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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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- |ntroduction o Amnippopspect

Aim4np is a FP7 funded project to build/anomatedIn-line
Metrology for {}) Nanoscale”roduction.
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1.- Intreduction to @mdnpopsaject
Prodluaiioncentets hanoitetaf alomain

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

Measurement of nanomechanical properties for:

I Quality control

i TooHifetime monitoring Crucial for an
.I. >

.

efficient production!

Maintaining precision
Processing control

o D@ aim4np
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1.- Introduction to @mnpopsiject
Nanomecthaegproperties- nmp

A typical or relevant length scale below 0.1um
A macroscopic objecter nanoscalebjects

A texture (roughness,..)

A hardness elasticity, ...

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

aim4n
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1.- Introduction to @rmdnpopsigect

. Cﬂﬂrﬂ”ie@e Sample vibration —

3
2
g IS
£ o
g
a 2
V|brat|onsI / ! s & Time [sec]
— — Possible implementation of probes:
47£> Atomic Force Microscope [AFM]
White Light Interferometer [WLI]

Environmental vibrations hinder the stable proximity
needed for conducting nanomechanical measurements!
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?IUb@ SEVEF';‘I;TSGFRRAAI\THE\I‘EVORK




1.- Introduction to @rmdnpopsigect
Propasetssaltiion

fast, flexible placement
on free-form work pieces

VibrationsI - e s - .
Sample
AFM..., At omi ¢ For c
WLI ..White Light
MP ... Metrology Platform
cm::- aimd4n
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1.- Introduction o @nippopsiject
Propaseksshitition

fast, flexible placement
on free-form work pieces

o I “—
V'brat'O”SI - e e . -
Sample

Atartificial stiffness'®
AFM.. At omi ¢c For

A Tracking of sample motion WLI .White Light
within < 1um (= 5% of AFM MP ... Metrology Platform
- actuation range)
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1.- Introduction o @nippopsiject
Plasitci hiye oo applicaironfeiramngnp

- Plastic injection is selected as a possible application for
aim4np to control moulds and plastic partsline 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.

CSIECNM 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.
csc TS aim4n
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1.- Introduction to @rmdnpopsigect

Plasitci iye oo apiplicaironfeiramngnp
T T

o aim4n
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2.- Simu lattonsoo b plastit |ajectont aano level

Contents of Simulation:
2.1.Model to validate
2.2.Problem to do fine mesh.
2.3.Submodellingpproach.
2.4, Initial results.

aim4n
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2.- Simutationsoob plastio |ajectont aano level
2.1 Modldlttowsabidate

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

Flow

Plastic
Mould

Trapped air

aim4np .
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2.- Simulationsodbplastio jajeictosn aano level
2.2 Fienmaeshjotgblematic

| 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.- Simu latonsoobplastiojaiectont aano level
2.2 [Finenme'sppidblematic

T, D By v | YT W T =T




2.- Simulationsodbplastio jajeictosn aano level
2.2 [Finenmaeishjotgbleaatic

Shear stress and Volume shrinkage around control nano pool

% =
CSICJ— aim4n .
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2.- Simulationsodbplastio jajeictosn aano level
2.2 Fienmasishjoitdblematic

\?

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

Velucrl}- Vector at End of
O Fill

[Tweld Lines
Air Traps
Min

b oone ~
i

Max

~ ) o024~
=
00% [ 1000% i

R 77 -

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

0.007s

0.0047
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2.- Simu lattonsoo b plastit|ajectosnt aano level
2.3 Sihvmadeitipg@ppeeach

IVELOCITY]|

47.304

! 42.048

" 36,792
- 31.536
. 26.28

[ 21.024

. 15768
10,512
5.2559

ei 1.4915e-11

First simulation of submodelling without mesh transitions.
Boundary conditions to be improved with interpolation in position and time

aim4n
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2.- Simutationsoob plastio |ajectont aano level
2.4 Imitiisl] reesits

Several models are built to monitor roughness and other
parameters for Polymer Replication dlanoscale

Combination of 2D and 3D models are used 1z, .. 15,
. . nis \'nig
With control points.

1
Sa=_ |~/ Zfx vy
\/A';‘ f

Control Control
Aol Point 2

\{ depth I

aim4n .
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2.- Simu lattonsoo b plastit |ajectont aano level
2.4 sl reesidis

% | C.ﬂ.TI..ﬂl".l'fr—[rugc:s'ldad_rmnc:l.f\'::‘!\‘I'F'art_]-"-r o e — & . . —
n Start EMOVIA VS VPM  File Edit View Insert Tools Window Help

Base dimensions for comparison

diam_rug=0.001000rmm

d1=0,067000mm

-
LA-Ty
csic NG - A

) . (<1100 emdf]2) 19
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2.- Simu lattonsoo b plastit|ajectosnt aano level
2.4 Imtial eesitis P Haremetesydadgugiudy

Influence of roughness

Influence of velocity

Influence of pressures

Influence ofnanopool length in radial direction.
Influence ofhanopool width.

Influence ofhanopool shape.

Influence ofmanopool position next to each other in radial
direction.

Influence ofmanopool depth is explained next.

§ i. | o g 0| 20
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2.- Simulationsodbplastio jajeictosn aano level
2.4 Imitial reesidis

Deepemanopools fill worst with O roughness.

0.8
0.7 - S—
deeper
0.6 Base VOF 0.5
2D simulation /
0.5 -
_
L
o 0.4 -
-
0.3 -
X D
epth 1um
0.2 - Depth 5um
Depth 10um
011 / Depth 20um
D I I ) I I I 1
0 0.005 0.01 0.015 0.02 0.025 0.03
A = t/s
R Enml aimd4n
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2.- Simulationsodbplastio jajeictosn aano level
2.4 Imitial reesidis

flow
% =
CSIc (GAMI:) aim4n
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3.- Expermentof plasticimieciiomanano level

PLASTIC PART
Roughness?
Micro pattern?
Nano pattern?

MOULD
Roughness

Micro pattern
Nano pattern

csc @ aim4n
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3.- Expermeniof plasiicimiecitonnahano level

. MOULD #1 MOULD #2

aim4n »
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3.- Expermentof plast
Mould #1 [DLCcoat

Sq c.a. 8 nm
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3.- BExpetmentof plasiicimniecionanhano level
Mould #2 DLCcoating

s M W S T A T
$ RS A S Rt W\

Sq c.a. 35nm

— .
_%_0 aim4n
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3.- BExpetimentop plasgtio jajectan abnanadevel
SEM images o theaopools In mould #1
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3.- Expermentof plasticimieciiomanano level

%]

=

]
‘_##
ﬁ

Height (nm)
' N
S

0 2 4 6 8 10 12 14 16
Position (um)

%—o aimdn
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3.- Expermentof plasticimngecihonahano level
AR imagesof marksin injectedlplasticpieces

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.- SQeconstitetattondor linearpatterns

There are many surfaces with the same roughness leading ta

diﬁerlent Injection moulding roughness.

P > 1,
— Ra= "~ 3/=d* f* (- f)*2
i=1

Ratos =0.5*d

wide n
" — Rg= “& 7 =d 17 O+ 15 1)
i=1

d Rqos =0.5*d
v

narrow Sq= \/Anzzﬁxyuxuy dwz*(l fy+f*@- f)°

avg=(1- f)*d Sqro5 =0.5*d

:i._.r‘
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3.- SQeconstitetattondor sinusotthdpatterns

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

3D. | -
| a -OE+)
; Razozljﬁzﬁ,y)uxuy:d/pzo.637*d/2
d
¥ J N A Zf§%, y)uxy = 0.7072 d /2
X< ) A
¢ -OE)OEH)
SCo = \/i Az, y)uxuy =0.5%d /2
' A
fienm&
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3.- Redltopography

Real AFM topography:

ELMAX

Rg=53.7nm
Ra= 43.%5m

E':%)‘
“ame aim4n
Flubeliach@D aim4np

SEVENTH FRAMEWORK
PROGRAMME



3.- Redtopography

Real AFM topography with Excel for simulation y=0:

0.35

Ra3D: 43.4nm
Sq3D: 53.7nm
Ra2D-y=0: 53.9nm
Sq2D-y=0: 65.0nm

0.3 -

0.25

-é- 02 - i
c
.9 ” i
= —_—7
2 0.15 ‘ avg[pm]
o ‘ == Z[um]
N
0.1
0.05
0 :
0 2 4 6 8 10 12
X position [mMm]
1A =
csic N ® aim4n
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3.- Redltopograpihy

Real AFM topography with Excel for simulation small area
y=0, x(0,1): o=

Scpp = / 1 7 Zfix, y)uxuy =0.707% d f':sl_,,zo‘:,"n':'
0.29 \ A A $q2D=84nm
Sq;D— = zﬁx y)uxpy = 0.5* d
0.27
E 0.25 A
% —— Zavglum]
2023 / f —=—Z[um]
0.21
0.19 V/
0.17

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
X position [Mm]
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3.- Redltopography

Real AFM topography inside simulation software:

UGN M J aim4n
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3.- Prevmoussimuilstiomnstor correlation

. Previous simulations for several roughness playi-
with width for a single mark. Depth was set to
100nm and width was used from 50nm to 300n
Sqgwith a single mark can not be calculated: -
1 ~ 2 2
Sq=\/AnZﬁx,y)wuy=dx/f *@- f)+1*d- 1) hﬁ

SEVENTH FRAM EWORK

aim4n
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3.- Previmussimullatiomnstor correlation

Simulations for several
roughness playing with
parameter *“f7

f Sq
0.4 0.48989¢
0.25 0.43301:
0.117647 0.3221¢

i ezdh @ 38
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3.- Redltopographymould and plastic

, Superposition of the profiles
Experienced 100

gained. 0 M

Mould
Ra: 4.815 nm ‘/
Sqg: 6.3076 nm

Plastic: -
Ra: 2.4934 nm ‘/ 70 N

\
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.- Simuatonsand measiuemenidor
roughmesprediction

Expected 100
behaviour
£ x
— 10
a o
- e
2 O %
8 (/_) = Plastic idealcopy
%0 X é =@ Plastic narrow
= =
-_E 1 — —#—Plastic wide
rd L
g g N X Plastic BCN
D_ﬁ ® FlyPlastic BCN
=
0.1 =
0.1 1 10 100
ﬁ. i =
s Mould r ity, nm
S ame ng rueesity, Sq [nm]

| aim4n
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3.- Simutatiornsand measutenienidor
roughmesprediction

How not? Nanomesh in whole model or mesh refining

How yes? Submodeling

Polymer inlet

|

300nm

P
<

00000

Macro simulation Nano simulation

%ﬂub@ 41
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3.- Simutatiornsand measutenienidor
roughmesprediction
Procedure

ANSYS' Macro / Velocity in control line

FLUENT" simulations

‘ MATLAB
ANSYS Nano / =Matri){ 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

csnc (GAMI:) aim4n "
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3.- Simu katton<sand measurentemnidor
roughmesprediction
First model

Kw=0.1, Kd=0.5, Pw=0.7, Pd=0.3

YO0 Q 0Q
0 0 p

08 0.8 :
Mould depth topology v Mould Width Topology

auseant UIARAN,

Mould depth topology

53’% Rt: I : : : ‘ !
Blcnm) ) aimdn 7
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4.- Next stes

A Improvesubmodellingechnique for automation of interpolation in
position and time of boundary conditions.

A Carry out simulations with AFM
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