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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 the articles.

 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  papers on Wifi 
technology, Ultrasonics, Digital Electronics, Open 
source technology and Survey on Neuro Implants for 
Human.

First paper titled “Beamforming technology invading 
consumer applications” presents an idea which can 
be used in Wifi routers  currently using traditional 
antennas that were of the omnidirectional nature, 

meaning that they radiated in all directions equally 
and also received power from all directions equally. 
As most of the times, a user connected to WiFi router 
will be stationary and only a certain amount of power 
radiated by the router will be actually utilized. Thus, 
instead of radiating power in all directions, the radio 
waves will now be directed only towards the user 
providing him with much higher signal strength and 
also better data rate (speed). 

 Our next paper titled “Introduction to ULTRASONICS 
Part II”  provides the fundamentals of ultrasonic 
sensing techniques that can be used in the various 
fields of engineering and science. It also includes 
some advanced techniques used for non-destructive 
evaluations. 

There are two  papers on digital electronics titled 
DIGITAL ELECTRONICS PART-IV(LOGIC GATES )and 
DIGITAL ELECTRONICS PART-V(LOGIC FAMILIES). It is 
continuation of series of digital electronics started in 
earlier volumes. The first paper deals with logic gates 
such as AND, OR, NOT, NAND, NOR, XOR along with 
the their mathematical expressions and truth tables. 
The subsequent paper deal with electronic circuits 
that are used for actually assembling these logic gates 
and other digital ICs and are classified under various 
logic families such as DDL, RTL, TTL, CMOS. For each 
of the logic family the paper presents basic circuit 
for logic gates using diodes, resistors, transistors and 
CMOS transistors.

Our next paper titled “Open Source Hardware and its 
Use” explains meaning of terminology open source 
in reference to  the internet and  technology. Open 
source promotes development of products whose 
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entire design is openly available to the public. Our 
traditional mind set has been to keep the information 
secret and maximize our profits based on that secret 
information. The open source revolution is completely 
against keeping the information secret, whereas it 
promotes innovation so that other engineers do not 
waste their time in developing something that has 
already been developed in this world. In short, it 
drives innovation.

Last paper in this volume titled “Survey on 
Neuro Implants for Human” presents an idea of 
communication between every body part and 

the brain by means of electrical signals flowing 
constantly back and forth. Every muscle in our body 
generates electrical pulses. Our entire body is a mesh 
of communication channels that constantly feed 
updates to the brain and the brain responds to that 
feed individually. Because of this communication, it 
is possible for us to sense pain, touch, and all other 
sensations. 

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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Beam Forming Technology Invading 
Consumer Applications

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

Abstract: Traditional antennas used in WiFi routers 
were of the omnidirectional nature, meaning that 
they radiated in all directions equally and also 
received power from all directions equally. Whereas, 
most of the times, a user connected to WiFi router 
will be stationary and only a certain amount of 
power radiated by the router will be actually utilized. 
Considering this fact that most of the power is 
wasted, the idea of beam forming concept was born 
which tries to form a beam of radiation directed at 
the location of the user. Thus, instead of radiating 
power in all directions, the radio waves will now be 
directed only towards the user providing him with 
much higher signal strength and also better data 
rate (speed). Modern beam forming techniques have 
achieved the ability to form not just single beam 
but multiple beams in various directions. Many WiFi 
routers have ability to track the location of the user 
in the signal range and make the radio beam follow 
the user wherever he is moving. 

Beam forming in WiFi 802.11ac standard

Beam forming was first taken as part of the WiFi 
standard when the 802.11n version of WiFi was 
released some years ago. At that time IEEE (the 
institution which standardizes many electronic 
protocols and technologies) did not standardize 
how this beam forming technology has to be 
implemented in our WiFi routers. Anyone can 
implement beam forming the way he wishes. There 
are always more than one ways to do something. For 
example, Cisco might implement a different protocol 
in the beam forming implementation in their routers 
whereas Alcatel might make wireless network cards 
that implement the same technology in a different 

way. The Alcatel and Cisco products will become 
incompatible with each other and be of no use. 
Thus, 802.11n standard never had any products that 
utilized beam forming technology. IEEE standardized 
this technology in the recent 802.11ac standard and 
only then have products come out in the market that 
are able to reach multi gigabit data transfer speeds 
achieved due to the highly directional beam forming 
capabilities of consumer grade routers. 

Any router that has more than 1 antenna is capable 
of forming beams in various directions. I am sure 
you might have seen WiFi routers that have 2 or 3 
or even 8 antennas. The purpose of these antennas 
is to create highly directional beams. The more the 
number of antennas, the higher is the ability to track 
user movements across the range. 

Figure 1 Dell’s 802.11ac WiFi router with 8 antennas 
for beamforming

How beams are formed

Each antenna on a WiFi router is omnidirectional. 
That is, it radiates power in all directions. We must 
also keep in mind that the same antenna is also used 
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for receiving signals from the user device. Thus, each 
antenna does the job of transmit and receive at 
same time. The following diagram will give a better 
understanding of the word “omnidirectional”.

Figure 2 Omnidirectional antenna radiation pattern

To our importance is the “Azimuth plane radiation 
pattern” which shows that the antenna radiates 
equal power in the horizontal plane (X-Y axis). There 
exists no truly omnidirectional antenna in this world 
at this point in time that can radiate equal power in 
all directions. Which becomes clear when we see the 
second radiation pattern in the “Elevation plane”, 
that is the vertical plane (Z-axis). Even if the antenna 
radiates and receives power equally in horizontal 
plane, it has a very different radiation characteristic 
in the vertical direction. Even so, we call this an 
omnidirectional antenna. 

A simplified list of steps to understand beam forming 
with 2 antennas

1. Now consider that there are 2 such omnidirectional 
antennas kept side by side in a line. 

2. Distance between the two antennas is fixed and 
stored in the WiFi router’s firmware memory.

3. Time taken for the radio wave from antenna A to 
B is and B to A is calculated and also stored in 
firmware.

4. User’s location in the room is calculated 
dynamically by monitoring the direction from 
which the signals are being received from the 
user’s device. Using this location, the angle is 
calculated to form the beam in direction of user. 

5. Once the angle is known, the transmit signal 
in one of the antennas is delayed by a certain 
amount of time (in technical terms it is said 
“phase shifted by certain degrees angle”).

6. In the figure 2, the user is on the right hand side 

of the antenna array. Thus, antenna B is closer to 
the user than the antenna A. Wave emitted by 
the antenna B will reach the user first and then 
the wave from antenna A will reach after a certain 
delay. 

7. If the wave from antenna B is delayed by time ‘t’, 
then both waves from antenna A and B will reach 
at the same time in the location of user. Here, 
time ‘t’ is the time taken by the wave to travel 
from antenna A to the user such that both waves 
from A and B reach at same time. 

This was a much simpler example to understand the 
concept of beam forming where only two antennas 
were involved and only one user was present. In 
practical situations, there could be two users sitting 
in different locations and beams need to be formed 
in both the directions. At that time, a much more 
complex algorithms are implemented to continuously 
monitor the received signal strength and track the 
user’s location for creating a directive beam.

The beam formation is just one of the parts of the 
entire WiFi communication system and it has been 
proving itself to be very successful in providing multi 
gigabit wireless links to users. 

Simplified protocol model

The WiFi router and the user device initially exchange 
a series of messages which help in measuring the 
signal quality being received by the user and the 
signal quality received by the router. This process is 
called channel calibration. 

1. The channel calibration happens with the help of 
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Null Data Packet (NDP). Router transmits blank 
packets of data and it is received by the users. 

2. User’s device will automatically acknowledge the 
receipt of the packet. With the acknowledgement 
packet, router will know come to know the 
identity of all the users connected.

3. The acknowledgement of the NDP from the 
user will help router calculate the quality of the 
wireless communication channel and also help in 
calculating the transmission signal power. 

4. In addition to that, there is something called as 
“OFDM training fields” in the NDP. User’s device 
will use these training fields in the packet to 
calculate a “steering” matrix which will be sent 
back to the router. 

5. Initially, when the beam is not formed, router 
transmits signals without applying any phase 
shift to the antenna array. Thus, we get an 
omnidirectional response from the router as we 
saw earlier. 

6. When phase shifting is applied to the antennas, 
like we saw earlier, we get an effect of beam 
formation. To determine which antenna must 
apply what amount of phase shift is determined 
by this “steering matrix”. Once router receives 
this steering matrix, it is applied to the antennas 
and beam formation can happen.

The entire algorithm is continuously running to 
monitor the location of the user and the user’s device 
continuously calculates a steering matrix and sends 
it back to router. Thus, we have an effect where it 
seems like the router is able to see you wherever you 
go in its range of operation.

Beam forming in audio applications

The beam forming concept is no longer limited to 
WiFi routers, in fact XBOX Kinect gaming console 
has implemented a similar beam forming concept 
in audio application to track the position of the user 
in the room and pick up voice commands while 
rejecting background noise. Instead of antennas, we 
have microphones working inside the Kinect. It is also 
interesting to know that it is beam forming technique 
that creates the virtual surround sound effect in our 
home theatre setups involving a “sound bar”. 

A recent research publication from [2] Philips 
audio solutions showed that their beam forming 
implementation for audio systems was able to direct 
the sound to the user watching a movie, and a person 
sitting a few inches away from him was unable to 
hear any sound. Such is the power of beam forming 
technology. In another scenario, Philips’ experiment 
showed that the beam forming technology can be 
useful for partially dead people who need higher 
volume than everyone else. Using this technology, a 
higher volume of sound can be transmitted towards 
a deaf individual while a lower volume for everyone 
else in the room.

References:

[1]. Matthew S. Gast. “802.11ac: A Survival Guide”. 
E-Book. 2013. Web.

[2]. Wener de Burjin. “Making All the Right Noises: 
Shaping sound with Audio Beamforming”. Philips 
Research. Web.
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Introduction to ULTRASONICS 
Part II

- Dr. Vijay R. Rathod
E-mail: vicky7574@gmail.com

Abstract

This paper provides the fundamentals of ultrasonic 
sensing techniques that can be used in the various 
fields of engineering and science. It also includes 
some advanced techniques used for non-destructive 
evaluations. At first, basic characteristics of ultrasonic 
waves propagating in media are described briefly. 
Secondly, basic concepts for measuring ultrasonic 
waves are described with introductory subjects of 
ultrasonic transducers that generate and receive 
ultrasonic waves.
Key words - Introduction to ultrasonic , Ultrasonic 
Transducers & Ultrasonic Imaging.

1. Introduction 

1.1. Bats:  Navigating with ultrasound

• Bats make high-pitched chirps which are too high 
for humans to hear. This is called ultrasound

• Like normal sound, ultrasound echoes off objects
• The bat hears the echoes and works out what 

caused them
• Dolphins also navigate with ultrasound
• Submarines use a similar method called sonar
• We can also use ultrasound to look inside the 

body…Bats navigate using ultrasound.

Fig 1. Bats example

• If a bat hears an echo 0.01 second after it makes 
a chirp, how far away is the object?

• Clue 1: the speed of sound in air is 330 ms-1
• Clue 2: The speed of sound equals the distance 

travelled divided by the time taken
• Answer: distance = speed x time
• Put the numbers in:
distance = 330 x 0.01 = 3.3 m
• But this is the distance from the bat to the object 

and back again, so the distance to the object is 
1.65 m.

1.2  Ultrasonic Imaging

Fig 2.Ultrasonic Imaging How does look like

2. Ultrasonic Imaging How does it work

Fig2.How does it work
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• An ultrasound element acts like a bat.
• Emit ultrasound and detect echoes
• Map out boundary of object
• Now put many elements together to make a 

probe and create an image

Image1

Image 2

Image3

2.1 Transducer and Arrays & 
How Ultrasounds Work

• A transducer creates sound waves and receives 
echoes using the piezoelectric effect

• Piezoelectric crystals within the probe change 
shape when an electric current is applied

 - This causes vibrations and the production of 
 sound waves
 - Needs a gel couplant to travel into tissues 
 since the high-frequency sound cannot travel 
 through air.
• Some sound reflects off of internal structures 

while some sound refracts further into the tissue
 - A reflection occurs at the boundary between 
 two materials provided that a certain property 
 of the materials is different

Sound waves are transformed into electric signals 
then turned into an image stating where reflection 
occurred in the body

Fig 3.Imaging Transducer

Lens and 
Matching layer

Piezoelectric
ElementBacking Layer

BNC connector

Plastic Housing

Tuning coil

Lens and 
Matching layer

Piezoelectric
ElementBacking Layer

BNC connector

Plastic Housing

Tuning coil
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2.2. Transducer Probes

• A probe that sends and receives the sound 
waves, the inside of the probe is cluster of quartz 
crystals.

• Quartz crystals have a physical characteristics 
that if an electric current is applied, will change 
shape and vibrate to create  sound wave, also in 
reverse if sound vibrate of off  it will convert that 
sound waves  into electric current. 

• The machine uses echolocation to perceive the 
image in the computer 

• The machine sends out millions of pulses per 
second and calculates how long it takes for the 
echoes to return back 

• Waves reflect off of internal surfaces
• Computer receives echoes and uses time it takes 

to echo as well as speed of sound to create 
image/depth.

Fig4.Physics Behind ultrasound.

3.Ultrasonic Imaging Systems

• Let us assume that a transducer provides an 
acoustic signal of s(x,y) intensity with a pulse  that 
is transmitted in a medium with an attenuation 
coefficient, m and reflected by a biological tissue 
of reflectivity R(x,y,z) with a distance z from the 

transducer. The recorded reflected intensity of a 
time varying acoustic signal, Jr(t) over the region 
R can then be expressed as:

• An ultrasound transducer provides brief pulses of 
ultrasound when stimulated by a train of voltage 
spikes of 1-2 msec duration applied to the 
electrodes of the piezoelectric crystal element. 

• An ultrasound pulse 
• A few cycles long: 2-3 cycles.
• As the same crystal element is used as the 

receiver, the time between two pulses is used for 
detecting the reflected signal or echo from the 
tissue.

Fig 5. A schematic diagram of a conventional 
ultrasound imaging system 

A-Mode scan:

Records the amplitude of returning echoes from 
the tissue boundaries with respect to time.  In this 
mode of imaging the ultrasound pulses are sent in 
the imaging medium with a perpendicular incident 
angle.

Since the echo time represents the acoustic 
impedance of the medium and depth of the reflecting 
boundary of the tissue, distance measurements 
for the tissue structure and interfaces along the 
ultrasound beam can be computed.

The intensity and time measurements of echoes 
can provide useful three-dimensional tissue 
characterization.  

M-Mode Scan:

Provides information about the variations in signal 
amplitude due to object motion. 

A fixed position of the transducer, in a sweep cycle, 
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provides a line of data that is acquired through 
A-mode. 
The data is displayed as a series of dots or pixels with 
brightness level representing the intensity of the 
echoes. 

In a series of sweep cycles, each sequential A-line 
data is positioned horizontally. 

As the object moves, the changes in the brightness 
levels representing the deflection of corresponding 
pixels in the subsequent sequential lines indicate the 
movement of the tissue boundaries. 

The x-axis represents the time while the y-axis 
indicates the distance of the echo from the traducer. 

Fig 6 M Mode Image

B-Mode Scan:

Provides two-dimensional images representing the 
changes in acoustic impedance of the tissue. 

The brightness of the B-Mode image shows the 
strength of the echo from the tissue structure. 

To obtain a 2-D image of the tissue structure, the 
transducer is pivoted at a point about an axis and is 
used to obtain a V-shape imaging region. Alternately, 
the transducer can be moved to scan the imaging 
region. 

Several images of the acquired data based on the 
processing kernel filters can be displayed to show the 
acoustic characteristics of the tissue structure and its 
medium. 

Fig 7. B Mode scan.

Fig8. BMode scan of heart chambers

Fig 9 Heart chambers
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5. Doppler image of ultrasonic

where v is the velocity of the moving source or 
object, f is the original frequency,  c is the velocity of 
the sound in the medium, and  is the incident angle 
of the moving object with respect to the propagation 
of the sound.

Fig 10 Actual ultrasound of heart

6. Conclusion:

This was the introduction to ultrasonic, ultrasonic 
imaging system and how images are generated 
and how does it will be helpful for all medical 
applications.And hence series will be thoroughly 
medical application of ultrasonic and NDT.

This  series  of articles are  utilized for the enhancing 
the knowledge of common man in the society ;so 
open source help of journals taken from the internet. 
Accordingly copyrights cannot be claimed since the 
references are cited in the articles.
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Digital Electronics
PART-IV - LOGIC GATES

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

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 fourth   paper  in this series of 
digital electronics i.e. Logic gate is a basic building block 
for all the digital circuits. The logic gates can be used 
to perform binary logical  operations such as AND, OR, 
NOT(Complement), NAND, NOR, X-OR and so on. Further 
logic gates are also used to build circuits to carry out 
arithmetic operations such as addition, subtraction, 
multiplication, division  in digital systems and is based on 
the information that is obtained from open source.

1. Introduction:

In last volume of this journal we saw the details of number 
system used in digital systems and in this volume paper on 
Binary Codes and then Binary operations such as addition, 
subtraction, multiplication and division. 

In this article we shall also discuss various kinds of logic 
gates and how we can realise binary circuits using logic 
gates. Any logic gate can have one two or more binary 
inputs and single output. Depending on the number of 
inputs each of the logic gate can be further classified as 
n-input gate; e.g. two input AND gate.

Further each of the gate is represented by a logic 
symbol(refer fig. 1) so that we can easily draw any complex 
digital circuit using these symbols. Function that is carried 

by each gate is presented in a form of Input-Output table 
or Truth Table which essentially represent Output as 
function of Inputs. Further we use binary equation which 
represents Output in terms of inputs in a similar way to 
that of mathematical equation.

Fig. 1. Symbols for Logic gates

2. Logic Gates:
2.1 AND Gate: 
AND gate basically represents a digital circuit whose 
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output is true (logic 1) when all the inputs are true (logic 
1). Logical Equation for AND gate is . (dot).
Y = (A.B.C.....)

2.1.1. Two Input AND gate:
For  two input AND gate 
 Y= (A.B)

2.1.1 Truth Table: 
As discussed above Truth Table represents Output for all 
possible input logical combinations. Number of possible 
combinations (N) in truth table is 2n , where n is number 
of inputs. 
E.g. for 2 input gate N = 2n = 22 = 4.

N Binary Input Binary Output

A B Y
1 0 0 0
2 0 1 0
3 1 0 0
4 1 1 1

Table 2.1: Truth Table for two input AND Gate.

2.1.2 Three Input AND gate:

Logic Equations: Y= (A.B.C)
Truth Table:

N Binary Input Binary Output
A B C Y

1 0 0 0 0
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 1

Table 2.2: Truth Table for three input AND Gate

OR gate  represents a digital circuit whose output is true 
(logic 1) when any of  the inputs are true (logic 1). 
Logical Equation for OR gate is + (Plus).
Y = (A+B+C.....)

2.2.1. Two Input OR gate:
For  two input OR gate 

 Y= (A+B)

2.2.2 Truth Table: 
As discussed above Truth Table represents Output for all 
possible input logical combinations.

N Binary Input Binary Output
A B Y

1 0 0 0
2 0 1 1
3 1 0 1
4 1 1 1

Table 2.3: Truth Table for two input OR Gate

2.2.3 Three Input OR gate:
Logic Equations: Y= (A+B+C)

2.2.3.1 Truth Table:

N Binary Input Binary Output
A B C Y

1 0 0 0 0
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 1

Table 2.4: Truth Table for three input OR Gate

2.3 NOT gate:
NOT gate has single input and single output gate and 
simply complements the logical input. Thus if input of 
NOT gate is 0 then its output will be 1 and if input is 1 
then output will be 0.
Y= A’ where ’ represents complement.

Truth Table: As NOT gate has only one input it will have 
only two logical possibilities 0 and 1 or N=2.

N Binary Input Binary Output

A Y
1 0 1
2 1 0

Table 2.5 Truth table of NOT gate
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NOT gate plays an important role in binary operations 
such as subtraction.

2.4 NAND Gate: 
NAND gate is obtained by combining AND gate and NOT 
gate  represents a digital circuit whose output is false 
(logic 0) when all the inputs are true (logic 1). 
Logical Equation for NAND gate is.
Y = (A.B.C.....)’

2.1.1. Two Input NAND gate:
For  two input NAND gate 
Y= (A.B)’

2.4.1 Truth Table:
As discussed above Truth Table represents Output for all 
possible input logical combinations. Number of possible 
combinations (N) in truth table is 2n , where n is number 
of inputs. E.g. for 2 input gate N = 2n = 22 = 4.

N Binary Input Binary Output

A B Y
1 0 0 1
2 0 1 1
3 1 0 1
4 1 1 0

Table 2.6: Truth Table for two input NAND Gate

2.4.2 Three Input NAND gate:
Logic Equations: Y= (A.B.C)’

2.4.2.1 Truth Table:

N Binary Input Binary Output
A B C Y

1 0 0 0 1
2 0 0 1 1
3 0 1 0 1
4 0 1 1 1
5 1 0 0 1
6 1 0 1 1
7 1 1 0 1
8 1 1 1 0

Table 2.7: Truth Table for three input NAND Gate

NAND gate also used as universal gate as it is possible 

to obtain any logical function by using combinations of 
multiple NAND gates. 

2.5 NOR  Gate: 
NOR gate is obtained by combining OR gate and NOT gate 
represents a digital circuit whose output is false (logic 0) 
when any of  the inputs are true (logic 1). 
Logical Equation for NOR gate;
Y = (A+B+C.....)’ 

2.5.1. Two Input NOR gate:
For  two input NOR gate 
 Y= (A+B)’

2.5.2 Truth Table: 
As discussed above Truth Table represents Output for all 
possible input logical combinations.

N Binary Input Binary Output

A B Y
1 0 0 1
2 0 1 0
3 1 0 0
4 1 1 0

Table 2.8: Truth Table for two input NOR Gate

2.5.3 Three Input NOR gate:
Logic Equations: Y= (A+B+C)’

2.5.43.1 Truth Table:

N Binary Input Binary Output
A B C Y

1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 0

Table 2.9: Truth Table for three input NOR Gate

2.6 X-OR  Gate: 
X-OR ( EX-OR) gate  represents a digital circuit whose 
output is true (logic 1) when its two inputs are different.
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2.6.1. Two Input X-OR gate:
For  two input X-OR gate 
Y= (A   B)

2.6.1.1 Truth Table:
As discussed above Truth Table represents Output for all 
possible input logical combinations.

N Binary Input Binary Output

A B Y
1 0 0 1
2 0 1 1
3 1 0 1
4 1 1 0

Table 2.10: Truth Table for two input X-OR Gate

2.6.2 Three Input X-OR gate:
Logic Equations: Y= (A   B   C)

Truth Table:

N   Binary Input Binary Output
A B C Y

1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 0

Table 2.11: Truth Table for three input X-OR Gate

X-OR gate is very useful for realising Binary adder circuit.

2.7 X-NOR  Gate: 
X-NOR ( EX-NOR) gate is realised by combination of X-OR 
gate and NOT gate and  represents a digital circuit whose 
output is true (logic 0) when its two inputs are different.

2.7.1. Two Input X-NOR gate:
For  two input X-NOR gate 
Y= (A   B)’

2.7.1.2 Truth Table: 

As discussed above Truth Table represents Output for all 
possible input logical combinations.

N Binary Input Binary Output

A B Y
1 0 0 1
2 0 1 1
3 1 0 1
4 1 1 0

Table 2.12: Truth Table for two input X-NOR Gate

2.7.3. Three Input X-NOR gate:
Logic Equations: Y= (A   B   C)’

Truth Table:

N Binary Input Binary Output
A B C Y

1 0 0 0 1
2 0 0 1 0
3 0 1 0 0
4 0 1 1 0
5 1 0 0 0
6 1 0 1 0
7 1 1 0 0
8 1 1 1 1
Table 2.13: Truth Table for three input X-NOR Gate

3. Conclusion: 

This article thus represents different types of logic gates 
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 various logic circuits called 
as logic families used  to realise the logic gates using 
basic electronic components such as diode, transistors, 
resistors etc. including     AND, OR,NOT, NAND, NOR, X-OR 
and X-NOR  gates.

4. References:

1. Digital Electronics by R.P. Jain
2. http://en.wikipedia.org/wiki/Logic_gate
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Digital Electronics
PART-V - LOGIC FAMILIES

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

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 fifth   paper  in this series of digital 
electronics i.e. Logic families which deals with a type of 
circuit usning particular electronic components such as 
diodes, transistors, resistors and classified as DDL, RTL, 
TTL, CMOS etc. These logic families act as basic building 
block for all the digital circuits. The logic gates AND, 
OR, NOT(Complement), NAND, NOR, X-OR etc.  can be 
realised using one or more type of logic family. This paper 
is written based on the information readily available on 
open sources. 

Introduction:

In last volume of this journal we saw the details of number 
system used in digital systems and in this volume paper on 
logic gates. 

In this article we shall also discuss various kinds of logic 
families and how we can realise logic gates using logic 
families. Any logic gate can be constructed under  one two 
or more logic families. Depending on the type of gate and 
type of logic family we can have number of combinations, 
e.g. DTL AND gate or TTL NAND gate and so on.

2. Types of Logic Families:

Following are the different types of logic families used in 

digital electronics:

• Resistor–transistor logic (RTL)
 * Direct-coupled transistor logic (DCTL)
 * Resistor–capacitor–transistor logic (RCTL)
• Diode–transistor logic (DTL) 
 * Complemented transistor diode logic (CTDL)
 * High-threshold logic (HTL)
• Emitter-coupled logic (ECL) 
 * Positive emitter-coupled logic (PECL)
 * Low-voltage positive emitter-coupled logic   
    (LVPECL)
• Gunning transceiver logic (GTL)
• Transistor–transistor logic (TTL)
• P-type metal–oxide–semiconductor logic (PMOS)
• N-type metal–oxide–semiconductor logic (NMOS) 
 * Depletion-load NMOS logic
 * High-density nMOS (HMOS)
• Complementary metal–oxide–semiconductor logic 

(CMOS)
• Bipolar complementary metal–oxide–semiconductor 

logic (BiCMOS)
• Integrated injection logic (I2L)

The families (RTL, DTL, and ECL) were derived from 
the logic circuits used in early computers, originally 
implemented using discrete components. One example is 
the Philips NOR bits family of logic building blocks.

The PMOS and I2L logic families were used for relatively 
short periods, mostly in special purpose custom large-scale 
integration circuits devices and are generally considered 
obsolete. For example, early digital clocks or electronic 
calculators may have used one or more PMOS devices 
to provide most of the logic for the finished product. 
The F14 CADC, Intel 4004, Intel 4040, and Intel 8008 
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microprocessors and their support chips were PMOS.
Of these families, only ECL, TTL, NMOS, CMOS, and 
BiCMOS are currently still in widespread use. ECL is used 
for very high-speed applications because of its price and 
power demands, while NMOS logic is mainly used in VLSI 
circuits applications such as CPUs and memory chips 
which fall outside of the scope of this article. Present-day 
“building block” logic gate ICs are based on the ECL, TTL, 
CMOS, and BiCMOS families.

3. RTL ( Resistor Transistor Logic)

A family of simple resistor–transistor logic integrated 
circuits was developed at Fairchild Semiconductor for the 
Apollo Guidance Computer in 1962. Texas Instruments 
soon introduced its own family of RTL. A variant with 
integrated capacitors, RCTL, had increased speed, but 
lower immunity to noise than RTL. This was made by Texas 
Instruments as their “51XX” series.

3.1 RTL NAND gate:
Fig 1 shows a two input RTL NAND gate

Fig.1 Circuit for RTL NAND gate

It uses resistors and a transistor. When either input A or 
B is high(1) or both Inputs are high the Base of transistor 
receives sufficient current driving it to saturation region 
or transistor becomes ON. Since the output Q is taken 
from Collector , it is low(0) for these three combinations 
of Inputs. 

When both the inputs are low (0), the transistor does 
not receive any base current and therefore goes in cutoff 
region, and therefore the output Q which is taken from 
Collector becomes high(1). Thus the circuit works as NOR 
gate. 

4. DTL (Diode Transistor Logic)

The first diode–transistor logic family of integrated 
circuits was introduced by Signetics in 1962. DTL was also 
made by Fairchild and Westinghouse. A family of diode 
logic and diode–transistor logic integrated circuits was 
developed by Texas Instruments for the D-37C Minuteman 
II Guidance Computer in 1962, but these devices were not 
available to the public.
A variant of DTL called “high-threshold logic” incorporated 
Zener diodes to create a large offset between logic 1 and 
logic 0 voltage levels. These devices usually ran off a 15 
volt power supply and were found in industrial control, 
where the high differential was intended to minimize the 
effect of noise. 

4.2 DTL NAND Gate:

Fig 2. DTL NAND gate

Fig. 2shows circuit diagram of DTL NAND gate. It uses 
diodes and transistor with biasing resistors. When 
all the inputs are high(1), diodes are reversed biased 
and base of the transistor receives current forcing it to 
operate in saturation region. Since the output Q is taken 
from Collector of transistor, it is low(0) for this input 
combination.

When either of the input is low(0), ( or all the inputs 
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are low) the respective (or all) the diode(s) conduct and 
current flows input(s) and thus base of transistor does not 
receive any current  forcing it to operate in cutoff region. 
Since the output Q is taken from Collector of transistor, it 
is high(1) for this input combinations.
Thus the circuit works as NAND gate.

5. ECL (Emitter Coupled Logic)

The ECL family, ECL is also known as current-mode logic 
(CML), was invented by IBM as current steering logic for 
use in the transistorized IBM 7030 Stretch computer, 
where it was implemented using discrete components.
The first ECL logic family to be available in integrated 
circuits was introduced by Motorola as MECL in 1962. 

6.TTL (Transistor Transistor Logic)

Texas Instruments introduced 7400 Series TTL family in 
1964. Transistor–transistor logic uses bipolar transistors 
to form its integrated circuits.[3] TTL has changed 
significantly over the years, with newer versions replacing 
the older types.

Since the transistors of a standard TTL gate are saturated 
switches, minority carrier storage time in each junction 
limits the switching speed of the device. Variations on the 
basic TTL design are intended to reduce these effects and 
improve speed, power consumption, or both.

6.1 TTL NAND gate

Fig 3 TTL NAND gate

Fig 3 shows two input circuit for  NAND gate, which can be 

upgraded to higher number of inputs by adding three or 
more input multi-emitter transistor at Q1.

When both the inputs are high (1), no current flows from 
base to emitter of transistor Q1, thus current flows from 
base to collector of Q1 this makes transistor Q2 ON which 
makes Q3 OFF and Q4 On. Since the out put is taken from 
collector of Q4 which is in ON state, output is low (0).

When either or both inputs are low(0), the current flows 
from base to emitter of Q1. Thus No current flows from 
base to collector of Q1 and Q2 doesnot get any base 
current placing it into OFF state. This makes Q3 ON and 
Q4 OFF. Since the out put is taken from collector of Q4 
which is in OFF state, output is high(1).
Thus the circuit works as NAND gate.

6.2 Schottky TTL:

The German physicist Walter H. Schottky formulated a 
theory predicting the Schottky effect, which led to the 
Schottky diode and later Schottky transistors. Schottky 
transistors have a much higher switching speed than 
conventional transistors because the Schottky junction 
does not promote charge storage, leading to faster 
switching gates. Gates built with Schottky transistors use 
more power than normal TTL and switch faster. With 
Low-power Schottky (LS), internal resistance values were 
increased to reduce power consumption and increase 
switching speed over the original version. The introduction 
of Advanced Low-power Schottky (ALS) further increased 
speed and reduced power consumption. A faster logic 
family called Fast (Schottky) (F) was also introduced that 
was faster than normal Schottky TTL. Schottky TTL or 
Advanced Low-power Schottky (ALS) circuit is similar to 
TTL and is obtained by simply replacing normal  transistor 
by Schottky Transistor or Advanced Low-power Schottky 
(ALS) Transistor.

7. IIL (Integrated Injection Logic)

The integrated injection logic (IIL or I2L) uses bipolar 
transistors in a kind of current-steering arrangement to 
form its integrated circuits. IIL is slightly easier to construct 
on an integrated circuit, and so was popular for early VLSI 
circuits.
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8. CMOS (Complementary Metal Oxide Semiconductor)

CMOS logic gates use complementary arrangements of 
N-channel and P-channel Field effect transistor. Since 
the initial devices used oxide-isolated metal gates, 
they were called CMOS (complementary metal–oxide–
semiconductor logic). In contrast to TTL, CMOS uses 
almost no power in the static state (that is, when inputs 
are not changing). A CMOS gate draws no current other 
than leakage when in a steady 1 or 0 state. When the gate 
switches states, current is drawn from the power supply 
to charge the capacitance at the output of the gate. This 
means that the current draw of CMOS devices increases 
with switching rate (controlled by clock speed, typically).
The first CMOS family of logic integrated circuits was 
introduced by RCA as CD4000 COS/MOS, the 4000 series, 
in 1968. Initially CMOS logic was slower than LS-TTL. 
However, because the logic thresholds of CMOS were 
proportional to the power supply voltage, CMOS devices 
were well-adapted to battery-operated systems with 
simple power supplies. CMOS gates can also tolerate 
much wider voltage ranges than TTL gates because the 
logic thresholds are (approximately) proportional to 
power supply voltage, and not the fixed levels required by 
bipolar circuits.

The required silicon area for implementing such digital 
CMOS functions has rapidly shrunk. VLSI technology 
incorporating millions of basic logic operations onto one 
chip, almost exclusively uses CMOS. The extremely small 
capacitance of the on-chip wiring, caused an increase in 
performance by several orders of magnitude. On-chip 
clock rates as high as 4 GHz have become common, 
approximately 1000 times faster than the technology by 
1970.

8.1 CMOS AND gate:

Fig.4 shows circuit diagram for CMOS AND gate. 
In this circuit it uses complementary pair of MOs 
transistors which when one transistor in a pair is ON other 
is OFF and vice versa.

Transistor Q3, Q4, Q5 and Q6 act like a switch, while Q1 
and Q2 forms an active resistor.

When both the inputs are high(1) Q# qnd Q4 are ON , 

since drain of Q3 is connected to gates of Q5 and Q6 ( 
which is complementary pair of NMOS and PMOS) makes 
Q5 ON and Q6 OFF since output is taken from source drain 
junction of Q5 and Q6, the output is high(1). Q3 or Q4 
or both become OFF, this makes Q5 OFF and Q6 ON and 
since output is taken from source drain junction of Q5 and 
Q6, the output is low(0).

Fig 4. CMOS AND gate circuit diagram

8.2 Lowering the power supply voltage

CMOS chips often work with a broader range of power 
supply voltages than other logic families. Early TTL ICs 
required a power supply voltage of 5V, but early CMOS 
could use 3 to 15V. Lowering the supply voltage reduces 
the charge stored on any capacitances and consequently 
reduces the energy required for a logic transition. Reduced 
energy implies less heat dissipation. The energy stored in 
a capacitance C and changing V volts is ½ CV2. By lowering 
the power supply from 5V to 3.3V, switching power was 
reduced by almost 60 percent (power dissipation is 
proportional to the square of the supply voltage). Newer 
CPUs have lowered their power supply voltages further.

8.3  HC logic

Because of the incompatibility of the CD4000 series 
of chips with the previous TTL family, a new standard 
emerged which combined the best of the TTL family with 
the advantages of the CD4000 family. It was known as the 
74HC (high-speed CMOS) family of devices and used the 
pinout of the 74LS family with an improved version of 
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CMOS technology inside the chip. It could be used both 
with logic devices which used 3.3V power supplies (and 
thus 3.3V logic levels), and with devices that used 5V 
power supplies and TTL logic levels.

8.4 The CMOS–TTL logic level problem

Interconnecting any two logic families often required 
special techniques such as additional pull-up resistors, or 
purpose-built interface circuits, since the logic families 
may use different voltage levels to represent 1 and 0 
states, and may have other interface requirements only 
met within the logic family.

TTL logic levels are different from those of CMOS – 
generally a TTL output does not rise high enough to be 
reliably recognized as a logic 1 by a CMOS input. This 
problem was solved by the invention of the 74HCT family 
of devices that uses CMOS technology but TTL input logic 
levels. These devices only work with a 5V power supply. 
They form a replacement for TTL, although HCT is slower 
than original TTL (HC logic has about the same speed as 
original TTL).

8.5 Other CMOS families

Other CMOS circuit families within integrated circuits 
include cascode voltage switch logic (CVSL) and pass 
transistor logic (PTL) of various sorts. These are generally 
used “on-chip” and are not delivered as building-block 
medium-scale or small-scale integrated circuits.

8.6 BiCMOS

One major improvement was to combine CMOS inputs 
and TTL drivers to form of a new type of logic devices 
called BiCMOS logic, of which the LVT and ALVT logic 
families are the most important. The BiCMOS family has 
many members, including ABT logic, ALB logic, ALVT logic, 
BCT logic and LVT logic.

9. Improved versions

With HC and HCT logic and LS-TTL logic competing in the 
market it became clear that further improvements were 
needed to create the ideal logic device that combined 
high speed, with low power dissipation and compatibility 

with older logic families. A whole range of newer families 
has emerged that use CMOS technology. 

A short list of the most important family designators of 
these newer devices includes:

• LV logic (lower supply voltage)
• LVT logic (lower supply voltage while retaining TTL 

logic levels)
• ALVT logic (an ‘advanced’ version of LVT logic)

There are many others including AC/ACT logic, AHC/AHCT 
logic, ALVC logic, AUC logic, AVC logic, CBT logic, CBTLV 
logic, FCT logic and LVC logic (LVCMOS).

10. Various On-chip design styles

Several techniques and design styles are primarily used in 
designing large single-chip application-specific integrated 
circuits (ASIC) and CPUs, rather than generic logic families 
intended for use in multi-chip applications.

These design styles can typically be divided into two 
main categories, static techniques and clocked dynamic 
techniques. (See static versus dynamic logic for some 
discussion on the advantages and disadvantages of each 
category).

10.1 Static logic

• Pulsed static CMOS
• Differential cascode voltage switch (DCVS)
• Cascode non-threshold logic (CNTL)
• Pass-gate/transmission-gate logic: pass transistor 

logic (PTL)
• Complementary pass-gate logic (CPL)
• Push–pull logic
• Output prediction logic (OPL)
• Cascode voltage switch logic (CVSL)

10.2 Dynamic logic

• four-phase logic
• domino logic
• Footless domino
• NORA/zipper logic
• Multiple-output domino
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• Compound domino
• Dual-rail domino
• Self-resetting domino
• Sample-set differential logic
• Limited-switch dynamic logic

11. Conclusion: 

This article thus represents different types of logic families 

and working of some of the gates under each of the logic 
family. All this information will be very  useful for our 
further articles in the series of digital electronics. 
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Open Source Hardware and its Use
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Abstract:

 If you are a person who uses the internet and knows 
a little bit of technology, I am sure you would have 
come across the term “open source”. Open source 
is often used in relation to software. Let us first 
understand what that means. 

Open source promotes development of products 
whose entire design is openly available to the 
public. Our traditional mind set has been to keep the 
information secret and maximize our profits based on 
that secret information. The open source revolution 
is completely against keeping the information secret, 
whereas it promotes innovation so that other 
engineers do not waste their time in developing 
something that has already been developed in this 
world. In short, it drives innovation. Open source 
software such as the popular Linux operating system is 
freely available. It is developed by various community 
members that collaborate together on the internet. 
The Open Office project is the Microsoft Office 
alternative which is freely available. For a person 
who cannot afford to spend licensed proprietary 
products, open source is the way to go. Another 
point to note; Open source software and hardware 
are extremely affordable even for the poor thereby 
making it the best choice to introduce technology to 
the rural areas of developing countries. 

We talked mostly about the open source software 
just to give you the idea what exactly it is. Our main 
discussion is going to be about the, often neglected 
or rather unexplored realm of Open Source Hardware 
which you may also come across as OSHW. 

Keywords: OSHW, Open Source, development, free 
information

1. The current situation and how is OSHW changing 
it

The concept of OSHW is the same as the open source 
software except the fact that no matter how complex 
the device is, entire design and schematics are freely 
available to those interested. 

1.1 The open PCR project

Consider a situation in any developing country where 
having a DNA sequencer machine is not cheap. Even 
if there is a DNA sequencer it would not be more than 
2 or 3 in quantity and would only be available in large 
cities. What if you require a DNA sequencer in more 
number of places across the country, in every town? 
The government or any institution would not even 
entertain this idea due to the sheer cost of a single 
machine which easily goes up in lakhs of rupees. 

The openPCR project is an open source polymerase 
chain reaction (PCR) machine. PCR is a process of 
creating multiple copies of a DNA sample. Once 
multiple copies are created, the sample then 
undergoes electrophoresis. Electrophoresis is a very 
simple procedure of visualizing the DNA. It involves 
passing a uniform electric field through the sample. 
The DNA will split and form bands as shown in the 
Figure 1. The entire process can take more than 80 
to 100 hours depending on the equipment used. 
The openPCR works just as good as the expensive 
machine and provides equivalent accuracy. For just 
$500 to $550 (Rs. 33000) we can have an entire, fully 
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functional DNA sequencing machine. More details 
about this project can be found in the open PCR.org. 

Figure 1 Electrophoresis

We do not necessarily require to spend too much 
money when open source, inexpensive alternatives 
are already available which can work just as good as 
the proprietary hardware. Nevertheless, the openPCR 
project will definitely prove to be a very useful tool 
for those studying forensics, biology, medicine or 
those who are just interested in the engineering of 
such devices. 

1.2 Medical devices

Medical testing equipment is still not affordable in 
many rural hospitals and many patients have to travel 
for long distances just to get their medical tests done. 
Medical grade portable testing machines are quite 
expensive but they do not really have to be. 

As the open hardware has been revealing the 
technology used inside medical instruments, the 
companies that manufacture integrated circuits also 
began promoting and engaging a “not so expert” 
crowd in getting their hands on medical circuits. 
When you give power in people’s hands, there is a 
huge boost in innovation. Medical instruments such 
as ECG, glucometer, pulse oximeter, EEG (brain wave 
recording) and many others can be easily built for 
under Rs. 5000. The results from the home built 
hardware will definitely be not medically certified, but 
at least we got the satisfaction of understanding our 
own body. Those who understand electronics better 

have taken this open information and made medical 
products that are very small in size but contain all the 
above mentioned instruments. The best example is 
the opneEEG project (http://openeeg.sourceforge.
net/doc/modeeg/modeeg.html) which has all the 
required information for developing or replicating the 
designs. You may not be a person with engineering 
background, but when all the information is openly 
available these days it should not be a problem for 
you to learn a few things and get your hands dirty 
building circuits. 

1.3 The Arduino prototyping platform

Another best example of open hardware is the 
popular rapid prototyping board called Arduino. Let 
me slow down a bit for you because I am sure the 
words “rapid prototyping” might have intimidated 
you already. Prototyping is a procedure to test 
circuits before they are finalized for manufacturing. 
It is a quite lengthy process but things can be sped 
up if we have the redundant components pre-
built for us. One such redundant component is the 
microcontroller section. Think of microcontroller 
as a small unit that process information and gives 
us desired output signals. The Arduino board is an 
open source project which is available in several 
versions. There is an extremely easy to understand 
programming software called Arduino IDE which 
makes embedded programming much easier. This 
is where the “rapidness” of the Arduino platform 
comes. The Arduino development package comes 
with a lot of functions already written for you. All you 
have to do is make use of them. In simpler words, 
you do not have to understand hardware to program 
the microcontroller. All you have to do is attach a few 
sensors and Arduino shields to get the output on your 
android phone, your computer or on a dedicated LCD 
display. 

Arduino platform has enabled students to get into 
the world of hardware from a younger age. The 
understanding of computers and the hardware side 
of the computer grows as you make more use of 
this device. On another side, Arduino is finding itself 
being used in a lot of open hardware projects such as 
the openPCR project I mentioned above, or the open 
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EEG project and even the low end 3D printers that I 
am going to talk about next.  

1.4 3D printers

3D printers are a recent thing for many of us, but they 
have been in this world for quite a long time. The 
reason why we didn’t hear about them was because 
they were used in the industrial applications and 
also they used to cost a lot. Open source revolution 
changed that and brought the cost down by several 
times. 
The Arduino platform and inexpensive CNC 
controllers, open information for communication 
protocols that were previously proprietary has 
enabled development of low cost 3D printers with 
which we can print whatever we want. Mechanical 
parts that were quite difficult for manufacturing or 
rather quite expensive to manufacture can be literally 
printed in a few hours at a very low cost.

1.5 Open source automobile

The height of open sourcing hardware comes 
when Tesla (An automobile company) opened its 
entire electric car design online for the engineering 
community! All the information regarding their 

once proprietary engineering patents will soon be 
available for download and it can be used to improve 
the designs further or make changes the way we 
wish. According to Tesla’s CEO, “I thought patents 
were a good thing and worked hard to obtain them. 
And maybe they were good long ago, but too often 
these days they serve merely to stifle progress, 
entrench the positions of giant corporations and 
enrich those in the legal profession, rather than the 
actual inventors.” 

2. Conclusion

As the time goes by, we will see all the information 
flowing openly and once again see the now hindered 
innovation drive us into a better world. Just on a 
side note, under certain licenses any open source 
hardware must be referenced back to the original 
author and must be given credit for. 

3. References

• Open source PCR Project. Web. openPCR.org
• Open-source electronic prototyping platform. 

Web. Arduino.cc
• Elon Musk, CEO (Tesla Motors). All our patents 

belong to you. Web. Tesla Motors.
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Introduction

Every muscle in our body generates electrical pulses. 
All the communication between every body part and 
the brain is possible because of the electrical signals 
flowing constantly back and forth. Our entire body is 
a mesh of communication channels that constantly 
feed updates to the brain and the brain responds to 
that feed individually. Because of this communication, 
it is possible for us to sense pain, touch, and all other 
sensations. When something goes wrong in the brain, 
it begins to generate improper electrical signals of 
irregular frequency and amplitude. This improper 
function can cause malfunctioning of certain body 
parts. There is a whole array of disorders caused 
due to malfunctioning of brain itself. In the past few 
years, neuro implants were developed that were 
connected in the path of malfunctioning neurons and 
try bringing back the normal functioning of brain and 
the body part affected. 

Open loop neuro implant

Any open loop system does not monitor the 
feedback. Which means that it does not sense its 
surrounding. The open loop system operates based 
on a fixed programming and such a system cannot 
adapt its output to suit the situation. For the past 
few years, neuro implants used were of open loop 
type. They were connected to the neurons and 
generated stimulation at a regular frequency and a 
fixed amplitude. This stimulus made sure that the 
brain is working correctly and any malfunctioning 
was temporarily fixed on application of stimulation 
pulse. 

Such a system could not work effectively in case of 
epileptic seizure which might occur randomly. In 
case of seizure, the brain produces irregular pulses of 
varying amplitude and frequency. If the stimulation 
pulse interval made to trigger the neurons was too 
long, the chance of being affected by a seizure was 
high. So, the solution is obvious, to keep the trigger 
interval short. But there is another problem related 
to the open loop system. Since, it does not monitor 
the neuro signals in anyway, the amplitude is always 
constant at a fixed level. Thus, a strong pulse can 
cause tingling sensation in your body where the 
nerve is connected to. 

Open loop system had the advantage of manual 
triggering. When the patient senses that he is about to 
have a seizure, he can wave a magnet across his head 
to trigger the stimulation. It is not always possible 
to sense an on-coming seizure and sometimes it is 
not possible to wave the magnet on time. This led 
to the development of a more automatic closed loop 
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system implant.

Closed Lopp neuro implant

The solution is obvious, to have a closed loop 
implant that constantly monitors the brain activity 
in a desired region and automatically decides the 
necessity to insert a stimulus onto the nerve. Such 
a system can also calculate the amplitude of the 
stimulus required which can help in avoiding tingling 
sensations encountered with open loop implants. 

This is how it works step by step:

• Monitors the region of the brain to detect any 
abnormal frequency and amplitude

• In this monitoring process, the device learns what 
the normal conditions of the signal are and thus 
decide what is abnormal and what is not. 

• The self-learning capability of the device can now 
help in avoiding false triggers. Nevertheless, the 
false triggers are not known to cause any harm, 
so it does not matter. 

• Whenever out of normal frequency is sensed on 
the nerve or the brain region, correct stimulating 
pulse is applied by the implant. This sets the brain 
in normal functioning and a possible seizure is 
avoided. An overview of the functioning is seen 
in the Figure 1.

This device sits inside the brain, in a place where 
epileptic seizures are diagnosed to originate in a 
particular patient. These implants have their own 
micro battery to power up the circuitry. The challenge 
here is that you cannot have your brain cut open 
every few weeks to replace the battery. To recharge 
the battery, the implant has an in built induction 
charging circuit. Another wireless charging device 
Is held over the near the head (near the location of 
implanted device) and it radiates electromagnetic 
field. The inductor connected to the implant picks up 
this radiation and charges the micro battery.

Such a neuro implant is already being produced by a 
company called MedTronic and has been implanted 
into more than 100 patient’s brains. The data 
collected as a result of this experiment has proved to 

be quite useful in further development of the device. 
The new generation of the device also allows a 
wireless interface for the patient to adjust the 
operation of the implant to change the amplitude 
of the stimulus. The microprocessor integrates the 
patient’s input into the data it has learnt as a result 
of constant monitoring. 

Neuro implants need not be embedded into brain, 
but it can also be connected on any nerve throughout 
the human body. A newer version of the implant is 
meant to be connected to the spinal cord. This will 
have an added advantage in gaining accuracy and 
preventing false positives. 

Monitoring more parameters

Implants embedded in the spinal cord are very likely 
to cause severe discomfort to the patient. When a 
patient lies on the back, the stimulating electrodes 
will come into contact of more nerves because of 
the pressure. The excess stimulus can cause a strong 
jolt of electric pulse to be felt. To prevent this, the 
implant is fitted with a micro electromechanical 
accelerometer which senses the direction in which 
the patient is lying. Thus the implant comes to know 
how strong a pulse needs to be applied which would 
not cause any discomfort. 

All these adjustments carried out by the implant are 
relayed to a device outside the body. This collected 
data can be used by the doctor to evaluate the 
patient and optimize his neuro stimulus therapy. This 
data will also lead to a more intelligent implant which 
will monitor the patient quite well. 

Figure 1 Left image shows the head X-ray of the 
implant embedded inside the brain, on the right, 
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patient holds the wireless charger to charge the 
neuro implant’s battery embedded inside the skull.

Seizures reduced by significant amount

A recent news article has shown that the implant 
has been able to reduce seizures by 38% and most 
patients experienced a 50% reduction in seizures. 
Better implants with more intelligence are being 
developed as more research and experimentation 
goes in to it. This would naturally help in reducing 
the number of seizures eventually making it zero. 

Electronics are shrinking and finding more and more 
applications including medicine. It would be quite 
interesting to see the new types of implants that 

would be coming out in near future that would make 
painful medical treatments very convenient and 
painless for the patient and not to forget the reduced 
suffering due to certain disorders that were once 
hard to treat. 
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