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Overview

1. Introduction to aim4np project

2. Simulations of plastic injection at nano level
3. Experiments of plastic injection at nano level
4. Next steps
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1.- Introduction to aimé4np project

Aim4dnp is a FP7 funded project to build an Automated In-line
Vlietrology for (4) Nanoscale Production.
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1.- Introduction to aim4np project

Production enters nanometer domain

image: www.icsana.com image: www.syntecoptics.com

Measurement of nanomechanical properties for:
— Quality control

— Tool-lifetime monitoring ‘ Crucial for an
— Maintaining precision efficient production!

— Processing control
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1.- Introduction to aimé4np project
Nanomechanical properties - nmp

* typical or relevant length scale below 0.1um
* macroscopic objects or nanoscale objects

e texture (roughness, ...)

* hardness, elasticity, ...

mm) Competences needed
 positioning/placement on free body form
* Imaging, local probing or loading
* traceability of results
* linking properties to functionality

aim4n
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1.- Introduction to aimé4np project

Sample vibration

. Challenge

Displacement [lum]
w N - (=] - N w

—_— T
V|brat|onsI Time [seq]
— Possible implementation of probes:
474> Atomic Force Microscope [AFM]
White Light Interferometer [WLI]

Environmental vibrations hinder the stable proximity
needed for conducting nanomechanical measurements!
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1.- Introduction to aimé4np project
Proposed solution

fast, flexible placement
on free-form work pieces

VibrationsI
Sample
AFM...Atomic Force Microscope
WLI...White Light Interferometer
MP ... Metrology Platform
csic D aim4n
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1.- Introduction to aimé4np project

VibrationsI

e ‘artificial stiffness’

Proposed solution

SN e

fast, flexible placement
on free-form work pieces

Sample

* Tracking of sample motion
within < 1um (= 5% of AFM

- actuation range)

Flubeiadh@®
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AFM...Atomic Force Microscope

WLI...White Light Interferometer
MP ... Metrology Platform
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1.- Introduction to aimé4np project

Plastic injection application of aim4np

- Plastic injection is selected as a possible application for
aim4np to control moulds and plastic parts in-line to assure
surface quality.

Simulations are required to decide where to do AFM
measurements on mould and plastic part.

Flubetech provides DLC coatings ranging Sq=6 to 35nm.

CSIC-CNM measure coating on mould Sg=6nm, and plastic
parts from 4nm to 0.6nm.

|QS carries out simulations of plastic injection.
External partner plastic injection.
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1.- Introduction to aimé4np project
Plastic injection application of aiménp
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2.- Simulations of plastic injection at nano level

Contents of Simulation:
2.1. Model to validate
2.2. Problem to do fine mesh.

2.3. Submodelling approach.
2.4. Initial results.

aim4n
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2.- Simulations of plastic injection at nano level
2.1 Model to validate

. Velocity and FIB mark height are important to copy mark on plastic.

Flow

Plastic
Mould

Trapped air

aim4n 2
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2.- Simulations of plastic injection at nano level
2.2 Fine mesh problematic

| L=

[ Type : Solid

: Eletment : 175965
zec !

] Mode : 51656
08052 Material : PC
Product . [(P1 Bayer §f MAKREOL

0.7266

2 B54e-004
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2.- Simulations of plastic injection at nano level
2.2 Fine mesh problematic

T, D By v | YT W T =T
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2.- Simulations of plastic injection at nano level
2.2 Fine mesh problematic

Shear stress and Volume shrinkage around control nano pool

% s
_.chmj— aim4n
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2.- Simulations of plastic injection at nano level

2.2 Fine mesh problematic

\?

ﬁ F Flowl

I ————————
Fill Time 7
Pressure at End of Fill
Central Temperature at End of Fill 00173
Average Temperature at End of Fill
Bulk Temperature at End of Fill
Flow Front Central Temperature
Temperature Growth at End of Fill
Shear Stress at End of Fill

Shear Rate at End of Fill
Volumetric Shrinkage at End of Fill
Frozen Layer Fraction at End of Fill 1
Cooling Time J

Temierature at End of Coolini

Gate Filling Contribution
Ease of Fill

mim
00204

0.0141

&

0.0110

\;ﬁllucrl}- Vector at End of

Weld Lines
Air Traps
Min

U— 0.0046 =
=

Max

~ ) o024~
=
00% [ 1000% i

ERTIERE T -

Air trap is detected on nano pools but also on fine mesh with flat surface

0.007s

0.0047
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2.- Simulations of plastic injection at nano level
2.3 Submodelling approach

IVELOCITY]|

47.304

! 42.048

" 36,792
- 31.536
. 26.28

[ 21024

| 15768
¥ 10,512
5.2559

. 1.4915e-11

First simulation of submodelling without mesh transitions.
Boundary conditions to be improved with interpolation in position and time
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2.- Simulations of plastic injection at nano level
2.4 Initial results

Several models are built to monitor roughness and other
parameters for Polymer Replication on Nanoscale.

Combination of 2D and 3D models are used =13 Rq=\/iézf
With control points.

e
Sq= \/AIJ 28(x, y)oxdy

Plastic flow

2D simulation

aim4np .
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2.- Simulations of plastic injection at nano level
2.4 Initial results

3 CATIA VS - [rugesidad_nano.CATPart]
EJ Stat  ENOVIAVSVPM  File  Edit

"_Lh-“. e

— B
View Insert Tools Window

Help

Base dimensions for comparison

5$Iub @ aim4np
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2.- Simulations of plastic injection at nano level
2.4 Initial results. Paremeters under study

Influence of roughness

Influence of velocity

Influence of pressures

Influence of nano pool length in radial direction.
Influence of nano pool width.

Influence of nano pool shape.

Influence of nano pool position next to each other in radial
direction.

Influence of nano pool depth is explained next.

cs.EC-EIED® aim4n
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2.- Simulations of plastic injection at nano level

2.4 Initial results

0.8 -

0.7 -

0.6 -

2D simulation

0.5 -
L
2 0.4 -
=

0.3 -

0.2 -

0.1 -

0
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Deeper nano pools fill worst with O roughness.

deeper o
Base VOF 0.5
_
X Depth 1um
Depth 5um
Depth 10um
Depth 20um
I I ) I I I 1
0 0.005 0.01 0.015 0.02 0.025 0.03
t/s
aim4n
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2.- Simulations of plastic injection at nano level
2.4 Initial results

flow

% =

.;% * =

csc N @ aim4n
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3.- Experiments of plastic injection at nano level

PLASTIC PART
Roughness?
Micro pattern?
Nano pattern?

MOULD
Roughness

Micro pattern
Nano pattern

csc @ aim4n

i ~ 23
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3.- Experiments of plastic injection at nano level

. MOULD #1 MOULD #2

| aim4np

i = 24
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tion at nano level

IC Injec

3.- Experiments of plast
Mould #1 DLC coating

Sq c.a. 8 nm
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3.- Experiments of plastic injection at nano level
Mould #2 DLC coating

250.00 mm

s . by S R TR £ SN Ay
FRRRE et S TR A T SRS N

Sq c.a. 35nm
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3.- Experiments of plastic injection at nano level

SEM images of the nano pools in mould #1
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3.- Experiments of plastic injection at nano level
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3.- Experiments of plastic injection at nano level

AFM images of marks in injected plastic pieces
STAMP Roughness evaluation INJECTED PLASTIC

On substrate

Ra: 2.4934 nm
SQg: 3.9706 nm

Ra: 4.815 nm
Sg: 6.3076 nm

Ra: 0.4931 nm
Sg: 0.6178 nm

aim4n
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3.- SQ considerations for linear patterns

There are many surfaces with the same roughness leading to

differlent injection moulding roughness.

< > n
A, Ra="3 2 =d* f *(1- £)*2
i=1
q Ractos =0.5*d
wide n
. — Rg- /izzf=d¢f2*(1—f)+f*(1—f)2
i=1
d Rq(fo5 =0.5*d
h 4
narrow S 22(x,y)oxdy =d. [ f2*(L— )+ f*(1-f)?
q=
avg =(1- f)*d Sq(ro5 =0.5*d

:i._.r‘
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3.- SQ considerations for sinusoidal patterns

We can repeat the exercise for sinusoidal shapes in 2D and

3D: -,
I Zop = %SID(ZT)
§ 1 .
d \ RazozL/Z_[{[z(x, y)oxoy =d /7 =0.637*d /2
o i _ 1 2 _ *
| / { W, Stz = JA | Aj 2%(x, y)oxdy =0.7071*d / 2
b J 4 -1 X 2 4
a . 2nx, . 2Ty
Z3p = Esm(T) sm(T

1 *
SQsp = \/AIAIZZ(X’ y)ﬁxéy =0.5*d/2

L-S
csc NS

y » CA R B B*TrE .I'—'
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3.- Real topography

Real AFM topography:
ELMAX
Rg=53.7 nm
Ra=43.5 nm
e L

§IUb® =Ll L
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3.- Real topography

Real AFM topography with Excel for simulation y=0:

0.35
Ra3D: 43.4nm
Sq3D: 53.7nm
0.3 - Ra2D-y=0: 53.9nm
Sq2D-y=0: 65.0nm
0.25
3 .
— 0.2 -
S
:g i = Zavg[um]
o 0.15 ‘
Q =l=Z[um]
N
0.1
0.05
0

X position [um]

2 * —_—
coc NS aim4n
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3.- Real topography

y=0, x(0,1):

eﬂub@

Z position [um]

Real AFM topography with Excel for simulation small area

0.31

o= 4 [ oy 0071 smm
0.29 \ A Sq2D=84nm

1

Sgsp = / 2%(x, y)oxoy =0.5*d
s \’Ag (x, y)oxay
0.25

/ e=—Zavg[um]

0.23 / f ==Z[um]
0.21
0.19 \V/
0.17

0 0.1 0.2 0.3 0.4 0.5

aim4np

X position [um]

0.6

0.7 0.8 0.9 1
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3.- Real topography

Real AFM topography inside simulation software:

UGN M J aim4n
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3.- Previous simulations for correlation

Previous simulations for several roughness playing
with width for a single mark. Depth was set to

100nm and width was used from 50nm to 300nm.
Sq with a single mark can not be calculated:

:\/igzz(x,y)axay:dx/fz*(l—f)+f*(l—f)2 Qﬁ
aim4n 7
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3.- Previous simulations for correlation

Simulations for several
roughness playing with
parameter “f”

f Sq
0.4 0.489898
0.25 0.433013
0.117647 0.32219

i ezdh @ 38
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3.- Real topography mould and plastic

. Superposition of the profiles
Experienced

sames e
) 4

Mould
Ra: 4.815 nm ‘/
Sqg: 6.3076 nm

Plastic: -
Ra: 2.4934 nm ‘/ 70 4

\
Sqg: 3.9706 nm x ]

-800
Fly-plastic: 900 \"J

Ra: 0.4931 nm ¥ o 2 4 6 8 10 12 14 16
Sg: 0.6178 nm Position (um)

—w--*.*-‘-q

== Nark on the mould

{l —a—Mark on the piece
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3.- Simulations and measurements for
roughness prediction

Expected 100
behaviour
£ X
= 10
v o
> =
= (@) X
8 7 == P|astic idealcopy
%0 X g< == Plastic narrow
- <
'.E 1 % == Plastic wide
(7] L
£ % gt\ll: X Plastic BCN
E ® FlyPlastic BCN
=
—
0.1 =
0.1 1 10 100
® == Mould rugosity, Sq [nm]
Ié% * === Ou
i cnm] ] dnp oo >d

| aim4n
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3.- Simulations and measurements for
roughness prediction

How not? Nanomesh in whole model or mesh refining

How yes? Submodeling

Polymer inlet

|

300nm

00000

Nano simulation

aim4n
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3.- Simulations and measurements for
roughness prediction
Procedure

ANSYS' Macro ‘/ Velocity in control line

FLUENT" simulations

‘ MATLAB
ANSYS Nano / =I"l.i'lazntri;w: of coefficients

FLUENT" simulations ~/ Nano simulation results

I

Theoretical model for replication index

Correlation  with  already  available
experimental data (C5IC and Flubetech

injections and AFM measurements)
¥

Experimental data

i ezdh @ 42
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3.- Simulations and measurements for
roughness prediction

First model
g Kw=0.1, Kd=0.5, Pw=0.7, Pd=0.3
3 o9
g

-w -D
Rl = P,ekw + P eKa

gh

ughness/Mould

PW+Pd=1

Replication index=Part ro
=2 REEE R e

08 0.8 :
Mould depth topology v Mould Width Topology

auseant UIARAN,

Mould depth topology

ﬁ- g .......:._,:..‘ |
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count
min
max
avg

T
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{3 CATIA V5 - [Roughnes

- Next steps

Improve submodelling technique for automation of interpolation in

position and time of boundary conditions.
Carry out simulations with AFM

0 s s W e e
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-

FENSOCIE] %X

FILLTIME (s).

Pick LEFTMOLISE to desplace view (ESC to guif) (if present, mouse wheel zooms)
Pick LEFTMOLISE to desplace view (ESC to guif).

Command: |

FILLTIME (s)
0.42831

IO.SBOTS
1 0.33314
-0.28555
-0.23796
£0.19038
-0.14279
0.095203

I0.04?615

2.7934e-05
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THANK YOU
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