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Study of I-V curves on 2D
1simulations and update on the 3D




Where we were
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- a ﬁrst 3D geometry designing;

- a study of the 2D simulations with optical beams;

G - labVIEW activities.
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Where we are

1 - a new geometry more similar to the real one;
|

)

- a study of the 2D simulations in the static case;

- a first study of 3D simulations with optical beams.

‘— -7 ElectrostaticPotential_back_gate(cur transientl des) |




VGS at the silicon

dioxide level

VGS at the bottom

contact level
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A = L - T
The strange shape of the I-V curve,

with Vs =0 and V. = 20 in the

case examined can be due to the

presence of the kink-effect | 1].

Ihg VS Vpg at Vg, 20V
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Quantum capacitance

The asymmetry in the plot is due to an asymmetry in the !!

values of Vg respect to the zero of V; (graph obtained using

formula developed by Thiele et al.).
’
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] Quantum capacitance
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(;: | There is a good accordance of the quantum capacitance value versus V

'

¢
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with the results founded in literature if V¢ is chosen as the external

one. The plot below was obtained using V¢ equal to Vg o rernal q
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Using V¢ as the average value of the potential at the

level of silicon dioxide below the graphene’s layer

was obtained the I-V curve at various V¢ external.

Now the saturation seems to be achieved for V.

greater than 1.
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[, V,after depleting (V _=75V)
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The general behavior seems to respect the results

obtained in the article in the reference|2]|. The graph

on the right correspond to a p-channel G-FET.
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In an 1deal graphene’s layer the Dirac point coincides W1th

the point where the concentration of free carriers in the

material is 0. In a real graphene’s layer since the presence

of defects the Dirac point is the position where the

O A i

concentrations of carriers of n and p type coincide and is

called CNP. This position can be determined in principle
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changing V, = and looking at the resulting current

top

.



. at V. ﬁxed at 75V

VTS VS I

These plots don’t coincide with the results obtained in the article
provided by Thiele et al. . That can be an effect due to our .

different geometry respect to the one used in the article: our

source contact seems to “shield” the negative values of V. E
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V contact in this case may not allow the potential below graphene’s layer to

go to high negative values. In the geometry presented in the article this is not

expected since it’s a standard G-FET as shown in the sketch on the right.

The electrostatical potential in our device at V¢=-5V is shown on the left

(d10X1de thlckness 100 nm
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A new geometry more correspondent to the one

will be tested in lab has been designed. The greater

difference is the presence of two regions at top

where is present an implant of p+ carriers.

T R'\. f'-“h"*., ‘ a1
. \ =2

» S



ElectrostaticPotential (V)
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Mesh refinement

™ k. 3NN Ry ™ NS
Mesh was chosen in order to be more dens in

regions of interest, not too dense in other points in

4 order to grant convergence in reasonable time (total

mesh elements around 220.000).
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As in the 2D case an optical beam was used to

induce the concentration of carriers in the bulk

4 expected for a MIP particle. The interest on the 3D

study is necessary each for a realistic optical beam

O A it

excitation and for 2D Extrusion: Fl3
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taking into account

border effects.
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cal beam excitation
S S Bl S

ﬁ- An optical source was used in order to induce
N ¢

-

carriers in the silicon bulk. In the figure below the

-

)\

4 optical beam is hitting the device at position (Oum, \q
150pm, -20pum).
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The space charge at T=1ns (on the left) after the

beam hit and after 5ns (on the right) is reported
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2 Convergence time ;

The convergence in the region near the middle of the device
requires a lot more time than in other positions due to the

electrical fields of the two top p+ implants that creates two

competing electrical field. The time for a complete simulation
(from steady situation to the steady one again) is of the
order of 14h for a hit in the middle position of the device
and of around 5h shifting 10-20 micrometers from the

previous case.
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| 1V curve case V.. equal to V external
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lbs VS Vpg at Vg, 20V
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V_ that goes to lower values
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{ I-V curve for V  that goes from -5V to

5V

lhs Vs Vg at V=75V and V=variable




Shape of VGS at dioxide level
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deltal/I, for the 2D simulated prototype. The results

are similar to the one founded in past works.
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- 300 micrometer of Silicon n doped,;

- 4 graphene layers 0.05 nm thick (base sizes: 10x10,

20x20, 30x30 micrometer?);

- 2 p+ top implant distant 4 micrometer from the 2

- 100 or 300 nm of Silicon dioxide; g

adjacent graphene’s layers. u
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Sentaurus workbench is a program provided by

synopsys that allows to use consequently the three

main family of Sentaurus TCAD that are mostly
used: SDE, SDEVICE and SVISUAL. In principle is

possible to use also matlab in order to directly

analyze directly results
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In the SWB environment developed is possible to

choose in a direct way the thickness of silicon

dioxide and of the graphene’s layer without directly

manipulating the code.
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The mesh defined is more dense in the regions of the

contacts and of the graphene’s layers where an

accurate measure is required. In the Silicon bulk the
average element has a size 10-20 times grater than

in the region of interest.
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Problems using V. at the contact

position

1) current between Drain and Source became independent on

the Silicon thickness;

= 2) 1/v, integrated in V could become higher to L of graphene [

sat

giving as a possible result a negative current between drain and

Source.

A possibility could be using V. as Vi - Vg0 Where Vi, is

calculated at Dirac points (it seems the approach in the article

provided by Meric et al. [1]).
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Depletion voltage

A SN (W i —
The depletion voltage for a resistivity of 6k{dcm and

a silicon thickness of 300 mp is expected to be of the

order of 20V in our case that resistivity is for a n

ot

4
.“i

implant in the bulk of 7.10'" [1/cm3| carriers. Since

there are other implants the complete depletion is

reached for V=70-80V in simulations. That can be
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corrected adding all the correct values of doping used

in the real devices.
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Resistivity and V

depletion

e —r - Bl y
For n and p type doped materials there is a

correlation between the depletion voltage and the

4 resistivity of the material. In our case V,; has a lower

value respect to the other quantities and can be

_ 2
Vin =4 | 22y
(pum) Pn

neglected.
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Cox-
Vch = [VGS—top - V(x )] Xk 1
Cox—top + Cox-back + Ecq

T ‘?Vch
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We can see that when V¢
has a too high value C, can
increase a lot and
consequently V _ will drop
in value, this two behaviors
should limit the increasing
in the carrier density

(proportional to both).
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COI
Vch = U == Vch - (VG‘S — V(ﬂ?}}m..

( achh + VenCor = (Vgs — V() )Cos (3)
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