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Abstract: Cracked die is a serious failure mode in Light &nmg Diode (LED) industry — affecting the LED giigland
long-term reliability performance. In this papem,iavestigation has been carried out to find ordlation between die bonding
force and the occurrence of die crack at Germarfibe) substrate due to die attach (DA) ejector pifentation. Based on the
analysis, the results show that cracks start taroat 60 gram-force (gF) bond force and above. dilaek length at the die
substrate increases with respect to the bond fdrbese indented dies were further analyzed by uSicenning Electron
Microscope (SEM). The results show plastic deforomatslip traces and material pile-up at the vityirgf ejector pin crater.
Some samples were sectioned using Focus lon Bel@hdRd it was found the crack depth does not exdeyond 20.pm and

it follows the (111) plane. These findings, con@sdhat cracks start to appear at 60gF and thespafned to surface level even
indented at extreme load (140gF). These crackfaasavay from the active region of LED.

Keywords: Crack Die, LED Reliability, Bond Force Indentatigde (Germanium), Ejector Pin, Stress, Surface iesition,
Slip-Trace

1. Introducti layer as shown in figure 1-a and 1-b, then it wilt show any
- Introauction electrical abnormalities during outgoing electrdiogl testing.

The reliability of Light Emitting Diode (LED) devés is a HOWever, it may fail during operation.
major concern in the illumination industry [1, 2].
Thermo-mechanical stress failure in LED is onehef tauses Epitaxial layer
of LED components reliability issues and for a aerextent
of LED failures [3 - 5].

When LED undergoes periodical on-off switching or
environmental temperatures variations, the LED comepts '\_
experience thermo-mechanical stresses in cycleshwie \\,
due to a mis-match of the Coefficient of Thermap&xsion Ejsctor pin mark
(CTE) of the constituent materials [6 - 8]. If tH& contain
pre-damaged (crack) during LED manufacturing precés
would easily fail when it undergoes this stress atrdin. =) b}
Semiconductor manufacturing processes do crealeiSSItes  Figure 1. a. Substratewith ejector pin indentation mark b. Cross section view
to the die quality [9]. The work by Chen et.al sththat large of the diewith crack at indented substrate and die epitaxial layer.

deep scratches created by wafer thinning procgagfisantly ) ) )
affected the strength of Si die [10]. Crack at substrate is mainly due to the die ati@dh)

There are many types of die cracks; most of thexreasily ~Process. To avoid such cracks in the LED indusiti/process
detected like crack at the surface of the die. Hawea crack €ngineer usually reduces the bond load by redubiegjector
at the bottom of the die (substrate) is difficoltietect because SPeed and ejector pin height [11]. However, by siguthe
this crack is hidden, whereas back of the die béllattached ~€jector speed, the productivity is dropped. Onatfer hand,
with glue to a substrate. If the crack did not retie epitaxial When reducing the ejector pin height, the die witit be
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pushed out of mylar correctly and the die will ited [11]. As
a result, the die will be wrongly placed in the LipBckage.
This is not desired in the LED industry.

In view of this situation, an investigation has hearried
out to understand a relationship between the bontkfand
the die crack at Germanium (Ge) substrate of AllRGlze.
This Ge substrate used in the AlinGaP die, is glsiorystal
Ge, having face-centre-cubic (FCC) diamond-typtickavith
(111) plane [12, 13]. Itis brittle at room tempera and it has
been commonly used as a substrate in the Opto sedhictor
industry for long time due to several advantagess @allium
Arsenide (GaAs).

2. Theoretical Background
2.1. Nanoindentation Studies on Germanium

Much research has been carried out to understanG¢h
mechanical properties through nanoindentation tecies.

Bradbyet. al.[14] found that using the spherical indenter of
~4.2um at maximum load of 50mN, Ge gives plastic

deformation and dislocation at near the specimeface

(0.6um to 1.3um), however, no cracking observed].[14

Learning from this, the load used was 40gF (0.3@N)40gF
(1.37N) for this experiment to anticipate cracktla¢ Ge
substrate. Theoretically for a crack to occur,at@mic bonds
across a lattice plane must be broken and thisneja certain
amount of load (force) [15, 16].

2.2. Die Attach Process and Ejector Pin Stresson Ge
Substrate

In the LED packaging industry, most of the DA preses
follow a similar die bonding sequence as illustiatefigure 2
(a—e). The most critical bonding sequence whereksranay
occur is shown in figure 2-c. Here the ejector pimes
maximum impact stress at the bottom of die while blond
head holds the die at its other end.
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Figure 2. lllugtratesthe DA process where the g ector pin push and indent the

die[11].

The stress applied on the die can be describedhéy t

Hertzian contact equation [17]. Normal stress aupbn the

die substrate can be expressed as:
c = FIA @)

Where:
A'is the area of ejector pin in contact.

F is the load (force) which the ejector pin appteghe die.

The ejector pin tip, which is semi-spherical in Bhais
illustrated in figure 3. It is the standard ejeqtor supplied for
the LED industry by Micro-mechanics [18]. The e@cpin
tip radius, R, for this research is 25um. This wadivas used
because it is commonly used for the small die E88um X
300um). The ejector pin contact area can be deaged

A = nd (2)

Where 3, is the ejector pin spherical surface contact length

as illustrated in figure 4. Note that the Hertzieontact
analysis is restricted to condition that the deyfthenetration
is small relative to the radius, R, of the sphe@][In the
present work the ejector pin contact “a” is meagurebpm)
which is quite small as compared to R.

——
Detail “B”
Figure 3. Schematic diagram of gjector pin and its semi spherical tip [18].

R

Ejector pin

Substrate

Figure 4. The gector pin contact to substrate [17].

Combining equation 2 to equation 1, the stress lman
addressed as follows:

6 = Fima?

®3)

The stress applied to the die is directly propodiao the
force applied; hence, the higher the force appitethe die,
the higher the stress absorbed by the die. Ontkiez band the
stress is inversely proportional to ejector pindgntact area
[17].

The bond force calculated using Newton’s second law

(4)

F=mi
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Wherem is the mass andlis the acceleration of the ejec
pin.

a=(v, —W)lt

®)

Vv, is the velocity of the ejector pin before hitting theck of
the die (ejector pin speed).v; is the véocity of ejector pin a
datum.t is the time taken for the ejector pin to move fr
datum to the point of impact on dithe maximum bond forct
F, can be addressed by combining equation 5 tatieguaianc
by considering; = 0 at the datum.

F=mv,/t

(6)

Henceforth, the maximum stress applied on the aleatsc
be addressed as:

F=mv,/ ma’t

(7)

The velocity the ejector pin travels before hittihg die is
directly proportional to the stress applied on die. Hence,
the higher the ejector pin velocity, the higherdtress is at th
chip substrate and these increases the possbiliiehave
crack die [11].

In the LED packaging industry DA process, the optim
bond force varies. It is influenced by tkquipment, die size
and the type of mylar carrier taps which the dies wei
mounted

3. Experimental M ethodology
3.1. Sample Preparation

Die attach machacine set up (alignment
of ejector pin and bond head)

Keyence Bond Force testerinstalled to
check the bond force. Reconfirmed with
Correct Testing Gauge

Start bonding with 40gF and continue
with 60gF, 80gF, 100gF, 12 0gF and 140gF,
Bond 5 chips from two different wafers

Bonded chips segragated in different
mylar for analysis

Figure 5. Sanmple preparation flow chart.

The sample preparation is described ie process flow
shown in figure 5.Tested good AlinGaP dies with (
substrate were selected for this evaluation ang there
serialized on a mylar carrier tape for traceabjitypose. D/
equipment was set up and the ejector pin and bead tvere
checked for alignment and bonding stapilA Keyence bond

force tester was installed on the bonder to chéekkonc

force. Several bonding trials were carried out to cheak

bonding consistency. Final confirmation of the bioxgc

consistency was carried out by using a hand hetudl horce

tester -Correx Tension Gauge [2 This is to counter confirm
the Keyence bond force tester measurement accbefoye

commencing the experiment.

The experiment conducted at room temperal
commenced with indentation force of 40gF and camtt
with 60gf, 80gf, 100gf, 120gf and 140gf respectively. E
cell consists of 5 dies. Bonded dies were segrddataising
different Mylar to avoid mixing

3.2. Characterization Technique

Crack length was measured with optical microsc
(Leica-DMRE) at magnificatio 1000X and the average cre
length was calculatedhe indented dies were lon Milled (I
at 5.1KeV at a current of 180A for 15 minutes to remove tt
thin Platinum (Pt) and Gold (Au) metallization la: Once the
IM process was completed, the dies v analysed using the
SEM (Hitachi — SU8020)Some of the dies were furth
sectioned using Focus lon Beam (FIB) and analysadg
SEM.

4. Result and Discussion
4.1. Result

Figure 6shows the variations in the fracture length with
bond force. The craclength increases with increase of b
force. The increase waguite sharp from 60gF to 80¢
however after 80gF one crack length gradually iasee
linearly.

As seen from the figure, there is no much apprée
difference between the batch 1 an This indicates that the
mechanical properties remain conste

Average Chip Crack Length versus Bond Force
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Figure 6. Average Crack Length versus Bond Force.

The optical micrographeepresenting the backside of f
die sufaces are displayed in figure (a-f). From the figures,
it can readily beobserved that the deformation on the
backside increasedth increase othe bond force whereas the
cracks can be seémthe specimens at 80gF and ab
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(a) 40gF (b) 60gF

(C) 80gF (d) 100gF

(e) 120gF (f) 140gF

Figure 7. Showing gjector pin indentation photo from High Magnification
scope.
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Figure 8. Showing gjector pin indentation photo from SEM Analysis.

SEM micrograph®f indented substrate surface for various
bond force are shown in figure 8(a-f). The figuepidts that
at 40gF no crack occurs. However at 60gF a smaltkcr
(~5um) can be observed in some of the dies. Natethibse
SEM images have been displayed after removing the
metallization layer using IM from the surface oéttie. At
80gF, the crack length increases up tpm5At 100gF, 120gF,
and 140gF bond force, the crack length is rougliurs,
58um, and 65um respectively.

A comparison has been drawn between the depthaoksr
observed at 60gF and 140gF respectively. For tiniggse the
FIB cross-sectional analysis is shown in figurd©60gF the
crack is not as deep as compare to 140gF. Thitrilsuded to
higher bond force which produces a large amourlastic
deformation, resulting in the productionafieep crack.

Figure 9-a and b illustrate the cross section efdtack die
using FIB cut. The finding shows that at 60gF,dteck depth
beneath the Ge surface is ab@6t2um. However, at 140gF
the crack looks much more severe with depth of | 2@.5
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Figure 9. Showing FIB cross-section view of cracked Ge substrate.

4.2. Discussion

The formation of crack is due to large amount of
dislocations generation in the specimen as re$utieobond
force. Crack die degrades the LED electro-opticapprties
and can cause serious electrical failure [7, 2], PRerefore
these cracks must be avoided to ensure the LEDnpeshce
are not affectefR3, 24].

The results show that the Ge substrate of AllnGaR d
undergoes surface deformation at 40gF bond fordeabove.
This finding is quite similar to the findings of &itbyet.al [14]
and Oliveret.al [25], where plastic deformation on Ge was
found under certain indentation load at room termpee.

In this experiment at 60gF bond force, micracks were
observed in some of thé“batch dies. Major crack started to
appear when bond force reached at 80gF onwards Thi
indicates that interatomic forcesvercome the indentation
forces induced by the ejector pin. Separation acaeunen
stress applied to the Ge substrate is sufficierdxieed the
maximum force per bond. Hence fracture is bounaoctaur.

Stress at which this bond break takes place is edled
ideal strength,&) which is described as follows [26]:

&~ E/15 8)

Here E is the Modulus Elasticity and it's value @e is at
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103 GPa [6]. The ideal strength of Ge will be rdygh87GPa. thermo-mechanical stresses [24]. This is alwaysnaern and
Where else stress applied to the Ge Substrate ghrthe has to be addressed.

ejector pin at 60gF bond force is 7.49 GPa is ¢aled using Hence, to further investigate, it is recommendeduioject
equation 3: these crack die LEDs in using thermal stress testxXample
Power Temperature Cycle test or Temperature Cydeih

— 2
o =F/ma accordance to JEDEC standard.

When a = oim, the stress induced by ejector pin is slightly .
greater than the ideal strength of Ge, which catigesrack. In 5. Conclusion
this investigation it is also demonstrated thatdtveas no crack ] ] ] ] )
at 40gF because the stress induced at this fortsti&GPa  1hiS research provides important information to LED
which is far lower than the ideal strength of Ge. Be other Manufacturers who are using Ge substrate in tHe.LThe
hand, at 60gF only some micro-cracks observed inajrthe  finding of this investigation has demonstrated thike
wafer batch can be explained as follows. This ctildiue to Minimum or safe bond force for this AllnGaP die on
slight variation of metallization layer on the digbstrate. The 9ermanium substrate, using ejector pin radius qfn2Ss
metallization layer on the substrates is mainlypiatecting the |OWer than 60gF. Beyond this bond force, cracksadéur on
substrate from the oxidation or corrosion [27]. the Ge substrate. This investigation also shows$ ¢van
This crack phenomenon can be explained on the bésis though the crack Iength is increasing relat_ive dmcbforcg,
Griffith energy balance criterion [16]. In this ampt, all of the crack depth also increases but relatively sraad is
the potential energy released was used in theicreaf the ~Cconfined to the surface level that is far away friiv active
new free surface on the crack faces [28]. Theohthanges 'egion of the LED die. The crack formation obseruedhis

of potential energy with increase in the crack asatefined as G€ substrate is along the (111) planes. This sgireement
the strain energy release rage with other researcher findings as well as the @étarystal

structure order of Ge.
G = - 1/t . dU/da 9)

G is the strain energy) is potential energy stored in Ge. Acknowledgements
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