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The Effect of Uncut Chip Thickness on Edge Chipping and Grinding Ratio in

Groove Grinding of Single Crystal Silicon

1. Introduction

With-the growing-ef AsDue to the growth of the semiconductor

and optics industries—have —grewn, demand__has increased for

enhanceding manufacturing quality and reduceding machining costs-is

taereasing. Most mechanical machining of the-semiconductor materials

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 basise for engineers

to_enhance the process efficiency enhancement-and point—wayfor

theguide equipment manufacturers tein futdre-improvingement their
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products.
Efficient productionvity is achieved in the groove grinding of
brittle materials regquires-through the selectioning of suitable grinding

conditions, and by considerationing of material properties, in order to

thickness er(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 tethe wheel life. Forthe-In regards to the surface

finish, controlling the uncut chip thickness by—vanrngthrough 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 en-of surface finish, seme-researchers

have undertaken to—experiments to investigate experimentalhy—what !
/| on the journal to which you are submitting, it

happen-duringthe effects of ehanging-altering the uncut chip thickness.

The surface roughness is-indicated-in-experimental-investigations-can
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], bilicon carbideen [@1//

and granite [7], the roughness of the grinding surface also decreases

with—deereasingas 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

been experimentally shown that-the-behavier—in during the sawing of

granite, there is evidence that suggests a transition in the predominant

diamond wear mechanism, fromer attrition at a smaller uncut chip
2
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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. Fhe—materialremoval

preeess#dguringﬁ grinding of a brittle material, the material removal

process results_in brittle fracture and leads to thean undesirable

more—ease than would occur in conventional metal cutting. Bﬁu}j

\

However, if the cutting parameters were-are chosen adequately, the

at room temperature under conditions of large hydrostatic compressive
stress [8, 9ﬂ. Research in Sscribing [10-12], turning [13], vibration

cutting [14], and grinding [15-17]-alse haves also observed ductile chip

transitional depth during thein cutting of brittle materials, analysiszing \
of fracture mechanics [15, 18] er-and dislocation theory [19] further
can_aid in estimatinge the transitional depth, thatis-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

[18]. The CDC model for a grinding process en-used for various hard

and brittle materials has been presented [15].
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into the groove and cutoff grinding mechanism for ceramics.




Processing Modeling
The block diagram infor a groove grinding system ean—beis
illustrated inas Fig. 1. Many-A variety of input parameters directly

affectaffects the grinding mechanisms and their influence on the

following section defines the uncut chip thickness and the

I - loseril lotail collowi

section:

2.1 Uncut chip thickness

The uncut chip thickness ef—in grinding processes can be
formulated as_a function of the grinding conditions and_the geometry
of the wheel. The essential parametervariables 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 fellowing-equation—{4}

where C is active grit density (grits/mm?); V is cutting speed (m/sec); v
is feed rate (mm/sec); d is cutting depth (um); | is contact length of

cutting (um) and r is the ratio of Mmean scratch width to the mean

L
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scratch depth (10-20)[20.
2.2 Critical depth of cut
The dBuctile to brittle deformation transition has been shown to

occurexistin during the indentation and-in-the cutting-precess of brittle

depth is ealledknown 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]

o)
(1)

where E, H and K¢ are the Young’s modulus, hardness and fracture

the combined effect of the tool geometry and the cutting conditions.
2.3 Cutting depth ratio

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-furtherthen
combiningcombines the CDC model of the work materials with_the

average uncut chip thickness; in order to discuss the-groove edge

characterized by a newly defined value, the cutting depth ratio (CDR),

or ye. The CDR is defined as the ratio asof the maximum uncut chip

than_the diameter of the wheel, the maximum uncut chip thickness is
netedhynotably around twice the average uncut chip thickness [1]. The

CDR can be written as
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where tmax is the maximum uncut chip thickness, dc is the cutting depth,
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3. Experimentation
3.1 Set up and cutting parameters

The experiments were carried-eut-on-aundertaken using a grinding

\

experiment, where d is the depth of cut and the wheel width is-was 43
um. The diameter of the wheel is-was 55.56 mm. Fig. 4 shows the
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

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

nm to 32 nm, as listed in Table 2.

\
\
\
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As Sshown in Fig. 5, the-methed-ef-digital imaging was used to

guantify deteet-the magnitude of groove edge chipping. A CCD camera

took at minimum of 50 pictureseast. The Ppixel array is-was

640X480-, the size of each image is-was 300X225 . m-perpicture, and

the mode of image acquisition card iwas IMAQ PCI-1408. As stated

abovepreviously, the resolution of the images wasis 300/640 ¢ m.
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