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The Effect of Uncut Chip Thickness on Edge Chipping and Grinding Ratio in
Groove Grinding of Single Crystal Silicon
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1. Introduction
With the growing of AsDue to the growth of the semiconductor
and optics industries have grown, demand has increased for
enhanceding manufacturing quality and reduceding machining costs is

so it may be helpful to include references.
Commented [M2]: IDEA: It would
improve your article to elaborate on the uses
of this process and the industries, in order to

increasing. Most mechanical machining of the semiconductor materials

demonstrate its relevance.

and optic glass requires the use of a diamond-impregnated wheel for
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grinding with diamond-impregnated wheel. Groove grinding is
extensively used for separating small sized components or and for
cutting grooves. Edge chipping is a major issue Dduring the precision
groove grinding of brittle materials, the serious edge chipping is a
major issue due to the brittleness of the workpiece. In addition, the
Ggrinding wheel additionally often comprises aup to majority of the
manufacturing cost, because due to the large utilization of the diamond
wheel during manufacture, and its’ high unit price. For these reasons,
an improved better understanding of what happens duringthe groove
grinding process should provide a technologicaly basisc for engineers
to enhance the process efficiency enhancement and point way for
theguide equipment manufacturers toin future improvingement their
1

to highlight the need for this research. (i.e.
your research focuses on single crystal silicon,
but if you highlight other materials that are
also commonly used, it will serve to
demonstrate how large an issue edge chipping
is).
Commented [M4]: IDEA: Cite a reference
for this statement.
Commented [M5]: CHECK: “large
utilization” refers solely to the fact that the
diamond wheel is used greatly during the
manufacturing process. Is this your intention?
Or were you intending to imply the large
running costs of the wheel, due to power
consumption, or other factors? (Utilization
does not necessarily imply costs, particularly
if power costs are small, so it may be helpful
to elaborate on this point).

products.
Efficient productionvity is achieved in the groove grinding of
brittle materials requires through the selectioning of suitable grinding
conditions, and by considerationing of material properties, in order to
maximize the wheel life while controlling edge chipping. The

Commented [M6]: CHECK: "controlling"
or "minimizing?"

fundamental grinding parameter for in a grinding process is the cutting
geometry., which is also calledIin particular, it is the uncut chip
thickness or (also known as the grit depth of cut) [1, 2]. In general, the
uncut chip thickness is well known to play an important role relative to
the surface finish and tothe wheel life. For the In regards to the surface

Commented [M7]: CHECK: Normally
I’ve only seen 'cutting geometry' used to refer
to a group of cutting tool parameters. I have
changed the sentence to reflect this, however,
feel free to alter it if you feel that your usage
is correct.

finish, controlling the uncut chip thickness by varyingthrough the
modification of grit size, grit density, wheel dimension, cutting speed,
feed speed, and/or wheel depth of cut can improve the surface
roughness [1-7]. In past studies on of surface finish, some researchers
have undertaken to experiments to investigate experimentally what
happen duringthe effects of changing altering the uncut chip thickness.
The surface roughness is indicated in experimental investigations can

Commented [M8]: CHECK: Depending
on the journal to which you are submitting, it
may be unnecessary to use "by some authors
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"by [1-4]."

be improved effectively with by decreasing the feed rate, abrasive grit
size and/or increasing cutting speed, as reported by some authors [1-4].
For very hard materials, such as silicon nitride [5], silicon carbideon [6]
and granite [7], the roughness of the grinding surface also decreases
with decreasingas the uncut chip thickness decreases. Besides
characterizing for surface finishIn addition to its’ effect upon the
surface finish, the uncut chip thickness can be a factor to characterizein
determining the wheel wear for a cutting process. For instance, it has
been experimentally shown that the behavior in during the sawing of
granite, there is evidence that suggests a transition in the predominant
diamond wear mechanism, fromor attrition at a smaller uncut chip
2

Commented [M9]: CHECK: Do you mean
"silicon carbon" or "silicon carbide?"
Commented [M10]: IDEA: Consider
stating how much of a factor it is. Is it the
critical factor? Or only a minor factor?
Commented [M11]:
TUTOR – word choice:
Incorrect: “…to characterize the wheel
wear…”
Correct: “…determining the wheel wear…”
Reason: “characterize” indicates that the
uncut chip thickness is a symptom of wheel
wear while "determining" is used to indicate
that the uncut chip thickness is a factor in the
degree of wheel wear.

thickness to fracture at a larger uncut chip thickness [7].

In addition to the uncut chip thickness, the material properties of
the workpiece may also be a crucial factor. The material removal
process dDuring the grinding of a brittle material, the material removal
process results in brittle fracture and leads to thean undesirable
worsensdecrease of surface roughness. This occurs, to a greater degree
more ease than would occur in conventional metal cutting. But
However, if the cutting parameters were are chosen adequately, the
brittle materials can deform plasticplastically, without brittle fracture,
at room temperature under conditions of large hydrostatic compressive
stress [8, 9]. Research in Sscribing [10-12], turning [13], vibration
cutting [14], and grinding [15-17] also haves also observed ductile chip
respectivelyformation. In order to ensureget a ductile-to-brittle
transitional depth during thein cutting of brittle materials, analysiszing
of fracture mechanics [15, 18] or and dislocation theory [19] further
can aid in estimatinge the transitional depth, that is calledknown as the
critical depth of cut (CDC). The CDC can be formulated as a function
of the geometry of the tool and the material properties of the workpiece
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[18]. The CDC model for a grinding process on used for various hard
and brittle materials has been presented [15].

A logical methodology forto optimizatione of the grinding
parameters, in order and to reduce total manufacturing cost in groove
3

Commented [M16]: CHECK: It would be
clearer here to state either “The CDC model...
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grinding of brittle materials (given for considerationing the for wheel
life and groove edge chipping) in groove grinding of brittle materials is
still lacking, Aalthough several grinding studies have been reported, a
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logical methodology for the optimization of the grinding parameters, in
order to reduce total manufacturing cost in groove grinding of brittle
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materials (given consideration for wheel life and groove edge

reported possible sub-optimum

chipping), is still lacking. An experimental investigation of edge

methodologies, the necessity for a study into
optimization of parameters, or the effects of

chipping and performance in the grinding of a single crystal silicon

paramater optimization? (Or some mix). Or

(SCS) wafer over a range of uncut chip thickness (5 nm – 32 nm) has
been undertaken in this study, over a range of uncut chip thickness (5
nm – 32 nm) in this process of a commercial single crystal silicon
(SCS) wafer is then attempted in this study. The results show that the
edge chipping and wheel performance for in a groove grinding process
can be characterized by a newly defined value, i.e. the cutting depth
ratio (CDR). This dimensionless parameter can be used for to
explaining the effect of uncut chip thickness on the edge chipping and
the grinding ratio induring groove grinding of SCS. Evidence derived
formfrom both of these approaches can provides important insights
into the groove and cutoff grinding mechanism for ceramics.

2.
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are you referring to those studies already
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several grinding studies have reported."
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Processing Modeling
The block diagram infor a groove grinding system can beis
illustrated inas Fig. 1. Many A variety of input parameters directly
affectaffects the grinding mechanisms and their influence on the
resulting edge chipping and wheel performance. This study reduces

Commented [M23]: CHECK: As before,
please specify what performance refers to.

these input parameters to two characteristic parameters, the uncut chip
thickness and the critical depth of cut (CDC), Aassuming that the
thermal effect in the fracture removal process more smallis of
negligible magnitude in comparison to the than cutting force effect
[20]., this study therefore groups and reduces these input parameters
into two characteristic parameters, uncut chip thickness and CDC. The
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following section defines the uncut chip thickness and the
CDC.Introducing uncut chip thickness, CDC, and how to define new
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characteristic parameter are described detailed on the following
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this term and why your are neglecting it.

section.
2.1 Uncut chip thickness
The uncut chip thickness of in grinding processes can be
formulated as a function of the grinding conditions and the geometry
of the wheel. The essential parameter variables includes the cutting
speed, feed rate, depth of cut, contact length of cutting, abrasive grit
size, and active grit density, as shown in Fig. 2. The aAverage uncut
chip thickness is given by the following equation. [1]
 v  d  
t  
  
 VCr  l  

0.5

(2)
where C is active grit density (grits/mm2); V is cutting speed (m/sec); v
is feed rate (mm/sec); d is cutting depth (μm); l is contact length of
cutting (μm) and r is the ratio of the mean scratch width to the mean
5
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scratch depth (10 - 20) [1].
2.2 Critical depth of cut

depth? It may help to elaborate on these

The dDuctile to brittle deformation transition has been shown to

terms.

occurexist in during the indentation and in the cutting process of brittle
materials, as reported by some researchers [8-17]. This transitional

Commented [M28]: CHECK: As per
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depth is calledknown as the critical depth of cut. An analytical model
hasve been presented to predict the theoretical critical depth of
indentation [18]; this model was later modified to estimate the CDC in
the grinding of a brittle material, and is given by [15]
2

EK 
dc   c 
H H 

(1)
where E, H and Kc are the Young’s modulus, hardness and fracture
toughness respectively. α

is the grinding tool factor representing

the combined effect of the tool geometry and the cutting conditions.
2.3 Cutting depth ratio
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The removal mechanism in the cutting of brittle materials is
deeply affected by the CDC of the work material and the uncut chip
thickness. For thise reason, theis following investigation is further then
combiningcombines the CDC model of the work materials with the
average uncut chip thickness, in order to discuss the groove edge
chipping and the life of wheel lifespan. The cutting process is then
characterized by a newly defined value, the cutting depth ratio (CDR),
or γc. The CDR is defined as the ratio asof the maximum uncut chip
thickness and to the CDC. As the depth of the cut is very far smaller
than the diameter of the wheel, the maximum uncut chip thickness is
notedlynotably around twice the average uncut chip thickness [1]. The
CDR can be written as
6
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dc

c  max

2t
dc
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(3)
where tmax is the maximum uncut chip thickness, dc is the cutting depth,
and t

is the average uncut chip thickness.
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3. Experimentation
3.1 Set up and cutting parameters
The experiments were carried out on aundertaken using a grinding
machine tool using incorporating a diamond-grinding wheel. A
cCommercial single crystal silicon wafer was used as the work
material. Fig. 3 shows the schematic illustration of the groove grinding
experiment, where d is the depth of cut and the wheel width is was 43
μm. The diameter of the wheel is was 55.56 mm. Fig. 4 shows the

Commented [M36]: CHECK: Please
check this term. To a non-technical reader
this would appear that the wheel was
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state something along the lines of "a
diamond-grit grinding wheel."

distribution of the participating grits for athe wheel. Subsequently,
using the abrasive grit size (#2000), diameter of wheel, and the
distribution of the participating grits, then could estimate active grit
density could bewas estimated, which is atto be 23885 grits/mm2.
Table 1 summarizes the experimental conditions used for studying the
edge chipping and the performance. The experimental parameters were
the depth of cut, feed rate and cutting speed. The cCutting length of
every experiment is was 120 m. At the restricted range of experimental
parameters, the variable average uncut chip thickness lies between 5.5
nm to 32 nm, as listed in Table 2.

Commented [M37]: IDEA: Your readers
may be interested to know where the SCS
wafer that you have used would be
commonly used in manufacturing. Also
consider providing the manufacturer of the
wafer.
Commented [WL38]: TUTOR:
Incorrect: “…could be estimated…”
Correct: “…was estimated…”
Reason: The use of “could be” suggests that it
is not necessary to have that value. If
however, the value is critical, you should use
“was estimated”.
Commented [M39]: CHECK: 120 meters
seems very large given measurements for
other variables. Is this correct?
Commented [M40]: CHECK: What do
you mean by restricted range? Will your
readers understand this terminology? Perhaps
include a sentence to explain this term.

8

As Sshown in Fig. 5, the method of digital imaging was used to
quantify detect the magnitude of groove edge chipping. A CCD camera
was used to catch edge chipping images off-line. Eachvery experiment
took at minimum of 50 pictures least. The Ppixel array is was
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to clarify to your readers what off-line is
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640X480 , the size of each image is was 300X225μm per picture, and

would suffice).

the mode of image acquisition card iwas IMAQ PCI-1408. As stated
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TUTOR – word choice:
Incorrect: every experiment
Correct: each experiment
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