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ABSTRACT

As the communication industry is currently undergoing a major overhaul to accommodate greater bandwidth 
and higher data-rate to meet the rapidly growing data demand; terahertz range of frequencies from 100 GHz to 3 
THz are being investigated as a possible replacement of the conventional mm-wave technology. In this paper, the 
technological readiness of Indian research community in this specific direction have been examined. The research 
development strategies that are required to gain momentum towards achieving a viable technology standard in 
THz communication in India are discussed. Technology recommendations towards product development required 
for initiation and advancement in THz communication are presented. We have also introduced a design of a short-
range THz communication configuration in conclusion, based on recent reports of successful realisation of THz 
communication which could be utilised for immediate realisation using commercially available resources.
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1. InTRoduCTIon 
Worldwide THz communication research has gained 

momentum driven by the need to support high capacity 
wireless data transmission using the THz range. Several 
groups have used several specific THz transmission windows, 
mostly below 500 GHz, for short range (well below 100 m 
mark), indoor wireless systems and have been successful in 
attaining a data rate of 100 Gbps or more1,2,3,4. However, the 
most important challenges remain; which are, the development 
of compact and efficient THz sources providing continuous 
wave output power levels up to 100 mW and the development 
of compact electronically steerable antenna arrays to minimise 
wireless link loss5. In the recent past, many researchers have 
reported about transceiver technology, working close to the 
300 GHz mark6,7,8, pushing the operating frequency towards 
THz communications.

Contrary to this intense global research thrust9,10,11,12,13, 
advancement of THz communication technology in India is still 
very limited. The main reason for the same is that, the present 
status of enabling technologies for THz communication is very 
poor in India. There are many groups working in related areas 
of wireless communication, RF communication and optical 
communication across India in various academic and national 
level research facilities. However, these research initiatives are 
not in synergy with the technology requirements of a viable 

THz communication network. Most of the work done in this 
frequency range are parametric modelling and simulation 
based. The modelling and simulation done are also not oriented 
towards an implementable communication network: these 
are fragmented model and simulation of various active and 
passive components meant for THz communication. However, 
most of these components under consideration are either 
technologically challenging or a mere software reproduction 
of the state-of-the-art THz components realised elsewhere in 
the world.

In this review, some of these pertinent issues hindering 
the growth of THz communication technology in detail in 
India are discussed. A chart of application viability of THz 
range in communication in terms of link lengths is organised. 
Critically reviewed the technology readiness of India in 
implementing THz communication technological which is 
followed by a Vision 2040 Technology Roadmap, both in 
terms of a chart comprising a list of key technology enablers 
and research directions, as well as, a info graphic depicting 
the projected phases of technology development in India. 
Apart from this, the issue of ‘data safety’ and the upcoming 
quantum key distribution technology, which is the necessary 
component in reorienting traditional ‘classical’ digital network 
into highly secure ‘quantum’ network are brought out. Finally, 
in conclusion, a system configuration to attain short-range THz 
communication using frequencies over 100 GHz with 0.1 Tbps 
data-rate or more is proposed.Received : 24 April 2019, Revised : 16 July 2019 
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2. THz RAnge
Founded in 1865 at Paris, International Telegraph union 

(ITu) is responsible for issues concerning Information 
and Communication Technology14. Figure 1 shows the 
exact positions of various range of frequencies in the ITU 
communication band designation chart with respect to the EM 
spectrum. The bands, represented as extremely high frequency 
(EHF) and tremendously high frequency (THF) in Fig. 1, offers 
a total available bandwidth over hundreds of GHz. These bands 
(0.1 – 3 THz) in EM spectrum are in the Terahertz (THz) range 
which spans across the range between microwave and far-IR 
‘bridging the gap’ between the ‘electronics’ and ‘photonics’, 
respectively. Consequently, THz range enjoys some attributes of 
both electronics and photonics area and offers some distinctive 
set of advantages and poses some fundamental challenges.

For most of the past century terahertz (THz) frequencies 
of electromagnetic radiation (approx. 100 GHz to 10 THz) 
were mostly referred to as sub-millimeter or far-infrared waves 
and were principally used by the astronomers and very select 
groups of spectroscopists. However, with the advent of laser-
based THz time domain spectroscopy in last two decade of 
the past century THz technology has rapidly curved its niche 
in myriad areas of application, including security screening, 
medical diagnostics, material characterisation, communication 
and others15. In fact, THz technology has been promoted as one 
of the disruptive technologies changing the world. Specifically, 
with the availability of THz commercial systems as research 
spin-offs, non-invasive THz imaging has become an effective 
tool of application in many industrial and research sectors. The 
widespread utility of THz technique in many applications relies 
on its distinctive attributes of ‘chemical signature’, ‘material 
transparency’ and ‘biological safety’16. 

However, widespread implementation of THz technology 
in strategic manner in various areas are very daunting; 
because of the following factors established by fundamental  
physics: 
(a) THz waves are highly reflected by all metal surfaces, thus 

it cannot ‘see past’ metal 
(b) THz waves are highly absorbed by water, so THz waves 

cannot penetrate deep into a material containing a lot of 
water

(c) THz waves being longer wavelengths than visible and 
IR waves will have a limiting  spatial resolution of 
submillimeter in the far-field. 
From the application perspective in communication 

technology, the second issue is, the high atmospheric attenuation 
of THz range and the frequency dependency of the same with 

highly non-linear nature, poses the greatest challenge against 
its widespread use in communication sector. A long-range THz 
communication wideband frequency channel in free space, 
is therefore, simply cannot be established. Figure 1 gives the 
atmospheric attenuation in THz communication range showing 
distinctive ‘pass band’ with very low or no attenuation.

These ‘low-loss’ transmission windows in THz range, as 
shown in Fig. 2, inevitably lead us to formulate the strategic 
viability plan of THz application in communication. It 
can be seen, that, contrary to traditional approach of long-
range front-end communication channel THz range, and 
especially the higher frequency range with the capability 
of supporting high data rate, is suitable for short-range to 
very-short-range communication17. In these short-links, 
the ‘atmospheric attenuation’ issue of THz range becomes 
negligible and the advantages of ‘material transparency’ 
and ‘high metal reflectivity’ would enable us to configure 
communication channels based on the use of selected THz 
frequency windows coupled with strategic placements of 
active and passive material components (like, waveguides, 
filters and optical amplifiers etc.)  to successfully implement 
THz communication system.

Table 1 gives a summary of all the different THz 
communication applications, in terms of their viability of 
application, expected operational conditions and locations, 
expected typical bit-rate achievable and most importantly, 
the expected typical link length for such specific application. 
It should be noted, that, as per this chart, the application of 

Figure 1. ITu Communication band designation chart showing the Terahertz high frequency band from 300 gHz to 3 THz  
(or 1 mm to 0.1 mm) as a subset of the Far-IR range (0.3 THz to 6 THz).

Figure 2. Atmospheric attenuation in terms of dB/km for THz 
frequencies. 
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THz communication in traditional consumer sector is found to 
be limited. On the other hand, the scope of high-end research 
product (in computer technology etc.) and strategic defence (in 
military etc.) communication seems to be very much viable.

3. PReSenT STATuS oF THz 
CommunICATIon In ACAdemIC And 
ReSeARCH FACIlITIeS ACRoSS IndIA
 In India, no group has yet reported any working THz 

communication link; the main reason for the same is that, the 
present status of enabling technologies for THz communication 
is in its nascent stage in India. There are some groups of 
researchers working across the nation who have demonstrated 
THz communication enabling devices in practice. Though 
the performance and functionality of these components are 
far less than the target objectives. Table 2 enlists some of 
the institutes in India, along with their locations and current 
research activities geared towards THz communication (the list 
is neither exhaustive nor summarised).

4. THz CommunICATIon In IndIA– VISIon 
2040
 Towards the initiation of a successful technology 

implementation, certain strategic research recommendations 
as follows:

(i) First and foremost, the development of high-power THz 
sources within the THz low-attenuation windows (as 
prescribed in previous section), as well as compatible 
high sensitivity detectors, and modulation hardware are 
to be prioritised in the very first phase. 

(ii) Secondly, demonstration of device performance to 
highlight the potentially major benefits of THz 
communications (wide bandwidth) should be emphasised 
over the next several years. Additional hardware systems 
that take advantage of the 100 GHz of available bandwidth, 
such as modulator/demodulators, amplifiers and guided 
channels also need to be realised in tandem. Specifically, 
low-noise and wide-bandwidth THz amplifiers for both 
transmitters and receivers ends are a key research priority 
in second phase.

(iii) Aside from the actual hardware functionalities, the 
attenuation and scintillation properties of the atmosphere, 
including the effect of fog, rain, and smoke, need to be 
experimentally quantified in a systematic manner as 
and when THz components/systems are developed for 
communication purposes working in a certain frequency 
range18. 

(iv) Finally, photonic and electronic integration is a key factor 
that needs to be pursued for increased efficiency, compact 
size, lower power consumption and heat-dissipation and 

Table 1. Example of different THz communication applications

Application Typical link 
length 

location operational condition Beam positioning Typical 
bit-rate

H
ig

hl
y 

pr
ob

ab
le

Intra-chip < 1mm Monolithic line of sight nm sized 
THz transceivers

Fixed 1- 10
Terabyte
per secondInter-chip < 1cm On single board layer Same as above Fixed

Inter-board < 10 cm Inside single device lOS, THz transceivers 
with multiple reflections

Almost fixed

Device to device < 0.1 m Indoor around desk Same as above Manual positioning 

Po
ss

ib
le

Kiosk ‘data’ shower 0.1 – 1m Indoor can be across 
a wall

Same as above Automatic 
positioning required

0.1 - 1 Tbps

Inter ballistics 1 – 10 m Controlled indoor Same as above Same as above

Short-range WlAN/WPAN > 10 m Indoor across rooms lOS/Non-lOS, dynamic Same as above

H
ig

hl
y 

im
pr

ob
ab

le

THz cellular connection < 100 m Mobile network 
indoor or outdoor

Same as above Same as above < 100 Gbps

Fixed wireless access 100 m –  
few km

Fixed link outdoor lOS, with very high 
gain Tx/Rx

Fixed, highly 
directional

Table 2. Indian research geared towards realisation of THz communication

Institutes Research Area
Source and 
detectors

IIT Delhi mm-wave electronic transmitters, spin-based THz sources, time domain and CW THz set-up, 
THz waveguides

IISER Trivandrum Semiconductor hetero-structure alloys as THz sources
TIFR, Mumbai SI-GaAs THz sources, THz-ultrafast studies

Channels CEERI – Pilani THz waveguides in Silicon for short range communication channel, multiplexer/demultiplexer
CEERI – Chennai mm-wave remote and atmospheric sensing, atmospheric transmission

Signal processing 
and devices

IIT Guwahati THz metamaterial structures for active/passive THz devices
IIT Bombay mm-wave signal processing
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high stability of THz communication system which is the 
ultimate milestone of this technology pyramid19.
Table 3  shows a technology roadmap to achieve a viable 

and efficient THz communication in short-range and very 
short-range span in terms target technology requirements and 
research directions to be implemented to attain the same.

Figure 3 shows a projected multiphase technology 
implementation timeline starting from 2019 to the year 2040 
following the technology roadmap as described in Table 3. 

5. long-TeRm TeCHnology 
ImPlemenTATIon ConSIdeRATIonS
 Asymmetric encryption, now widely used, both for 

authentication and for data transmission, relies on the difficulty 
of solving prime-number factorisation problem. The recent 
advancement in developing effective quantum computers 
would turn these tasks straight forward enough; thus, currently 
deployed asymmetric cryptography would become obsolete20. 
This would potentially lead to a fatal breakdown of current 
infrastructure in terms of secure data transfer in communication 
system. An optical quantum key distribution (QKD) which 
relies on fundamental physical principles of ‘prepared’ 

Table 3.  Technology roadmap to realise THz communication in India

Component Aspect Target Technology options Research direction

Transmitter

Data rate (0.1 – 1) T bit/s

Multi-band (multi-carrier) system Photonic-electronic integration
ultra-wideband (more than 100 
GHz) optical modulators

Comb generation of a single laser line with 
phase stabilisation, monolithic integration of 
DFB lasers

Fast switching 
with high 
output power

10 mW or more
III–V semiconductor photonics and 
Si photonics

InP or GaAs uni-travelling carrier photodiodes

All-electronic source SiGe heterojunction bipolar transistors

Efficiency and 
cost

Wideband passive devices (filter, 
coupler, diplexer, absorber)

Basic material research for metamaterials, 
graphene, functional thin films

Mitigate dispersion-induced 
propagation loss

ultra-wide bandwidth single sideband 
modulator

Channel
Free-space Short range

(loss < 0.1 dB/m)

Use of amplifiers and integration Low-noise and wide-bandwidth THz amplifiers 
for both transmitters and receivers integration

Atmospheric propagation and 
interference testing

Drone fitted with THz set-up for continuous 
monitoring of indoor/outdoor conditions

Guided Device to device
(loss < 0.05 dB/m)

low-loss waveguide and 
interconnect

Hollow-core waveguide, photonic crystal 
omnidirectional fiber, plasmonic waveguides

Receiver

low NEP

Error-free operation 
BER<10−8

Schottky barrier diodes, interband 
tunneling diodes

Resistive-mixer-type FET detectors for mm to 
THz detection

Less than 10 pW/√Hz 
at high frequency  
(> 1 THz) or 
broadband operation

Wideband, low-loss and 
reconfigurable PC antennas Cleanroom fabrication of photolithographically 

grown photonic structures, parametric studies 
of thin films and surface quality optimisationQuantum dots and quantum wells

High 
Responsivity > 104 V/W

Superconducting transition edge 
sensor, Hot-electron bolometer Room temperature operation, using various 

structural set-up, graphene-based bolometersEdge metal-semiconductor metal 
junction

Response time ns to ps Plasmon based detectors Si-CMOS, Graphene FET

Figure 3. Time line of technology implementation to realise 
viable THz communication in India.
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quantum states which cannot be ‘copied’ or ‘eavesdropped’ 
without causing alteration is a viable long-term solution and 
which is very much compatible with THz communication 
methodology and its potential data-capacity. In fact, it was 
29 September 2017 when the first intercontinental video 
conference using quantum encryption took place between 
the presidents of the Austrian and Chinese academies of 
science. The cryptographic key pair used by the stations in 
Vienna and Beijing had been generated using QKD payload 
aboard the Chinese satellite Micius—part of the QuESS 
(Quantum Experiments at Space Scale) mission, which was 
brought into orbit in August 2016. In India, especially in 
defence sector, where the security of data is of paramount 
importance, specific research on development and application 
of quantum encrypted communication system should be 
initiated promptly. This would ensure that the long-term 
communication technology implementation is viable and 
compatible with the global trend and upcoming technology 
shift in larger scope.

6. SHoRT-TeRm TeCHnICAl 
ImPlemenTATIon ConSIdeRATIonS 
TowARdS VISIon 2040
 As mentioned previously, immediate physical realisation 

of THz communication system, even with limited capability, 
should be considered as one of highest priority, especially for 
its potential use of THz range as high-data rate carrier. Therefore, 
as the first marker in the long list of milestones, the most 
achievable task would be to set up a THz communication link of 
10 m or more with a data capacity of 100 Gigabyte/s or more in 
0.2 THz to 0.3 THz range. This range of THz frequencies offer 
an average of 1 dB/km atmospheric attenuation in 40 per cent 
relative humidity at 20°C temperature21.

Table 4 provides the system specifications of recently 
reported THz communication with the above scenarios. 

Most of these recent work shares some commonality in 
using uTC-PDs (uni-travelling carrier photodiodes) as the 
source; because of their large bandwidth and high power. 
Commercially available mixer diodes are favoured as the 
detectors in these systems and the modulation scheme used was 
quadrature phase shift keying (QPSK).  There are few notable 
features common to the hardware used in those experimental 
realisation, which are:
(i) All of the systems rely on the combination of photonic 

and electronic techniques
(ii) uTC-PD is one type of source (which is commercially 

available) which is heavily favoured in these reported 
works

(iii) Mixer diodes are also favoured as the detector (which are 
commercially available) in these reported works and

(iv) Quadrature phase shift keying (QPSK) and quadrature 
amplitude modulation (QAM) are also favoured as the 
modulation scheme in all these reported works.
Figure 4 is a proposed system configuration based on 

the above considerations for establishing a short-range THz 
communication link over 100 GHz frequency with 0.1 Tbps 
data-rate.

Table 4. Specification of reported THz communication system over 100 GHz with 0.1 Tbps or more.

data rate 
(gbps)

link
(m)

Frequency
(gHz) multiplexing modulation Tx Rx BeR Ref, year

160 0.5 300 – 500 8 channels
(25 GHz/ch)

QPSK uTC-PD Schottky mixer diode 4×10-4 - 7×10-3 [1], 2016

108 0.7 100 2 channels QPSK PD Sub-harmonic mixer 3.8×10-3 [2], 2013

106 0.5 300 – 500 16 channels 16 QAM uTC-PD Schottky mixer diode 3.8×10-3 [3], 2018

100 20 237.5 Single channel 16 QAM uTC-PD HEMT 4.5×10-3 [4], 2013

Figure 4. Proposed system configuration for short-range THz 
communication.

7. ConCluSIonS
 Based on the intellectual expertise available in India, it 

is indeed possible to demonstrate and implement a viable and 
efficient THz communication as greater research infrastructure 
and direction are being commissioned across India. As we 
have discussed in this review, that, physical realisation of key 
technology enablers, such as, high frequency and high power 
photonic and electronic sources; receivers with low noise and 
high sensitivity and other functional components including 
high-speed electronic and optical modulators are required to 
be accomplished for successful implementation of this critical 
technology target. Therefore, the research thrust must stress 
more on realisation of functional prototype of device rather 
than modelling or simulation of device performance. At the 
same time, since the realisation of this critical components, 
and the technology implementation as well, encompasses 
several multidisciplinary and sometimes overlapping research 
directions, there must be coordinated research initiative 
across the nation. That central platform would then ensure 
a synergistic approach to acquire and maintain the intense 
research momentum in progress and in performance towards a 
fast turn-around in timeline towards our proposed Vision 2040 
of THz Communication in India.
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Thus, in conclusion, in this paper we have analysed the 
possible technology elements to strengthen THz technology, 
especially in India, as futuristic high-speed communication 
carrier having possible tactical application with an aim to 
optimise the overall payload configuration of various strategic 
system components in defence.
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