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Abstract 
The authors evaluated various dicing methods in order to 

improve the TCT reliability against SeWaRe type of failures 
in glass interposers fabricated by polymer lamination over 
thin glass sheet cores.  For blade-based dicing methods, the 
criteria for down-selection were (i) the least glass sidewall 
roughness and (ii) crack-free die edge visual inspections.  In 
this fashion, a BKM dicing blade was identified that produced 
SeWaRe-free interposer dies upon dicing operations.  
Secondly, in order to compare the fracture strengths of glass 
produced by blade dicing with those of known methods, bare, 
thin glass sheet test specimens were made.  In 2-point bending 
fracture strengths tests, glass strengths from three different 
blade dicing methods are similar to other score-and-break 
based separation methods.  Lastly, a dicing process using a 
R&D laser system from DISCO Corp., which is not yet 
released-to-market, also successfully singulated the glass 
interposer samples.  Samples produced by both blade and 
laser processes have been passing the TCT accelerated 
reliability tests. 

Introduction 
In recent years, as the transistor-based frontend scaling is 

becoming no longer cost-effective, significant growths and 
development in the microelectronic industry have come from 
advanced packaging in the backend of the line (BEOL) area.  
Such advancements also address the needs for increased 
input/output (I/O) connections in data communications, 
reduced package form factor, and heterogeneous integrated 
device functionalities.  One of the most noticeable subject 
matters in this area is making interposers using glass.  The 
industry has documented the myriad potential benefits to use 
glass as the material of choice for package interposers [1].  
Comparing to current organic polymer- or Si-based 
interposers, the advantages of glass interposers include 
increased I/O density while maintaining cost-competitiveness, 
less loss in radio frequency (RF) range communication 
signals, and the expectantly increased mechanical stability 
like package warpage control.   

Two fundamentally different micro-fabrication methods 
exist in the industry to produce glass interposers.  One method 
is glass wafer-based, leveraging from existing Si wafer fab 
equipment and infrastructure.  In this process flow, first, blind 
vias in glass and front-side metallization redistribution layers 
(RDL) are formed on the top surface of the glass wafer.  
Usually, such full thickness glass wafers are not suitable for 
direct use in device packaging.  Backside grinding and CMP 
is then performed to remove the excess glass and to reveal the 
bottom side of the vias.  After the via reveal step, another set 
of RDLs and/or bumping connections can be fabricated on the 

backside of the interposer structures prior to dicing.  See 
Figure 1 for illustrations.  In such a process flow, while the 
glass via drilling process, by laser or other means, is relatively 
new to the Si-based semiconductor industry, most of the other 
unit processes can be developed and optimized on existing 
process platforms.  

 

 
Figure 1.  Example illustration of glass interposer 

fabrications using 300mm glass wafers.  Image courtesy of 
ITRI. 

 

 
Figure 2.  Example illustration of glass interposer fabricated 

using thin glass panel followed by polymer-based RDL 
laminations on both sides of the panel.  Also shown is the 

interposer die edge view after dicing operations. 
 

Another fabrication method uses thin glass sheet panels as 
cores followed by applying polymer-based RDL layers on 
both sides by lamination.  In this process flow, first, the 
through glass vias (TGV) are drilled on thin glass sheets.  
Then, polymer-based RDLs are laminated and patterned to 
form metallization structures on both sides of the glass 
interposer core simultaneously.  Thinning of glass substrate is 
not required.  This fabrication flow has been demonstrated in 
[2] and [3].  The potential benefit of this approach is the 
significantly reduced manufacturing cost, especially when 
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scaling to large size panel-based fabrications.  See Figure 2 
for an example of panel-based glass interposers.  Here, a die 
edge-on view after dicing is presented.  The illustration of 
actual TGVs inside the glass core is omitted. 

Motivation and Objective 
Glass is a strong material, however, is also brittle.  Under 

tensile stress conditions, flaws and defects, larger than certain 
thresholds, can lead to crack formation and propagation.  One 
of such failures in glass interposers was reported by Shinko 
Electronic Industries in IEEE 3rd Annual GIT Workshop at 
Georgia Tech in 2013 [4].  The observation was also 
immediately confirmed by other teams in the packaging 
community like the Package Research Center at Georgia Tech 
and Unimicron Technology Corporation.  In the original 
report, the mechanism was described as near mode-I fractures.  
The author coined the term SeWaRe for this type of failures 
(derived from Japanese word *ü�m�€��meaning ‘splitting of 
the back’).  The locations of the incipient fractures were 
attributed to the glass interposer die edges sidewalls, induced 
by damages from mechanical sawing operations.  See Figure 
3 for illustrations.   

 

 
Figure 3.  Illustration of SeWaRe failure in glass interposer 
dies after dicing by mechanical sawing.  Replicated results 

shown here after initial report by [4] 
 

The quantitative fracture analyses and modeling for this 
type of failure are shown in detail by McCann et al. in [5].  
Fundamentally, there are two driving forces for the SeWaRe 
failures:  (i) the intrinsic tensile stresses built into the 
laminated RDL layers from the polymers as well as eletro-
deposited copper (Cu) metallizations, and (ii) the defect sizes 
and any sharp geometries produced on the sidewalls by dicing 
process.  The deeper and sharper the damages, more easily 
fractures would occur.  The objective of this dicing study for 
DISCO Corporation was to mitigate the latter driving force, 
i.e., to develop singulation methods that would result in the 
smallest flaw sizes below the threshold level that would not 
result in glass cracking at a particular RDL design for a 
particular bump pitch.  The criterion for selecting the best 
dicing method was to achieve lowest glass sidewall 
roughness, smallest defect size, and crack-free interfaces after 
dicing by inspection methods.   

Experiment Overview 
The research team at Package Research Center at Georgia 

Tech and other industry partners fabricated samples for this 
empirical dicing investigation.  As summarized in Table 1 

below, the samples consisted of 4 different fabrication 
batches.  The first two were mechanical samples on which 
only polymer layers were laminated.  No metallization 
patterns were formed.  These samples mimicked the materials 
stacks present in the dicing streets.  Using the Batch1 and 2 
samples, a number of process optimizations were performed.  
The main judging criteria were sidewall glass roughness, Ra, 
as well as visual inspections for the presence of glass crack 
formations.  The authors used a commercially available laser 
con-focal microscope to perform both metrology steps.  For 
each dicing process variation, edge-on inspection images are 
obtained and analyzed.  During analyses, the glass core 
sidewall of a representative, damage-free area was selected to 
measure the roughness in a con-focal image.  See Figure 4.   

 

 
Figure 4.  Example image analyses of post-dicing glass 

sidewall roughness by a commercially available con-focal 
microscope with image analyses software. 

 

Table 1.  Summary of glass interposer samples and dicing 
process development performed at DISCO Tokyo, Japan. 

 
 
Batches 3 and 4 samples, also named D&D2 and D&D3 

samples, respectively, were full-loop interposer samples.  
These panels included RDL layers fabrication with patterned, 
metallized structures on the interposer dies.  These interposer 

Samples Description Sample Structure Dicing Process DOE

Batch1

- Mechanical samples
- 2 layer lamination
- 1X Low CTE;  1X High CTE
glass

- 9 different blades;
- US cutting;
- Bevel cutting

5 different blades

Pulsed laser cutting

Polish cut

BKM blade

Polish cut

BKM blade

Pulsed laser cutting

Polish cut

Batch2

- 4 layers lamination with Cu
metallization

- AGC glass panels

- Mechanical samples
- 4 layers lamination;
- Lamination layer materials DOE;
- Low CTE glass panels

D&D3
(Batch4)

- 4 layers lamination with Cu
metallization

- AGC and Corning glass panels

D&D2
(Batch3)

Dicing by 
mechanical 

sawing

Tensile 
stresses

Tensile 
stresses

SeWaRe –
Glass Interposer Die Splitting into Two Halves after dicing

* Replicated test by DISCO Corp. after initial SeWaRe report by [4]

Top half-die

Bottom half-die

Dicing by 
mechanical 

sawing

Tensile 
stresses

Tensile 
stresses

SeWaRe –
Glass Interposer Die Splitting into Two Halves after dicing

* Replicated test by DISCO Corp. after initial SeWaRe report by [4]

Top half-die

Bottom half-die
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samples represent the typical stress states encountered in 
functional interposer devices.  In addition to dicing methods 
optimizations, further improvement on upstream materials and 
processes had been included in these D&D-samples.  The 
upstream variations were carefully cross-matched with the 
different dicing methods in a full DOE fashion to ensure all 
variations of process flows were captured.  After singulation, 
D&D2 and -3 samples were subjected to reliability testing – 
1000X Thermal Cycle Tests (TCT) – at Georgia Tech.   

In the series of experiments, three dicing methods were 
evaluated:  (1) single-blade based full-cut, (2) two-blade 
based ‘polishing cut,’ where the first blade cut through the 
sample, while the dicing damages created were then polished 
off by a slightly wider, second blade, and (3) a R&D laser 
system developed by DISCO Corporation with a pulsed laser 
source that has not yet been released-to-market.   

Best Known Method (BKM) Blade Process Selection 
Mechanical dicing is an abrasion-removal process of 

materials in dicing streets, mimicking that of a saw.  The 
fixed abrasives in a dicing blade are diamond grits held 
together by bonding materials.  During dicing, the blade 
makes contact with the workpiece while rotating at high 
speeds.  The abrasion debris is removed by water.  See Figure 
5.   

 

 
Figure 5.  Schematics of the mechanical blade dicing process 

and the edge of a dicing blade. 
 

As summarized in Table 1, a large variety of dicing blades 
were evaluated in the full-cut process configuration.  First, as 
expected, post-process inspections showed that as the 
physical diamond grit size of a blade decreased, the glass 
sidewall roughness generally decreased.  Blades with smaller 
diamond grits would leave smaller damages.  However, a grit 
size limit does exist below which cracks begin to form on the 
sample sidewalls.  This is because the abrasive 
removal/cutting power of a saw blade also decreases as the 
diamond grit size decreases.  As a result, the blade would 
exert a high pressure on to the interposer panel workpiece 
leading to cracks.  As seen in the samples with cracks, the 
cracks always formed near the glass and bottom layer 
polymer interface of the workpieces, even when the 
workpiece was flipped over, re-mounted, where the top and 
bottom polymer layers had been reversed.  This indicates that 
such cracks formed right at the instant when full singulation 
occurred during blade cutting in a downward motion.  In 

general, this moment is considered a critical moment in the 
dicing process contributing to chipping.  If a chosen blade did 
not have enough abrasion cutting power, i.e., the diamond 
mesh size is too fine, chipping near the bottom side could 
occur leading to SeWaRe. 

 

 
Figure 6.  Glass interposer sidewall roughness, Ra [μm], 
observed using a variety of dicing blades and mechanical 

samples from Batches 1 and 2. 
 

 

 
Figure 7.  Summary of glass sidewall roughness Ra [μm] for 

Batch2 samples dicing tests using 3 different types of blades – 
Type A, B, and C, and example sidewall inspection images of 

samples showed cracking and no cracking after dicing. 
 

Secondly, in addition to diamond grit size, the sample 
cracking behaviors also trended with blade bonding material 
types.  Figure 7 shows a summary of sidewall glass 
roughness, Ra, from Batch2 experiments.  Here, 3 different 
bonding types of blades were evaluated, namely, A, B, and C.  
For Type-A blades, regardless of different diamond mesh 
sizes and sample compositions, cracking on the glass sample 
sidewalls always occurred regardless of the glass sidewall 
roughness. Type-B blade is the original blade used by the 
Package Research Center prior to this investigation, which 
resulted in glass cracking during reliability tests. In samples 
processed by Type-C blades, no sidewall cracks were 
observed for a similar range of sidewall roughness as those of 
Type-A blades.  As shown, one can produce cracking or no 
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cracking after dicing having the same roughness on the glass 
sidewall.  Eliminating cracks is critical to ensure the 
reliability of the diced glass substrates.  At this stage of the 
development, Disco recommended the Type-C blade 
producing the lowest Ra value and no sidewall cracks as the 
BKM blade – MT101. 

Polishing Cut Dicing Process Configuration 
In the “Polishing Cut”, the glass interposer substrate is 

rigidly affixed to a Si handling substrate by a layer of wax.  
The panel is fully-diced first by a narrow blade.  And then, 
the cut lines are re-traced using a slightly wider blade with 
much finer diamond grits.  During this second step, the 
sidewalls of the glass substrates end up being polished by the 
second wider blade to an extremely fine surface finish.  Since 
the glass interposer substrates are rigidly bonded to the 
handling substrate, no shifting occurred during the full 
singulation.  In this study, the second blade used was 20μm 
wider than the first blade, leading to about 10 μm polishing 
removal amount on each side of the glass sidewall.  The 
resulting surface was significantly smoother than the full-cut 
blade dicing, with Ra values <50% of the BKM blade dicing.  
See Figure 8.  However, inspections of diced and polished 
edges showed cracks in some samples.  Consequently, the 
polish cut was pursued as a back-up option for defect 
reduction by the Package Research Center, and limited 
reliability testing was conducted on these samples. 

 

Si handling substrate

<first blade>

Interposer 
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Batch2 Samples D&D2 D&D3

<second blade>

Si handling substrate

<first blade>

Interposer 
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Figure 8.  Illustration and example sidewall inspection 

images of the Polishing Cut 

Glass Strengths Measurements from Blade Dicing 
The glass fracture strengths by mechanical blade dicing 

methods were also characterized and compared with those 
from various known scrore-and-break based separation 
methods.  In this test, thin sheets of bare glass (no polymers 
RDL layers), were diced into test specimens suitable for the 
2-point bend strength tests.  Glass type with CTE closely 
matching Silicon, SGW3 glass from Corning Incorporated, 
with thickness of 150 and 200μm were diced using three 
different mechanical dicing techniques.  The strengths were 
evaluated using a 2-point bend technique. See Figure 9 for 
illustration.  Here, 3- and 4-point bend tests are not suitable 
for glass thickness in this range due to specimen deflections 
being too large for fracture formations.  The data was 
analyzed with sets of at least 15 samples per split, with 
Weibull probability distribution fitting over the failure 
stresses.  The fitted cumulative 10% failure stresses (B10) 
were extracted and compared with those form known score 
and break methods.  See Figure 9 for comparisons.   

The B10 values from blade dicing methods are in good 
agreement with those of other glass separation methods.  This 
means that mechanical blade dicing does not weaken the 
fracture strengths of glass.  Furthermore, the distributions of 
the failure stresses for blade dicing glass specimens are much 
tighter than other methods.  This means that the damages 
induced by blade dicing are extremely even in size and 
geometry compared to scoring methods.   

 

 

 

 
Figure 9.  Fracture strengths comparisons from 2-point 

bending tests on glass samples by Corning between 
mechanical blade dicing processes of DISCO and other score 

and break-based methods.  The results showed similar 
acceptable breaking strengths for blade dicing. 

R&D Pulsed Laser Dicing Evaluations 
The authors also evaluated dicing of glass interposers 

using a novel laser system still under development by DISCO, 
which has not been released in market.  Unlike CO2-based 
lasers, which are generally considered continuous wave laser 
source, the DISCO R&D laser in discussion has a short-
pulsed laser source.  Comparing to CO2 lasers, the main 
advantages are much narrower beam spot/kerf widths and 
much less heat generation along the edges of the cutting 
paths.  Comparing to blade dicing, the cutting speed of this 
laser method is faster.  A portion of the D&D3 samples listed 
in Table 1 was processed using this laser, and has been 
subjected to accelerated reliability testing. 

DISCO’s novel R&D laser system showed the capability 
of penetrating through various types of laminated polymer 
layers, and formed the cutting marks into the glass sheet core.  
After laser irradiation, the samples underwent a blade-and-
anvil based 3-point bending full separation step using an 
automated die separator.  Figure 9 shows example post-

2-point Bending Test2-point Bending Test2-point Bending Test
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