Operations Management Styles at Intel Inc.

Introduction

Intel Corporation is a storied American semiconductor manufacturer that for decades set the
pace of innovation in microchips (csis.org). As an Integrated Device Manufacturer (IDM), Intel
traditionally designs and fabricates its own chips in-house — a model that defined its operational
strategy. In the post-2000 era, however, Intel’s operations management has undergone
significant shifts amid intense competition and technological change. This case study examines
Intel’s operations strategy and practices in recent years, focusing on manufacturing strategy,
supply chain management, automation, capacity planning, sustainability, and outsourcing
decisions. Comparisons are drawn with key competitors Advanced Micro Devices (AMD) and
Taiwan Semiconductor Manufacturing Co. (TSMC) to highlight differences in manufacturing
models (IDM vs. fabless vs. foundry), supply chain resilience, and innovation. Through short,
focused analyses of Intel's operational model and its strategic shifts since 2000, the case
provides an MBA-level look at how one of the world’s leading chipmakers manages its
operations — and how it is adapting for the future.

Intel’s Operations Model

Intel’s core operations model is that of an integrated device manufacturer, meaning it both
designs microprocessors and manufactures them in its own fabrication facilities (fabs). This
vertically integrated model gave Intel tight control over production and the ability to co-optimize
chip design with manufacturing processes (semianalysis.com). For decades, this was a source
of competitive advantage — Intel’s process technology lead allowed it to produce faster, more
efficient chips ahead of rivals fierceelectronics.com (semianalysis.com). The IDM approach also
meant Intel avoided paying an outside “foundry tax” (margin to an external manufacturer) and
could potentially price products more competitively (semianalysis.com). Intel’s global network of
fabs — spanning the U.S., Europe, and Asia — became the foundation of a large-scale
manufacturing operation. As of 2023, the company was simultaneously building or expanding
fabs in Arizona, New Mexico, Ohio, Ireland, Israel, and Malaysia, among other locations
(newsroom.intel.com). “Intel’s global manufacturing network is foundational to our operational
success as we build a resilient, trusted and sustainable supply chain for the entire industry,”
noted Keyvan Esfarjani, Intel’s Chief Global Operations Officer, underscoring the strategic role
of its worldwide fab footprint (newsroom.intel.com).

Intel’s manufacturing strategy historically emphasized technology leadership and strict process
uniformity across facilities. The company implemented a “Copy Exactly” approach in its fabs —
ensuring that processes and equipment were replicated identically in each location — to achieve
identical yields and quality everywhere. This enabled Intel to ramp up new processes swiftly
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across multiple sites. The manufacturing strategy also included an aggressive cadence of
process node improvements. In the mid-2000s, Intel famously adopted a “Tick-Tock” model of
product development, introducing a new silicon process technology one year (tick) and a new
microarchitecture the next (tock). This operational cadence kept Intel generations ahead in
process technology for many years (fierceelectronics.com). However, maintaining this pace
required extraordinary coordination between R&D and manufacturing, and as chips grew more
complex the model eventually strained (Intel phased out the tick-tock cycle by mid-2010s when
process advances slowed).

Another hallmark of Intel’s operations is its heavy use of automation and data-driven process
control. Intel’s fabs are highly automated environments: robotic wafer handlers and overhead
conveyor systems shuttle silicon wafers between tools with minimal human intervention. For
example, in Intel's newest Arizona fabs under construction, an Automated Material Handling
System (AMHS) — essentially a “fully automated highway” — is being installed to move wafers
around the clean room efficiently (newsroom.intel.com). Intel’s manufacturing execution systems
continuously monitor equipment and process metrics, adjusting parameters in real-time to keep
processes within tight control limits. According to Intel engineers, the company collects on the
order of five billion data points per factory per day to feed its advanced process control and
analytics systems (rcrwireless.com). This commitment to automation enables high-volume
production with controlled variability. Intel has even aspired to “lights-out” factories where human
intervention is minimal. “We are continually striving for lights-out automation... to improve cost,
speed, and yield,” said Intel's manufacturing IT engineers, describing how centralized control
systems and predictive analytics handle most operations, with staff only managing exceptions
(rcrwireless.com). Such automation not only boosts efficiency but also supports Intel’s famed
yields (defect rates are minimized) and helps scale capacity faster.

In terms of capacity planning, Intel has traditionally made bold, upfront capital investments to
ensure it has sufficient fab capacity for future demand. Building a leading-edge semiconductor
fab is a multi-year, multibillion-dollar endeavor, so Intel’'s operations managers must forecast
demand and technology needs far ahead. The company often built fabs in anticipation of future
product launches and market growth. For instance, during PC booms Intel added fabs to
increase output of microprocessors. In recent years, Intel embarked on some of its largest
capacity expansions ever: a $20 billion project for two new fabs in Arizona (Fab 52 and 62)
(newsroom.intel.com), a new mega-site in Ohio estimated at $28 billion for initial phases
(newsroom.intel.com), and an expanded fab in Ireland that in 2023 began high-volume
production on the new Intel 4 process (using EUV lithography) (intc.com). These moves reflect
strategic capacity planning to meet expected long-term demand in areas like cloud computing
and artificial intelligence. Intel’s operations leadership emphasizes “invest in the future and plan
for success” even through industry cycles(newsroom.intel.com). However, this capital-intensive
approach carries risk — if demand falls short or Intel’s products underperform, fab capacity can
be underutilized (a costly scenario). Balancing capacity with demand forecasts remains a key
operations challenge.

Intel's supply chain management is deeply intertwined with its manufacturing strategy. As an
IDM, Intel’s supply chain extends upstream to equipment and materials needed for fabrication,
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and downstream to distribution of finished chips. Intel has long-term partnerships with critical
suppliers of semiconductor equipment (like lithography machines from ASML) and works closely
with chemicals, silicon wafer, and gas suppliers to ensure steady inputs to its fabs. The
company also operates assembly and test facilities (in Malaysia, Vietnam, and elsewhere) for
the back-end packaging of chips. This vertically integrated supply chain gave Intel a high degree
of control and security in production. During the global semiconductor shortages of 2020-2022,
Intel’'s CEO highlighted that while no company was immune to supply constraints, Intel's diverse
global fabs and efforts to “pack more equipment into existing plants” were aimed at boosting
output resiliency (atlanticcouncil.org). Indeed, Intel’'s geographic spread of fabs (in the U.S.,
Europe, and Asia) provides some natural supply chain resilience, as production isn’t
concentrated in a single region. Intel has explicitly framed its manufacturing network expansion
as building a “globally resilient, secure and sustainable supply chain” for the industry
(newsroom.intel.com). In practice, this means mitigating over-reliance on any one country or
supplier. For example, Intel’s new U.S. fabs (bolstered by government incentives) are intended
to ensure capacity onshore for critical chips, insulating supply chains from geopolitical risks that
could impact overseas foundries (reuters.com). Managing lead times is another aspect —
cutting-edge chips can have production cycle times of 10-12 weeks or more, so Intel
coordinates production schedules carefully to meet customer PC and data center OEM
demands on time. Overall, Intel's operations style involves tight end-to-end coordination of its
internal supply chain, from silicon wafers in to finished processors out, with risk management
strategies to handle disruptions.

Finally, Intel's operations model has historically avoided outsourcing the core manufacturing of
its flagship products — a point of pride for the company. All critical production was done in Intel
fabs, differentiating it from many peers. Only in less critical areas (like some chipset ICs or
specialty components) did Intel occasionally use external foundries in the past. This in-house
focus ensured IP security and the ability to finely tune processes for its own designs. However,
as we will see, this approach has been challenged in recent years, leading Intel to rethink some
outsourcing decisions.

Strategic Shifts Post-2000

In the early 2000s, Intel’s operations strategy continued on its established path: aggressive
investment in new manufacturing technologies, ramping multiple fabs on advanced processes,
and using its manufacturing prowess to support rapid product launches. The company’s
“Tick-Tock” development model introduced in 2005 exemplified this operational excellence —
every new process node (“tick”) was immediately leveraged for a new CPU design (“tock”) the
next year (arstechnica.com). Through the late 2000s and early 2010s, Intel’s fabs led the world;
for instance, Intel moved to 45nm then 32nm processes years ahead of competitors, which
translated into superior chip performance and efficiency. Its operational discipline (and hefty
capital spending) kept Intel at the cutting edge, and financially the firm enjoyed high margins
partly thanks to this technological edge (semianalysis.com). However, around the mid-2010s,
cracks began to appear in Intel’s manufacturing leadership. The planned transition to 10nm
process technology (originally slated for 2016) ran into major delays and yield problems
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(semianalysis.com). Intel’s 10nm was repeatedly postponed — ultimately reaching volume
production only in 2019, roughly three years late. This stumble was pivotal. In the meantime,
third-party foundries “raced ahead”, as SemiAnalysis notes, moving through 16nm, 10nm, and
7nm generations while Intel lagged (semianalysis.com). TSMC, in particular, leapt forward by
successfully deploying new technologies like extreme ultraviolet (EUV) lithography for its 7nm
node, gaining a 2—-3 year lead over Intel in process capability.

Intel’s difficulties in the 14nm-to-10nm transition exposed underlying operational challenges.
Insiders and analysts suggest that Intel’s very identity as a large IDM contributed to the
problems: the company’s organizational structure had become siloed and sluggish, with unclear
accountability for failures (semianalysis.com). Some business units underperformed in cost and
efficiency but “no one could tell because Intel was in its own la-la-land of overwhelming
engineering dominance” — until the dominance faded (semianalysis.com). In other words, years
of success had bred a complacency in operational culture. When process issues arose, Intel’s
integrated model made recovery harder: there were no alternative suppliers to turn to for
leading-edge production, and every delay in the fab propagated directly to product delays.
Meanwhile, competitors like AMD underwent a strategic shift that paid off — in 2009 AMD spun
off its fabs (GlobalFoundries) to become a fabless design company. This allowed AMD to offload
the massive cost of process development and instead utilize whichever external foundry offered
the best technology. By the late 2010s, AMD partnered with TSMC’s 7nm process for its new
Zen microarchitecture chips, and achieved a remarkable turnaround. AMD’s fabless strategy
proved nimble and effective: “AMD divested its fabs years ago with little long-term
repercussion”, one analyst noted, as AMD was able to tap advanced production at TSMC and
focus on design innovation (fierceelectronics.com). In fact, many “fabless” rivals (AMD, Nvidia,
Qualcomm, etc.) “jumped ahead by using advanced chip production facilities like TSMC and
Samsung,” capitalizing on Intel’s stumble (fierceelectronics.com). The competitive pressure on
Intel mounted, as its once-unassailable lead in manufacturing and resulting market share began
eroding in the late 2010s.

Recognizing the need for a major strategic shift, Intel underwent a leadership change and
launched a new vision in the 2020s. In early 2021, Pat Gelsinger returned to Intel as CEO and
promptly announced the “IDM 2.0” strategy — a bold plan to reinvent Intel's operations model
(csis.org). IDM 2.0 had several key pillars: (1) a doubling down on Intel's own manufacturing
capability with heavy new investments, (2) a new business — Intel Foundry Services (IFS) — to
open Intel’'s fabs to make chips for external customers (moving Intel into the pure-play foundry
market in competition with TSMC), and (3) an openness to use outside foundries for some Intel
products when it made sense. This last point was a sea change; for most of its history, Intel
“manufactured chips for only one client — itself”, but under Gelsinger it acknowledged that
outsourcing could be an option for certain chips (reuters.com). In essence, IDM 2.0 aimed to
give Intel the “best of both” worlds — retain the advantages of in-house manufacturing and
leverage the broader ecosystem as needed. Gelsinger backed the strategy with big bets: in
2021 he committed $20 billion for two new fabs in Arizona, kick-starting an unprecedented fab
construction boom for Intel (reuters.com). Over the next two years Intel announced additional
multibillion-dollar fabs in Ohio and Germany, expansions in Ireland and Israel, and an uplift in
R&D spending — more than $100 billion in planned investments over five years (csis.org). These
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moves were buoyed by government incentives like the 2022 U.S. CHIPS Act, which by 2024
had earmarked at least $8—$11 billion in grants and $11 billion in loans for Intel’s U.S. projects,
recognizing Intel as “the only U.S.-based company with leading-edge semiconductor fabs” and
critical to a more resilient domestic supply chain (csis.org). Gelsinger also set an ambitious
technology roadmap: Intel would execute “five nodes in four years” — moving from the
10nm-class “Intel 7” node to Intel 4, Intel 3, Intel 20A (2nm class), and Intel 18A (1.8nm class)
by 2025 — in order to regain process leadership (fierceelectronics.com). This was essentially an
accelerated catch-up plan to outpace TSMC by mid-decade.

Early signs of progress under IDM 2.0 did materialize. Intel established foundry deals with
heavyweight customers: notably, a multibillion-dollar agreement with Amazon Web Services to
produce custom cloud chips on Intel’s process starting in 2025 (csis.org). It also won a $3 billion
U.S. Department of Defense project to build a “secure supply” of chips for national security
needs, leveraging Intel's foundry as a trusted domestic source (csis.org). By mid-2023, Intel
reported it had around a dozen test customers using its next-gen 18A process design kits
(csis.org). These included familiar names — Microsoft, Cisco, IBM, and even some potential
rivals like MediaTek — interested in Intel’s emerging foundry offering. Meanwhile, Intel did not
shy away from outsourcing when needed: it made the tough call that its upcoming “Arrow Lake”
processor in 2024 would be partly manufactured externally (on TSMC’s 3nm node), instead of
using Intel’s in-house 20A process (csis.org). Intel framed this decision as a focus move — by
skipping 20A on that product, it could concentrate resources on the more advanced 18A node
(csis.org). Industry observers noted it was a significant moment — the once unimaginable
scenario of Intel outsourcing a flagship CPU to a competitor’s fab became reality, underscoring
how much operations strategy had shifted. Intel also outsourced production of its new discrete
GPU chips: the Intel Arc graphics processors launched in 2022 were built on TSMC’s N6
process (6nm), because Intel determined TSMC's technology offered the best cost-performance
balance at the time given Intel's own node delays design-reuse.com (design-reuse.com). These
outsourcing moves illustrate Intel's new pragmatism in operations management under IDM 2.0.

Despite these efforts, execution challenges persisted through 2023-2024, prompting further
strategic adjustment. Gelsinger’s turnaround proved slower and bumpier than hoped. Intel’s
revenue had been $79 billion in 2021; by 2023 it plummeted to $54 billion — a one-third drop
(reuters.com). The company lost market share in its core PC and server CPU businesses to
AMD (whose Zen processors, fabbed by TSMC, were winning on performance) and to Apple’s
in-house M1/M2 chips (made by TSMC), among others. Intel also missed the explosive growth
in Al accelerators, where Nvidia’s GPUs — also fabbed at TSMC — dominated the market for
training and inference chips (fierceelectronics.com). These misses hit Intel’'s bottom line: 2023
brought Intel’s first full-year net loss since 1986 r (reuters.com). Internally, not all was smooth
either — the new Intel Foundry Services unit struggled at first to meet the service levels and
customization ease that TSMC offers, leading to some delays and failed test runs for early
foundry customers (reuters.com). By late 2024, reports emerged of technical hurdles with Intel’'s
18A node yield, and some prospective customers hesitating to commit until Intel proved its
process in high-volume (reuters.com). Intel vehemently maintained that it was on track to
“return to process leadership in 2025” with 18A, but skepticism in the industry lingered
(reuters.com). On the organizational side, Gelsinger’s revival of Intel’s culture only partially
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succeeded. Long-time employees observed that the old “Grovian” culture instilled by legendary
CEO Andy Grove — “only the paranoid survive” and an ethos of constructive confrontation — had
eroded during the 2010s (reuters.com). Gelsinger tried to re-inject urgency, but some felt he was
‘too nice” and didn’t clear out enough bureaucracy (reuters.com). By late 2024, with financials
still weak and stock price depressed (down ~66% from early 2021) (reuters.com), Intel’s board
decided a further shake-up was needed. Gelsinger stepped down and was replaced by a new
CEO, Lip-Bu Tan, in early 2025 (reuters.com). This marked another strategic inflection point for
Intel’s operations.

The incoming CEO Tan has signaled a fine-tuning rather than abandonment of IDM 2.0.
According to Reuters reporting, Tan’s plan is to double-down on fixing Intel’s manufacturing
execution and efficiency (reuters.com). He immediately spoke of making “tough decisions” —
including trimming a bloated middle management and workforce (Intel had already announced
~15,000 job cuts in 2023) (reuters.com). Tan’s focus is on revamping manufacturing operations
to restore Intel's process prowess and successfully ramp the upcoming 18A node in its own fabs
(reuters.com). Crucially, Tan is committed to the foundry vision: in a memo he stated he will
retain control over Intel’s fabs (rather than spin them off) and “restore Intel’s position as a
world-class foundry” (reuters.com). In practice this means continuing to court big external
customers — the likes of Nvidia, Google, Amazon — to use Intel’s capacity, but doing so with
much sharper execution and customer service than before. Indeed, industry experts note Intel’'s
foundry business will only succeed if it can win at least a couple of large anchor customers to fill
its new fabs to volume (reuters.com). Tan’s early efforts in 2025 included personally meeting top
customers and fixing cultural issues — reportedly lamenting that Intel had lost the hungry
mindset and become too slow (reuters.com). There are indications this new approach is yielding
interest: by 2025, Nvidia and Broadcom had begun early test runs on Intel’s process, and even
AMD was evaluating Intel’s 18A for potential future production, a remarkable twist where AMD
could one day dual-source chips from its former rival (reuters.com). In summary, Intel’s
post-2000 strategic shifts show a company forced to evolve its operations management
dramatically — from extending its manufacturing dominance, to stumbling and ceding ground, to
launching a bold hybrid manufacturing-and-foundry strategy, and now to executing a turnaround
under new leadership. The coming years will test whether Intel’s IDM 2.0/“Intel Foundry” vision
can succeed in transforming its operations and restoring its competitiveness.

Comparison with Competitors (AMD, TSMC)

Intel’s operational approach can be contrasted with two of its key industry competitors:
Advanced Micro Devices (AMD) and Taiwan Semiconductor Manufacturing Company (TSMC),
which represent the fabless and pure-play foundry models, respectively. These three companies
embody different manufacturing models and thus manage operations in distinct ways.

AMD’s Fabless Model: AMD was historically an IDM like Intel, but starting in 2009 it adopted a
fully fabless model — AMD now focuses solely on chip design and outsources all production to
external manufacturers. This strategic shift dramatically reshaped AMD’s operations
management. Freed from owning fabs, AMD no longer had to invest tens of billions in
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manufacturing facilities or process R&D; instead, it relies on partners (primarily TSMC, and
GlobalFoundries for some older process nodes) for wafer production. The fabless approach let
AMD turn a weakness into a strength. By the late 2010s, AMD was leveraging TSMC’s
cutting-edge 7nm and 5nm processes — technology as advanced as (or more advanced than)
Intel’s — without bearing the direct operational costs. AMD could focus its resources on design
innovation (e.g. its Zen CPU microarchitecture and chiplet packaging strategy) and let TSMC
handle the complexities of fabrication. The result has been a “fabless triumph” for AMD: it went
from near-bankruptcy in the mid-2010s to surpassing Intel in certain segments by 2020s, with its
market capitalization even overtaking Intel’s at one point (digitimes.com). AMD’s operations are
centered on supply chain and partner management. The company must coordinate closely with
TSMC for production slots, wafer volumes, and process node availability. Capacity planning for
AMD means negotiating wafer supply agreements and long-term capacity reservations with
foundries. For instance, as global chip demand spiked in 2020-21, AMD reportedly prioritized its
highest-margin products (like EPYC server CPUs) to allocate its limited TSMC wafer allotment
most effectively (fusionww.com). This highlights a key challenge of the fabless model: when
industry capacity is tight, fabless firms compete for foundry space, and a smaller company like
AMD can be constrained by the needs of larger customers (e.g. Apple often receives first priority
at TSMC'’s leading node capacity). Supply chain resilience for AMD is largely outsourced — AMD
trusts TSMC (and subcontractors for assembly/testing like ASE) to manage operational risks
such as materials shortages or yield issues. One notable risk is geographical concentration:
much of AMD’s production comes out of TSMC'’s facilities in Taiwan. Any disruption in Taiwan
(due to natural disaster or geopolitical conflict) could severely impact AMD’s supply. AMD
mitigates this partly by multi-sourcing some products (using GlobalFoundries for certain older
chips) and by TSMC’s own efforts to expand globally, but AMD’s fate is closely tied to its foundry
partners’ operational continuity. On the flip side, AMD benefits enormously from TSMC'’s
innovation pipeline — it can rapidly adopt TSMC’s new nodes (such as 5nm, 3nm, etc.) without
having to develop them. This enabled AMD to implement aggressive architectural improvements
like high-core-count chiplet designs: AMD’s innovative chiplet approach, which splits a
processor into multiple small die “chiplets” that are later packaged together, was made feasible
by TSMC’s ability to produce those chiplets economically at high yield. In summary, AMD’s
fabless operations style is asset-light and agile: it rides on the manufacturing excellence of
foundry partners, trading direct control for flexibility. The results have been strong — AMD’s Zen
processors manufactured by TSMC delivered performance leaps that put pressure on Intel.
However, AMD must carefully manage partner relationships and supply contracts; for example,
it has to forecast demand and secure enough 3nm capacity at TSMC looking ahead to its next
generations (amid competition from Apple, Nvidia, etc., for the same). AMD’s success thus far
demonstrates that with the right design strategy and foundry partner, a fabless company can
challenge even an IDM giant by effectively outsourcing its operations to the best available
manufacturer.

TSMC’s Pure-Play Foundry Model: TSMC, on the other hand, represents a pure-play foundry —
it only fabricates chips for other companies and does not design any of its own end-user
products. TSMC’s operations management is entirely focused on manufacturing excellence,
customer service, and capacity utilization. In contrast to Intel’s single-customer (internal) focus,
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TSMC serves hundreds of customers worldwide, including almost all major fabless
semiconductor firms. Companies like Apple, AMD, Nvidia, Qualcomm, Broadcom — even Intel
itself in recent years — rely on TSMC to produce their designs (reuters.com). The manufacturing
model here is all about economies of scale and scope: TSMC operates giant fabs that run
multiple product lines from different customers, achieving volumes that often exceed any single
IDM. As of 2020, TSMC'’s annual production capacity was around 13 million 300mm wafers
(equivalent) across its fabs (en.wikipedia.org) — a scale that dwarfs Intel’'s output. This scale
allows TSMC to invest in the latest equipment and process R&D and spread those costs across
many customers. It consistently runs its fabs at very high utilization rates, which drives down
per-chip costs. Operational efficiency is an area where TSMC has outshone Intel recently:
analyses indicate that Intel became “significantly less efficient at manufacturing wafers than
TSMC,” with Intel requiring more fab floor space per output and having lower tool utilization and
yields in recent years (semianalysis.com). TSMC'’s fabs, by contrast, are often cited as models
of efficiency — using advanced automation, finely-tuned process recipes, and a vast trove of
manufacturing data (TSMC too employs sophisticated automation and runs some facilities
nearly 24/7 with minimal human intervention).

A critical aspect of TSMC’s operations is technology leadership via specialization. TSMC'’s
single mission is to offer the most advanced and reliable manufacturing processes to its clients.
It spends enormous sums on R&D (over $4 billion annually in recent years) to develop each
new process node in close partnership with EDA tool vendors, materials suppliers, and key
customers (like Apple, which often works with TSMC early and contributes engineering talent to
help bring up new nodes). This collaborative development is part of TSMC’s Open Innovation
Platform, which facilitates deep integration between TSMC'’s process engineers and customers’
design teams. The result has been a string of process innovations: TSMC was first to
high-volume 7nm with EUV, first to high-volume 5nm, and is on track for 3nm and 2nm
introductions on aggressive timelines. Intel, in fact, has now targeted TSMC as the benchmark —
aiming to leapfrog TSMC’s 2nm by 2025 with its 18A node (csis.org). But as of mid-2020s,
TSMC is widely regarded as the process leader, especially after Intel's 10nm delays.

Supply chain resilience for TSMC is both a strength and an area of concern. On one hand,
TSMC'’s operations benefit from Taiwan’s well-developed semiconductor supply ecosystem —
many suppliers of chemicals, gases, wafers, and equipment maintenance are locally present,
and a skilled workforce has been built over decades. This clustering drives efficiency. On the
other hand, the heavy concentration of TSMC’s manufacturing in Taiwan (over 90% of its
capacity) raises risks. The company is highly exposed to geopolitical risk (cross-strait tensions
with China) and natural disaster risk (Taiwan is prone to earthquakes and droughts). As a result,
TSMC has started diversifying geographically: it is constructing new fabs in Arizona (a 5nm/4nm
fab), in Japan (a specialty node fab with Sony), and plans one in Germany — moves encouraged
by various governments. However, these new sites will “only represent a small portion of
[TSMC’s] capacity”, and TSMC remains, in essence, Taiwan’s national champion with the bulk
of operations staying at home (csis.org). U.S. Commerce Secretary Gina Raimondo highlighted
that relying solely on Asia for chips is risky, calling domestic U.S. fabs an “insurance policy” for
supply chains (reuters.com). Indeed, companies like AMD and Apple have a vested interest in
TSMC’s success but also in its stability; a major disruption at TSMC would create industry-wide
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shock. To mitigate risks, TSMC maintains rigorous business continuity plans and has spread
critical tool sourcing across multiple suppliers where possible. It also carries some inventory of
critical materials (like photoresists) and has backup power and water infrastructure at its
mega-fabs to handle outages. Still, there is no escaping that TSMC’s operational model trades
diversification for concentration and scale.

In terms of innovation and R&D in operations, TSMC and Intel take different approaches. Intel
often touts the close coupling of its chip design and process development — for example, it
co-optimizes new transistor architectures with specific product needs (like its 3D FinFET
transistors were tuned for high-frequency PC CPUs). TSMC, by contrast, develops
general-purpose process platforms that any customer can use, but then offers some
customization via different process “flavors” (high performance, high density, etc.). The pace of
innovation at TSMC has been relentless: it introduces a new node roughly every 2 years, and
simultaneously works on advanced packaging technologies (TSMC’s CoWoS and InFO
packaging have enabled integration of chiplets and high-bandwidth memory for clients). Intel,
not to be outdone, has also invested in packaging innovation as a competitive differentiator.
Intel's EMIB (Embedded Multi-die Interconnect Bridge) and Foveros 3D stacking technologies
allow it to mix chiplets (or “tiles”) in a package, potentially mixing process nodes or even mixing
chips made in Intel’s fab and chips made in TSMC’s fab. This is how Intel designed its 2023
Meteor Lake processor — as a set of tiles (CPU tile, GPU tile, IO tile) some of which Intel
manufactured internally on Intel 4, and others (like the GPU) TSMC manufactured, all integrated
via advanced packaging. Intel's progress in packaging has been noted as a “leadership
packaging capability”, especially important now that chiplet-based system-on-chips are common
(fierceelectronics.com). AMD has similarly embraced chiplet designs (using 2.5D packaging on
substrate and even 3D stacking in its Ryzen 3D V-Cache products), but AMD currently relies on
TSMC or OSATs for the physical assembly of those packages. In short, Intel and TSMC both
drive operational innovation — Intel inside its integrated realm, and TSMC in the foundry arena —
while AMD leverages the innovations of its manufacturing partner to complement its own design
breakthroughs.

To summarize the comparisons: Intel vs. AMD vs. TSMC represents IDM vs. Fabless vs.
Foundry. Intel’'s model historically gave it end-to-end control, fast design-process feedback
loops, and an “all in” investment in manufacturing that yielded industry-leading performance
(when execution was on track). AMD'’s fabless model demonstrates the power of focus and
flexibility — by partnering with the best manufacturers, it overcame its smaller size and caught up
technologically without massive capital outlays, though at the cost of dependency on those
partners. TSMC'’s foundry model, in turn, shows how operational specialization and scale can
dominate: by focusing only on manufacturing and serving many clients, TSMC achieved
efficiencies and innovation cadence that even larger IDMs struggle to match. Each model has
trade-offs in supply chain resilience, too. Intel has more geographic and vertical integration
control (with multiple fabs globally), AMD is exposed to supplier risk but can choose suppliers,
and TSMC is a single point of failure for many but is trying to mitigate that with modest
diversification. For MBA students analyzing these, it’s a rich illustration of how differing
operations strategies can all be viable yet must align with a company’s broader business
strategy and the industry context.
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Operations Challenges and Innovations

Intel’s operations have faced several major challenges in the past two decades, prompting the
strategic responses discussed above. One central challenge was the breakdown of Intel’s
process technology cadence after 2015. The protracted difficulties with 10nm (and later the slow
ramp of 7nm, which Intel renamed “Intel 4”) meant Intel was behind TSMC in offering
cutting-edge manufacturing capability. This delay had direct product implications: Intel had to
stick with its 14nm node for about five years, during which competitors caught up. The challenge
was not only technical but organizational — Intel’s prior operational structure wasn’t prepared for
a prolonged stumble. As noted, inefficiencies that were hidden by success became painfully
visible. A 2023 analysis pointed out that Intel’s design teams had grown less efficient than
AMD’s, requiring larger chips and more power for similar performance, and taking longer to
develop new architectures (semianalysis.com). This design inefficiency combined with
manufacturing delays put Intel in a bind: its products like client CPUs and data center CPUs fell
behind AMD'’s in certain metrics (core counts, performance per watt) by the late 2010s. Intel's
response — the IDM 2.0 strategy — was itself an innovation in business model, but it came with
execution risk. Indeed, as Intel attempted to spin up a foundry business, it learned that running
a multi-customer operation is quite different from serving only internal needs. Early on, Intel’s
foundry services reportedly “fell short of providing the level of customer and technical service as
rival TSMC,” leading to some project delays (reuters.com). Ensuring that external customers’ IP
is protected, offering the kind of design ecosystem and support TSMC does, and reliably hitting
customer roadmaps — these have been challenges for Intel’'s nascent foundry unit. To address
this, in 2024 Intel decided to separate the foundry organization more formally: it would operate
as an independent subsidiary with its own governance, to foster a customer-focused culture and
firewall intellectual property (csis.org). This operational change is aimed at making Intel Foundry
Services more agile and responsive, like a true external foundry.

Another ongoing challenge is financial and capacity balancing. Intel’s push to build so many new
fabs in parallel (Arizona, Ohio, Europe, etc.) is unprecedented and weighs on the company’s
finances. In 2023, Intel’s manufacturing group (including its foundry and traditional businesses)
ran at a significant operating loss (an ~$7 billion loss on $18.9B revenue for the segment)
(csis.org). High fixed costs and underutilized new facilities can drag down profitability for years
until demand catches up. Intel has addressed this by seeking external funding partners (a
notable innovation in finance for operations): it brought in investors like Brookfield Asset
Management to co-fund $30 billion of its Arizona expansion, and even sold a 49% stake in its
new Ireland fab to private equity for $11 billion (csis.org). These moves effectively outsource
some of the capital burden and risk. Furthermore, government grants via the CHIPS Act (over
$10B committed) are offsetting a chunk of construction costs (csis.org). The challenge going
forward will be utilization — Intel needs to fill these fabs with profitable volume. That depends on
both Intel's own product roadmap success and on winning foundry customers. If, for example,
the PC market remains sluggish or Intel’'s upcoming server CPU (Clearwater Forest on 18A)
doesn’t reclaim market share, Intel’s own demand might be insufficient to soak the new capacity.
Hence the emphasis on securing outside contracts (for Al chips, automotive chips, etc.) as well.
This is a delicate dance in operations planning: build capacity for the future, but don’t build so
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much that it becomes underused stranded cost. Intel's recent cutbacks — rumors of scaling back
the German fab investment and moderating the pace in Ohio (fierceelectronics.com) — indicate it
is closely watching market conditions and may adjust timelines to avoid overcapacity if the
semiconductor cycle is in a downturn.

Quality issues have also tested Intel’s operations. In 2022-2023, reports emerged that Intel’s
13th-gen and 14th-gen Core processors had some manufacturing-related defects affecting
yields (csis.org). This kind of challenge is not unusual in chip production, but it occurred at a
sensitive time when customers were already wary of Intel’s consistency. Intel had to work
through these yield problems quickly to maintain credibility. Likewise, the development of the
18A node — which introduces radical changes like Gate-All-Around transistors (Intel’s
RibbonFET) and backside power delivery (PowerVia) — is a make-or-break challenge. Mid-2024
news suggested one early customer, Broadcom, found Intel's 18A not yet ready for prime time
(csis.org), though Intel countered that those tests were premature and that 18A is on schedule
for 2025. Should Intel hit or miss that 18A schedule will significantly impact its perceived
operational comeback. Notably, Intel has been fast-tracking new equipment adoption to support
18A: it became the first company in the world to take delivery of ASML’s next-generation
High-NA EUV lithography machine in 2023, installing it in Oregon for process development
(csis.org). High-NA EUV is a costly yet crucial innovation to print features below 2nm, and Intel
securing the entire first wave of these tools (ASML'’s whole 2024 supply of High-NA machines)
gives it a potential edge (csis.org). This bold investment is an operations innovation aimed at
leapfrogging TSMC in capability — effectively Intel is trying to “buy time” by being first with the
best equipment, hoping that will translate into faster process ramp and better yields for 18A and
beyond.

On the innovation front, aside from the business model and technology moves already
discussed, Intel has also been advancing sustainability and automation in its operations as
forms of innovation. In 2022, Intel announced a comprehensive climate initiative, pledging to
achieve net-zero greenhouse gas emissions in its global operations by 2040 (intc.com). This
goal covers its fabs (which are energy-intensive) — Intel aims to use 100% renewable energy in
all operations by 2030 as a milestone (intc.com). Additionally, Intel set targets to reach
net-positive water use by 2030 (returning more water to communities than it consumes) and
zero waste to landfills by 2030 (intel.com). These sustainability goals have driven operational
changes: Intel has invested in on-site renewable power, aggressive water recycling systems in
fabs (already recycling billions of gallons, achieving net-positive water in some regions)
(intel.com), and waste recovery programs (currently ~63% of manufacturing waste is reclaimed
or recycled) (intel.com). Meeting LEED building standards for new facilities is now a requirement
in Intel’s fab construction (intc.com). While such environmental initiatives may not seem like
traditional “innovation,” they are increasingly critical to operations management in terms of
regulatory compliance, corporate reputation, and even cost savings (energy-efficient fabs
reduce utility costs). Intel’s large-scale commitments arguably set a benchmark in the
semiconductor industry for green manufacturing, influencing competitors — (TSMC, for instance,
has announced its own 2050 net-zero goal and is investing in renewable energy for its fabs,
often under pressure from clients like Apple). In an MBA context, Intel’s sustainability drive can
be seen as aligning operations with long-term strategy and stakeholder expectations, ensuring
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that its manufacturing prowess is maintained in a way that meets future environmental
standards and avoids risk (such as water scarcity in fabrication hubs).

Intel’s pursuit of automation and “smart manufacturing” is another form of innovation ensuring its
operations remain competitive. We discussed Intel's push toward lights-out automation; Intel
has also been a pioneer in applying Al and advanced analytics in manufacturing. Predictive
maintenance is one area — Intel deploys Al models to predict equipment failures in its fabs,
reducing unplanned downtime by as much as 300% compared to manual methods
(rerwireless.com). Automated optical inspection with machine vision, real-time fault detection,
and “virtual metrology” (predicting wafer measurements via machine learning models instead of
physical measurements to save time) are all used in Intel's factories. The company also created
a centralized Remote Operations Center concept, where fab experts can monitor and assist
multiple fabs globally, standardizing best practices. All these operational innovations help
increase output, yield, and speed — which Intel desperately needs as it tries to execute rapid
node transitions. Essentially, Intel is trying to innovate its way out of the crisis, applying the
latest technologies to catch up on efficiency. As one Intel executive put it, the huge troves of
data collected in fabs allow continuous learning and improvement across factories —
“decision-making loops” are increasingly autonomous, adjusting maintenance schedules,
rerouting material flows, and optimizing tool parameters with minimal human input
(rerwireless.com). This description aligns with concepts of Industry 4.0 or the Industrial Internet
of Things (lloT) being implemented at scale. Such investments should, over time, lower Intel’s
production costs and improve agility (for example, quickly reconfiguring a fab for a new product
mix if demand shifts).

Competitors too are innovating: AMD’s notable innovation has been in product and architectural
design (multi-chip modules, integration of CPU and GPU, etc.) which leverages manufacturing
advances indirectly. TSMC’s innovation is squarely in process and in the foundry business
model itself — e.g., offering not just manufacturing but also services across the value chain
(design assistance, IP libraries, advanced packaging integration). One could argue TSMC’s
biggest operational innovation was proving the viability of the pure-play foundry model at the
highest end of technology — something once thought impossible because it was assumed only
integrated firms could afford cutting-edge process development. TSMC turned that logic on its
head, showing that by pooling the industry’s needs, a foundry could out-invest any single IDM.
This innovation in operations strategy has reshaped the semiconductor industry structure. Now
Intel is effectively adopting a version of that model (with IDM 2.0) by inviting others into its fabs.

Looking ahead, Intel’s ability to overcome its challenges will hinge on flawless operational
execution of its innovations: hitting process technology milestones (the 18A node in 2025 and
beyond), ramping new fabs on time, and meeting commitments to customers in both its own
product lines and its foundry service lines. The competitive race with AMD and TSMC will
continue to be a race of operations: manufacturing excellence, supply chain resilience, and
strategic agility. Each company provides a compelling case study: Intel in transforming a legacy
operations model, AMD in maximizing value from outsourcing, and TSMC in scaling a
world-class manufacturing enterprise. These examples offer rich lessons on how operations
strategy can make or break technology companies.
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Discussion Questions

1.

IDM vs. Fabless vs. Foundry: Compare the operational advantages and disadvantages
of Intel’s integrated device manufacturer (IDM) model with AMD’s fabless design model
and TSMC'’s pure-play foundry model. How do these different approaches impact each
company’s ability to innovate, control quality, manage costs, and respond to supply chain
disruptions?

Supply Chain Resilience: In the context of recent global events (trade wars,
pandemics, geopolitical tensions), evaluate the supply chain resilience of Intel compared
to its fabless competitors. How has Intel leveraged its global fab network to mitigate risk,
and what vulnerabilities remain? Conversely, what risks do AMD and others face by
relying on external foundries like TSMC, and how might those be addressed?

IDM 2.0 and Foundry Strategy: Intel’s “IDM 2.0” strategy represents a major shift by
combining in-house manufacturing with offering foundry services to external customers
(and even outsourcing some products to other fabs). Discuss the operational and
strategic challenges Intel faces in executing this hybrid model. What must Intel do
differently to compete with an established foundry like TSMC? Do you think IDM 2.0 can
succeed in restoring Intel’s process leadership and profitability? Why or why not?

Operations Management and Competitive Advantage: Examine how operations
management has directly contributed to competitive advantage or disadvantage for Intel
in recent years. Consider aspects like manufacturing process leadership, product launch
cadence, and cost structure. What lessons can be learned from Intel's experience about
the role of operational execution in sustaining market leadership in fast-evolving tech
industries?

Sustainability and Future Operations: Semiconductor manufacturing is
resource-intensive. Intel has set goals for net-zero emissions, water positivity, and waste
reduction. How do sustainability initiatives intersect with operations management at Intel
(and in the semiconductor industry at large)? Should environmental sustainability be
considered a core component of operations strategy for long-term competitiveness?
Discuss how Intel and its peers can balance the push for ever-more advanced
technology with the need for sustainable practices.
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Disclaimer:

All data within this report has been compiled from publicly available online sources. If you
believe any information is inaccurate, please contact us via email to provide corrected details.
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