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Editorial

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

On behalf of editorial board, it gives me an immense 
pleasure to present this volume of the Journal of 
Electronics under Exponent Group of Journals. 
Through this journal, we  are attempting to enhance 
new knowledge and technology amongst the youth, 
common man, academic and research community, 
professionals and industry practitioner. We are also 
focusing to introduce each  volume of this journal 
as a basic platform for various subjects in the 
electronics areas in order to realize new theories 
and developments for common man communities; 
thus bridging the gap between common man and 
technology, later research theories and industrial 
developments are also incorporated. Electronics 
Journal provides a platform for common man, 
researchers, industrialist and students to submit on-
going research activities and developments in these 
areas. Overall the main objective is to impart quality 
education through these articles/papers.

In continuation with the theme of journal, we are 
publishing the papers which are not necessarily based 
on original research, but the subject of the papers 
are selected to match up with the goal of the journal, 
i.e. to enhance social awareness of latest technology 
in the field of Electronics and Tele-communication.
In this Volume of Electronics Journal we are presenting 
six papers which includes two papers on Satisfying our 
growing data hunger with sophisticated modulation 
techniques  followed by a  paper on  Digital Electronics 
discussing FLIP FLOPs as continuation of papers in 
this series started in earlier volumes, two papers on 
3D Printers and its applications and finally a paper 
on Ultrasonic’s as a continuation in this series started 
form earlier volumes.

Our first two papers are  titled Satisfying our growing 
data hunger with sophisticated modulation techniques 
and discusses a long distance communication over 
radio waves with much advanced communication 
systems that can transfer bi-directional data at super 
high speeds and that too wirelessly. The paper deals 
with combining AM and FM so that we can transmit 
data at higher speed.

Next paper  titled “DIGITAL ELECTRONICS PART-VI FLIP 
FLOPS” discusses how  flip flops can be constructed 
using logic gates which then  used a digital circuit 
COUNTERS, MEMOTY CELL or SHIFT REGISTERS. 
Different type of FLIP FLOPs discussed are RS( Reset 
Set) flip flop, JK Flip flop, D-flip flop etc.  This paper 
thus presents ways and means to design flip flops, 
their truth tables and their working.

Our next two papers deal with 3D PRINTERS and their 
applications.   3D printing or additive manufacturing 
(AM)  use one of various processes to make a replica 
of real three-dimensional object which will look like 
an original object using  computer control. Next paper 
discusses various applications of 3D Printing such as 
Manufacturing, Industrial applications, construction, 
medical, computers, space, socio-cultural.  

Our last paper in this volume is in continuation of 
series on Ultrasonic’s and deals with the fundamentals 
of Ultrasound Harmonic Imaging. Nonlinear effects 
in tissue distort the sound wave as it goes through 
tissue. Tissue is somewhat compressible Sound 
travelling through the body is a pressure wave. At 
the wave peaks tissue is more dense so the wave 
travels faster; The higher the pressure, the greater 
the distortion; Any change from a perfect sinusoidal 
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wave creates harmonics.

We hope all the papers/articles presented in this 

volume  will be  useful to the readers in the field of 
Electronics and also to a common person.
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Satisfying our growing data hunger with 
sophisticated modulation techniques 
Part 1

- Salil Tembe
E-mail: salil2106@gmail.com

Long distance communication over radio waves 
began long ago and we have come much further with 
much advanced communication systems that can 
transfer bi-directional data at super high speeds and 
that too wirelessly. It all began with simple amplitude 
modulation where the amplitude of the radio signal 
was changed such that the amplitude variation 
represented the information signal. Then came FM 
and further in time came a combination of amplitude 
and frequency modulation. The combination of 
two types of modulation techniques enables more 
information to be transmitted.

When digital systems began taking shape and 
penetrating our lives, it became important for 
enabling digital communication which is much more 
robust but also takes a lot more bandwidth. Digital 
baseband signals (raw information signal in 1 and 0 
format) were transferred over a copper cable, but 
the influence of external noise source corrupted 
the data. Because of that reason, digital data could 
not be sent over long distances. Just the way audio 
signals were placed over high frequency radio waves 
for AM and FM radio stations, digital modulation 
techniques were also experimented. This allowed 
some degree of extension of distance limitation. The 
most common application of digital modulation over 
wire is the ADSL internet connection that might be 
connected in our homes. It uses a higher frequency 
carrier signal over which the 1s and 0s are placed. 

In this article, we will focus on the wireless modulation 
techniques and how they have been complicated over 
time. As we move along, we will also come across 
many constraints of the wireless communication 
systems that have been the driving force behind ever 

growing complexity of such systems. 

Bits per second per Hertz

It has always been the challenge to place more bits 
(1s and 0s of the digital binary information) in a 
given bandwidth. Let us first have a look at the term 
bandwidth through a communication engineer’s 
perspective. 

Whenever you are using any kind of wireless device, 
it will operate at a certain frequency. Which means 
that any kind of information generated or received 
by it, will be placed on a certain frequency carrier, 
for example 2.4GHz carrier signal. A carrier signal 
is basically a sine wave having a frequency of 
2.4GHz. Similarly, we can have a different frequency 
depending on the application. The 2.4GHz frequency 
band is one of the unlicensed bands of frequencies 
and that is why you can use your WiFi, Bluetooth, 
or any other device in this band, without paying a 
license fee to your government.  

The 2.4GHz band extends from 2.400 GHz to 2.500 
GHz. Any device operating in this band cannot use 
the entire range, instead it must and should use 
only a small part of it. This is because there could be 
several more devices wanting to use the same band 
and if only one device occupies the whole slot, no 
one can communicate. Sharing the frequency is how 
it works.

Take an example of the WiFi router. It operates in 
the 2.4GHz band (the new development of WiFi also 
operates at 5GHz ISM band) and it utilizes just one 
channel of 22 Mega Hertz (MHz).
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Now, 22MHz is quite a small frequency band and we have a lot more room to accommodate many more WiFi 
channels. Thus, we can now share the unlicensed band between many more users. 

We now have our first WiFi channel at 2401 MHz (2.401 GHz), and it ends at 2423 MHz. Because our 
electronic circuits are not so ideal, we have to take care of imperfections and leave a little room between two 
channels. Therefore, our second WiFi channel starts with a 5MHz spacing that comes at 2404 MHz and ends 
at 2428MHz. As you can see, this channel is overlapping with the previous channel. Logically, this will cause 
interference and communication can fail and this is true to some degree. But, we now have mathematical 
solutions to extracting and auto-correcting data lost due to interference. 

Figure 1 WiFi channels overlapping each other

The concept of frequency sharing also applies to the mobile communication system that we use non-stop. 
But we will not go into that just yet. 

Coming back to Bits per second per Hertz

We deviated from the main topic so that we can understand the concept of bandwidth with a more practical 
application rather than blindly reading the textbook answer. 

The 22MHz bandwidth of a WiFi channel could possibly provide us with at least 22Mbps?! That would be true 
if we assumed that we are transmitting 1 bit of information per second per Hertz of bandwidth. 22Mbps was 
a good enough speed back in 2000, but it is too slow. 

When WiFi was first introduced, it delivered just 2 Mbps (million bits per second). This is because the 
technology used for modulation was not that advanced. Thus we have just 0.09 bits per second per Hertz. 

Whereas, the 802.11ac standard operating in the 5GHz band as well as 2.4GHz band (a newer standard of 
WiFi) can deliver data rates up to 780 Mbps and the channel width is 160MHz at the maximum. This amounts 
to having 4.875 bits per second per Hertz. This shows we are able to transmit more information for every 
Hertz of bandwidth. 

In more technical terms, the “bits per second per hertz” is known as the Spectral Efficiency or b/s/Hz. 

As more and more people connect online and use wireless equipment, the stress on the limited spectrum 
increases. Add to it the growing demand for higher speed of data transfer. 

In order to get to the root of this problem, let us start reviewing the various digital modulation techniques. 
I am sure you will enjoy the journey from the past to the preset, reviewing how we started off with low 
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efficiency modulation techniques to super high efficiency, high speed modulation methodologies that are 
being used today in LTE-A (4G mobile systems).

Understanding common modulation schemes

If you are familiar with the basics, you can skip this part to read about a little more advanced stuff below. 
It all starts with varying the amplitude of the high frequency radio wave and we call that amplitude modulation 
or AM radio in layman terms, but that is for audio. When we use the same technique for transferring digital 
data (the 1s and 0s), we call it amplitude shift keying (ASK). 

Figure 2 Amplitude shift keying

Since, we are dealing with only two levels, 1 or 0, it is called the binary ASK. 

The reason we need to specify the term “binary” is because we can have multiple levels of amplitude 
represent different data patterns. 

Just like we have FM where we change the frequency of the carrier signal or the radio wave in order to 
transmit audio, we can do the same with digital data. We can have two different frequencies represent the 
binary 1 state and the binary 0 state of the signal. The result is Frequency shift keying.

Figure 3 Frequency Shift keying
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The frequency of the sine wave increases when binary 1 arrives, and returns back to its original frequency 
when 0 arrives. 

Similarly, we can transmit information through the phase of the carrier signal and that is called as the Binary 
phase shift keying. 

Figure 4 Binary Phase shift keying

In the Figure 4, we have used only two phases to represent 1 and a 0, but we can have more.

Figure 5 Quadrature Phase shift keying QPSK

The signal at the bottom is the addition of I and Q signal shown in the Figure 5. We do not need to go into 
the details of what the I and Q signals are, but all we need to see is the resultant signal which has 4 different 
phase changes (phase change marked at Ts, 2Ts, 3Ts and 4Ts). Which means, that each phase represents 2 bits 
of information instead of one bit. The addition of I and Q signal gives us what we call it as QPSK (Quadrature 
Phase shift keying). 

B/s/Hz starts growing here

In ASK, FSK and BPSK techniques, we saw that we could only transmit 1 bit at a time. Assume that the spectral 
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efficiency (b/s/Hz) is 1 bit per second per Hertz and 
by using QPSK, which happens to represent 2 bits 
of information at an instance, we are doubling the 
spectral efficiency for the same amount of bandwidth 
utilized. 

In simpler words…
Suppose we were using BPSK modulation to 
transmit data and the BPSK occupied around 10MHz 
bandwidth to achieve data rate of 10Mbps (million 
bits per second), by using QPSK, we can achieve 
20Mbps data rates. This is because, QPSK doubles 
the number of data bits per cycle. 

More bits, more problems

If you have understood so far, you will logically think 
and say that, in order to have higher data rate, just go 
for more number of “phase changes”.

There are indeed modulation techniques which can 
just add more phase changes at different angles. 
For example, 8PSK. The 8PSK, uses 8 different phase 
angles to represent a total of 3 bits per cycle or 3 
bits per second per Hertz. Naturally, if we follow 
the previous example a 10MHz channel, we would 
theoretically achieve 30 Mbps data rate. 

The image below shows the 8PSK, where the circle 
represents phase and each point on it is the data 
point where phase change occurs. Remember that 
the circle is just a representation for understanding. 
Naturally, as we increase the number of phases, the 
data points on the circle move close to each other. 
Take a look at the 16PSK constellation diagram (the 
circle representation of signal points) in Figure 7. 

What the circle represents? (Figure 6)

It represents that the signal being modulated is having 
constant amplitude (voltage level for example). 

Once, the signal points start moving close to each 
other, the receiver finds it difficult to distinguish 
which is the correct data. This happens because the 
environment can induce phase errors and this can 
corrupt the data. Therefore, it is important to find 

an optimal modulation technique. So far, QPSK has 
been the most popular, while there are many more 
modulation techniques which we will go through 
further in this article or possibly a part 2. 

One example of QPSK is it is used in 3G mobile 
networks.

Figure 6 8PSK Constellation diagram
 

Figure 7 16 PSK Constellation diagram
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Speaking of mobile networks, the GSM carrier uses 
a modulation technique which involves changing 
the phase of the carrier by slightly changing the 
frequency for 1 or a 0. It is similar to FSK that we saw 
earlier, but it is not exactly that either. Nevertheless, 
the modulation used in GSM is called GMSK (Gaussian 
Minimum shift keying) where “shift” refers to the 
shift in phase. 

The first plot shows the digital signal while the last 
graph is the actual GMSK signal (blue). The second 
plot shows the change of phase in current cycle with 
respect to previous cycle. 

Each cycle of GMSK represents a combination of 2 
bits. Even in case of QPSK, every cycle represents 2 
bits and its Spectral efficiency (b/s/Hz) is 2. Logically, 
GMSK should also have a Spectral Efficiency of 2, but 
that is not the case. GMSK has a Spectral efficiency of 
1.35. That means it transmits 1.35 bits/second/Hertz. 
After reviewing so much information in such short 
time, we have arrived to the point where we will 
discuss the final and most important modulation that 
is used almost everywhere; Quadrature Amplitude 
Modulation (QAM).

QAM is a combination of QPSK and ASK. That is, we 
are changing the phase as well as amplitude. 

To imagine QAM, assume that we have a QPSK signal 
with constant amplitude or voltage level. Each cycle 
represents 2 bits. If we want to transmit more number 
of bits per cycle, we simply change the amplitude 
level. It is better understood if we see the wave form.

As seen in Figure 9, we are now able to send 3 
bits instead of 2 in case of QPSK. This is a huge 
improvement. 

We started with 10MHz bandwidth. Using BPSK we 
could transmit 10 million bits per second, with QPSK 
we increased to 20 Mbps, with 8PSK we reached 30 
Mbps. Although with GMSK, we improved slightly 
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and theoretically we can transmit 10 x 1.35 (the 
spectral efficiency of GMSK) = 13.5 Mbps. Although 
with 8QAM as shown in Figure 9, we are sending 
same amount of data as in case of 8PSK. So what has 
changed?

If you take a look at constellation diagram of 8PSK 
in Figure 6, the symbols are close to each other. If 
we plot a constellation diagram of 8QAM in Figure 
10, we can see that the symbols are slightly farther 
away from each other. Even if we cannot really notice 
the difference with our eyes, mathematically, there 
is significant distance between two symbols. This 
distance between any two symbols is known as the 
Euclidean distance. 
Figure 10 8 QAM Constellation

As we saw earlier, if the symbols are too close to each 
other or in other words if the Euclidean distance 
between the two symbols is too small, the receiver 
will get confused on which symbol represents what 
bit pattern. 

For example, we are using 8PSK and have transmitted 
001. It is possible the receiver might see it as 011 
because there is a slight phase. The receiver has 
to be able to detect small phase changes to detect 
patterns. If we have less symbols like in QPSK, the 
receiver does not need to be as accurate as there is 
a lot of tolerance towards error. Slight phase change 

will not affect data but it will affect if we are using 
16PSK or even 32PSK. 

Greater the distance between symbols, better 
reception we get and also lesser bit errors. 

Because of larger Euclidean distances between 
symbols in QAM, we can easily go up to 512QAM! 
Which means 512 different possible symbols per 
cycle, which is equivalent to 9 bits per symbol. 
Imagine the constellation diagram! We will be able 
to achieve a maximum of 90Mbps with such large 
spectral efficiency. 512QAM is usually used in digital 
cable TV. 

Now, that we have seen various interesting 
modulation techniques, we will have a look at how 
each of the modulation method was actually used in 
the recent past and how everything has been getting 
better in terms of spectral efficiency and speed! 

We will go over an interesting technical journey in 
the next part. Over there we will look at how LTE-A 
(4G mobile system) is able to deliver more than 
1.5Gb/s download data rates, how the 802.11ac WiFi 
standard delivers significantly high data rates, what 
are smart antennas and most important and common 
thing between all modern wireless communication 
systems: Adaptive modulation.
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Satisfying our growing data hunger with 
sophisticated modulation techniques
Part 2

- Salil Tembe
E-mail: salil2106@gmail.com

More than 50 years ago, wireless communication 
systems started penetrating our lives. Simple radio 
communication systems such cordless phones 
became quite popular. Hand-held radios were also 
started to be used on an ever growing scale. Satellite 
voice links also caught up with higher bandwidth 
demands in the last few decades to support more 
users. One thing common among these systems is 
they are designed to provide voice communication 
which requires very little bit rate. In order to provide 
data services, everything needed to be changed. 

It will be an interesting journey to see how our 
mobile communication systems grew from serving 
9.6kbps to almost 1Terabits per second with the now 
developing 5G mobile system [reference no. 7]. 

DECT and Time sharing concept

The cordless telephone system known as the DECT 
(Digital Enhanced Cordless Telecommunication 
system) forms the basis of today’s GSM mobile 
network. It was developed in the late 80s. Based 
on the FSK modulation scheme (refer Part 1), it was 
sufficient to provide basic voice service to a maximum 
of 12 users on one single base station on time sharing 
basis. The communication channel is broken down 
into many pieces of time. First users transmits for a 
few milliseconds, then the second user transmits for 
another few milliseconds and so on. When the last 
user finishes transmission, the cycle repeats. This is 
known as “time sharing” or “Time domain multiple 
access (TDMA)”. 

Cordless telephony could only provide service on 
a small geographic region limited by the transmit 

power. Additionally, it operates in the unlicensed 
frequency bands of 900MHz, 2.4GHz and the 5.4GHz.
As more and more developments took place, there 
finally came GSM (Global Systems for Mobile) that 
worked exactly on the same principle of time sharing 
like the DECT cordless phone system. What set it 
apart is, it operated in a licensed band (not open for 
all people to use) and as it expanded, users could 
communicate with people across the globe. One 
major change that took place in the shift from DECT to 
GSM was the modulation scheme. GSM used GMSK 
modulation (refer Part 1) with a spectral efficiency of 
1.35b/s/Hz. 

The DECT standard allowed users to be connected 
to a single base station, but GSM allowed inter-base 
station hand off. If a user is almost on the edge of the 
coverage area of a base station, it will automatically 
hand off the user to neighboring base station thereby 
keeping the call in continuation. We are not going 
to discuss GSM in detail, but only a few things to 
understand and appreciate the changes that have 
taken place which in turn are meant to provide us 
with better data rates and Quality of Experience 
(QoE). 

In the earliest days of GSM, we had only voice and 
SMS service which only required approximate 
9.6kbps per user data rate. 

The fact that we could send SMS over GSM network 
means that we can indeed send other kinds of data as 
well. In fact, voice itself is being sent as a data packet 
in DECT as well as GSM. With the growing popularity 
of internet, it soon became important for service 
providers to provide internet access if they wanted to 
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stay in the game. Competition lead development of 
what we call as GPRS (General Packet Radio service). 
But there was something else before GPRS…

Full Capacity is never used 

A single base station may have nearly 800 subscribers 
connected at any given instance, but most of them 
are in idle mode. Never at any given time will the 
entire base station capacity be used. All 800 users 
will never be talking on the phone all the time. There 
will always be some empty bandwidth waiting to be 
used. 

As we saw earlier, all bandwidth is time shared 
between many, many users. Only a percentage of 
bandwidth or the time slots are used at any instance. 
Base station keeps a database of which frequency 
channel is being used and which time slot is allocated 
to which user, also which time slots are free. 
Whenever a call request arrives, the base station 
allocates one of the free time slots and frequency 
channel to the user. 

Instead of wasting precious bandwidth, it could be 
used for some purpose. The purpose soon became 
apparent; Internet! 

HSCSD (High speed circuit switch data) [reference 
no. 1] makes use of these free time slots in order to 
provide data services to the users. A single time slot 
on a frequency channel would serve 9.6kbps data 
rate to the user. This is too slow in today’s standards. 
In order to achieve more bandwidth, HSCSD can take 
more time slots to increase the data rate. So, instead 
of having 9.6kbps, we can have more data rate by 
combining free slots. A maximum of 8 time slots can 
be reserved and utilized resulting in a max data rate 
of 115kbps. The time slot needed to be reserved at 
the beginning of the session and they could be made 
unavailable for data access if the demand for voice is 
more. Voice gets a higher priority than data. So the 
Quality of Service (QoS) varies greatly on HSCSD.

HSCSD is more like a voice call, but here you are 
sending data instead of voice. Each time slot used is 
treated separately and that is why it is called “Circuit 

switched” data access.

GPRS on the other hand is a packet switched access 
technology. GPRS brought a whole new level of 
changes to the GSM network. There needed to be 
addition of additional gateways and support systems 
to handle GPRS traffic. It is almost as if GPRS runs 
parallel to GSM but at the same time interconnect at 
certain common points. 

Apart from the time slot aggregation (combining), 
there were many logical changes such as addition 
of Media access control, X.25 protocol stack, Mobile 
IP and many such changes. The internals of GPRS 
[reference no. 2] itself are quite interesting, but we 
will talk about that at some other time. 

One important point about GPRS is the Mobile IP. As 
we saw earlier the “hand off” mechanism [reference 
no. 3], where one base station disconnects a user and 
hands off to other base station to maintain a quality of 
service. Each base station has a different connection 
to the data network and if the user is having a GPRS 
data session going on, he will be interrupted because 
it is possible his IP address would change after the 
hand off. In order to overcome this issue, GPRS 
session information is also somehow handed off 
to the new base station and the session continues 
without interruption. 

Time for more data rates

GPRS still used the core GSM architecture which 
operated on GMSK modulation scheme and was 
able to provide slightly better data rates. That was 
not enough. Popularity of Internet was growing 
tremendously, and websites and data services were 
getting data-heavy. Faster connections were needed 
for a better experience. 

Most base stations had GPRS enabled on them by 
2003 if they wanted to stay in business because “data” 
was serious business for them. EDGE (Enhanced data 
rates for GSM Evolution) on the other hand was 
developed to provide even higher data rates on the 
same GPRS network! 
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There required no software or hardware changes 
in the existing network except that the transmitter 
and receiver part needed a change. We had a major 
modulation scheme being changed here for a better 
one. A modulation scheme with better Spectral 
Efficiency!
8PSK…

EDGE just brought a change in modulation scheme, 
everything remains unchanged in the backend. There 
was a huge increase in the data rates. Almost 4 times! 
EDGE can provide data rates up to 236kbps. Naturally, 
the change in modulation boosted the “data rate per 
time slot” as well. 

With the advent of 3rd generation mobile systems, or 
the 3G mobile systems, there were several changes 
that were responsible for raising the bar on maximum 
data rates. 

Problems encountered with pre-3G systems

The biggest problem that almost everyone faced with 
pre-3G systems was bad experience while travelling 
in vehicles and talking on the phone. The speed of 
the vehicle caused a Doppler shift in the frequency 
channel being used. This shift in frequency caused 
disruptions in the communication. On the other 
hand, a stationary user located in a certain location 
with lot of building structures around him may not 
receive proper signal. This was because the radio 
waves can reflect off the walls and structures. When 
several reflected waves arrive at the receiver, it may 
cause a cancelling effect and reducing the power of 
the signal. This kind of signal degradation is known as 
Multipath fading which is quite self-explanatory. 

Both the problems had to be taken care off. 3G mobile 
systems took care of that. Let us see how…

Wideband channel

First major change in 3G was to allocate completely 
different channel bandwidth. GSM channel uses a 
channel width of 200 kHz split between 8 users by 
use of TDMA. A 5MHz bandwidth was used for a 
different reason. Instead of TDMA, the 3G systems 

used CDMA (Code division multiple access) which 
in itself would take several pages of explanation to 
understand the working [reference no. 4]. To explain 
it in short, CDMA uses code sequences, time sharing 
and frequency hopping across the channel. Each user 
currently connected is identified by special code, 
the code decides how and when the data will be 
transmitted, unlike TDMA where the user transmits 
and receives data at a periodic interval. 

Use of WCDMA (Wideband CDMA) in the 3G system 
greatly helped in achieving higher throughput over 
communication channels. A person standing in one 
place can achieve up to 2Mbps of data rates without 
problems, whereas a user travelling in a vehicle at 
120km/h can get a downlink speed of 384kbps or 
less. The newer WCDMA communication technique 
involved a modulation scheme of QPSK. Even though 
QPSK provides only 2 bits per symbol as compared to 
8PSK used in EDGE, the 3G system is able to provide 
a much greater throughput speed. The reason being 
that the 3G system uses WCDMA in comparison to 
TDMA on pre-3G systems.

Another factor in improving performance of 
stationary users is the use of RAKE receiver in the 
mobile phones. RAKE receiver helps to combat 
multipath fading that we talked about earlier. 

A RAKE receiver collects signals from various 
reflected sources and combines them together 
to achieve a better signal strength. As a result, we 
get more accurate data and that helps in achieving 
higher data rates. In comparison to pre-3G systems, 
the weak signal would just mean we get lower data 
rate and there was nothing we could do about it. 
RAKE receiver fixed that problem and helped the 
wireless systems to be pushed forward for even more 
challenges. 

HSDPA

Great changes took place to bring technological 
advancements to the 3G mobile system, which 
is also known as the UMTS (Universal mobile 
telecommunication system). 
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HSDPA (High speed downlink packet access) brought 
high data rate downlink speeds in the region of multi-
megabits per second. Theoretically With HSDPA, 
there have been tremendous changes in the access 
network. The access network consists of the base 
station and the mobile device. The major change 
comes by implementing “Adaptive Modulation”. 

Problems faced with higher data rates

As we saw in the Part 1 of the series, different 
modulation techniques offered different data 
rates. The lower the data rate, the lower will be 
the errors on receiving end. Just to revise what we 
read earlier, GMSK modulation used in the 1G and 
2G mobile systems had a spectral efficiency of 1.35 
bits/second/Hertz. In other terms, GMSK transmitted 
approximately 1 bit per symbol or cycle. With 8PSK 
being used in EDGE network, we were able to transmit 
8 bits per symbol, thereby increasing the spectral 
efficiency 3 fold. As we increase the bits/symbol, it 
becomes difficult for the receiver to successfully 
identify symbols due to possible losses, multipath 
fading and signal  degradation. As we increase the 
data rates, the chances for error in reception increase.

Adaptive modulation

Better signal quality translates to having better data 
rates because there will be lower chance of error 
happening in the communication. Thus, if the user 
is having good signal strength, the base station 
will automatically choose 16QAM or even 64QAM 
modulation. 64QAM can transmit 6 bits per symbol. 
Whereas, 16QAM transmits 4 bits per symbol. We 
have a huge increase in the data rates as compared 
to the 3G UMTS system. 

As the signal strength degrades, the mobile phone 
alerts the base station to decrease the data rates by 
switching to QPSK modulation where only 2 bits per 
symbol are sent. With QPSK, the data rate reduces 
by almost 3 times. If the signal strength reduces 
such that it cannot even support QPSK modulation 
without errors, the modulation scheme is switched 
to GMSK.

Therefore, the user has undisrupted experience. 
Adaptive modulation comes handy when travelling 
at high speeds in train or in the car. 

How does the base station know when to switch?

There is constant communication between the 
mobile phone and the base station transceiver on 
a control channel. Even when the phone is not in 
use, the phone is busy communicating with the base 
station and exchanging current status of the phone.
 
The status includes a field called RSSI (Received signal 
strength indicator). 

The mobile phone monitors the signal strength on 
continuous basis when it is being used and sends the 
measurement to the base station. 

The base station receives this RSSI from the phone and 
takes a decision whether to change the modulation 
scheme or keep it unchanged. 

The RSSI is transmitted to the base station 800 times 
per second during a voice call or while access internet. 
It is only sent once in a while when the phone is not 
in use. 

This RSSI also helps in determining if the mobile user 
needs to be hand off to neighbouring base station. 
Thus, hand-off or modulation scheme change can 
take place in approximately 1.25 microseconds, 
which is far from being disruptive to humans. 

What is the result of such complex system?

Possibility to achieve nearly 21 Mbps data throughput! 
Again, this depends on the number of users currently 
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using the data network at any given time. 

Even at this stage, we are nowhere near present. 
The current technological capabilities are far beyond 
HSDPA that we just saw. The HSDPA has several 
versions with improvements done in every update. 
We will take a look at one of the significant changes 
in the HSDPA network that allowed mobile networks 
the possibility to reach 300+ Mbps data throughput. 

Carrier Aggregation and multiflow technology

As we saw earlier, HSDPA is based on the 3G 
UMTS standard which uses 5MHz channel for 
communication. Just like in GPRS and EDGE network, 
where unused timeslots could be used for serving 
more data rate, multiple WCDMA channels can 
be combined together to give higher data rates on 
HSDPA network. 

Have you seen the ‘H+’ symbol on your mobile 
signal strength indicator? The ‘H’ symbol represents 
the HSDPA network, whereas H+ indicates that you 
are currently connected to HSDPA with multiflow 
enabled. 

No two base stations neighbouring each other will 
use same frequency channel, although two base 
stations far from each other (not neighbours) can 
use the same frequency. The rule is that adjacent 
neighbours cannot use same channel because if they 
do the communications will interfere with each other 
and no one will be able to communicate. 

As we have seen previously, no base station will ever 

be used at full capacity in normal circumstances. 
Much of the capacity will be sitting unused. In case, 
one base station has much of its capacity consumed, 
and on the other hand the neighbouring base 
station has a lot of its capacity unused, the multiflow 
technology can make use of the bandwidth from 
the neighbouring base station given that the signal 
strength is good enough. 

In another scenario, a user demanding more 
bandwidth can also benefit from carrier aggregation 
technology where data throughput can be expanded 
by connecting  and utilizing some bandwidth from 
the neighbouring base station. 

The condition for multiflow technology to be enabled 
is that the user must be located at such a location 
where his device can receive good signal strength 
from both the cell towers. 

Multiflow technology in itself is a highly complex 
engineering solution to pushing the data throughput 
even higher. You can read an entire document 
about it written by the communication chip maker 
Qualcomm [reference no. 5]. 

Instead of just one extra cell tower supporting, we 
can have another cell tower added in for multiflow. 
Which makes total of 3 cell towers serving the mobile 
phone for an increased data throughput capabilities. 
Now that we have 3, we could add one more 
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assisting cell tower in the list to make a total of 4! 
The release 11 of 3GPP (3rd generation partnership 
project) supports Quad cell aggregation to give a total 
possible throughput of 337 Mbps. Release 11 is also 
LTE standard or the 4G standard of mobile phones 
[reference no. 6]. 

Communication with multiple cell towers at once 
requires more than one antenna, if not more than 
one receiver circuitry. Multiple input and Multiple 
outputs (MIMO) technology enables our latest 
mobile devices to communicate with multiple cell 
towers at once. 

MIMO is in fact the basis for LTE-A (4G) mobile 
systems. 

Only MIMO systems can help us achieve more than 
21Mbps throughput data rates. 

Long term evolution: A complete makeover of GSM

Up until HSDPA, much of the data services were 
built on top of core GSM voice network where data 
network operated in parallel with the voice network. 
One thing to notice here is that as we are moving into 
the present technology, we see that the focus has 
been solely on data network. That is because internet 
has become the only driving force for technological 
innovation and the need for faster, efficient networks 
that can service ever growing base of subscribers. 

4G or the LTE upgrade has been almost complete 
makeover of the existing GSM network. LTE is based 
entirely on IP (internet protocol). There is so much 
integration of the data network that even the core 
voice capabilities are now run over IP instead of 
the age old GSM standard. Although there is still an 
option to run core GSM voice in parallel with high 
speed data network but most users will opt to use 
over the top applications such as Skype or IP-Phone 
applications that make use of the data network. 

With LTE or Release 11 of 3GPP specifications, there 
are huge internal changes on how the data packets 
are coded, how channels are combined together and 
various other details. These small changes paved 

way to the LTE-Advanced standard where we can see 
peak data rates reaching a maximum of 4Gbps! LTE-A 
works entirely on MIMO technology and carrier 
aggregation. 

There are no real changes in the modulation 
technique used, but there is indeed serious change 
in how frequency channels are clubbed together. To 
explain all that would require an equally long article 
and hence, beyond the scope of this article. 

One interesting that LTE-A has brought is beam 
forming and user location tracking technology. This 
technology continuously tracks the location of the 
user with respect to the location of the cell tower. 
Suppose we have too many users on one section of 
the coverage area, the antenna would simply radiate 
all its power in the direction where there is demand. 
In that way, the radiated power is well utilized instead 
of being wasted. Such location tracking antennas are 
known as smart antennas.

LTE-A will definitely deliver more than 1Gbps of data 
throughput if it was to be used at full capacity, but 
the benefits of LTE-A are more than the data speed. 
It will allow faster hand off between cell towers 
and there will be less latency between packets. The 
round trip time for packet sent from your phone to 
reach the tower and come back would only take less 
than 2 milliseconds as compared to 70 milliseconds 
on EDGE network. 

It is just too early to talk about 5G standard so we will 
end it over here. 

Conclusion

WE started our journey from age old DECT cordless 
standard, then looked into the first GSM network 
which supported only 9.6kbps voice data and short 
messages. We then had HSCSD installed on the core 
GSM network and soon there was GPRS hogging 
the excess unused packets in the channel just to be 
replaced with EDGE technology which used 8PSK 
modulation with better spectral efficiency. With 
3G standard came the adaptive modulation that 
offered continuous monitoring of signal strength to 
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offer much better “quality of experience”. HSDPA 
and HSPA+ combined two or more neighbouring cell 
towers to serve more than 100mbps data throughput 
which also served as the basis for 4G LTE standard. 
The Release 11 or the 4G LTE brought capabilities 
of serving 300Mbps data throughput whereas LTE-A 
pushed it even further into the Gbps range. All along 
we have seen rising data throughputs, and it is no 
surprise that it will keep growing as long as there is 
demand for it. 
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Abstract: Everyone of us use digital devices such 
as desk top computer, Lap top computer, mobiles, 
ipod, ipad, and so on but very few know base of 
these devices i.e. digital electronics. Through series 
of articles in this and subsequent volumes we shall 
present this very useful topic for common user.  

This paper is therefore sixth  paper  in this series of 
digital electronics i.e. flip flops can be constructed 
using logic gates and it is further used a digital circuit 
COUNTERS, MEMOTY CELL or SHIFT REGISTERS. 
These units are further used in more complex digital 
circuits .  Different type of FLIP FLOPs are RS( Reset 
Set) flip flop, JK Flip flop, D-flip flop etc.  This paper 
thus presents ways and means to design flip flops, 
their truth tables and their working  and is based on 
the information that is obtained from open source.

Introduction:

In last volume of this journal we studied different 
types of logic gates such as AND, OR, NOT, NAND, 

NOR and X-OR. These gates can be further used to 
design different types of flip flops. 

Flip-flop or latch is a circuit which has two stable 
states and can be used to store state information. 
A flip-flop is a bistable multivibrator. The circuit can 
be made to change state by signals applied to one or 
more control inputs and will have one or two outputs. 
This is also a basic storage element in sequential 
logic. Flip-flops and latches are a fundamental 
building block of digital systems used in computers, 
communications, and many other types of systems.

Flip-flops and latches are used as data storage 
elements. A flip-flop can be used to store a 
single bit (binary digit) of data; one of its two states 
represents a “one” and the other represents a “zero”. 
Such data storage can be used for storage of state, 
and such a circuit is called  as sequential logic. When 
flip flop used in a finite-state machine, the output and 
next state depend not only on its current input, but 
also on its current state (and hence, previous inputs). 
Flip flops when used to form a counter ,it can be used 
for counting of pulses, and for synchronizing variably-
timed input signals to some reference timing signal.
Flip-flops can be either simple  or clocked (synchronous 
or edge-triggered). Although the term flip-flop has 
historically referred generically to both simple and 
clocked circuits, in modern usage it is common to 
reserve the term flip-flop exclusively for discussing 
clocked circuits; the simple ones are commonly 
called latches.

A  latch is level-sensitive, while  a flip-flop is edge-
sensitive. That is, when a latch is enabled it becomes 
transparent,i.e. passes logic state from input to 
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output,  while a flip flop’s output only changes on a 
single type (positive going or negative going) of clock 
edge.

2. SR NOR latch:

Fig. 1. SR flip flop using NOR gates.

Here a SR latch is constructed using two NOR gates. 

The SR flip flop has two inputs S (set) and R (reset) and 
two out puts Q and its logically inverted output .
 
When using static gates as building blocks, the most 
fundamental latch is the simple SR latch, where S and 
R stand for set and reset. It can be constructed from a 
pair of cross-coupled NOR logic gates. The stored bit 
is present on the output marked Q.

To explain working of the circuit, let us consider 
present state of out put as an initial state. With two 
inputs Sand R there are four possible combination 
00, 01, 10 and 11. 

• While the S and R inputs are both low, i.e input 
state is 00, Q being output of upper NOR gate 
whose one input A is R and other input is  . 
Now refer to Truth Table 1 of NOR gate. 

State A(R)
B(  )

Y (Q)

0 0 0 1
1 0 1 0
2 1 0 0
3 1 1 0

 Table 1. Truth Table for NOR gate.

Let us assume that initial state of Q = 0 and  =1. 
Now since R=0 and S=0, A= R=0 and B=                = 
1; thus we are at second row in above table t h e 
output Y=Q=0.

Now we can assume that initial state of Q = 1 and  
=0. Now since R=0 and S=0, A= R=0 and B=  
= 0; thus we are at first row in above table t h e 
output Y=Q=1.

From above discussion it is clear that when R=0 and 
S=0, if Q is initially 0 it remains 0 and if Q is initially 1 
it remains 1 or out doest not change. This is our first 
state in truth table of SR flip flop.

• While the S=0 and R=1 , i.e input state is 01, Q 
being output of upper NOR gate whose one input 
A is R and other input is  . Now refer to truth 
table of NOR gate.

 
Let us assume that initial state of Q = 0 and  =1. 
Now since R =1 and S=0, A= R=1 and B=  
=0; thus we are at fourth row in above t a b l e 
the output Y=Q=0.

Now we can assume that initial state of Q = 1 and  =0. 
Now since R=1 and S=0, A= R=1 and B=  = 0; thus we 
are at third row in above table the output Y=Q=0.

From above discussion it is clear that when R=1 and 
S=0, if Q is initially 0 it remains 0 and if Q is initially 
1 it becomes 0 or output becomes 0 or resets to 0 .  
This is our second  state in truth table of SR flip flop.
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SR latch operation
Characteristic table Excitation table

S R Qnext Action Q Qnext S R
0 0 Q hold state 0 0 0 X
0 1 0 reset 0 1 1 0
1 0 1 set 1 0 0 1
1 1 X not allowed 1 1 X 0

Table 2. Truth Table for SR flip flop

Note: X means don’t care, that is, either 0 or 1 is a valid value

Fig. 2. SR Flip flop Symbol

• While the S=1 and R=0 , i.e input state is 10, Q being output of upper NOR gate whose one input A is R 
and other input is  . Now refer to truth table of NOR gate. 

Let us assume that initial state of Q = 0 and  =1. Now since R=0 and S=1, A= R=0 and B=  = 1; thus 
we are at second  row in above table the output Y=Q=0.

Now we can assume that initial state of Q = 1 and  =0. Now since R=1 and S=0, A= R=1 and B=  = 0; 
thus we are at third row in above table the output Y=Q=1.

From above discussion it is clear that when R=0 and S=1, if Q is initially 1 it remains 1 and if Q is initially 0 it 
becomes 1 or output becomes 1 or sets to 1 .  This is our third   state in truth table of SR flip flop.

• While the S=1 and R=1 , i.e input state is 11, Q being output of upper NOR gate whose one input A is R 
and other input is  . Now refer to truth table of NOR gate. 

Let us assume that initial state of Q = 0 and  =1. Now since R=1 and S=1, A= R=1 and B=  = 0; thus we 
are at third  row in above table the output Y=Q=0.

Now we can assume that initial state of Q = 1 and  =0. Now since R=1 and S=1, A= R=1 and B=  = 0; thus 
we are at third row in above table the output Y=Q=0.

Now for lower NOR gate S=D=1 and C=Q=0, so its output  =0. 
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Thus we get Q=0 and  =0 which not logically 
possible.

The R = S = 1 combination is called a restricted 
combination or a forbidden state because, as 
both NOR gates then output zeros, it breaks the 
logical equation Q = not Q. The combination is 
also inappropriate in circuits where both inputs 
may go low simultaneously (i.e. a transition 
from restricted to keep). The output would lock at 
either 1 or 0 depending on the propagation time 
relations between the gates (a race condition).

This is our four state in the truth table of SR flip flop.
To overcome the restricted combination, one can add 
gates to the inputs that would convert (S,R) = (1,1) to 
one of the non-restricted combinations. That can 
be:Q = 1 (1,0) – referred to as an S (dominated)-latch
Q = 0 (0,1) – referred to as an R (dominated)-latch.

This is done in nearly every Programmable logic 
controller.

Keep state (0,0) – referred to as an E-latch

Alternatively, the restricted combination can be 
made to toggle the output. The result is the JK latch.
Characteristic: Q+ = R’Q + R’S or Q+ = R’Q + S.

3. SR NAND latch:

Fig.3 SR NAND Latch

SR NAND latch  is an alternate circuit  of the 
simple SR latch which is built with NAND logic 
gates. Set and Reset are now active low signals, 

denoted S and R respectively. Operation of this 
circuit is identical to that of the SR latch. SR-latches 
have been predominant despite the notational 
inconvenience of active-low inputs.

SR LATCH OPERATION
S R ACTION
0 0 NOT PERMISSIBLE
0 1 Q=1
1 0 Q=0
1 1 NO CHANGE IN OUTPUT

Table 3. SR NAND latch truth table

 Fig. 4 Symbol for SR NAND latch

4. JK latch:

The JK latch follows the following state table:

JK  LATCH OPERATION
J K Qnext Comment
0 0 Q NOT PERMISSIBLE
0 1 0 Reset
1 0 1 Set
1 1 TOGGLE OUTPUT

 
Table 4. JK Latch Operation.

Hence, the JK latch is an SR latch that is made 
to toggle its output (oscillate between 0 and 1) when 
passed the input combination of 11. 
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5. Gated latches:

Latches are designed to be transparent. That is, input 
signal changes cause immediate changes in output; 
when several transparent latches follow each other, 
using the same enable signal, signals can propagate 
through all of them at once. Alternatively, additional 
logic can be added to a simple transparent latch to 
make it non-transparent or opaque when another 
input (an “enable” input) is not is made active. 

5.1 Gated SR latch:

A Clocked SR latch ( synchronous SR flip-flop) can be 
made by adding a second level of NAND gates to the 
inverted SR latch (or a second level of AND gates to 
the direct SR latch). The extra NAND gates further 
invert the inputs so the simple SR latch becomes a 
gated SR latch (and a simple SR latch would transform 
into a gated SR latch with inverted enable).

Fig. 5 A gated SR latch circuit diagram constructed 
from NOR gates.

Gated SR latch operation
E/C Action

0 No action (keep state)
1 The same as non-clocked SR latch

   
Table 5. Gated SR latch operation

When additional input  E is high (enable true), both 
the AND gates allow the S and R signals to  pass 
through the input gates to the encapsulated latch; 
all signal combinations except for (0,0) = hold then 
immediately reproduce on the (Q,Q’) output, i.e. the 
latch is transparent.

When E is low (enable false) the latch is closed 
(opaque), both the AND gates are disabled and 
whatever be the main SR inputs, the flip flop remains 
in the in the last state it was left the last time when E 
was made high.

The Enable input is sometimes a clock signal, but 
more often a read or write strobe.

Fig. 6 Symbol for a gated SR latch

6. D Flip flop:

A JK Flip flop can be converted into D-Latch using a 
single NOT gate connected at input as shown in Fig.7.  

Fig.7.D-Flip flop using JK Flip flop.

Table 6.Conversion Table JK to D Flip Flop.
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Thus D flip flop has only one input D, while other 
input is C or clock input. When we apply logic 0 or 
1 at D input and give active high to C input the Qp 
output latches the state of D input. D Latch is very 
useful for storing a binary bit. A set of 8 D latches can 
be used to store a Byte or 8 bit binary number.

7. Gated D latch

Fig. 8 D-type transparent latch based on 
an SR NAND latch

Fig.9.Gated D latch based on an SR NOR latch

Here two active input combinations (01 and 10) of a 
gated SR latch, R is the complement of S. The input 
NAND stage converts the two D input states (0 and 1) 
to these two input combinations for the next SR latch 
by inverting the data input signal. The low state 
of the enable signal produces the inactive “11” 
combination.Therefore a gated D-latch is considered 
as a one-input synchronous SR latch. It is also known 
as transparent latch, data latch, or simply gated latch. 
It has a data input and an enable signal (sometimes 
named clock, or control). The word transparent comes 
from the fact that, when the enable input is on, the 
input signal at D input gets transferred to output Q.

They are used as I/O ports or in asynchronous systems, 
or in synchronous two-phase systems (synchronous 
systems that use a two-phase clock), where two 

latches operating on different clock phases prevent 
data transparency as in a master–slave flip-flop.

These latches are available as integrated circuits ICs, 
usually with multiple latches per chip. For example, 
74HC75 is a quadruple transparent latch in the 7400 
series.

E/C D Q Q C o m -
ment

Fig.9 Symbol 
for a gated D 
latch

0 X Qprev Qprev N o 
change

1 0 0 1 Reset
1 1 1 0 Set

 
Table 8. Gated D latch truth table.

The truth table shows that when the enable/clock 
input is 0, the D input has no effect on the output. 
When E/C is high, the output equals D. 

9. Clocked D flip-flop

Fig. 10. Clocked D FF symbol.

The D flip-flop is widely used. It is also known as a 
“data” or “delay” flip-flop.

The D flip-flop captures the value of the D-input at a 
definite portion of the clock cycle (such as the rising 
edge of the clock). That captured value becomes 
the Q output. At other times, the output Q does not 
change.The D flip-flop can be viewed as a memory 
cell.
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Clock D Qnext
Rising edge 0 0
Rising edge 1 1
Non Rising edge X Q

Table 9. Truth table for Clocked D Flip Flop.

(‘X’ denotes a Don’t care condition, meaning the 
signal is irrelevant)

10. Conclusion: 

This article thus represents different types of flip 

flops and their logical functions with truth tables. All 
this information will be useful for our further articles 
in the series of digital electronics. 

In next article, we shall present design of Counters 
and Shift Registers using the flip flops presented in 
this article. 

11. References:

• Digital Electronics by R.P. Jain
• h t t p : / / e n . w i k i p e d i a . o r g / w i k i / F l i p -
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3D Printers

- Ketki Kulkarni
E-mail: ktkool.k@gmail.com

Abstract:

Everyone of us is aware of general printing of a page 
using a Printer . This kind of printing using Inkjet, 
dot matrix, or LASER printer is known as 2D printing. 
The object having third dimensions are printed on 
2D printer by varying intensity or a density of color 
to create an 3D effect. In  3D printing or additive 
manufacturing (AM) we  use of one of various 
processes to make a replica of real  three-dimensional 
object which will look like an original object. In 3D 
printing, primarily additive processes are used, in 
which successive layers of material are laid down 
under computer control. These objects can be of 
almost any shape or geometry, and are produced 
from a 3D model or other electronic data source. A 
3D printer is a type of industrial robot. This article 
therefore represents the concept of 3D Printing 
and various machineries used carry out process of 
3D Printing using an information obtained from the 
open sources.   

1.  Introduction:

Working of 3D Printer:

The process of 3D printing  starts with making a 
virtual design of the object you want to create using 
a virtual design is made in a CAD (Computer Aided 
Design) file using a 3D modeling program (for the 
creation of a totally new object) or  with the use of a 
3D scanner (to copy an existing object). This scanner 
makes a 3D digital copy of an object and puts it into a 
3D modeling program.

To prepare the digital file created in a 3D modeling 

program for printing, the software slices the final 
model into hundreds or thousands of horizontal 
layers. Accuracy of a final product or finishing depends 
on the number of layers, i.e higher the number of 
layers better is finished product, but this decreases 
the speed of production. When this prepared file is 
uploaded in the 3D printer, the printer creates the 
object layer by layer. The 3D printer reads every slice 
(or 2D image) and proceeds to create the object 
blending each layer together with no sign of the 
layering visible, resulting in one three dimensional 
object. Fig. 1 shows a typical 3D Printer.

Fig. 1. A typical 3D Printer

2. History:

2.1 Terminology and methods

 In 1984, Chuck Hull of 3D Systems Corporation, 
invented a process known as stereolithography, in 
which layers are added by curing photopolymers 
with UV lasers. Hull defined the process as a “system 
for generating three-dimensional objects by creating 
a cross-sectional pattern of the object to be formed.” 
He also developed the STL (STereoLithography) file 
format widely accepted by 3D printing software as 
well as the digital slicing and infill strategies common 



27The Exponent Group of Journals For Electronics, Volume 3, Number 3, June 2015 - Aug 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

to many processes today. The term 3D printing originally referred to a process employing standard and custom 
inkjet print heads. The technology used by most 3D printers to date—especially hobbyist and consumer-
oriented models—is fused deposition modeling, a special application of plastic extrusion.

All 3D printers do not use the same technology to realize their objects. There are several ways to do it and 
all those available as of 2012 were additive, differing mainly in the way layers are build to create the final 
object. Some methods use melting or softening material to produce the layers. Selective laser sintering (SLS) 
and fused deposition modeling (FDM) are the most common technologies using this way of printing. Another 
method of printing is to lay liquid materials that are cured with different technologies. The most common 
technology using this method is called stereolithography (SLA).

3. Selective laser sintering (SLS)

This technology uses a high power LASER  to fuse small particles of plastic, metal, ceramic or glass powders 
into a mass that has the desired three dimensional shape. The laser selectively fuses the powdered material 
by scanning the cross-sections (or layers) generated by the 3D modeling program on the surface of a powder 
bed. After each cross-section is scanned, the powder bed is lowered by one layer thickness. Then a new layer 
of material is applied on top and the process is repeated until the object is completed.

The untouched powder remains as it is and becomes a support structure for the object. Therefore there is no 
need for any support structure which is an advantage over SLS and SLA. All unused powder can be used for 
the next printing. SLS was developed and patented by Dr. Carl Deckard at the University of Texas in the mid- 
1980s, under sponsorship of DARPA. Fig.2 shows the SLS Process.

Fig. 2 Selective laser sintering process

4. Fused deposition modeling (FDM)

Fig. 3 shows FDM .The FDM technology works using a plastic filament or metal wire which is unwound from 
a coil and supplies material to an extrusion nozzle which can turn the flow on and off. The nozzle is heated 
to melt the material and can be moved in both horizontal and vertical directions by a numerically controlled 
mechanism, directly controlled by a computer-aided manufacturing (CAM) software package. The object is 
produced by extruding melted material to form layers as the material hardens immediately after extrusion 
from the nozzle.
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Fig.3 Fused deposition modeling:
1 – nozzle ejecting molten plastic, 2 – deposited 
material (modeled part), 3 – controlled movable 
table

5. Stereolithography (SLA)

The main technology in which photo-polymerization 
is used to produce a solid part from a liquid is SLA. 
This technology uses a vat of liquid ultraviolet curable 
photopolymer resin and an ultraviolet laser to build 
the object’s layers one at a time. For each layer, the 
laser beam traces a cross-section of the part pattern 
on the surface of the liquid resin. Exposure to the 
ultraviolet laser light cures and solidifies the pattern 
traced on the resin and joins it to the layer below.

After tracing the pattern, the SLA’s elevator platform 
descends by a distance equal to the thickness of a 
single layer, typically 0.05 mm to 0.15 mm (0.002″ 
to 0.006″). Then, a resin-filled blade sweeps across 
the cross section of the part, re-coating it with fresh 
material. On this new liquid surface, the subsequent 
layer pattern is traced, joining the previous layer. 
The complete three dimensional object is formed by 
this project. Stereolithography requires the use of 
supporting structures which serve to attach the part 
to the elevator platform.

This technique was invented in 1986 by Charles 
Hull, who also at the time founded the company, 3D 
Systems.Fig. 4a shows part of product and Fig. 4b 
shows Stereolithography apparatus. 

Fig.4a.  An SLA produced part

Fig. 4b Stereolithography apparatus

6. General principles:

3D printable models may be created with a computer 
aided design (CAD) package or via a 3D scanner or via 
a plain digital camera and photogrammetry software.
The manual modeling process of preparing geometric 
data for 3D computer graphics is similar to plastic 
arts such as sculpting. 3D scanning is a process of 
analysing and collecting digital data on the shape 
and appearance of a real object. Based on this data, 
three-dimensional models of the scanned object can 
then be produced.

Regardless of the 3D modelling software used, the 
3D model (often in .skp, .dae, .3ds or some other 
format) then needs to be converted to either a.STL 
or a .OBJ format, to allow the printing (a.k.a. “CAM”) 
software to be able to read it.

Fig. 5 3D model slicing
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6.1 Printing:

Before printing a 3D model from an STL file, it must 
first be examined on “manifold errors”; this step 
being called the “fixup”. Especially STL’s that have 
been produced from a model obtained through 3D 
scanning often have many manifold errors in them 
that need to be fixed. Examples of manifold errors 
are surfaces that do not connect, gaps in the models, 
... Examples of software that can be used to fix these 
errors are netfabb and Meshmixer, or even Cura, or 
Slic3r

Once that’s done, the .STL file needs to be processed 
by a piece of software called a “slicer” which converts 
the model into a series of thin layers and produces 
a G-code filecontaining instructions tailored to 
a specific type of 3D printer (FDM printers). This 
G-code file can then be printed with 3D printing 
client software (which loads the G-code, and uses 
it to instruct the 3D printer during the 3D printing 
process. It should be noted here that often, the 
client software and the slicer are combined into one 
software program in practice. Several open source 
slicer programs exist, including Skeinforge, Slic3r, 
and Cura as well as closed source programs including 
Simplify3D and KISSlicer. Examples of 3D printing 
clients include Repetier-Host, ReplicatorG, Printrun/
Pronterface, ....

Fig.6 Scanned skull of Spinosaurusprinted in two 
sizes

Note that there is one other piece of software that 
is often used by people using 3D printing, namely a 
G Code viewer. This software lets one examine the 
route of travel of the printer nozzle. By examining 
this, the user can decide to modify the G Code to 
print the model a different way (for example in a 
different position (standing, laying down, ...) so as to 

save plastic (depending on the position and nozzle 
travel, more or less support material may be needed, 
...) Examples of G Code viewers are G code Viewer for 
Blender, Pleasant3D.

The 3D printer follows the G-code instructions to lay 
down successive layers of liquid, powder, paper or 
sheet material to build the model from a series of 
cross sections. These layers, which correspond to the 
virtual cross sections from the CAD model, are joined 
or automatically fused to create the final shape. The 
primary advantage of this technique is its ability to 
create almost any shape or geometric feature.

Printer resolution describes layer thickness and X-Y 
resolution in dots per inch (dpi) or micrometres (µm). 
Typical layer thickness is around 100 µm (250 DPI), 
although some machines such as the Objet Connex 
series and 3D Systems’ ProJet series can print layers 
as thin as 16 µm (1,600 DPI).[22] X-Y resolution is 
comparable to that of laser printers. The particles 
(3D dots) are around 50 to 100 µm (510 to 250 DPI) 
in diameter.

Construction of a model with contemporary methods 
can take anywhere from several hours to several 
days, depending on the method used and the size 
and complexity of the model. Additive systems can 
typically reduce this time to a few hours, although it 
varies widely depending on the type of machine used 
and the size and number of models being produced 
simultaneously.

Traditional techniques like injection moulding can be 
less expensive for manufacturing polymer products 
in high quantities, but additive manufacturing can 
be faster, more flexible and less expensive when 
producing relatively small quantities of parts. 3D 
printers give designers and concept development 
teams the ability to produce parts and concept 
models using a desktop size printer.

6.2 Finishing

Though the printer-produced resolution is sufficient 
for many applications, printing a slightly oversized 
version of the desired object in standard resolution 
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and then removing material with a higher-resolution 
subtractive process can achieve greater precision.

Some additive manufacturing techniques are 
capable of using multiple materials in the course of 
constructing parts. Some are able to print in multiple 
colors and color combinations simultaneously. Some 
also utilize supports when building. Supports are 
removable or dissolvable upon completion of the 
print, and are used to support overhanging features 
during construction.

6.3 Nanoscale 3D printing

3D printing techniques can be employed to construct 
nanoscale-size objects. Such printed objects are 
typically grown on a solid substrate, e.g. silicon wafer, 
to which they adhere after printing as they’re too 
small and fragile to be manipulated post-construction. 
While 2D nanostructures are usually created by 
depositing material through some sort of static stencil 
mask, 3D nanostructures can be printed by physically 

moving a stencil mask during the material deposition 
process. Programmable-height nanostructures with 
widths as small as 10 nm have been produced by 
metallic physical vapor deposition through a piezo-
actuator controlled stencil mask having a milled 
nanopore in a silicon nitride membrane. This metal-
vapor technique is also advantageous because it can 
be used on surfaces that are too sensitive to heat or 
chemicals for traditional lithography to be used on.

7. Conclusion: 

Thus the article presented here discusses concept of 
3D Printing and the various techniques to carry out 
3D printing. The Instruments used for this purpose 
is thus called as 3D Printer. In next article we shall 
discuss various applications of 3D printing.

8. References:
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3D Printers
- Applications

- Ketki Kulkarni
E-mail: ktkool.k@gmail.com

Abstract:

Everyone of us are aware of general printing of a 
page using a Printer . This kind of printing using 
Inkjet, dot matrix, or LASER printer is known as 
2D printing. The object having third dimensions 
are printed on 2D printer by varying intensity or a 
density of color to create an 3D effect. In  3D printing 
or additive manufacturing (AM) we  use of one of 
various processes to make a replica of real  three-
dimensional object which will look like an original 
object. In 3D printing, primarily additive processes 
are used, in which successive layers of material are 
laid down under computer control. These objects 
can be of almost any shape or geometry, and are 
produced from a 3D model or other electronic data 
source. A 3D printer is a type of industrial robot. After 
discussing the concept of 3D printing and its various 
technique in last article, this article represents various 
applications of  3D Printing using an information 
obtained from the open sources. 

1. Manufacturing applications

1.1 Chemistry

University of Glasgow, UK, in 2012 showed that it 
is possible to use 3D printing techniques to create 
chemical compounds, including new ones. They first 
printed chemical reaction vessels, then used the 
printer to squirt reactants into them as “chemical 
inks” which would then react. They have produced 
new compounds to verify the validity of the process, 
but have not pursued anything with a particular 
application. Cornell Creative Machines Lab has 
confirmed that it is possible to produce customized 

food with 3D Hydrocolloid Printing. Professor Leroy 
Cronin of Glasgow University proposed, in a TED Talk 
that it should one day be possible to use chemical 
inks to print medicine. 3D food printer is currently 
being developed by squeezing out food, layer by 
layer, for food such as chocolate, candy, and pasta.

1.2 Rapid manufacturing

Advances in RP technology have introduced materials 
that are appropriate for final manufacture, which 
has in turn introduced the possibility of directly 
manufacturing finished components. One advantage 
of 3D printing for rapid manufacturing lies in the 
relatively inexpensive production of small numbers 
of parts.

Rapid manufacturing is a new method of 
manufacturing and many of its processes remain 
unproven. 3D printing is now entering the field of 
rapid manufacturing and was identified as a “next 
level” technology by many experts in a 2009 report. 
One of the most promising processes looks to be the 
adaptation of selective laser sintering (SLS), or direct 
metal laser sintering (DMLS) some of the better-
established rapid prototyping methods.

2.Industrial applications

2.1 Apparel

3D printing has spread into the world of clothing with 
fashion designers experimenting with 3D-printed 
shoes, and dresses. In commercial production Nike 
is using 3D printing to prototype and manufacture 
the 2012 Vapor Laser Talon football shoe for players 
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of American football, and New Balance is 3D 
manufacturing custom-fit shoes for athletes.

3D printing has come to the point where companies 
are printing consumer grade eyewear with on 
demand custom fit and styling (although they cannot 
print the lenses). On demand customization of 
glasses is possible with rapid prototyping. Fig. 1 and 
Fig.2 shows one of such product of 3D printer. 

Fig. 1Wearable 3D printed shoes

Fig.2 Full color miniature face models (from Face 
Gen) produced on a 3D Printer

3. Construction

An additional use being developed is building 
printing, or using 3D printing to build buildings. 
This could allow faster construction for lower costs, 
and has been investigated for construction of off-
Earth habitats. For example, the Sinterhab project is 
researching a lunar base constructed by 3D printing 
using lunar regolith as a base material. Instead of 

adding a binding agent to the regolith, researchers 
are experimenting with microwave sintering to create 
solid blocks from the raw material. Fig. 3 shows 3D 
Printer at Makers Party Banglore.

Fig.3 Printing going on with a 3D printer at Makers 
Party Bangalore 2013, Bangalore

4. Medical

3D printing is also used to print patient specific 
implant and device for medical use. Successful 
operations include a titanium pelvis implanted into 
a British patient, titanium lower jaw transplanted 
to a Dutch patient, and a plastic tracheal splint for 
an American infant. The hearing aid and dental 
industries are expected to be the biggest area of 
future development using the custom 3D printing 
technology. In March 2014, surgeons in Swansea used 
3D printed parts to rebuild the face of a motorcyclist 
who had been seriously injured in a road accident.. 
Research is also being conducted on methods to bio-
print replacements for lost tissue due to arthritis and 
cancer.

A  five-year-old girl born without fully formed fingers 
on her left hand in October 2014 and  became the 
first child in the UK to have a prosthetic hand made 
with 3D printing technology. Her hand was designed 
by US-based E-nable, an open source design 
organization which uses a network of volunteers to 
design and make prosthetics mainly for children. The 
prosthetic hand was based on a plaster cast made by 
her parents.

Printed prosthetics have been used in rehabilitation 
of crippled animals. In 2013, a 3D printed foot let a 
crippled duckling walk again. In 2014 a chihuahua 
born without front legs was fitted with a harness and 
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wheels created with a 3D printer. 3D printed hermit 
crab shells let hermit crabs inhabit a new style home.
As of 2012, 3D bio-printing technology has been 
studied by biotechnology firms and academia for 
possible use in tissue engineering applications in 
which organs and body parts are built using inkjet 
techniques. In this process, layers of living cells are 
deposited onto a gel medium or sugar matrix and 
slowly built up to form three-dimensional structures 
including vascular systems. The first production 
system for 3D tissue printing was delivered in 2009, 
based on NovoGen bioprinting technology. Several 
terms have been used to refer to this field of research: 
organ printing, bio-printing, body part printing, 
and computer-aided tissue engineering, among 
others. The possibility of using 3D tissue printing to 
create soft tissue architectures for reconstructive 
surgery is also being explored. China has committed 
almost $500 million towards the establishment of 
10 national 3-D printing development institutes.. In 
2013, Chinese scientists began printing ears, livers 
and kidneys, with living tissue. Researchers in China 
have been able to successfully print human organs 
using specialized 3D bio printers that use living cells 
instead of plastic. Researchers at Hangzhou Dianzi 
University actually went as far as inventing their 
own 3D printer for the complex task, dubbed the 
“Regenovo” which is a “3D bio printer.” Xu Mingen, 
Regenovo’s developer, said that it takes the printer 
under an hour to produce either a mini liver sample 
or a four to five inch ear cartilage sample. Xu also 
predicted that fully functional printed organs may be 
possible within the next ten to twenty years. In the 
same year, researchers at the University of Hasselt, in 
Belgium had successfully printed a new jawbone for 
an 83-year-old Belgian woman. The woman is now 
able to chew, speak and breathe normally again after 
a machine printed her a new jawbone.

5. Computers

3D printing can be used to make laptops and other 
computers, including cases, as Novena and VIA 
OpenBook standard laptop cases. I.e. a Novena 
motherboard can be bought and be used in a printed 
VIA OpenBook case.

6. Space

In September 2014, SpaceX delivered the first zero-
gravity 3-D printer to the International Space Station 
(ISS). On December 19, 2014, NASA emailed CAD 
drawings for a socket wrench to astronauts aboard 
the ISS, who then printed the tool using its 3-D 
printer. Applications for space offer the ability to 
print broken parts or tools on-site, as opposed to 
using rockets to bring along pre-manufactured items 
for space missions to human colonies on the moon, 
Mars, or elsewhere.

7. Sociocultural applications

7.1 Art

Fig. 4 Shows  An example of 3D printed limited 
edition jewellery. This necklace is made of glassfiber-
filled dyed nylon. It has rotating linkages that were 
produced in the same manufacturing step as the 
other parts

Fig. 4 An example of 3D printed limited edition 
jewellery. 

Fig. 5 Guardians of Time by Manfred Kielnhofer,
 3D printing polished nickel steel by Shapeways 2014
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7.2 Communication

Employing additive layer technology offered by 3D 
printing, Terahertz devices which act as waveguides, 
couplers and bends have been created. The complex 
shape of these devices could not be achieved using 
conventional fabrication techniques. Commercially 
available professional grade printer EDEN 260V was 
used to create structures with minimum feature 
size of 100 µm. The printed structures were later 
DC sputter coated with gold (or any other metal) to 
create a Terahertz Plasmonic Device.

7.3 Domestic use

As of 2012, domestic 3D printing was mainly 
practiced by hobbyists and enthusiasts, and was little 
used for practical household applications. A working 
clock was made and gears were printed for home 
woodworking machines among other purposes. 3D 
printing was also used for ornamental objects. Web 
sites associated with home 3D printing tended to 
include backscratchers, coathooks, doorknobs etc.

The open source Fab@Home project has developed 
printers for general use. They have been used 
in research environments to produce chemical 
compounds with 3D printing technology, including 
new ones, initially without immediate application as 
proof of principle. The printer can print with anything 
that can be dispensed from a syringe as liquid or 
paste. The developers of the chemical application 
envisage both industrial and domestic use for this 
technology, including enabling users in remote 
locations to be able to produce their own medicine 
or household chemicals.

3D printing is now working its way into households 
and more and more children are being introduced 
to the concept of 3D printing at earlier ages. The 
prospects of 3D printing are growing and as more 
people have access to this new innovation, new uses 
in households will emerge.

Fig.6 3D printed ceramic pot

7.4 Education and research

3D printing is the latest technology making inroads 
into the classroom. 3D printing allows students 
to create prototypes of items without the use of 
expensive tooling required in subtractive methods. 
Students design and produce actual models they can 
hold. The classroom environment allows students to 
learn and employ new applications for 3D printing.

Students discover the capabilities with 3D printing. 
Engineering and design principles are explored as 
well as architectural planning. Students recreate 
duplicates of museum items such as fossils and 
historical artefacts for study in the classroom without 
possibly damaging sensitive collections. Other 
students interested in graphic designing can construct 
models with complex working parts. 3D printing gives 
students a new perspective with topographic maps. 
Science students can study cross-sections of internal 
organs of the human body and other biological 
specimens. And chemistry students can explore 3D 
models of molecules and the relationship within 
chemical compounds.

8. Future scope: 

It is predicted by some additive manufacturing 
advocates that this technological development will 
change the nature of commerce, because end users 
will be able to do much of their own manufacturing 
rather than engaging in trade to buy products from 
other people and corporations.
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3D printers capable of producing  in color and 
multiple materials already exist and will continue to 
improve to a point where functional products will 
be able to be output. With effects on energy use, 
waste reduction, customization, product availability, 
medicine, art, construction and sciences, 3D printing 
will change the manufacturing world as we know it.

9. Conclusion: 

This article is thus an extension of last article on 3D 

Printing and discusses various applications . It can 
be observed that the 3D printing has enormous 
applications in various fields and the new innovations 
in technology is going to further improve this 
technology and find newer applications.
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Introduction to ULTRASONICS 
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Abstract

This paper provides the fundamentals of Ultrasound 
Harmonic Imaging.Nonlinear effects in tissue distort 
the sound wave as it goes through tissue.Tissue is 
somewhat compressible Sound traveling through the 
body is a pressure wave At the wave peaks tissue is 
more dense so the wave travels faster; The higher 
the pressure, the greater the distortion; Any change 
from a perfect sinusoidal wave creates harmonics.
Key words- Ultrasonography   Principle of three-
dimensional (3D) imaging

Introduction 

1.1 Ultrasound Harmonic Imaging

An impulse with basic frequency f0 is emitted into the 
tissue.  The receiver, however, does not detect the 
reflected US with this same frequency but with the 
second harmonic frequency 2f0. Its source is tissue 
itself (advantage in patients „difficult to examine“). 
The method is also used with echocontrast agents 
– source of the second harmonic are oscillating 
bubbles. Advantageous when displaying blood supply 
of some lesions.

Fig 1.Ultrasonic harmonic Imaging How does look 
like.

Fig 2. Conventional (left) and harmonic (right) 
images of a kidney with a stone. 

Ultrasonography Principle of three-dimensional 
(3D) imaging

The probe is linearly shifted, tilted or rotated.The data 
about reflected signals in individual planes are stored 
in memory of a powerful PC which consequently 
performs mathematical reconstruction of the image. 
Disadvantages of some 3D imaging systems: relatively 
long time needed for mathematical processing, price.

Image1
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Image 2

Image3
Fig3 Four-dimensional (4D) image

The fourth dimension is time

3. Doppler flow measurement

Christian. A. Doppler (1803-1853), Austrian physicist 
and mathematician, formulated his theory in 1842 
during his stay in Prague.

The Doppler effect (frequency shift of waves formed 
or reflected at a moving object) can be used for 
detection and measurement of blood flow, as well 

as, for detection and measurement of movements 
of some acoustical interfaces inside the body (foetal 
heart, blood vessel walls).

3.1 Principle of Doppler Effect

• Perceived frequency corresponds with source 
frequency in rest

• Perceived frequency is higher when approaching
• Perceived frequency is lower when moving away

Fig 4. Doppler flow measurement

• Application of Doppler effect in blood flow 
velocity measurement

• Moving reflector (back scatterer) = erythrocytes 



38 The Exponent Group of Journals For Electronics, Volume 3, Number 3, June 2015 - Aug 2015

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

Fig 5 Doppler flow measurement 

Principle of blood flow measurement

US Doppler blood flow-meters are based on the 
difference between the frequency of ultrasound (US) 
waves emitted by the probe and those reflected (back-
scattered) by moving erythrocytes.  The frequency of 
reflected waves is (in comparison with the emitted 
waves)higher in forward blood flow (towards the 
probe)     lower in back blood flow (away from the 
probe)The difference between the frequencies of 
emitted and reflected US waves is proportional to 
blood flow velocity.

Fig 6. Principle of blood flow measurement

5. Doppler methods

5.1 DUPLEX method

It is a combination of dynamic B-mode imaging (the 
morphology of examined area with blood vessels is 
depicted) and the PW Doppler system (measurement 
of velocity spectrum of blood flow).It allows to 
examine blood flow inside heart or in deep blood 
vessels (flow velocity, direction and character)

Fig 8 Actual sector Image

Fig 7 Image of carotid with spectral analysis of blood 
flow velocity
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5.2 Placement of sampling volume (left) and the 
record of blood flow velocity spectrum in stenotic a. 
carotis communis (right)

Fig 10 Right left  Image

6. Colour Doppler imaging

The image consists of black-white and colour part.
The black-white part contains information about 
reflectivity and structure of tissues.

The colour part informs about movements in the 
examined section. (The colour is derived from 
average velocity of flow.)

The apparatus depicts distribution and direction of 
flowing blood as a two-dimensional image.  BART 
rule – blue away, red towards. The flow away from 
the probe is coded by blue colour, the flow towards 
the probe is coded by red colour. The brightness is 
proportional to the velocity, turbulences are depicted 
by green patternss.

Fig 11 Carotid bifurcation

6.1 TRIPLEX method

A combination of duplex method (B-mode imaging 
with PW Doppler) and colour flow mapping

Normal finding of blood flow in a. carotis communis 
(left) and about 90%-stenosis of a. carotis interna 
(right) 

   
Fig 12 Right left Image
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Fig 13.TRIPLEX method

7. POWER DOPPLER method

The whole energy of the Doppler signal is utilised 
mere detection of blood flow only little depends on 
the so-called Doppler incidence angle  imaging of 
even very slow flows (blood perfusion of tissues and 
organs)  flow direction is not shown

 Image 1

Image2

Image3

Fig 14.Tissue Doppler method

8. Conclusion

Comparative analysis of these methods 
Ultrasonography (A, B and M mode, 3D and 4D 
imaging)

Doppler flow measurement, including Duplex and 
Triplex methods (Duplex, Colour Doppler, Triplex, 
Power Doppler)

Tissue Doppler studied here for enhancing knowledge 
in ultrasonic. 
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