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A B S T R A C T

Systematic cutting process design and optimization problems are studied for surface roughness minimization by
stochastic algorithms. As the experimental background of the study, n-type single crystalline silicon (Si) ingot are
cut into Si wafer with a thickness of 375 µm using a wire saw machine. In order to optimize the cutting para-
meters successfully, a two-step study has been organized as (i) a detailed study on multiple nonlinear regression
analysis of the process parameters for predicting the feed rate and wire speed effects, (ii) design and optimization
steps. Regression models include linear, quadratic, trigonometric, logarithmic and their rational forms for the
same surface roughness problem. In design and optimization section, four distinct stochastic optimization al-
gorithms (Differential Evaluation, Nelder-Mead, Random Search and Simulated Annealing) have been performed
systematically to avoid inherent scattering of the stochastic processes. To investigate the advantages and dis-
advantages of the introduced mathematical processes for the similar cutting process problems, a review list are
also given for the optimization on volumetric metal removal rate (VMRR), wear ratio (WR), material removal
rate (MRR) and surface roughness (SR) by distinguishing the modeling methodology, model types, and opti-
mization algorithms. It is also shown that different rational regression models can be utilized with the colla-
boration of stochastic optimization methods successfully to minimize the surface roughness of Si wafers.

1. Introduction

Approximately 90% of solar panels used in the world are produced
using crystalline silicon (Si) (Pei et al., 2003). However, the high-cost of
the silicon material is a major obstacle for solar panel applications.
Based on the sawing technology, the most important strategy for solar
panels is to reduce the production cost and the time of Si wafering.
Additionally, the known fact “cutting process represents 30% of total
wafer production cost” is taken into account: (Yu et al., 2012).

There are two main types of equipment utilized in cutting of silicon
ingots, namely conventional inner diameter (ID) saws and wire saws.
The wire saws have some advantageous compared to ID saws, because
of that they contain higher cutting diameter, higher production cap-
ability, low surface damage and low kerf loss (Zhu and Kao, 2005;
Dongre et al., 2012). The wire saw is one of the abrasive machining
processes commonly used to cut of hard and brittle materials. Since the
1990s, wire saws have been used to produce thin disk shape wafers
from Si ingots and nowadays, they are also widely used in Si wafering
process (Bhagavat and Kao, 2006; Chung and Nhat, 2014; Gao et al.,

2016). In commercial multiple Si wafering processes, slurry-sawn
method is not preferred to avoid three-body abrasion of cutting webs,
which include the wire, SiC grit and silicon (Kumar et al., 2016a).
However, it should be noted that the diamond wire saws have the ad-
vantages in terms of higher feed rate, low surface roughness and clear
operating environment over the slurry wire saw in Si wafering (Yu
et al., 2012; Bidiville et al., 2009).

In the literature, the researches on the cutting process of Si using
wire saws are growing rapidly. The recent studies (Yu et al., 2012;
Chung and Nhat, 2014; Gao et al., 2016; Kumar et al., 2016a; Sopori
et al., 2013; Anspach et al., 2014; Wu et al., 2014, 2017; Bidiville et al.,
2015; Dongre et al., 2015; Mai et al., 2015; Würzner et al., 2015; Choi
et al., 2016; Yao et al., 2016; Zhang et al., 2017) on Si wafering in-
cluding ingot types, experimental equipment, variables, and targets are
listed in Table 1. It can be concluded from the studies that the main
purpose of wafer production is to achieve low surface roughness value.
It is also seen that experimental process variables t wire speed and k
feed rate can be distinguished from the others.

It should be noted that, unlike the studies in the literature given
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