Network for Computational Nanotechnology (NCN)

Purdue, Norfolk State, Northwestern, MIT, Molecular Foundry, UC Berkeley, Univ. of Illinois, UTEP

G nanoFET: Upgrading to
PURDUE NEMOS

UNIVERSTITY.

® Kelsey Holley, Seung Hyun Park, Gerhard
. ' Klimeck
( 11 tEI Network for Computational Nanotechnology (NCN)

Semiconductor Electrical and Computer Engineering

Research

Corporation A\,
aF Y- holleyk@purdue.edu

EducationAlliance “A®

igineering & Technology



e Introducing nanoFET

e Software & Simulations
» Working with Inputs

e Current Status

e Future Work

e Questions
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Introducing nanoFET

e Overview

e Simulates ballistic transport in
2D, double-gated MOSFET
devices

« Four phases of inputs
» Objective

« Upgrade tool using newly
developed software
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O%% NCr Device Settings

nanoHUB.org

Dimensions ] kdeshiGrid ] Doping ]

Simulation Domain Length: 29nm

Sitmulation Domain Width: 24nm

 DImensions Source/Drain Length:[ |6nm

e Simulation domain Source/Drain Width:DSnm
Channel Length:[  [17nm

* Source/Drain Channel Width/Thickness:[ |3nm
° Channel Gate Length:DHnm

Top Oxide Thickness:[  |1nm
* Gate Bottom Oxide Thickness:[ _ |Tnm
° OX|de Dimensions  Mesh/Grid ] Doping ]

e Mesh & Grid Na. of Grid (nx) in Top Oxide:[__|3

Na. of Grid () in Channel: [JR15

* No. of grld Mo. of Grid (i in Bottom Oxide: [
e Grid Size along channel Grid Size Along Channel (delta‘ﬁj:l:lﬂjnnT
] Dimensinns] keshiGrid Doping l
* Doplng Source/Drain Doping (fcm3): 2.e20
° |mpur|ty atoms per Cm3 sourcesDrain Extension Doping Type:IGaussian

Gaussian Parameter, g (db/nm): 1

/D Estension &brupt Doping (fcm3): 2.e20

Gate Polysilicon Doping (fcm3): 2.e20
Channel/Body Doping (focmd): -0.e20
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Material Settings

e Silicon
 Effective Masses
 Dielectric Constant
* Band Gap
o Affinity
e Gate
« Metal or n-Polysilicon
e Gate Oxide
* SIO2 or Other Oxide

» Must specify Other Oxide
Parameters
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Silicon ] Gate | Gate Oxide |

Electron Longitudinal Effective kass: 0.98
Electron Transverse Effective hdass: 0.19
Hole Effective kass in Silicon: 0.49
Silicon Dielecttic Constant: 11.7

silicon Band Gap: 1.12eV

Tuilicon © Gate | Gate Cxidte | Silicon Affinity: 4.05eV

Gate Type: |Metal
Top ketal Gate Workfunction: 4.158eV
Bottom Metal Gate Workfuction: 4.188eV

Silicon ] Gate

Gate Oxide Type: ISiDE
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39
§.geV
0.95eV
0.5

’\l' ® A
- = 3
EdUCathH 1 ‘ ance :“"'\‘. inte') Semiconductor p \%
s ':“m“fr‘g& 2 oo Research Corporation



sronNcn Bias Settings

nanoHUB.org
1,
_ Envirnnment] Bias ] Energy ]
* Environment

» Temperature of environment
around device

* Bias (applied voltage)
 [dVg (gate controlled), IdVvd

Ambient Temperature: {0 300K

environment’ Bias ] Energy ]

sitmulation Far: | 1oy

(drain controlled), or single Source Valtage: 0V
bias Drain Yoltage: 0.4V

e Incremental gate V0|tage Initial Gate Voltage: -0.2V
determines Step s|ze Final Gate Voltage: 0.4V
between biaS pOintS Incremental Gate Voltage: 0.05V

¢ Gate VOItage CO”UO'S bOth kEnvirnnment] Bias ‘ Energy ]

top and bOttom gate Energy Grid (unifnrmfnnnunifnrmj:Innnuniﬂ:lrm

o Energy Total Egrid Size:[  |512

« Uniform or nonuniform grid T LR T S
Higher Litnit of Energy: 0.8eV

Include Resonance in the Active Region?: []yes
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Simulator Settings

e Simulator Options

e Full Simulation or Flat
Potential

e Simulator Parameters
» Sets up simulation time
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Simulation Options ] Simulator Params ]

Simulation Mude:|FuII5imuIatiun
Solve Poisson?: [J]yes
Mo. of Poisson Iteratinnszl:lm
Include Electran Mass Anisotropy?: [/]yes
Calculate LessThan Green's Function?: [«]yes
Calculate GreaterThan Green's Function?: [J]yes
Do a Backward Recursion?: [J]yes
Depth for 10-Plot Along Length: Thm
Length for 1-0 Plot &long Depth: 14.50nm

kSimuIatiDn Oiptions " Simulator Params ]

0z.00:00
Estimated Run Time:
Format is hibcrmess (hk = houe, mm = minotes, ss
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C%% NCr Output of nanoFET

nanoHUB.org

e BEX
uuuuuuuuuuu
Osmae @ L
Result: |Current vs Voltage i@
Current vs Yoltage N‘
L] p OtS DOS vs Energy
Transmission vs Energy
Current vs Energy H

* Current vs. Voltage ;
« Density Of States vs. Energy Coroe
e Current vs. Energy éoﬁﬂi‘;?&”;“n‘;fjfx
* Doping Density vs. Y, vs. X
 Potential vs. Y, vs. X
 Electron Density vs. Y, vs. X
* Hole Density vs. Y, vs. X I
e Current Density vs. Y, vs. X

e Qutput Log

» Plots are downloadable

Result: | Potential vs. ¥

resu
« Simulator Settings |
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Software

Rappture
e Rapid Application Infrastructure

e Can be used with C, C++,
Fortran, MATLAB, Octave, Perl,
Python, and Tcl.

» Creates graphical user interface
(GUI)
» Two files:
o XML tool description
* Launcher file

Kelsey Holley

NEMO5
» NanoElectronics MOdeling Tools

 Klimeck research group at
Purdue

e Two input files:
e Input deck
» Material database file
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Parts of a Simulation: Rappture

tool.xml Launcher file
« Extensible markup language « User chooses language
e Input/output description * Three parts
o Lists characteristics of each e Inputs from GUI
parameter o A|gorithm
- <number id="ChannelLength">
- <about> i ReSUItS baCk fo GUI
<label=Channel Length </label=
<description=Channel Length is considered to be the // Get the current paths (equivalent to UNIX pwd)
total distance in between the Source and Drain char input dir[1000]:
regions (Channel Length = 2*(S/D Extension char *cwd=getcwd (NULL, 0} ;
Length) + Gate Lengh).</description= sprintf (input dir, "%s", cwd):
<color=green</color=
zfabout= char output dir[1000]:
“units=nm-</units = sprintf (cutput_dir,".");
“min=1nm-<=/min=
<max>=100nm</max= printf ("Input directory: %=s\n", input dir);
sdefault=17.0nm</default> printf ("Output directory: %s\n", output dir);
</number:=
- znumber id="ChannelwWidth"
_ =about= P i i s ittt E E L E Lt
. . READ INPUT FROM lib & STORE IN VARIABLES
<label>Channel Width/Thickness </label> FEHEREERERE AR R R R R R R MR R EE R R MR R R HRRRE R R/
<color=green</color=
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Parts of a Simulation: NEMO5

Input Deck Material Database
* Specifies material/device and » Specifies material parameters
simulation information . File provided by NEMO5
 Contains three sections developers
¢ StrUCture, SOIVerS, GIObal # 5i from 5i.mat substrate file
IStIucture group 5i I
{ unit_cell = 0.27155;
Material type = mIyn;
{ group Lattice {
tag = channel variables = "Tkel";
latcti = 0.54310;
name = Si ;E_iattzze = 0.543; #Mathien
crystal structure = simplecubic epsilon_de = 11.9;
regions = (2) zig : 3:;2’
Lattice:a lattice = 0.300 cas _ 0:351;
o elastic = cp 3tol(cll,clZ,cd4);
Bands:BandEdge:mstar o dos = 0.380 hEp = _2.1;
} ddp = —-4,8;
element = 5i:
Material 5i_mass = 28.0855;
[ 51 mass ref = "NIST pericodic table";
tag = lead #strain alpha = 48.5;
oL F#strain_beta = 13.8;
name = 51 istrain ref = "Martin, PRB 1 (1970)":
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Working with Inputs

e Used same tool.xml

e Launcher file
« Completed reading inputs from GUI

f/Phase: Device Settings, Group: Dimensions
rpGetitring (lib, "input.phase (DevPhase) .group (param) . numker (Ly) .current™, &data):;
Ly = rpConvertDbl (data, "nm", &err);
if {(err) {printf("Error while retrieving Simulation Domain Length.™), exit(l):}

« Working on printing input deck
« Working with developers
» Currently, 50% of inputs completed

JFSTRUCTURE

Sretructure Material /Chamel

fprintf (fpindeck  "Structure\n{\n\tMaterial\nit{");

fprintf (fpindeck, "\n\t\ttag = charmmel Yn\n\ thtname = Si\n\t
Rt:ryﬂtal_gtructure = simplecubic\n\thtregions = (2)"); //sections that
o't change (tag, name, crystal structure, and regions)

fprintf (fpindeck, "\n\t\tlattice:a lattice = %.3In\t} ", GridSize¥);
S lattice
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Current Status

Desired Output

Result: | Current vs Yoltage

Current Output

0.0015 —

0.8

0.001

0.6

Drain Current (Adum)

04

0.0005 —

02

0.65 0.7 0.75 0.8 0.85 0.9

T T
-0.2 0 0.2 0.4

PURDUE Kelsey Holley EducationAlliance™* (intel ﬁ?z:?e‘::’:ﬁzz::;aﬁm &

UNIVERSITY




Future Work

e To finish tool
 Incorporate or remove remaining inputs
« Run NEMOS5 simulation
* Resulting data must be read back into the launcher file
« Graphs created and sent to GUI
» Testing of tool
* Create user guide
e Launch on nanoHUB
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|12/ nanoHUB =<

0Device Settings @ about this tool

uestions ¥

SiDLength  Channel Length  S/D Length
zate Length

Dt N
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Simulation Domain Length Qu eStionS?

Difmensions ] Mesh/Grid | Doping |

Simulation Domain Length: 29nm
Simulation Domain Width: 24nm
SourcesDrain Length::lﬁnm
Source/Drain Width:l:l:inm
Channel Length:l:lﬂ'nm
Channel Widthﬁhickness:l:liinm
Gate Length:[ |9nm
Top Oxide Thickness:|:|1nm
Eottom Oxide Thickness:l:lmm

Material Settings »
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