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General consideration on surface traps

» Due to high surface to volume ratio Nanowires (NWs)
are the most affected by surface traps topologies

The effect of surface traps on device performance especially
is pronounced while considering NWs as photoconductors

Surface traps result

—@E)=G)=G)=@)= from the interruption
of the periodic lattice

=E=E)=E)=ED= structure at the

— D) =G)=G)=(G)= surface of a crystal.
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The surface recombination of nonequilibrium electron-hole pairs through the

surface states is the prevailing mechanism in NW PC
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inority carriers recombination with the trapped
majority carriers.

— bulk recombination through middle
band-gap recombination centers: (t~ps)
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electrons and holes generated in conduction and valence band,

respectively.
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”’”ﬂ s m r,,« (/W The contrast in time domain was

used to obtain information about the
energy density of trap states.
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/ ~ The model of photoconductivity

When the light is on the dynamics of PC is determined by rate equation written for
the surface density of electrons ns:
dn an
.

e &
dn, dn, —f;
= sn(R) (N =1, (0)~ —* |psons = 5N, (De

dt

therm. act. capt. sl. capt.holss

Ni- is the density of surface traps,

Ns- IS the surface density of electrons,

v - 1s the thermal velocity,

s - 1s the electron capture cross section by surface traps,

N, - is the effective density of states in the conduction band,
n(R) - is the volume density of electrons at the surface.

S. Petrosyan, A. Yesayan, S. Nersesyan,“Photocurrent relaxations and gain in semiconductor
nanowires,” DOI: 10.1117/12.2180885 Proc. SPIE, v. 9440, 2014.
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Photocurrent over time graph illustrated

in the scale of milliseconds.

P=0.05,0.1,0.2,0.3 (mWicm?)

Comparison of analytical model and experimental
data:
N.A. Stanford, P. T. Blanchard, K.A. Bertness et al.
J. Appl. Phys. 107, 034318 (2010).
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O The developed model explain both the dark conductivity and dynamics
of PC transients

O The kinetics of the photoconductivity is characterized by long-period
relaxation processes. The persistent PC can be observed even at room
temperatures

O At small intensities we calculate very high photoconductive gain
(108-109). Gain follows an inverse power law G, ~P* where k=0.9. Also
one may expect that such a ultra-high gain could allow reaching even
single-photon detection in a NW based photoconductor
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* NW conduction type p-n-switching
due to surface traps

ESSDERC MOS-AK, September 2017, Leuven 9



Let’s consider n-type s/c NW and acceptor type surface traps

Upon depending on NW parameters: radius (R), the doping density
(ND) and the density of surface states (Ns) the NW can be:

> Partially depleted (only part of

the electrons are trapped on the
Neutral, empty
= acceptors surface)
EC.r _______ R _ > Fully depleted (all the electrons
Fi i iRE7 } Negatively-charged, d h |
| | T J filed aceeptors are removed from the volume)
Yo | Sieuiral 0 > Inverted (electrons from
| | @y, | dOMOTS valance band are captured by
E surface traps and holes become
o : majority) y
B |
0 r a
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> Inversion due to the surface traps when decreasing the NW radius

Experimental
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N. Han, F. Wang, et al. “Controllable p-n switching behaviors of GaAs nanowires via an
interface effect,” ACS Nano, vol. 6, no. 5, pp. 4428-4433, 2012.
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Where we can ignore the inversion and where not?
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v" When the NW is highly doped the inverted
charge is negligible even at very small radii (5
nm)

and high density of surface traps .

For lightly doped NWs the inversion takes place
already at 4onm radius MOS-AK, September 2017, Leuven 12

v’ At low densities of surface traps the
inversion doesn’t occurs while reducing
the NW radius for doping densities
exceeding N, = 5 101°cm ™3



Electric field (V/pm)
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v" These regional approximations allow us to get the continuous potential
distribution in radial direction throughout the whole NW.
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Potential and mobile charge radial distribution depicted respectively on left and

right axes in NWs with 20 nm radius: a), and 10 nm radius: b).
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~Calcula
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Charge neutrality equation:
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d  We clarified the conditions when the surface traps
effect can cause inversion in NW.

O The potential model was developed including both
type of mobile charges in Poisson equation.

1 The derived potential model provides a simple way
to calculate the inverted charge density raised due
to surface traps effect.

1 The model accurately predicts the radius
dependent conductivity type switching in
semiconductor NWs which is important for optimal
design of nanowire devices.
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e The effect of interface traps on electrical
characteristics of NW junctionless (JL) FETs

ESSDERC MOS-AK, September 2017, Leuven 18



How strong is the impact of surface traps on NW based FETs ?

/

-

O The CMOS technology uses dedicated processes

to neutralize fixed-charges and surface traps, the

density of surface traps can be reduced to Ny=
10 vom o

O However when NW FETs are used as an ‘open
surface’ sensor elements then these sensors are
subjects to host many more defects than the state
of the art CMOS devices.

O For sensing applications junctionless (JL) FETs are the most used, as there are no
junctions along the NW: conducting channel, source and drain have the same doping
type and density, which makes easy the fabrication process.

O The effect of interface traps on JL FET characteristics was presented

A. Yesayan, F. Jazaeri and J. M. Sallese, IEEE Transactions on Electron Devices, vol. 63, no. 3,
pp. 1368-1374, March 2016.

ESSDERC MOS-AK, September 2017, Leuven 19



Modeling self-depletion induced by traps in ungated highly doped NWs

10 d @ q \
o (r’l) ——(Np — n(r))

r or or Esc

Charge neutrality requires a balance Qs = s =
between charges in the semiconductor E> =q = Ns -

. =L
and charges at the interfaces 1+eXp( KT )eXp(‘U_;)

J.-M. Sallese, N. Chevillon, C. Lallement, B. Iniguez, and F. Pregaldiny, “Charge-

based modeling of junctionless double-gate field-effect transistors,” IEEE Trans.

Electron Devices, vol. 58, no. 8, pp. 2628-2637, Aug. 2011.
J.-M. Sallese, F. Jazaeri, L. Barbut, N. Chevillon, and C. Lallement, “A common
core model for junctionless nanowires and symmetric double-gate FETs,” IEEE

Trans. Electron Devices, vol. 60, no. 12, pp. 4277-4280, Dec. 2013.
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The effect of interface traps on electrical characteristics of highly doped Si NWs

NW channel depletion in % NW normalized mobile charge in
linear and logscale
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Markers - TCAD Synopsys Sentarus 3D simulations
Lines - physics-based compact analytical model

- Almost full trapping occurs in mid-gap states

- The exponential dependence is very well captured which would not be possible
relying on full depletion approximation.
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Charge based modeling o junctionless interface traps

gids R? -V
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ox

v" We introduce the interface trapped charge effect in charge based model by
adding § = Q, /C,, shift to the effective gate voltage and avoid further
modifications of explicit drain current model.

A. Yesayan, F. Pregaldiny, and ].-M. Sallese, Solid State Electron, vol. 89, pp. 134-138, Nov. 2013.
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The effect of interface traps on electrical characteristics of NW junctionless (JL) FETs
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To make more visible the effect of surface
traps, the drain current is also obtained for
zero density of interface traps at V= 1V
and is depicted with black dashed-line.
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An exponential distribution for the trap
density with respect to the energy is considered
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Conclusion

Inclusion of surface traps in nanowire topologies has
been done on top of a charge-based model developed

previously.

Different trap energies and densities were analyzed in
detail.

The proposed model reproduces correctly the results
obtained from TCAD simulations.

This research represents an interesting development
which can be useful for the design of nanowire based
biosensors where the free surface is used to sense
biological solutions and chemicals.

ESSDERC MOS-AK, September 2017, Leuven



EUROPE

ESSDERC MOS-AK, September 2017, Leuven



echnologies in Armenia
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IT services export

If we look to IT services export chart we see that with this index Armenia is placed at the top of
CIS countries.

Share of IT services export in total export
45%
40%
35%
30%
25%
20%
15%
10%
0%

Armenia Belarus Costa Rica India Moldova

0,97%

The chart is provided from World Bank publications 2012.
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onal and internationa

There are 360 R&D companies operating in Armenia.

The chart below illustrates the distribution of R&D
companies by local and foreign ownerships.

Distribution of companies implementing R&D

Local
Companies

collaboration

According to data (source EIF),
151 foreign companies operating in Armenia
have the following distribution of ownership.

USA & North
America
48%

These charts are from Enterprise Incubator Foundation (EIF) “Armenian ICT

Sector 2012 State of Industry Report.”
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Usefulllinks to find more about the-current situation in science and

activities of research groups :
Research & Development

*Armenian Journal of Physics:

«Journal of Contemporary Physics, Publisher Springer Verlag

*Center of Semiconductor Devices & Nanotechnologies:

State Committee of Science:

*Armenian Academy of Sciences:

Commercial-Technology oriented organizations

*Enterprise Incubator Foundation (EIF):
*Viasphere Technopark:

*Union of Information Technology Enterprises:
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C(peration of High Education with Private Businesses

Armenian universities have close cooperation with private
businesses.
Example of such cooperation is:

* Interdepartmental Chairs of “Microelectronic Circuits and Systems”
established by Synopsys at SEUA, YSU, RAU since 2004.

Synopsys has the heavy investment in local microelectronics
education.

Established a presence in Armenia in 2004 Synopsys currently is
one of the largest IT employers in Armenia with more than 570
employees.

v'These cooperation of business and high education provides
Armenia with highly qualified and industry-ready IT specialists.
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g IRPhE / Solid State Physics Laboratory

Research activities:

O Thin film solar cells research
v'Thin-film CIGS solar cells on
non-conducting perlite

O Theoretical studies of
nanowires and nanospheres

0 Electronic Device Compact
Modeling

ESSDERC MOS-AK, September 2017, Leuven 31
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