one to easily vali-
date wideband designs.”

The latest generation of oscil-
loscopes are also coming with Win-
dows 7 embedded operating system 
(OS) platform today. Bhatia says, 
“With Windows 7 embedded OS 
comes the advantage of writing ad-
vanced software, thereby providing 
high analysis capabilities, such as 
jitter analysis or mathematical func-
tions. New user interfaces are also 
powering Windows based scopes, 
which help users customise by cre-

http://www.electronicsforu.com
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ating a large number of windows, 
grids and mathematical functions 
on the screen of the oscilloscope.” 
These windows can be resized as 
per requirements. He adds, “For 
instance, some people prefer hav-
ing very big measurement windows 
and a small waveform window, and 
vice-versa.”

Also, for ease of use, the actual 
vertical scale is printed on the oscil-
loscope’s screen. Normally, if the 
user has switched the scale to one 
volt/division and the waveform is 
seen across three divisions each 
from the central axis, it is inter-
preted as six volts by looking at the 
divisions and scaling, informs Bha-
tia. He says, “With scaling numbers 
printed on the screen in time and 
voltage, it makes it quick and easy 
for the user to interpret data.”  Such 
advanced and powerful OSes are 
slowly trickling down to low-end 
oscilloscopes as well.

Use digital trigger for precise 
measurements
The trigger is a key element in the 
scope. It allows capturing events of 
interest to provide a detailed analy-
sis and ensuring a stable display for 
repeating signals. Traditional digital 
oscilloscopes implement analogue 
triggers, which means acquisition 
and trigger paths are different.

“The industry’s first digital trig-
ger is implemented by Rohde & 
Schwarz in their RTO and RTE series 
of scopes. In a digital trigger, the trig-
ger signal is derived from samples of 
analogue-to-digital (A/D) converters. 
Therefore the digital trigger processes 
an identical signal that is acquired 
and displayed,” shares Srinivasa Rao 
Appalla, manager, product support 
and applications, Rohde & Schwarz. 
He adds, “The digital trigger offers 
very low trigger jitter in real-time, 
combined with high-acquisition 
and analysis rates in RTO and RTE 
scopes. It enables precise measure-
ments due to high trigger sensitivity 
at full bandwidth and adjustable digi-
tal filter for the signals.”

Fig. 1 shows a block diagram of 
digital trigger implementation.

Use advanced maths operators 
for better power analysis 
Modern oscilloscopes have powerful 
analysis and software capabilities; in 
particular, they have a lot of maths 
functions. Add, subtract, multiply, 
divide, differentiate, integrate, fast 
Fourier transform (FFT), square-
root, absolute value, logarithms, 
filters and many more transforms 
and operators are available. You can 
apply these operators on captured 
data, and it shows you the result not 
only in stop mode but real-time as 
well. Some oscilloscopes also allow 
users to enter and edit formulae to 
actively perform advanced calcula-
tions. It is practical in various ap-
plications such as power analysis 
by using operators (such as integral 
to find out power consumption of a 
microcontroller). 

Some other useful features and 
suggestions
Here are some extra features and 
suggestions that you might find to 
be helpful.

Making the most of triggers. The 
time-out-trigger mode can help with 
the challenging task of capturing 
signals that contain different pulse 
widths. Also, the slope-trigger func-
tion in an oscilloscope, which triggers 
on the positive or negative slope of a 
specified time interval, is useful for 
capturing saw-tooth and triangular-
shaped signals. 

Fig. 1: Block diagram of digital trigger implementation
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Directly manipulate with fin-
gers. “In our 6000X series scope 
that offer bandwidth starting from 
1GHz up to 6GHz, we have moved 
to a capacitive-enabled, multi-touch 
gesture-enabled display that provides 
similar capabilities of modern-day 
smartphones and tablets,” informs 
Bhatia. For example, a user can use 
the multi-touch feature to effectively 
change the horizontal or vertical scal-
ing by using two fingers and gesture 
for zooming out or in and even drag 
a waveform around. 

Consider five times the measured 
signal’s bandwidth. Correct sam-
pling is essential for making accurate 
measurements and it also completely 
eliminates errors from your design. 
A general rule for analogue signals is 
considering five times the bandwidth 
of the signal you wish to measure. 
Coming to high-frequency signal ele-
ments, it would be advisable to set 
your scope to attain five to ten times 
over sampling. 

Make the most of those probes. 
Also, appropriate probing and 
comprehending the correct use of 
ground reference and differential 
signals is important to go error-free. 
If your data lines are not grounded, 
make necessary adjustments, keep-
ing in mind the effect of ground 
loops and noise on measurements. 
Make full use of probe techniques 
and advanced noise-cancelling fea-
tures on your oscilloscope to curb 
noise. If required, utilise differential 
probes for superior measurement 
quality. 
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Touch-Screen, Wireless and Detachable 
Displays Make Modern Multimeters Exciting

From general-purpose to high-end 
measurements, multimeters are 
widely-used tools. Today, there is 

an extensive variety of multimeters in 
the market, including ones with wireless 
capabilities and touch-screen interfaces 
to make measurements intuitive. In this 
article, we attempt to guide you in select-
ing the right multimeter for your needs.

Also known as multitesters or volt-
ohm meters, multimeters are offered by 
various test and measurement (T&M) 
companies in diverse form factors, from 
benchtop to handheld and clamped. 
These fit a large array of applications, 
such as industrial, educational or general-
purpose measurement, to name a few.

Whether you are looking to buy a 
new multimeter or a used one, it is im-
portant to understand the capabilities 
as well as performance of the device. 
Accuracy is an essential factor that could 
determine the choice of the multimeter 
you plan to settle for. Depending on your 
usage and application, there is a plethora 
of multimeters available in the market.  
Let us dive into how T&M vendors are 
improving these devices feature-wise, 
which will be followed by some impor-

tant parameters that need to be considered 
before buying a multimeter. Along the 
way, we also highlight some of the latest 
entrants in multimeters.

Trends in today’s multimeters—data 
logging and wireless connectivity
Increasingly, digital multimeters need to 
offer more multifunction capabilities to suit 
a wider scope of applications in today’s 
demanding measurement environments. 
Yet, the multimeter preferably needs to be 
more compact and lighter than before, and 
be able to deliver higher accuracy across 
a larger number of measurements, while 
continuing to offer safety, warranty and 
support, informs Ravi Pagar, regional direc-
tor, element14. He says, “In recent years, 
data sharing is a key requirement, where 
users need to share a large amount of data 
quickly and accurately.” Latest improve-
ments in digital multimeters, which include 
addition of more useful functions, connec-
tivity and higher safety levels, are making 
these more versatile.

Multimeters these days are sturdier and 
electrically safe for the person handling 
these, informs Kritikesh Kumar, national 
sales and marketing head - test and meas-
urement business division, Yokogawa India 
Ltd. He says, “Apart from the ruggedness, 
digital multimeters churn out a much bet-
ter level of accuracy and resolution. Users 
can now be more sure about the readings 
obtained in their instruments.” He adds, 
“Multimeters also come with data logging 
and PC connectivity. This cuts down the 
task of manually writing down data or find-
ing a place to store it.”

Nowadays, wireless connectivity is 
also increasingly being incorporated into 
multimeters. Industry experts feel that 
connectivity today is slowly becoming a 
part of multimeters. Manish Kwatra, CEO, 

Abhishek A. Mutha 
is a senior technical 
correspondent at EFY

Fig. 1: Keysight’s U1200 series 
digital multimeters, where U1117A 
IR-to-Bluetooth adaptor can 
be connected to the IR port for 
enabling wireless connectivity 
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MetroQ, says, “Apart from universal 
serial buses (USBs), manufacturers 
are coming up with Wi-Fi-enabled 
multimeters. A year or two down the 
line, connectivity in multimeters will 
become standard.” 

Rajesh Sawant, business develop-
ment manager, Keysight Technologies 
India Pvt Ltd, too feels that connec-
tivity is an important feature for mul-
timeters. Talking about how it ben-
efits users, he says, “Communication 
of various instruments on a common 
platform via wireless connectivity 
enables remote operations, moni-
toring and logging of parameters, 
thereby enhancing the productivity 
of the user. 

A multimeter normally does 
not show a waveform. Therefore in 
some multimeters, an oscilloscope 
is in-built for waveform analysis, 
informs Kwatra. He says, “These 
scopemeters (multimeters + oscil-
loscopes) generally offer 20MHz to 
25MHz bandwidth.” Today’s multim-
eters use advanced microcontrollers 
or application-specific integrated 
circuits (ASICs) to be able to support 
more functions accurately, notes 
Chandmal Goliya, director, KUSAM-
MECO.

What is new in multimeters, 
feature-wise
Wireless connectivity and data log-
ging. Some T&M companies have 
launched next-generation wireless 
connectivity solutions for digital mul-
timeters that let you measure over a 
greater expanse, quicker and trouble-
free. For instance, Fluke’s CNX 3000 
wireless multimeter allows you to 
access live measurements from three 
wireless modules, apart from the 
meter reading, from up to 20 metres 
away. This helps in seeing cause and 
effect in a chain of events, interac-
tions between inputs/outputs or 
other measurement points, remotely 
as well as simultaneously.

In the case of Keysight’s U1200 
series digital multimeters, a user can 
add Bluetooth connectivity by attach-
ing U1117A IR-to-Bluetooth adaptor 

to the IR port, and U1115A remote-
logging display can be used to view 
and log test measurements with an 
extended range of up to 100 metres. 
Yokogawa’s TY series of multimeters 
have data logging capabilities that 
enable the user with hands-free data 
storage and provides online graphical 
plots as well.

Flir’s DM93, too, features wire-
less functionality connecting to 
two sets of devices—FLIR thermal 
cameras and mobile platforms—all 
via Bluetooth. Sam Ruback, product 
manager - test and measurement, 
FLIR, says, “Connecting to your iOS, 
Android and even your PC with FLIR 
software tools adds convenience 
and safety for your problematic test-
ing targets.” He adds, “We have an 
exclusive Meterlink technology that 
integrates DM93’s digital multimeter 

measurement data onto FLIR Meter-
link-enabled cameras for advanced 
analysis.”

Touch-screen interface. Slowly, 
vendors are starting to incorporate a 
touch-screen user interface to their 
T&M equipment. Be it oscilloscopes 
or digital multimeters, touch-screen 
is slowly trickling down to T&M 
tools with the aim of making these 

Notable Multimeter Brands
International Indian

BK Precision
Flir
Fluke
GW Instek
Keithley Instruments
Keysight
Rigal
Tektronix
Yokogawa

HTC Instruments
Kusam-MECO
MetroQ
Motwane
Rishabh

Parameters to consider before you buy that multimeter
  Conformity to safety standards. Make sure the digital multimeter has CAT certification, 

CE marking, good IP rating, overload protection, surge protection and fire-resistant 
casing.

  Should meet your measurement needs. The application where your digital multimeter 
will be used should be the cornerstone of your purchase. Buy one keeping current and 
potential future requirements in mind.

  Auto-range multimeters make it easy. Manual ranging is a very old technology. By 
choosing auto-range multimeters, accidentally selecting the wrong range can be avoided. 

  Accuracy of measurements. If you are a professional who cannot compromise on 
accuracy, then a multimeter from a reputed vendor is a must. For a hobbyist tinkering 
with circuits, where accuracy is not of great significance, low-cost multimeters would 
suffice, although most of these do not conform to safety standards.

  Dimension, weight and long battery life. Crucial parameters for those who like to carry 
their multimeter along everywhere, like field testing, for instance.

  Miscellaneous. Range of measurement, number of digits in the display (3¾, 4, 4½, 
etc), safety ratings, rugged body, remote connectivity, well-lit display, warranty, service 
and affordable spare parts are some other factors that could be considered as well.

Point of view: Other trends observed in digital multimeters
Information (and not just data). Users of benchtop multimeters are now seeking solutions 
that offer them information rather than plain raw data. For instance, real-time statistical 
analysis on Rigol’s DM3000 series offers statistical assessment on power factor, power 
ratio in dB or dBm, real-time histograms and trend displays. Engineers can now use this 
information to aid and improve their designs.

Multimeters going beyond electrical labs. Benchtop multimeters are no longer 
limited to measuring basic electric/electronic elements. Rigol’s DM3068, for example, 
offers any-sensor measurements besides built-in temperature measurement capabilities 
sporting advanced compensation techniques.

Metamorphing to data acquisition. Vendors have successfully transformed the basic 
multimeter into a data acquisition system, enabling some very challenging applications, 
such as ageing tests, burn-in tests, batch testing and many more. Rigol’s M300 is used 
for applications ranging from refrigerator testing to steel mills.

— Shrinath Kulkarni, managing director - South Asia and Middle East, Rigol Technologies Inc.
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more intuitive, interesting and easy 
to learn for users. Claimed to be the 
first in a new class of digital mul-
timeters, DMM7510 from Keithley 
Instruments is an integration of 

1MS/sec, 18-bit digit-
iser for waveform cap-
ture, 12.7cm (5-inch) 
capacitive touch-screen 
display and, of course, 
a digital multimeter 
with resolution levels 
ranging from 3½ to 7½ 
digits. 

The touch interface 
allows you to set up test 

faster and view results numerically as 
well as graphically on the screen with 
the ability to pan, pinch and zoom 
the waveform or signals, making high 
interaction with the data possible.

In a release, Jerry Janesch, sen-
ior market development manager at 
Keithley, noted that their DMM 7510 
aids engineers to capture small sig-
nals at greater accuracy and pace in 
comparison to traditional digital mul-
timeters currently in the market. En-
gineers get an in-depth understanding 
of their devices under test. To enhance 
low-level accuracy, this multimeter 
has expanded measurement ranges 
(100mV, 1Ω and 10µA). DMM7510 
looks to address a wide range of test 
applications, including device char-
acterisation, debugging and analysis, 
production or automated test, and 

TaBle I
a Comparison: Select General-Purpose, Mid-Range Multimeters  

in the Market Today (International Brands)
Brand Model Specifications

Range Product 
warranty

Safety Battery 
life

Weight Price

Volt
(aC)*

Volt (DC) Resist-
ance

Capaci-
tance

Diode Current
(aC)

Current
(DC)

BK  
Precision

2709B 0.1mV - 
750V

0.1mV - 
1000V

0.1Ω - 
66MΩ

1pF - 
66mF

Up to 
3.5V

0.1μA - 
10A

0.1μA - 
10A

Three 
years

IEC61010-1 
(EN61010-1), CAT II 
1000V, CAT III 600V, 
Class II

150 hrs 285g US$ 105**

BK  
Precision

2712 0.01mV 
- 750V

0.01mV 
- 1000V

0.01Ω 
- 40MΩ

1pF - 
40μF

Up to 
3V

1μA - 
10A

1μA - 
10A

Three 
years

IEC61010-1 
(EN61010-1),CAT II 
1000V, CATIII 600V, 
Class II

150 hrs 285g US$ 115**

Fluke 15B+ 0.1mV - 
1000V

0.1mV - 
1000V

0.1Ω - 
40MΩ

0.01nF - 
1000μF

1mV 
- 2V

0.1μA - 
10A

0.1μA - 
10A

One year IEC 61010-1, 
IEC61010-2-030 
CAT III 600V, CAT II 
1000V

500 hrs 455g ` 6888 **

Fluke 17B+ 0.1mV - 
1000V

0.1mV - 
1000V

0.1Ω - 
40MΩ

0.01nF - 
1000μF

1mV 
- 2V

0.1μA - 
10A

0.1μA - 
10A

One year IEC 61010-1, 
IEC61010-2-030 
CAT III 600V, CAT II 
1000V

500 hrs 455g ` 8483 **

GW Instek GDM 
360

0.01mV 
- 750V

0.01mV 
- 1000V

0.1Ω - 
60MΩ

0.01nF - 
4000μF

1mV 
- 2V

0.1μA - 
10A

0.1μA - 
10A

One year EN 61010-1, EN 
61010-2-030 CAT.III 
1000V, CAT.IV 600V

N/A 370g ` 5700 

Keysight U1230 0.1mV - 
600V

0.1mV - 
600V

0.1Ω - 
60MΩ

1nF - 
10mF

1mV 
- 2V

0.01μA 
- 10A

0.01μA 
- 10A

Three 
years

EN/IEC 61010-
1:2001, ANSI/UL 
61010-1:2004, and 
CAN/CSA-C22.2 No. 
61010-1-04, CAT 
III 600V

500 hrs 365g, 
371g

` 7986 ***

Yokogawa TY530 0.1mV - 
1000V

0.1mV - 
1000V

0.1Ω - 
60MΩ

0.01nF - 
1000μF

1mV 
- 2V

0.1μA - 
10A

0.1μA - 
10A

Three 
years

EN61010-1, 
EN61010-2-030, 
EN61010-031, 
1000V CAT III, 600V 
CAT IV

300 hrs 570g US$ 248.99 - 
US$ 270.68**

For accuracy and detailed specifications, please refer to the specifications of the particular multimeter at company’s website

* True RMS
**Price as quoted on e-commerce websites
***Price as quoted on company’s website

Fig. 2: Keithley’s DMM7510 
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down the multimeter perfect for your 
usage.

Safety comes first. A digital mul-
timeter has the capability to identify 
a problem in a circuit, but it is im-
portant to know its limitations else 
it could result in equipment damage 
and possibly cause personal injury. 

Before buying one, you must 
ensure that it is designed to 
pass international standards 
of electrical safety, such 
as CAT (a safety standard 
for electrical installations 
and equipment). For single-
phase industrial use and 
three-phase distribution, 

TaBle II
a Comparison: Select General-Purpose, Mid-Range Multimeters  

in the Market Today (Indian Brands)
Brand Model Specifications

Range True 
RMS

Safety Display

Volt (aC)* Volt (DC) Resistance Capacitance Diode Current (aC) Current (DC)

HTC  
Instruments

DM-
87

0.1mV - 
750V

0.1mV - 
1000V

0.1Ω - 30MΩ 10pF - 2000μF N/A 0.1μA - 20A 0.1μA - 20A - - 4½ dig-
its, LCD 
display

Kusam-
MECO

KM 
629

999.9mV/ 
9.999V/ 
99.99V/ 
750V

999.9mV/ 
9.999V/ 
99.99V/ 
999.9V

0.1Ω - 40MΩ 1μF/10μF/ 
100μF/ 
1mF/10mF

2V 40μA/40mA/ 
10A

40μA/400μA/ 
4mA/40mA/ 
4A/10A

Yes EC1010-1 
(1995),  
EN61010-
1  (1995), 
UL311 1-1 
(6.1994),  
CSAC22.2 
No.  1010-
1-92 to  
terminals

Four 
digits, 
9999 
counts, 
LCD  
display

MetroQ MTQ 
70A

400mV/4V/ 
40V/400V/ 
750V

400mV/ 
4V/40V/ 
400V/ 
1000V

400Ω/4KΩ/ 
40KΩ/ 
400KΩ/ 
4MΩ/40MΩ

4nF/40nF/ 
400nF/ 
4μF/40μF/ 
200μF

Available 30mA/300mA/ 
10A

30mA/ 
300mA/10A

Yes CAT-IV 3¾, 
LCD 
display

Mextech 
Technologies

DT-
115

0.1mV - 
750V

0.1mV - 
1000V

0.1Ω - 40MΩ 40nF/400nF/ 
4mF/40mF/ 
100mF

Available 0.1mA - 10A 0.1mA - 10A Yes - LCD 
display

Motwane M 63 60mV - 
600mV/ 
6V - 750V

60mV - 
600mV/ 
600mV - 
1000V

600Ω - 60MΩ 40nF - 4000μF Available 60mA - 20A 60mA - 20A Yes CAT 
IV/600V, 
IP 54, CE 

LCD 
display

Salicon ST82 200mV/ 
2V/ 
20V/200V/ 
750V

200mV/2V/ 
20V/200V/ 
1000V

200/2k/ 
20k/200k/ 
2M/20MΩ

- Available 200μA/2000μA/ 
20mA/200mA/ 
20A

200μA/ 
2000μA/ 
20mA200mA/ 
20A

- - LCD 
display

Scientific SM 
7022

1mV - 
750V

0.1mV - 
1000V

0.1Ω - 40MΩ 1pF - 200μF Available 1μA - 10A 1μA - 10A - - 3¾-digit 
LCD 
display, 
4000 
counts

applications in univer-
sities and research and 
development labs.

Detachable dis-
play. This feature 
enables an engineer 
to take a clamp-on 
reading, be it voltage, 
current, resistance or 
capacitance, by making 
use of wireless technol-
ogy and display of the 
multimeter, which is 
detachable. The user 
can record data from 
up to 9.1m (30-feet) 
away from the loca-

tion of the test probes and 
meter body. This feature 
can be seen in Fluke’s 233 
wireless digital multimeter.

Make the right choice
Following parameters 
could help you in locking 

Fig. 3: Fluke’s 233 in action 
Fig. 4: Different standards for digital 
multimeters (Image courtesy: Fluke) 
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CAT-III is necessary. IEC 1010 stand-
ard (International Electro-Technical 
Commission) is another standard for 
low-voltage T&M equipment. Also, 
make sure your multimeter has a 
CE marking (a certification which 
means, the product meets European 
standards).

Goliya says, “The user must look 
for safety features, such as overload 
protection in various ranges, safety 
categories like CAT IV 600 V or CAT 
III 1000V, surge protection (8kV-
12kV) as well as electromagnetic 
compatibility (EMC) protection.” He 
adds, “Shielding from strong mag-
netic fields to give accurate readings 
even in strong magnetic field areas 
and fire-resistant casings for opera-
tor safety are also very important in 
a multimeter. The tendency of most 
purchasers is to buy the cheapest 
multimeter, thereby compromising 
on safety.”

Kumar informs that for any 600V 
digital multimeter, there has to be a 
CAT III protection level, and every 
1000V multimeter should have a CAT 
IV protection level.

Use areas. It comes down to one 
question: What would you mostly 
be using the digital multimeter for? 

The major factor 
to choose a mul-
timeter should be 
driven by your ap-
plication. “It is a 
crucial parameter 
to consider. Some 
people go for a 
multi-range multi-
meter even though 
they might not re-

quire one. If a user needs a little bit 
of everything, then he or she should 
go for a general-purpose multimeter,” 
says Kwatra. If you are a professional 
electronics design engineer, then you 
should consider a multimeter from 
reputed brands that provide measure-
ment convenience, safety and great 
build quality, even though these 
might be slightly expensive.

For a hobbyist tinkering with cir-
cuits, where accuracy is not of great 
significance, low-cost multimeters 
would suffice, although most of these 
do not adhere to safety standards. 
As you transition to high-end mul-
timeters, these become very appli-
cation-specific. There are a variety 
of application-specific multimeters 
available for areas such as industrial, 
automotive, audio and sound, among 
others. Therefore it is extremely im-
portant for a user to know the pur-
pose and usage areas before buying 
a multimeter.

Auto-range multimeters. Most of 
the multimeters available today are 
auto-range as these are simpler to 
use and avoid wrong range selection. 
Manual-range multimeters, which is a 
pretty old technology, require you to 
select the range manually each time 

you make different measurements, 
which can get tiresome in the long 
run. An auto-range multimeter with 
the manual-range override control can 
be very handy as it provides you with 
an option of to fix the range manually.

Other specifications. Accuracy 
of a digital multimeter is a key pa-
rameter. Apart from accuracy, some 
other features to look out for include 
the range of measurement, number 
of digits in the display, safety ratings, 
rugged body, long battery backup, 
remote connectivity and better IP 
(international protection or ingress 
protection) rating. Dimension and 
weight could be important for en-
gineers who prefer portability with 
multimeters. “A user, having fixed 
his or her requirements, should select 
the instrument not only for present 
requirements but also future needs,” 
informs Goliya. 

A reasonably large, clear and 
well-lit display for comfortable read-
ings with availability of warranty, 
service and affordable spare parts 
could prove to be beneficial in the 
long run.

Choose wisely, measure well
Multimeters are one of the most 
widely used T&M equipment. Al-
though there are a variety of brands 
and multimeters out there, the area 
where your digital multimeter will 
be used remains the cornerstone of 
your purchase. Low-end multimeters 
come in handy for DIY electronics. 
But most of the cheap multimeters 
do not conform to safety standards, 
therefore it would be preferable to 
select one from a known brand.  

Fig. 5: Various types of CAT standards (Image courtesy: Fluke) 
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Precision-Guided Munitions: 
Laser-Guided Munitions 

Laser-guided munitions are the most 
widely exploited electro-optically-
guided precision-strike munitions 

on various land based, sea based and 
airborne military platforms, such as main 
battle tanks, armoured fighting vehicles, 
ships, fighter aircrafts and attack helicop-
ters. In continuation of part 1 of the arti-
cle, focus in this part is on laser-guided 
munitions. Different aspects of this class 
of electro-optically-guided munitions, 
such as delivery concept, deployment 
configurations, performance parameters, 
international status and emerging trends, 
are covered in this part.

Laser-guided munitions, due to high 
precision, efficacy and lethality, constitute 
an important weapon system in the arsenal 
of the armed forces worldwide. These have 
proven their lethality and efficacy beyond 
any doubt during several conflicts, which 
include their limited use by British forces in 
the Falklands war in 1982, during operation 
Desert Storm in the Gulf War in 1991 by 
the coalition forces against Iraq and during  
Kosovo War in 1999. Laser-guided munitions 
were used in large numbers to great effect 
during Gulf and Kosovo wars. These are of 
great tactical importance in the contempo-
rary battlefield scenario. 

Operational basics
Laser-guided munitions use a type of opto-
electronic position sensor subsystem known 
as seeker unit that determines in real-time 
the position of the weapon with respect to 
the target and feeds this information to a 
servo control subsystem. The servo control 
sub-system ensures that the weapon main-
tains its orientation in the desired direction 
of the target so as to ultimately hit it pre-
cisely. Fig. 1 shows constructional features 
of laser-guided munitions. 

In laser-guided munitions delivery opera-
tion, the target is illuminated, called target 
designation, by a pulsed solid-state laser 
producing high peak power pulses with a 
known pulse repetition frequency (PRF). 
Peak power, pulse width and PRF are typi-
cally in the range of 5MW to 8MW, 10ns to 
20ns and 5Hz to 20Hz, respectively. The 
laser-seeker head in the weapon makes use 
of laser radiation scattered from the target to 
generate information on the angular error, 
which, in turn, is used to generate command 
signals needed to guide the weapon to the 
source of scatter, which is the target (Fig. 2).

Before the weapon locks on to the radia-
tion scattered from the target, it makes sure 

Part 2 of 4
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Fig. 1: Constructional features of a laser-guided bomb

Fig. 2: Laser-guided munitions delivery
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that the radiation is the intended one. 
To achieve this, the laser target desig-
nator and the laser seeker used in the 
guided-weapon delivery mission use 
the same PRF code, and the PRF code 
compatibility check forms the basis of 
identification of the desired radiation. 
PRF code compatibility is therefore 
essential to the weapon’s functional-
ity and mission success. The code is 
generally chosen to an accuracy of 
±1µs to ±2µs in the time interval 
between two successive laser pulses 
in a nominal value that is usually in 
the range of 50ms to 200ms. 

The opto-electronic position sen-
sor in the front-end of the seeker 
unit determines the orientation of the 
weapon with respect to the target. 
But before it does that, it deciphers 
the PRF of the received radiation, 
and only if the PRF matches with the 
chosen PRF value within the speci-
fied tolerance, it is further processed 
to extract information on the angular 
position of the weapon with respect 
to the target. Information on angular 
error in azimuth and elevation is fed 
to the servo control sub-system in 
the specified format, which, in turn, 

controls the flight trajectory of the 
weapon with the help of front canards 
and a tail unit.

The position sensor
The opto-electronic sensor employed 
for the purpose of position sensing 
is usually a quadrant photo sensor. 
It is the heart of the laser seeker. 
A two-dimensional array of photo 
sensors is also used in some cases.  
Fig. 3 explains the principle of op-
eration of the quadrant photo sensor 
when used for the position-sensing 
application in laser-guided muni-
tions. 

The quadrant photo sensor is 
placed before the focal plane of front-
end optics. The focal spot is sym-
metrical to the centre of the quadrant 
photo sensor when the perpendicular 
to focal plane of the detector is col-
linear with the axis of received laser 
radiation scattered from the intended 
target as shown in Fig. 4(a). This is 
the case when the weapon is pointing 
precisely towards the target. 

If the laser radiation is imping-
ing on the laser seeker cross-section 
at an angle, which will be the case 

when the weap-
on is not point-
ing towards the 
intended tar-
get, the centre 
of the focused 
laser spot will 
shift depending 
upon angular 
error in azimuth 
and elevation as 
shown in Figs 
4(b) to 4(e). 

The beam 
position in X 

and Y directions is calculated using 
the following equations; X and Y 
represent angular errors in azimuth 
and elevation directions:

X =                         and Y = 
(B+C) – (A+D) (A+B) – (C+D)

(A+B+C+D) (A+B+C+D)

where A, B, C and D are electrical 
voltages corresponding to laser power 
falling on the four quadrants. In the 
case of precise pointing towards 
the target, all four power levels are 
equal, and therefore X=0 and Y=0. 
A+B+C+D represents total power, 
and division by total power ensures 
that the calculated position error is 
independent of laser-intensity vari-
ations.

Output analogue signals pro-
portional to the magnitude of laser 
power falling on four quadrants are 
digitised and then processed to com-
pute X and Y. Error signals X and Y 
are then used to guide the weapon 
towards the desired position of null 
with canards driven by a servo con-
trol system. The maximum value of 
the proportional field-of-view offered 
by the laser seeker of this type in 
X and Y directions is proportional 
to ±R where R is the radius of the 
focused laser spot. Larger spot size 
gives a larger field-of-view but a 
lower angular resolution. Radius 
of the focused spot can at the most 
be equal to half of the radius of the 
quadrant active area.

In another position sensing tech-
nique that uses a two-dimensional ar-
ray based sensor, each active element 
in the array is identified by a unique 
azimuth and elevation angle. The 
focused spot at any time covers more 
than one active element, and the an-
gular error in azimuth and elevation 
is computed from following equa-
tions. Fig. 5 explains the concept.

X = n × θ +                           and 

Y = m × θ + 

[(B+C) – (A+D)]

[(A+B) – (C+D)]

[(A+B+C+D)]

[(A+B+C+D)]

where θ is the proportional field-of-
view of each miniature quadrant. 
n and m are constants, depending 

Fig. 3: Principle of operation of a quadrant photo sensor

Fig. 4: Position of a laser beam spot with (a) laser beam aligned with the receiver’s optical axis,  
(b) laser beam shifted in positive X-direction, (c) laser beam shifted in negative X-direction, (d) laser 
beam shifted in positive Y-direction and (e) laser beam shifted in negative Y-direction 
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upon the illuminating quadrant. A, 
B, C and D are electrical voltages cor-
responding to laser power falling on 
the four quadrants.

Important parameters
Major performance parameters of 
laser-guided munitions include sen-
sitivity, field-of-view, PRF code com-
patibility and response linearity. In 

addition, immunity to false codes and 
response to desired code in the pres-
ence of false code are other impor-
tant parameters relevant to assessing 
performance efficacy of laser-guided 
munitions.

Sensitivity is the minimum value 
of laser power density impinging on 
the laser seeker cross-section in a 
plane orthogonal to the optical axis 
of the seeker head to which it can re-
spond satisfactorily. It is a character-
istic of the seeker’s front-end optics 
and photo sensor. Sensitivity of the 
seeker decides the maximum guid-
ance range for known values of laser 
target designator parameters, target 
reflectivity, height of laser target 
designator (in case of airborne laser 
designator) and laser seeker above 
sea surface and visibility conditions.

Field-of-view determines the prob-
ability of the weapon finding itself 
within the laser basket at maximum 

guidance range. Laser-guided muni-
tions using a seeker head having larger 
field-of-view would have a higher 
probability of finding themselves in 
the laser basket and subsequently pre-
cisely hit the intended target.

PRF code compatibility is the 
primary requirement for the weapon 
to function. This means the PRF 
code of the received laser radiation 
would be the same as the PRF code 
programmed in the guidance unit 
before the start of mission. The code 
is usually expressed as time interval 
between two successive laser pulses 
in milliseconds, usually up to the 
third decimal place. Two codes are 
considered compatible if the differ-
ence in time periods of the two codes 
is less than a certain specified value.

Response linearity predominantly 
decides the circular error probability 
(CEP). Immunity to false PRF codes 
and capability to stay locked to the 
desired code in the presence of false 
PRF codes enhances the probability 
of target hit. The former test is per-
formed by irradiating the seeker head 
with a PRF code different from the 
programmed PRF code and later by 
irradiating the seeker head simultane-
ously with radiations of correct and 
false PRF codes.

Deployment configurations
Different deployment configurations 
are used for laser-guided munitions 
delivery, depending upon the nature 
of mission. The one illustrated in Fig. 
2 uses a ground based laser target 
designator and aerially-delivered 
bomb. There can be other possible 
scenarios. For example, in another 
case, the laser target designator is 
located on another aircraft, which is 
not the one carrying the laser-guided 
bomb. Such a deployment scenario is 
depicted in Fig. 6.

In yet another deployment config-
uration, the target is designated from 
a ground based designator and guided 
munitions are also launched from a 
ground based platform. This is true in 
case of cannon-launched laser-guided 
projectiles. This is depicted in Fig. 7.

Fig. 6: Laser-guided munitions delivery with target designated from another aircraft

Fig. 5: Operating principle of a two-dimensional 
array based position sensor

Fig. 7: Laser target designator operation and laser-guided munitions delivery from ground based 
platforms
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Yet another possible deployment 
configuration can be the one in 
which the laser target designation 
and laser-guided munitions delivery 
is executed from the same airborne 
platform as shown in Fig. 8.

While the delivery configuration 
shown in Fig. 7 is applicable to can-
on-launched laser-guided projectiles, 
the other three cases shown in Figs 
2, 6 and 8 are different options used 
in the case of delivery of laser-guided 
bombs and missiles.

Laser-guided munitions delivery 
parameters
For a given value of sensitivity of the 
laser-seeker head (minimum power 
density required to be present in the 
seeker plane orthogonal to its optical 
axis for it to function satisfactorily), 
the guidance range depends upon 
the power density actually avail-
able at that plane. Available power 
density depends upon a number of 
parameters, prominent among them 
being peak transmitted power from 
the laser target designator, transmit-
ted beam diameter, transmitted beam 
width full angle, laser target designa-
tor-to-target distance, target-to-receiv-
er distance, atmospheric attenuation 
coefficient, target reflectivity, angle 
between transmitter line-of-sight and 
normal to the target, angle between 
receiver line-of-sight and normal to 
the target, angle between receiver 
line-of-sight and normal to receiver 
aperture, and target surface area.

Transmitted 
beam diameter 
and full-width 
angle  dec ide 
the laser beam 
spot area at a 
given distance 
from the trans-
mitter. The la-
ser beam spot 
area is directly 
proportional to 
the laser beam 
width full an-
gle and distance 
from the trans-

mitter. Smaller divergence (conse-
quently, lower laser beam width full 
angle) produces a relatively smaller 
laser beam spot area up to a longer 
distance and therefore is always de-
sirable. 

Power density at target location 
is given by laser power available at 
the target location, divided by the 
laser beam spot area at that location. 
Laser power reaching the target loca-
tion depends upon transmitted laser 
power, atmospheric attenuation coef-
ficient at operating wavelength and 
transmitter-to-target distance. Fur-
ther, attenuation coefficient depends 
upon visibility conditions and the 
height of transmitter above sea-level. 

Target irradiance, which is the 
laser power density on the target sur-
face, is not the same as power den-
sity at the target location. This is due 
to the angle made by the transmitter 
line-of-sight and normal-to-the-target 
surface. Target irradiance is less than 
the power density at the target loca-
tion by a factor given by cosine of 
this angle. 

Target brightness is the laser pow-
er density per unit solid angle in the 
reflected beam. This depends upon 
target reflectivity and mechanism of 
reflection, whether it is specular or 
diffused or a combination of the two. 
Target brightness together with the 
solid angle subtended by the receiver 
aperture and the attenuation coef-
ficient from target to receiver decide 
the power density available at the 

plane normal to the receiver cross-
section. The actual power density 
available is further reduced by a fac-
tor equal to cosine of angle between 
receiver line-of-sight and normal-to-
receiver aperture. 

Received power is the product of 
power density multiplied by receiver 
aperture area. The value needs to be 
further multiplied by loss coefficient 
due to front-end optics.

Capabilities and limitations 
Laser-guided munitions, with their 
diverse variants in surface and 
aerially-launched laser beam riders, 
canon-launched projectiles, aerially-
delivered bombs and helicopter-
launched missiles, are today the 
preferred weapons of precision attack 
by Armed forces worldwide. This has 
happened due to the constant upgra-
dation of their capabilities over the 
years since World War II. 

One of the most important at-
tributes of laser-guided munitions 
is their precise weapon delivery. In 
World War II, it required 9000 bombs 
to hit a target of the size of an aircraft 
shelter; in Vietnam, the number was 
reduced to 300 and today only one 
laser-guided munition can achieve 
this objective. 

Reduced collateral damage is 
another big advantage of precision-
attack weapons in general and laser-
guided munitions in particular. Since 
the days of World War II, when a 
single air attack could kill tens of 
thousands of human lives without 
raising any moral outcry, attitudes 
towards both enemy and friendly or 
neutral have undergone a remarkable 
transformation. 

Pin-point accuracy offered by 
precision laser-guided munitions 
gives military planners the comfort 
and confidence of attacking intended 
targets even in the midst of major cit-
ies. The precision of attack and near-
zero collateral damage gives military 
planners and decision makers the 
freedom and flexibility to use mili-
tary force closer to non-combatant-
inhabited areas in enemy homeland 

Fig. 8: Laser target designator operation and laser-guided munitions delivery 
from same airborne platform
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ballistic flight path. The weapon re-
lease should be such as to allow the 
weapon on a ballistic trajectory find 
itself within the laser basket at the 
time of start of terminal guidance. 
Relatively narrow field-of-view of the 
laser seeker further complicates the 
problem.

Uninterrupted target designation 
is yet another challenge. The con-
cept of terminal guidance reduces 
the overall designation time and 
improves reliability of uninterrupted 
designation. In the case of autono-
mous laser designation, that is, 
designation from weapon-carrying 
aircraft, uninterrupted target desig-
nation is a big problem in the pres-
ence of smoke, fog, clouds and dusty 
conditions. In addition, it leaves the 
aircraft vulnerable to enemy attack 
by ground fire or air support.

Optimum weapon release height 
poses another challenge. Optimum 
altitude for weapon release is in the 
range of 6km to 9km. This makes 
attack aircraft seriously vulnerable 
to surface-to-air missile (SAM) at-
tack. During their 1981 raid on the 
Iraqi nuclear reactor at Osirak, the 
Israeli Air Force chose to use un-
guided Mark 84 bombs rather than 
laser-guided weapons during a raid 
because they felt that the need to 
designate the target would leave at-
tackers unacceptably vulnerable.

Major laser-guided  
weapon systems
Laser-guided munitions are broadly 
categorised as surface-launched 

or enemy-occupied territory than at 
any previous time in military history. 

Yet another advantage of laser-
guided munitions is their resistance 
to jamming and electronic counter-
measures. Ability to operate at night, 
simplicity, reliability and maintain-
ability are other positive attributes.

While laser-guided munitions are 
highly accurate and have demonstrat-
ed their efficacy in several conflicts in 
the past, the precision of attack and 
reliability of operation are guaranteed 
only under certain conditions. Fac-
tors that have a large bearing on the 
overall performance of a laser-guided 
munitions delivery mission include 
accurate and uninterrupted target 
designation, atmospheric attenuation 
due to prevailing environmental con-
ditions and mode of weapon release. 

Laser designation of the target 
should be such that the weapon’s 
seeker head finds itself within the re-
flected radiation basket and also the 
received laser power is greater than 
its sensitivity. This is the first major 
challenge. Laser designator to target 
path length is sometimes an issue 
under adverse environmental condi-
tions. Laser under these conditions is 
attenuated more than it would have 
under ideal or normal conditions. 
This may lead to laser power as re-
ceived by the seeker falling below 
its threshold, which further causes 
failure of the guidance system if the 
received power is inadequate. 

Improper designation may also 
lead to mishits. This was observed 
during the Gulf war when the laser 
radiation was reflected off sand sur-
face rather than the intended target. 
Temporary blockage of laser radiation 
due to smoke, fog and dusty condi-
tions and increased moisture content 
is another reason for guided muni-
tions missing targets.

Correct weapon release is another 
challenge. The guidance system of 
earlier laser-guided munitions, such 
as Paveway-II, resulted in a recti-
linear flight path that had a tendency 
to lag below the sight line. Currently, 
weapons are released on an unguided 

projectiles, aerially-delivered bombs 
and surface-to-surface, surface-to-air 
and air-to-surface missiles. A large 
number of laser-guided weapon 
systems in these categories are 
manufactured by international giants, 
including Lockheed Martin, SAAB 
Bofors Dynamics Israel Aerospace 
Industries, Matra, Raytheon and KBP 
Instrument Design Bureau. The more 
common and established weapons, 
including Krasnopol/Krasnopol-M 
and Copperhead (cannon-launched 
laser-guided projectiles), Paveway-
series and Griffin (aerially-delivered 
bombs), LAHAT, RBS-70/RBS-70NG 
and Hellfire (laser-guided missiles) 
are briefly discussed in the following 
paragraphs.

Laser-guided projectiles
Krasnopol and Copperhead are 
cannon-launched fin-stabilised ter-
minally laser-guided explosive projec-
tiles designed to engage small, hard, 
point-ground targets, such as tanks, 
armoured vehicles, self-propelled 
artillery systems and other high-value 
targets, such as bridges, defensive 
fortifications, C4I (command, control, 
communications, computers and in-
telligence) centres, etc. 

Krasnopol projectile is produced 
in two variants, namely, Krasnopol 
and Krasnopol-M. The former is a 
152mm two-section projectile de-
signed to operate with both towed 
and self-propelled guns and howit-
zers. It, however, has a shortcoming 
that it is incompatible with 2S19 
auto-loader due to the projectile’s 
length. 

Krasnopol-M is a 152mm/155mm 
projectile. It is an improvement over 
Krasnopol and is fully compatible 
with 2S19 auto-loader, which makes 
it usable with western produced 
155mm howitzers. 

Other than that, both have the 
same attack profile (diving top attack 
as illustrated in Fig. 9), targets en-
gaged and the type of warhead used. 
The target ranges are similar; 20km 
in the case of Krasnopol and 17km 
for Krasnopol-M. Fig. 10 shows the 

Fig. 9: Diving top attack in the case of Krasnopol

http://en.wikipedia.org/wiki/Mark_84_bomb


Defence electronics   

67www.EFYMag.coM ElEctronics For You | March 2015

photograph of Krasnopol projectile.
Krasnopol projectile follows a bal-

listic trajectory approaching the tar-
get once it is fired. Subsequent to its 
firing, a forward observer illuminates 
the target with a laser designator at a 
maximum range of 7km. The seeker 
in the front-end of the projectile locks 
on the target and the guidance and 
control system corrects its flight path 
in order to impact on the selected/
illuminated point. Krasnopol projec-
tile follows a top-attack pattern to 
achieve an optimised probability of 
kill against the armoured target.

M-712 Copperhead is a 155mm-
calibre terminally laser-guided projec-
tile with a minimum and maximum 
range of 3km and 16km, respectively. 
It has two operational modes: bal-
listic mode and glide mode. Ballistic 
mode is used when the cloud ceiling 
is high and visibility condition is 
good. Terminal guidance begins at 
3km from the target. Glide mode is 
used when the cloud ceiling and/or 
visibility is too low to allow use of 
ballistic mode. The attack profile in 
the case of Copperhead projectile is 
laser-illuminated point attack. Fig. 11 
shows Copperhead projectile in flight 
as it nears the target. 

Copperhead projectile was suc-
cessfully used during Operation De-
sert Storm in 1990-91 and Operation 
Iraqi Freedom in 2003. It is in use 
by various Armed forces, including 
Australian army, United States army, 
Egyptian army, Jordanian armed 
forces and Taiwanese army.

Laser-guided bombs
Of all the variants of laser-guided mu-
nitions, laser-guided bombs are the 
most widely exploited weapons if the 
number of user countries and if laser-
guided bombs used in warfare in the 
past are any indication. Paveway fam-

ily of laser-guided bombs has revolu-
tionised tactical air-to-ground warfare 
by converting dumb bombs into smart 
precision-guided munitions. Paveway 
family of the laser-guided bomb is the 
preferred choice of Air Forces world-
wide, as these have proven their ac-
curacy and efficacy in almost all major 
conflicts in the past. The family has 
evolved over the years and has seen 
continuous capability enhancement 
with newer versions. It has seen four 
generations, namely, Paveway-I, -II, -II 
Plus, -III and -IV. 

Paveway-I used a gimballed 
seeker head, a computer control 
group (CCG) and a set of air foils. 
The seeker head operated in bang-
bang mode, which meant that control 
surfaces were deflected either fully or 
not at all. This led to a sub-optimal 
flight trajectory. Bombs that could be 
fitted with Paveway-I LGB kit includ-
ed M117, M118E1, MK-82, MK-83, 
MK-84, MK-20, CBU-74/B, CBU-75/B, 
CBU-79/B and CBU-80/B. More than 
10,000 Paveway-I LGBs were used by 
the US Air Force in South East Asia 
with great success. 

Paveway-II (Fig. 12) 
has a nose-mounted 
seeker head and fins for 
guidance. Manufactured 
by Defence contractors 
Raytheon and Lockheed 
Martin, it also uses the 
bang-bang guidance con-
cept. That is, fins deflect 
fully or do not deflect 
at all. 

Paveway-III is an im-
provement over Pave-
way-II and uses a more 
efficient proportional 
guidance technology. 

Produced by Raytheon, it was intro-
duced into service in 1983.

Paveway-IV (Fig. 13) is an ad-
vanced and highly accurate laser-
guided weapon. It is the most recent 
member of the Paveway family. Manu-
factured by Raytheon Systems Ltd, the 
UK, Paveway-IV entered into service 
in 2008. It will replace Paveway II and 
enhanced Paveway-II weapon systems 
as well as the 453.6kg (1000-pound) 
unguided general-purpose bomb. 
Paveway-IV employs a combination 
of semi-active laser guidance and INS/
GPS guidance to combine the flexibil-
ity and accuracy of laser guidance and 
all-weather capability of INS/GPS to 
give significantly improved battlefield 
performance.

Griffin laser-guided bomb kit is 
manufactured by Israel Aerospace 
Industries and is designed to retrofit 
the existing MK-82, MK-83 and MK-84 
dumb gravity bombs. The kit employs 
a laser-seeker head and a set of steer-
able tail planes for guidance. The CEP 
is estimated to be 5m. It is in use by 
Israeli Defence Forces, Indian Air 
Force and Colombian Air Force.

Sudarshan laser-guided bomb kit 
developed by Aeronautical Develop-
ment Establishment of DRDO and 
manufactured by Bharat Electronics 
is another LGB kit. It was introduced 
in Indian Air Force in 2013. The CEP 
is estimated to be 10m. In future, 
Sudarshan LGB kit will incorporate 
a GPS sensor to improve its perfor-
mance.

Fig. 13: Paveway-IV

Fig. 10: Krasnopol laser-guided projectile

Fig. 11: Attack profile of Copperhead projectile

Fig. 12: Paveway-II
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Laser-guided missiles
Laser-guided missiles use both 
beam riding as well as semi-active 
laser-guidance concepts. RBS-70/
RBS-70NG and LAHAT are examples 
of laser beam-riding missiles. These 
were briefly described in part 1 of the 
article. AGM-114 Hellfire-II is a com-
bat-proven tactical surface-to-surface 
and air-to-surface missile system that 
uses semi-active laser homing. Fig. 
14 shows Hellfire-II fired from a land 
vehicle. 

Hellfire family comprises Long-
bow Hellfire and Hellfire-II missiles. 
Hellfire-II missile has a maximum 
range of 7km (direct fire) and 8km 
(indirect fire). The missile can be 

launched from multiple air, sea and 
ground platforms, either in autono-
mous mode or with remote designa-
tion. A variant designated AGM-114L 
uses millimetre-wave radar guidance. 
Manufactured by Lockheed Martin 
and introduced into service in 1984, 
its primary use is as air-to-surface to 
engage and defeat individual static 
or moving advanced armour, mecha-
nised or vehicular targets, patrol 
craft, buildings and bunkers. AGM-
114K, AGM-114M, AGM-114N and 
AGM-114R are laser-guided variants.

New developments
While laser-guided bomb kits con-
tinue to improve in terms of hit ac-
curacy, operational range, guidance 
technology and so on, in recent 
years, there has been emphasis to 
improve guidance technology to im-
prove the weapon’s performance in 
adverse weather conditions. This has 
been made possible by combining 
laser guidance with global position-
ing system (GPS)/inertial navigation 
system (INS). Laser joint direct attack 
munition (LJDAM) is an example. 

Another major development has 
been the use of 
guidance technol-
ogy in smaller 
ammunition. In 
the recent past, 
field trials have 
shown encour-
aging results in 
laser-guided bul-
lets. 

Joint direct 
a t t a ck  mun i -
tion (JDAM) is 
a low-cost guid-
ance kit used to 
convert existing 
unguided free-fall 
bombs into near-
precision-guided 
weapons.  The 
JDAM kit con-
sists of a tail sec-
tion that contains 
a GPS/INS and 
body strakes for 

additional stability and lift. JDAM is 
produced by Boeing. 

LJDAM expands the capabilities 
of the JDAM by combining a laser 
sensor kit with a JDAM kit. LJDAM 
has the accuracy of a laser-guided 
weapon and all-weather capabil-
ity and longer range of GPS/INS 
guided weapons. It can precisely hit 
both stationary and mobile targets. 
LJDAM has been integrated with 
GBU-38 and is operational on the US 
Air Force F-15E and F-16 and the US 
Navy F/A-18 and A/V-8B platforms. 
It is planned to integrate LJDAM 
with GBU-31 and GBU-32. Fig. 15 
shows Boeing LJDAM on F-16 fighter 
aircraft (lowermost weapon in the 
figure).

Laser-guided bullet development 
at Sandia National Laboratories is 
making headlines as it is expected 
to significantly increase the range 
of sharp shooting. Modern bullets 
gain their accuracy from a technique 
known as rifling, in which the ri-
fle barrel has a series of spiralling 
grooves etched into it. The spiralled 
grooves give a spin to the bullet, 
thereby stabilising its flight path. 
The laser-guided bullet developed 
at Sandia National Laboratories is 
fired from a smooth bore barrel and 
is stabilised by four steerable fins 
at its rear (Fig. 16). The fin move-
ment is controlled by a computer 
chip, which, in turn, is driven by a 
signal from an optical sensor on the 
bullet’s nose. The intended target is 
illuminated by a laser beam and the 
bullet uses steerable fins to adjust its 
mid-flight trajectory. The operation is 
similar to that of a laser-guided mu-
nition, which makes a laser-guided 
bullet nothing but a miniature laser-
guided munition. 

According to one computer simu-
lation, an unguided bullet fired at a 
target at 800m would miss the target 
by about 9m. The laser-guided bullet, 
on the other hand, would cut that 
inaccuracy to just 20cm. Knowing pe-
culiarities of ballistics, the accuracy 
gets better for longer ranges.

To be continued...

Fig. 14: Hellfire-II fired from a land vehicle

Fig. 15: LJDAM integrated with F-16C aircraft

Fig. 16: Prototype of the laser-guided bullet developed at Sandia National Lab
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This Month’s DVD Contents 
This month’s DVD is a collection of a variety of electronics software, ranging from the PCB 
design suite from Cadence to the semiconductor simulator for submicron and nanoscale 
devices. Make sure to try the free e-adventure for all your fun creations 

Popular resources
 7Zip. Version 9.35 (file archiver)
 Java Runtime Environment. Version 8.0.250.18  
    (runs programs written in Java programming language)
 VLC. Version 2.1.5 (media player)
 Opera. Version 24.0.1558.66 (web browser)
 Free Download Manager. Version 3.9.4  
    (file download manager)
 Thunderbird. Version 31.1.0 (email application)
 Mozilla Firefox. Version 34.0.5 (web browser)
 Apache Open Office. Version 4.1.1 (open office)
 Talisman Security (antivirus) 

OrCAD Lite (version 16.6)
OrCAD Lite is the demo package of 
OrCAD design solutions for a PCB. 
From the initial schematic to the final 
artwork, you will find the complete 
tools for an integrated workflow. 
The set of tools included are OrCAD 
Capture, OrCAD CIS, PSpice A/D, 
PSpice advanced analysis, OrCAD 
PCB editor, SPECCTRA for OrCAD 
and OrCAD signal integrity, limited 
only by the size and complexity of 
the design. This is basically the full-
functional version that offers all fea-
tures of OrCAD. Unlike all other free 
and trial versions, OrCAD Lite never 
expires so you can keep using it.

GHDL (version 0.31)
G hardware design language, popu-
larly known as GHDL, is a very high-
speed integrated circuit hardware de-
scription language (VHDL) compiler. 
It converts VHDL codes directly to 
machine codes without interference 
from any intermediary languages, 
like C or C++. It can directly create 
binaries or executable images that 
are considered to be the best form 
for test benches because these are 
autonomous, self-checking VHDL 
designs. GHDL is an open source 
software available for free.

Archimedes (version 2.0.1)
Archimedes is a simulator avail-
able for submicron and nanoscale 
semiconductor devices. It is avail-
able under the GNU general-public 
licence (GPL), and thus can be eas-
ily downloaded, used, modified and 
redistributed. It is very easy to set up 
and run a simulation with Archime-
des, as you do not need to know the 
physics or the code behind it to use it 

effectively. It is based on 
the Monte Carlo method 
of simulation.

OpenSCADA  
(version 1.3.0)
OpenSCADA is a full-
featured, state-of-the-art 
supervisory control and 
data acquisition (SCADA) 
system that is used to 
control distributed sys-
tems used in industrial 
and civil engineering applications, 
from a master location. It is a free 
SCADA tool available under the GNU 
lesser general-public licence (LGPL). 
This particular release has many new 
features and enhancements to the 
existing functionality.

Circuit construction kit  
(DC only) (version 3.20)
It is a light-weight utility software to 
help create electronics circuits using 
different preset components. It has 
been mainly brought up for educa-
tional purposes to teach students 
about electrical components that are 
used in series and parallel circuits. It 
is a Java based portable program for 
Windows XP/Vista/7 OSes and does 
not leave traces in registry keys. A 
freeware, it can easily be copied on 
a USB and used on a computer with 
pre-installed Java environment.

DX Toolbox (version 4.4.0)
DX Toolbox is a short-wave propaga-
tion-forecasting tool. It searches the 
web, gathers information on solar 
and geomagnetic conditions that af-
fect radio propagation. This is the 
free version of the software, avail-
able both for Windows and Mac OS 
X. It has several propagation tools 
associated with it that allow one to 

estimate current high-frequency (HF) 
short-wave propagation conditions 
between two locations of the world, 
quickly and easily.

Transformer Calculation  
(version 0.1)
It is a free software tool used to cal-
culate the number of coils and wire 
thickness in the core of a transformer. 
It can be used only to calculate values 
for standard transformer cores with 
profile as either W or U, and does not 
support any toroid transformers with 
a ring profile core or any other type 
of transformers. It also helps identify 
primary and secondary coil param-
eters, like input and output voltage, 
output amperage, calculated power 
and lists of wanted power, amperage 
and voltage. 

Toolduino (version 1.0)
Toolduino is a free software applica-
tion that helps you work with Arduino 
hardware so that you can test circuits so 
created. It uses Arduino library for pro-
cessing to communicate with any Ar-
duino board. However, Toolduino can-
not be used with any Arduino sketch; 
it requires a standard Firmata sketch on 
Arduino to work effectively.  

The author is a technical journalist at EFY 
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a simulator, we may call it a compiler 
that can also simulate.

Features to strive for
GHDL has gained popularity because 
of its features. It is not just limited to 
one processor, but can successfully 
compile and simulate LEON1 SPARC 
processor and DLX processor. 

Self inspects files. GHDL can 
directly create binaries or executable 
images that are considered to be the 
best form for test benches because 
these are autonomous, self-checking 
VHDL designs. Binary versions can 
also be used to create either a VCD 
file or a GHW file that can be inspect-
ed visually with a waveform viewer.

Accepts codes in any language. 
GHDL, being a compiler, can gener-
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i

The G Hardware Design Language 

G hardware design language 
(GHDL), where G has no 
meaning, might remind us 

of very high-speed integrated cir-
cuit hardware description language 
(VHDL). Could these be twins? Jokes 
apart, VHDL is a programming lan-
guage, while GHDL is a compiler to 
that language. This means that codes 
that are generated by VHDL can be 
tested with the help of GHDL. Let 
us find out more about this tool to 
identify its working and benefits for 
our projects.

GHDL is an open source tool 
compatible with Windows, Linux and 
Mac OS X operating systems (OSes). 
It is a free software that can be redis-
tributed or modified under GNU GPL 
version 2 or any later version. The 
latest version of GHDL is 0.31, which 
is available as mcode, whereas the 
binary version of GHDL is still avail-
able in version 0.29.

Compiler or simulator
A simulator usually requires other 
tools for compilation, whereas GHDL 
is mainly a compiler that can execute 
almost any VHDL program. It con-
verts VHDL codes directly into the 
machine language using the GNU 
compiler collection (GCC) frame-
work. It does not require any inter-
mediary language like C or C++ for 
the same. Thus, codes are compiled 
faster and analysed in a shorter time 
as compared to the compiler that 
uses intermediary languages. How-
ever, the mcode version of GHDL has 
its own JIT compiler framework.

Some popular simulators have 
the code synthesis ability that helps 
these create netlists. However, GHDL 
does not have the ability to create 
any netlist. So, rather than calling it 

ate an object file for codes written 
in any foreign language, such as 
C, C++ or Ada95. All versions of 
GHDL above 0.5 have this capability.

IVI supports GHDL. IVI is a 
graphical front-end for various simu-
lators. GHDL, a compiler without any 
provision to view graphics, needs 
a separate graphical interface. Cur-
rently, versions of this tool have been 
enhanced to work with IVI.

Portable. GHDL can easily be 
ported to other OSes or CPUs without 
any issue; an example is porting of 
this tool to MAC. You can find the 
MAC version of the tool available for 
download, although the installation 

What is mcode version?
Ideally speaking, we can divide GHDL installation package into two different installation 
versions—mcode and GCC. The binary version and GHDL installers are based on GCC 
framework and so can be called GCC versions. The mcode version of the GHDL installation 
package is based on JIT compiler framework. mcode means machine codes that allow a quick 
compilation and are easy to install on systems where GCC installation is difficult. It is limited 
to 32-bit Intel x86 architecture processors, and is a bit slow as compared to the GCC version.

Fig. 1: Using GHDL for interactive simulation 

Competitive tools
 activeHDL
 ModelSim XE
 Tarang EDA

 VHDL Simili
 Xilinx ISE 

Pre-requisites for 
installation
For installation of the binary version:
  C compiler
  zlib

For installation of the mcode version:
  gtkwave waveform viewer 
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for the same has only been tested on 
Windows and Linux.

User’s point of view
Every user has his or her experience 
and story to convey with different ver-
sions of the same software. This tool 
has mixed reviews; while some people 
like GHDL so much they want to use 
it again, others have faced plenty of 
issues with one particular version and 
they do not want to try other newer 
versions. 

One such user at http://source-
forge.net/ finds GHDL to be outstand-
ing with Xilinx’s Unisim and Xilinx-
CoreLib packages without any issue. 
He appreciates the development team 
for building such a tool, while another 
user faces some issues with GHDL, 
when used with Xiling’s Unisim.

You could find some users at 
http://www.sigasi.com/ who find it 
hard to compile and distribute GHDL 
at Linux platform; however, some find 
it slow. Some users also realise that a 
designer is never interested in compil-
ing the compiler but would want to 
compile codes he or she generates. 
They also realise that GHDL is for 
small circuits and FPGAs that do not 
need much high speed, as in the cases 
of SoCs and ASICs.

There are some users at http://
www.edaboard.com/ who have had 
issues compiling and building the 
GHDL source code for version 0.29 but 
they also found a way around for that, 
which worked fine later.

GHDL aims to implement all ver-
sions of VHDL that support all stand-
ards given by IEEE, although there is 
still a long way to go before this can 
be achieved. 

To sum up, GHDL can be a good 
compilation and simulation tool to 

Fig. 2: GTKWave simulation 

use with small circuits and FPGAs, 
especially when it costs almost noth-
ing. We understand that it would 
need a few other graphical and sup-
port tools, but this also means that 
other workable open source or free 
tools can be easily used with it to 

How to install
It is very easy to install GHDL on Windows if it is a pre-built version. You only need to open (or 
double-click) the GHDL installer. However, the Linux version of the tool is a command-line or 
binary version and needs some attention. 

1. Unless links are set, the default location for binary installation cannot be altered.
2. Installation will take place in the following directory. 
    /usr/local directory (in a Linux system)
3. You should be at the root directory to install this.
4. Use the following commands for installation:
    $ su 
    # tar -C / -jxvf @TARFILE@.tar.bz2
The mcode version of this tool can also be used for installation on Windows (32-bit) and  

Mac OS X version 10.5/10.6/10.7/10.8, i386 (32-bit). But, it is important that you have 
administrative privileges. Following are the steps for installing the mcode version:

On Windows:
1. Create an installation directory as needed, for example, C:\ghdl
2. Unzip ghdl-0.31-mcode-win32.zip into C:\ghdl
3. Open a command shell and cd into the resulting directory, C:\ghdl\ghdl-0.31-mcode-win32
4. Run the following batch files:
    set_ghdl_path.bat 
    reanalyze_libraries.bat
5. Check the installation 

make it more useful.
A simulator, compiler and writer, 

GHDL plays all these roles together. 
A copy of GHDL is included in this 
month’s DVD for EFY Plus.  

The author is a technical journalist at EFY 
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Archimedes: A Free Monte Carlo Simulator  
for Semiconductor Device Simulations 

codes for simula-
tion are not freely 
available. Every uni-
versity has its own 
Monte Carlo simula-
tor, a non-equilibri-
um green’s function 
(NEGF) simulation 
for similar research. 
Of course, a very 
large number of re-
search papers are 
available, but their 
codes are not shared. 
This leads to du-
plication of work 
around the world. 
A researcher has to 
start from scratch 
for developing new 
and more advanced 
simulations.

Archimedes aims to change this 
situation in the field of Monte Carlo 
device simulation by releasing under 
GPL, allowing the user to download 
and use it as a starting point of any 
new program. It is developed as a 
powerful tool for the simulation of 

Archimedes is a free technol-
ogy computer aided design 
(TCAD) software package 

used for designing and simulat-
ing submicron and mesoscopic 
semiconductor devices. Simulation 
and prediction of the behaviour of 
devices are based on the ensemble 
Monte Carlo method. The simulator 
is extensively used by students for 
understanding solid-state electronic 
behaviour, as well as by research-
ers who want a tested and working 
transport code to start from. 

It is a complete and free software 
package written in C and can be 
copied, modified and redistributed 
under general-public licence (GPL). 
The GNU project (recursive acronym 
for GNU’s Not Unix) has announced 
substitution of the software package 
Aeneas by Archimedes, making this 
one the GNU package for Monte Car-
lo semiconductor devices simulation. 
The latest release of the software is 
version 2.0.1.

Why Archimedes
Researchers working in the semicon-
ductor electronics industry are always 
interested in the miniaturisation of 
components. Reduction in size of the 
components helps in accommodat-
ing more components in the same 
wafer, which increases the computing 
power per unit area. Simulations are 
introduced into the design to make 
accurate guesses of the electron 
behaviour, thereby reducing costs 
of prototyping new semiconductor 
devices.

A very unfortunate situation that 
exists today is that most of these 

quite general semiconductor devices. 
“Many scientific codes, especially in 
the field of numerical simulations, 
could greatly benefit the community 
if released under open licences. This 
is one way to get serious advance-
ments in the field by eliminating 

When Archimedes was released, it was a very exciting time. 
No one in the world at that time would even think about 
sharing a working code in the semiconductor community. 
The response from the leader of the GNU project, Richard 
Stallman, was very positive and that encouraged me to 
release even more advanced versions. At the moment, 
Archimedes is utilised by a big community of users and it is well-known 
in the field. I hope this example shows, to the scientific community in 
general, that it is important to share scientific and industrial codes. This is 
our only way to make progress advances. Without sharing the code, we put 
our society in the situation of duplicating efforts again and again.”  
        —Jean Michel Sellier, developer of Archimedes 

Fig. 1: Archimedes GUI 
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duplication of efforts and codes,” 
feels Jean Michel Sellier, the main 
developer of the software.

Approaches implemented  
in the software
The paper, Archimedes, the Free 
Monte Carlo Simulator: A GNU 
Package for Submicron Semiconduc-
tor Devices on nanoHUB, by Jean 
Michel Sellier and others, describes 
the approaches implemented in the 
software.

The Monte Carlo method. The 
particle nature of electrons in the 
sub-classical level is exploited in 
this method. This nature can be 
completely described with the help 
of two vectors, the position vector 
and the pseudo-wave vector. In this 
method, the two vectors are evolved 
for each time instant and for every 
particle. The method also considers 
the drift of electrons on interaction 
with the electrostatic potential and 
the scattering caused due to interac-
tions with lattice photons.

Archimedes uses the ensemble 
Monte Carlo method to simulate and 
predict the behaviour of devices. In 
this method, simultaneous calcula-
tion of many particles (ensemble) 
dynamics during a small interval of 
time is performed till a final time is 
reached. This method can be used 
to get both stationary and transient 
solutions of Boltzmann transport 
equation applied to a semiconductor 
device.

Quantum effective potential 
model. It is very important for 
semiconductor device simulations 
to mimic the quantum effects pri-
marily arising from the non-zero 
size of electron-wave packets. Most 
of the effective potential models 

Graphical user interface: Making the software  
usage simpler
Those who do not want to know anything about the scripting language, but still want to run 
simulations, can use the graphical user interface (GUI). The GUI can be run locally (needs to 
be installed first) or online in a browser (no installation is needed in this case). The interface 
is developed using the infrastructure called Rappture. We can simply declare parameters 
associated with our tool by describing Rappture objects in Extensible Markup Language (XML). 
Rappture reads this description and generates the GUI automatically. Simulations of Archimedes 
can also be run directly using a web browser in a free cyber infrastructure for scientific tools 
called nanoHUB. 

nano-archimedes
This is a TCAD, based on the platform implemented for Archimedes, and is used for modelling 
nanometre-scaled semiconductor devices. The methodology followed in the software is based 
on the signed particle formulation of quantum mechanics (a brand new formulation of quantum 
mechanics), which is a generalisation of Wigner Monte Carlo method.

Dynamics of electrons, such as transport in nanometre-scale semiconductor devices 
(nanodevices), and dynamics of N-body problems in quantum chemistry can be modelled using 
this software. The code is able to simulate time-dependent, full quantum, multi-dimensional 
phenomena, such as wave-phase breaking and single electron ballistic transport with open-
boundary conditions and electron dynamics in molecular systems, among others.

We can execute the software in both serial and parallel machines. The parallel execution 
is based on MPI and OpenMP, the two standard libraries for parallel calculations. The code 
is entirely written in C language and can compile on a huge variety of machines without any 
particular effort. 

have successfully 
   modelled the be-
haviours, such as 
drift diffusion, but 
unfortunately even 
the most sophisti-
cated ones fail in 
modelling  effects, 
like barrier tunnel-
ling and/or source-
drain tunnelling. 
The complexity 
further increases 
when used along 
with a very noisy 
method, such as 
Monte Carlo. Mod-
els implemented in 
Archimedes include 
Bohm potential, Fig. 2: Simulation of the conduction band in a MESFET 
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What all can Archimedes model do
 Physics effects and transport for electrons and heavy holes in silicon, germanium, GaAs, 

InSb, AlSb, AlAs, AlxInxSb, AlxIn(1-x)Sb, AlP, AlSb, GaP, GaSb, InP and their compounds 
(III-V semiconductor materials), along with silicon oxide, the applied and/or self-consistent 
electrostatic and magnetic fields by means of Poisson and Faraday equations.

 Pre-defined device types, such as diodes, metal semiconductor field effect transistors 
(MESFETs) and metal oxide field effect transistors (MOSFETs), are built in for nanoHUB 
users, with geometry dimensions, doping levels and numerical simulation controls as 
adjustable parameters.

 Other user-defined advanced devices. 

mation for electrons-electron interac-
tion. This description is helpful in 
modelling the electron transport to 
a great extent. In future, some phe-
nomenon, like exchange-correlation 
effect, has to be incorporated into 
this model.

The first free Monte Carlo 
simulator
Archimedes is never the last word 
for semiconductor device simula-
tors. Even developers do not claim 
so. The relevance of the simulator 
comes from the fact that this is the 
first open source simulator of its 
kind. Although many capabilities 
are yet to be implemented, devel-
opers are optimistic in including 
these in future versions. Hopefully, 
the simulator can cater to the needs 
of a semiconductor scientist, who 
needs a good starting point for his 
or her work to share it with the 
society.  

The author is an electronics enthusiast from Kerala 

Fig. 3: Simulated electron energy of a MESFET 

weighted Bohm potential, full effec-
tive potential and density-gradient 
potential.

Hartree approxi-
mation for electro-
static potential. The 
transport problem in 
semiconductor de-
vices can be split 
into the equation de-
scribing dynamics in 
a given potential and 
the equation describ-
ing the potential gen-
erated by electrons. 
The electrostatic po-

tential is described with the help of a 
well-known Poisson equation, which 
is sometimes called Hartree approxi-

http://www.electronicsforu.com
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MyHDL: A Python Based Hardware 
Description Language 

of MyHDL make it an ideal solution 
for hardware modelling.

In order to model hardware con-
currency, MyHDL makes use of Py-
thon generators. Generators used in 
MyHDL resemble the Always blocks 
in Verilog and processes in VHDL. 
The software models a hardware 
module as a function that returns 
generators. A wide range of features, 
such as arbitrary hierarchy, named-
port association, arrays of instances 
and conditional instantiation, can 
be easily supported because of this 
straightforward approach. Classes in 
MyHDL support traditional hardware 
description concepts. There is a sig-
nal class to support communication 
between generators, a class to sup-
port bit-oriented operations and a 
class for enumeration types.

Converting the design to Verilog 
and VHDL. Although there are some 
limitations, designs in MyHDL can 
be converted into Verilog or VHDL. 
Of course, the convertible subset is 
restricted. But it is much wider than 
the standard synthesis subset. It in-
cludes features that can be used for 
high-level modelling and test bench-
es. Also, conversion limitations are 
only applicable for the code inside 
the generators. Python’s full power 
can be used without compromising 
convertibility outside the generators. 

Conventionally, the design of 
digital hardware systems is 
done using a specialised hard-

ware description language (HDL), 
like VHDL and Verilog. This selection 
is based on the idea that hardware 
design has its own unique require-
ments.

MyHDL is an open source plat-
form developed by Jan Decaluwe 
for using Python, a general-purpose 
high-level language for hardware de-
sign. A designer using this software 
can benefit from the power of Python 
language as well as the merits of a 
free, open source software. 

The software can be installed on 
any platform that supports Python. 
The installation guide for MyHDL 
on a typical Linux or Unix system is 
given in the installation document 
in this month’s EFY Plus DVD. Non-
Linux platforms, like Windows, also 
have a similar installation procedure. 
Try out the latest release of this soft-
ware, MyHDL0.8.1, in this month’s 
DVD.

Key functionalities of the tool
The main vision behind developing 
this open source tool is to empower 
hardware engineers with the power, 
clarity and simplicity of Python. Let 
us take a look at the main functions 
of this software in detail.

High-level modelling. Python is a 
very high-level language, famous for 
giving elegant solutions to complex 
modelling problems. Apart from this, 
the ability of Python of rapid applica-
tion development and experimenta-
tion is outstanding. All these features 

The conversion provides a path into 
the traditional design flow, including 
synthesis and implementation.

A number of complex tasks in 
VHDL and Verilog, such as handling 
of signed arithmetic issues, can be di-
rectly automated with the help of the 
converter in MyHDL. The converter 
works on a fully-elaborate, instanti-
ated design. As a result, the original 
design structure can be arbitrarily 
complex.

Simulation and verification 
functions. MyHDL has a built-in sim-
ulator that runs on top of the Python 
interpreter, which supports waveform 
viewing. Tracing the changes of the 
signal in a VCD file enables viewing 
of the waveform. The software ena-
bles the Python unit test framework 
to be used in hardware designs.

Unit testing is a very popular 
verification technique in modern soft-
ware engineering. But when it comes 

Generators
We are quite familiar with Function Call in high-level programming languages. When a function 
is called, a private namespace is allocated to it, where local variables are created. When this 
called function returns a value to the main function, local variables are destroyed. If we call the 
same function again, it will get a fresh set of local variables. Now suppose, local variables are 
not destroyed on exiting the function. We could resume the function where it was left off.  These 
kinds of functions that can be resumed are called generators. 
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to a hardware platform, testing is 
not that common. In case of Verilog 
designs, we can also use MyHDL as 
hardware verification language by 
co-simulation with traditional HDL 
simulators.

How MyHDL benefits users
In this section let us try to analyse 
some of the reasons why a hardware 
designer should consider MyHDL 
tool.

For beginners 
Free and open source. As a begin-

ner, you will be least interested in 
purchasing a costly software. MyHDL 
is a well-documented, open source 
software that a beginner can really 
benefit from.

Simplicity of Python. An engineer 
trying to master digital hardware 
design needs to put up a lot of hard 
work. Choice of a right develop-
ing language makes his or her task 
easier. Among high-level program-
ming languages, Python is one of the 

simplest to learn, and 
MyHDL aims to bring 
the same level of sim-
plicity into hardware 
design. 

Apart from this, the 
automated conversion 
of design into Verilog/
VHDL also eases the 
job of a designer as a 
beginner.

For professionals
Lates t  so f tware 

developments readily 
available for the de-
signer. Many develop-
ments are going on in 
software methodologies 
which lead to major 
improvements in the 

development process. These are 
emerging in communities of modern 
software languages, like Python.

As MyHDL is based on Python 
language, these developments are 
directly available to the hardware 
designer. An example is that of unit 
testing, previously mentioned in this 
article.

Use of dynamic language directly 
for hardware design. Dynamic lan-
guages, like Python, Perl and Tcl, 
play an important role in modern dig-
ital designs. Many developers prefer 
these languages to HDL languages, 
because they can get things done 
quickly with these. Again, MyHDL 
has significant advantage over other 
HDL languages as it uses a dynamic 
language (Python) directly to design 
hardware.

Unified algorithm and imple-
mentation. Usually, development of 
an algorithm and implementation 
of a design are done by different 
engineers in various platforms. En-

A sample MyHDL code 

gineers for algorithm development 
commonly use Python, while HDL 
implementations are done by a dif-
ferent set of engineers in another 
platform.

MyHDL essentially unifies these 
two domains. Both can be devel-
oped in the same environment. Even 
though conversion from algorithm 
to an HDL implementation requires 
knowledge of HDL based designs, 
being able to do this in the powerful 
Python environment significantly 
increases the quality and productiv-
ity of the design. The designer can 
directly reuse the verification work 
in both domains, thereby increasing 
productivity.

A hardware design tool  
to experiment with ideas
We have already seen some merits 
of this wonderful software. The use 
of a high-level scripting language 
directly into hardware design offers 
many advantages over a convention-
al HDL language, such as improve-
ment in speed and productivity. My-
HDL cannot completely substitute 
the use of other HDL languages. For 
example, a designer wanting to have 
accurate timing simulations needs 
to go for industry standards, VHDL 
and Verilog.

Jan Decaluwe, the main developer 
of the software, envisions MyHDL as 
the hardware design tool of choice 
to experiment with new ideas. He 
strongly believes that hardware en-
gineers can enjoy the benefits of a 
well-designed, widely-used language 
and the open source model behind 
it, giving the freedom to experiment 
with ideas.  

The author is an electronics enthusiast from Kerala 
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Towards an Extra Layer of Security:  
The Cost of Two-Factor Authentication 

By now, we know what two-factor 
authentication (TFA) is and how 
it can be an extremely useful se-

curity tool. In this concluding part of the 
article, we will discuss the advantages and 
disadvantages of TFA, along with various 
tokens/services available in the market for 
activating TFA. 

Advantages of two-factor 
authentication 
1. TFA could drastically reduce the inci-
dence of online identify theft, phishing ex-
peditions and other online frauds, because 
the victim’s password would no longer be 
enough to give a thief access to his or her 
personal information.

2. In a simple way, using TFA increases 
the level of security. The higher the secu-
rity, the lower the incidence of fraud. The 
lower the incidence of fraud, the higher 
the confidence to transact online.

Disadvantages of two-factor 
authentication
1. Increasing the level of security increases 
inconvenience to the user. Users have to 
activate TFA and they have to use mobile 
phones or other devices for authentica-
tion. They cannot access their accounts if 
they are not carrying such devices during 

authentication (like, in some companies, 
users are not allowed to use mobile phones 
or biometric devices). It is observed that a 
large proportion of users do not opt for the 
higher level of security.

2. To hack TFA, bad guys must acquire 
either the physical component of the login, 
or must gain access to the cookies or to-
kens placed on the device by the authen-
tication mechanism. This can happen in 
several ways, including phishing attacks, 
malware or credit-card-reader skimming. 
However, there is another way: account 
recovery. RSA SecurID hardware token has 
already been hacked. So, such type of at-
tacks may result in turning off TFA.

3. TFA solution relies on the use of 
physical hardware devices or tokens to get 
the dynamic one-time password (OTP). 
Here are two factors of overhead. First, the 
user has to carry hardware tokens every 
time while authenticating with services. 
Second, introducing tokens for such au-
thentication systems will increase the cost, 
such as the cost to acquire tokens and 
pay to get services, like SMSes. Some ser-
vices have now started to charge money for 
sending SMSes to users. Hardware tokens 
(like RSA SecurID) contain a battery, so 
every time a battery dies, the token must 
be replaced, which results in a cost to re-
place it. Again, in the event of a token be-
ing damaged or lost, this will also require 
provisioning of a new token to the user. 

Surveys indicate that an organisation 
with 600 users would typically expect up 
to ten tokens lost per month, equating 
to 1.67 per cent of the install base. If the 
hardware token costs US$ 50 and it costs 
an additional US$ 50 to dispatch the to-
ken, then the cost of handling lost tokens 
alone can add a cost of US$ 1000 per 
month, which should also be factored-in 
to any solution costs. 

Part 3 of 3
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List of Tokens/Services Available in the Market

Token/Service name Vendor Price Description

ActivCard Gold Desktop  
(TFA group test)

ActivCard US$ 29 to US$ 49 per user (Windows) http://www.activcard.comm

ActivCard Gold/Trinity  
(smartcard group test)

ActivCard US$ 60 (ActivCard Gold); US$ 90 (Trinity 
per user)

http://www.activcard.com

ActivCard Secure Remote  
Access Solution  
(two-factor 2005)

ActivCard US$ 2499 for 25-user starter pack, includ-
ing ActivCard KeyChain tokens, AAA server 
and wireless LAN activation licence

http://www.activcard.com

ActivPack AAA Server  
(TFA group test)

ActivCard US$ 127 per user http://www.activcard.com

4TRESS AAA Server v6.5 ActivIdentity Basic price is US$ 79; 25-user kit costs 
US$ 1990

http://www.actividentity.com

ActivIdentity 4TRESS  
Authentication Appliance 
FT2011

ActivIdentity US$ 6999 ActivIdentity 4TRESS Authentication Appliance FT2011 is a versatile 
server providing strong authentication to a wide range of services 
and online applications, such as virtual private networks (VPNs), 
remote access, terminal services and web based applications through 
RADIUS, SAML v2 based authentication portal and web service APIs. 
http://www.actividentity.com

Aladdin eToken  
(two-factor 2005)

Aladdin US$ 62.40 each, for up to 100 units http://www.aladdin.com

eToken Aladdin US$ 54 per user http://www.aladdin.com/

eToken Enterprise  
(smartcard group test)

Aladdin Knowledge 
Systems Safenet

US$ 772 (enterprise kit with ten eToken 
PROs)

http://www.ealaddin.com/etoken

Authenex Strong Authentication 
System (smartcard group test)

Authenex Inc. US$ 25 to US$ 75 per seat http://www.authenex.com

Authenex ASAS  
(two-factor 2005)

Authenex Inc. US$ 1995 for ten-user ASAS http://www.authenex.com

Compusec  
(smartcard group test)

CE Infosys US$ 210 to US$ 215 http://www.ce-infosys.com

PicoDisk TECH 2  
(mobile Security group test)

Chrison Ltd US$ 115 http://www.picodisk.com

Celo Commerce Media US$ 4200 for up to 250 users Adds OTP multifactor authentication to an existing IT infrastructure 
using cell phones.
http://www.commercemedia.net

Two-factor authentication Comodo Group US$ 4.50 per user/per year At US$ 4.50 per user, this is an attractive option for adding an ad-
ditional layer of security to Outlook Web Access or other websites.
http://www.comodo.com/

BlackShield ID Professional 
Edition

CRYPTOCard US$ 50 per user A very nice solution that has everything you would want. http://www.
cryptocard.com

CRYPTOAdmin  
(telecommuting group test)

CRYPTOCard US$ 2495 (US$ 40 to US$ 70 per token) http://www.cryptocard.com

CryptoCard (two-factor 2005) Cryptocard Corp. From US$ 499 for five-user server licence 
and five tokens to US$ 90 per seat for 
1000 users (including authentication server 
software licensed for 1000 users/tokens 
(primary and replica servers), tokens and 
support)

http://www.cryptocard.com

Cryptocard Blackshield Server 
v3.1

CRYPTOCard Corp. US$ 50 per user (subscription includes 
support and tokens)

Cryptocard Blackshield Server v3.1 is designed as an authentica-
tion service delivery platform, automating all tasks around user and 
token management, provisioning, reporting and billing. http://www.
cryptocard.com

Datakey CIP/CMS  
(smartcard group test)

Datakey US$ 125 http://www.datakey.com

Deepnet Security DualShield Deepnet Security Ltd US$ 649 DualShield v5.2 from Deepnet Security is a unified authentication 
platform, using a versatile authentication server model. The tool 
protects all commonly used business applications with multi-factor 
authentication. http://www.deepnetsecurity.com

http://www.activcard.comm/
http://www.activcard.com/
http://www.activcard.com/
http://www.activcard.com/
http://www.actividentity.com/
http://www.actividentity.com/
http://www.aladdin.com/
http://www.aladdin.com/
http://www.ealaddin.com/etoken
http://www.authenex.com/
http://www.authenex.com/
http://www.ce-infosys.com/
http://www.picodisk.com/
http://www.commercemedia.net/
http://www.comodo.com/
http://www.cryptocard.com/
http://www.cryptocard.com/
http://www.cryptocard.com/
http://www.cryptocard.com/
http://www.cryptocard.com/
http://www.cryptocard.com/
http://www.datakey.com/
http://www.deepnetsecurity.com/
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Token/Service name Vendor Price Description

Dekart Security Suite  
(encryption group test)

Dekart Inc. US$ 149 http://www.dekart.com

KeyCrypt (TFA group test) DigiSAFE Pte Ltd Above US$ 43 http://www.digisafe.com

DigitalPersona Pro Enterprise DigitalPersona US$ 84 per user, U.are.U Fingerprint 
Reader US$ 89, Pro Reports module extra

Group policy based management. http://www.digitalpersona.com

U.are.U Pro for Active Directory 
(TFA group test)

DigitalPersona US$ 149 (both US and UK) http://www.digitalpersona.com

IAM Suite with iTag v3.5 Encentuate Starts at US$ 20,000 http://www.encentuate.com

Entrust IdentityGuard Entrust US$ 8 per user at quantity one, US$ 3 per 
user at quantity 25,000

IdentityGuard from Entrust offers a plethora of multi-factor authentica-
tion methods that can be used throughout the enterprise, as well as 
for customer-facing web applications, such as online banking and web 
based account management. Cross-platform, SAML 2.0, mobile smart 
credential technology, built-in auditing and reports generator. http://
www.entrust.com

Entrust USB Token  
(TFA group test)

Entrust Inc. US$ 40 http://www.entrust.com

ePass2000  
(smartcard group test)

Feitian Technologies US$ 40 http://www.ftsafe.com

ECHOsystem (TFA group test) Fizians Inc. US$ 30 per card based on 5,000+ users http://www.fizians.com

Gemalto
Smart Enterprise Guardian

Gemalto 1GB: US$ 65, 2GB: US$ 109 Good product for certificate storage and secured portable data. http://
www.gemalto.com

GemSafe Logon Gemplus SA US$ 799 for ten seats http://www.gemplus.com

SecuriKey Authentication  
System Professional Version 
(TFA group test)

Griffin Technologies US$ 99 per node (20 nodes) http://www.securikey.com

SecuriKey Personal Edition  
(TFA group test)

Griffin Technologies US$ 129 http://www.securikey.com

GlobalAdmin Enterprise Security 
Suite

GTGI Above US$ 4,995 http://www.gtgi.com

HID Global ActivID Appliance HID Global Corp. US$ 10,999 HID Global ActivID Appliance –FT 5000SCA offers a wide variety of 
strong authentication measures for several services and online ap-
plications. http://www.hidglobal.com

HID on the Desktop naviGO HID Global Corp. US$ 15 Complementary solution for organisations that already have HID card 
in use for access control. Reporting solution is very nice. http://www.
hidglobal.com

Imation Defender F200  
Biometric Flash Drive

Imation Drive: US$ 129, ACCESS Enterprise (AE) 
Server 4.0 Licence: US$ 5900 (including 
one-year maintenance); one-year mainte-
nance: US$ 25

FIPS 140-2, level 3 validated, software is completely self-contained. 
http://www.imation.com/en-us/

IronKey F200 Biometric Flash 
Drive

Imation Drive: US$ 129; software: US$ 250 (in-
cluding one-year maintenance); one-year 
maintenance: US$ 45

IronKey F200 Biometric Flash Drive by Imation comes in several sizes 
for different uses. http://www.imation.com/en-us

CAT Authentication Server 
(CAT AS)

Mega AS Consult-
ing Ltd

US$ 328 http://www.megaas.com

SecureAuth for SSL VPN Multi-Factor Authen-
tication

US$ 3000 http://www.multifa.com/

Novell Netware 6.5  
(TFA group test)

Novell US$ 995 for a five-user e-licence http://www.novell.com

Defender v5.2 PassGo Starts at US$ 14 per user http://www.passgo.com/

PassGo Defender  
(two-factor 2005)

PassGo Technologies US$ 2500 for 25 users http://www.passgo.com

PhoneFactor PhoneFactor US$ 10 to US$ 25 per user PhoneFactor provides the addition of second-factor authentication 
using something everyone has. This product uses a phone as a token. 
http://www.phonefactor.com
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PortalGuard PistolStar Inc. US$ 10,000 for unlimited users (2FA, SSO 
IdP, SSPR, Sync)

PistolStar Inc., maker of PortalGuard, offers an on-premise turnkey 
user authentication solution-set for companies with external-facing 
web applications to their employees, contractors, suppliers and 
vendors. This all-in-one integrated design includes two-factor meth-
ods, single sign-on, centralised self-service password reset/unlock, 
password synchronisation, plus transparent barriers to confirm user 
identities by validating their context.
http://portalguard.com

Passholder Pro (TFA group test) Pointserve Data Passholder US$ 150, Passholder Pro US$ 
210

http://www.passholder.net

PortWise TruID PortWise PortWise Soft Token: US$ 54.70 to US$ 
21.55 per user, depending on volume

A fairly complex system to use, but can provide a lot of granularity in 
managing access for users. http://www.portwise.com

PhoneFactor Positive Networks Inc. Limited version: no cost; Premium version: 
US$ 6,000 per year

http://www.phonefactor.net

Defender Quest Software US$ 75 A very nice solution for an organisation that needs options, reporting 
and flexibility in a multi-factor offering. We make this one our recom-
mended product this month.
http://www.quest.com

Quest Defender Quest Software US$ 52.50 per user, US$ 22.50 per token Uses the power and flexibility of Active Directory to provide strong TFA 
for the organisation.
http://www.quest.com

iKey 1000 (TFA group test) Rainbow Technologies Above US$ 25 http://www.rainbow.com

iKey 2000 (TFA group test) Rainbow Technologies Above US$ 49 http://www.rainbow.com

NetSwift iGate Rainbow Technologies US$ 63 per seat http://www.rainbow.com

iKey 3000 Rainbow Technolo-
gies Inc.

US$ 62 http://www.rainbow.com 

RSA ACE/Server  
(TFA group test)

RSA Security US$ 41,080 per server for 1000 users, 
US$ 189,600 per server for 10,000 users

http://www.rsasecurity.com

RSA SecurID for Microsoft 
Windows

RSA Security US$ 129 each for 1000 users http://www.rsasecurity.com

RSA SecurID Passage  
(smartcard group test)

RSA Security US$ 50 per user http://www.rsasecurity.com

RSA Authentication Manager RSA, the security 
division of EMC

US$ 46 per user per year including support Strongest aspects of this product are its support, functionality and 
ease of use. http://www.emc.com/am8

SecurID Appliance v7.1 RSA, the security 
division of EMC

US$ 6350, decreases based on volume http://www.rsa.com

eToken PRO SafeNet Inc. US$ 40.08 Great solution; takes some work to configure and manage. http://www.
safenet-inc.com

SafeNet Authentication Service SafeNet Inc. US$ 1.30 per user per month SafeNet Authentication Service is overall a great product. We particu-
larly found its functionality, set-up and documentation to be strong. 
Principal deductions were the wait time with support and its value for 
money rating. http://www2.safenet-inc.com/sas

SafeNet Authentication Service SafeNet Inc. Starts at US$ 4 per user per month for a 
one-year contract using a software phone 
based token

Full cloud based option with no need for separate hardware. http://
www.safenet-inc.com

DeXa.Badge/Smart Login 
(smartcard group test)

Schlumberger US$ 82 (security kit) http://www.slb.com/dexa

SecuGen EyeD Hamster and 
SecuIBAS

SecuGen Corp. US$ 119 (SecuGen Hamster II) http://www.secugen.com

SafeWord PremierAccess 
(smartcard group test)

Secure Computing US$ 38 to US$ 57 (hardware); US$ 18 
to US$ 21 (software); US$ 10 to US$ 20 
(mobile)

http://www.securecomputing.com

SecureAuth Identity Enforcement 
Platform (IEP)

SecureAuth US$ 2000 per appliance per year. Sub-
scription based user pricing starts at US$ 
10 per user per year with volume discounts 
available

SecureAuth Identity Enforcement Platform, or IEP, is a full-featured 
multi-factor authentication appliance. This product leverages an 
already existing Microsoft Active Directory. http://www.gosecureauth.
com

SecurEnvoy SecurAccess SecurEnvoy US$ 2000 for the server, plus US$ 15 
per user

SecureAuth IEP is a good choice for an authentication solution 
because it supports a variety of multi-platform authentication devices, 
and the server can be setup in the Cloud or on-premises. http://www.
secureauth.com
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ProtectID StrikeForce US$ 24.95 per user http://www.sftnj.com/

Swivel Secure PINsafe Swivel Secure Single hardware appliance: US$ 4000; 
PINsafe ranges from US$ 1.41 to US$ 110 
per user

PINsafe from Swivel Secure takes a user’s fixed personal identification 
number and randomly generates a one-time login code that is sent to 
the user to enter as part of a second factor for authentication. http://
www.swivelsecure.com

Swivel Secure Swivel Appliance Swivel Secure US$ 3527 for a standard hardware appli-
ance, and Swivel ranges from US$ 94 to 
US$ 1.28 per user

Combines an already known PIN with a random security string for 
strong authentication. http://www.swivelsecure.com

GridGuard 2Form and  
GridAdvanced

SyferLock Technology 
Corp.

US$ 10 per user per year annual licence, 
plus one-time US$ 10,000 fee per server 
instance/licence, maintenance included

http://www.syferlock.com/

TeleSign 2FA TeleSign Transaction pricing can start at two cents. 
Subscription pricing is available on re-
quest. Pricing varies depending on volume 
and/or users

Full, out-of-band, TFA through a user’s mobile phone.
http://www.telesign.com

Rohos Logon Key Server Tesline-Service SRL US$ 350 Allows users to access a Windows computer in an easy, fast and se-
cure way using any USB key (USB flash drive). http://www.rohos.com

Armored Credential System TriCipher Starts at US$ 25,000 http://www.tricipher.com/

SafeGuard Biometrics  
(biometrics group test)

Utimaco Safeware US$ 250 (reader, smartcard and licence) http://www.utimaco.com

SafeGuard PDA Utimaco Safeware US$ 35.69 http://www.utimaco.co.uk

Digipass Vasco Starts at US$ 690 http://www.vasco.com/

Digipass (TFA group test) Vasco Starts from US$ 1864,including ten 
Digipass GO1 or GO3, VACMAN Mid-
dleware software licence and a one-year 
maintenance subscription

http://www.vasco.com

Vasco Identikey Authentication 
Server and Digipass Go

Vasco US$ 7,500 for 100 users Vasco Identikey Authentication Server and Digipass Go in combination 
are a physical token based authentication tool. http://www.vasco.com

aXsGUARD Identifier  
Authentication

Vasco Data Security US$ 1581.25 Pleasing solution for easily adding VPN and/or web based or token 
based OTP support. http://www.vasco.com

Vasco Data Security Digipass 
Go 7 and Identikey Server

Vasco Data Security Digipass Go 7: from US$ 3.64 to US$ 
21.96, depending on number of users; 
Identikey Server licences: from US$ 0.05 
to US$ 3.77, depending on number of 
users

Digipass Go 7 and Identikey Server from Vasco Data Security work 
together to provide strong multi-factor authentication throughout the 
enterprise. http://www.vasco.com

Vasco Digipass Go 7 and  
Identikey Authentication Server

Vasco Data Security Example for 100 users: Identikey Authen-
tication Server: About US$ 48 per user; 
Digipass Go 7: About US$ 17 per user

Many ready-to-go integration options, along with a solid SDK for 
custom applications. http://www.vasco.com

WikID Authentication System 
(two-factor 2005)

WikID Systems Inc. US$ 9500 for server; user range from US$ 
24 per seat per year (for up to 1500 seats) 
to US$ 12 (for 25,001 to 50,000 seats)

http://www.wikidsystems.com

YubiKey YubiKey US$ 25 per key Strong authentication for all types of users at a very low price using 
open source software. http://www.yubico.com/home/index/

Conclusion
Passwords are not secure enough, 
and if someone gets your password, 
the person can easily access your ac-
count and can do anything with your 
account, like deleting data or sharing 
sensitive data with public. To prevent 
hackers, you have to create a com-
plex password by using some alpha 
and non-alpha characters, including 
special characters. The main problem 
of using such type of techniques is 
the difficulty in remembering such 

complex passwords. As per surveys, 
it is difficult for human beings to re-
member new complex passwords for 
multiple accounts. 

By using TFA, it becomes more 
difficult for hackers to take over your 
account by impersonating you. TFA 
technique provides an extra, second 
layer of security to your traditional au-
thentication system. Your account can 
only be accessed after successful au-
thentication of both layers of security. 

With the introduction of TFA and 

required physical tokens with this 
service, such technology introduces 
advantages to improve the level of 
security and disadvantages to increase 
the cost. Now, futuristic industries are 
looking for token-less authentication 
solutions that can provide compelling 
cost-saving and lower the complexity 
and on-going cost, because of the ease 
of using token form factor and the 
ease with which the solution can be 
provisioned and used.  

Concluded
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In this interview, we take a look at what 
programmable SoCs powered by field 
programmable gate arrays (FPGAs) can offer a 
design engineer. Ramani Sundaresan, managing 
director, India, and Bryan Fletcher, global 
technical marketing director, Avnet Electronics 
Marketing, speak with Dilin Anand of EFY at the 
X-Fest 2014 event in Bengaluru 

Programmable SoMs based on an FPGA have 
both sequential processing and broad massive 
parallel programmable logic processing... 

developers realised that they needed some of the advan-
tages of the processor and some of those from the FPGA, 
resulting in these engineers putting processors along with 
FPGAs next to each other on a single PCB. This brought 

up the challenge of how to interface between these two. 
 

Q. Are there any specific systems that could only be  
designed using the benefits of the FPGA-powered SoM?

A. An interesting example is the sensor-fusion appli-
cation. It has different types of sensors, like temperature, 
humidity, pressure, vibration, frequency and ultrasound. All 
these sensors, each with potentially different interfaces, are 
able to feed into a device, like Zynq, because it has numer-
ous programmable logic inputs/outputs that give a wide 
variety of interfaces. You can also use the same device to 
drive a liquid crystal display panel that has a touch-screen, 
and you can mount an HD camera that is doing real-time 
1080P 3D vision kind of applications, all at the same time. 

 
Q. What are the unique challenges of integrating an FPGA 
based SoM into the applications you mentioned?

A. You need to look at the SoC itself and what it is re-
ally good at. You need to be able to look at your application 
and find areas where you want to accelerate. Also, you 
need to be able to take advantage of both the programma-
ble logic and processing systems. 

 
Q. Can you walk us through the process of making a prod-
uct faster by moving to an FPGA based SoM?

A. To achieve this, you need to take the C code that may 
be present in your processing system and get it into the pro-
grammable logic, which is typically built out of Verilog and 
VHSIC hardware description language (VHDL). For this, you 
would either need to find the piece of intellectual property 
(IP) similar to the algorithm you were performing in the pro-
cessor or you can take advantage of some newer tools, like 
the high-level synthesis (HLS) tool where you can take the 
C code and synthesise it into the FPGA hardware. Next, you 
need to take the pieces that you want to accelerate, move 
these into the programmable logic and keep communica-
tion channels flowing freely between the two pieces. 

  
Q. Any remarkable application that has surprised you?

A. We met one design team that has used SoMs to create 
a specialised water and light emitting diode display to further 
create an interesting art piece. This was designed in Asia and 
the team has started making these for commercial use now. 

Q. What is one exciting development that you feel has 
made things easier for design engineers?

A. One area where we felt we needed to do something 
new was in the area of system on modules (SoMs). It 
would have made it easier for the design engineers if they 
had a pre-packaged module that allowed them to take that 
particular module and use it immediately, without having 
to design the whole circuit, allowing them to get to the 
market faster and reduce some risks in their projects.

 
Q. What are the advantages of using programmable SoMs?

A. Programmable SoMs based on an FPGA have both se-
quential processing and broad massive parallel programmable 
logic processing together. Moreover, these are tightly coupled 
with thousands of connections internal to the chip. So, you 
get the benefits of a processor and that of the programmable 
logic, using which you can accelerate the most critical task 
and you have these very tightly coupled inside one package. 

 
Q. What design challenge actually brought up this idea of 
bundling an FPGA with a processor based SoM?

A. In the past, we have seen cases where application 
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Smartwatches, wristbands, goggles 

and soles—the variety of wearable 

electronics in the market has delightfully 

surged in the last year. In this interview, 

we take a look at the intricacies 

of designing a wearable device. 

Anshuman Singh and Shuvadeep 

Sarkar, co-founders of ReTiSense,  

speak with Dilin Anand of EFY 

Wearable devices are intensely personal 

Q. What is the most important design characteristic of a 
wearable device that an engineer should keep in mind?

A. An important characteristic that influences the 
design of any wearable device is its specific functionality. 
For instance, our wearable device is designed to measure 
and analyse the running form and gait of the user but 
not the number of calories, steps or distance, like other 
fitness wearables. This influenced the design decision of 
placing sensors inside the shoe and connecting with the 
lower part of the feet, instead of being wrist-borne like a 
fitness band. 

Q. Any unique design element with wearables that  
you do not typically find while designing other portable 
devices?

A. Wearable devices are intensely personal. This 
means that the designer and the person building the 
product have to care about how the product looks and 
whether it matches the identity of the user, as well as 
what kind of sizes the product comes in. Now, phones 
are considered to be personal devices, but these are pretty 
generic in their design and form factor. 

Q. What is the most interesting challenge faced while 
designing such a small device?

A. These devices need to have a long battery life. 
Since wearables are inherently small, the physical space 
available for a battery is extremely limited. You also 
need to make sure that the user does not have to keep 
monitoring batteries in the device. Moreover, the charg-
ing process should be hassle-free because the user is not 

merely keeping it in a pocket, like a phone. 

Q. Any tips on how to solve this power problem?
A. Optimising the functioning of the device in order 

to minimise the current drawn by the product and its 
sensors, as well as the power profile for communication 
of data to the smartphone or other companion device, 
should help control power consumption.

Q. How is the data-processing overhead reduced?
A. Our device shifts out most of the processing to the 

Cloud. Here, we have maintained a very sophisticated bi-
omechanical model of the human leg. The model operates 
on real-time basis, providing users with real-time feed-
back. The device maintains a constant link between the 
wearable device, app and the Cloud server to function.

Q. How do you ensure that it does not break?
A. Critical components are kept out of the way of 

stress from this device. Sensors are able to collect the data 
from points where there is maximum pressure, ensuring 
that it does not affect other components that are shielded 
from pressure.

Q. What do we need to know about the security angle?
A. Since wearables collect an immense amount of 

extremely personal data about a user, it needs to have 
a high degree of security and privacy. Whether you are 
wearing a pocket tracker or fitness bracelet, the device 
collects information about your heart rate and other de-
tails that are specific to your identity.  

SHuvAdeep SArkAr 
co-founder, reTiSense

AnSHumAn SingH 

co-founder, reTiSense
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This discussion takes a look at how electronics 
design tools have evolved and what new 
challenges these can now help solve. Elmar 
Dukek, EMEA VAR manager, and Sreekanth 
Tammana, country manager—India, Pakistan, 
Bangladesh and Sri Lanka, Altium Europe GmbH, 
speak with Dilin Anand from EFY 

Many disciplines are now involved in getting a 
final electronic product out of the drawing board

Q. Have you observed any interesting trends over the 
years on how the overall product design flow is evolving?

A. Many disciplines are now involved in getting a 
final electronic product out of the drawing board. You 
need electronics engineers for designing the modern 
printed circuit board, housing designers, and product 
developers for defining the form factor of the final prod-
uct and other details that influence the end-user. You 
have hardware engineers who build the system. If it is 
an intelligent device or a smart device, like infotainment 
systems in cars, then you get embedded engineering 
and software engineers involved. Then, there is the 
Cloud system engineer who connects these devices to 
the Cloud and develops front-end interfaces to manage 
devices and grab data out of these.  

Q. How important is 3D mechanical design capability for 
an electronics design engineer?

A. 3D integration is required because many design 
engineers previously faced problems with fitting the board 

into the housing. They wanted to know how they could 
manage this in the design phase itself, as well as perform 
collision checking, apart from ensuring that all ports fit 
perfectly on the PCB, and so on. That is why it became 
important to interface properly with the mechanical world. 
If the tool has support for incremental design exchange 
format (IDX) files, it would help with the integration of de-
sign files from electronics design automation (EDA) tools to 
mechanical design tools, like SolidWorks. The benefit here 
is that IDX allows incremental changes to the design file, 
in addition to making the file sizes smaller, as compared to 
standards like IDF or STEP.

Q. How can an engineer help improve the design experi-
ence, making it relatively hassle-free?

A. Having easy access to data management capabilities 
of engineering design data and integrated libraries, a proper 
server for managing components and design for re-use 
stuff, and being able to manage the output of design data 
would be a great help, as these make the design process 
much more straightforward and robust. 

Another feature is the partnership on the content side 
done by EDA tool vendors. Here, the designer gets access 
to important data relating to pricing information, stock 
levels, risk of obsolete components and more from within 
the design tool during the process.  

Q. Please elaborate on the benefits of data management?
A. In the usual process of data management, designers 

have a common shared folder on the network drive and 
everybody puts their data on it. They modify, rename the 
data in the folder, delete or move it around as and when 
it suits them. Version control and revision management 
is often done on the basis of different folder names. This 
results in a situation where you cannot guarantee proper 
quality of data. By using a central repository, every single 
change made to a design can be tracked to the exact file.  

Q. What are the latest features that design engineers are 
looking out for in EDA tools?

A. Design engineers, who are our customers, look for 
better routing solutions, high-speed and high-frequency 
support. They also look for help in handling complex 
processes, like tuning impedances and the length of 
different leads. Another new feature they find useful 
is pin-pair functionality, which means that a user can 
define a pin pair with different lengths and then tune it 
accordingly.  
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NitiN KumarMini Offline UPS 
Zameeruddin Syed other components. 230V AC mains is 

connected to the circuit through con-
nector CON7. Output of the UPS is 
available at connector CON8, which 
is actually a 3-pin socket. 

Mains voltage is rectified by di-
odes D1-D2 (1N4007). The full-wave 
rectified output is smoothened by ca-
pacitor C1. DC voltage so generated 
is applied at pins 10 and 11 of relay 
RL1. When mains voltage is there, 
the relay gets energised to affect the 
changeover to connect the mains to 

Most of the systems are pow-
ered by AC mains. Uninter-
rupted power supply systems 

(UPSes) are there as a back-up to 
power the systems when mains supply 
is interrupted due to a power cut. A 
UPS differs from a standby generator in 
that it will provide near-instantaneous 
power by supplying the energy stored 
in batteries. In an online UPS, batteries 
are always connected to the inverter, 
which is always on, so that no transfer 
switches are necessary when power 
disruption occurs. 

In an offline UPS, the inverter 
circuit is switched on when mains are 
not there. UPSes are available off-the-
shelf, and one can select the system 
as per one’s requirement, back-up 
time being one requirement. However, 
one can construct a UPS of one’s own 
choice. Here is a circuit of an offline 
UPS, which a hobbyist can make at 
a reasonable cost. The capacity of 
the UPS is 350VA, so it can be used 
for any equipment with a load below 
350VA. The UPS can be upgraded to 
1kVA by making just a few changes. 

Circuit and working
The circuit diagram of the mini offline 
UPS shown in Fig. 1 has the following 
four sections:

Section 1: Mains/inverter change-
over section

Section 2: Inverter section
Section 3: Battery-status-indicator 

section
Section 4: Oscillator section 
Above-mentioned sections and 

their interconnections are appropri-
ately marked in the circuit diagram.

Mains/inverter changeover sec-
tion. The circuit of this section is 
built around step-down transformer 
X1 (230V AC primary to 12V-0-12V, 
500mA secondary), a 12V DC, 3C/O 
(changeover) relay (RL1) and a few 

the output of the UPS. 
The circuit is not on a PCB and has 

been wired externally. Relay contacts 
in the circuit diagram are shown in a 
de-energised state of the relay.

Inverter section. This section com-
prises transformer X2, npn power tran-
sistors 2N3055 (T1 through T8) and 
power diodes 1N5407 (D3-D4). Tran-
sistors, which are eight in number, are 
connected in two banks. The number 
of transistors per bank will depend on 
the required VA rating. The prototype 
has been made for 350VA rating by 
using four transistors per bank. The 
number of transistors required per 
bank for different capacities are:

550VA – Five 
650VA – Six
1000VA – Seven
This circuit is also not on a PCB 

and has been wired externally. Tran-
sistors T1 through T8 have been fitted 
on the same heat-sink. Mounting of 
transistors has to be done in such a 
manner that their base and emitter are 
not in contact with the heat-sink. The 
metal body of the transistor is the col-
lector. Collectors should be separated 
from the heat-sink. This is done by us-
ing mica separators between the heat-
sink and metal body of the transistor. 
In short, all three terminals should be 
separated from the heat-sink. The ar-
rangement is shown in Fig. 2. 

Interconnections of transistor 
terminals, transformer X2, diodes D3-
D4, battery-status-indicator section 
and oscillator section are shown in a 
combined circuit diagram (Fig. 1). The 
heat-sink should also be isolated from 
the UPS box.

Battery-status-indicator section. 
This section monitors the state of the 
battery. It is connected to the battery 
by CON3-CON4 combination. Con-

Parts List
Semiconductors:
IC1	 -	 4027	dual	JK	flip-flop
IC2	 -	NE555	timer
IC3	 -	 7805,	5V	regulator
T1-T8	 -	 2N3055	npn	power	transistor
T9-T10		 -	BC547	npn	transistor
T11-T12	 -	 SK100	pnp	transistor
T13-T15	 -	 2N2222	npn	transistor
D1-D2,	D5	 -	 1N4007	rectifier	diode
D3-D4	 -	 1N5407	rectifier	diode
LED1-LED3		 -	 5mm	LED
ZD1-ZD2	 -	 3.6V	zener	diode
Resistors (all 1/4-watt, ±5% carbon, unless stated 
otherwise):
R1-R2		 -	 680-ohm
R3-R4	 -	 150-ohm,	2W
R5-R6,	R12		 -	 3.3-kilo-ohm
R7-R8, R14, 
R18,	R21	 -	 10-kilo-ohm
R9-R10, R16, 
R19-R20		 -	 1-kilo-ohm
R11		 -	 1.5-kilo-ohm
R13,	R17	 -	 2.2-kilo-ohm
R15	 -	 22-kilo-ohm
R22	 -	 4.7-kilo-ohm
VR1		 -	 10-kilo-ohm	preset
VR2,	VR3	 -	 2.2-kilo-ohm	preset
Capacitors:
C1,	C6	 -	 220µF,	25V	electrolytic
C2		 -	 0.1µF	ceramic	disks	
C3		 -	 0.01µF	ceramic	disk
C4-C5	 -	 1µF,	25V	electrolytic
C7	 -	 330µF,	35V	electrolytic
Miscellaneous:
X1		 -	 230V	AC	primary	to	 
	 	 12V-0-12V,	500mA	 
	 	 secondary	transformer	
X2	 -	 15V-0-15V	secondary	and	 
	 	 350VA	inverter	primary		 	
	 	 transformer	
S1,	S2		 -	On/off	switch.	
RL1	 -	 12V,	3C/O	relay	with	 
	 	 6A	contact	rating
N1		 -	 230V	AC	neon	lamp
F1	 -	 1A	fuse
CON1-CON7		 -	 2-pin	connector
	 -	LED	holders	(three)
CON8		 -	 6A,	3-pin	output	socket
BATT.1	 -	 12V,	7Ah	battery	

Test Points
Test point Details

TP0, TP5 0V, GND

TP1 12V when S2 is closed

TP2 5V

TP3, TP4 2.2V

TP6 12V 
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nect these as per polarity of 
the 12V battery. Overcharge 
status of 14.4V is set with 
the help of preset VR3. Over-
charge status is indicated by 
LED2. 

We have to switch off S1 
to protect the battery from 
overcharging. During normal 
charging, no LED (LED1 or 
LED2) will glow. If S1 is off, 
the rectifier circuit formed 
by diodes D3 and D4 will be 
disabled, which, in turn, will 
stop further charging of the 
battery. Lower limit of the 
battery is set at 11.3V with 
the help of preset low level 
of the battery, which will be 
indicated by LED1. Switch 
S1 has to be closed to restart 
the charging of the battery. 
Load should be disconnected 
when battery voltage is 
lower than 11.3V and mains 
voltage is not there. 

Oscillator section. This 
circuit comes into action 
when mains voltage is not 
there. It, along with two banks 
of transistors T1-T8, will 
generate low-level AC voltage 
(15V-0-15V) at terminals of 
transformer X2, which will be 
stepped up by transformer X2. 

The circuit  is built 
around NE555 timer (IC2), 
dual JK flip-flop 4027 (IC1), 
transistors SK100 (T11-T12) 
and BC547 (T9-T10), volt-
age regulator 7805 (IC3) and 
a few other components. 
NE555 timer is configured in 
astable multivibrator mode. 

Frequency of the timer is 
set to around 200Hz with the 
help of preset VR1 in order to 
get around 50Hz line frequen-
cy at CON1. Output of the 
timer from its pin 3 is fed to 
pin 3 (CP2) of second flip-flop 
of IC1 as clock pulse. Output 
of this flip-flop from pin 1 
(Q2) is used to clock the first 
flip-flop. Outputs Q1 and Q1 
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Fig. 1: Circuit diagram of the mini UPS
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Fig. 4: PCB of the oscillator and the battery-status section

Fig. 5: Components of the PCB

about 2.2V, which are applied to base 
terminals of transistors T4 and T8 for 
further amplification to 12V. CON1 
and CON2 are used to connect outputs 
from the oscillator section to the two 
transistor banks.

The circuit is powered by a 
regulated 5V DC provided by voltage 
regulator 7805. Input to the regulator 
is the battery voltage, which we get 
by connecting CON5 to CON6. Bat-
tery voltage reaches pin 1 of regulator 
through pin 9 and pin 3 of relay RL1 
and switch S2 is closed. When mains 
voltage is present, pin 9 and pin 3 are 
disconnected due to activation of the 
relay. Power supply to the oscillator 
section is interrupted, resulting in 
deactivation of the inverter circuit.

Relay RL1
Relay RL1 affects the necessary 
changeover required in the system 
due to the presence or non-presence 
of mains voltage. It is a 12V, three 
contacts changeover (three-poles  dou-
ble-throw) relay. The arrangement of 
poles and contacts is shown in Fig. 3.

The coil of the relay is between 
terminals 10 and 11. Terminals 7 and 
8 are shorted. Connections of remain-
ing terminals of the relay are shown 
in circuit diagram (Fig. 1). 

Working of the circuit 
The UPS works in two modes:

1. When AC power is present
2. When AC power is absent
When AC power is present. 

When AC mains power is present, 
transformer X1 gets 230V AC input 
mains supply. Relay RL1 is therefore 
energised. Terminals 7, 8 and 9 of 
the relay come into contact with 
terminals 4, 5 and 6, respectively. 
Phase of the incoming AC mains sup-
ply gets connected to terminals 4, 7, 
5 and 8 of the relay and the output 
socket where we connect the load. In 
this manner, mains are transferred to 
output socket CON8 of the UPS. 

When switch S1 is closed, the 
phase of the input mains gets con-
nected to 230V tapping of trans-
former X2 through terminal 5 as it 
is in contact with the terminal 8 of 
the relay. As the neutral connection 
is common, transformer X2 acts as 
a step-down transformer. 230V AC is 
stepped down to 15V-0-15V AC and 
rectified to DC voltage by a full-wave 
rectifier (diodes D3-D4). Capacitor 
C7 is connected across the center tap 
of transformer X2. It is not included 
in the PCB. It is recommended to 
use a current limitter (say 4.7-ohm, 
20W resistor) in series with positive 

Fig. 2: Mounting of transistor 2N3055 on  
heat-sink

Fig. 3: Details of the 3C/O relay 
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terminal of the battery using suit-
able arrangement. The value of this 
current limitter will depend on your 
requirement, so it is not shown in the 
circuit here. 

DC voltage so generated is used to 
charge the battery. At the same time, 
terminal 9 of the relay comes into con-
tact with terminal 6, which disconnects 
power supply to the oscillator circuit 
and deactivates the inverter circuit. 
Switch S1 should be open when the 
battery is fully charged, which will be 
indicated by lighting up of LED2. 

When AC mains power is 
absent(power cut). When AC mains 
power is off, transformer X1 does not 
get 230V AC supply. Relay RL1 there-
fore does not energise. Terminals 7, 8 

and 9 of the relay come into contact 
with terminals 1, 2 and 3, respective-
ly. Terminal 9 is connected to the posi-
tive terminal of the 12V battery, which 
is extended to the oscillator circuit. 
Inverter circuit comes into action. 

Transformer X2 is now a step-up 
transformer. AC voltage from 240V 
tap of transformer X2 is connected to 
terminal 1 of the relay. As terminals 7 
and 8 are in contact with terminals 1 
and 2 of the relay, 240V AC gets con-
nected to output socket CON8. Neon 
lamp N1 is connected between termi-
nal 2 and neutral. It glows when the 
UPS is on. The output is connected to 
240V tapping because there will be a 
voltage drop when load is connected 
to the UPS. 

Construction and testing
Combined actual-size, single-side 
PCB for the oscillator section and the 
battery-status section is shown in Fig. 
4 and the component layout in Fig. 5. 

If needed, the PCB can 
be cut into two portions 
along the dotted line and 
mounted separately. Rest of 
the circuit has been wired 
using connectors. The final 
assemblage of the mini of-
fline UPS is enclosed in a 
cabinet as shown in Fig. 
6. The internal wiring is 
shown in Fig. 7 and the 

rear panel is shown in Fig. 8. All 
switches, indicators and terminals 
for connecting the battery and output 
socket are to be placed aesthetically 
on the front panel of the cabinet. 

Fuse F1 (1A) is used to protect the 
device from any short circuits. All con-
nections should be made very careful-
ly. The load should not exceed 350VA. 
For troubleshooting, check voltages at 
various test points as listed in the table. 

Caution. Please be careful as the 
circuit operates on 230V AC.  

Fig. 6: The final assemblage enclosed in a 
cabinet (front panel)

Fig. 7: The final assemblage enclosed in a 
cabinet (internal wiring)

Fig. 8: The final assemblage enclosed in a cabinet (rear panel)

Zameeruddin Syed is 
B.Tech (electronics and 
communication) from Mentey 
Padmanabham College of 
Engineering and Technology, 
Andhra Pradesh 
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Wind-power generation is a fairly 
simple process that uses an ordi-
nary miniature DC motor to make 
a very simple wind turbine genera-
tor. A miniature DC motor, like RF-
300FA-12350, is easily available in 
the market but can also be taken out 
from an old CD/DVD drive/player 
(refer Fig. 1). 

A small propeller, or fan blades, 
can be mounted directly onto the 
motor shaft. Note that the electric-
ity generated by the motor is DC, 
and hence no AC-DC conversion 
circuitry is required apart from a po-
larity guard diode. In fact, the polar-
ity guard diode is also not required 
since the propeller rotates in only 
one direction (counter-clockwise) in 
this model, due to the unique design 
structure of the plastic wind turbine 
blades/propeller.

Compact and light-weight plastic 
fan blades/propellers are available. 
A generic three-leg plastic propel-
ler (shown in Fig. 2) is used in this 
project.

Since a miniature DC motor is 
used as the rotary engine, only a 

s.c. dwivedi5V from Portable Wind Turbine 
T.K. Hareendran 

This project deals with the 
design and development of a 
portable wind turbine unit, 

capable of generating electricity 
from the kinetic energy in the wind. 
The circuit requires a DC motor, fan 
blades or propeller, DC-DC boost con-
verter and wind energy to produce a 
5V DC output.

small amount of DC supply (three to 
five volts maximum) is available at 
the output. So, a DC-DC boost con-
verter circuit is required to provide 
a stable 5V DC output. Any home-
made/ready-made DC-DC boost 
converter circuit can be used for 
this, however a ready-made DC-DC 
boost converter module based on 
pulse frequency modulation (PFM) 
technique with a standard USB 
output port, as shown in Fig. 3, is 
preferred.

If an input voltage of 0.9V to 5V 
DC is available, this module gives a 
stable 5V DC output through its USB 
connector, with conversion efficiency 
up to 96 per cent.

Circuit and working
As shown in Fig. 4, the circuit is built 
around a DC motor, Schottky diode 
1N5817 and DC-DC boost converter 
module. Working of this small DC-DC 
boost converter module is based on 
pulse frequency modulation (PFM) 
technique. 

A PFM converter is an alternative 
DC-DC power converter architecture 
that uses a variable frequency clock 
to drive power switches and transfer 
energy from input to output. Because 
the drive signal’s frequency is directly 
controlled to regulate the output 
voltage, this architecture is referred 
to as PFM. DC-DC converter with 
constant-on-time or constant-off-time 
control is a typical example of this 
architecture. 

In the circuit 
diagram, the 
negative termi-
nal (black wire) 
of DC motor M1 
is treated as the 
positive output 
terminal, con-
nected to PFM 

Fig. 1: Miniature DC motor

Fig. 2: Wind turbine blades/propeller 

Fig. 3: DC-DC boost converter

CON1
5V DC TO DC BOOST

BOARD1
+

− MODULE
CONVERTER(PFM)

V
BUS

D−
D+

GND

D1
1N5817

C1
47u, 25V

M1
DC 
MOTOR

GND

Fig. 4: Circuit diagram for deriving 5V from the portable wind turbine 

Parts List
Semiconductors:
D1 - 1N5817 Schottky diode
Capacitors:
C1	 -	 47μF,	25V	electrolytic	
Miscellaneous:
CON1		 -	 2-pin	connector	
BOARD1		 -	DC-to-DC	boost	converter	 
	 	 (PFM)	module	
M1	 -	RF-300FA-12350	DC	motor
	 -	Propeller	(three-leg	big	 
	 	 plastic)	
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T.K. Hareendran is an 
electronics hobbyist, 
freelance technical writer 
and circuit designer 

Fig. 7: Proposed setup of the portable 
wind turbine

module (board 1) through polarity 
guard diode 1N5817 (D1), because 
the motor rotation is in counter-
clockwise direction. The PFM module 
is connected across buffer capacitor 
(C1) to get a USB-standard 5V DC 
output through its USB (A-type) con-
nector.

Construction and testing
An actual-size, single-side PCB for 
deriving 5V from portable wind tur-
bine is shown in Fig. 5 and its com-
ponent layout in Fig. 6. 

Good air flow is essential for the 
proper working of the circuit. You 

can use an ordinary electric fan (or 
table fan) or an electric air blower 
as the wind-energy source for testing 
purpose. Ensure that air flow from 
the wind source directly falls at the 
front of the propeller. The propel-
ler should rotate at a fast speed (in 
counter-clockwise direction) to get 
higher output.

You need rigid mounting for the 
wind turbine system. For this, you 
can fix the motor on a suitable-sized 

PVC/metal pipe and attach it to a 
base support as shown in Fig. 7. The 
base support can be a small-diameter 
disc made of wood or metal. Con-
nect the PFM module to the circuit 
at CON1, enclose these in a suitable 
cabinet and place inside the base in 
such a way that you can access the 
USB port conveniently. 

Next, route the wires from the DC 
motor through the pipe to the base 
and connect the wires to the circuit 
at M1. Face the propeller towards a 
wind source. Now, you are ready to 
get 5V DC output from the USB con-
nector. This output can also be used 
for charging your mobile phone. 

Caution! Rotating blades are 
sharp and can cause severe injury if 
not handled properly.  

Fig. 5: Actual-size, 
single-side PCB for 
deriving 5V from the 
portable wind turbine 

Fig. 6: Component 
layout of the PCB

Motor and 
propeller

Circuit board
(inside of 
the base)

Wood/PVC
pipe tower

Tower base

USB connector 

Wires
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s.c. dwivedi

Letterbox with Letter-Counting Facility 

Vandana Sawant, Rachna Patil, 
Ratuja Patil, KiRti PawaR and 
GReeShma Pillai 

the electronic letterbox with letter-
counting facility. It is built around 
a white LED (LED1) and an LDR 
(LDR1), popular timer NE555 (IC1) 
in monostable mode, a counter, 
seven-segment driver CD4033 (IC2) 
and a few other components. LED1 
and LDR1 together work as a sensor. 

The resistance of LDR1 changes 
in accordance with the intensity of 
light incident on it. When light from 
LED1 falls on LDR1, its resistance is 
low. 

Voltage at pin 2 of IC1 depends 
on the light falling on LDR1. In the 
dark, voltage at pin 2 is low, and 
vice-versa.

When a letter is inserted into the 
letterbox, it passes between LED1 
and LDR1. This interrupts the light 
falling from LED1 to LDR1. As a 
result, resistance of LDR1 increases. 
This change in resistance provides 

a triggering 
pulse to pin 
2 of  IC1, 
generating a 
short-dura-
tion square-

Here is a circuit that starts 
counting when you insert a 
letter in the letterbox at your 

home or office. It is designed to save 
your time from going to the letterbox 
to check if there are letters inside. The 
number of letters present in the box is 
indicated by a seven-segment display. 
The block diagram of the circuit is 
shown in Fig. 1.

Circuit and working
Fig. 2 shows the circuit diagram of 

Parts List
Semiconductors:
IC1 - NE555 timer
IC2 - CD4033 counter-cum-driver
LED1  - 5mm white LED
LED2  - 5mm LED
DIS1 - LTS543 seven-segment 
Resistors (all 1/4-watt, ±5% carbon):
R1, R6 - 470-ohm
R2 - 220-ohm
R3 - 470-kilo-ohm
R4 - 680-ohm
R5 - 10-kilo-ohm
Capacitors:
C1	 -	 100μF,	25V	electrolytic
C2	 -	 1μF,	25V	electrolytic
C3	 -	 0.01μF	ceramic	disk
Miscellaneous:
CON1	 -	 2-pin	connector	terminal
S1		 -	Tactile	switch
LDR1		 -	LDR	(light	dependant	 
  resistor)
	 -	 12V	regulated	power	supply
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RESET
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Fig. 1: Block diagram of the circuit 

Fig. 2: Circuit diagram of the electronic letterbox with letter-counting facility 

wave pulse at its output pin 3. This 
pulse acts as clock input for the 
counter and display driver CD4033 
(IC2). Output pins of IC2 are con-
nected to various segments a, b, c, 
d, e, f and g pins of seven-segment 
display (DIS1) as shown in the cir-
cuit. Its common pin 3 is connected 

to ground through 
current-limiting 
resistor R6. Al-
ternatively, you 
can also provide 
a resistor each for 
each segment after 
removing resistor 
R6. Seven-segment 
display DIS1 dis-
plays the number 
of letters present 
in the box up to 
nine.

When a let-
ter is delivered 
to the letterbox, 
LED2 momentar-
ily glows, which 
indicates that a 
letter is received 
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Fig. 3: Actual-size, single-side PCB of the letterbox Fig. 4: Component layout of the letterbox

and DIS1 increments the display by 
one count. That is, for each pulse 
received at input pin 1 of IC2, its 

output advances by one count, which 
is reflected in the seven-segment dis-
play. When the counter reaches nine, 
it automatically resets to zero and 
the cycle repeats. Switch S1 is used 
to reset the counting. 

After collecting the letter from the 
letterbox, always reset the counter 
using switch S1.

Construction and testing
An actual-size, single-side PCB for 
the letterbox circuit is shown in 

Fig. 3 and its component layout in 
Fig. 4. Enclose the PCB in a suitable 
box in such a way that light from 
LED1 falls on LDR1. Ensure proper 
wiring to avoid any mistake. For 
troubleshooting, check the voltages 
at various test points as listed in the 
table.  

Vandana Sawant is assistant professor (electronics 
and telecommunication), and Rachna Patil, Ratuja 
Patil, Kirti Pawar and Greeshma Pillai are third-year 
engineering students at SIES Graduate School of 
Technology, Navi Mumbai 

Test Points
Test point Details

TP0 0V, GND

TP1 12V

TP2 High when light is blocked  
 from LDR1

TP3 High when S1 is pressed 

http://www.electronicsforu.com
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NitiN Kumar Audio Buffer and Line Driver  
with Low Quiescent Current 

Petre tzv. Petrov processing equipment. You can also 
drive 600-ohm audio lines or high-
impedance 600-4000-ohm head-
phones for self practicing with the 
instrument. Only several milliwatts 
of power is needed to drive these 
headphones, and that power can be 
provided by most operational ampli-
fiers (op-amps). 

In practice, when the buffer is 
powered by small dry batteries, like 
6F22/PP3 for 9V, it is important to 
use buffer with low quiescent cur-
rent. Quadruple operational ampli-

Some of the pick-ups for guitars 
and other string instruments 
provide high output voltages. 

These require buffering before send-
ing signals to the next stage of sound 

fier, like TL064, offers high input 
resistance and typical quiescent 
current of 0.8mA for all four internal 
op-amps in the package. Fortunately, 
op-amps in the package can be con-
nected in parallel to increase the 
output drive capability necessary for 
driving 600-ohm loads.

Circuit and working
The circuit diagram of the simple 
buffer for guitar and line driver 
with low quiescent current is shown  
in Fig. 1.

The circuit is built around a low-
power amplifier with JFET inputs 
TL064. The circuit can work with 
almost all quadruple operational 
amplifiers, including LM324, but the 
quiescent current and other param-
eters will be different. 

The input resistance is 1Mega-
ohm and depends mainly on resistor 
R5. Resistors R3, R4 and C3 are pro-
viding half of the Vcc (power supply) 
required to bias the output of the 
buffer. At test point TP3, we should 
obtain voltage level around Vcc/2. 

Four op-amps are working as volt-
age followers. These are paralleled 
and resistors R6, R7, R8 and R9 are 
for equalisation of output currents. 
These resistors are important to pre-
vent activation of the current-limiting 
function of op-amps and not to intro-
duce additional distortions. 

In order to keep the buffer 
simple, no potentiometers are used. 
The volume and tone are controlled 
with potentiometers on the musical 
instrument or on the next stage of 
the sound processing equipment.

Connectors CON3 and CON4 
are used for connecting the loads. 
If one of the connectors is used for 
600-ohm load, the second connec-
tor should be used for load with 

Parts List
Semiconductors:
IC1  - TL064 quadruple  
	 	 operational	amplifier
D1-D2		 -	 1N4148	rectifier	diode
Resistors (all 1/4-watt, ±5% carbon):
R1-R2  - 10-kilo-ohm
R3-R4, R12  - 47-kilo-ohm
R5  - 1-mega-ohm
R6-R9  - 100-ohm
R10-R11  - 200-ohm
Capacitors:
C1 - 150pF, ceramic disk
C2		 -	 0.1μF,	ceramic	disk
C3,	C6		 -	 47μF,	35V	electrolytic
C4		 -	 0.33μF,	ceramic	disk
C5		 -	 220μF,	35V	electrolytic	
Miscellaneous:
CON1-CON4  - 2-pin connector
	 -	 2×9V	6F22	or	PP3	battery	

Test Points
Test point Details

TP0 0V (GND)

TP1 18V

TP2 Guitar input signal

TP3 Around 9V 
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Fig. 1: Circuit diagram of the audio buffer and line driver
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Petre Tzv Petrov was a researcher and 
assistant professor at 
Technical University of Sofia, 
Bulgaria, and expert-lecturer 
at OFPPT, Casablanca, 
Kingdom of Morocco. He 
is currently working as an 
electronics engineer in the 
private sector in Bulgaria 

Fig. 2: Circuit diagram of the simple audio buffer for guitar and 
line driver with low quiescent current

Fig. 3: Component layout of the PCB

much higher impedance, 
for example, 10-kilo-ohm 
or more. If two loads of 
1-kilo-ohm or higher are to 
be driven, then these can 
be connected simultane-
ously to CON3 and CON4. 

The peak-to-peak am-
plitude of the signal from 
the pickups and the mini-
mal driven load should be 
taken into consideration 
when power supply is se-
lected.

Although the circuit will 
work with single 9V battery 
(6F22), it is preferable to 
use at least two 9V batteries 
producing 18V. But 12V and 
24V rechargeable car batter-
ies can also be used.

The circuit does not 
require any adjustment and 
short circuit at the outputs 
(CON3 and CON4) will not 
damage the buffer. It can 

drive 600-ohm line with a length of 
10m or more.

Construction and testing
An actual-size, single-side PCB layout 
of the audio buffer and line driver 
with low quiescent current circuit is 
shown in Fig. 2 and its component 
layout in Fig. 3.

After assembling the components 
on the PCB, connect the guitar input 
to CON1 and connect CON3 to the 
next equipment, such as the sound 
amplifier. Connect 18V DC supply at 
CON2; now you are ready to go with 
the guitar.

For troubleshooting, check vari-
ous voltages at test points given in 
the table.  
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s.c. dwivediWireless Baby Monitor 
Joy MukherJi Circuit and working 

The circuit is built around a low-
power audio amplifier using LM386 
(IC1), hex inverting Schmitt trigger 
74HC14 (IC2), voltage regulator 
7805 (IC3), 10MHz crystal (XTAL1), 
varactor diode 1SV149 (D1) and a 
few other components. A parallel 
resonant oscillator circuit is formed 
around inverter gate N1 along with 
crystal (XTAL1), resistor R3, capaci-
tors C3 and C4 and varactor diode 

D1. It generates square waves 
at the fundamental frequency 
of 10MHz of crystal. 

The signal is buffered by 
gate N2 and further boosted 
by parallel inverter gates N3, 
N4, N5 and N6. Unlike sine 
waves, square waves have 
many harmonics above their 
fundamental frequency. The 
monitor transmits on tenth 
(100MHz) harmonics of the 
square wave. Use a quarter-
wave 75cm piece of wire for 
the antenna. 

The audio section of the 
transmitter is built around IC1. 
The gain is set to 200 by ca-
pacitor C2. Audio from electret 

A baby monitor can help you find 
peace of mind. You can now 
monitor your sleeping baby 

with this wireless baby monitor. It is 
a radio system used to remotely listen 
to sounds made by an infant. Simply 
place the circuit near your sleeping 
baby and listen through an FM receiver 
from any other room in the house. It 
can also alert you if the baby wakes up 
in the middle of the night. 

Fig. 1: Circuit diagram of the wireless baby monitor 

Fig. 2: PCB of the baby monitor circuit

Fig. 3: Component layout of the PCB

The author is an electronics 
hobbyist and a small-business 
owner in Albany, New York, 
USA. His interests include 
designing radio frequency 
circuits 

Parts List
Semiconductors:
IC1  - LM386 low-power audio  
	 	 amplifier	
IC2  - 74HC14 hex inverting  
  Schmitt trigger 
IC3  - 7805, 5V voltage regulator
D1  - 1SV149 varactor diode
Resistors (all 1/4-watt, ±5% carbon):
R1  - 22-kilo-ohm
R2 - 100-kilo-ohm
R3  - 470-kilo-ohm
Capacitors:
C1, C5 - 100nF ceramic disk 
C2		 -	 10μF,	25V	electrolytic
C3  - 100pF ceramic disk
C4 - 22pF ceramic disk
C6		 -	 100μF,	25V	electrolytic
Miscellaneous:
CON1  - 2-pin terminal connector 
S1  - On/off switch
MIC1  - Electret microphone
XTAL1		 -	 10MHz	crystal	
ANT.1  - 75cm long wire
 - 12V adapter 
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microphone MIC1 is picked up and 
amplified by LM386. It is then coupled 
with varactor diode D1 via resistor 
R2. The crystal’s frequency along with 
D1 forms an FM modulation signal. 
Since the circuit transmits on tenth 
harmonic of crystal frequency, audio 
deviation is also multiplied by a factor 
of 10. This results in clear audio that 
can be received on an FM receiver.

Construction and testing
An actual-size, single-side PCB for the 
baby monitor circuit is shown in Fig. 
2 and its component layout in Fig. 3. 
Keep all leads as short as possible. 
After assembling the circuit on a PCB, 
enclose it in a suitable plastic box. 
Drill a small hole for the microphone. 
Use 12V to power the circuit. The cur-
rent consumption of the circuit is very 
low. Before using the circuit, ensure 
that power supply is correct.  
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vivek panchabhaiya  

& nidhi kathuriaAnalogue Input on Raspberry Pi 
Somnath Bera 

Somnath Bera is an avid user 
of open source software. 
Professionally, he is a 
thermal power expert and 
works as additional general 
manager at NTPC Ltd 

Interfacing the sensor
Let us say that our analogue device is 
a light dependent resistor (LDR) that 
changes its resistance as per the light 
intensity. For capacitor, we will use a 
small one, so that the charging time 
is precise. Any small 1μF electrolytic 
capacitor (which has a + lead and 
a - lead) will work for our purpose. 
With a bigger capacitor, the charging 
time increases, so does our measured 
value number. Moreover, a very big 
capacitor (100μF or more) may not 
be fully charged at all from a poor 
Raspi power. 

The circuit diagram of an ana-
logue sensor on Raspi is shown Fig. 
1. Pin details of the connector on 
Raspi B board are shown in Fig. 2. 
for clarity. The capacitor works like 
a water tank and the LDR acts like a 
thin pipeline to fill it up. 

The analog.py program is written 
in Python script, which enables the 
Raspi input pin to accept the signal 

from a sensor like LDR 
and output signal in-
tensity values on the 
screen. The program 
output screen is shown 
in Fig. 3. The reading 
variable in the code is 
nothing but a counter. 
Counter value is the 
measurement of LDR 
input indirectly propor-
tional to light intensity.

Once the 
capacitor gets 
fully charged, 
the attached 
G P I O  p i n 
(GP IO  17 ) 
senses a ‘1’ 
to it and the 
counter stops. 
In the code, 
first we set 
the GPIO pin 
as Out and 

While you can connect your 
analogue input/output de-
vices to Arduino very eas-

ily, it is not so easy with Raspberry Pi 
(Raspi). There are no analogue GPIO 
pins on Raspi; all GPIOs of Raspi are 
digital.

The problem can be solved by 
adding additional analogue-to-digital 
converter (ADC) processors on top 
of Raspi; better still would be adding 
a small Arduino (say, Arduino nano) 
on top of Raspi.

However, simple resistive-type 
analogue-input devices can very eas-
ily be connected to Raspi by adding 
a small resistor-capacitor resonating 
circuit built around a resistor and 
then measuring the charging time 
of the capacitor. Here is a program 
for measuring the light intensity and 
then printing it out on the monitor 
using an LDR and a capacitor.

then set it as Low. Then, we set the 
GPIO pin as In. The LDR slowly charg-
es it to ‘1,’ and the moment the GPIO 
pin becomes ‘1,’ the process reverses—
the reading becomes ‘0’ and the GPIO 
becomes Low again. We have kept a 
0.5-seconds sleep time within which 
one cycle gets over with a clear margin.

Once that state is achieved, we 
reset the GPIO pin to Low and the 
cycle continues. Mostly, within 400ms 
(milliseconds), the capacitor gets fully 
charged and in every 0.5 seconds we 
reset the GPIO pin, so that the counting 
cycle is well clear off the reset cycle. 
analog.py

import RPi.GPIO as GPIO, time, os

GPIO.setmode(GPIO.BCM)

def RCtime (RCpin):

 reading = 0

 GPIO.setup(RCpin, GPIO.OUT)

 GPIO.output(RCpin, GPIO.LOW)

 time.sleep(0.5)

 GPIO.setup(RCpin, GPIO.IN)

 while (GPIO.input(RCpin) == GPIO.LOW):

   reading += 1

 return reading

while True:

 print RCtime(17) # Read RC timing using 

GPIO pin #17

Direct a torchlight on the LDR and 
the value will change according to light 
intensity. There is no absolute value 
of measurement as such. The number 
varies uniformly depending upon the 
intensity from 75000 (dark) to 50 (di-
rect LED torch light) and you have to 
make your reading from this range.

Note. The process is not very ef-
ficient. In case the Raspi computer 
is busy or multi-tasking, the results 
may vary.  

Fig. 1: Circuit diagram of an analogue sensor on Raspi

Fig. 2: Pin details  
of Raspi B Fig. 3: Screen shot of the program output
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Part 2 of 2 

Host Software for RFID Based 
Attendance Management System 

sani theo 

Sunanda Chatterjee 

In the first part, we covered de-
signing the user interface (UI) 
program, but that is not complete 

unless we include the service layer 
project and enable client-server in-
teraction. This part talks about these 
two aspects, along with hardware 
interfacing and testing of the project 
on a Windows PC. 

Designing the service layer 
To develop this application, we use the 
concept of service oriented architec-
ture (SOA), which makes our server-
side logic independent of client logic. 

WCF is a framework 
that supports SOA. WCF 
publishes the CLR object 
as a service, which can be 
used among known and 
unknown runtimes, irre-
spective of their locations.

We use simple object 
access protocol (SOAP) 
based service. SOAP is 
mainly an XML document 
that provides an envelope 
for our messages. It is 
transport- and platform- 
independent. A WCF ser-
vice has web service definition lan-
guage (WSDL), which is again an XML 
document that describes how to com-
municate with the service. Specifics of 
how to communicate with a service is 
given by its service endpoint. There 
are three elements that constitute a 
service endpoint: address, binding and 
contract. A contract is platform-neutral 
and a standard way of describing what 
a service does.

In this application, we mainly use 
ServiceContract and OperationCon-
tract.

1. Create a class library Attend-
anceRegistrationServiceContractsLib 
(refer Fig. 21) in the solution. Then, 
create an interface IAttendanceRegis-
terService inside the class library and 
make it a service contract by adding 
ServiceContract attribute to make 
it identifiable to the client-side as a 
service. Add abstract methods whose 
functionalities are to be provided by 
the server-side to client-side as Op-
erationContract attribute.

Add DataTransferObjectLib refer-
ence to this project. WCF contracts 
are present inside System.Servic-
eModel namespace, which can be 
added from .Net tab of Add Referenc-

es dialog box. At the beginning of file 
Class1.cs of AttendanceRegistration-
ServiceContractsLib project, add the 
line “using System.ServiceModel;.”

2. Create another class library 
AttendanceRegisterServiceLib and 
rename the class inside it to Attend-
anceRegisterService, which is inher-
ited from IAttendanceRegisterService 
interface of AttendanceRegistration-
ServiceContractsLib namespace. 
Inside the class, create an instance 
of the data-access layer inside its 
constructor and define all interface 

methods using that data-access layer. 
Add reference of libraries DataTrans-
ferObjectLib, AttendanceRegistration-
ServiceContractsLib, AttendanceData-
AccessLib, AttendanceDataRepository 
and System.ServiceModel namespace 
from .Net tab of Add References dialog 
box.

3. Finally, create a console appli-
cation AttendanceRegisterServer and 
inside it create a ServiceHost, which 
is responsible for creating instances 
of the service. ServiceHost class is 
used to configure and expose a ser-
vice for use by client applications 
when we are not using web servers, 
Internet information services (IIS) 

or Windows activation 
services (WAS) to expose 
a service. Both IIS and 
WAS interact with Service-
Host object on our behalf. 
System.ServiceModel.Ser-
viceHost namespace holds 
this object, which is cre-
ated while self-hosting the 
WCF service. 

Now, create the ser-
vice endpoint. Here, we 
use BasicHttpBinding as 
the communication stack 
(protocol) to communicate 

with other client applications. Basi-
cHttpBinding is a binding that WCF 
service can use to configure and ex-
pose endpoints. For the address of our 
service, use a URL based on the port 
number of our system.

Then, describe the WSDL that con-
tains the metadata of all our endpoints 
configured in that system. This WSDL 
will be accessed by other client ap-
plications when these need to access 
certain server functionalities. 

Now, set the mode of our service 
host to Open.

Fig. 21: AttendanceRegistrationServiceContractsLib
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Note. Add references of Attend-
anceRegistrationServiceContractsLib, 
AttendanceRegisterServiceLib and 
ServiceModel in AttendanceRegis-
terServer. At the beginning of file Pro-
gram.cs of AttendanceRegisterServer 
project, add the line “using System.
ServiceModel;.”

In this project, we also need to add 
App.Config file to specify the database-
connection string as shown in Fig. 22.

Now, take the connection string 
specified in App.Config Attend-
anceRegistrationSystem project and 
put it in example code as given below 
(please do not copy and paste these 
lines):
<?xml version=”1.0” encoding=”utf-8”?>

<configuration>

<connectionStrings>

<add name=”EmployeeAttendanceDBEntities” 

connectionString=”metadata=res://*/

AttendanceDataModel.csdl|res://*/

AttendanceDataModel.ssdl|res://*/

AttendanceDataModel.msl;provider=System.

Data.SqlClient;provider 

connection string=&quot;

Data Source=SUNANDA-PC\SQLEXPRESS;

Initial Catalog=AttendanceDB;Integrated 

Security=True;Pooling=False;

MultipleActiveResultSets=True&quot;

” providerName=”System.Data.

EntityClient” />

</connectionStrings>

</configuration>

Set AttendanceRegisterServer as 
our start-up project by right-clicking 
on the project name and selecting 
that option and building the entire 
solution. 

We are done with our server-side 
now, and we can communicate with 

the client-side. Run the 
server-side solution by 
pressing F5.

Client-server 
interaction
As mentioned earlier, we 
will write the logic for 
button clicks in Main-
Window.xaml.cs in the 
client-side and we will 
also write the logic to 
get the RFID every time 
an RFID tag is read by 
the RFID reader. But 
before that, we need to 
keep our server-side up 

and running. For doing so, we have to 
add a service reference to our client-
side project of the service, which we 
have already created. Follow the steps 
given below to add Service Reference 
to the client-side project. 

1. Right-click on References node 
in the client-side project, Attendance-
ManagementSystemClient and click on 
Add Service Reference in it (refer Fig. 
23). Then, in the address box, pass 
the address MetadataExchange end-
point (http://localhost:4569/mexep) 
that we have already mentioned in 
the server-side. Note that, in both cli-
ent- and server-side, we use http://lo-
calhost:4569/ep, as this is the address 
of the endpoint where the server-side 
exposes its functionality through WCF 
and the client gets server-side infor-
mation. Now, click Go. Make sure that 
the server-side application is running 
in the background. We can now see 
all services that are exposed through 
that endpoint and registered in the 
metadata.

Here, the name of the service 
reference is set as ServiceReference1. 
From now on, we can make use of this 
namespace to refer to our server-side.

2. Add two namespaces, System.
IO.Ports and System.Threading, in the 
beginning of the application in Fig. 24.

3. Following is the code in Main-
Window.xaml.cs for getting the RFID 
number each time the RFID tag is 
brought in the vicinity of the reader. 
The code is as listed below.
 public MainWindow()

 {

 InitializeComponent();

 /* Creation of a new thread which will be

 * used to update the UI later */

 th = new Thread

 (new ThreadStart(MyThread));

 th.Start();

 //store all available port names

 ports = SerialPort.GetPortNames();

 StringBuilder portNames = new 

 StringBuilder();

 int i = 1;

 foreach (string portname in ports)

Fig. 22. Adding App.Config file from the application configuration file 

Fig. 23: Adding service reference

http://localhost:4569/ep
http://localhost:4569/ep
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 {

 //write all available port names

 portNames.Append(i+”) “+portname + “ “);

 i++;

 }

 /* Updating the UI TextBlock for COM

 * port names */

 sysPortName.Text = portNames.

 ToString();

 }

With the help of the above code 
we will get all COM ports/serial ports 
available in the system. After we get 
the names, we will need to display 
these to the user to specify which COM 
ports correspond to the RFID reader. 
If we get the port name “COM1,” 
“COM2,” it will be displayed to the 
user as “1)COM1 2)COM2.” Likewise, 
the user must select either the values 
1 or 2 to select the desired COM port. 
The serial port code is as listed below:
 /* When any text is written/deleted 

in the portNum TextBox in the UI

 * then this TextChanged event handler 

is called */

 private void portNum_TextChanged(object 

sender, RoutedEventArgs e)

 {

 // Check if PortState is true or false

 if (!portstate)

 {

 try

 {

 int portNumber = Convert.

ToInt32(portNum.Text);

 //create serial port as configured below

 //BaudRate = 9600 bps, Parity:None, 

8-bit data, 1 Stop-bit

 port1 = new SerialPort(ports[portNumber 

- 1], 9600, Parity.None, 8, StopBits.

One);

 //create asynchronous event(it’s a 

secondary threat of the main program)

 //will activate every time our serial 

device sends data to computer

 port1.DataReceived += new SerialDataRe

ceivedEventHandler(port1_DataReceived);

 //finally open port

 port1.Open();

 portstate = true;

 this.portStatus.Text = “Port “ + port

Number + “ is open !!”;

We now create an 
object of our ser-
vice reference. We 
can pass the name 
of the endpoint 
in SerbiceRefer-
ence.ServiceCli-
ent constructor to 
uniquely identify 
our endpoint to be 
used in the client. 
This can be re-
trieved from app.
config of our client 
project. Here, it 
is BasicHttpBind-

ing_IAttendanceRegisterService.
Note. We made a simple logic such 

that log-in and log-out times are up-
dated alternately, each time the same 
RFID tag is in the proximity of the RFID 
reader. So, if loginCount is even, we 
consider that it can be LoginTime, and 
if it is odd, it can be LogoutTime. The 
logic can be further enhanced based on 
user requirements.

To keep track of log-in and log-out 
times of employees, we have created 
database update logic in port1_DataRe-
ceived event handler in MainWindow.
xaml.cs. We read the port data and 
write it in a class-level variable, which 
through a different thread is updated 
in the UI thread. So, our client ap-
plication should be running all the 
time. Every time the employee brings 
the RFID tag near the RFID reader, the 
timing is updated in the database. If at 
a later point in time the admin wants 
to check the timings, they can use Em-
ployee Data tab in the WPF UI and get 
the information. 

The function of the thread given 
below is to check whether any new 
RFID data is received and displayed in 
the UI. As we have already mentioned 
before, the received data is stored in 
the global variable data; any change 
in the variable value is scanned by this 
thread and displayed in the UI.
/* The method that runs inside the newly 

created thread to update UI */

 public void MyThread()

 {

 // Old Rfid data

Fig. 24: MainWindow.xaml.cs

 }

 catch (Exception)

 {

 this.portStatus.Text = “Port can’t 

 be opened !!”;

 }

 }

 else

 {

 this.portStatus.Text = “A port is 

 already open !!”;

 }

 }

 }

There is an event handler in 
MainWindow.xaml.cs that is called 
whenever there is a text change in 
portNum TextBox in the UI. This is 
mainly to take the choice of the COM 
port from the user. Here, the chosen 
COM port is opened using the follow-
ing parameters.

Baudrate: 9600
Parity: None
Data bits: 8
Stop bits: 1
Once the user has entered the 

desired port and the port has success-
fully opened, the user can no longer 
change the choice. In case the user 
needs to do so, he or she will need to 
close the application and re-open it to 
change the COM port. This restriction 
has been taken care by flag portstate.

If a COM port is successfully 
opened, the event handler is called 
when data is received in the port. 
The string of data that is received 
is stored in the global variable data. 
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 string prevData = “temp”;

 

 while (true)

 {

 try

 { 

 /* If the current data is not equal 

 to the 

 * old data then the TextBlock for the 

 Rfid

 * is updated */

 if (!prevData.Equals(data))

 {

 prevData = data;

 rfid.Dispatcher.Invoke((Action)(() =>

 {

 rfid.Text = prevData;

 }));

 }

 }

 catch (Exception ex)

 {

 Console.WriteLine(“Error: “ + ex);

 }

 }

 }

Now, we need to add a reference of 
AttendanceManagementLibrary in the 
client-side program and then write the 
event handler for Search button. Inside 
the event handler, create an instance of 
ServiceClient, which is inside Service-
Reference1. Then, open the service-
client instance so that we can access 
the server functionality. We get data 
from the database through the server-
side based on EmpId set by the user in 
the UI and create our own data-model 
object that we assign to DataContext 
property of the concerned textblock.

At the end, we need to write the 
method for Register button. When 
Register button is clicked in the UI, 
we take all details from the UI and 
construct our client-data model that 
we pass to the server using Crea-
teEmpDetails method. After data is 
successfully entered into the database, 
‘Registered!!!’ text pops up in the UI.

Testing the project
1. Connect an RFID reader to the sys-
tem where SQL Server 2008 and its 
related tools are installed.

2. Now, open Visual Studio 2010, 
go to AttendanceServerSide solution 
and update DataSource (by taking the 
name from SQL Server Management 
Studio) of App.config files present in 
AttendanceRegistrationSystem and 
AttendanceRegisterServer projects to 
point to your own DataSource name 
where the database is present.

3. Build AttendanceRegistration-
System solution.

4. Go to the respective de-
bug or release folders of Attend-
anceRegisterServer project in Attend-

anceServerSide  and 
AttendanceManage-
mentSystemClient pro-
ject in AttendanceCli-
entSide applications 
and copy both folders 
and place these in 
the system, which is 
already attached with 
the RFID reader.

5. Now, first run AttendanceReg-
isterServer.exe and let it continue to 
run in the background and then run 
AttendanceManagementSystemClient.
exe, both in administrator mode. The 
program output screen of Attendance-
ManagementSystemClient program is 
shown in Fig. 1 in part 1 of the article. 

Then, you can insert or retrieve 
data through this client program. To 
insert data, place an RFID tag near 
the RFID reader; the client program 
will read the tag number and display 
the same on the screen automatically. 
Enter the name, address and serial port 
number, and then click Register. After 
the data is successfully entered into the 
database, the ‘Registered!!!’ message 
pops-up in the UI. User (employee) IDs, 
like IC0, IC1 and IC2, are generated by 
the program automatically. The admin 
can view details of a particular em-
ployee by clicking on Employee Data, 
followed by entering the ID number.

6. All saved data can be viewed  
in the database tables by clicking 
View->Server Explorer->Tables. 
Right-click on CurrEmpDetail from 
Server Explorer to view the saved data 
as shown in Fig. 25.

LoginTime is registered whenever 
a tag is read. When the same tag is 
read again by the RFID reader, the em-
ployee’s LogoutTime will be updated 
in the database (as per our logic). The 
RFID reader and RFID tags used in this 
project are shown in Figs 26 and 27, 
respectively.  

Concluded

Fig. 25: Saved data of current employees 

Fig. 26: RFID reader

efy Note 
the source code of this project is  
included in this month’s efy dVd 
and is also available for free down-
load at source.efymag.com 

Sunanda Chatterjee is 
B.Tech (IT) from JIS College 
of Engineering, Kalyani. 
She is working as product 
specialist (technical), 
Cognizant Technology 
Solutions, Kolkata

Fig. 27: RFID tags
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Convertible Laptop from Acer
A laptop that might just change your life 

The flexible Aspire R13 from Acer 
features two separate hinge 

mechanisms that work together to 
allow effortless transition between 
six different user modes. Its touch-
screen and back cover are encased 
in two slices of Corning Gorilla 
Glass 3, which makes the top panel 
very tough. It weighs only 1.5kg 
and is very easy to carry. The Acer 
Active pen uses Acer Hover Access 
technology to activate pop-up, tap-
on menus, which result in a more 
intuitive writing experience. 

You can choose between a 
WQHD display with power-saving 
IGZO technology or a full-HD dis-
play with wide viewing angles 
(IPS technology) and optical 
clarity solutions. All models 
feature direct bonding 
(zero air 
gap) for a 
brighter, crisper 
display. 

Price:  ` 19,999

Xiaomi  
Launches Mi 4
High-end specifications into 
phones with low-end prices

The latest offering from Xiaomi 
features Snapdragon 801 2.5GHz 

processor, 12.7cm (5-inch) IPS full-
HD display, 13MP Sony high-speed 
camera, 8MP front camera, Adreno 
330 GPU, 3GB LPDDR3 RAM, 16GB 
eMMC 5.0 flash, Gorilla Glass OGS, 
3080mAh lithium-ion battery and 
the all-new in mold transfer (IMT) 
technology, which involves fusing 
nine layers of membranes to form a 
super-thin back cover. 

The phone’s in-built infra-
red (IR) remote control function  
supports transfer protocols with 
IR receiving equipment. The Mi 
remote control app can be used to 
operate televisions, air-conditioning 
units and a vast range of home  
appliances. 

Price:  ` 83,999

Bluetooth Speakers from Creative
A masterpiece of audio innovation 

The Sound Blaster Roar features 
two high-performance amplifi-

ers and five speaker drivers, which 
include a built-in active sub-woofer. 
The compact speaker fills an entire 
room with non-sweet, spot-depend-
ent sound, which is further en-
hanced with proprietary ROAR, 
TeraBass and MegaStereo 
technologies. 

A feature of this prod-
uct is the support for aptX 
and AAC for high-qual-
ity wireless audio. It also 
comes with NFC, MP3 player, 

voice recorder, speakerphone, built-in 
6000mAh li-ion battery, battery bank, 
bed-time listening mode (gradually 
reduces playback volume before auto-
matically shutting down), USB sound 
blaster and one-touch siren.

Price: ` 14,999 

It features dual-array micro-
phones for noise-free voice commu-
nication. Acer purified voice technol-
ogy tracks the voice of the speaker as 
he or she moves around the room. 
The laptop is also Skype certified 
because it has all the high-quality 
hardware required for great audio 
and video chats.
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Vivaldi, a browser for high- 
volume users
A new Internet browser has been launched 
by software maker Jon von Tetzchner. It 
is aimed at high-volume users who prefer 
opening multiple tabs on one screen. The 
browser is called Vivaldi. It is cross-
platform, to be used across Windows, Mac 
and Linux operating systems. Some extra-
ordinary features include personalised 
notes, bookmarks, speed dials for multiple 
groups and folders.

Senss Technologies launches  
a smart Bluetooth call recorder
A start-up, Senss Technologies, has come 
up with a smart Bluetooth headset that 
can also record your calls. It is called 
Bluewire and is a perfect solution for 
two-way call recordings. It works with 
Android and iOS smartphones—simply 
pair it with your smartphone to record 
calls. The headset comes with 16GB of 
internal storage. It can be paired with the 
in-car Bluetooth system to record calls 
made using the car dashboard system. 
It comes with a flashlight, is powered by 
280mAh battery that can last for four 
hours, has a recording time of 2.5 hours 
and stand-by time of four hours.

Microsoft announces  
HoloLens headset 
Microsoft HoloLens brings high-definition 
holograms to life in your world, where 
these integrate with your physical places, 
spaces and things. It goes beyond augment-
ed reality and virtual reality by enabling 
you to interact with three-dimensional 
holograms blended with your real world. 
High-definition holograms integrated with 
the real world will unlock new ways to cre-
ate, communicate, work and play. Scientists 
at NASA’s Jet Propulsion Laboratory 
will soon be exploring planet Mars using 
holograms of Mars Rover images; they will 
work as if they can walk on the surface of 
Mars. As a result, they will be able to learn 
at a faster pace than ever before.

TomTom launches  
Fitness Tracker in India 
Improve your running, cycling and swimming styles 

This wearable range of watches 
from TomTom gives real-time 

running information at a glance. 
It lets you track your distance, 
time, pace, speed and calories 
burnt as you run, letting you im-
prove at every step. You can select 
a zone to match your training 
goal and know whether you need 
to slow down or speed up. 

The light-weight watch fits all 
wrist sizes. It allows you to sync, 
analyse and share your stats on 
popular running sites. It has a 
built-in heart rate monitor—this 
eliminates the need of a separate 
chest strap. 

Available models include 
TomTom runner cardio digital 
watch, TomTom multi-sport car-
dio smartwatch, TomTom multi-
sport smartwatch and TomTom 

runner smartwatch, for men and 
women.

Mini-Single Lens by Samsung 
The all-in-one camera

The NX mini makes it fun to take 
great selfies. Just wink and two 

seconds later it takes the shot, with-
out using a button. It has a large 
2.54cm (1-inch) 20.5MP BSI CMOS 
sensor, which delivers amazingly 
high resolution, letting you capture 
precise details with every shot with 
vivid, true-to-life 
colours. 

Its NFC-enabled 
Remote Viewfind-
er Pro turns your 
smartphone into 
a remote control. 
Camera settings, 
like shutter speed, 
exposure control 
and more, can all 

be wirelessly adjusted from your 
smartphone. 

The Home Monitor app on your 
smartphone keeps an eye on your 
sleeping baby from another room.  
If the baby wakes up, the NX mini 
sends a notification to your phone.

Price: ` 23,499 for TomTom 
multi-sport cardio smartwatch 

Price:  ` 33,990
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Be Smart When Buying a Smartwatch 

Smartwatches have grown from just 
being a fad to a lifestyle necessity. 
Makers of smartwatches have pointed 

out on various occasions that the segment 
has not grown at the expected pace, but this 
is likely to change in 2015. Apple Watch is 
one of the most-awaited devices of the year 
and is touted to be the device that will make 
smartwatches mainstream. Google’s Android 
Wear, launched last year especially for wear-
able devices, is poised to mature and reach 
to the next level. Year 2015 will also see 
some of the second-generation smartwatch-
es being launched and an increased interest 
of developers in the wearables’ ecosystem. 

Having a smartwatch on your wrist def-
initely carves a techie-edge for you in your 
social circle. If you have not purchased a 
smartwatch till now, it is time you evaluate 
your choices and consider buying one. But 
before you do that, here are some tips to 
help you make an informed choice. Check 
out this quick smartwatch buying guide 
before you visit an online or offline store 
to buy this wearable gadget for yourself.

Device and OS compatibility 
As far as the operating system (OS) is 

concerned, Android seems to be winning 
the race here. While Microsoft Band is 
set to make its mark among users, Apple 
Watch is yet to make its market debut. 
However, Android has specialised with 
Android Wear, a platform specifically de-
signed for wearable devices, apart from 
Android OS being used in smartwatches 
by several OEMs. So before you decide, do 
check the OS compatibility of your existing 
smartphone with the smartwatch you are 
interested in buying. 

Also, check the compatibility of the 
smartwatch with your smartphone. For ex-
ample, Motorola’s Moto 360 is compatible 
with smartphones running Android v4.3 
or later. This is the case with all Android 
Wear smartwatches, including launches 
from the likes of Samsung and LG. While 
Sony SmartWatch 2 functions with any 
smartphone running Android v4.0 or later, 
Pebble and Pebble Steel work with both 
Android and iOS devices. Similarly, Mi-
crosoft Band is compatible with Android 
v4.3, iOS and, of course, Windows OS. So 
if a smartwatch impresses you but is not 
compatible with your smartphone, it is of 
not much use. 

Diksha Gupta is senior 
assistant editor at EFY 

The prices mentioned here are from various e-commerce portals and are subject to change.

Some SmartwatcheS available in india
Kenxinda w1  
smartwatch  

mobile with bluetooth 

mota smartwatch for 
iPhones and android 

phones with bluetooth

Sony smartwatch 
mn2

Samsung Galaxy 
Gear Fit Sm-r350 
smartwatch fitness 

tracker

lG G watch Pebble smart 
watch 

Price ` 1798 ` 5690 ` 6537 ` 9340 ` 10,524 ` 11,998

Features 
worth 
looking at

Offers multi-sim and 
500mAh battery

Stylish, easy to use and 
comfortable to wear, 
with a strap designed for 
universal wrist sizes

Choice between a 
digital and an analogue 
interface, wrist straps 
available in several 
colours, any 20mm wrist 
strap designed to be 
used with a wristwatch, 
can be used

Real-time fitness coaching 
and heart-rate monitoring 
without sacrificing style or 
connectivity

Compatible with any 
smartphone running 
Android v4.3 and later 

Puts useful apps and  
notifications on your 
wrist
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Button or touch
These days it is all about touch with 
touch-screen devices and smart-
watches are not far behind. Needless 
to say, a touch-screen display is easier 
to navigate. But, for those who are not 
comfortable with these and find target-
ing items on a small screen difficult, 
makers like Pebble have heard them 
and have created products where ma-
jority of scrolling is done using physi-
cal buttons. Moreover, smartwatches 
with touch-screens are comparatively 
more expensive than the ones with 
physical buttons. But over a period of 
time, touch-screen based smartwatches 
are poised to win, provided these are 
able to offer good aesthetics and the 
simplicity of physical buttons. 

Display and style
When it comes to style, choosing a 
smartwatch is no different from choos-
ing a regular watch. The first thing a 
user must look at is comfort, as the 
device has to be worn daily. The strap 
and body of a smartwatch plays a cru-
cial role here. People who do not want 
to get rid of their traditional choices 
may like a slimmer smartwatch with 
straps made of leather or stainless steel. 
However, most smartwatches these 
days feature a flexible silicon strap, 
which is a good choice for people en-
gaged in outdoor activities. 

Coming to the display of smart-
watches, there are a variety of options to 
choose from. Ranging from organic light 
emitting diode (OLED) and active-matrix 
organic light emitting diode (AMOLED) 
displays to LCDs, you can choose one 
depending on your requirement and 
budget. While OLED and AMOLED tech-
nologies can work without a backlight 
and consume less power, LCD displays 
use backlights to produce images on 
screens. LCD displays deliver better per-
formance in brighter environment, like 
that in sunlight.

For those who are power conscious 
and want batteries to last for a long 
time, a black-and-white display is 
a good choice. These displays, with  
E Ink or E Paper technologies, too offer 
better views in bright environment.

Of course, like in smartphones, 
choosing a chemically-strengthened 
and waterproof/water-resistant glass 
adds to the life of the smartwatch. 

Notifications
Any smartwatch displays notifications 
of your phone/tablet, like incom-
ing calls, text messages, emails and 
alarms. If you actively use social me-
dia, you can check if the smartwatch 
of your choice provides social media 
notifications or not. This will make 
your life much easier. 

Also, look for customisation op-
tions when it comes to displaying no-
tifications. Most of the smartwatches 
available today allow customisation 
for notifications, allowing users to 
choose which notifications to display. 
Some smartwatches display notifica-
tions with just icons, while others 
display the entire message. So make 
your choice keeping in mind the level 
of privacy you want. 

Some smartwatches also allow us-
ers to make and receive calls, like in 
the case of Bluetooth headsets. This 
might cost a little more, so we suggest 
you evaluate your options before mak-
ing an investment. 

Apps and special features
Let us talk about apps. Since it is a 
new product, there is not much interest 
from developers so far. Smartwatches 
really do not have a great app ecosys-
tem around. However, as mentioned 
earlier, this is poised to change soon. 
Pebble, which has two smartwatch 
offerings in the market, has over 3200 
apps to offer, but both models from the 
company can store only eight apps each 
at a time. Android Wear is also in the 
stage of development, when it comes to 
offering apps. There are very few apps 
optimised for the platform. 

However, smartwatches offer a lot 
of special features that can make the 
lives of their users easier. Please note 
that these special features may vary 
in different devices. Some popular 
smartwatch features include fitness 
and activity trackers, cameras, link 
alarm and music.  
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In Focus
Rejig at LG India
At LG India, Niladri Dutta, former head 
of washing machine business, has been 
appointed the new head of corporate 
marketing. Manish Raj, who was 
regional head for greater Punjab and 
Haryana, is now heading the washing 
machine business.

Sanjay Chitkara, who was heading 
corporate marketing, has replaced 
Deepak Jasrotia as the head of the 
home entertainment business that 
includes televisions and home theatres. 
Jasrotia now takes care of LG India’s 
mobile phone business.

Ashutosh Pant, formerly the regional 
head of Delhi and Rajasthan, now 
heads channel management to handle 
the more than 1000 brand shops of the 
firm. Vishal Saran, the former brand 
shop head, has been made regional 
head for east.

Rishi Tandon, who was looking after 
home entertainment marketing, has 
been made the regional head for 
Delhi. Vijay Shah, who was part of the 
corporate marketing team, has taken 
over Tandon’s role.

Lenovo names Roderick Lappin  
to head Asia-Pacific region 
Lenovo has appointed Roderick Lappin 
as president of Lenovo’s Asia-Pacific 
region, reuniting its Asia-Pacific 
Emerging Markets (APEM) and 
Asia-Pacific Mature Markets (APMM) 
businesses into a single unit.

Micromax hires Ashish Agrawal  
as CTO
Indian smartphone company Micromax 
Informatics has appointed former 
Amazon executive Ashish Agrawal as 
its new chief technology officer. Agrawal 
will be leading the technology initiatives 
for Micromax to bring future technology 
disruptions into the market.

HTC names India head Faisal  
Siddiqui as new South Asia chief 
Smartphone major HTC Corp. has 
named Faisal Siddiqui, currently VP 
and head of India for HTC, as the 
new president of South Asia region, 
which includes India, Australia, New 
Zealand, Singapore, Indonesia, 
Malaysia, Thailand and emerging 
markets in Asia.

industry News

Government to focus on solar 
and other green sources of 
energy

PM Modi wants his government 
to focus on solar and other 

green sources of energy. At the 
first meeting of the reconstituted 
Council on Climate Change, he sug-
gested creating a consortium of na-
tions with the greatest solar energy 
potential. The meeting also laid the 
ground work for harnessing wind 
energy and aggressively moving 
forward on waste to energy.

PM suggested that the focus 
on tackling climate change should 
not be limited to emissions and 
reductions in the amount of car-
bon; a lot more needs to be done to 
focus on clean energy generation, 
energy conservation and energy 
efficiency. PM said that India and 
other countries with solar power 
potential should join hands for in-
novation and cutting-edge research 
that would reduce the cost of solar 
energy, making it more accessible 
to people.

Uttarakhand’s MSME 
policy to boost 
entrepreneurship

Uttarakhand gov-
ernment has an-

nounced the state’s first 
micro, small and me-
dium enterprise (MSME) 
policy. This policy aims 
to boost entrepreneur-
ship, end outward mi-
gration and ensure de-
velopment of the state, 
including remote and 
flood struck areas. The 
policy is heavy on in-
centives, including capi-
tal investment subsidy, 
interest subsidy and VAT 
reimbursement.

Under the policy, the state 
has been divided into four ma-
jor categories, where in remote 
areas, including Pithoragarh, 
Bageshwar, Rudraprayag, Cham-
pawat, Chamoli and Uttarkashi 
are under category A and can 
avail 40 per cent capital invest-
ment subsidy. While category B, 
including Pauri, Tehri, Almora 
and hill areas of Dehradun and 
Nainital district, can avail 35 per 
cent subsidy. Raipur, Sahaspur, 
Vikasnagar, Ramnagar, Doiwala 
area of Dehradun and Haldwani 
area of Nainital district fall under 
category C and can get up to 30 
per cent subsidy. Last, category D 
will get 15 per cent and comprise 
Haridwar and Udham Singh Na-
gar districts.
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Calendar of Forthcoming Electronics
Fairs/Exhibitions/Seminars/Events

productronica China 2015 Showcases the entire  productronica China 2015 
March 17-19, 2015 value chain in electronics Website: http://www.productronica-china.com/ 
Shanghai New International production in all industrial 
Expo Centre, China sectors

CONNECT Show For business people to CONNECT Show 
April 21-22, 2015 understand how convergence Phone: +61 (2) 8908 8555 
Melbourne Convention and of technology mega-trends Email: admin@acevents.com.au 
Exhibition Centre, will impact the way we live Website: www.con-nect.com.au  
Melbourne, Australia and do business

NEPCON China 2015 Features latest technologies  NEPCON China 2015 
April 21-23, 2015 and products in SMT, surface Website: http://www.nepconchina.com/ 
Shanghai Expo Center, China welding, electronic 
 measurement, automatic 
 electronic production, static  
 electricity prevention and 
 new materials

LED Expo 2015 LED Expo has evolved as Messe Frankfurt Trade Fairs India Pvt Ltd 
May 7-9, 2015 the biggest show exclusively Phone: +91 22 6144 5900 
Bombay Exhibition Centre, for manufacturers, component Website: http://www.theledexpo.com/  
Goregaon, Mumbai and equipment suppliers,  
	 lighting	specifiers	and	design	 
 engineers that are shaping the  
 present and future of LED  
 technology today

International CES Asia, 2015 Tech powerhouses to  Shanghai New International Expo Center (SNIEC),  
May 25-26, 2015 innovative startups, Shanghai, China 
Shanghai New International 3D printing, robotics,  Phone: 703.907.7603 
Expo Center (SNIEC)  sensors, the Internet of Email: afried@ce.org 
China Things and wearables

CommunicAsia 2015 Part of Asia’s largest  Singapore Exhibition Services 
June 2-5, 2015 infocomm and media Phone: +65 6233 6638 
Marina Bay Sands, Singapore business platform Website: www.communicasia.com

Nepcon Malaysia 2015 Sourcing ground for NEPCON Malaysia 
June 9-11, 2015 components, PCB/SMT, Phone: +65 6780 4613  
Malaysia semiconductor, testing & Email: nepcon@reedexpo.com.my 
 measurement and support Website: www.nepcon.com.my/Home/  
 services sectors in Malaysia

IFSEC International 2015 The global stage for  IFSEC International 
June 16-18, 2015 security innovation and Website: www.ifsec.co.uk/ 
London, UK expertise

Shunde Expo A three-day international China & International Participation Koelnmesse Co Ltd 
August 20-22, 2015 exposition for household Phone: +86-20-8755 2468-10 
Shunde Exhibition Centre  electrical appliances Email: h.yuan@koelnmesse.cn 
China  Website: www.shundeexpo.com/

AUTOMATION 2015 Catering to industrial IED Communications Ltd 
August 24-27, 2015 automation, robotics, drives Phone: 91-22-22079567, 22073370 
Hall No.1 & 5, NSE–Mumbai, and controls, logistics, Email: jyothi@iedcommunications.com 
Mumbai  hydraulics and pneumatics, Website: www.iedcommunications.com/index.php  
 and building automation 

electronica India Fair for electronic MMI India Pvt Ltd 
September 9-11, 2015 components, systems Phone: +91-9819418496 
Pragati Maidan, New Delhi and applications, besides Email: kavita.chhatani@mmi-india.in 
 communication platform for Website: www.electronica-india.com/en/home.html  
 the electronics industry 

Taitronics 2015 Electronic components and TAITRONICS 2015  
October 6-9, 2015 parts, meters and instruments, (41st Taipei International Electronics Show)  
TWTC Nangang Exhibition LED lighting and applications, Website: www.taitronics.tw  
Hall No.1, Nangang District, power supplies, industrial  
Taipei, Taiwan (R.O.C.) process and automation, smart  
 living and consumer electronics,  
 broadband products and Cloud 

Electronics Rocks 2015 Platform for design engineers, EFY Enterprises Pvt Ltd 
October 15-16, 2015 R&D engineers, academicians, Phone: 011- 26810601/2/3 
Nimhans Convention & hackers and hobbyists, that Email: electronicsrocks@efy.in 
Exhibition Centre, Bengaluru includes talks, workshops,  Website: www.electronicsrocks.com  
 discussions, product launches  
 and design challenges

OSI Days 2015 Open source conference that  EFY Enterprises Pvt Ltd 
November 19-20, 2015 aims to nurture and promote Phone: 011- 26810601/2/3 
Nimhans Convention & the open source ecosystem Email: info@osidays.com 
Exhibition Centre, Bengaluru in Asia Website: www.osidays.com

LED Expo 2015 The country’s no 1 exhibition Messe Frankfurt Trade Fairs India Pvt Ltd 
December 3-5, 2015 on LED Lighting Products Phone: +91 22 6144 5900 
Pragati Maidan, New Delhi and Technologies Website: www.theledexpo.com/ 

Name, Date and Venue Topics to be covered Contact address for details 

Look up under ‘Events’ section in www.electronicsforu.com for a comprehensive list 

Since this information is subject to change, all those interested are advised 
to ascertain the details from the organisers before making any commitment.

Government introduces beta 
version of digital lockers in India  

Taking a step ahead in making 
the country and its citizens 

technologically advanced, the 
government of India’s Department 
of Electronics and Information 
Technology (DeitY) has introduced 
the beta version of digital lockers. 
These lockers will provide safety to 
important documents of citizens, 
including birth certificates and uni-
versity degrees, by storing these in 
a digital format. 

Digital locker is part of PM Modi’s 
Digital Indian programme. To try it 
in beta mode, a user has to create a 
login ID on the website by using his 
Aadhaar card details. 

IESA signs MoU with SSIA

India Electronics and Semicon-
ductor Association (IESA), the 

premier trade body representing the 
Indian electronic system design and 
manufacturing (ESDM) industry, 
has signed a memorandum of un-
derstanding (MoU) with Singapore 
Semiconductor Industry Association 
(SSIA) with an objective to establish 
and develop trade and technical co-
operation links between the electron-
ics and semiconductor industry of 
both the countries. 

India and Singapore are two 
countries with varied strengths and 
opportunities in their respective 
ESDM industries. India has a huge 
domestic ESDM market, but lacks 
adequate manufacturing capacity. 
The demand-supply gap is expected 
to widen up to US$ 300 billion by 
2020 as the ESDM industry size is 
expected to reach US$ 400 billion, 
while local production and services 
is estimated to be around US$ 100 
billion. 

On the other hand, Singapore is 
one of the leading countries manu-
facturing electronics products and 
semiconductors. With approximately 
40 IC design companies, 14 silicon 
wafer fabs and 20 assembly and test 
units, Singapore nurtures an end-to-
end ESDM ecosystem.

http://www.productronica-china.com/
http://www.nepconchina.com/
http://www.theledexpo.com/
http://feedproxy.google.com/~r/MyEfy/~3/uP0A6un8Lmg/?utm_source=feedburner&utm_medium=email
mailto:nepcon@reedexpo.com.my
http://www.nepcon.com.my/Home/
mailto:h.yuan@koelnmesse.cn
http://www.shundeexpo.com/
mailto:kavita.chhatani@mmi-india.in
http://www.electronica-india.com/en/home.html
http://www.taitronics.tw/en_US/show/info.html?id=78A9E75258383576D0636733C6861689
http://www.taitronics.tw/en_US/show/info.html?id=78A9E75258383576D0636733C6861689
mailto:electronicsrocks@efy.in
http://www.electronicsrocks.com/
mailto:info@osidays.com
http://www.osidays.com/
http://www.theledexpo.com/
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Snippets
India’s LED market expecting 
healthy growth by 2020
A study by a global research agency 
has revealed that India’s LED market 
will grow by 32 per cent in the next five 
years. The LED market in the country 
is already seeing robust development, 
thanks to recent policies by the 
government. The reason for this growth 
has been attributed to declining prices 
of LED products and the fast pace at 
which the government, commercial and 
residential sectors are adopting the 
LED technology. 

Photovoltaic, wind and hydro  
star as top renewables
New analysis from Frost & Sullivan, 
Annual Renewable Energy Outlook 2014, 
forecasts the global installed capacity of 
renewable energy to more than double 

from 1566GW in 2012 to reach 3203GW 
in 2025 at an average annual growth rate 
of 5.7 per cent. Solar photovoltaic (PV) 
technology is expected to account for 
33.4 per cent of total renewable energy 
capacity additions in 2012-2025 period. 
Wind follows closely at 32.7 per cent, 
ahead of hydro power at 25.3 per cent. 
Other renewable technologies represent 
the remaining 8.6 per cent of capacity 
additions.

Dr K. Radhakrishnan receives  
IESA Technovation Award
India Electronics and Semiconductor 
Association (IESA) has awarded the 
IESA Technovation Sarabhai Award 
2014 (for outstanding contributions by an 
individual to Indian semiconductor and 
electronics industry) to Padma Bhushan 
Dr K. Radhakrishnan, former chairman, 
ISRO.

While it opens opportunities for 
Singapore EDSM companies to move 
up the value chain by shifting some 
manpower-intensive operations to 
competitive and proximal locations 
like India, Indian firms are benefitted 
through setting up their operations 
in Singapore, providing them with 
a better understanding of the trends 
and demands in the South East Asian 
markets.

Samsung’s smartphone to get  
Made in India tag 

Tizen OS based smartphone Z1 
has received a healthy market 

response in India, which has provid-
ed a boost to Samsung’s confidence 
level in their new product. Now the 
Korea based tech giant is planning 
to manufacture the Z1 smartphone 
at their Noida, UP, unit. The facil-
ity has the capability to produce 
more than four million units every 
month and the facility produces both 
budget and high-end smartphones in 
the country. 

Binatone to start  
local manufacturing

Binatone Communications Group, 
a Hong Kong based firm, is 

planning to start manufacturing 
routers and broadband connectiv-
ity instruments in India. Reports 
say that an investment of up to 
US$ 50 million will be done for 
setting up a manufacturing unit. 
Binatone chairman, Dino Lalvani, 
said that the business generated 
from India is doubling each year, 
and therefore a decision has been 
taken to develop a plant here.

He added that this move will 
offer logistic support, and India 
is a great option for setting up a 
manufacturing unit since labour 
costs in China are rising at a fast 
pace. Binatone is one of the pri-
mary suppliers of customer prem-
ises equipment (CPE) and routers 
to telecom giants like Bharti Airtel, 
Tata, MTS and MTNL. Currently, 
these CPEs are manufactured in 
China.

Intex to ramp up business  
in India

Intex Technologies, a mobile 
handset and consumer durables 

manufacturer, is planning to invest 
ten billion rupees in the next fiscal 
year beginning April 1 to strength-

en its operations in the country. 
The company also plans to invest 
five billion rupees in the next few 
years to build a new smartphone 
plant in India. 

Currently, the company is in 
talks with three state governments, 
namely, Rajasthan, Uttar Pradesh 
and Uttarakhand, to finalise the 
location of its plant. The company 
is simultaneously talking to its 
Chinese partners and chipset ven-
dors for the upcoming smartphone 
facility.

Intex has two manufacturing 
facilities in Jammu and one unit in 
Baddi, Himachal Pradesh, which are 
being used to produce mobile batter-
ies, chargers, multimedia speakers and 
feature phones.

Intex started making feature 
phones in its Baddi facility in the 
second half of 2014. The unit has 
a capacity to manufacture 2.5 
million devices annually, and is 
at present manufacturing 0.2 mil-
lion feature phones every month. 
With the investment, it is hoping 
to curb its dependence on China 
for feature phones, even though 
it will continue to focus on smart-
phones.

Anchor to extend its business 
into LED and solar

Anchor Electricals is planning to 
venture into the business of so-

lar photo-voltaic modules business 
this year, leveraging its parent Pa-
nasonic’s expertise. Anchor will also 
grow its business in fans and lights. 
Panasonic is a leader in lighting 
systems in Japan and has recently 
launched its range of energy-saving 
LED lights under the branding of 
Anchor, along with an extension in 
its CFL business. 

Panasonic had acquired An-
chor a few years ago for ¥ 40 bil-
lion. Panasonic has its strengths 
in distribution, brand equity and 
product technology. Anchor will 
make full use of this to provide af-
fordable electrical solutions across 
India.
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LED Lighting and Automotive Industry  
to Boost SMT Equipment Demand 

With an enormous increase in 
the demand for smaller and ef-
ficient electronic products, the 

surface mount technology (SMT) is now 
at a boom. This, coupled with an em-
phasis of the government on indigenous 
manufacturing, looks very favourable 
for SMT equipment market, especially in 
India; machines with advanced capabili-
ties and those specific to applications are 
being introduced in the market. It seems 
SMT is set to replace plated through-hole 
(PTH) technique of electronics manufac-
turing in India and around the world. 

Surface mount device (SMD) manu-
facturing equipment market globally is 
largely dominated by Japanese, German, 
Korean and North American brands, par-

ticularly when it comes to complex instru-
ments, like precision drilling and pick-and-
place machines. However, there are sev-
eral Taiwanese, South Korean and Chinese 
mainland brands that are also picking up, 
mainly in the wave soldering and reflow 
soldering sector.

Presence in India
Indian semiconductor industry has wit-
nessed a robust growth of 17.3 per cent 
since 2009 and currently owns 5.1 per cent 
share of the global market. According to 
NOVONOUS Semiconductor Market in India 
2014 - 2020 report, this industry is estimated 
to grow from US$ 10.02 billion in 2013 to 
US$ 52.58 billion in 2020 at a compound an-
nual growth rate (CAGR) of 26.72 per cent. 

Market Survey: 

Anagha P. is a technical 
correspondent at EFY

Pick-and-place internals of 
a surface mount machine 
(Courtesy: en.wikipedia.org) 
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A report from McKinsey and 
Company suggests that Indian manu-
facturers lag behind their global peers 
in key operational areas, and that 
India’s manufacturing sector has the 
potential to touch US$ one trillion 
by 2025. To meet the ever-increasing 
demand of electronics goods, success 
in the R&D sector is not just enough. 

We have to generate sources of raw 
materials and manufacture the de-
signs in India. This means we need 
to have an SMT assembly in-house. 

Currently, Indian SMT industry 
is largely dependent on imports for 
manufacturing equipment as well 
as raw materials for the processes. 
Most of the SMT equipment brands 
have subsidiaries, agents or distribu-
tors across the country. But proper 
availability of spares and services for 
imported capital equipment is still a 
challenge. However, projections of the 
industry, along with the electronics 
indigenisation movement of Depart-
ment of Electronics and Information 
Technology (DeitY) by government of 
India (GOI), look extremely favourable 
for the SMT equipment market here.

Driving segments
The upsurge in the number of elec-
tronic products and the penetration of 
electronics into almost all fields of the 
industry are positive factors for SMT 
equipment businesses. In fact, SMT 
equipment manufacturers are modify-
ing the instruments’ capabilities for the 
purpose of meeting industry demands.

Lighting. One of the major growth 
areas for SMT equipment manufactur-
ers is the lighting industry. With an 
increasing popularity of light emitting 
diodes (LEDs), high-speed and high-
capacity manufacturing equipment 
for specifically handling LEDs and 
special components (for example, high 
thermal dissipative LEDs) are being 
introduced into the Indian market.

Automobile. Latest advances and 
enhancements in automotive infotain-
ment have resulted in increasing the 
complexity of circuits, thus requiring 
SMT lines that are very precise and 
can withstand an extended operating 
temperature.

India is slightly lagging behind in 
the manufacture of high-technology 
components and manufacturing units. 
However, through ramping up of indig-
enous manufacturing in telecommuni-
cation and defence industries, and de-
velopment of R&D centres focussing on 
SMT, the next generation of advanced 
electronic manufacturing equipment 
would be introduced.

Availability of manpower. One of 
the major reasons why international 
firms prefer India as their manufactur-

Different types of  
SMT equipment

1. Stencil/screen printer
  Manual
  Semi-automatic
  Automatic
2. SMT pick-and-place equipment
  High speed
  Medium speed
  Low speed
3. Soldering equipment
  Reflow oven
  Wave oven
4. Solvent cleaning equipment
5. Inspection equipment
  X-ray
  Laser
  Optical
6. Repair and rework equipment
  Manual
  Semi-automatic 

SWOT Analysis 
Helpful

Strengths

1. Special economic zones (SEZs)

2. Proactive approach of government and Make in India campaign

3. Skill, labour and human capital

4. Resident expertise in semiconductor design and embedded software 

5. Incentives and policies from central and state government 

Opportunities

1. Growing electronics market

2. Penetration and booming demand for electronics in defence, lighting  
    and automotive industry

3. Rising manufacturing cost in countries like China

4. Emphasis of DeitY on indigenous electronics manufacturing

5. Government support for infrastructure development

6. Availability of innovations and latest technologies

7. Untapped manpower in rural areas 

Harmful 

Weaknesses

1. Absence of SMT manufacturing firms

2. Dependence on import

3. Lack of infrastructure

4. Consumption-driven market

5. Lack of domestic standards and advanced facilities for  
    manufacturing and testing

6. Non-availability of finance

7. Ineffective implementation of government incentives

8. Statutory obligations and licences

Threats 

1. Import of equipment for domestic purposes

2. High sales tax rates and duties for domestic manufacturers

3. Highly established SMT equipment market in other countries

4. Unfavourable labour laws 

 

Internal 

 

External 
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sales tax (CST), anomalies in tax poli-
cies and complexity of government pro-
cedures, are what hamper investment in 
India. Implementing policy corrections 
would help establish a conductive eco-
system for electronics manufacturing 
and associated businesses.

Supporting organisations, 
courses and certifications
Surface Mount Technology Association 
(SMTA) is an international organisa-
tion for professionals in electronics 
assembly technologies and related 
business operations. The India chapter 
of SMTA was inaugurated last year. 
Apart from providing support for SMT 
personnel, they conduct online train-
ing courses, like stencil printing and 
troubleshooting. SMTA also provides 
SMT processes certification and six 
sigma greenbelt courses, though these 
are currently not available in India.

Standardisation Testing and Qual-
ity Certification (STQC) directorate 
of DeitY provides hands-on training 
courses in SMT for production, qual-
ity assurance and R&D personnel. 
These give engineers or technicians 
the knowledge and skill to effectively 
perform material selection (for solder 
paste, cleansing agents, etc), hand 
soldering, wave soldering, reflow sol-
dering, inspection, rework and repair 
of surface mount assemblies.

IPC is a global association connect-
ing the electronics industry and gener-
ating standards for the same. It offers 
training and certification programmes 
in India, which can be taken up by 
professionals from the SMT field. It 
also supports SMTA India activities. 

ing hub is because of the availability of 
comparatively cheaper, skilled manpow-
er, particularly experts in semiconductor 
and embedded engineering. Apart from 
that, there is untapped potential in rural 
areas where electronics and related tech-
nologies have not penetrated much. This 
opens up immense possibilities.

Lack of advanced technology  
and infrastructure
Lack of capability to assemble new 
surface mount packages and limita-
tion on density handling due to a wide 
process window index (PWI) in the 
manufacturing process are two chal-
lenges faced by Indian SMT industry, 
which directly affect the manufactur-
ing yield. Because of the above rea-
sons, equipment having higher cycle 
per hour (CPH) capability and lower 
placement distance ratio are not being 
introduced. Other challenges include 
high cost of capital equipment and raw 
materials, non-availability of finance 
and lack of a favourable infrastructure 
towards the growth of SMT industry.

Boost from the government
The government of India has been en-
couraging the development of special-
purpose machines (SPMs) for use 
in electronics manufacturing, and in 
specific for surface mount component 
assemblies. The government’s Depart-
ment of Electronics and Information 
Technology (DeitY) has come up with 
many promising policies for the devel-
opment of Indian electronics industry. 
It has laid high emphasis on indigenous 
electronics manufacturing, which is be-
ing promoted through several incentives, 
including schemes for enhancing set-ups 
using capital equipment. “This will, for 
sure, bring in advanced manufacturing 
equipment aimed at serving the domes-
tic industry,” believes Ankan Mitra.

Though there are no policies specifi-
cally targeting the SMT industry, existing 
policies, like national policy on elec-
tronics (NPE), national manufacturing 
policy (NMP), modified special incentive 
package scheme (M-SIPS) and electronic 
manufacturing clusters (EMCs), indirect-
ly benefit the SMT sector. A few other 

schemes have also been introduced 
last year, and these look promising too.

Make in India movement. This 
campaign launched in September last 
year, with an aim to attract investment 
and turn India into a major global 
manufacturing hub, has received a lot 
of attention and support in the coun-
try and international markets. It has 
helped bring about major enhance-
ment in the Indian electronics industry.

Electronics development fund 
(EDF). In December 2014, the cabi-
net approved EDF for promoting new 
ventures, especially in electronics 
system design and manufacturing 
(ESDM), nanoelectronics and IT 
sectors, to achieve net zero imports 
by 2020. This scheme is meant to 
provide financial aid for developing 
international-class infrastructure 
for Indian electronics industry. This 
boost for ESDM is going to affect 
SMT equipment industry too.

The fault in our laws 
Though there seem to be many en-
couraging ventures, from central as 
well as various state governments, 
with an aim to encourage electronics 
manufacturing, the most important 
factor is the implementation of these 
policies effectively, says Anilkumar, 
director, Hermes Electronics Pvt Ltd. 
“Unfortunately these incentives and 
policies mostly do not reach, and are 
not accessible to, local entrepreneurs 
or promoters,” he adds.

According to industry experts from 
ELCINA Electronic Industries Associa-
tion of India, tax irritants, such as spe-
cial additional duty (SAD) and central 

Major contributors to this report 

A. Vijayendra
managing director,  

IPC India 

Anilkumar Paramalla
director, Hermes Electronics 

Pvt Ltd 
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international relations, IPC 
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new products

COMPONENTS

Connectors
BarGuide connectors are developed 
to meet the ever-evolving demands 
for high-power distribution in high-
density packaging and these are used 

to  prov ide 
high-amper-
age connec-
tions between 
busbars and 
circuit boards. 
These connec-
tors provide a 

current carrying capability of 60A to 
250A, based on specific pins’ sizes. 
These are available with press-fit 
PCB tails for mounting on both cir-
cuit boards and busbars and come in 
vertical and right-angle designs that 
can provide parallel or perpendicular 
interconnections. 

BarGuide connectors provide a 
high-current, low-power-loss inter-
connection with a quick connect/
disconnect function for space-con-
strained board-to-board, board-to-
busbar and busbar-to-busbar power-
distribution applications. These use 
high-performance springs, which 
provide a large surface contact area, 
thus ensuring small voltage loss, 
minimum heat generation, and low 
insertion and extraction forces. 
FCI Electronics 

Website: www.fci.com

Colour sensor
ROHM has developed a colour sensor 
for display-equipped devices, such 
as smartphones and tablets, capable 

of detecting 
colour tem-
p e r a t u r e , 
br ightness 
a n d  R G B 
components 
of ambient 
light.

The BH1745NUC leverages origi-
nal infra-red (IR) removal technology 
and computing methods to achieve 
the industry’s highest IR cut-off 
characteristics, reducing effects of 
IR rays by over 10x compared with 
conventional products. This enables 
compatibility with dark (low perme-
ability) optical windows, unlike con-
ventional colour sensors that cannot 
provide accurate detection due to the 
effects of IR interference when dark 
windows are used.
ROHM Semiconductor

Website: http://www.rohm.com

MOSFETs
TI’s new CSD17573Q5B and CS-
D17577Q5A can be paired with 
LM27403 for DC/DC controller appli-
cations to form a complete synchro-

nous buck converter solution. These 
power MOSFETs improve energy 
efficiency in high-power computing, 
networking, industrial and power 
supplies. 
Texas Instruments

Website: www.ti.com

Microcontrollers
Six new devices now join the entry-
level 32-bit STM32F0 value line 
to address the 8-bit and 16-bit ap-
plications. These latest additions 
augment the strong feature-set of 
the STM32F0 value line, giving 
designers access to built-in safety 
functionalities, precise internal os-
cillators, multiple clock sources and 
a calendar real-time clock (RTC) 

with alarm and periodic wake-up 
from stop/standby. Further impor-
tant features include a five-channel 
DMA controller, internal voltage 
regulator, 12-bit/1.0μs analogue-
to-digital converter (ADC) and 
versatile communication capabili-
ties, such as two I2C interfaces, six 
USARTs and two SPIs.
STMicroelectronics 

Phone: +91-120-2352999 

Website: www.st.com

Reed switch
Littelfuse has released MACD-14 and 
MASM-14 series, a high-precision 
extension of its reed switch product 
line. (The MASM-14 is the surface 
mount version of the MACD-14.) 
MACD-14 and MASM-14 series offer 
these key features and benefits:

1. Through-hole, surface-mount 
and custom forms provide layout and 
design flexibility 

2. Hermetically-sealed switch 
contacts are not affected by harsh 
environments

3. Close differential (low close/
open hysteresis) provides precise 
switching for applications with lim-
ited space

4. Switching capability of 200V 
DC at up to 10W provides high-load-
switching capability and flexibility in 
a compact package

5. Available sensitivity range of 
10-30AT for high-accuracy perfor-
mance under all operating condi-
tions.
Littelfuse Inc.

Website: www.littelfuse.com

Insulated-gate bipolar transistor
This insulated-gate bipolar transistor 
(IGBT) from Infineon is optimised 
for low switching frequencies rang-
ing from 50Hz to 20kHz. These can 
typically be found in applications 
such as uninterruptible power sup-
plies (UPSs) as well as in inverters 

http://www.fci.com/
http://www.rohm.com/
http://www.ti.com/tlead-pwr-dcdc-pwr-alps-lpdc-csd16570q5b-pr-pf-lm27403-en
http://www.st.com/stm32f0-pr2
http://www.st.com/
http://www.littelfuse.com/
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for photovoltaic and welding sys-
tems. The new L5 family is based on 
TRENCHSTOP 5 thin-wafer technol-
ogy, with the intrinsically low con-
duction losses having been reduced 
further with additional optimisation 
of the carrier profile.
Infineon Technologies

Wesbite: www.infineon.com

Gesture controller
MGC3030 3D gesture controller 
features simplified user-interface op-
tions focused on gesture detection, 
enabling true one-step designing of 

3D gesture recognition in consumer 
and embedded devices. Housed in 
an easy-to-manufacture SSOP28 
package, the MGC3030 expands the 
use of highly-sought-after 3D gesture-
control features to high-volume cost-
sensitive applications, such as toys, 
audio and lighting.
Microchip Technology Inc.

Website: www.microchip.com

Microcontrollers 
Renesas has launched the RL78/I1D 
group of microcontrollers, functions of 
which are optimised for detectors that 
sense minute variations in the output 
of sensors used to monitor for smoke, 
gas and motion or vibrations. To help 
reduce system cost and allow for great-
er compactness, the new RL78/I1D 
group integrates general-purpose dif-
ferential input operational amplifiers, a 

12-bit A/D converter and comparator. 
This brings together on a single chip all 
analogue peripheral functions required 
to interface with sensors. Key features 
of the RL78/I1D group are:

1. Innovative snooze mode func-
tions that enable data processing and 
transfer without CPU intervention

2. Dynamic switching of the op-
eration mode to match the system 
status

3. On-chip analogue periph-
eral functions necessary for detecting 
minute sensor signals
Renesas Electronics Corp.

Website: www.renesas.com

TEST & MEASUREMENT

Power analyser
Keysight Technologies has introduced 
the first power analyser that com-
bines accurate power measurements 
and touch-driven oscilloscope visuali-
sation capabilities in a single instru-
ment. Keysight IntegraVision power 
analyser makes it easy for R&D engi-
neers, who are designing and testing 
electronic power-conversion systems 
to access dynamic views of current, 

voltage and power so they can see, 
measure and improve the perfor-
mance of their designs. The analyser 
allows engineers to address multiple 
test scenarios with the flexibility of 
wide-ranging, isolated inputs up to 
1000Vrms (Cat II). 

Keysight also launched the 
E5080A ENA vector network analyser 
(VNA), which offers the industry’s 
best combination of RF measurement 
performance and speed, enabling a 
ten-fold improvement in test time. 
Along with this, the company intro-
duced two cable test options for its 

FieldFox handheld analysers, making 
these the industry’s most compre-
hensive handheld solution for cable 
testing.
Keysight Technologies Inc.

Website: www.keysight.com 

Digital clampmeters
MECO-G has intro-
duced a new series 
of 3½-digit hand-
held digital clampme-
ters with back-light 
LCD display. These 
clampmeters can 
measure AC volt-
ages, DC voltages, 
AC current, resistance, 
capacitance, tempera-
ture and frequencies. 
Additional features in-
clude diode tests, tran-
sistor checks, continu-
ity checks, low-battery displays, data 
hold and auto power off.
Goliya Instruments Pvt Ltd

Phone: +91-22-24149657, 24179467

Email: sales@goliyainstruments.com 

Website: www.goliyainstruments.com

Digital-storage oscilloscopes
The GDS-2000E series DSO from GW 
Instek comes with an unprecedented 
price-performance value to set a new 
benchmark for the mid-level DSO 
in the market. The series, equipped 
with 1GSa/s sampling rate, 10Mpt 
memory  and 
20.3cm (8-inch) 
800x480, 16:9 
WVGA display, 
include six mod-
els in the family 
covering 200MHz/100MHz/70MHz 
bandwidth and two/four input chan-
nels.
GW Instek

Website: www.gwinstek.com

Energy meter
The dual kWh energy meter from 
Automatic Electric measures energy 
(watt-hour) of both mains as well 
as genset. It comprises advanced 
microcontroller technology for re-

http://www.infineon.com/
http://www.microchip.com/MGC3030-Page-012015a
http://www.microchip.com/Homepage-012015a
http://www.renesas.com/
mailto:sales@goliyainstruments.com
http://www.goliyainstruments.com/
http://www.gwinstek.com/
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liability and 
accuracy. The 
user-friendly 
operation is 
the unique 
feature of this 
meter. Other 
features in-

clude on-site selectable CT ratio, 
phase sequence and current direc-
tion reversal indication, self-powered 
auxilliary supply and in-built RS 485 
communication port, among others.
Automatic Electric Ltd 

Phone: +91-22-24131849, 24151794

Email: sales@aelindia.com

Multimeter
Keithley Instruments has introduced 
a 7½-digit graphical sampling multi-
meter, which integrates a high accu-
racy digital multimeter, a digitiser for 
wave-form capture and a capacitive 
touch-screen user interface (UI). Its 
UI continues the company’s Touch, 
Test, Invent design philosophy that 
lets users learn faster, work smarter 
and invent easier. Model DMM7510 
offers users a powerful combination 
of capabilities:

1. Higher measurement accuracy 
2. High accuracy signal sampling
3. Interactivity and wave-form 

visualisation 
Keithley Instruments

Website: www.keithley.com

POWER SUPPLY

Multi-output DC power supply 
Features of this multi-output linear 
DC power supply include digitally-
controlled output settings, USB inter-
face, programmable arbitrary variable 
output (by feeding co-efficient of 
the curve), user-friendly front-end, 
low-cost general-purpose laboratory 
bench unit, full protection against 
overload and short circuit, 5V/5A 
with over-voltage crowbar protection 

for digital ICs, three independent out-
puts electrically isolated from each 
other, electrically-floating outputs up 
to 500V DC wrt ground and precise 
regulation, low ripple and noise for 
both constant voltage and current 
operation. 
Aplab Ltd

Phone: +91-22-67395555, 25821861  

Email: response@aplab.com

Website: www.aplab.com

LEDs

LED driver
Fairchild has announced the FL7734 
phase-cut dimmable single-stage 
LED driver, a highly-integrated LED 
controller solution for low-cost and 
highly-reliable LED lighting solutions 
from 5W to 30W. It enables designers 
to quickly achieve great light quality 
designs with high dimmer compati-
bility while integrating full power fac-
tor correction (PFC) circuitry to meet 
power factor (PF) and total harmonic 
distortion (THD) requirements.

The FL7734 solution uses Fairch-
ild’s unique active dimmer driving 
technology to eliminate visible flicker 
or shimmer symptoms and deliver 
over 90 per cent dimmer compat-
ibility with a variety of leading edge, 
trailing edge and digital dimmers 
from a wide range of manufacturers. 
The solution fully meets NEMA SSL 
7A-2013 and ENERGY STAR stand-
ards and provides a programmable 
dimming curve and input current 
management flexibility.
Fairchild Semiconductor

Website: www.fairchildsemi.com

LED area curing solution
Phoseon Technology has launched 
FireJet(tm) FJ800 area curing solu-
tion for electronics manufactur-
ing. The new air-cooled solution is 
optimised for production lines with 
large area applications, such as mi-
cro speakers, camera modules and 
flat-panel displays. Starting from a 
base curing area of 100mm x 100mm, 
these modular products can scale in 
all directions and provide contiguous, 

uniform UV output. The FJ800 light 
sources are available in 365nm and 
395nm wavelengths and come with a 
separate controller that uses a simple, 
intuitive graphical interface.
Phoseon Technology 

Email: info@phoseon.com

LED lights
BINAY has developed kelvin-chang-
ing human-centric Circadian power 
LED light fittings, which have colour 
temperature changing properties. The 
colour temperature of the light emit-
ted by these fittings can be manually 
changed as desired or set to change 
according to a preset program. 

These lights affect the body clock 
in the human body positively, en-
couraging the release of appropriate 
hormones depending on the time of 
the day (thus, leading to increased 
alertness and productivity during 
daytime and improved mental and 
physical relaxation in the evening).
Binay Opto Electronics Pvt Ltd 

Phone: +91-33-22103807, 22102039  

Email: info@binayLED.com

Website: www.binayLED.com

MISCELLANEOUS

Video recorder
Matrix SATATYA HVR1624P is a 
24-channel enterprise-grade hybrid 
video recorder that offers the benefits 
of a highly-mature analogue solution 
and security enhancements of an IP 
solution. Organisations already using 

analogue video surveillance can pro-
tect their existing investment in cam-
eras and wiring and add IP cameras at 
new or critical points. For new video 
surveillance projects, Matrix SATATYA 
HVR allows mixed use of analogue 
cameras and IP cameras depending 
on various factors like image quality, 
distance, wiring-feasibility and cost.
Matric Security Solutions

Website: www.matrixsecusol.com

mailto:sales@aelindia.com
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