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Abstract
Integrated circuit plays a crucial role in reducing the size, increasing the processing speed, and
enhancing the dependability on the electronic devices. Notably, the widespread use of these
technologies has led to advancements in various sectors, including the communications,
healthcare, and automobile industry. This study rank and identifies the critical success indicators
associated with the manufacturing IC chips in the Indian semiconductor industry by employing
one sample t-test approach. Based on the existing literature, the study investigates sixteen success
indicators associated with the manufacturing IC chips in India. In addition, experts from the
semiconductor manufacturing organization have validated these factors concerning the Indian
semiconductor industry. The research concludes that “Monitor the Time-to-Market (SI7)”,
“Enhance Customer Satisfaction (SI13)”, “Assess the Yield Rate (SI11)”, and “Calculate the
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Return on Investment (ROI) for Cost (SI5)”, are the critical success indicators associated with
manufacturing of IC chips, as per the t-test analysis from 152 respondents working in the
semiconductor sectors. The findings have multiple implications for businesses and policymaker,
and can assist various stakeholders, including global semiconductor companies, domestic
manufacturers, and fabless semiconductor firms.
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1. Introduction

The integrated circuit (IC) chip has profoundly impacted modern society. The
semiconductor industry has consistently experienced an annual doubling in the number of
transistors incorporated into IC chips, resulting in the establishment of Moore's Law and propelling
the progress of the electronic revolution (MacK, 2011). Moreover, the demand for electronic
devices is projected to increase due to the Internet of Things (10T), distributed artificial intelligence
(Al) for edge applications, and the growing popularity of cloud computing (Das & Mao, 2020).

Notably, semiconductor manufacturing industry in developing economy country like
India possess the capacity to enhance their GDPs and generate employment opportunities
(Pulicherla et al., 2022). The country can enhance its technological prowess, foster innovation, and
facilitate information dissemination through chip production. This plan will foster self-sufficiency,
decrease dependence on foreign vendors for crucial components, safeguard data sovereignty, and
enhance cybersecurity. In addition, the domestic semiconductor manufacturing can enhance the
supply chain's resilience, guaranteeing the availability of chips even in the face of global
disruptions like the Covid-19 pandemic (Ramani et al., 2022). Moreover, the semiconductor
industry possess substantial capacity for employment creation as it cultivates expertise in several
fields, and the R&D efforts will propel technological advancements and foster innovative
breakthroughs. This can enhance the export of chips, increasing foreign exchange earnings and
attracting both domestic and foreign investments.

Furthermore, India has recognized the manufacturing of IC chips as a pivotal industry
for enhancing its progress by producing goods for both domestic and global markets. Although
company like Apple has primarily been responsible for the country's significant growth in
smartphone manufacturing, most of the process involves assembling imported components (Jain

et al., 2019). As part of its economic plan to foster a domestic semiconductor manufacturing, the
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country has emphasized the growth of a domestic electronics supply chain and decreased imports.
Furthermore, in 2021, the government initiated the Indian Semiconductor Mission (ISM),
allocating a substantial budget of $10 billion (Saraswat, 2022). The program aims to promote the
growth of India's semiconductor and display manufacturing ecosystems. In light of these
endeavours and advancements in the semiconductor sector, it is imperative to identify and tackle
the various key performance success indicators that will improve the semiconductor ecosystem,
which must be studied in detail.
1.1 Motivation

India can bolster its technological sovereignty and alleviate vulnerabilities associated
with supply chain disruptions by establishing a resilient domestic semiconductor manufacturing
sector that guarantees self-sufficiency in chip production. Additionally, a resilient semiconductor
manufacturing industry supports India’s digital transformation aspirations. It gives technological
innovation for a strategic advantage in the economic growth and national security. To create a
flourishing semiconductor ecosystem in the country, the three dimensions of cost-effectiveness,
timeliness, and quality control must be assessed. The semiconductor sector may improve its
domestic manufacturing ecology, decision-making process, and technological and economic

advancement by conducting these assessments.

2. Literature Review

In recent years, the Indian semiconductor fabrication facilities and foreign investment
have significantly advanced (Singh et al., 2018). Government initiative program like the “Make in
India” and the accompanying policies have encouraged semiconductor investments in the country
(Pulicherla et al., 2022). Cooperation between the private sector and academic institutions has
promoted R&D advancing technologies. The focus has been on producing fundamental to complex
IC chips for consumer electronics, telecommunications, automotive, and other industries.

The success indicators encompass a holistic evaluation of the performance of IC chip
manufacturing, encompassing several dimensions. These indicators are utilized by manufacturers
to establish objectives, monitor advancements, and consistently enhance their operational
procedures. By monitoring and improving these indicators, semiconductor manufacturers can
optimize their operations and enhance overall performance. As per the existing literature and the

interaction with experts from the semiconductor manufacturing industry, sixteen success
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indicators from three dimensions viz. cost, time, and quality (Roy et al., 2020), were identified

important with manufacturing IC chips and these are mentioned as in Table 1.

Table 1: Success Indicators with their Descriptions

Dimensions Success Indicators Descriptions References
The cost of manufacturing each IC chips ensure the cost | (Guin et al., 2016; Nagapurkar
SI1. Measure the cost per IC | efficiency. This will set the targets for reducing the cost | & Das, 2022; Ruberti, 2023)
over time.
SI2. Track the Material Cost Traf:klng the propomon. of 'mzflnufacturlr?g_ costs | (Zhuetal., 2021)
attributed to the raw materials, aiming to optimize the
as a Percentage of Total Cost .
raw material usage.
Cost SI3. Monitor the Operating | Monitor the operation expenses as a percentage of total (Khakifirooz et al., 2019; Saif
Expense Ratio costs to ensure the efficiency of resource allocation. M Khan et al., 2021)
SI4. Track the Rework and T_rackln_g the costs .assomated _Wlth r_eworkmg gr (Hansen gt al., 1997; Hickey &
Scrap Costs discarding the defective IC chips, which helps in | Kozlovski, 2020; Tassey et al.,
P minimize the expenses. 2007; Umeda et al., 2021)
Calculate the ROI for manufacturing costs. This will (Hsu et al., 2020; Jamil et al.,
SI5. Caleulate the Return on help in ensuring that expenditures lead to profitable 2020)
Investment (ROI) for Cost P g P P
outcomes.
Measure the time it takes to manufacture IC chips from | (Chien et al., 2020; Ishak et al.,
S16. Measure the Cycle Time | start to finish. This will help in setting the targets to | 2023; Saglain et al., 2019a)
reduce cycle time and improve the production efficiency.
. . Measure and monitor the time it takes to bring a new IC | (C. Park, 2020; Schneider et al.,
SI7. Monitor the Time-to- . . L
Market chip to market for its use. By aiming for shorter | 2022)
timeframes, it will help in staying in competitive market.
. . Tracking the lead time for raw materials and equipment | (Chien et al., 2020; Fan et al.,
Time S18. Track the Lead Time will ensure in a smooth manufacturing process. 2020; Ishak et al., 2023)
$19. Measure the Equipment Track-the time thaF manufac':tL.Jrlr?g equipment _|s non- | (Chung e.t al., 2023; Fischer et
. operational and strive to minimize the downtime for | al., 2021; Prasetyo & Veroya,
Downtime . L L
getting the maximize productivity. 2020)
SI110. Monitor the Time- Monitor the time |t. takes to identify _and rectify the | (Chung et al., 2023; Dreyfus et
Based Quality Metrics defects or errors in the manufacturing process to | al., 2022)
y maintain a high-quality standard chips.
Assess the percentage of IC chips that meet the given | (Chattopadhyay & Pal, 2017;
SI11. Assess the Yield Rate quality standards. These IC chips should be free from | Lee et al., 2019; Senoner et al.,
defects to ensure a high-quality production. 2021a).
SI12. Measure the Defect Measure the number of defects of IC chips per unit area | (Nakazawa & Kulkarni, 2019;
Dens;it of the silicon wafer. These will reflect in the quality of | S. H. Park et al., 2018; Saglain
y the manufacturing process. et al., 2019b, 2020)
Improve the customer satisfaction with the performance | (Chandra Misra et al., 2019;
SI13.  Enhance Customer . - . .
. I and quality of the manufactured IC chips through various | Mousavi et al., 2019; Sansone et
Satisfaction
survey and feedback. al., 2020)
Measure the efficiency associated with the quality | (Raithatha & Bapat, 2014;
lit . i i i .
Quality SI14. Evaluate the Quality assurance processes durlng_the chlp manufacturlnq, sugh Senoner et al., 2021b)
Assurance Efficienc as conducting multiple testing and inspections. This will
y ensure the high-quality standards of the chips are
maintained.
SI15. Ensure Compliance Check the manufact_urmg process. adheres to qual_lty (Feng et al., 2023; Pai & Yeh,
with Quality Standards standards and regulations led down in the manufacturing | 2013)
y rule books, aiming for 100% compliance.
Tracking down the percentage of IC chips that pass the | (Jiang et al., 2020; Senoner et
SI116. Track the First Pass | quality control check on their first attempt are very | al., 2021a)
Yield crucial for the improvement in efficiency and reduction
in reworking of manufacturing processes.

(Source: Authors’ Own Illustration)

3. Research Approach and Data Collection
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3.1. Research Process

In this study, we used one-sample t-test analysis to compare the responses with an
expected level of agreement and evaluate the significance of the success indicators in the
manufacturing of IC chips (Alharthi et al., 2017). Moreover, the t-test analysis will check the mean
difference with the hypothesized mean of the sample. For the collection of the responses, the Likert
scale of rating from 1 to 5, which indicates “Very Low Influence” to “Very High Influence”, were
utilized to mark the importance of each indicator by the respondents, and the rating scale of 3
which indicates the “Medium Influence” was considered as the hypothesized mean value. Based
on the respondent datasets, the variables having mean above 3 was considered significant, and
those below 3 were considered not important and insignificant.

Furthermore, the test static (t) against each variable can be calculated as (Kim, 2015):

_ H—HUo
t= o/VN )

Where, u is the overall mean from the datasets, uo is the hypothesized mean, o is the
standard deviation of the dataset, N is the size of the dataset.

After the calculation of t-static, it is required to check the probability of the
acceptance/rejection of the hypotheses made of the dataset. Here, the calculated t-static value is
compared with the values of t-distribution with (N-1) degree of freedom. Accordingly, the
probability can be calculated as follows:

p = P(T > t)(Upper tailed) 2
p = P(T < t) (Lower tailed) 3

Here, lower the p-values, higher is the support to the acceptance of alternate hypothesis
and vice-versa. Additionally, the statistically significant level is decided as p < 0.05 under the 95%
confidence interval of the difference of the mean.

3.2. Data Collection

A questionnaire-based study using Likert scale rating from 1 to 5 indicating the
influence level of each success indicators was conducted among the broader domain of
semiconductor industry executives. The questionnaire was circulated to nearly 500 semiconductor
executives through a Google forms (https://forms.gle/Pn72v9cY JkXhFJBy5) via LinkedIn, email,
and social networking service. Furthermore, 152 out of nearly 500 executives responded with valid
survey responses and their demographic profile can be seen in Figure 1.
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Figure 1: Demographic Profile of the Respondents in Terms of their (I) Current Organization
Primary Focus (ii) Highest Academic Qualifications (iii) Role in the Current Organization (iv)

Work Experiences (In Years)

Research
Institute; Ph.D.;

() (ii)
Research Scholar H 10 More than 15 u 3
Fabrication team |y 7 111015 | 10
Management team | 5 6t0 10 ﬁ 46
Technical team |y 47 3105 | 68
Circuit Designer _ 79 02l 15
0 20 40 60 80 100 0 20 40 60 80
(iii) (iv)

(Source: Authors’ Own Illustration)
4. Result and Discussion
The surveyed dataset from the 152 respondents have been qualified for analysis using a
one sample t-test for identifying the critical success indicators for our study. Accordingly, the test
value of the study was set at 3 to check the mean of the respondent dataset for the assessment of
critical success indicators. Notably, the difference between the mean score from the test value of
3 is the deciding parameter for the ranking of these success indicators. In this study, 14 out of the

16 success indicators were observed as the significant success indicators in the manufacturing of
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IC chips in India, while “Track the Rework and Scrap Costs (SI4)” and “Measure the Defect
Density (SI12)” were found to be insignificant as per the t-test results in Table 2.
Table 2. One Sample T-Test Statistics

Test Value = 3
95% Confidence
Success Standard Standard Degree Sig. (2-tailed) Interval of the
Indicators N Mean Deviation Error t-static of .Mean Difference Rank
Mean Freedom Difference
(df) Actual Round Lower Upper
value off

SI1 152 | 4.026 0.861 0.070 14.699 151 6.310E-31 0.000 1.026 1.164 0.888 9
SI2 152 | 4.021 0.805 0.065 15.639 151 2.165E-33 0.000 1.021 1.150 0.892 10
SI3 152 | 4.110 0.862 0.070 15.873 151 5.361E-34 0.000 1.110 1.249 0.972 5
Sl4 152 | 3.117 0.916 0.074 1.578 151 1.167E-01 0.117 0.117 0.264 -0.030 IS
SI5 152 | 4.359 0.675 0.055 24.812 151 3.843E-55 0.000 1.359 1.467 1.250 4
SI6 152 | 3.903 0.865 0.070 12.873 151 4.600E-26 0.000 0.903 1.042 0.765 11
SI7 152 | 4.490 0.564 0.046 32.577 151 3.485E-70 0.000 1.490 1.580 1.399 1

SI8 152 | 4.041 0.821 0.067 15.640 151 2.161E-33 0.000 1.041 1.173 0.910
SI9 152 | 3.641 1.092 0.089 7.238 151 2.147E-11 0.000 0.641 0.816 0.466 14
SI10 152 | 3.717 1.024 0.083 8.639 151 7.545E-15 0.000 0.717 0.881 0.553 12
SI11 152 | 4.366 0.569 0.046 29.609 151 9.170E-65 0.000 1.366 1.457 1.274 3
SI112 152 | 3.262 1.353 0.110 2.388 151 1.819E-02 0.018 0.262 0.479 0.045 IS
SI13 152 | 4.393 0.643 0.052 26.692 151 4.772E-59 0.000 1.393 1.496 1.290 2
Si14 152 | 3.703 1.050 0.085 8.260 151 6.829E-14 0.000 0.703 0.872 0.535 13
SI15 152 | 4.028 0.826 0.067 15.344 151 1.277E-32 0.000 1.028 1.160 0.895 8
SI116 152 | 4.097 0.779 0.063 17.365 151 8.094E-38 0.000 1.097 1.221 0.972 6

(Source: Authors’ Own Illustration)

Furthermore, to identify the most influential attributes, the 80-20 rule from the Pareto
principle helps identify a system's most significant or the critical factors (Sanders, 1987). This
principle implies that 20% of system elements possess the highest level of importance. In this
study, the critical success indicators which are found highly significant are: “Monitor the Time-
to-Market (SI7)”, “Enhance Customer Satisfaction (SI13)”, ‘Assess the Yield Rate (SI11)”, and
“Calculate the Return on Investment (ROI) for Cost (SI5)”, as per the Pareto principle.

Notably, the growing demand for the electronic devices in various sectors and the
nation's dedication to the self-reliance and progress have led to a thriving semiconductor
ecosystem. Moreover, the alignment of the semiconductor market demand and domestic
manufacturing capability positively impacts the economic growth, and India’s standing in the
global semiconductor industry. Additionally, the government has created an enabling environment
for the growth and success of domestic manufacturers and the foreign semiconductor investors by
implementing a comprehensive strategy and policy like the Indian semiconductor mission (ISM).
Additionally, these strategies encompass the formulation of various policies, the provision of
financial incentives, large investment in R&D, developing state of the art infrastructures,

enhancing the technical skills, and establishing a strong strategic collaboration.
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Furthermore, India’s ability to build a robust presence in the semiconductor ecosystem
and effectively meet the market demands, stimulate novel innovations, and thrive in the
competitive landscape of manufacturing IC chips will be contingent upon its sustained investment

in cutting-edge infrastructure.

5. Conclusion

This study aimed to identify and ranked the success indicators that promote the
manufacturing of IC chips within Indian semiconductor organization. The study thoroughly
reviewed relevant academic research to ascertain the success indicators linked to the
semiconductor manufacturing process. The identification and validations of these success
indicators were validated through in-depth conversations with the engineers and scientists working
in the semiconductor organizations. After identifying sixteen success indicators, a general study
was conducted among the broader domain of semiconductor industry executives and the
questionnaire using the Likert scale was sent through the Google forms. Notably, 152 executives
responded with a valid survey response, and one sample t-test analysis was utilized to assess the
underlying components and to identify the critical success indicators. The findings of the study
indicate that certain success indicators, specifically labelled as “Monitor the Time-to-Market
(SI7)”, “Enhance Customer Satisfaction (SI113)”, “Assess the Yield Rate (SI11)”, and “Calculate
the Return on Investment (ROI) for Cost (SI5)”, were consistently recognized as critical success
indicators associated with an effective manufacturing of IC chips in India. These success indicators
were deemed essential and required consideration to succeed in the fabrication process of IC chips
in India.

This study has the potential to offer significant insights for several stakeholders, such as
global semiconductor firms, domestic manufacturers, fabless semiconductor enterprises, and
policymakers. It can assist individuals in formulating effective ways to maximize the usage of their
considerable investments. The implications of these findings hold great importance for
organizations and academia seeking to cultivate a collaborative atmosphere and leverage the

benefits of a collective strategy.
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