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I Motivation

cells

 AFM Is used to probe the structure

« we want quantitative interpretation of
the results

I e thin films of silicon are used In solar



Geometry

microcrystalline grain (red) and amorphous silicon (the rest)



I Electronic Transport

e equation: o(x,y,z) ... conductivity
I V.oV p=0 ¢(x,y,z) ... electric potential



I Gmsh

e opensource

e an automatic 3D finite element grid
generator

 pbuild-in CAD engine

e parametric input

» post-processor, advanced visualization
capabilities

I * http://www.geuz.org/gmsh/

* INn My experience superior to femlab


http://www.geuz.org/gmsh/
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11,-18,-9,-2,-7,6,1,2};
Plane Surface
Line Loop(14)
Plane Surface
Extrude {{0,1,0}

Surface{12,15};

{12
{4,5,7,8,9,10,11};
{14

i-8.3,0,0}, Pi/4}

Extrude {{0,1,8}, {-0.9,8,0}, Pij4} {
Sur face{57, 23

Extrude {{0,1,8}, {-0.9.8,0}, Pij4} {
Surface{131,163};
1

Extrude {{0,1,0}, {-0.9,0,0}, Pij4} {
Sur face{2327, 205};
}

Extrude {{0,1,8}, {-0.9,8,08}, Pi/4}
Sur face{211, 265};
i

Extrude {{0,1,8}, {-0.9,0,0}, Fij4}
Sur face{205, 352};

Extrude {{0,1,8}, {-0.9,8,8}, Pij4} {
Surface{417,459};
b

Extrude {{0,1,8}, {-0.9,08,0}, Pij4} {
Surface{491,523};
1

Surface Loopl(606) = {177,102, 29,578, 505,431,325, 2832, - 268,181,107, 22,
-564,-430,- 416, 329, 233, - 264,185,111, 27, - 560, - 486, - 412, - 408, 337, - 268,
129,115,41, - 556, - 422, - 472, - 404, 241, - 256,192,119, 45, - 552, -542, - 474, -4
00,244,-252,196,122, 48,210, 204,120, 56, 605,522, 458,352, 248, 206,200,12
€,52,601,522,454};
Yolume(E07) = {GOE.
Surface LoopiGee) = {229, 268,181,107,23,- 564, - 430, - 416, - 236, - 470,-5
44,-62,-142,-216,-242, - 264, - 412, 223, - 264,185,111, 27, - 560, - 426, - 422, -
408,3237,-260,183,115,41,-556,-552,-478, - 404,341, - 256,132,113,45,48,1
22,196, - 252,344, - 400, - 474, - 548} ;

Volume(603) = {co@};

Ln 54, Col 1 INS

Geometry

gmsh

XY ZGQL1@ S

7

Geometry

Ready




Gmsh to Femlab

t4.geo (~ffemlab/grainl
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D th.geo X |

.-0.3. 0. 0.1
-0.3, 8, 01}
8.5, 8, 8.1};

Lineilf) =

Lineill) = {g,5!

Line Loop[lzl {2,-11,-10,-5,-8,-7,6,1,21;

Plane Surface(l3) = {12

Line Loop(l4) = {4,5,7,8,9,10,11};

Plane Surface(15) = {14};

Extrude {{0,1,8}, {-0.5,0,0}, Pij4}
Sur face{132,15};

Extrude {{0,1,8}, {-0.9,08,0}, Pij4} {
Sur face{57,89};

1

Extrude {{0,1,0}, {-0.9,08,8}, Pi/d} {
Sur face{131,163};

b

Extrude {{0,1,8}, {-0.9.8,0}, Pij4} {
Surface{237, 2051;
1

Extrude {{0,1,0}, {-0.9,0,0}, Pij4} {
Sur face{211, 263};

1
Extrude {{0,1,8}, {-0.9,8,8}, Pij4} {
Sur face{285, 252};

Extrude {{0,1,8}, {-0.9,08,0}, Pij4} {
Surface{417,453};

1

Extrude {{0,1,8}, {-0.9,8,8}, Pij4} {
Sur face{491,523};

b

Surface Loop(€6) = [177,103,39,579, 505,431,335, 202, - 268,181,167, 33,
-564,- 450, - 416, 329, 333, - 264,185, 111, 27, - 560, - 486, - 412, - 468, 337, - 260,
183,115, 41, - 556, - 482, - 478, - 404, 341 ,- 256,193,119, 45, - 552, - 548, - 474, -4
08,244, - 252,196,122, 48,316, 204,120, 56, 605, 532, 458, 352, 248, 206, 200,12
6,52,601,528,454};

Volumeiga?) = {cog};

Surface Loopi608) = {229,- 268,181,107, 33, - 564, - 490, - 416, - 396, - 470, -5
44,-68,-142,-216,- 248, - 364, - 412, 333, - 264,185,111, 37, - 560, - 486, - 482, -
408, 337,- 260,189,115, 41, - 556, - 552, - 478, - 404, 341, - 256,192,115, 45, 48,1
22,196, - 252, 344, - 400, - 474, - 548}

Volumeigasl = {cagh;
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(~/femlabfgrainl) - gedit
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[Dta.geo ]
Flelear fem

t.m x|

% COMSOL version
clear vrsn

wran.
wrsn.
wran
wrsn.
wrsn. “Fhame:  F;

wrsn ‘$Date: 2085/85/81 18:02:30 §';
Fem. wersion = wran;

*COMSOL 2.2°;

222;

f12POfl=curved(lo,1.2],[0,0]);
F13P0f2=curvez([1.8,1.23358113847e-16], lo o 11]
F13POF3=curvea([1.232358113847e- 16, 81, [0
F13P0gi=geom:cerce('=alid', {F12POFL, F13FOF2 F13FOF2]]
f13Pe=enbed(F13Pag4, Wrkpln',[-0.9 0.3 -0.3; -0.3 -0.2 -0.2; 0.
80.0 0.8);

F13P1fl=curve2((8,1.802775627721, [0, 01);

F13P1f2=curvez( (1. 80277562772, 0. 00554700196225] , [0, 0. 03984603532
851) ;

F13P1F3=curve2( 0. 00554700196225, 0],

F13Flgé=geomoerce(‘solid’, {f13F1F1, F13F1F2 ﬂsFlfs)J
F13P1=enbed (F13P1gd, “Wrkpln', [0.5 -0.9 6.9; -8.3 -0.2 -8.2; 0.0
0.0 0.01);

f13P2fl=curve2(l0,1.2],[p,00);
F13P2f2curvez([1.2,0.1], [8,0.21);
Fl3rzfa=curve2ileo.1,0],[0.2,81);

F12P2gi=geam:cerce( ' solid", {F12F2F1 f13P2f2, F13F2F3]]|
FI23P>enbed (F13P3g4, Wrkpln',[-8.5 8,5 -0.8; -0.2

0.0 -a.01);

F12P2fl=curve( [0, 1. 711724276861 , [0, 011 ;
F13P3fa=curve2( (1. 71172427686, 0. 6222622495135] , [0, 0. 138632013026
sl

F12P2fa=curve2( (6. 0222682495135, 6] . [0.1986201 20865, 81 ;
F13P3gi=geem:cerce('zalid’, {F13F31, F13P3F2, F13P2FD) ;
F13P=enbed(F13F3g4, ‘Wrkpln', [0.9 -0.8 0.5; -0.2 0.0 0.8; 0.8 -

8.0 0.01);

f12P4fl=curve2(l0,1.7],[0,00);

Fl3Paf2=curvea([1.7,0.11, [0,0.11);

Fl3rdfa=curve2i(0.1,0], [0.1.81);

Fl3Pdgi=geomeoerce('solid’, (FL3P4FL, Fl3Pafa, F1apafal);
f13P4cenbed(F13P4g4, Wrkpln', [-0.8 0.9 -0.7; 0.0 0.0 0.1; -0.0

6.0 -8.0]);

F13PSFl=curve2i(0,1. 603121954131 , (8,8} ;

F12P5F2=curve2( [1. 60212195419, 0. 00E227228615521 , [0, 0. 09980525724
ezl

F13PSFacurveai (0. 1552, 01, (8. 483, 000
F13PSgd=geomoerce('solid’, {F13PSF1, F12PSF2, F13PSFH ;

F13P5= enbed(F12PSg4, 'Wrkpln', [0.5 -0.7 0.9; 8.0 8.1 8.1; 8.0 -0.

0 0.01);

F13PEFl=curvez([8.1.6], [0,8]);

F13PEF2=curve2([1.6,0.1], [0, 0. 11]

f1arefcurve([0.1,0], [0.1,0])

F12PEgi=geam:cerce( ' solid" , {FL3F6FL, FL3PER2, FLZPERRD):

F13PE=cnbed (F13PEgL, ‘Wrkpln' , [-0.7 8.5 -0.6; 8.1 8.1 0.2; -0.8

8.0 -0.01);

FI3PTFl=curve2i (0,1, 503325637841 , (8,010 ;

F13P7F2=curve2( (150332963784, 0. G06E5190105238] , [0, 0. 09577851578
s710;

F13PTF3=curve2( (0. 005651961 05238, 0] , (0. 8397785157857, 811 ;

F13rTgt geomercel '=olid", {FLIFTFL, FLIFTF2, FIIPTFIN ; [~
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6.8; 0.9

+40 times
more
screens....



Load into Femlab

takes 60s to load compared to less than 1s in gmsh...



Mesh




I Solution

we apply a voltage at the high conductive grain

Boundary: Electric potential [V] Ma1X1 1 Slice: Electric potential [V] Ma1X1 1




I Conclusion

- sometimes it falls down

- error messages unmeaningful, line
numbers missing

- bug in face3 renders femlab almost
unusable

* nevertheless, FEM features are really
useful and work well

I » femlab scripting abilities very poor:



