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Wire bonding

Force

Wire bonding is a critical step in
the chip packaging process
since it can damage pads
inducing cracks in dielectric
layers.

Power(freq,Amp) Force

1 A robust numerical model is a
key factor to anticipate
manufacturing risks.

' Second bond
(stitch)
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Friction
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Simplified model is

reliable, fast & robust

Model hypothesis and set up:

3D Geometry

Thermal
Gradients

Capillary
Kinematics

Transient

Informed Simplification is Key

: 2D axi geometry
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" Force and

displacement
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Model hypothesis and set up:
The simplified model

Force\Displacement Robust penalty method is
used. Mesh is refined in
contact regions.

&= Solid Mechanics (solid)
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Hyperelastic description
Experimental curves more robust with high
imposed on the capillary mesh deformations

(important with USV)
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Defining material properties with simulations

i3
3.6 T . v =
Material properties of the FAB are not available and 3.4F| — mnitiar
not easily to obtain experimentally. 3-;: = :‘:‘p‘?‘;:::r:-’“"‘“'"“’E"'“'"
28F
Experimental TD (touch down, displacement) and 54k £ (GPa) | 130
force on the capillary are available. = 22} ays0 (MPa) | 180
5 2f Eriso (GPa) | 2.1
The constitutive law is captured correctly when both
experimental displacement and force are matched.
Material properties are scanned parametrically until /':;1;‘
this condition is reached. - - f,,f”
This approach is valid not only for " J | . UEO(((;;;L) ig
solid mechanics 0 5 10 15 Ey.s (GPa) | 0.6
parameter (um) Tiso

Final displacement for 3 different forces is recorded in the experiments.

‘, l Displacement controlled simulations. E is the Young's modulus, o is
the Initial yield stress and Er;s, the isotropic tangent modulus
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Displacement controlled simulations

Dlsplacem ent First segment Second segment
.l a )
| i P s -1 4
0 * E : | \ I D w ~N
A two segments bond is 2 = , ; t | Plastic  Von Mises
: s} | | 1 Strai Stress (MP,
simulated. ran ress (Mpa)
Force matching is good, o :
this proves the correctness /4 o1
3 *
Of the approaCh for E (GPa) 80 :1 ; ;a 1.0 1.2 1‘4 1l6
Identlfylng materlal oys0 (MPa) 50 parameter (ms)
properties. Eriso (GPa) | 0.6

The force drops to zero when the capillary is

"I lifted from the plasticized ball.
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Force controlled simulations

Force
200
. 1o
E Displacement
A ?E/ ul Optimized Values
g 10} E (GPa) 80
3
8 dys0 (MPa) | 50
8 e Eriso (GPa) | 0.6
With the same material data that properly match the Al .
force imposing the TD, underestimation of the TD is 2t P S R
observed imposing the force. of! . ; i i .
o 5 10 15 20 25

parameter (ms)

4

Both strategies should provide
the same results, but this is true |—:—>

only if the physics of the system
is fully understood®.

IMPOSED DISPLACEMENT NN |\|>OSED FORCE

*capillary kinematics, material damping.... are unknow Final deformation for two segments simulation
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Force controlled calibration

Displacement
2
Li Li T T T
_‘_-_‘_‘_‘_‘_‘—|_
D

o— e il T
e
1 1
e 6 i
E 0.9
40(:-; at ~ Force . osh
2 Optimized Values <
o ? Q 0.7 Force is
o E (GPa) 80 O .
S of S osh overestimated
L2 JysO (Mpa) 50 -
o Eriso (GP |
Tiso ( a) 0.5
6l 0.4+
4 0.3+
21 0.21 — Experimental force
—— Faperimental displacement {'.1 B - |ml]'|15'E‘|j Di’m'ﬂcement
ot — Impesed Farce 1 — Imposed Monotone Displacement
0 5 10 15 20 25 oC

1] 5 10 15 20 25

parameter (ms) parameter (ms)

Force and Displacement calibration produce

‘_ slightly different optimal material parameters.
> /4
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Displacement vs Force controlled simulations

We have seen that, with respect to matching experimental data, either force and displacement
controlled provide good (even if different) results.

Ball Capillary
Displacement controlled Force controlled : \ P \
\‘\ \"-L \\\
 Easier to constrain in static - Strategies for a well \x \
simulations posed\constrained numerical model SN
are needed (spring foundations or e

* Numerically more robust (default
Double Dogleg non-linear solver) other”)

* Non-linear solver is changed from
the default to the more ‘cautious’

‘ constant Newton, with 0.1 as

damping factor.

More robust and faster. Should be preferred
when possible.
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Conclusion Future enhancements

Numerical simulations,
combined with experimental
data, can be used to infer
material properties
Displacement controlled and
force controlled capillary
movement produce slightly
different results since kinematic
of the piezoelectric actuator is
unknown.

Displacement is, as expected,
to be preferred as more robust
numerical input with respect to
force.
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- model ball-pad adhesion

- when acoustic softening is
present, control the horizontal
capillary displacement
imposing a force, allowing for
oscillation amplitude damping
due to weld formation.
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« 2D axisymmetric

« transient analysis provided better match in the two segments
transition zone but it is of course much slower

* can be used as a first screening test for material properties
characterization even in presence of USV, since most of the
phenomenon is the softening of the material (lateral translation
affects more ball\pad mterface)

e The Ludwik model descrlbe mqu'r’%ur?rgs strain
with USV (high deforn@dtign

ra |enEs because only the FAB is:nonngid =

» 3D are the goal since different pad structure are to
be analyzed
« Harder to constrain than 2D axisymmetric
* Much slower (from tens of minutes to hours of computation)

* Quadratic elements are paramount to be able to describe the
shape of the ball at high TD
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Further points of discussion

Wire bonding: a thorough numerical methodology

B. Carasi, L. Guarine, L. Zulline, L Cecchetto

STMicroslectronics ol
vin C. Olivetd, 2, 20864 Agvate Brienza (MB), Iraly
r Y cecchesto) @st.com
Abstract material properties of the involved surfaces [1], infusnce the

The semiconductor industry is always looking for eaty 50U State weld that is formed.

anticipation of msnufacturing risks, pushing the development
of Computer Aided Engineering (CAE) modeling of processes. | a
Fobust Chip-Package Interaction (CPT) desien requires a deep
understanding of thermo-mechanical stresses imposed during
the assembly process; one of the critical steps is wire bonding,
which can damage pads inducing cracks in dislectric Lyers.
Aim of this paper is the mwvestization of = sppropriae
smmlaton ststegy, mgCD\iSOL Multiphysics, of a 3D
wire bonding, that
mprrsamsl‘hephy;lts cmm bt slso sesks mumericsl

starting from models. How
umerical analysis together with experimental data can be used
to obein mechanical marerial characterization for thin‘high
temperanure copper wires is also shown.

1. Infreduction
11 The wire bonding process

environment and connact it with its application. Thare are many

& stressistrain curve is at that temperature Bioimrs s s

Figmure 1) consists on. the formation of a free air ball (PAB) ar  Provide feedback both to front end (chip) desizn and back end
the tip of a metal wire constrained and moved by a capillary. o (P2Ckaging) process. With it, different material stacks, routing
spark melts the wire and then the bell is pushed on the chip pad m""“‘;‘fm memﬁt@mﬁ&h“m
and oscillated. When the bond between ball and pad is formed 520" that mumeric Mm“da"h can ok “:w
the capillary Jifts and translates. The wire forms a loop and then ~ COAF3CIErization, provi t experimental data are v
eots watrhod to the pochage. side of the conmsthon s ot TeElstion uto a mrthemuticel mods] ofthe process dascribed
e T e e . ot g oF e ocess 0 chapter 1.1 can reach different degees of accuracy (snd
i:e. the ball-pad connection. This is tha most critical one, wiy  2erical o - A somewhat complete description of
respect to structural assessment, since it is the die that coptains W oudbea ;L“mm‘;ﬁm“‘mmﬂmmmmﬂdﬂﬂ
Sinctional ingredients that need to maimtain therr imegrity oL D99 e
g the boati process. Alss, the wia.ped inferface naads  CEHEFN i describe welding, sccounting for termal gradiens
o be crong commgh 1 st i plave ding aperationa ferome, I8 12 sEuche anc, a5 it wil be evident a proper knowledge
o e eoumecam O the wlasonic mmsducer kinemtic belwvior. It is well
ares. Inputs of tha firct bond procass (and so of the numerical ““‘“fﬁﬁ:d m“"‘m""::“o? D"“‘:'“‘m’:;nm a camectly
model) are the temperanure, the verfical force on the capillery  2E- ﬂ““’d“ ) F‘*’mm constifutes
and the witrasonic (US) power (combination of oscillation mﬁm mumerical foundation mare congplete
the process [segmemt) Muliple sezmens sz possible 121 Numerical models s characterization tosk
depening on fhe profuct speciacs, Moty o, inuding  Thermo-sonic wir bondin is » process m which the wire
(e oppu)lsoscl]]aﬁed s Sequency (50-1SOLEL)
of tae metsl called acoustc soffenme
zﬁ'xl[a] s, combined with 8 bigh semperstire (220°C 1
our vestigsted case), sofiens the material diring bonding.
Serting up an experiment to charscterize e nou-linear, plastic
behsvier would raqure dedicsted equipment wih s
virasemic scillation capabilities.

Find more details in our paper
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