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 Background: A comprehensive understanding to characterize the ultra-thin silicon 
break strength (SBS) is needed as semiconductor microsystem is trending towards a 

miniaturization in size and thickness. Objective: The silicon mechanical performance 

is evaluated experimentally through 3-point bend (3PB) for different silicon thickness 
ranges and different process sequence of silicon between dicing and grinding, as well 

as with the engraving laser marking on silicon surfaces. Results: Result showed that 

the SBS across different thickness of silicon is stable although with more than 100% 
differences in breaking load responses. The influence of process sequence between 

dicing and grinding has an approximately 35% impact on SBS and the effect is 

attributed to more edge chipping instead of surface roughness.  The laser marking 

engraving on the silicon surface recorded additional 75% drop of SBS and this left the 

silicon very vulnerable for catastrophic failure during assembly process even before 

any reliability stress test was conducted. This study also demonstrated a systematic 
characterization and failure analysis flow with and without destructive methods in 

existing crack study. The completion of component level 3PB failure mode verification 

has successfully demonstrated that a SBS study can be conducted with a simplified 
silicon level testing.Conclusion: The silicon strength was evaluated with 3PB and with 

its simplicity had successfully proven its usefulness in SBS estimation. Besides the 

contribution from different test approaches, the observed SBS levels strongly depended 
on a few critical parameters which included the relative probabilities of edge and 

surface flaw, the surface treatments and assembly handling.  

 

INTRODUCTION 
 

Semiconductor package is trending towards a miniaturization in size but with an increase in functionality 

and performance requirements. Thus, this increases the risk on processing and assembling the ultra-small 

packages with thinner silicon. This paper focuses on the initial strength study of the ultra-thin silicon, which is 

normally evaluated with various lab scale tests with a refined 3PB bend test. There are other type of tests 

available, which included 4-point bend (4PB), ring on ring (RoR), ball on ring (BoR), ball breaker (BB) and 

others. They offered different opportunities but at the same time introduced many limitations too. In general, 

4PB setup is quite similar to 3PB; however, it is not commonly used.  
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The 4PB was used as a more conservative measure of silicon strength for design criteria (Yeung et al., 

2003) but with a more complicated data analysis and failure analysis compared to 3PB (Wei Sun et al, 2007 and 

Wu et al., 2010). Recently, an improved 4PB application was developed by combining the indentation test with 

a controlled flaw (Echizenyaet al., 2014); nevertheless, this does not simplify the application of 4PB test. Also, 

although this indentation is getting more popular on controlled defect creation, the SBS limit cannot be directly 

determined from this test (Cook, 2006; Gorostegui-Colinas et al., 2010 and Atkinson et al., 2012). Meanwhile, 

RoR, BoR and BB are “non-bend test” methodologies available for SBS that were modified from tests on 

ceramic material.These tests were mainly focused on the silicon and its surface quality study only as 

documented in many literature (Cotterellet al., 2003; Yeung et al., 2003; Tsai et al., 2005; Werner et al., 2006; 

Schonfelderet al., 2006; Jie-Hua et al., 2008; Hu et al., 2008 and Samedet al., 2012). These non-bend test setups 

require significant efforts from sample preparation, test setup and also a more complicated analytical process, 

which is relatively more “expensive” to conduct for the SBS evaluation compared to 3PB. The test may be only 

good to study the pure silicon property that may not cover the potential influencing actual defects from the 

assembly process. 

Nonetheless, a refined 3PB bend test and its applicability to the projectable silicon failure strength is still 

the preferred test methodology in this paper due to its cost and time effectiveness. The data analysis simplicity 

however does not impact its test output and quality without a need of complicated sample preparation and test 

setup. It enables a quick SBS study across different silicon thicknesses to be carried out. In addition, the 

influential silicon preparation process such as dicing and grinding parameters were also further evaluated. 

Although this study is not totally new, the observation from its process output such as edge chipping and pre-

post polished surface roughness were further quantified for good comparison. Additionally, the important study 

on the influence of laser marking process on SBS is also included in this paper. This unexpected but crucial 

impact factor is hardly documented in existing literatures especially with detailed observation of its engraved 

depth to SBS performance. This process caused an unpredicted stress concentration which easily reduced the 

SBS when subjected to the 3PB test. The failure analysis with the combination of destructive and non-

destructive approaches will also be discussed in detail to establish the failure mode verification between stand-

alone silicon and a fully assembled package. Besides, the overall SBS database from this study will be compared 

to the available literatures’ findings mainly to evaluate its metrology robustness and also as a quick benchmark 

between the selected 3PB with different SBS techniques.  

 

MATERIAL AND METHOD 
 

1. 3PB Methodology for SBS: 

The overview of the 3PB test setup is illustrated in Figure 1. The test fixture is designed where the two 

bottom points are placed to provide support for the specimen with incorporates a guided loading head to form a 

“3 contact points” of support and loading. Typically, the silicon strength evaluation in this 3PB test is highly 

influenced by the compliance of the secondary side’s edges or surface conditions.  As the resulting bending 

moment is gradually increased and being highest at the center region of the backside (with highest stress at the 

middle as illustrated in Figure 1(b), the die strength measured from this method is highly sensitive to the 

potential defects that are concentrated on the backside, with primarily defects caused by assembly process such 

as wafer thinning and dicing processes.  

 

 
Fig.1: (a) 3PB test configuration and its parameters (SEMI G86-0303, 2007), (b) 3PB test loading characteristic 

and bending moment. 

 

The flexural stress from the 3PB test is calculated from the beam bending equation as follows: 

 

           (1) 

where, 

           (2) 
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            (3) 

 

           (4) 

 

By substituting the various variables, such as maximum moment of load (M), distance from center of 

specimen (c) and moment of inertia of cross section (I) from Equation 2 to Equation 4 into Equation 1, the 

formulation for the estimated 3PB bending stress is derived and shown in Equation 5. The applied force at break 

(PB, in Newton), the support span (L, in millimeter), the width of test specimen (b, in millimeter) and the 

thickness of the specimen (h, in millimeter) is determined and calculated to estimate the “flexural stress (σfb)” of 

silicon with linear stress/ strain behavior. Normally, the maximum flexural stress is also observed along silicon 

breakage and this is classified as the silicon break strength (SEMI G86-0303, 2007).  

 

           (5) 

 

3PB is a simple test that was modified from a method used to measure the strength of brittle materials, such 

as ceramics (JD Wu et al., 2003). 3PB is gaining more popularity, due to its simplicity and the good possibility 

to evaluate the material mechanical fracture strength by incorporating the test specimen’s quality on both 

surfaces and edges (Desmond et al., 2004; MY Tsai et al., 2008; Jie-Hua et al., 2008 and Samedet al., 2012).  

Besides, the strength measured from this method is highly sensitive to the defects caused by wafer thinning and 

dicing processes (Betty et al., 2003). Additionally, the minimum radius a chip can reach before it cracks is the 

parameter to characterize the flexibility of this chip. Hence, it is not surprising that this 3PB method has been 

extended as the typical reference lab scale test used to evaluate the silicon strength with inclusion of key 

influencing processes (Werner et al., 2006).   

 

1.1 3PB Test Experiment Setup: 

As shown in Figure 2, a lab scale 3PB test was setup for this paper’s SBS data collection. The tip of the 

loading edge and supports were hardened to avoid any unexpected deformation during test. The loading speed 

was set to be less than 5mm/min in order to avoid any impact event or noises on the test specimen. About 25 test 

specimens per each thickness were prepared, which were picked from different wafer locations. The breaking 

force of test specimen with different thicknesses was recorded where variation was expected depending on the 

silicon thickness. This is one of the key evaluations that was included for the SBS study, with coverage of 

various thicknesses as documented in Table 1. The data was analyzed using Equation 5 to estimate the ultimate 

failure stress upon silicon breakage as the measure of SBS. The SBS ratios were computed by comparing to the 

maximum SBS established with available RoR/BoR test data. The failure analysis was also conducted after the 

3PB test in order to differentiate the potential failure modes. 

 

 
 

Fig.2: The setup of the lab scale 3PB test. 
 

Table 1: Various test specimen preparations for thickness impact study. 

Sample Preparation Thickness (µm) Data Collection & Analysis 

Dice after grinded to respective 
thickness 

Various and <1mm Breaking force 
SBS estimation (refer Eq. 5) 

Failure mode 
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2. Influencing Parameters on SBS: 

2.1 Dicing and Grinding: 

In order to obtain a low profile package, the wafers have to be thinned before being diced into individual 

chips. Backgrinding (BG) is the conventional method used in reducing silicon wafers to a diminished thickness. 

The grinding process usually consists of two steps. First, a coarse abrasive wheel grind (typically∼350–500 grit 

diamond abrasive) removes material rapidly, which greatly damages the silicon backside surface. Then, a fine 

abrasive wheel removes part of the grinding defects by a gentler grinding (fine abrasives, 2000–3000 grit). 

However, due to grinding yield loss and downstream processes considerations (de-taping, for example), it is 

very challenging to thin the silicon down below 150μm without a proper process optimization (Chen and Wolf, 

2003). 

Hence, multiple stress-relief processes were explored with the aim to reduce wafer breakage and handling 

problems. Those problems could be minimized when the process of grinding and dicing is reversed, namely: 

“Dicing Before Grinding” (DBG). Wafers are first partially cut from the front side then ground from the back 

side until silicon separation is completed (Lieberenz and Martin, 2014). Thinning and die separation both occur 

at the same chuck table with minimum handling. The high level flow of the BG processes is illustrated in Figure 

3. The DBG process is believed to be fully capable of achieving thickness as thin as 25µm while virtually 

eliminating silicon process defects. In addition, while the wafer is “partly” diced at full thickness, silicon 

separation occurs during the fine-grinding but not during dicing. Therefore, backside defect is minimized and 

can be further eliminated with a plasma etch process. Figures 4 and 5 show a good application of dicing and 

surface treatment process which influence the silicon defect control and improvement (McLellan et al., 2004; 

Hoh et al., 2005;Schoenfelderet al., 2006 and Takyuet al., 2006).  

 

 
 

Fig.3: The high level flow of the DBG processes (Lieberenz& Martin, 2014). 

 

 
 

Fig. 4: SEM micrograph of chip backside edge (Takyuet al., 2006). 

 

 
Fig. 5: (a) Minor backside chipping with DBG process; (b) Chipping was further removed with plasma etch 

process (Lieberenz and Martin, 2014). 

 

In this paper, the SBS for both conventional “Dice After Grind” (DAG) and DBG will be investigated and 

compared. A comparison on the sample preparation between DAG/DBG is illustrated in Figure 6 for quick 

reference. The grinding and dicing process were revised between these two processes to achieve the same final 

thickness for SBS study. Although the DBG is not a totally new technique, both the qualitative and quantitative 

observation especially on edge chipping has not been fully characterized in the past.As shown in Table 2, 

additional data collection on the edge chipping and surface roughness are included in this paper. These two 

useful characterization data were measured using the standard non-contact metrology, with the combination of 

surface and laser microcopy profiler.  
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Fig. 6: Quick comparison on the sample preparation for SBS study between DAG and DBG process. 

 
Table 2: Various evaluation parameters for DAG and DBG effects of test specimen preparation. 

Dicing And Grinding Process Data Collection & Analysis 

DAG 

DBG 

SBS, Surface roughness 

Edge chipping  
 

 

 
 

Fig. 7: Example of backside surface roughness and edge chipping comparison between pre and post polished of 

DBG samples. 

 

Looking at the example illustrated in Figure 7, a clear difference can be seen between the pre and post 

polished DBG surfaces roughness. A visible grind mark with rougher “undulation” was observed for pre-

polished surface, while relatively “flatter” apparent on the post-polished samples. These recorded edge chipping 

and surface roughness data have proven to be good evidence to support the different SBS between DAG/DBG, 

which will be discussed in detail in subsequence section. The documentation and observation in this paper has 

steadily improved the wafer thinning processes and handling which has not been discussed in the previous 

literatures.  

 

2.2 Laser Marking: 

Laser marking of silicon has been an important standard for many years especially in the solar cell industry. 

It provides a good traceability along the entire value chain and over the whole lifetime with a hard physical 

coding, which has also been heavily adopted for electronic packaging's silicon marking. As illustrated in Figure 

8, the “marking” is realized by the portion of the laser radiation absorbed by the material. Lately, there are 

various types of laser marking techniques, commonly named engraving, ablation, surface modification and color 

change, which are shown in Figure 9,laser sources used today for electronic packaging marking span from 3 to 

80Watts (W) of optical power range (Datalogic Automation, 2011).  

 

 
 

Fig. 8: Illustration of how a laser works on a designated material (Datalogic Automation, 2011). 
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Fig. 9: Various types of laser marking techniques on silicon surface for electronic industry (Datalogic 

Automation, 2011). 

 

Initially, there was a study conducted on laser marking on a chip scale package (Hu, 2004). The effort was 

further explored on various marking parameters and options for good manufacturability in solar panels 

(Khoonget al., 2010 and Bauer et al., 2010). However, the impact of the silicon strengths was hardly discussed 

and evaluated. For example, there were some unintended flaw-creations along with the engraving laser 

technique. This “defect” caused multiple stress concentration points, which easily reduced the SBS when 

subjected to any mechanical or handling stress. Hence, this premeditated laser marking impact is being 

characterized in detail in this paper, where different test sample preparations areincluded in Table 3. 

 
Table 3: Various evaluation parameters for test specimen preparation. 

Sample Laser Marking Type & Setting Data Collection & Analysis 

DAG process Engrave Marking (No Mark/ Notch Mark/ Groove Mark)& 

Nominal Notch Mark Power / +25%/ +50% 

SBS, mark depth and failure mode 

 

Post marked depth on a silicon surface is another important comparison data for assessing its influence on 

SBS. Similar to the surface roughness, the mark depth measurement can be obtained with a non-contact 

methodology such as utilizing microscopy for 3D surface profile. This technique shows the engraved depth can 

be studied even with a single full field view capability.  Alternatively, a conventional cross-section with SEM 

zoom-in view approach can also be accomplished. However, since this is a destructive approach, the method 

will only be applied once the full test study has been conducted. This paper also demonstrates the combination 

of the above discussed methods to gather the useful mark depth information, which results will be discussed in 

Section 3.  

 

3. Systematic Approach on SBS: 

There are a few stages developed on characterizing the silicon strength as shown in the flowchart in Figure 

10. The critical data such as surface morphology will be collected using initial non-destructive approaches for 

potential supporting data on the SBS comparison. The assigned test specimen was then sent for 3PB test to 

compute its SBS data. The post 3PB test samples were further analyzed with subsequent destructive approach 

such as physical cross-section and SEM for more detailed information and verification to the initial non-contact 

measurement data. Finally, the initial failure modes from the silicon level 3PB were further validated in a set of 

fully assembled package. This package level study helped to complete the final failure mode documentation 

which showed a better representation of the application.  

 

 
 

Fig.10: A systematic study flow on characterizing the silicon strength. 

RESULTS AND DISCUSSION 
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4.1 Influence of Silicon Thicknesses on SBS: 

The 3PB was conducted with various silicon thicknesses and the comparison on these various silicon 

thicknesses and respective break forces is shown in Figure11. The result generally shows an increasing trend of 

the silicon breaking load with die thickness, which is in agreement to the same trend reported by some reports 

(McLellan et al., 2004 and Wei Sun et al., 2007). This observation is expected since a higher load is needed to 

cause breakage in silicon with a greater volume (increasing thickness). However, the strength of silicon cannot 

be appropriately measured using breaking force alone. The test response does not represent the real 

characteristic of the sample under test. It may be valid as a fair comparison only if the comparison of the 

different skews of test specimen with the same thickness is made.The silicon breaking force decreases in 

proportion to silicon thickness; however, the SBS as part of the silicon properties is expected to be in a constant 

range. Hence, by applying Equation 5 to determine the flexural stress (σfb), the SBS at the breakage of the 

silicon specimen could be estimated in a proper manner. By comparing to the maximum SBS established with 

RoR/BoR test, this eventually leads to the estimation of SBS ratio which ranges from ~0.30 to 0.58, as similarly 

illustrated in Figure 11. The data look more appropriate since strength is an independent material property and 

should not be significantly influenced by the physical dimension of the test specimen. Furthermore, the SBS 

result obtained from this paper is within a distributed range regardless of the thickness of the silicon, within the 

variations that were estimated from literatures too (Wu et al., 2003, Takyuet al., 2006 and Chong et al., 2008).  

 

 
Fig.11: SBS with various thicknesses in a constant range but with significant variation in breaking force ratio. 

 

4.2 Influence of DAG and DBG Process: 

The investigation on the impact of DAG and DBG process on SBS is explored in this paper. As illustrated 

in Figure12, a significant SBS improvement as high as 35% was reported on DBG over DAG process. The 

reversed process on DBG (grind off the post diced defects), had been hypothesized as the main driver behind 

such SBS improvement. There were significant edge chipping observed on DAG’s test samples. However, edge 

chipping was reduced significantly, to the range of <0.5% with DBG process, even without any fine polish on 

the samples, where a clear comparison is illustrated in Figure 13. This is further supported from the edge 

morphology and chipping visual comparison shown in Figure 14. Hence, it is not surprising to observe that the 

DBG (either with or without polish) broke into many pieces which also resulted in a larger spread of SBS as 

shown in Figure 12. With the same fine polish steps, there were no significant differences between the average 

surface roughness for both DAG and DBG (post polished) samples. However, the similar “paired” samples 

revealed significant differences on edge chipping observation, as depicted in Figure 15. This clearly indicates 

that the improved SBS from DBG process is the result of the reduced edge chipping or defect instead of surface 

roughness. This is an additional new finding compared to some published reports, in which they stated that the 

strength enhancement was mainly contributed by the final grinding process applied on DBG samples for surface 

roughness reductioncompared to literature database (Wu et al., 2003, Takyuet al., 2006 and Chong et al., 2008). 
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Fig.12: Strength comparison on silicon processed from DAG and DBG process. 

 

 
 

Fig.13: Significant edge chipping reduction with DBG (with and without additional polishing process) 

compared to DAG process. 

 

 
Fig.14: Edge morphology visual comparison (with 50x magnification) between DAG and DBG. 

 

4.3 Influence of Silicon Marking Process: 

A significant drop of 75% SBS is clearly visible when a marking was engraved on the silicon surface as 

shown in Figure15. This engrave marking, with either notch or a groove type, involved silicon removal from 

silicon surface, which caused significant stress concentration during the bend test loading (tensile stress). 

Therefore, the marking either a scratch or carving on a smooth silicon surface eventually reduces the SBS that 

caused significant silicon failure (silicon crack). Also, the lack of scatter in data plot in Figure 15 for both 

groove and notch marking solutions suggests that they failed with almost consistent breaking mode, which will 

be discussed in subsequence section. 

The further study on the increment of laser power in notch marking (+25% & +50%) during the engraving 

process also revealed that it further weakened the SBS by approximately 30%. The observation is shown in 

Figure16 and it indicates that the higher power of laser marking results in deeper mark depth which could 

eventually lower the SBS to below that 0.10 ratio region. This type of marking solution is too risky since it over-

reduced the SBS of the silicon at assembly even lower than the packaging design solution limit prior to any 

reliability stresses. This effect is crucial and may cause a catastrophic failure at assembly process since silicon 

marking is required as part of the component traceability in which existing literatures are more focused on the 

permanency check only (Hu, 2004, Khoonget al., 2010 and Bauer et al., 2010). This unexpected but crucial 
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impact factor is hardly documented in existing literatures especially with detailed observation and influence of 

its engraved depth to SBS performance. 

 

 
 

Fig.15: SBS comparison on different marking processes. 

 

 
 

Fig.16: Influence of marking power with notch marking on SBS. 

 

Additional characterization data were collected on the laser engraved samples as shown in both Figure17 

with physical cross section and non-contact method respectively. The result revealed that both approaches 

detected comparable mark depths, ranging between 0.7 to 1.0 depth ratios.  The potential slight difference on the 

cross section was maybe due to the extra human handling error on the tilting of reference plane during the depth 

measurement step. Hence, the combination of both destructive and non-contact methodologies provide good 

selection for the user to extract a practical data for reference since the SEM cross section is a destructive 

approach and barely able to recover the processed samples. 

 

 
 

Fig.17:Comparison of measurement depth ratio of a laser marked area using SEM approach and non-contact 

surface profiler. 

 

4.4 Failure Mode Investigation: 

Failure is more severe for samples where surface or edge damage is prevalent. Such kind of silicon tends to 

fracture with lesser broken pieces, as shown in Figure 18(a). This manner of fracture is an indication of lower 

SBS as depicted in Figure 12 and 15. The stresses are easily concentrated on the silicon surfaces irregularities 
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such as edge chipping, indent points or engraved mark to propagate and eventually form a full crack. On the 

other hand, samples with reduced defects such as good surface polishing as well as those without any pre-

marking are extremely stronger. Fracture in these samples is characterized by shattering, as shown in Figure 

18(b), at the time of failure due to the great elastic energy released when the fracture started.  

 

 
Fig.18: Different breaking modes observed on (a) no mark silicon compared to (b) with a type of notch/ groove 

marking on silicon level test. 

 

Similar experimental work of 3PB test was carried out but using a fully assembled package. The aim is to 

verify the replication of similar failure mode at final product assembly condition although the initial SBS study 

was achieved using simplified silicon level 3PB testing. The data collected on a full assembly package revealed 

no difference in terms of failure mode compared to bare silicon as reported earlier. A clearer shattering type of 

breaking mode was easily detected for samples without laser marking. Since the silicon was still intact on a 

package, less broken out pieces of silicon breakage was observed as expected. A stable line crack, similar to the 

silicon level testing, was observed in the majority of the marked silicon samples. When a similar set of samples 

sent for scanning acoustic microscopic type-C (CSAM), a clear full crack was revealed which cut through the 

entire silicon stack.  

Hence, the package level 3PB verification successfully demonstrates that a SBS study can be conducted 

with a simplified silicon level testing. This significantly help SBS evaluation, without a need to prepare a full 

assembled test sample, but still replicates similar stress state at product final assembly condition. This is also 

important in aligning towards package level silicon stress prediction and sensitivity study that can be estimated 

with modeling approach, which is listed as one of the future works from current paper’s finding. These failure 

mode findings are aligned to the proposed systematic flow implemented in the existing study for silicon crack 

modes which are seldom documented in literatures for a good benchmarking. 

 

4.5 Comparison on SBS Estimation Approach: 

The comparison between various test methodologies from different literatures on the estimated SBS is 

summarized in Table 4. Under certain material preparation and handling circumstances, there are likely to be 

some unexpected defects (some can be as high as ≤50μm order) in general on the test specimen. This may lead 

to the increase in the silicon strengths variation besides the contribution of different test approaches. 

Nonetheless, 3PB bend is still the preferred test methodology due to its cost and time effectiveness.  In this 

study, the 3PB approach produced the SBS range similar to the 4PB and indentation or scratch test, but with its 

advantages on setup and data interpretation simplicity. Although higher strength is estimated with the ball or 

ring related tests lately, it is suggested that they are only good in evaluating pure silicon strength, either without 

influence from assembly process or with intended focus on potential treatment improvement on silicon surface. 

The critical impact such as edge flaw or chipping is excluded due to the nature of test setup. Furthermore, as 

demonstrated in this study, 3PB could easily cover the extra perspective, which includes the influence of edge 

chipping (DBG) and crucial laser marking solutions together with its associated failure mode verification. 
 

Table 4: Summary of estimated silicon strength limits with different approaches. 

Approach/ Method Strength Estimation 

Ratio Range  

Discussion 

3PB  

(Existing Paper) 

0.30 - 0.58 3PB is still the preferred test method due to its cost and time effectiveness. Similar 

range of average response (Betty et al., 2003; Desmond et al., 2004; Werner et al., 

2006; MY Tsai et al., 2008; Jie-Hua et al., 2008 and Samedet al., 2012). 

4PB 0.20 - 0.58 4PB has a close approximate of the SBS to 3PB but requires a more detail test setup 

(Bettyet al., 2003; Wei Sun et al, 2007 and Wu et al., 2010). 

Nano-Indentation/ 

Scratch 

0.20 - 0.25 Requires careful data interpretation. Some literatures suggested >1.0 ratio range but 

unclear of analysis ((Cook, 2006; Gorostegui-Colinas et al., 2010 and Atkinson et al., 
2012). 

RoR/ BoR/ BB 0.42 - 1.00 Higher strength is estimated with this approach with extra treatment on silicon 

surface (Cotterellet al., 2003; Yeung et al., 2003; Tsai et al., 2005; Werner et al., 
2006; Schonfelderet al., 2006; Jie-Hua et al., 2008; Hu et al., 2008 and Samedet al., 

2012). 

General Literature 0.07 - 0.18 No clear explanation on how the benchmark was made and the reference of the test 

setup. 
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Conclusion: 

A comprehensive understanding on silicon die crack on a packaging solution is needed to appropriately 

characterize its mechanical integrity. In this study, the silicon strength was evaluated with a redefined 3PB and 

with its simplicity has successfully proven its usefulness in SBS estimation.  The SBS across different 

thicknesses were evaluated with detailed failure analysis and study. The result showed a good proximity and 

produced the SBS range similar to other type of complex test methodologies. SBS across different thickness of 

silicon is stable although with more than 100% differences in breaking load responses as expected.  The SBS 

result obtained is within a distributed range regardless of the thickness of the silicon.  The study also reaffirmed 

an approximately 35% of SBS improvement contributed by DBG process, with greater influence from its edge 

chipping and defect avoidance. Thus, the improved SBS from DBG process is the result of the reduced edge 

chipping or defect instead of surface roughness.  

Follow up investigation on laser marking solution revealed significant margin reduction, recorded as high 

as 75% in average. In addition, the higher power of laser marking used for deeper mark depth, which eventually 

caused the SBS to dip even below the sub 0.1 ratio region. This is a crucial finding which is hardly evaluated in 

the past when the marking was initially introduced to provide for product lifelong traceability. The impact from 

laser marking engraving on the silicon surface recorded significant drop of SBS and this left the silicon very 

vulnerable for catastrophic failure during assembly process even before any reliability stress test was conducted.  

Besides, this study also demonstrated a systematic characterization and Failure Analysis flow implemented with 

and without destructive methods in existing silicon crack study. Both approaches have demonstrated a small 

delta (<5%) in measurement differences, which provided a good selection for users to extract a practical data for 

reference before conducting further destructive evaluation. In this study, the results obtained through 3PB 

approach on the SBS range arecomparable to the 4PBand indentation or scratch test, which highlight the 

usability and simplicity of 3PB technique.Also, the package level 3PB verification successfully demonstrated 

that a SBS study can be conducted with a simplified silicon level testing. In summary, besides the contribution 

from different test approaches, the observed SBS levels strongly depended on a few critical parameters which 

include the relative probabilities of edge and surface flaw, the surface treatments and assembly handling.  

This initial experimental discovery highlights a potential need to have a more synchronized experimental 

study with the use of modeling analysis for good cross database leveraging and prediction. This drives the next 

possible focus on exploring parametric modeling study on the silicon surface build upfor stress study on a 

microsystem.This significantly helps the SBS evaluation, without a need to prepare a full assembly test sample, 

but still able to replicate similar stress state at product final assembly condition.  By comparing both the results 

of good SBS database from the lab scale testing with those from the critical stresses from FEA, it is possible to 

systematically determine whether silicon cracking for a given design or material selection would occur, with an 

exploration of unified approach. 
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