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Taiwan Semiconductors
AI Chip Testing - The Hidden Infrastructure Behind the Age of 
Advanced Packaging; Initiate on MPI at Buy/High Risk

CITI'S TAKE 

Leading-edge advanced packaging has become essential for AI chips as 
system performance is now determined by interconnect, memory bandwidth, 
and power efficiency rather than transistor scaling alone. Advanced packaging 
enables large AI dies to overcome reticle limits, integrate multiple compute, I/O 
dies and HBM with minimal latency. This packaging-driven architecture allows 
AI accelerators to scale compute-density while managing power and thermal 
constraints. As AI chips become more expensive, advanced packaging directly 
impacts performance, yield, and cost-structure. Consequently, packaging and 
testing is no longer a simple backend consideration but a core-architectural 
decision, reshaping how AI-chips are designed, manufactured, and tested 
across the semiconductor value-chain. Given structural upside on AI chip, we 
expect TSMC’s CoWoS capacity to reach 1.2-1.3m/1.8-2m wafers in 2026/27 
and ASEH to reach 200k+ in 2027. We lift TP for ASEH and KYEC to NT$340 
and NT$330 respectively and initiate on MPI at Buy/High Risk in probe card 
space.

ASEH and KYEC see more upside on testing; ASEH also sees strong growth in 
CoWoS –  We have lifted our TSMC’s CoWoS estimate in our latest TSMC report. 
ASEH looks to not just focus on the assembly and integration side, executing 
complex CoWoS processes, they are also doing wafer testing for Nvidia. We estimate 
ASEH’s leading edge advanced packaging revenue to reach US$4bn in 2027. For 
KYEC, it is more directly exposed to advanced testing requirements, particularly in 
the final test and validation of high-performance AI packages. Both companies 
should benefit from TSMC’s wafer testing business for AI chip, and we see GM 
upside for both given advanced packaging shifts value towards precision 
manufacturing and deeper test coverage rather than pure volume. 

MPI - A unique player in probe card industry for wafer testing - As AI chips move 
towards costly CoWoS and chiplet-based packages, ensuring known-good-die at 
wafer level becomes economically essential. As a leading probe card maker in 
Taiwan, MPI influences yield and cost outcomes in upstream, where defects can be 
screened before expensive packaging steps. MPI clients include most of the ASICs 
players like Broadcom and Marvell. It also provides gaming, automotive and I/O die 
test probe card for Nvidia. With accelerating ASIC momentum and its rising role in 
advanced chips design, we estimate MPI to deliver a strong 48% sales CAGR through 
2025-27E, in line with TSMC’s guidance of its AI revenue growth at mid-40s%. 

Initiate on MPI at Buy/High Risk with TP of NT$2,800 - We initiate on MPI at Buy/High 
Risk with TP based on the thesis that the company has transitioned from a cyclical probe 
card supplier to a structural beneficiary of AI-driven test complexity. Despite its premium 
valuation and very strong share price performance over past ~9 months, accelerating AI 
ASIC and specs upgrade will drive further upside in our view. We are looking for 77% and 
64% earnings growth in 2026 and 2027 thanks to better product mix and more upside 
from MEMS probe card. The stock has traded at a PER range of 10-45x in the past 3 
years. With the promising growth from AI chip, we set PER target of 37x at the high-end 
of its historical PER to the average of our 2026-27 EPS estimates. 
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Current Fiscal Year Next Fiscal Year

Rating
Short-

Term Target Price EPS EPS

Company Ticker Ccy Price Mkt Cap 
(M)

Date & 
Time

Old New View Old New ESPR (%) Div Yld 
(%)

ETR (%) Last Rpt 
Yr

Old New Old New

ASE 
Technology 
Hldg

3711.TW NT$ 272.00 1,206,631 09 Jan 
13:30

1 nc Upside^ 252.00 340.00 25.0 2.5 27.5 Dec-24 8.88 nc 13.92 15.15

King Yuan 
Electronics

2449.TW NT$ 263.50 322,193 09 Jan 
13:30

1 nc Upside 271.00 330.00 25.2 2.2 27.5 Dec-24 9.02 8.97 10.01 9.65

MPI 6223.TWO NT$ 2,230.00 211,696 09 Jan 
15:00

1H Upside - 2,800.00 25.6 1.0 26.5 Dec-24 - 32.13 - 56.74

1 = Buy, 2 = Neutral, 3 = Sell, H = High Risk ESPR = Expected Share Price Return, ETR = Expected Total Return,  nc = no change

Source: Citi Research ^Catalyst Watch
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Reiterate our Buy ratings on ASEH and KYEC with new TP of NT$340 and 
NT$330 respectively  - We revise up our ASEH 2026/2027 earnings projection for 
ASEH by 9%/32% anticipating robust GM recovery trend thanks to higher ASP and 
secular AI and leading-edge advanced packaging growth. With better visibility on 
AI demand and structural earnings trajectory, we lift our target price to NT$340 for 
ASEH; On KYEC, we are looking for 36% and 53% revenue growth in 2026/2027 
with 7% and 57% earnings growth. Given longer testing process, we expect KYEC’s 
GM to expand gradually with robust AI chip shipment trend. With its secular 
growth trend and upside from TPU other than GPU, we lift our target price to 
NT$330.

AI testing a strategic enabler

Increasing AI design complexity leads to longer 
testing process  
The rapid ascent of AI development has not only redefined computing demand but 
also reshaped the semiconductor industry supply chain and technology roadmaps. 
Advanced packaging such as CoWoS, InFo, SoIC have moved from being specialist 
approaches to critical element of the AI computing system. They enable multiple 
dies - logic, memory, I/O and chiplets - to be combined in a single package, 
providing bandwidth and performance that would be impossible with monolithic 
scale alone. Yet as packaging complexity rises, so does the cost of the failure. As 
CoWoS packaging integrates logic dies and multiple HBM, a single defective die 
can cause the entire assembly scrapped. 

Starting from Nvidia, we see more and more AI chips now implementing chiplet 
design, which has logic processor packaged with HBM and I/O chips and 
interconnected via silicon interposers or direct die to die bond when moving to 
N3/N2 for their next generation AI chips. 

Figure 1. Higher computing capability through TSMC’s innovative packaging 
solutions 

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, TSMC
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Figure 2. Nvidia’s AI GPU structure-from single die to multi-
die chiplet

Figure 3. Google’s TPU (Ironwood) structure – The latest 
chiplet design from AI ASIC

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research Source: Citi Research

AI Chip Testing - The Hidden Infrastructure Behind the Age 
of Advanced Packaging 

With AI’s strong growth trend which drives an exponential surge in compute 
demand, the hardware backbone of the AI ecosystem spanning from GPUs, ASICs 
and HBM has reached unprecedented complexity. As chips transits from 
monolithic dies to multi-chiplet system, the physical alignment and structural 
integrity of every micro-bump, TSV, and interposer trance determine whether 
downstream electrical connections can function well. If a wafer’s topography drifts 
outside specification, electrical contact will be unreliable or be damaged. Advanced 
optical interferometry, white-light profilometry and 3D scanning are therefore 
integrated directly into wafer-sort lines, providing the geometric “map” that guides 
probing. 

During assembly, metrology steps verify die-to-interposer alignment, TSV depth 
and void within underfill or bonding layers. After packaging, it inspects warpage, 
coplanarity and delamination, ensuring that packaged chips can sit correctly in 
socket for final test. Each stage feeds precise coordinate and deformation data into 
the test program so that probe pressure, alignment and electrical parameters can 
be adapted in real time.
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Figure 4. Chips manufacturing and testing process flow

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research

Figure 5. Chips packaging and testing process 

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research

Wafer Probing Test - The first electrical gatekeeper of known-good dies 

Once physical readiness is confirmed, wafers proceed to wafer probing, the first 
electrical test in the AI chip lifecycle. Wafer probing serves to achieve the very 
important purpose: to identify known good die (KGD) before packaging. Dies that 
fail electrical, parametric or leakage tests are marked and excluded from CoWoS 
process. The wafer sits on a precision prober, and a customized probe card 
connects thousands of micro scale probes to the chips contact pad or micro-
bumps. Through this interface, an automated tester applies voltage, logic vectors 
and timing patterns to verify functionality. 
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For AI accelerators, the process is extremely complex. A single GPU or ASIC may 
contain over 20,000 contact points at bump pitches below 45um, carrying 
hundreds of amps across multiple power domains. The probe card, often a MEMS 
fabricated array built through semiconductor processes must maintain sub-micro 
planarity and stable contact resistance across millions of touchdowns. Even 
minute mechanical drift can cause open contacts or short circuits.  

Every chip that enters an AI data center today must pass through a critical test and 
validation stage. Current probe stations also integrate environmental temperature 
control. Data from wafer-level tests feeds into predictive analytics models that 
estimates die reliability and performance binning, which is critical for allocating 
HBM and logic dies during assembly. And once KGD are identified, they move into 
advanced packaging, these multiple logic and memory dies are combined on a 
silicon interposer or stacked through hybrid bonding. After this integration, the 
resulting chiplet module becomes an even more complex system in electrical and 
thermal. At this stage, final testing (FT) will be checking on packaging level test to 
verify system level functionality.

Final Testing - Validating performance after packaging 

With AI chip getting much more powerful and advanced, each test vector is tailored 
to the specific AI architectures and requires massive data throughput and real-time 
analysis. Tester platform has thus evolved towards modular, high-parallel 
architectures capable of scaling channels dynamically. With the testing socket 
mounted on a load board, it will run the validation of:

n High speed I/O characterization. 

n Power-delivery and current-stress verification, which ensures that the 
interposer rails meet design limits.

n Timing, jitter and signal integrity measurements, confirming that packaging 
does not degrade performance. 

Final test is also the first point where mechanical and electrical domains interact at 
scale. Warpage or misalignment observed by metrology tools can cause contact 
irregularities in sockets. Hence, we see the trend that final test can provide 
feedback adjustment in wafer probing parameters or packaging processes and the 
yield optimization becomes a continuous data-driven system.

Burn-in and System-level validation - proving reliability over time 

Passing functional test is not enough for AI chips running in hyperscale data 
centers. The final gate is burn-in and system level test, which ensures long term 
reliability under sustained electrical and thermal stress.

In this phase, packaged chips are mounted on burn-in board or system-emulation 
racks and operated at elevated temperature and voltages for hours. The objective is 
to accelerate early-life failure to find marginal transistors, weak interconnects or 
micro-void.

For AI devices consuming hundreds of watts and moving to more that 2k watt with 
Nvidia’s next generation Rubin GPU, burn-in environments replicate real data-
center workload. Dynamic power swings, temperature cycles, and real signal 
stream are applied to simulate months of operation in compressed time. The 
resulting data-failure signatures, thermal drift, leakage evolution will feedback into 
both packaging and wafer sorting design.
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The importance of Probe Card 
After the wafer is processed and goes to advanced packaging, and before the wafer 
is diced and enters CoWoS, every die must be tested. The testing cell consists of a 
few components. The tester, supplied by companies like Advantest and Teradyne, 
generates test vectors and measure response. The prober handles the wafer and 
aligns it under precise environmental conditions. And between them stands the 
probe card. It is the bridge between microscopic pads on the wafer and the 
electronics of the tester. It carries current, transmits high frequency signals and 
ensures mechanical compliance across thousands of contact points. 

To simplify, a probe card is an electromechanical interface used to test the 
functionality of a chip while it is still on the wafer - before the chip is diced and 
individually packed. The advanced packaging has made test interfaces 
inseparable from system performance. The probe card has become the critical 
enabler, ensuring that the dies entering packaging are functional, reliable and 
capable of sustaining the stresses of advanced assembly and operation. 

This mechanical sensitivity demands low force probing and highly compliant probe 
card systems, especially when contacting small micro-bumps. Also, the variability 
in die positional after singulation-often while still mounted on a film frame-
requires sophisticated alignment and stable contact mechanics from the probe 
card to ensure consistent, multi-site testing. During wafer probing, the probe card 
physically contacts the chip’s pad or micro-bumps. Once proper contact is 
established, the probe card provides the electrical connection between the chip 
and the tester, allowing the tester to verify the chip’s performance and identify 
defects. Because every chip design has unique pad layouts and electrical 
requirement, each probe card is custom designed for the specific device being 
tested. 

For high-power AI devices, transitional wafer-level probing is insufficient due to 
thermal limitation. High power AI chips generate substantial heat during test. 
Wafer level thermal control relies on passive conduction through silicon bulk, but 
die testing requires active thermal control to rapidly stabilize die temperature, 
prevent hot spot migration, and maintain consistent electrical behavior. 

Physical realities such as electrical noise, contact resistance drift over time, and 
systematic wear or contamination on probe tips inject noise into the measurement 
signal before it is digitized. As a result, new solutions involving active thermal 
control are being deployed specifically for bare die testing, allowing manufacturers 
to run full, at-speed final test programs at the die level. The ability to guarantee 
KGD is now directly contingent upon the stability, precision, and physical 
compliance of the prove technology used in this critical screening step.
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Figure 6. The probe card uses needles to touch the 
terminals (pads) of chips, thus electrically connecting to a 
tester

Figure 7. The components structure inside the probe card

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Technoprobe Source: Citi Research, Technoprobe

As the AI boom has magnified testing process, and like we mentioned earlier, probe 
card is faced with unprecedented complexity as GPUs and HBM dies push through 
20,000 contacts at pitches smaller than 40um.  We thus see that at the package 
level, sockets must withstand higher power, faster I/Os and tighter tolerances to 
validate chips. Both probe card and the sockets, once treated as consumables, 
have become strategic enablers of yield-enhancement in AI manufacturing.

This risk has elevated the importance of testing, from wafer level testing to final 
testing. Probe card is in the most critical wafer sorting testing process in our view, 
as the highly sophisticated interfaces connect the test system to the microscopic 
pad and bumps on each die. Based on probe cards’ technology, it can determine 
whether a die is a Know Good Die (KGD) and then is ready to enter the advanced 
packaging stage. Therefore, for probe card makers, it is increasingly required to 
engineer flexible, thermally stable probe capable of sustaining contact quality 
across temperature cycles without compromising die integrity.

Among advanced packaging elements, HBM is the most disruptive for probe cards. 
Each HBM stack contains 8-16 dies vertically connected through TSVs. These 
connects to GPUs or AI ASIC via ultra-wide interface of 1,024-2,048 bits at pitches 
of 55um/45um and approaching 36um for HBM4. More importantly, probe card 
are not commodities. Each card is custom designed for a specific chip. The 
engagement includes:

1. Jointly design-in with chipmakers and ATE vendors.

2. Long qualification cycles, usually 12-18 months

3. Volume production synchronized with wafer ramp up

4. Recurring maintenance, refurbishment and needle replacement.

Going forward, we see the trend of higher pin counts, greater electrical current 
handling and testing coverage for chiplet and memory stack. The evolution of 
packaging has redefined wafer probing as the frontline safeguard against 
catastrophic downstream losses. 
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Business model creates high switching cost and strong 
vendor lock-in in supply chain ecosystem 

As probe card acts as the critical physical interface between the automatic test 
equipment and the wafer, it provides reliable electrical contact between tens of 
thousands of microscopic chip pad or micro bumps and the tester. It embodies a 
convergence of mechanical precision, material and signal integrity engineering. 

Because each chip requires a custom probe card, the relationship between vendor 
and customer is project-based and sticky, with long qualification cycles. Once 
qualified, suppliers often enjoy recurring revenue from maintenance, refurbishment 
and next-generation integrations. 

The semiconductor industry is undergoing rapid changes with advancements in AI, 
HPC and advanced packaging, which requires increasingly sophisticated probe 
card for high-density, high-power testing. ATE firms lack the deep domain 
expertise or agility to keep pace with these specialized requirements in-house, as 
probe development involves filling know-how gaps in adjacent areas like materials 
and interconnect. Partner with dedicated probe card specialists allows for faster 
innovation and shared roadmaps.

Figure 8. AI GPUs and ASIC testing supply chain

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research

Competitive Landscape

FormFactor as global leader 

FormFactor (covered by Elizabeth Sun) has long stood as the undisrupted leader in 
the global probe card market, a position it has maintained through deep 
technology investment, breadth of product portfolio, and extensive partnerships 
with major semiconductor manufacturers. According to TechInsights, FormFactor 
consistently ranks at the top of probe card vendor lists and is broadly credited with 
the largest share of the advanced MEMS probe card segment — often estimated at 
roughly 28% of global unit shipments in 2024 and leading overall revenue 
contributions in the space. 

FormFactor’s core competitive advantage centers on its development and 
deployment of Micro-Electro-Mechanical Systems (MEMS) probe card technology. 
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MEMS cards are critical for testing modern high-density logic, 3D packaging, and 
advanced DRAM/NAND applications used in AI accelerators, advanced CPUs, and 
heterogeneous chiplet designs. They provide extremely fine pitch contact solutions 
(often below 60 µm) with high electrical fidelity and planarity that mechanical 
probes cannot reliably deliver. This precision gives foundries, IDMs, and OSATs the 
confidence to move into advanced nodes and complex packaging, such as CoWoS, 
InFO, and 3D-stacked memory modules.

Technologically, FormFactor emphasizes patented MEMS design and integration 
with test ecosystems, enabling high reliability and scalability for sub-7nm and 
future nodes. FormFactor’s R&D scale is also illustrated by sustained investment in 
next-generation probe cards with enhanced signal integrity, automated 
calibration, and adaptive contact control — all geared toward very large pin counts 
(10k+). North America is a particularly strong region for FormFactor, holding a 
significant portion of its revenue and strategic partnerships with Western logic 
designers, although its reach extends globally through localized service and 
engineering.

On applications, FormFactor’s products find the widest adoption in foundry & logic 
test flows, where volume and technological barriers are highest. Although memory 
and automotive IC segments also consume probe cards, the primary volume and 
revenue contributions for FormFactor derive from logic and advanced packaging — 
which account for roughly 72% of the overall probe card application base.

FormFactor’s dominant market position comes not just from sales volume, but also 
from an extensive patent portfolio and strategic co-development programs with 
leading fabs (e.g. TSMC and Samsung). These defensive positions make it difficult 
for new entrants to replicate their technology at scale — contributing to powerful 
entry barriers in the probe card ecosystem.

Technoprobe: European engineering with global reach

Technoprobe S.p.A. (non-rated), headquartered in Italy, is widely recognized as the 
second largest probe card supplier globally. Market research study (SEMI) 
consistently positions Technoprobe within the top two players in terms of revenue, 
unit shipments, and technological presence. In a recent analysis by TechInsights, 
Technoprobe is often shown to hold between 12%–24% share of global probe card 
shipments depending on the metric (units vs. revenue), underscoring a significant 
footprint despite formidable competition from FormFactor.

Its core strength lies in its vertical probe card solutions — which historically have 
been favored for a broad array of memory (DRAM/NAND) and logic test 
applications. Vertical probe cards use straight needle designs that excel in high-
current and high compliance testing, making them well-suited for chips with a mix 
of dense logic and power-domain requirements. Technoprobe also invests heavily 
in MEMS hybrid and vertical MEMS designs that can span the requirements of both 
legacy and next-generation node testing.

The company’s technology strategy emphasizes scalability and regional presence, 
with manufacturing and engineering centers positioned near major customer 
clusters in Europe and Asia. Technoprobe has expanded operations in Taiwan and 
Korea to strengthen its proximity to key foundry and OSAT customers, enabling 
shorter design cycles and faster turnaround for custom probe card requirements. 

Application-wise, Technoprobe serves a broad spectrum: high-volume memory 
test flows, logic and microprocessor validation, and increasingly, advanced 
packages including multi-die heterogenous ICs. Its products are used by major 
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fabs and test houses that demand both volumetric capacity and consistent quality. 
In some 3D and 2.5D packaging use cases, Technoprobe’s vertical designs remain 
competitive where ultra-fine MEMS may not yet be cost-effective.

Regionally, Technoprobe’s strength has been historically strong in Europe, but its 
strategic facilities in Asia facilitate greater penetration in the Asia-Pacific — the 
world’s largest semiconductor manufacturing region. This global engineering 
footprint is a differentiator in a market where speed of customization and local 
support often tip vendor selection in favor of closer partners.

Micronics Japan (MJC): Japanese Precision in a Regional Niche

Micronics Japan Co., Ltd. (MJC) (non-rated) represents one of the most important 
probe card vendors within the Asia-Pacific and Japanese domestic landscape, 
routinely ranks as the global top 3–5 players, per SEMI. MJC is consistently 
identified as amongst the top-three suppliers in rankings of probe card vendors, 
often alongside FormFactor and Technoprobe in revenue and capability. 

MJC’s core technological strength lies in precision engineering and materials 
expertise, honed through decades of supplying high-reliability vertical and MEMS 
probe cards. Japan’s semiconductor ecosystem — with its legacy in memory 
manufacturing, high-reliability automotive ICs, and niches like RF/analog test — 
has historically favored suppliers with deep mechanical and materials know-how. 
MJC fills that role with solutions optimized for these segments. 

Unlike FormFactor’s global MEMS leadership or Technoprobe’s vertical-centric 
broad suite, MJC has carved a regional niche that reflects Japan’s domestic 
demand and multi-site manufacturing culture. Its probe cards often leverage 
proprietary substrate materials and packaging interfaces that favor high durability 
and contact life, aligning with long test cycles and reliability-critical applications. 
This specialization helps MJC maintain solid market share in segments like 
automotive, industrial logic, and memory test, particularly where rigorous 
environmental test conditions are critical.

Market research (Mordor Intelligence) indicates that MJC — as a brand — 
collectively with JEM (Japan Electronic Materials) and other Japanese vendors 
accounts for a sizeable portion of the Asia-Pacific probe card market, contributing 
significantly to the roughly 60–80% regional dominance of APAC in production. 

However, MJC’s reach outside Japan and Korea is comparatively lower than that of 
FormFactor and Technoprobe, limiting its penetration in North America and 
Europe. Nonetheless, its steady performance in regional accounts and 
specialization in robust, precision test cards keep it as a vital player in the 
oligopolistic probe card landscape.

MPI Corporation: Taiwan’s rising challenger with niche focus and market 
share upside

MPI Corporation, based in Taiwan, has steadily risen in the competitive hierarchy of 
probe card vendors. According to recent rankings by TechInsights, MPI has climbed 
to the top five global probe card suppliers, consistently holding a position around 
4th–5th globally in total probe card revenue and unit ranking over the past several 
years. 

MPI’s strategic advantage stems from flexibility, proximity to Taiwan’s 
semiconductor ecosystem, and specialized MEMS and vertical probe design 
capabilities. Unlike larger peers, MPI’s business has evolved to serve both 
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conventional logic/test flows and edge niches such as high-speed RF and mixed-
signal test cards. Its Taiwan base allows for tight integration with TSMC, ASEH, 
and local IDMs — providing rapid customization and engineering support that 
many global sellers cannot match.

Technologically, MPI’s probe cards are designed for high-frequency, complex 
packaging applications — particularly where fast turnaround and co-development 
are needed. The company’s integration of probe stations with automation and 
thermal solutions positions it as a versatile provider capable of serving both wafer 
sort and advanced packaging test flows. These strengths are reflected in rising 
non-memory card rankings and regional order volumes, even as its overall share 
remains below the top three. 

The competitive landscape shows that while MPI’s absolute market share is smaller 
than FormFactor’s and Technoprobe’s, it plays a strategic role in Taiwan and 
surrounding regions — a critical advantage given the concentration of leading 
foundries and OSATs in that geography. Additionally, MPI’s closer customer 
integration and possible collaborative efforts with other probe card and tester 
vendors provide growth pathways in segments where speed and custom 
engineering trump volume economics.

Overall Competitive Dynamics

Collectively, the probe card market exhibits high concentration and significant 
technological barriers. The top players — FormFactor, Technoprobe, MJC, and 
MPI — along with a handful of others, command majority of the AI chip probe card 
market. 

Key differentiators among these players include:

n Technology leadership: MEMS probe card precision at fine pitches drives testing 
for cutting-edge chips.

n Application focus: Logic and advanced packaging require high-density cards; 
memory and automotive rely on durability.

n Regional reach and service: Proximity to fabs and OSATs significantly affects 
adoption and support cycles.

In this landscape, FormFactor leads globally with MEMS innovation and scale, 
Technoprobe offers broad vertical expertise with high volume, MJC holds a strong 
regional niche with precision materials, and MPI punches above its weight with 
Taiwan-centric agility and specialized test solutions.
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Figure 9. Global Top 10 probe card players – revenues 
comparison 

Figure 10. Global non-memory Top 5 probe card players - 
revenues comparison

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, MPI Source: Citi Research, MPI

Figure 11. Revenues growth comparison with key global 
peers  

Figure 12. Gross margin comparison with key global peers

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, MPI Source: Citi Research, MPI
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Figure 13. Comparison of Taiwan probe card and test interface peers

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg estimates for WinWay, CHPT and KSMT’s financial summary 

AI chip growth trend - GPU growth remains 
strong; ASIC led by TPU
By our estimate, thanks to better ecosystem control and supply chain capacity 
support, Nvidia will likely continue to share over 50% of TSMC’s advanced 
packaging capacity with total capacity to be 650k or higher wafers in 2026. Among 
major CSPs, AWS and Google have been working on their own chips solution for 
years and have their own AI framework and ecosystem internally. This trend 
underscores the growing appeal of ASICs, which offer lower power consumption 
and tailored performance for specific AI tasks, such as recommendation system. 

In the ASIC market, Google controls the entire vertical full stack, including data 
base, TPU hardware, Gemini architecture, datacenter fabric and compiler tool 
chain, allowing it to co-evolve algorithm and silicon in lockstep. Once a model is 
trained, this tight integration enables Google to evolve both training and inference 
within its closed loop. In Google’s TPU supply chain, Broadcom continues to share 
the biggest market share. With Google’s commercializing and expanding TPU-
based GCP to outside customers, we see upside on TPU family shipment in the 
longer term, which will likely benefit both Broadcom and Mediatek, with Mediatek 
as the new entrant in TPU’s chip design. 
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Figure 14. TSMC – CoWoS capacity by technology Figure 15. TSMC – CoWoS capacity by customer 

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research Source: Citi Research

Figure 16. AI GPU and ASIC roadmap

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research
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 Figure 17. AI chips shipment trend – AI GPU vs ASIC (2025-
27E)

Figure 18. 2026E key AI GPU/ASIC production planning 
shipment projection  

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research Source: Citi Research

Stock implications - Initiate on MPI at Buy/High 
Risk, reiterate Buy ratings on KYEC and ASEH in 
advanced packaging 

MPI- Benefitting from strong ASIC growth, Probe Card 
leader with upside in CPO 

Company description

Founded in 1995 in Hsinchu, Taiwan, MPI Corporation is aiming to build precision 
probing system for Taiwan semiconductor testing market. In its early years, the 
company focused primarily on engineering probers for laboratory and wafer-level 
characterization - a niche but vital segment that supported IC design companies 
and research institutes. MPI’s precision mechanical know-how positioned it as one 
of the earliest domestic suppliers capable of producing high accuracy probe 
stations locally rather than Japan or the US. By early 2000s, MPI had leveraged its 
precision machinal base to move up the value chain into vertical probe cards, 
targeting the testing of DRAM and logic devices. MPI also established its in-house 
PCB processing and substrate assembly lines to ensure quality control and shorten 
turnaround time. Over time, MPI has become a key local partner for leading OSATs, 
supporting vertical probe cards used for volume production in memory and SoC 
testing. 

As TSMC developed its CoWoS and advanced packaging since 2010s, wafer level 
test complexity exploded. MPI made a decisive investment into MEMS probe-card 
fabrication for sub-50um pitches or multi-ampere current densities required by 
more advanced SoC. It developed proprietary process for micro-spring and thin-
film formation and transformed MPI from a precision-mechanical manufacture into 
a micro-electromechanical device company- directly competing with global 
leaders like FormFactor and Technoprobe in the most technology-intensive 
segment of the testing interface market. 
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Figure 19. Market value of semiconductor probe card

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, MPI

MPI’s MEMS production capacity will be reaching 2mn pins per month in 2026, as 
per the Company, from 1mn per month in 2025 and will be expanding vertical-
probes by 10%+ in response of the AI chip demand - fine-pitch and high current 
multi-die. The company is the largest probe-card and prober supplier. Its revenue 
by product segments are: 

n Probe Card – 70%+ revenue, including vertical probe card (40%+ of total 
sales) and rapidly rising contribution from MEMS probe cards (10%+) for AI 
chips. We expect MEMS probe card will be the growth catalyst thanks to the 
strong AI chip growth trend. 

n Engineering Probers and Automation Equipment – 20-25% of revenue; 
including wafer probers used in RD and engineering, automation modules, 
thermal chucks and environmental control systems.

n Thermal Solution and Others – 5-10% of revenue

As one of the top five global probe card suppliers, MPI is the only Taiwanese 
manufacturer capable of producing a full range of probe cards, including Cantilever 
(CPC), Vertical (VPC), and MEMS-based solutions. This comprehensive technology 
portfolio addresses high-frequency and fine-pitch testing needs, establishing a 
strong competitive moat. The company holds the leading market share among 
Taiwanese VPC manufacturers, and its high-end MEMS probe cards are being 
integrated into the supply chains of major international clients, with volume 
production expected after validation in 2025.

In probe cards, VPC (Vertical Probe Card) describes the probe's physical orientation 
(vertical), while MEMS (Micro-Electro-Mechanical Systems) refers to the advanced 
microfabrication technology used to create the tiny, precise probes, often 
integrated into VPCs for high-density testing (Vertical MEMS Probe Cards) for 
complex logic chips, offering superior signal integrity and fine pitch compared to 
traditional cantilever cards. With AI chip moving to more advanced node and 
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complex design, we see the trend that the most advanced, high-density VPCs 
incorporate MEMS technology for their probes, leading to superior performance. 
We estimate its current MEMS probe card is about 10-15% of its probe card 
revenue; with its aggressive expansion and secular growth into 2026, we expect it 
would contribute more than 30% of its probe card revenue by 2027. 

MPI has announced that it will continue expanding probe card and related 
equipment capacity, focusing on VPC and MEMS probe card, and strengthening its 
high-frequency measurement and system integration capabilities through 
overseas acquisition. In addition, it will continue developing its CPO equipment 
and thermal management devices, with CPO equipment expected to gradually 
contribute starting from 2026. 

Figure 20. MPI’s products portfolio 

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, MPI

Financial Forecast and Outlook 

This secular AI trend propelled MPI's revenue to a record NT$13bn in 2025 (30%+ 
YoY increase), marking the eighth consecutive year of growth. The increasing mix of 
high-margin VPC and MEMS products — accounting for around 75%+ of probe 
card revenue — is expected to drive significant profit expansion.

To meet soaring demand, MPI plans to increase its capacity substantially into 2026 
in particular for MEMS probe card. The company currently has extended order 
visibility, and its robust demand is evident in its Book-to-Bill (BB) ratios: VPC is at a 
strong 1.4-1.5, while CPC is at 0.9-1.0 currently. Additionally, contract liabilities 
rose by a record 32% YoY and 3% QoQ, reaching 40% of revenue, indicating 
aggressive pre-payments from customers and solidifying future revenue streams.
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Figure 21. MPI – revenues trend   Figure 22. MPI – margins trend

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, MPI Source: Citi Research, MPI

Rising entry barriers with limited competition

The migration toward heterogenous integration has turned testing into a yield 
critical process. As we see the trend of rising design complexity of AI accelerators, a 
single defective die can compromise an entire packaging. We see that the more AI 
packaging proliferates, the more probe card matters. Each layer of CoWoS or SoIC 
integration will increase the demand for precision contacts and stable resistance 
under high-current and frequency operation. During the testing process, the probe 
card’s architecture combined MEMS probes, fine pitch alignment structures and 
high frequency interconnect substrate. Each design is customized for the target 
device. Thus, probe card makers need to closely work with the chip makers to 
ensure the precision at the micro level to ensure the yield of wafer sort stage. We 
see that the qualification cycle now is over 12 months, and once a probe card is 
qualified, switching vendors is difficult. 

Since probe card design is a long process, engineers must translate the chip’s pad 
layout into a probe architecture. For legacy devices, cantilever or vertical probes 
would be good enough. But AI chips and HBM demand MSMS probes, these are 
fabricated in cleanrooms, using lithotherapy and thin-film processes to create 
miniature springs and beams with micron-level accuracy. 

The first technical frontier is pitch scaling. Advanced MEMS probes achieve less 
than 50um pitch, with roadmaps toward 36um. At this dimension, placement 
accuracy must be within a micron. Achieving this requires wafer-level fabrication 
techniques, advanced alignment and precision metrology. 

The next would be pin count. A single probe card may host 20k probes. Each must 
be routed through the probe card substrate with controlled impedance. 
Electronical design becomes as complex as high speed HDI PCB layout, with 
crosstalk, reflections and parasitic to manage. 

In addition, with data rate exceeding 100Gbps per lane for AI chip connectivity, 
probes must deliver clean signals. Also, current carrying capability is very critical as 
well. AI chips drew immerse power during test, sometimes hundreds of amps 
distributed across thousands of pins. Each probe must maintain low contact 
resistance to avoid heating, while also surviving millions of cycles without 
degradation. To note that wafer surfaces are never perfectly flat, and micro bumps 
vary in height. Probes must deflect elastically, ensuring uniform contact force and 
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consistent scrub across the array. Achieving this and overcome all these issues, 
probes require extraordinary uniformity in fabrication. 

This approach allows MPI to respond quickly to customer changes in pad layout, 
bump pitch, or power architecture — an increasingly common occurrence in AI 
programs. By controlling substrate architecture at the design level, MPI can co-
optimize signal routing, contact structures, and mechanical compliance without 
waiting for third-party redesign cycles. The reports frame this agility as a 
competitive advantage, particularly in Taiwan’s fast-moving advanced packaging 
ecosystem.

Internal substrate design and manufacture capability 

The relevance of substrate capability is becoming more pronounced as test flows 
move closer to packaging decisions. MPI’s substrate expertise strengthens its 
position as a system-level test interface provider, rather than a component 
supplier. This capability supports deeper customer engagement, longer design 
cycles, and higher switching costs — particularly important as test interfaces 
become increasingly custom and program-specific. MPI has its internal substrate 
design and capacity, its substrate capability underpins MPI’s probe card and 
advanced test solutions by enabling high-density, high-speed, and mechanically 
precise interfaces required for AI chips and advanced packaging. While not a 
standalone revenue driver, it is a critical enabler that enhances MPI’s 
competitiveness, responsiveness, and strategic positioning in an increasingly 
complex semiconductor testing landscape.

Robust customer base

MPI’s customers base is dominated by AI ASIC and CoWoS ecosystem leaders, 
including Broadcom, Marvell, TSMC and ASE/SPIL. MPI has the advantage of 
regional service networks when customers require local refurbishment within hours 
compared to its global peers like FormFactor and Technoprobe.

In TSMC’s CoWoS and advanced packaging flow, each die must be pre-qualified 
before integration. Wafer sorting, which is the process that uses probe card to 
screen die before packaging. The probe card, prober and tester determine not only 
throughput but the economic viability of advanced packaging itself

Probe cards have become the essential yield gatekeepers for AI chip, in particular 
with a big die and expensive chip. Its function seems simple - connect a tester to a 
wafer - but its execution borders on the extraordinary. Every test involved 
thousands of synchronized micro-contacts that must press against extremely thin 
pads, deliver uniform force and transmit signals without distortion. 

MPI is one of the only few players able to deliver the precision and scale required. 
MPI is not merely a probe-card vendors, it has also evolved into a strategic 
infrastructure partner for the AI era - integrating MEMS engineering, substrate 
know-how and testing system co-development with its foundry and OSAT 
partners. MPI has invested aggressively in MEMS technology, in house substrate 
manufacturing and automation. This vertical integration allowed it to shorten lead 
time and customize probe card for its customers and foundry/OSAT partners 
evolving packaging flows. 

The company’s strategy has relied on its early insight that advanced packaging 
would migrate testing closer to wafer level. Instead of treating probe card as 
commodity and consumables, MPI positioned itself as precision instruments co-
developed with the foundry. Its portfolio covers three domains:
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1. Vertical probe card - for memory and SoC testing 

2. MEMS probe card - for logic and HBM AI applications

3. Probers and thermal solution - integrating environmental control for wafer 
sort. 

The transition from mechanical to MEMS-based probe represents a 
generational leap. Traditional cantilever probes were limited to pitches of 
80um; MEMS processes allow 36-45 um, enabling contact with HBM micro 
bumps. These MEMS structures are fabricated using semiconductor 
lithography, ensuring uniform spring constraints and predictable compliance.

We see that the company’s rise parallels the structural transformation, from 
packaging performance to testing interface precision defining competitiveness. As 
AI ASIC also emerges following GPUs, the demand for probe card and sockets has 
become a secular growth driver. 

As the new AI chips are entering a new arena with more advanced node like N3/2 
starting from 2026, these new chips would introduce a new topology of contacts, 
power rails and I/O configurations. Hence, we see probe card which once served 
500-1,000 pins for consumer chips, are now facing more than 10x contacts, 
carrying current densities orders of higher magnitude. Socket designs at the 
package level must sustain 100A currents, terabit data rates and continuous 
thermal stress. The AI shifts have effectively elevated testing interfacing probe 
card, socket and load board. The trend is thus benefiting MPI as the testing 
ecosystem has become more demanding on precision and yield assurance. 

When a semiconductor wafer is complete at the fab, the first safeguard comes at 
wafer sort. At this stage, the robe card serves as the delicate bridge between the 
tester and the wafer. Thousands of microscopic MEMS probes touch down 
simultaneously on the wafer’s pad or bumps. The tester injects signals, current 
flows, and the prober ensure precise alignment. This process determines which 
dies qualify as Known Good Dies (KGD). Without the probe card, the risk is that 
defective dies slip through, leading to catastrophic losses once they enter costly 
CoWoS or SoIC packaging. 

Once dies are packaged, the probe card steps aside. In its place, the testing socket 
becomes the critical interface. Unlike the probe card, which tests bare dies, the 
socket grips a finished package and connects it to automated test equipment. 
Here, the object shifts: the chip is validated for functional performance, I/O 
integrity and the speed at full operating conditions. In other words, probe card 
ensures die quality, socket ensure packaging reliability. 

Finally, some AI chips advanced to system-level-test (SLT). In burn-in racks or 
emulation systems, devices are stressed under real world conditions. While sockets 
and load boards still act as intermediaries, the goal here is not to probe individual 
connections but to verify that the device behaves correctly as part of a larger 
system. 
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Equipment business - potential rising start with CPO taking 
off

While probe card and related interfaces account for the majority of MPI’s revenue, 
the equipment business is a stable, technology-driven contributor, typically 
associated with early-stage validation, RF characterization, and advanced device 
development rather than high-volume manufacturing. The equipment business 
currently contributes roughly mid-teens percentage of its revenue; it is centered on 
probe station, RF/microwave test platforms and thermal control system. These 
tools are not positioned as direct competitors to large scale automated test 
equipment vendors; instead, they sit upstream and adjacent - used when devices 
are still being electrically, thermally and mechanically characterized at the wafer or 
early package level. 

It is also worth noting that MPI’s equipment strength lies in high-frequency and 
high precision environment, particularly where signal integrity, contract stability 
and temperature control must be tightly managed. This includes mmWave, SerDes, 
RF front-end and increasingly, heterogeneous integration and chiplet-based 
architecture. The equipment business is more tied to engineering engagement 
rather than procurement cycles as it allows MPI to engage its probe card customers 
in earlier stage.

CPO could be the new catalyst for MPI

Co-Packaged Optics (CPO) represents a structural shift in how high-speed 
interconnects are designed, assembled, and tested. By integrating optical engines 
directly alongside switch ASICs or AI processors within the same package, CPO 
eliminates traditional pluggable modules but introduces unprecedented 
challenges in electrical-optical co-validation, thermal coupling, and yield learning. 
Testing in this environment is no longer purely electrical, nor purely optical—it 
becomes a hybrid, multi-physics problem.

This shift fundamentally benefits companies with strength in RF probing, high-
frequency signal integrity, precision alignment, and thermal control, rather than 
those focused solely on digital functional test. Traditional test flows - where optics 
are validated separately from logic silicon - are insufficient once optical engines 
and logic dies are co-located under a shared thermal and mechanical environment. 
As a result, testing increasingly migrates toward wafer-level and early package-
level characterization, where MPI’s equipment portfolio is precisely most relevant.

MPI’s Opportunity in CPO: Where Equipment Matters Most

MPI’s opportunity in CPO lies less in volume manufacturing and more in enabling 
the ecosystem during development, qualification, and early deployment. CPO 
systems require extremely accurate probing of high-speed electrical lanes (often 
>112G SerDes), alongside precise thermal control to replicate real operating 
conditions. MPI’s RF probe stations and thermal platforms are well-suited for this 
task, as they allow engineers to correlate electrical performance degradation with 
temperature, alignment, and packaging stress.

Moreover, CPO architectures demand tight co-optimization between chip, 
package, and optical module. This increases demand for customized test setups, 
rather than standardized, high-throughput handlers. MPI’s historical strength in 
customization - serving advanced research labs, IDMs, and leading foundries - 
aligns well with this need. As CPO designs remain non-standard and vendor-
specific, test equipment that can adapt quickly becomes a competitive advantage.
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Another important dimension is MPI’s ecosystem adjacency. CPO development is 
driven by hyperscalers, switch ASIC vendors, and advanced packaging houses 
working closely with foundries. MPI’s footprint in Taiwan and Asia places it close to 
TSMC-centric advanced packaging development, where CPO-related test 
challenges are being addressed in parallel with CoWoS, SoIC, and chiplet 
integration. This proximity increases the likelihood that MPI’s equipment is 
specified during early validation phases, even if final volume testing later 
transitions to other platforms.

From a strategic perspective, MPI’s equipment business provides optionality rather 
than immediate scale. CPO volumes will remain limited in the near term, but 
engineering intensity and ASP per tool are high, supporting attractive margins even 
at modest unit shipments. More importantly, early engagement through 
equipment creates technical lock-in, positioning MPI to influence downstream 
interface design—including probe cards, sockets, and custom interposers—as 
CPO moves toward broader adoption.  In this sense, MPI’s equipment business 
should be viewed as a strategic enabler of future probe card and interface demand, 
particularly in next-generation AI and networking architectures where testing 
shifts earlier, becomes more complex, and spans electrical, optical, and thermal 
domains simultaneously.

Valuation and Risks - Initiate on MPI at 
Buy/High Risk with TP NT$2,800
We initiate on MPI at Buy/High Risk and set up our MPI’s valuation and target price 
based on the thesis that the company has transitioned from a cyclical probe card 
supplier to a structural beneficiary of AI-driven test complexity. We are looking for 
77% and 64% earnings growth in 2026 and 2027. The company trades at a PER 
range of 10-45x in the past 3 years. With the promising growth from AI chip, we set 
our target PER target of 37x at the high-end of its historical PER to the average of 
our 2026-27 EPS estimates. Our target price is set at NT$2,800. 

Despite its premium valuation, accelerating AI ASIC to drive 
further upside 

MPI has currently been trading at c30x PER to 2026-27E EPS average. We 
acknowledge the shares have seen a very strong performance, more than 
quadrupling since April 2025. That said, we expect the stock to still be able to trade 
higher toward our TP of NT$2,800 since we believe its aggressive MEMS 
expansion, expanding margins on improving mix and strong development in AI 
ASIC probe card market should drive a strong sales CAGR of 48% and earnings 
CAGR of 70% in 2025-27E. While near-term volatility remains possible, the target 
price framework embedded in the reports assumes MPI’s earnings power remains 
structurally higher than that in the previous cycles, supporting a valuation well 
above historical norms.
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Key downside risks that may prevent the stock from 
achieving our target price 

1. Slowdown in AI demand: any unexpected slowdown in overall AI market 
growth may result in a slower project development with key AI customers.

2. Slower than expected adoption of MEMS probe cards: slower adoption or 
expansion of its MEMS business may lead to a slower AI order demand and 
thus cap margins outlook.

3. Intensifying competition from global and regional peers: any unexpectedly 
intensified competition may lead to some downside to its market share 
position in its new project development with key AI customers.

4. Slow development in CPO equipment business: while not much contribution 
for MPI now, any slower development for MPI in CPO market may cap the stock 
from further re-rating potentials. 

While MPI’s premium multiple, earnings volatility or short-term order fluctuations 
could lead to disproportionate share price reactions, MPI’s deep integration into 
customer test flows and its exposure to advanced packaging reduces the risk of 
abrupt demand collapse, even in softer macro environments.

Figure 23. MPI – Citi Estimates vs. Consensus 

2025E 2026E 2027E

(NT$mn) Citi Con. Diff. Citi Con. Diff. Citi Con. Diff.
Sales 13,287 13,097 1% 19,347 18,917 2% 28,910 23,458 23%
Gross profit 7,467 7,353 2% 11,404 11,047 3% 17,599 13,942 26%
Operating profit 3,849 3,807 1% 6,471 6,259 3% 10,749 8,330 29%
Net income 3,140 3,058 3% 5,526 5,311 4% 9,077 7,102 28%
EPS (NT$) 32.13 32.47 -1% 56.74 55.79 2% 93.20 75.00 24%
Gross margin 56.2% 56.1% +0.1 ppt 58.9% 58.4% +0.5 ppt 60.9% 59.4% +1.4 ppt
Operating margin 29.0% 29.1% -0.1 ppt 33.4% 33.1% +0.4 ppt 37.2% 35.5% +1.7 ppt
Net margin 23.6% 23.3% +0.3 ppt 28.6% 28.1% +0.5 ppt 31.4% 30.3% +1.1 ppt
© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg

Figure 24. MPI - financial forecast summary

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg
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Figure 25. MPI – valuation comparison with peers

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Note – Bloomberg consensus for non-rated (NR) stocks 

Source: Citi Research, Bloomberg

Figure 26.  MPI – PE band Figure 27. MPI – PB band & ROE trend

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research Source: Citi Research

ASEH- Leading edge advanced packaging and 
wafer testing lead more earnings upside 
ASEH guided US$1.6bn revenue from leading edge advanced packaging in 2025 
and expect it to reach US$2.6bn in 2026. With TSMC’s continuous oS process 
outsourcing and more of the wafer sorting/probing testing service, we expect there 
is a higher chance that the company’s leading edge advanced packaging revenue 
can be over US$4bn in 2027. 
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Figure 28.  ASEH – CoWoS capacity (oS) and FoCoS capacity Figure 29. ASEH – leading edge advanced package revenues 

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research Source: Citi Research

While leading edge advanced packaging provides higher ASP and margin accretive 
upside, we also note that its overall UTR has been supported due to much larger die 
size. Other than AI chip, ASEH also benefits from better pricing environment and 
remaining resilient demand outlook. We thus expect ASEH to provide positive 
guidance during its earnings call in late-Jan 2026. 

We revise up our 2026/2027 earnings projection for ASEH by 9%/32% anticipating 
robust GM recovery trend thanks to higher ASP and secular AI and leading edge 
advanced packaging growth. Its EMS business would also be supported by resilient 
order flow from Apple in the near term. With better visibility on AI demand and 
structural earnings trajectory, we lift our target price to NT$340 which is derived 
using a DCF methodology. Our target price implies 23x and 16x to our 2026 and 
2027 EPS; reiterate Buy.   

Figure 30. ASEH – Estimates Revisions

2025E 2026E 2027E

(NT$mn) New Old Chg. New Old Chg. New Old Chg.

Sales 642,022 642,022 0% 701,929 738,738 -5% 908,869 825,542 10%
YoY growth 8% 8% 9% 15% 29% 12%
Gross profit 110,880 110,880 0% 139,569 136,439 2% 191,311 155,676 23%
Opex 62,974 62,974 0% 64,741 68,145 -5% 85,168 77,359 10%
Operating profit 47,906 47,906 0% 74,829 68,293 10% 106,143 78,318 36%
Pre-tax profit 49,056 49,056 0% 82,594 75,970 9% 117,748 89,807 31%
Net income 38,457 38,457 0% 65,641 60,308 9% 94,128 71,532 32%
EPS (NT$) 8.88 8.88 0% 15.15 13.92 9% 21.72 16.51 32%
Gross margin 17.3% 17.3% 0.0 ppt 19.9% 18.5% +1.4 ppt 21.0% 18.9% +2.2 ppt
Opex ratio 9.8% 9.8% 0.0 ppt 9.2% 9.2% -0.0 ppt 9.4% 9.4% +0.0 ppt
Operating margin 7.5% 7.5% 0.0 ppt 10.7% 9.2% +1.4 ppt 11.7% 9.5% +2.2 ppt
Net margin 6.0% 6.0% 0.0 ppt 9.4% 8.2% +1.2 ppt 10.4% 8.7% +1.7 ppt
© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research
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Figure 31. ASEH – Citi Estimates vs. Consensus 

2025E 2026E 2027E

(NT$mn) Citi Con. Diff. Citi Con. Diff. Citi Con. Diff.
Sales 642,022 639,844 0% 701,929 728,755 -4% 908,869 823,189 10%
Gross profit 110,880 110,015 1% 139,569 139,666 0% 191,311 168,466 14%
Operating profit 47,906 47,922 0% 74,829 72,591 3% 106,143 91,904 15%
Net income 38,457 38,396 0% 65,641 58,346 13% 94,128 73,718 28%
EPS (NT$) 8.88 8.72 2% 15.15 13.18 15% 21.72 16.62 31%
Gross margin 17.3% 17.2% +0.1 ppt 19.9% 19.2% +0.7 ppt 21.0% 20.5% +0.6 ppt
Operating margin 7.5% 7.5% -0.0 ppt 10.7% 10.0% +0.7 ppt 11.7% 11.2% +0.5 ppt
Net margin 6.0% 6.0% -0.0 ppt 9.4% 8.0% +1.3 ppt 10.4% 9.0% +1.4 ppt
© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg estimates

Figure 32. ASEH - financial forecast summary

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg
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Figure 33. ASEH – Forward P/E band Figure 34. ASEH – Forward P/B band & ROE

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, company data Source: Citi Research, company data

KYEC- Longer testing time + wafer testing 
opportunity provides more upside
Given KYEC’s expertise in final testing and burn-in process, the company has 
successfully secured Nvidia, Broadcom and Mediatek as its key customers in AI 
GPU/ASIC. With AI chip continuously migrating to more advanced node with 
chiplet design and bigger die size, we believe the testing time will be getting longer 
thus supporting KYEC’s better ASP and revenue growth. We expect Nvidia’s 
revenue at KYEC to grow more than 60% and nearly double growth at Broadcom 
due to low base. With wafer sorting outsourcing from TSMC, we believe it would be 
able to contribute an incremental c3% increase to its overall revenue. 

KYEC has seen substantial capex growth in 2025 and we expect the company to 
continue to expand more capacity reflecting its customers’ strong long term 
demand outlook. We are looking for 36% and 53% revenue growth in 2026/2027 
with 7% and 57% earnings growth. Given longer testing process, we expect KYEC’s 
GM to expand gradually with robust AI chip shipment trend. With its secular 
growth trend and upside from TPU other than GPU, we lift our target price to 
NT$330, which is derived using a DCF methodology. Our target price implies 34x 
and 22x to our 2026 and 2027 EPS; reiterate Buy.  
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Figure 35. KYEC – Estimates Revisions

2025E 2026E 2027E

(NT$mn) New Old Chg. New Old Chg. New Old Chg.

Sales 34,808 35,066 -1% 47,214 49,915 -5% 72,195 70,065 3%
YoY growth 30% 31% 36% 42% 53% 40%
Gross profit 12,491 12,592 -1% 18,167 19,078 -5% 28,237 27,145 4%
Opex -3,562 -3,588 -1% -3,937 -4,300 -8% -5,645 -5,991 -6%
Operating profit 8,929 9,004 -1% 14,230 14,779 -4% 22,592 21,154 7%
Pre-tax profit 10,448 10,523 -1% 14,668 15,217 -4% 23,030 21,592 7%
Net income 11,039 11,101 -1% 11,862 12,304 -4% 18,631 17,459 7%
EPS (NT$) 8.97 9.02 -1% 9.65 10.01 -4% 15.15 14.20 7%
Gross margin 35.9% 35.9% -0.0 ppt 38.5% 38.2% +0.3 ppt 39.1% 38.7% +0.4 ppt
Opex ratio -10.2% -10.2% -0.0 ppt -8.3% -8.6% +0.3 ppt -7.8% -8.6% +0.7 ppt
Operating margin 25.7% 25.7% -0.0 ppt 30.1% 29.6% +0.5 ppt 31.3% 30.2% +1.1 ppt
Net margin 31.7% 31.7% +0.1 ppt 25.1% 24.6% +0.5 ppt 25.8% 24.9% +0.9 ppt
© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research

Figure 36. KYEC – Citi Estimates vs. Consensus 

2025E 2026E 2027E

(NT$mn) Citi Con. Diff. Citi Con. Diff. Citi Con. Diff.
Sales 34,808 34,967 0% 47,214 47,954 -2% 72,195 62,841 15%
Gross profit 12,491 12,491 0% 18,167 18,568 -2% 28,237 25,423 11%
Operating profit 8,929 8,986 -1% 14,230 14,262 0% 22,592 19,267 17%
Net income 11,039 11,101 -1% 11,862 11,904 0% 18,631 16,023 16%
EPS (NT$) 8.97 8.85 1% 9.65 9.70 0% 15.15 13.07 16%
Gross margin 35.9% 35.7% +0.2 ppt 38.5% 38.7% -0.2 ppt 39.1% 40.5% -1.3 ppt
Operating margin 25.7% 25.7% -0.0 ppt 30.1% 29.7% +0.4 ppt 31.3% 30.7% +0.6 ppt
Net margin 31.7% 31.7% -0.0 ppt 25.1% 24.8% +0.3 ppt 25.8% 25.5% +0.3 ppt
© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg estimates
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Figure 37. KYEC - financial forecast summary

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, Bloomberg

Figure 38. KYEC – Forward P/E band Figure 39. KYEC – Forward P/B band & ROE

© 2026 Citigroup Inc. No redistribution without Citigroup’s written permission. © 2026 Citigroup Inc. No redistribution without Citigroup’s written permission.

Source: Citi Research, company data Source: Citi Research, company data
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Companies Mentioned:
King Yuan Electronics Co (2449.TW; NT$263.5; 1; 09 Jan 26; 13:30)
MPI (6223.TWO; NT$2230.0; 1H; 09 Jan 26; 15:00)
ASE Technology Holding (3711.TW; NT$272.0; 1; 09 Jan 26; 13:30)
Advanced Micro Devices (AMD.O; US$204.68; 2; 08 Jan 26; 16:00)
Advantest (6857.T; ¥20255.0; 1; 09 Jan 26; 15:30)
Alchip (3661.TW; NT$3570.0; 1; 09 Jan 26; 13:30)
Alphabet Inc (GOOGL.O; US$325.44; 1; 08 Jan 26; 16:00)
Amazon.com, Inc. (AMZN.O; US$246.29; 1; 08 Jan 26; 16:00)
Apple, Inc. (AAPL.O; US$259.04; 1; 08 Jan 26; 16:00)
Arm Holdings PLC (ARM.O; US$113.08; 1; 08 Jan 26; 16:00)
Broadcom Inc (AVGO.O; US$332.48; 1; 08 Jan 26; 16:00)
Chroma ATE (2360.TW; NT$923.0; 1; 09 Jan 26; 13:30)
FormFactor Inc (FORM.O; US$64.52; 1; 08 Jan 26; 16:00)
GUC (3443.TW; NT$2365.0; 1H; 09 Jan 26; 13:30)
Marvell Technology Inc (MRVL.O; US$83.45; 1; 08 Jan 26; 16:00)
Mediatek (2454.TW; NT$1420.0; 1; 09 Jan 26; 13:30)
Meta Platforms Inc (META.O; US$646.06; 1; 08 Jan 26; 16:00)
Microsoft Corp. (MSFT.O; US$478.11; 1; 08 Jan 26; 16:00)
NVIDIA Corp (NVDA.O; US$185.04; 1; 08 Jan 26; 16:00)
Powertech Technology (6239.TW; NT$200.0; 1; 09 Jan 26; 13:30)
Samsung Electronics (005930.KS; W139000.0; 1; 09 Jan 26; 15:45)
SK Hynix (000660.KS; W744000.0; 1; 09 Jan 26; 15:45)
SoftBank Corp. (9434.T; ¥214.5; 1; 09 Jan 26; 15:30)
SoftBank Group (9984.T; ¥4263.0; 1H; 09 Jan 26; 15:30)
TE Connectivity Ltd. (TEL.N; US$228.03; 1; 08 Jan 26; 16:00)
Teradyne Inc (TER.O; US$216.31; 1; 08 Jan 26; 16:00)
Tokyo Electron (8035.T; ¥37910.0; 1; 09 Jan 26; 15:30)
TSMC (2330.TW; NT$1680.0; 1; 09 Jan 26; 13:30)
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6223.TWO: Fiscal year end 31-Dec Price: NT$2,230.00;  TP: NT$2,800.00;  Market Cap: NT$211,696m;  Recomm: Buy/High Risk

Profit & Loss (NT$m) 2023 2024 2025E 2026E 2027E Valuation ratios 2023 2024 2025E 2026E 2027E

Sales revenue 8,147 10,172 13,287 19,347 28,910 PE (x) na 91.2 69.4 39.3 23.9

Cost of sales -4,250 -4,611 -5,820 -7,943 -11,311 PB (x) 27.6 22.6 17.9 12.2 8.0

Gross profit 3,897 5,561 7,467 11,404 17,599 EV/EBITDA (x) na 69.2 46.0 27.0 16.3

Gross Margin (%) 47.8 54.7 56.2 58.9 60.9 FCF yield (%) 0.3 0.4 0.5 0.9 2.6

EBITDA (Adj) 2,008 3,039 4,532 7,641 12,442 Dividend yield (%) 0.3 0.3 0.7 1.0 1.7

EBITDA Margin (Adj) (%) 24.6 29.9 34.1 39.5 43.0 Payout ratio (%) 50 31 49 38 41

Depreciation -462 -474 -683 -1,169 -1,692 ROE (%) 18.2 27.3 29.7 37.9 41.5

Amortisation -75 -83 0 0 0 Cashflow (NT$m) 2023 2024 2025E 2026E 2027E

EBIT (Adj) 1,471 2,483 3,849 6,471 10,749 EBITDA 2,008 3,039 4,532 7,641 12,442

EBIT Margin (Adj) (%) 18.1 24.4 29.0 33.4 37.2 Working capital -814 -767 893 -997 -1,194

Net interest 4 9 -4 -4 -4 Other -148 -175 -708 -945 -1,673

Associates -4 -1 -1 -28 -28 Operating cashflow 1,046 2,097 4,717 5,698 9,575

Non-Op/Except/Other Adj 111 304 -61 216 216 Capex -377 -1,229 -3,631 -3,813 -4,003

Pre-tax profit 1,582 2,795 3,783 6,655 10,933 Net acq/disposals -1,066 -288 1,547 0 0

Tax -264 -490 -644 -1,129 -1,856 Other 174 174 0 0 0

Extraord./Min.Int./Pref.div. 2 1 1 0 0 Investing cashflow -1,269 -1,343 -2,084 -3,813 -4,003

Reported net profit 1,321 2,306 3,140 5,526 9,077 Dividends paid -660 -707 -1,508 -2,053 -3,614

Net Margin (%) 16.2 22.7 23.6 28.6 31.4 Financing cashflow 434 357 1,387 1,289 1,242

Core NPAT 1,321 2,306 3,140 5,526 9,077 Net change in cash 202 1,125 4,020 3,175 6,814

Per share data 2023 2024 2025E 2026E 2027E Free cashflow to s/holders 669 868 1,086 1,885 5,572

Reported EPS ($) 13.91 24.44 32.13 56.74 93.20

Core EPS ($) 13.91 24.44 32.13 56.74 93.20

DPS ($) 7.00 7.50 15.88 21.63 38.06

CFPS ($) 11.01 22.23 48.26 58.51 98.32

FCFPS ($) 7.05 9.20 11.11 19.36 57.22

BVPS ($) 80.81 98.72 124.41 182.62 278.24

Wtd avg ord shares (m) 94.2 94.2 94.3 94.3 94.3

Wtd avg diluted shares (m) 94.9 94.3 97.7 97.4 97.4

Growth rates 2023 2024 2025E 2026E 2027E

Sales revenue (%) 9.5 24.9 30.6 45.6 49.4

EBIT (Adj) (%) 18.4 68.7 55.0 68.1 66.1

Core NPAT (%) 8.8 74.6 36.2 76.0 64.3

Core EPS (%) 8.4 75.7 31.5 76.6 64.3

Balance Sheet (NT$m) 2023 2024 2025E 2026E 2027E

Cash & cash equiv. 2,579 3,695 7,843 10,986 17,768

Accounts receivables 1,338 2,050 2,031 3,427 4,944

Inventory 2,752 3,477 4,142 6,358 8,423

Net fixed & other tangibles 4,966 6,319 7,509 10,152 12,463

Goodwill & intangibles 296 318 302 302 302

Financial & other assets 508 618 833 1,151 1,496

Total assets 12,440 16,479 22,660 32,375 45,395

Accounts payable 564 766 926 1,433 1,906

Short-term debt 170 858 1,106 1,106 1,106

Long-term debt 1,511 1,305 2,930 4,220 5,461

Provisions & other liab 2,575 4,243 5,886 8,279 10,509

Total liabilities 4,819 7,172 10,849 15,038 18,982

Shareholders' equity 7,614 9,303 11,810 17,337 26,413

Minority interests 6 4 0 0 0

Total equity 7,620 9,307 11,810 17,337 26,413

Net debt (Adj) -898 -1,532 -3,806 -5,660 -11,200

Net debt to equity (Adj) (%) -11.8 -16.5 -32.2 -32.6 -42.4

For definitions of the items in this table, please click here.

https://ir.citi.com/we5awz%2B3cCawfX4TyImIfHzDW23dyl20mmRodkt1VO5%2BT%2FCqfLrThtNbh7%2FRCDUUGZA8RjKODMU%3D
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Adding Upside 30-Day Catalyst Watch on ASE Technology Holding 
(3711.TW)

Direction: Upside

Duration: Within 30 Days
Catalyst: Earnings

ASEH will host its earning call in late Jan, and we expect the company to provide a positive growth outlook driven by its 
strong development in leading edge advanced packaging business with support from its strong capex planning. With 
improving mix in more advanced packaging sales and more outsourcing opportunity from TSMC's oS process and wafer 
sorting/probing testing service, we foresee a solid margin expansion for ASEH in the coming years. 

Adding Upside 90-Day Short-Term View on King Yuan Electronics Co 
(2449.TW)

Direction: Upside

Duration: Within 90 Days
Category: Thematic driven

We expect strong earnings growth for KYEC in the near-to-medium term supported by robust Nvidia's GPU and AI ASIC 
shipments and longer testing time for AI chips when migrating to more advanced node with chiplet design and bigger die 
size. We are also seeing new opportunity from TSMC's outsourcing CP business to provide upside to its growth 
momentum. 

Adding Upside 90-Day Short-Term View on MPI (6223.TWO)

Direction: Upside

Duration: Within 90 Days
Category: Thematic driven

We see an accelerating earning growth outlook for MPI as we view it as a key beneficiary of the increasing demand and 
complexity for probe cards with AI chips migrating to more advanced node. With strong demand for AI chips, especially for 
ASIC, and improving sales mix on strong MEMS expansion, we are positive over MPI growth outlook. 
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Bull/Bear: ASE Technology Holding (3711.TW)
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Bull/Bear: King Yuan Electronics Co (2449.TW)
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Bull/Bear: MPI (6223.TWO)
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ASE Technology Holding

Company description

Advanced Semiconductor Engineering (ASE), incorporated in 1984 and listed at 
the TWSE in 1989, is one of the world's leading companies in the semiconductor 
packaging and testing sector. In June 2016, ASE entered into a Joint Share 
Exchange Agreement with SPIL under which ASE Industrial was eventually to be 
formed as a holding company with 100% equity interests in both ASE and SPIL. 
ASE Industrial was listed on Taiwan's main board on April 30, 2018, the same 
day on which ASE and SPIL were delisted.

Investment strategy

We have a Buy rating on ASE Holding. The combined ASE-SPIL entity is the 
highest-quality OSAT worldwide, in our view, with its market share leadership, 
superior operations, economies of scale, and customer/product diversification. 
Conditions imposed by the Chinese government on the ASE-SPIL merger, which 
required them to operate independently, were lifted in 2020. Consequently, we 
believe ASE Holding will benefit from further revenue and operating synergies as 
well as the trend for advanced packaging.

Valuation

Our target price of NT$340 is derived using a DCF methodology. Using 
Bloomberg data, we apply a risk-free rate of 2.5%, a risk premium of 6%, and a 
beta of 1.34x for a 10.5% cost of equity. With a 20% corporate tax and a 3.0% 
interest rate on its debt, our WACC for ASE Holding is 8.5%. We assume 
terminal sales growth of 5%. We model its adjusted EBIT margin to gradually 
improve from 7.3% in 2024 to 12.5% in 2035E. At our target price, the shares 
would trade at a 2026/27E P/B of 5x/4x and a 2026/27E P/E of 22x/16x which is 
inline with its global peers. 

Risks

Key downside risks that could prevent ASE shares from reaching our target price 
include: 1) poor efficiency and less synergy created from merger with SPIL; 2) 
failure to gain market share in advanced packaging; 3) industry oversupply due 
to aggressive capacity expansion; 4) severe pricing erosion due to competition; 
and 5) a longer-than-expected semiconductor inventory correction.

King Yuan Electronics Co

Company description

Founded in 1987, King Yuan Electronics Corp. (KYEC) mainly provides testing 
services for the back-end process of semiconductor production globally. With 
more than 30 years of industry experience, KYEC has built up firm relationships 
with several leading global IC design/IDM customers. Its headquarters and 
production facilities are both located in Taiwan, with sales offices in North 
America, Japan, and Singapore.  

Investment strategy
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We rate KYEC as Buy. As a key testing service provider for AI GPU and ASIC 
products, KYEC is well positioned to benefit from the significant AI growth 
opportunity in the years to come. Currently, KYEC is the major final testing 
service provider for its major customer's AI GPU, and we expect KYEC to 
continue to secure its dominant share in its customer's upcoming AI GPU 
product lines due to its specialty in burn-in testing, smooth product delivery 
capability, and its strong business partnership with its customer. We are also 
positive over the growth outlook of its smartphone business thanks to the 
integration of AI functionality, leading to a better replacement cycle. We believe 
KYEC's major customer in smartphone will benefit from an improved product 
mix, which will result in longer testing times for the flagship SoC.

Valuation

Our target price for KYEC of NT$330 is derived using a DCF methodology. Using 
Bloomberg data, we apply a risk-free rate of 3%, a risk premium of 6% and a 
beta of 1.20x for a 9.7% cost of equity. With 20% corporate tax and a 3.0% 
interest rate on its debt, our WACC for KYEC is 9.2%. We assume terminal sales 
growth of 15%. We model its adjusted EBIT margin to gradually improve from 
23% in 2024 to 30% in 2035E. At our target price, the shares would trade at a 
2026/27E P/B of 7x/5x and a 2026/27E P/E of 34x/22x which is inline with its 
global peers. 

Risks

Key downside risks that could prevent KYEC shares from reaching our target 
price include: 1) weaker-than-expected end-demand for global 
smartphone/consumer electronic products; 2) slower ramp for AI-related 
products; 3) slower-than-expected demand recovery in the automotive and 
base station sector; and 4) pricing pressure on increasing competition.

MPI

Company description

Founded in 1995 in Hsinchu, Taiwan, MPI Corporation is aiming to build 
precision probing system for Taiwan semiconductor testing market. In its early 
years, the company focused primarily on engineering probers for laboratory and 
wafer-level characterization. By early 2000s, MPI had leveraged its precision 
machinal base to move up the value chain into vertical probe cards, targeting 
the testing of DRAM and logic devices. MPI also established its in-house PCB 
processing and substrate assembly lines to ensure quality control and shorten 
turnaround time. Over time, MPI has become a key local partner for leading 
OSATs, supporting vertical probe cards used for volume production in memory 
and SoC testing. With development in MEMS probe-card fabrication for sub-
50um pitches, MPI has developed proprietary process for micro-spring and 
thin-film formation which has transformed MPI from a precision-mechanical 
manufacturer into a micro-electromechanical device company- directly 
competing with global leaders like FormFactor and Technophobe in the most 
technology-intensive segment of the testing interface market.

Investment strategy

We have a Buy/High Risk rating on MPI as we view it as a key beneficiary of the 
increasing demand and complexity for probe cards with AI chips migrating to 
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more advanced node with chiplet design and bigger die size. We have seen the 
company transitioning from a cyclical probe card supplier to a structural 
beneficiary of AI-driven test complexity. With the promising growth from AI 
chips, we expect MPI to deliver sustainable earnings growth and improving 
sales mix, supported by its rising competitive moats.

Valuation

Our target price for MPI is set at NT$2,800 based on our target PE multiple of 
37x to our 2026-2027 EPS average. We believe our PER, at the high-end of its 
3-year forward PER range, is justified given MPI’s earnings power remains 
structurally higher than that in the previous cycles. We expect MPI to see an 
accelerating earnings growth ahead supported by its sustainable sales growth 
and improving mix. At our target price, the shares would trade at a 2026/27E 
P/B of 15x/10x

Risks

Our quant risk rating system rates the MPI stock as High Risk for its share-price 
volatility. Key downside risks that could prevent MPI shares from reaching our 
target price include 1) Slowdown in AI ASIC demand; 2) Slower than expected 
adoption of MEMS probe cards; 3) intensifying competition from global and 
regional peers; 4) Slow development in CPO equipment business.  
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If you are visually impaired and would like to speak to a Citi representative regarding the details 
of the graphics in this document, please call USA 1-888-500-5008 (TTY: 711), from outside the 
US +1-210-677-3788

Appendix A-1

ANALYST CERTIFICATION
The research analysts primarily responsible for the preparation and content of this research report are either (i) designated 
by “AC” in the author block or (ii) listed in bold alongside content which is attributable to that analyst. If multiple AC 
analysts are designated in the author block, each analyst is certifying with respect to the entire research report other than 
(a) content attributable to another AC certifying analyst listed in bold alongside the content and (b) views expressed solely 
with respect to a specific issuer which are attributable to another AC certifying analyst identified in the price charts or 
rating history tables for that issuer shown below. Each of these analysts certify, with respect to the sections of the report 
for which they are responsible: (1) that the views expressed therein accurately reflect their personal views about each 
issuer and security referenced and were prepared in an independent manner, including with respect to Citigroup Global 
Markets Inc. and its affiliates; and (2) no part of the research analyst's compensation was, is, or will be, directly or 
indirectly, related to the specific recommendations or views expressed by that research analyst in this report.

IMPORTANT DISCLOSURES
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An employee of Citigroup Global Markets Inc or its affiliates is a Director of Microsoft Corp
Citi is advisor to Marvell Technology Inc. on a pending M&A transaction involving Celestial AI Incorporated.
Within the past 12 months, Citigroup Global Markets Inc. or its affiliates has acted as manager or co-manager of an offering of 
securities of Advanced Micro Devices,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Broadcom Inc,Marvell Technology Inc,Meta 
Platforms Inc,SK Hynix,Samsung Electronics,SoftBank Corp.,SoftBank Group.
Citigroup Global Markets Inc. or its affiliates has received compensation for investment banking services provided within the 
past 12 months from Advanced Micro Devices,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Arm Holdings PLC,Broadcom 
Inc,Marvell Technology Inc,Meta Platforms Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung Electronics,SoftBank 
Corp.,SoftBank Group,TE Connectivity Ltd..
Citigroup Global Markets Inc. or its affiliates expects to receive or intends to seek, within the next three months, compensation 
for investment banking services from Marvell Technology Inc.
Citigroup Global Markets Inc. or its affiliates received compensation for products and services other than investment banking 
services from ASE Technology Holding,Advanced Micro Devices,Advantest,Alchip,Alphabet Inc,Amazon.com, Inc.,Apple, 
Inc.,Arm Holdings PLC,Broadcom Inc,GUC,King Yuan Electronics Co,Marvell Technology Inc,Mediatek,Meta Platforms 
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Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung Electronics,SoftBank Corp.,SoftBank Group,TE Connectivity 
Ltd.,TSMC,Teradyne Inc,Tokyo Electron in the past 12 months.
Citigroup Global Markets Inc. or its affiliates currently has, or had within the past 12 months, the following as investment 
banking client(s): Advanced Micro Devices,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Arm Holdings PLC,Broadcom Inc,Marvell 
Technology Inc,Meta Platforms Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung Electronics,SoftBank Corp.,SoftBank 
Group,TE Connectivity Ltd..
Citigroup Global Markets Inc. or its affiliates currently has, or had within the past 12 months, the following as clients, and the 
services provided were non-investment-banking, securities-related: ASE Technology Holding,Advanced Micro 
Devices,Advantest,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Arm Holdings PLC,Broadcom Inc,GUC,King Yuan Electronics 
Co,Marvell Technology Inc,Mediatek,Meta Platforms Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung 
Electronics,SoftBank Corp.,SoftBank Group,TE Connectivity Ltd.,TSMC,Tokyo Electron.
Citigroup Global Markets Inc. or its affiliates currently has, or had within the past 12 months, the following as clients, and the 
services provided were non-investment-banking, non-securities-related: ASE Technology Holding,Advanced Micro 
Devices,Advantest,Alchip,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Arm Holdings PLC,Broadcom Inc,GUC,King Yuan 
Electronics Co,Marvell Technology Inc,Mediatek,Meta Platforms Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung 
Electronics,SoftBank Corp.,SoftBank Group,TE Connectivity Ltd.,TSMC,Teradyne Inc,Tokyo Electron.
Citigroup Global Markets Inc. and/or its affiliates has a significant financial interest in relation to ASE Technology 
Holding,Advanced Micro Devices,Advantest,Alphabet Inc,Amazon.com, Inc.,Apple, Inc.,Arm Holdings PLC,Broadcom 
Inc,Marvell Technology Inc,Meta Platforms Inc,Microsoft Corp.,NVIDIA Corp,SK Hynix,Samsung Electronics,SoftBank 
Corp.,SoftBank Group,TE Connectivity Ltd.,TSMC,Tokyo Electron. (For an explanation of the determination of significant 
financial interest, please refer to the policy for managing conflicts of interest which can be found at www.citiVelocity.com.)
Analysts’ compensation is determined by Citi Research management and Citigroup’s senior management and is based upon 
activities and services intended to benefit the investor clients of Citigroup Global Markets Inc. and its affiliates (the “Firm”). 
Compensation is not linked to specific transactions or recommendations. Like all Firm employees, analysts receive 
compensation that is impacted by overall Firm profitability which includes investment banking, sales and trading, and 
principal trading revenues. One factor in equity research analyst compensation is arranging corporate access events between 
institutional clients and the management teams of covered companies. Typically, company management is more likely to 
participate when the analyst has a positive view of the company.
For financial instruments recommended in the Product in which the Firm is not a market maker, the Firm is a liquidity provider 
in such financial instruments (and any underlying instruments) and may act as principal in connection with transactions in 
such instruments. The Firm is a regular issuer of traded financial instruments linked to securities that may have been 
recommended in the Product. The Firm regularly trades in the securities of the issuer(s) discussed in the Product. The Firm may 
engage in securities transactions in a manner inconsistent with the Product and, with respect to securities covered by the 
Product, will buy or sell from customers on a principal basis.
Unless stated otherwise neither the Research Analyst nor any member of their team has viewed the material operations of the 
Companies for which an investment view has been provided within the past 12 months.
For important disclosures (including copies of historical disclosures) regarding the companies that are the subject of this Citi 
Research product ("the Product"), please contact Citi Research, 388 Greenwich Street, 6th Floor, New York, NY, 10013, 
Attention: Legal/Compliance [E6WYB6412478]. In addition, the same important disclosures, with the exception of the 
Valuation and Risk assessments and historical disclosures, are contained on the Firm's disclosure website at 
https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures.   Valuation and Risk assessments can be found in the 
text of the most recent research note/report regarding the subject company. Pursuant to the Market Abuse Regulation a 
history of all Citi Research recommendations published during the preceding 12-month period can be accessed via Citi Velocity 
(https://www.citivelocity.com/cv2) or your standard distribution portal. Historical disclosures (for up to the past three years) 
will be provided upon request.

Citi Research Equity Ratings Distribution
12 Month Rating Catalyst Watch

Data current as of 01 Jan 2026 Buy Hold Sell Buy Hold Sell
Citi Research Global Fundamental Coverage (Neutral=Hold) 60% 32% 8% 37% 47% 16%

% of companies in each rating category that are investment banking 
clients

36% 40% 28% 40% 34% 35%

Guide to Citi Research Fundamental Research Investment Ratings:
Citi Research stock recommendations include an investment rating and an optional risk rating to highlight high risk stocks.
Risk rating takes into account both price volatility and fundamental criteria. Stocks will either have no risk rating or a High risk 
rating assigned.
Investment Ratings: Citi Research investment ratings are Buy, Neutral and Sell. Our ratings are a function of analyst 
expectations of expected total return ("ETR") and risk. ETR is the sum of the forecast price appreciation (or depreciation) plus 
the dividend yield for a stock within the next 12 months.  The target price is based on a 12 month time horizon. The Investment 
rating definitions are: Buy (1) ETR of 15% or more or 25% or more for High risk stocks; and Sell (3) for negative ETR. Any covered 
stock not assigned a Buy or a Sell is a Neutral (2). For stocks rated Neutral (2), if an analyst believes that there are insufficient 
valuation drivers and/or investment catalysts to derive a positive or negative investment view, they may elect with the approval 
of Citi Research management not to assign a target price and, thus, not derive an ETR. Citi Research may suspend its rating 

https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures
https://www.citivelocity.com/cv2
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and target price and assign “Rating Suspended” status for regulatory and/or internal policy reasons. Citi Research may also 
suspend its rating and target price and assign "Under Review" status for other exceptional circumstances (e.g. lack of 
information critical to the analyst's thesis, trading suspension) affecting the company and/or trading in the company's 
securities. In both such situations, the rating and target price will show as “—“ and “-“ respectively in the rating history price 
chart. Prior to 11 April 2022 Citi Research assigned “Under Review” status to both situations and prior to 11 Nov 2020 only in 
exceptional circumstances. As soon as practically possible, the analyst will publish a note re-establishing a rating and 
investment thesis. Investment ratings are determined by the ranges described above at the time of initiation of coverage, a 
change in investment and/or risk rating, or a change in target price (subject to limited management discretion). At times, the 
expected total returns may fall outside of these ranges because of market price movements and/or other short-term volatility 
or trading patterns. Such interim deviations will be permitted but will become subject to review by Research Management. 
Your decision to buy or sell a security should be based upon your personal investment objectives and should be made only 
after evaluating the stock's expected performance and risk.
Catalyst Watch/Short Term Views (“STV”) Ratings Disclosure:
Catalyst Watch and STV Upside/Downside calls: Citi Research may also include a Catalyst Watch or STV Upside or Downside 
call to indicate the analyst expects the share price to rise (fall) in absolute terms over a specified period of 30 or 90 days in 
reaction to one or more specific near-term catalysts or events impacting the company or the market. A Catalyst Watch will be 
published when Analyst confidence is high that an impact to share price will occur; it will be a STV when confidence level is 
moderate. A Catalyst Watch or STV Upside/Downside call will automatically expire at the end of the specified 30/90 day 
period. The Catalyst Watch will also be automatically removed if share price performance (calculated at market close) exceeds 
15% against the direction of the call (unless over-ridden by the analyst). The analyst may also remove a Catalyst Watch or STV 
call prior to the end of the specified period in a published research note. A Catalyst Watch/STV Upside or Downside call may be 
different from and does not affect a stock’s fundamental equity rating, which reflects a longer-term total absolute return 
expectation. For purposes of FINRA ratings-distribution-disclosure rules, a Catalyst Watch/STV Upside call corresponds to a 
buy recommendation and a Catalyst Watch/STV Downside call corresponds to a sell recommendation. Any stock not assigned 
to a Catalyst Watch Upside, Catalyst Watch Downside, STV Upside, or STV Downside call is considered Catalyst Watch/STV 
No View. For purposes of FINRA ratings distribution-disclosure rules, we correspond Catalyst Watch/STV No View to Hold in 
our ratings distribution table for our Catalyst Watch/STV Upside/Downside rating system. However, we reiterate that we do 
not consider No View to be a recommendation. For all Catalyst Watch/STV Upside/Downside calls, risk exists that the 
catalyst(s) and associated share-price movement will not materialize as expected.
RESEARCH ANALYST AFFILIATIONS / NON-US RESEARCH ANALYST DISCLOSURES
The legal entities employing the authors of this report are listed below (and their regulators are listed further herein). Non-US 
research analysts who have prepared this report (i.e., all research analysts listed below other than those identified as employed 
by Citigroup Global Markets Inc.) are not registered/qualified as research analysts with FINRA. Such research analysts may not 
be associated persons of the member organization (but are employed by an affiliate of the member organization) and therefore 
may not be subject to the FINRA Rule 2241 restrictions on communications with a subject company, public appearances and 
trading securities held by a research analyst account.
Citigroup Global Markets Taiwan Securities Company Limited Jack Chen; Laura (Chia Yi) Chen; Nicholas Lai

OTHER DISCLOSURES
Any price(s) of instruments mentioned in recommendations are as of the prior day’s market close on the primary market for the 
instrument, unless otherwise stated.
The completion and first dissemination of any recommendations made within this research report are as of the Eastern date-
time displayed at the top of the Product. If the Product references views of other analysts then please refer to the price chart or 
rating history table for the date/time of completion and first dissemination with respect to that view.
Regulations in various jurisdictions require that where a recommendation differs from any of the author’s previous 
recommendations concerning the same financial instrument or issuer that has been published during the preceding 12-month 
period that the change(s) and the date of that previous recommendation are indicated. For fundamental coverage please refer 
to the price chart or rating change history within this disclosure appendix or the issuer disclosure summary at 
https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures.
Citi Research has implemented policies for identifying, considering and managing potential conflicts of interest arising as a 
result of publication or distribution of investment research. A description of these policies can be found 
at  https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures. 
The proportion of all Citi Research research recommendations that were the equivalent to "Buy","Hold","Sell" at the end of each 
quarter over the prior 12 months (with the % of these that had received investment firm services from Citi in the prior 12 months 
shown in brackets) is as follows: Q3 2025 Buy 33% (61%), Hold 44% (52%), Sell 23% (50%), RV 0.4% (80%); Q2 2025 Buy 33% 
(63%), Hold 44% (51%), Sell 23% (49%), RV 0.4% (86%); Q1 2025 Buy 33% (63%), Hold 44% (51%), Sell 23% (49%), RV 0.5% 
(87%); Q4 2024 Buy 32% (64%), Hold 44% (52%), Sell 23% (44%), RV 0.4% (92%). For the purposes of disclosing 
recommendations other than for equity (whose definitions can be found in the corresponding disclosure sections), "Buy" 
means a positive directional trade idea; "Sell" means a negative directional trade idea; and "Relative Value" means any trade 
idea which does not have a clear direction to the investment strategy.
European regulations require a 5 year price history when past performance of a security is referenced. CitiVelocity’s Charting 
Tool (https://www.citivelocity.com/cv2/#go/CHARTING_3_Equities) provides the facility to create customisable price charts 
including a five year option. This tool can be found in the Data & Analytics section under any of the asset class menus in 
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CitiVelocity (https://www.citivelocity.com/). For further information contact CitiVelocity support 
(https://www.citivelocity.com/cv2/go/CLIENT_SUPPORT). The source for all referenced prices, unless otherwise stated, is 
DataCentral, which sources price information from LSEG Data & Analytics. Past performance is not a guarantee or reliable 
indicator of future results. Forecasts are not a guarantee or reliable indicator of future performance.
Investors should always consider the investment objectives, risks, and charges and expenses of an ETF carefully before 
investing. The applicable prospectus and key investor information document (as applicable) for an ETF should contain this and 
other information about such ETF. It is important to read carefully any such prospectus before investing. Clients may obtain 
prospectuses and key investor information documents for ETFs from the applicable distributor or authorized participant, the 
exchange upon which an ETF is listed and/or from the applicable website of the applicable ETF issuer. The value of the 
investments and any accruing income may fall or rise. Any past performance, prediction or forecast is not indicative of future or 
likely performance. Any information on ETFs contained herein is provided strictly for illustrative purposes and should not be 
deemed an offer to sell or a solicitation of an offer to purchase units of any ETF either explicitly or implicitly. The opinions 
expressed are those of the authors and do not necessarily reflect the views of ETF issuers, any of their agents or their affiliates.
Citigroup Global Markets India Private Limited and/or its affiliates may have, from time to time, actual or beneficial ownership 
of 1% or more in the debt securities of the subject issuer.
Please be advised that pursuant to Executive Order 13959 as amended (the “Order”), U.S. persons are prohibited from 
investing in securities of any company determined by the United States Government to be the subject of the Order. This 
research is not intended to be used or relied upon in any way that could result in a violation of the Order. Investors are 
encouraged to rely upon their own legal counsel for advice on compliance with the Order and other economic sanctions 
programs administered and enforced by the Office of Foreign Assets Control of the U.S. Treasury Department.
This communication is directed at persons who are "Eligible Clients" as such term is defined in the Israeli Regulation of 
Investment Advice, Investment Marketing and Investment Portfolio Management law, 1995 (the "Advisory Law"). Within Israel, 
this communication is not intended for retail clients and Citi will not make such products or transactions available to retail 
clients or to non-Eligible Clients. The presenter is not licensed as investment advisor or investment marketer by the Israeli 
Securities Authority (“ISA”) and this communication does not constitute investment or marketing advice. The information 
contained herein may relate to matters that are not regulated by the ISA. Any securities which are the subject of this 
communication may not be offered or sold to any Israeli person except pursuant to a security offering exemption according to 
the Israeli Securities Law, 1968and the public offering rules provided thereunder.
Citi Research broadly and simultaneously disseminates its research content to the Firm’s institutional and retail clients via the 
Firm’s proprietary electronic distribution platforms (e.g., Citi Velocity and various Global Wealth platforms). As a convenience, 
certain, but not all, research content may be distributed through third party aggregators. Clients may receive published 
research reports by email, on a discretionary basis, and only after such research content has been broadly disseminated. 
Certain research is made available only to institutional investors to satisfy regulatory requirements. The level and types of 
services provided by Citi Research analysts to clients may vary depending on various factors such as the client’s individual 
preferences as to the frequency and manner of receiving communications from analysts, the client’s risk profile and investment 
focus and perspective (e.g. market-wide, sector specific, long term, short-term etc.), the size and scope of the overall client 
relationship with the Firm and legal and regulatory constraints.
Pursuant to Comissão de Valores Mobiliários Resolução 20 and ASIC Regulatory Guide 264, Citi is required to disclose whether 
a Citi related company or business has a commercial relationship with the subject company. Considering that Citi operates 
multiple businesses in more than 100 countries around the world, it is likely that Citi has a commercial relationship with the 
subject company.
Securities recommended, offered, or sold by the Firm: (i) are not insured by the Federal Deposit Insurance Corporation; (ii) are 
not deposits or other obligations of any insured depository institution (including Citibank); and (iii) are subject to investment 
risks, including the possible loss of the principal amount invested. The Product is for informational purposes only and is not 
intended as an offer or solicitation for the purchase or sale of a security. Any decision to purchase securities mentioned in the 
Product must take into account existing public information on such security or any registered prospectus. Although 
information has been obtained from and is based upon sources that the Firm believes to be reliable, we do not guarantee its 
accuracy and it may be incomplete and condensed. Note, however, that the Firm has taken all reasonable steps to determine 
the accuracy and completeness of the disclosures made in the Important Disclosures section of the Product. The Firm's 
research department has received assistance from the subject company(ies) referred to in this Product including, but not 
limited to, discussions with management of the subject company(ies). Firm policy prohibits research analysts from sending 
draft research to subject companies. However, it should be presumed that the author of the Product has had discussions with 
the subject company to ensure factual accuracy prior to publication. Statements and views concerning ESG (environmental, 
social, governance) factors are typically based upon public statements made by the affected company or other public news, 
which the author may not have independently verified. ESG factors are one consideration that investors may choose to 
examine when making investment decisions. All opinions, projections and estimates constitute the judgment of the author as 
of the date of the Product and these, plus any other information contained in the Product, are subject to change without 
notice. Prices and availability of financial instruments also are subject to change without notice. Notwithstanding other 
departments within the Firm advising the companies discussed in this Product, information obtained in such role is not used in 
the preparation of the Product. Although Citi Research does not set a predetermined frequency for publication, if the Product is 
a fundamental equity or credit research report, it is the intention of Citi Research to provide research coverage of the covered 
issuers, including in response to news affecting the issuer. For non-fundamental research reports, Citi Research may not 
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provide regular updates to the views, recommendations and facts included in the reports. Notwithstanding that Citi Research 
maintains coverage on, makes recommendations concerning or discusses issuers, Citi Research may be periodically restricted 
from referencing certain issuers due to legal or policy reasons. Where a component of a published trade idea is subject to a 
restriction, the trade idea will be removed from any list of open trade ideas included in the Product. Upon the lifting of the 
restriction, the trade idea will either be re-instated in the open trade ideas list if the analyst continues to support it or it will be 
officially closed. Citi Research may provide different research products and services to different classes of customers (for 
example, based upon long-term or short-term investment horizons) that may lead to differing conclusions or 
recommendations that could impact the price of a security contrary to the recommendations in the alternative research 
product, provided that each is consistent with the rating system for each respective product.
Investing in non-U.S. securities, including ADRs, may entail certain risks. The securities of non-U.S. issuers may not be 
registered with, nor be subject to the reporting requirements of the U.S. Securities and Exchange Commission. There may be 
limited information available on foreign securities. Foreign companies are generally not subject to uniform audit and reporting 
standards, practices and requirements comparable to those in the U.S. Securities of some foreign companies may be less 
liquid and their prices more volatile than securities of comparable U.S. companies. In addition, exchange rate movements may 
have an adverse effect on the value of an investment in a foreign stock and its corresponding dividend payment for U.S. 
investors. Net dividends to ADR investors are estimated, using withholding tax rates conventions, deemed accurate, but 
investors are urged to consult their tax advisor for exact dividend computations. Investors who have received the Product from 
the Firm may be prohibited in certain states or other jurisdictions from purchasing securities mentioned in the Product from 
the Firm. Please ask your Financial Consultant for additional details. Citigroup Global Markets Inc. takes responsibility for the 
Product in the United States. Any orders by US investors resulting from the information contained in the Product may be 
placed only through Citigroup Global Markets Inc.
The Citigroup legal entity that takes responsibility for the production of the Product is the legal entity which the first 
named author is employed by. 
The Product is made available in Australia through Citigroup Global Markets Australia Pty Limited. (ABN 64 003 114 832 and 
AFSL No. 240992), participant of the ASX Group and regulated by the Australian Securities & Investments Commission. 
Citigroup Centre, 2 Park Street, Sydney, NSW 2000. Citigroup Global Markets Australia Pty Limited is not an Authorised 
Deposit-Taking Institution under the Banking Act 1959, nor is it regulated by the Australian Prudential Regulation Authority.
The Product is made available in Brazil by Citigroup Global Markets Brasil - CCTVM SA, which is regulated by CVM - Comissão 
de Valores Mobiliários ("CVM"), BACEN - Brazilian Central Bank, APIMEC - Associação dos Analistas e Profissionais de 
Investimento do Mercado de Capitais and ANBIMA – Associação Brasileira das Entidades dos Mercados Financeiro e de 
Capitais. Av. Paulista, 1111 - 14º andar(parte) - CEP: 01311920 - São Paulo - SP. 
This Product is available in Chile through Banchile Corredores de Bolsa S.A., an indirect subsidiary of Citigroup Inc., which is 
regulated by the Comisión Para El Mercado Financiero. Enrique Foster Sur, 20, piso 6, Las Condes, Santiago, Chile. 
Disclosure for investors in the Republic of Colombia :This communication or message does not constitute a professional 
recommendation to make investment in the terms of article 2.40.1.1.2 of Decree 2555 de 2010 or the regulations that modify, 
substitute or complement it. Para la elaboración y distribución de informes de investigación y de comunicaciones generales de 
que trata este artículo no se requiere ser una entidad vigilada por la Superintendencia Financiera de Colombia.
The Product is made available in Germany by Citigroup Global Markets Europe AG ("CGME"), which is regulated by the 
European Central Bank and the German Federal Financial Supervisory Authority (Bundesanstalt fur 
Finanzdienstleistungsaufsicht BaFin). Börsenplatz 9, 60313 Frankfurt am Main, Germany.
Unless otherwise specified, if the analyst who prepared this report is based in Hong Kong and it relates to “securities” (as 
defined in the Securities and Futures Ordinance (Cap.571 of the Laws of Hong Kong)), the report is issued in Hong Kong by 
Citigroup Global Markets Asia Limited. Citigroup Global Markets Asia Limited is regulated by Hong Kong Securities and Futures 
Commission. If the report is prepared by a non-Hong Kong based analyst, please note that such analyst (and the legal entity 
that the analyst is employed by or accredited to) is not licensed/registered in Hong Kong and they do not hold themselves out 
as such. Please refer to the section “Research Analyst Affiliations / Non-US Research Analyst Disclosures” for the details of the 
employment entity of the analysts. 
The Product is made available in India by Citigroup Global Markets India Private Limited (CGM), which is regulated by the 
Securities and Exchange Board of India (SEBI), as a Research Analyst (SEBI Registration No. INH000000438). CGM is also 
actively involved in the business of merchant banking (SEBI Registration No. INM000010718) and stock brokerage ((SEBI 
Registration No. INZ000263033) in India, and is registered with SEBI in this regard. Registration granted by SEBI and 
certification from National Institute of Securities Markets (NISM) in no way guarantee performance of the intermediary or 
provide any assurance of returns to investors. CGM’s registered office is at 1202, 12th Floor, First International Financial Centre 
(FIFC), G Block, Bandra Kurla Complex, Bandra East, Mumbai – 400098 & registered Tel: +91 22 61759999. Citi maintains 
robust policies, procedures,controls, and training to ensure continued compliance with all applicable rulesand regulations. All 
recommendations contained herein are made by dulyqualified research analysts. CGM’s Corporate Identity Number is 
U99999MH2000PTC126657, and its Compliance Officer [Vishal Bohra] contact details are: Tel:+91-022-61759994, Fax:+91-
022-61759851, Email: cgmcompliance@citi.com. The Investor Charter in respect of Research Analysts, the Compliance Audit 
Report and Complaints information can be found at https://www.citivelocity.com/cvr/eppublic/citi_research_disclosures. The 
grievance officer [Nikita Jadhav] contact details are Tel: +91-022-42775089, Email: EMEA.CR.Complaints@citi.com. 
Investment in securities market are subject to market risks. Read all the related documents carefully before investing. SEBI 
prescribed Client Terms & Conditions can be found at 
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https://www.citivelocity.com/rendition/authfilelinksvcs/eppublic/V1/file?paramData=ZmlsZU5hbWU9L1MzL0dETVMvcHVi
RGlzY2xvc3VyZUh0bWxzL2dkbV9kaXNfc2ViaV9UZXJtc29mVXNlLmh0bWw
The Product is made available in Indonesia through PT Citigroup Sekuritas Indonesia.  Citibank Tower 10/F, Pacific Century 
Place, SCBD lot 10, Jl. Jend Sudirman Kav 52-53, Jakarta 12190, Indonesia. Neither this Product nor any copy hereof may be 
distributed in Indonesia or to any Indonesian citizens wherever they are domiciled or to Indonesian residents except in 
compliance with applicable capital market laws and regulations. This Product is not an offer of securities in Indonesia. The 
securities referred to in this Product have not been registered with the Capital Market and Financial Services Authority (OJK) 
pursuant to relevant capital market laws and regulations, and may not be offered or sold within the territory of the Republic of 
Indonesia or to Indonesian citizens through a public offering or in circumstances which constitute an offer within the meaning 
of the Indonesian capital market laws and regulations. 
The Product is made available in Japan by Citigroup Global Markets Japan Inc. ("CGMJ"), which is regulated by Financial 
Services Agency, Securities and Exchange Surveillance Commission, Japan Securities Dealers Association, Tokyo Stock 
Exchange and Osaka Securities Exchange.  Otemachi Park Building, 1-1-1 Otemachi, Chiyoda-ku, Tokyo 100-8132 Japan. In the 
event that an error is found in an CGMJ research report, a revised version will be posted on the Firm's Citi Velocity website.  If 
you have questions regarding Citi Velocity, please call (81 3) 6270-3019 for help. 
The product is made available in the Kingdom of Saudi Arabia in accordance with Saudi laws through Citigroup Saudi Arabia, 
which is regulated by the Capital Market Authority (CMA) under CMA license (17184-31). 2239 Al Urubah Rd – Al Olaya Dist. 
Unit No. 18, Riyadh 12214 – 9597, Kingdom Of Saudi Arabia.
The Product is made available in Korea by Citigroup Global Markets Korea Securities Ltd. (CGMK), which is regulated by the 
Financial Services Commission, the Financial Supervisory Service and the Korea Financial Investment Association (KOFIA). The 
address of CGMK is Citibank Center, 50 Saemunan-ro, Jongno-gu, Seoul 03184, Korea.   KOFIA makes available registration 
information of research analysts on its website.  Please visit the following website if you wish to find KOFIA registration 
information on research analysts of 
CGMK.  http://dis.kofia.or.kr/websquare/index.jsp?w2xPath=/wq/fundMgr/DISFundMgrAnalystList.xml&divisionId=MDIS0
3002002000000&serviceId=SDIS03002002000. The Product is made available in Korea by Citibank Korea Inc., which is 
regulated by the Financial Services Commission and the Financial Supervisory Service. Address is Citibank Center, 50 
Saemunan-ro, Jongno-gu, Seoul 03184, Korea. This research report is intended to be provided only to Professional Investors 
as defined in the Financial Investment Services and Capital Market Act and its Enforcement Decree in Korea. 
The Product is made available in Malaysia by Citigroup Global Markets Malaysia Sdn Bhd (Registration No. 199801004692 
(460819-D)) (“CGMM”) to its clients and CGMM takes responsibility for its contents as regards CGMM’s clients. CGMM is 
regulated by the Securities Commission Malaysia. Please contact CGMM at Level 43 Menara Citibank, 165 Jalan Ampang, 
50450 Kuala Lumpur, Malaysia in respect of any matters arising from, or in connection with, the Product. 
The Product is made available in Mexico by Citi México Casa de Bolsa, S.A. de C.V., Grupo Financiero Citi México which is a 
wholly owned subsidiary of Citigroup Inc. and is regulated by Comision Nacional Bancaria y de Valores. Prolongación Reforma 
1196, 24 floor, Colonia Santa Fe, Alcaldía Cuajimalpa de Morelos, C.P. 05348, Ciudad de México.
The Product is made available in Poland by Biuro Maklerskie Banku Handlowego (DMBH), separate department of Bank 
Handlowy w Warszawie S.A. a subsidiary of Citigroup Inc., which is regulated by Komisja Nadzoru Finansowego.  Biuro 
Maklerskie Banku Handlowego (DMBH), ul.Senatorska 16, 00-923 Warszawa. 
The Product is made available in Singapore through Citigroup Global Markets Singapore Pte. Ltd. (“CGMSPL”), a capital 
markets services and Exempt Financial Advisor license holder, and regulated by Monetary Authority of Singapore. Please 
contact CGMSPL at 8 Marina View, 21st Floor Asia Square Tower 1, Singapore 018960, in respect of any matters arising from, 
or in connection with, the analysis of this document. This Product is intended for recipients who are accredited, expert and 
institutional investors as defined under the Securities and Futures Act 2001. For Citi Private Bank, the Product is made 
available in Singapore by Citi Private Bank through Citibank, N.A., Singapore Branch. Citibank N.A., Singapore Branch is a 
licensed bank in Singapore that is regulated by the Monetary Authority of Singapore. Please contact your Private Banker in 
Citibank N.A., Singapore Branch if you have any queries on or any matters arising from or in connection with this document. 
The Product is intended for recipients who are accredited, expert and institutional investors as defined under the Securities 
and Futures Act 2001. For Citibank Singapore Limited (“CSL”), the Product is distributed in Singapore by CSL to selected 
Citigold/Citigold Private Clients. CSL provides no independent research or analysis of the substance or in preparation of the 
Product. Please contact your Citigold//Citigold Private Client Relationship Manager in CSL if you have any queries on or any 
matters arising from or in connection with this document. The Product is intended for recipients who are accredited investors 
as defined under the Securities and Futures Act (Cap. 289).
Citigroup Global Markets (Pty) Ltd. is incorporated in the Republic of South Africa (company registration number 
2000/025866/07) and its registered office is at 145 West Street, Sandton, 2196, Saxonwold. Citigroup Global Markets (Pty) 
Ltd. is regulated by JSE Securities Exchange South Africa, South African Reserve Bank and the Financial Services Board.  The 
investments and services contained herein are not available to private customers in South Africa. 
The Product is made available in the Republic of China (Taiwan) through Citigroup Global Markets Taiwan Securities 
Company Ltd. ("CGMTS"), 14F, 15F and 16F, No. 1, Songzhi Road, Taipei 110, Taiwan, subject to the license scope and the 
applicable laws and regulations in the Republic of China (Taiwan). CGMTS is regulated by the Securities and Futures Bureau of 
the Financial Supervisory Commission of Taiwan, the Republic of China (Taiwan). No portion of the Product may be reproduced 
or quoted in the Republic of China (Taiwan) by the press or any third parties [without the written authorization of CGMTS]. 
Pursuant to the applicable laws and regulations in the Republic of China (Taiwan), the recipient of the Product shall not take 
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advantage of such Product to involve in any matters in which the recipient may have conflicts of interest. If the Product covers 
securities which are not allowed to be offered or traded in the Republic of China (Taiwan), neither the Product nor any 
information contained in the Product shall be considered as advertising the securities or making recommendation of the 
securities in the Republic of China (Taiwan). The Product is for informational purposes only and is not intended as an offer or 
solicitation for the purchase or sale of a security or financial products. Any decision to purchase securities or financial products 
mentioned in the Product must take into account existing public information on such security or the financial products or any 
registered prospectus. 
The Product is made available in Thailand through Citicorp Securities (Thailand) Ltd., which is regulated by the Securities and 
Exchange Commission of Thailand.  399 Interchange 21 Building, 18th Floor, Sukhumvit Road, Klongtoey Nua, Wattana 
,Bangkok 10110, Thailand. 
Disclosure for investors in the Republic of Turkey: The Product is made available in Turkey through Citibank AS which is 
regulated by Capital Markets Board. Tekfen Tower, Eski Buyukdere Caddesi # 209 Kat 2B, 23294 Levent, Istanbul, Turkey. 
Under Capital Markets Law of Turkey (Law No: 6362), the investment information, comments and recommendations stated 
here, are not within the scope of investment advisory activity. Comments and recommendations stated here rely on the 
individual opinions of the ones providing these comments and recommendations. These opinions may not fit to your financial 
status, risk and return preferences. For this reason, to make an investment decision by relying solely to this information stated 
here may not bring about outcomes that fit your expectations. Furthermore, Citi Research is a division of Citigroup Global 
Markets Inc. (the “Firm”), which does and seeks to do business with companies and/or trades on securities covered in this 
research reports. As a result, investors should be aware that the Firm may have a conflict of interest that could affect the 
objectivity of this report, however investors should also note that the Firm has in place organisational and administrative 
arrangements to manage potential conflicts of interest of this nature.
In the U.A.E, these materials (the "Materials") are communicated byCitigroup Global Markets Limited, DIFC branch ("CGML"), 
an entityregistered in the Dubai International Financial Center ("DIFC") andlicensed and regulated by the Dubai Financial 
Services Authority ("DFSA",license #CL0221) to Professional Clients and Market Counterparties, as definedin DFSA 
regulations, only and should not be relied upon or distributed toRetail Clients.  Financial products and/or services to which the 
Materialsrelate will only be made available to Professional Clients and MarketCounterparties. Citigroup Global Markets 
Limited DIFC Branch registered addressis Level 3, Gate District Building 02, Dubai International Financial Centre andcan be 
contacted on +971 4 509 97 90.
The Product is made available in United Kingdom by Citigroup Global Markets Limited, which is authorised by the Prudential 
Regulation Authority (“PRA”) and regulated by the Financial Conduct Authority (“FCA”) and the PRA.  This material may relate 
to investments or services of a person outside of the UK or to other matters which are not authorised by the PRA nor regulated 
by the FCA and the PRA and further details as to where this may be the case are available upon request in respect of this 
material. Citigroup Centre, Canada Square, Canary Wharf, London, E14 5LB. 
The Product is made available in United States and Canada by Citigroup Global Markets Inc., which is a member of FINRA and 
registered with the US Securities and Exchange Commission. 388 Greenwich Street, New York, NY 10013.  
Unless specified to the contrary, within EU Member States, the Product is made available by Citigroup Global Markets Europe 
AG ("CGME"), which is regulated by the European Central Bank and the German Federal Financial Supervisory Authority 
(Bundesanstalt für Finanzdienstleistungsaufsicht-BaFin). 
The Product is not to be construed as providing investment services in any jurisdiction where the provision of such services 
would not be permitted.
Subject to the nature and contents of the Product, the investments described therein are subject to fluctuations in price 
and/or value and investors may get back less than originally invested. Certain high-volatility investments can be subject to 
sudden and large falls in value that could equal or exceed the amount invested.The yield and average life of CMOs 
(collateralized mortgage obligations) referenced in this Product will fluctuate depending on the actual rate at which mortgage 
holders prepay the mortgages underlying the CMO and changes in current interest rates. Any government agency backing of 
the CMO applies only to the face value of the CMO and not to any premium paid. Certain investments contained in the Product 
may have tax implications for private customers whereby levels and basis of taxation may be subject to change. If in doubt, 
investors should seek advice from a tax adviser. The Product does not purport to identify the nature of the specific market or 
other risks associated with a particular transaction. Advice in the Product is general and should not be construed as personal 
advice given it has been prepared without taking account of the objectives, financial situation or needs of any particular 
investor. Accordingly, investors should, before acting on the advice, consider the appropriateness of the advice, having regard 
to their objectives, financial situation and needs. Prior to acquiring any financial product, it is the client's responsibility to 
obtain the relevant offer document for the product and consider it before making a decision as to whether to purchase the 
product.
Card Insights. Where this report references Card Insights data, Card Insights consists of selected data from a subset of Citi’s 
proprietary credit card transactions. Such data has undergone rigorous security protocols to keep all customer information 
confidential and secure; the data is highly aggregated and anonymized so that all unique customer identifiable information is 
removed from the data prior to receipt by the report’s author or distribution to external parties. This data should be considered 
in the context of other economic indicators and publicly available information. Further, the selected data represents only a 
subset of Citi’s proprietary credit card transactions due to the selection methodology or other limitations and should not be 
considered as indicative or predictive of the past or future financial performance of Citi or its credit card business.
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Citi Research product may source data from dataCentral. dataCentral is a Citi Research proprietary database, which includes 
the Firm's estimates, data from company reports and feeds from LSEG Data & Analytics. The source for all referenced prices, 
unless otherwise stated, is DataCentral. Past performance is not a guarantee or reliable indicator of future results. Forecasts 
are not a guarantee or reliable indicator of future performance. The printed and printable version of the research report may not 
include all the information <(e.g. certain financial summary information and comparable company data) that is linked to the 
online version available on the Firm's proprietary electronic distribution platforms.
Where included in this report, MSCI sourced information is the exclusive property of Morgan Stanley Capital International Inc. 
(MSCI). Without prior written permission of MSCI, this information and any other MSCI intellectual property may not be 
reproduced, redisseminated or used to create any financial products, including any indices. This information is provided on an 
"as is" basis. The user assumes the entire risk of any use made of this information. MSCI, its affiliates and any third party 
involved in, or related to, computing or compiling the information hereby expressly disclaim all warranties of originality, 
accuracy, completeness, merchantability or fitness for a particular purpose with respect to any of this information. Without 
limiting any of the foregoing, in no event shall MSCI, any of its affiliates or any third party involved in, or related to, computing 
or compiling the information have any liability for any damages of any kind. MSCI, Morgan Stanley Capital International and 
the MSCI indexes are services marks of MSCI and its affiliates. Where data is attributed to Morningstar that data is © 2026 
Morningstar, Inc. All Rights Reserved. That information: (1) is proprietary to Morningstar and/or its content providers; (2) may 
not be copied or distributed; and (3) is not warranted to be accurate, complete or timely. Neither Morningstar nor its content 
providers are responsible for any damages or losses arising from any use of this information.
The Firm accepts no liability whatsoever for the actions of third parties. The Product may provide the addresses of, or contain 
hyperlinks to, websites. Except to the extent to which the Product refers to website material of the Firm, the Firm has not 
reviewed the linked site. Equally, except to the extent to which the Product refers to website material of the Firm, the Firm 
takes no responsibility for, and makes no representations or warranties whatsoever as to, the data and information contained 
therein. Such address or hyperlink (including addresses or hyperlinks to website material of the Firm) is provided solely for your 
convenience and information and the content of the linked site does not in any way form part of this document. Accessing 
such website or following such link through the Product or the website of the Firm shall be at your own risk and the Firm shall 
have no liability arising out of, or in connection with, any such referenced website.
© 2026 Citigroup Global Markets Inc. Citi Research is a division of Citigroup Global Markets Inc. Citi and Citi and Arc Design are 
trademarks and service marks of Citigroup Inc. and its affiliates and are used and registered throughout the world. All rights 
reserved. The research data in this report are not intended to be used for the purpose of (a) determining the price of or amounts 
due in respect of (or to value) one or more financial products or instruments and/or (b) measuring or comparing the 
performance of, or defining the asset allocation of a financial product, a portfolio of financial instruments, or a collective 
investment undertaking, and any such use is strictly prohibited without the prior written consent of Citi Research. Any 
unauthorized use, duplication, redistribution or disclosure of this report (the “Product”), including, but not limited to, 
redistribution of the Product by electronic mail, posting of the Product on a website or page, and/or providing to a third party a 
link to the Product, is prohibited by law and will result in prosecution. The information contained in the Product is intended 
solely for the recipient and may not be further distributed by the recipient to any third party.
ADDITIONAL INFORMATION IS AVAILABLE UPON REQUEST


