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1. Introduction.

The lack of a high-power, low-cost, portable
room temperature operation THz source is the most
significant limitation of modern THz science. An attempt has
been made to develop the room temperature operating
compact THz sources. In this project, Electronic and photonic
approach has been adapted to develop the compact THz
systems. In the electronic approach a new, cavity less
TUNNETT oscillator system is proposed for sub-THz wave
generation. In the photonic approach, room temperature THz
emission from bulk Ge and Si crystals were observed for the
first time by photoluminescence emission mechanism. THz
emission characteristics such as, resistivity and thickness
dependence of THz emission from Ge crystals were studied.
An attempt has been made to develop nondestructive
imaging system from the new type Ge THz emitter. A
proposal has been made to use the Ge- THz emitter in

information and communication technology.

2. Patch antenna coupled GaAs TUNNETT
oscillator.

Waveguide resonators in its simplest forms are metallic
enclosures or cavities. Electric and magnetic energy is stored
in this volume thus establishing a resonance condition.
When the oscillation frequency is going into the THz regime,
the conventional rectangular metal cavity will be difficult to
be formed due to its machinery accuracy.

The other drawbacks in using the metal cavity as
resonator are, (i) high fabrication cost (ii) highly direction
dependent, this is the main limitation in applying cavity
resonators in communication (iv) Integration with microwave
integrated circuits (MICs) is difficult. To overcome these
problems, a new type of oscillator system (patch antenna
coupled with TUNNETT oscillator) has been developed.
Conventional patch antenna consists of a pair of parallel
conducting layers separated by a dielectric substrate. The
patch is generally made of conducting material and can be

designed for any possible shape. Upper conducting layer is
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the source of radiation where electromagnetic energy fringes
off the edges of the patch and waves will penetrate into the

The lower conducting layer acts as a perfect reflecting
ground plane, where the wave energy bounces back through
the substrate and then the electromagnetic wave is emitied
into the free-space. The antenna size mostly depends on the
frequency band of operation. The other factors to be
considered in deciding the fringing and the wave propagation
in the patches are dielectric constant of the substrate and
thickness of the insulating substrate . The excitation of the
patch is accomplished via a microstrip feed line, This feed
technique will supply the patch with electrical signal to be
converted into an electromagnetic wave.

Patch antenna dimensions such as the slot length,
slot width, patch sizes and dielectric substrate thickness were
optimized using Mstrip40 program for 200 and 300 GHz
emission. The pattern of the patch antenna was fabricated by
the conventional photolithography method A 500 pm = 500
um = 300 um thick diamond heat sink is metalized with Au,
and then the diamond heat sink is die-bonded to an Au coated
Cu stem. AuGe foil is used as bonder.

A 100<100 ym TUNNETT diode was press
bonded on to the Au plated diamond heat sink. The fabricated
patch antenna with dimensions of 390 pm = 440 pm with the
bias pad of 500 pim * 500 um is bonded to the Cu stem. The
patch antenna is connected with the TUNNETT diode on the
diamond heat sink. The TUNNEIT diode cathode is
commected with a 120 pm width and 12 pm thick Au ribbon,

to the patch antenna.

RF transmission line

Fig. 1 Schematic diagram of patch antenna coupled
TUNNETT oscillator

After successful fabrication of patch antenna
coupled TUNNETT oscillator, oscillation testing were carried
out. A frequency and power measurement system was set up
for this purpose. Frequency measurement was carried out
using the Fabry-Perot interferometer with the Si bolometer.
Tektroniox 2784 spectrum analyzer with SBD harmonic
mixer was used for evaluating the RF power. Obtained results

are shown in figure 2.
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Figure 2. Oscillation frequency and detected radio frequency

(RF) power versus the bias current of 300 GHz design patch
antenna. The bias current varied from 150 to 300 mA.
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3. Room tempc;rature spontaneous THz emission
from Ge and Si
Room temperature THz emission is observed from
Ge and Si crystals. It is a new observation ever reported by
photoluminescence  emission mechanism at room
temperature. The THz emission mechanism can be
considered as follows. Electrons, which are optically excited
from the valence band into the conduction band, will
recombine with holes in the valence band via shallow donor
levels giving rise to THz emission. The energy level
difference between the conduction band and the donor energy
level (Ec-Ep) corresponds to the THz emission energy. In the
case of Ge, the ionization energy is around 10 meV. Electron
transition between the conduction band and shallow donor
level is a dynamic process. So, the THz emission continue
to occur even at room temperature because of the very short
life time, even though the amount of thermally re-excited
electrons from the shallow donor level to the conduction
band may be considerable, when the Fermi level position is
well below the conduction band minimum.
4 Results and discussion
Typical THz emission spectrum observed at room
temperature from p-Ge (p ~17 Qcm) and #-Ge (20 Q cm) is
shown in Fig. 3. The observed THz emission spectrum
includes grating efficiency and filter characteristics.
Intentionally doped Ge crystals have shallow energy levels at
around 10meV. In this case, Ga is the dopant in p type Ge and
Sb is the dopant in »#- type Ge. When the excited electrons

recombine to the holes in the valence band, it makes

transition through shallow energy level. The shallow energy
level is located at around 10meV from the conduction and

valence band which corresponds to 2.4THz.
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Figure 3. Typical THz emission spectrum of p-Ge at room
temperature

The excitation sources were blue LED and NIR-LED. To
investigate the heating effects of the LED, transit time
comparison was carried out to confirm the true THz emission.
Elemental and compound semiconductors were tested for
room THz emission and it was observed that Si and Ge only
emitting THz at room temperature by photoluminescence
mechanism, Estimation of wavelength was carried out using
the filter characteristics of silicon bolometer.
THz emission characteristics such as, resistivity and thickness
dependence of THz emission from Ge crystals were studied.
Si and Ge THz emission spectrum comparison were carried
out; Wavelength difference in Si and Ge THz emission
spectra shows the shallow energy level difference.

Figure 4 shows the resistivity dependence of THz
emission of p-Ge. It has been observed that the output power
increased with increasing resistivity. The carrier concentration

and the resistivity is inversely proportional, thus the reduced
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free carrier absorption leads to higher THz emission intensity.
The intensity of the THz emission is higher (3.94 x10° W) for
higher resistivity sample (p~17Qcm). The lower intensity
was observed for p~0.28Qcm resistivity with the output
power of 3.18 x10™'W. The intensity is two orders of

magnitude higher than that observed by the lowest resistivity

sample.
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Figure 4 THz emission output power as a function of
resistivity from p-Ge with almost the same wafer thickness of
about 350um.Excitation source was LED with the optical
output power of 45 mW.

Improvement of THz emission output power from Ge by
Deep level introduction by lattice defects.

For practical applications we need high power THz emission
from Ge. It is considered that, emitted THz wave were again
absorbed for excitation of free electron in Ge. In order to
understand the detailed THz emission mechanism and to
improve the output power of room temperature operating Ge
THz emitter, the introduction of deep levels by the lattice
defect is efficient in view of the control of Fermi level
position of Ge for the enhancement of PL. THz emission.

It has been found that if » type Ge is heated above 500°C

for few minutes, Ge crystals are converted to or towards
p-Ge . Thermally produced p- type carriers may be the result
of acceptor levels introduced by the lattice defect produced
by physical displacement of the Ge atoms from the normal
site . thermally produced acceptors are produced at the
surface of the crystal as vacancies and diffuse into the bulk of
the crystal. Vacancies can act as an acceptor; it is assumed
that each vacant site may be able to accept a maximum
number of one electron. Based on the available theories, an
attempt was made to improve the THz emission from Ge at
room temperature. Here in these experiments, n type Ge
crystals were annealed at different annealing temperatures
(853 K to 1000K) to introduce the lattice defects, the obtained
results are shown in the Fig 5. The annealed sample shows
maximum PL-THz emission intensity than the not annealed
samples, which confirms the THz emission is affected by the

free carrier available in the Ge at room temperature.

T o 2.8x107 "
g8 " : ’
22 24u07
2 5 20a07f
§E B
E S 1.6x107f
E. -
it gt
= 71 nn -plype
= 1.2x10 A Without annealing é

20 - 915 930 945
Annealing Temperature (K)

Figure 5.13 THz emission as a function of annealing
temperature from n- Ge. Carrier type inversion is achieved
from nto p Ge. THz emission is higher at the carrier
conversion temperature.
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mEENEMBER L, KFHERSHABHFRENTWS. Zo7, T4, B GaP 8Kk & O ERE
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EREMERMLETH L%, TENCHOE CTRRT REKRERMERDH 7=,
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B1EIFRTHY . AFEOYRE BIO, 2 LTZOHMEERT 5120 DY MKETFF A 2 &
EHT AL ZAFENE DT T R —FIZONTHERTND.

F2ETIL. THz YEEBEFT A A (Z Ry NFAF—F) D b RN EAETREIZIRICE S THz
BHREORERE LT NA AT A ZOVTRIBRLTWA., BIZ, T2 EBRTH 700 E KBTS
RARZEZ XV —HIFL T A AT B ATONTHRATNS.

BT, Ry NEFT A RE/NEERT V757 34 Z28EA L, Rk CW o THz 4% £8
LR E2RRDEEHIT, FRT VT THHEEDA L E—F 0 RBEHR L — MOV T HRBRRTNAS.

FBUETIL, PEEPOERNEMFEFBEBIZE S Hiio/e THz ERAEIZOW T, Ge & SindDOREARR
FAERMELRBEA = ALZONWTRRTWS. Fio, R4 THz KO BHEBEL ST 5200, A D
THz # 7 V—7 4 v 75 HEB OOV THBRRTNA.

BHEL, WE TR PEERPOREERIC LS THz BREEZBHRILT 570, BULERER LR T
FINMNZ X0 RMHECLZ BN LT 7 =L IMERL 2 HIH L, HER KRR R EG e 2 R L T, mEELE
ZEBRLIEEREZBE~THS.

%6 EiLZn o/NVKIREE THz XEOISHIZOWTRRT WS, 09T, /B THz HFE%2 B 7-3E
BEEREISA DA A —V v 7 EEMEK & 2 OFF, B2 THz @ERH & L TORROEAR 2 R ERE B2
BARTWS.
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