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Semiconductors

2Q Preview: Expect Better Results/Outlook;
Constructive Setup For 2H21 and 2022 - Continued
Tailwind For Stocks

We remain positive on semiconductor stocks entering into earnings as we continue to
expect positive earnings revisions as we move through the remainder of 2021 and
likely into 2022 as global semiconductor demand continues to expand FASTER than
the rate of supply growth, resulting in pricing power, solid order/backlog visibility and
Q/Q declines in customer/channel inventories. For the group broadly, we expect 2Q
revenues/EPS to come in above consensus expectations with overall book-to-bill
greater than one, record backlog, and disciplined supply growth that should drive Q/Q
growth for the remainder of the year. On the 3Q outlook, we expect better than
expected revenue/EPS on demand that continues to broaden (cloud datacenter and
enterprise spending getting stronger into 2H) and tight supply chain dynamics as lead
times remain extended. We anticipate the positive earnings revisions to be broad-based
as demand across almost all end-markets remains strong (auto, industrial, compute,
mobile, gaming, networking) and with previously weak end-markets (cloud/hyperscale
and enterprise) picking up strength into the 2H. However, given the strength of the end
markets, the supply/demand gap has continue to widen in most end-markets despite
supply improvements and we believe companies are still shipping 15-50% below
current market demand, extending the current semiconductor upcycle and positive Y/Y
trends well into CY22 (we believe we are only 30-40% through the current upcycle).
We believe it will take 3-4 quarters for supply to catch up with end-market demand and
then another 1-2 quarters for value-chain inventory replenishment. We continue to see
a constructive fundamental setup for semi industry revenues in 2H21 and more
importantly into 2022 (semi industry revenues to grow 17-19% in CY21 and another 8-
10% in CY22) on strong global GDP growth (up 6.4% Y/Y in 2021 and up 4.6% in
2022), top 4 US CSPs up 18% Y/Y, global 5G telco deployment up 35%+ Y/Y, auto
production growth up 11% Y/Y, and 5G smartphone shipments likely to more than
double Y/Y. Regarding stock performance the SOX index is up 18% YTD (and
outperforming the S&P 500 and NASDAQ), and we expect continued outperformance
in semi stocks this year on solid positive Y/Y revenue trends and positive EPS
revisions into CY22 and as peak cycle fears begin to alleviate. Our top overall
semiconductor pick is AVGO and MRVL (strong cloud networking/compute
acceleration semiconductor exposure, 5G networking exposure via ASIC/optical
segments, and strong storage trends), and our top semiconductor equipment pick is
KLAC. We also favor Overweight-rated INTC, NVDA, and MU on outsized exposure
to cloud data center spending trends. On the broad-based semi side, we favor OW-rated
TXN and MCHP as global demand trends continue to drive improvements in
industrial/auto demand. In smartphone and comms infrastructure markets, we favor
OW-rated QRVO.
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e Continue to expect Y/Y revenue growth and positive earnings revisions into
2H21 on broad-based demand, global economic recovery, and strong pricing
power — demand/supply gap continues to remain at elevated levels and
customer inventories continue to remain at or below historical levels. In line
with our prior 2021 outlook, we expect continued positive EPS revisions as we move
through 2Q21 and into 2H21, following four consecutive quarters of positive EPS
revisions, which began in 2Q20 (i.e., 1Q21 EPS estimates revised higher by 7-9%).
We anticipate another 15-20%+ upside in out-year EPS estimates. As we recently
wrote in our May SIA report (link), 2Q21 is tracking to a 10% Q/Q growth and
above seasonal trends. We believe the fundamental setup for 2H21 and into 2022 is
quite constructive and see 2021 semi industry revenue growth of 17-19% and
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another 8-10% growth in semi industry revenues in 2022. Given recent industry data
points and combined with our research efforts, we see our universe of companies
delivering better 2Q results and better 3Q outlooks on a combination of continued
recovery in global auto/industrial production, sustained PC / gaming strength,
reacceleration in cloud / hyperscale spending and enterprise spending and as
companies continue to exert strong pricing power amidst a tight supply environment.
Partial offset is smartphone softness in 2Q led geographically by China and India
especially for 4G phones, while demand for 5G phones remains solid (with 5G
smartphones having significantly higher memory and RF content vs. 4G phones).

2Q21 book-to-bill for the industry continues to be greater than one and results
should reflect continued strength in automotive/industrial/PC/gaming,
incremental capacity additions, but continued supply chain constraints. In
aggregate, we expect overall group revenue/earnings results in 2Q21 will be better as
we continue to see a sustained broad-based recovery in 2Q21. Starting with the SIA
data, May industry Y/Y sales trends showed continued strong Y/Y growth on strong
pricing power and modest units improvements. 2Q21 is tracking to 10% Q/Q (vs
season trends of up 3% Q/Q). The global PMI in June was 55.5, the twelfth
consecutive month of above 50 PMI (>50 signals expansion) since emerging out of
the COVID-19 lockdowns in 2Q20 and at levels comparable to 2010 (recovering
from the financial crisis). Given continued supply constraints and known fab
shutdowns (i.e. Texas weather related and Renesas fire), auto production is expected
to decline sequentially in 2Q21 but grow sequentially thereafter as we move through
2H21 (3Q up 9% Q/Q and 4Q up 11% Q/Q). Overall, we see strong/sustained
demand trends in automotive/industrial/PC/gaming and reacceleration in datacenter
spend and the enterprise spending recovery. While revenue upside could be capped
by supply chain constraints, we continue to see our companies exercising good
pricing power to drive earnings higher. Overall, we continue to expect the strong
demand profile to be sustained well into 2022, in-line with continued global
economic expansion.

Expect better 3Q21 revenue/margin/EPS guidance across our semiconductor
coverage as companies continue to exert strong pricing power in a demand
environment that continues to expand. In aggregate, we expect overall group
revenue/earnings outlooks will be in-line to better as we continue to see sustained
broad-based demand strength with continued supply constraints persisting across
many end-markets. We anticipate the strength to be broad-based across the
diversified analog/microcontroller companies, cloud/datacenter, with continued
strength in PCs and gaming. In datacenter, we believe cloud/hyperscale customer
spending trends began to reaccelerate here in the Jun-Qtr and should inflect solidly
in the second half of the year (up 25%+ 2H vs 1H). Auto/industrial trends remain
strong and continue to improve on incremental capacity additions. In 5G
infrastructure, we anticipate investments to reaccelerate in the second half of the
year and into next year driven by global 5G deployment (especially in North
America). While demand is lumpy in China, tender activity has begun (i.e. China
Mobile) and should lead to H/H growth (our JPM research colleagues is forecasting
up 85%+ H/H in 2H) in the second half of the year. Bottom line, we anticipate
continued positive earnings revisions to forward guidance for the majority of
companies under coverage.

Supply constraints across all end markets and companies continue to exert
pricing power to drive earnings higher. Supply-side indicators remain tight across
all end markets and many of our covered companies have their disti inventories
at/near historic lows. In addition, equipment lead times are stretched from 3-6
months to 5-9 months. We believe companies are shipping 15-50% below current
end-market demand with more acute shortages in
industrial/auto/gaming/compute/networking. That said, most of our covered
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companies are executing well against the supply constraints and have expressed
confidence in their ability to support Q/Q revenue growth in the second half of the
year. We believe companies are able to pass along higher costs to customers and
have generally better pricing power.

Strong demand trends across most end markets...... longer term we continue to
be positively biased on the cloud datacenter/SG end market and look for
companies levered to data center trends to outperform across compute,
networking, and storage/memory as spending reaccelerates and should inflect
solidly in the second half of the year (OW AVGO, MRVL, INTC, NVDA, MU).
Following a cloud digestion cycle for the last few quarters, cloud datacenter
spending is reaccelerating here in the Jun-Qtr and inflecting solidly in the second
half of the year. In fact, at our 49" annual TMT conference (see takeaway note here)
Intel noted that 1Q21 was likely the bottom and expects enterprise, government and
cloud customer demand improving, driving Y/Y revenue growth in 2H21 in
datacenter. On top of this spending reacceleration, we expect a strong cloud
networking upgrade cycle to 200G/400G optical connectivity in 2H21 and into 2022.
We believe Facebook (to 200Gbps) is starting to upgrade now with Microsoft (to
400Gbps) towards the latter part of this year. As we have recently written (see note
here), Broadcom is seeing strong demand for its Tomahawk 3 and Jericho 2
switching/routing products while Marvell/Inphi is seeing strong demand for its
Polaris and Porrima PAM4 200G/400G DSP chips for optical transceivers and is
seeing strong demand for its Vega and Alaska PHY chipsets for 200G/400G
switching line-cards. In-line with this view, our JPM research expects a 25%+ H/H
spending increase in 2H21 (see note here) and 18% Y/Y increase in 2021 from the
top 4 US hyperscalers. Dell’Oro forecasts 100G/200G/400G/800G switch port
shipments to grow at a 20% CAGR over the next 4 years.

Mixed smartphone demand with resilient iPhone and 5G smartphones
offsetting weaker 4G demand; content gainers such as QRVO, SWKS and
AVGO will continue to fair well with 2H iPhone launch. While investors have
pointed to weaker demand in Asia (e.g. China and India), we believe much of the
demand weakness has been in legacy 4G phones, while demand for 5G and for
iPhones in general has remained resilient. For companies under coverage — Qorvo,
Skyworks, and Broadcom, we believe demand for RF components remains relatively
strong as the companies are far more exposed to 5G as compared to 4G and with
significant content growth in 5G phones, broadly. Recall, Qorvo maintained its
expectation for the June quarter at our TMC conference (link) and described the
demand environment as strong and stable with relatively low channel inventory. We
believe RF suppliers backlog remains strong despite fears of oversupply and, as
such, we think the setup is favorable for companies to report in-line to better June
quarter results and provide in-line to better September quarter guidance, with our
expectations of solid September guidance supported by our view of next-generation
iPhones launching in September this year as compared to the late launch last
year. Overall, we anticipate generally seasonal Sep-qtr guidance and for 2H21
overall with solid revenue growth from a H/H perspective (2H21 vs. 2H20).
Moreover, we believe demand for RF in non-mobile applications such as Wi-Fi,
broadband, automotive and defense remains strong and we continue to expect a
reacceleration of RF component demand for wireless infrastructure by the December
quarter.

Semi stocks are 18% higher YTD and we expect continued outperformance in
Semi stocks at least through the end of this year on continued positive Y/Y
revenue trends and positive EPS revisions (another 15-20%-+ potential upside in
out-year EPS estimates) amid a cyclical upswing. We continue to favor
semiconductor companies with cloud data center, 5G networking, and gaming
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exposure. Our top overall semiconductor pick is AVGO and MRVL on strong cloud
networking/compute acceleration semiconductor exposure, 5SG networking exposure
via ASIC/optical segments, and strong storage trends. We also favor OW-rated
NVDA, INTC, TXN, MCHP, MU and QRVO. Neutral-rated AMD and WDC
should also fare relatively well on sustained PC demand and reacceleration in data
center trends here in the second half of the year. In semiconductor equipment, our
top pick remains KLAC, which should continue benefitting from strong
Foundry/Logic spending, strong EUV adoption, and technology migrations.

e Renesas (6723 JT) is covered by J.P. Morgan analyst Masashi Itaya
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Expect Better Results/Guide; Sustained Auto, Industrial,
PC/Gaming Strength ... Datacenter/Networking And
Enterprise Picking Up Strength Into The 2H

PC / Datacenter Compute

According to IDC and Gartner, PC shipments in 2Q21 increased ~13% Y/Y and
increased ~5% Y/Y, respectively, (note: Gartner does not include Chromebooks in its
definition of PCs while IDC does). From a Q/Q perspective, 2Q21 shipments were
flattish Q/Q (Gartner) on sustained strong consumer PC demand and Chromebooks
(Chromebooks grew 70% Y/Y) but held back by continued supply constraints.

Looking ahead into 2H21, our JPM research colleagues expect sustained strength (up
4% H/H) on robust consumer PC demand and healthy channel inventory levels but
held back by supply constraints ( see note here). Following PC shipments increase of
6% Y/Y in 2020 (excluding Chromebook on JPMe/Gartner estimates), our JPM
colleagues expect continued strength in 2021 (up 9% Y/Y) before a decline in 2022
(down 5% Y/Y) with a mix shift from consumer to commercial PCs. INTC, NVDA,
MU, and AMD are well-positioned to continue to benefit from sustained PC/gaming
strength here in the June-Qtr and into the second half of 2021. We believe customer
demand from Intel’s new notebook CPUs (Tiger Lake) and AMD’s Ryzen processors
continues to be strong but held back by supply constraints.

Gaming demand (high-end PC systems) and fundamentals continue to remain solid
in 2021 as people continue to spend time at home due to COVID-19, positive for
AMD and NVDA, in our view. On top of that demand strength, the game console
refresh cycle (PS5 and the Xbox Series X) and recent GPU product launches
(NVIDIA GeForce RTX 30xx GPUs and AMD’s Big Navi for 4K gaming) are
driving further demand. NVIDIA continues to be supply constrained though the
second half of the year but the team believes there’s enough supply to support
sequential revenue growth through the second half of the year.

Following muted datacenter spending trends for the last few quarters, datacenter
spending is reaccelerating here in the Jun-Qtr and should inflect solidly in the second
half of the year. In fact, at our 49" annual TMT conference (see takeaway note here)
Intel noted that 1Q21 was likely the bottom and expects enterprise, government and
cloud customer demand improving, driving Y/Y revenue growth in 2H21 in
datacenter. Our JPM colleagues expect a 26% H/H increase in 2H21 (see note here).
Overall, we anticipate 2021 spending will accelerate strongly in cloud datacenter
infrastructure spending on compute-intense applications (Al-based workloads, 10T,
Deep learning) supported by CPU server upgrade cycles from Intel and AMD. We
believe overall compute fundamentals, led by cloud datacenter demand, to remain
constructive in 2021, which is a net positive for OW-rated INTC, OW-rated NVDA,
and Neutral-rated AMD.

Memory and Storage

According to data from InSpectrum, 8Gb DDR4 DRAM contract pricing increased
by ~25% Q/Q in C2Q21 after a ~3% Q/Q increase in C1Q21. In NAND, 128Gb
TLC contract pricing increased by 11% after a 2% Q/Q increase in C1Q21. In
Micron's recent earnings results and guidance (link), the company discussed broad-
based demand strength across most end-markets. As a result, the team increased its
2021 industry DRAM and NAND bit growth outlook to above 20% and mid-30%
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range, respectively. Given the stronger demand outlook and limited supply, the team
expects supply to remain tight through CY21 and into CY22, supportive of favorable
pricing for the remainder of the year and into CY22. This is in-line with our view and
we continue to remain positive on the strong pricing uptrends against the backdrop of
normal/below-normal channel inventory. We expect DRAM bit demand growth in
2021 to be higher than that of 2020 (bit demand growth of 26% growth in 2021 vs.
17% in 2020) driven by server (31% bit growth), mobile (30% bit growth), and
notebook (31% bit growth). Based on historical trends, upcycles in memory typically
last approximately 5 quarters with pricing rising by 50%+. DRAM market entered
into an upcycle in 1Q21 and we believe the cycle will likely last through 2021, if not
longer, with pricing increasing. With Micron’s solid execution on technology
transitions for its transition from floating gate to replacement gate for 176 NAND
and lanm for DRAM and an improving product mix, we remain positive on OW-
rated MU. We also expect N-rated WDC to benefit from improving demand trends in
HDD and Flash. In addition, with BiCS5 achieving bit crossover later this year and
BiCS6 initial ramp next year (with bit crossover likely in 1H23), we expect Western
Digital to sustain cost leadership and driving mid-teens annualized cost reductions
over the next several years.

Communications Infrastructure / Networking

As we have recently written (see note here), we expect a strong cloud networking
upgrade cycle to 200G/400G optical connectivity in 2H21 and into 2022 on top of a
strong re-acceleration in cloud capex spending in the 2H. Broadcom is seeing strong
demand for its Tomahawk 3 and Jericho 2 switching/routing products and initial
shipments of its next-gen Tomahawk 4 switching chipset. Marvell/Inphi is seeing
strong demand for its Polaris and Porrima PAM4 200G/400G DSP chips for optical
transceivers and is seeing strong demand for its Vega and Alaska PHY chipsets for
200G/400G switching line-cards. Google and Amazon started the networking
upgrade cycle in 2018 and 2019, respectively, and we believe Facebook (to
200Gbps) is starting to upgrade now with Microsoft (to 400Gbps) towards the latter
part of this year. China’s cloud players are well-positioned to ramp strongly to higher
optical speeds, with Baidu and Tencent in 2021.In optical, we believe Broadcom,
Marvell, and Intel are well positioned to lead the $1.1B market opportunity in silicon
photonics (see primer here) - future generations of switching chips that would
integrate the optical transceiver (module) functionality directly onto the switching
chip — providing significant power consumption and cost savings for next-gen
switching/routing platforms. In datacenter connectivity, NVDA through the
completed acquisition of MLNX (25/50/100G NIC cards), and AVGO are benefitting
from 25G switch port deployments that are driving strong demand for 25/50G NIC
cards (servers) and 100G optical modules (rack-to-rack connectivity).

Specific to datacenter networking, Dell’Oro forecasts 100G/200G/400G/800G switch
port shipments to grow at a 20% CAGR over the next 4 years. We believe optical
demand (long haul / metro) in China will continue to be muted in 2021 due to the
export restriction ban on Huawei. Early deployments today, primarily in backhaul
RF, access, and interconnect suppliers and applications geared toward radio, massive
MIMO, cable, and radar in geographies primarily in Korea, China, and North
America are contributing to meaningful revenue and will likely continue to become
more meaningful as we move through 2021 as 5G gets more fully built out and
benefit companies like Marvell.

Regarding 5G basestations, we expect the buildout to reaccelerate in the second half

of 2021 as North America activity picks up late in the year followed by Europe in
2022, while visibility in China buildout remains low. Global 5G basestations
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deployment continues to be led by China and our research colleagues forecast 660k
BTS in 2021 (up modestly Y/Y) for China with H/H growth (up 85%+ H/H in the
second half) in the second half of the year. Broadband access continues to remain
strong in 2021 as bandwidth usage at consumer premises remains strong due to work
from home and we also see the upgrade of bandwidth from consumers as an
indication of the longer-term need for broadband service providers to invest more in
services at consumer premises. Within communications infrastructure and
networking, we see net positive benefits for OW-rated AVGO, MRVL, and NVDA
(through Mellanox acquisition), QRVO and and MTSI.

Mobile Devices / Consumer

In the near-term, we anticipate some pockets of softness in 2Q led geographically by
China and India especially for 4G phones, while demand for 5G phones remains
solid. Our research colleagues have pointed to iPhone demand (e.g. iPhone 12
series) remaining resilient in the recent quarter (link). Looking ahead, the setup for
3Q and 2H is positive taking into account a typical iPhone launch cycle with fairly
seasonal demand trends. Supply and demand in the smartphone segment is relatively
more balanced compared to other end-markets where we continue to see supply
constraints. Our research colleagues (see note here) had recently moderated overall
2021 unit volume growth to 7% Y/Y (from prior expectations of 9% Y/Y) but
maintained its 4% Y/Y growth outlook for 2022. While overall units may come in
lower than prior expectations, 5G smartphone demand remains strong and companies
under coverage (Broadcom, Qorvo and Skyworks) will continue to benefit from
content gains as 5G adoption rate continues to increase.

Specific to 5G, 5G smartphone volumes are on track to more than double to 525M
units in 2021 and then increase by 38% Y/Y to 725M units in 2022 providing a
positive mix benefit for content gainers. On the content side and consistent with our
prior research (see note here), we expect blended RF content to increase from $9-$10
per phone on average to ~$13 of content by 2022 reflecting an increased mix of 5G
and associated RF complexity. We expect the RF available market for mobile
devices to grow from ~$13B 2019 to $17B-$18B in 2022E (10%-12% CAGR).
Overall, we continue to focus on content gainers in consumer / wireless such as OW-
rated AVGO and QRVO and N-rated SWKS.

We believe consumer electronics-exposed companies should see slight upside in 2Q
and 3Q on continued WFH demand trends (e.g. solid tablet, home electronics
demand). We believe non-smartphone consumer demand in 2Q and 3Q should be
sustained at these high levels as the economy continues to recover and especially in
areas such as smartwatches and wireless headsets.

Automotive and Industrial

The auto industry continues to show strong momentum in 2Q21 and into 2H21.
Given continued supply constraints and known fab shutdowns (i.e. Texas weather
related and Renesas fire), auto production is expected to decline sequentially in 2Q21
but grow sequentially thereafter as we move through 2H21. On a Y/Y basis, IHS
projects 2Q21 global vehicle production to be up 50% Y/Y (see link) and for 3Q21 to
be flattish on sustained China strength and as the rest of the world continues to
recover. CY21 global auto production is expected to increase by ~11% Y/Y (vs prior
expectations of 13% Y/Y) given the supply chain constraints which has led to
continued auto global production cuts. In industrial, the global PMI in June was 55.5,
the twelfth consecutive month of above 50 PMI (>50 signals expansion) since emerging
out of the COVID-19 lockdown in 2Q20 and at levels comparable to 2010 (emerging out
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of the financial crisis). In addition, we see sustained strength within healthcare and
aerospace & defense, which is often lumped in Industrial for most of our coverage
universe. Looking ahead, our Economics & Policy research team is forecasting
global GDP growth of 6.4% in 2021 and 4.6% in 2022. Companies with solid auto /
industrial content exposure include OW-rated TXN, N-rated ON, and N-rated NXPI.
Not Rated MXIM and ADI also have significant exposure to automotive / industrial
semiconductor markets.

JPM C2Q21 and C3Q21 Estimates vs. Consensus

For companies reporting June quarter results over the next several weeks, we provide
our revenue and adjusted EPS estimates vs. consensus estimates below.

Table 1: JPM 2Q21E/3Q21E Revenue Estimates vs Consensus

$ in millions
2Q21E 3Q21E

JPM Consensus JPM Consensus
AMD $3,600.00 $3,609.13 $3,780.00 $3,790.80
INTC $17,800.00 $17,797.53 $18,034.00 $18,175.80
MCHP $1,548.00 $1,549.50 $1,586.70 $1,588.22
MTSI $151.98 $152.08 $153.26 $154.77
MXIM $684.98 $680.69 $684.98 $687.67
NXPI $2,570.02 $2,572.86 $2,714.50 $2,693.59
ON $1,620.00 $1,624.26 $1,620.00 $1,612.35
QRVO $1,080.00 $1,079.74 $1,230.00 $1,204.42
SWKS $1,100.00 $1,103.91 $1,225.00 $1,225.46
TXN $4,350.00 $4,348.88 $4,567.50 $4,591.13
WDC $4,499.58 $4,529.00 $4,900.20 $4,884.88
XLNX $872.78 $850.46 $894.62 $874.62

Source: J.P. Morgan estimates and Bloomberg Finance L.P.

Table 2: JPM 2Q21E/3Q21E (Non-GAAP) EPS Estimates vs Consensus

2Q21E 3Q21E
JPM Consensus JPM Consensus
AMD $0.54 $0.54 $0.55 $0.55
INTC $1.05 $1.07 $1.07 $1.08
MCHP $1.90 $1.91 $1.97 $1.98
MTSI $0.54 $0.53 $0.54 $0.53
MXIM $0.84 $0.85 $0.82 $0.83
NXPI $2.31 $2.32 $2.53 $2.48
ON $0.49 $0.49 $0.53 $0.51
QRVO $2.45 $2.46 $3.11 $3.02
SWKS $2.13 $2.14 $2.48 $2.47
TXN $1.81 $1.85 $1.96 $2.02
WDC $1.45 $1.48 $2.06 $2.01
XLNX $0.86 $0.84 $0.91 $0.88

Source: J.P. Morgan estimates and Bloomberg Finance L.P.

We Anticipate the Market to Continue Discounting an
Improving Economic Outlook and Positive Earnings
Revisions in 2021 and Into 2022

Following equity outperformance in 2020, we expect further upside in semiconductor
stocks in 2021 as investors continue to positively discount improving industry trends and
positive EPS revisions, which began in 2Q20 and which we expect to continue as move
through 2021 as global semiconductor demand continues to improve. Semi stocks were
up ~20% in the 1H of the year and we expect continued YTD performance in Semis
stocks at least through the end of this year on continue Y/Y revenue growth and positive
EPS revisions into 2H21. We continue to remain positive on semiconductor stocks as we
are still in the early innings of a multi-quarter upcycle and in addition to strong demand
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trends, we believe our companies sill exert strong pricing power amidst a tight supply
environment. Global semiconductor demand continues to expand FASTER than the rate
of supply growth resulting in pricing power, solid order/backlog visibility and Q/Q
declines in customer/channel inventories. We anticipate the positive earnings revisions to
be broad-based as demand across almost all end-markets remains strong (auto, industrial,
compute, mobile, gaming, networking) and with previously weak end-markets
(cloud/hyperscale and enterprise) picking up strength into the 2H. For capital allocation,
the dividend yield of companies should provide valuation support in case the SOX
further sells off and with share buybacks beginning to restart after a pause in 2020. In
terms of valuation, the SOX is trading at ~20x consensus 2022 earnings estimates (vs.
S&P 500 at ~20x) but in our view remains reasonable as we anticipate another 15-20%+
potential upside in out-year EPS estimates. Our positive 2021 and 2022 semi industry
outlook is underpinned by multiple drivers: continued global GDP growth in CY21 (6.4%
growth in 2021) and in CY22 (4.6% growth in CY22) from 2H20, cloud/hyperscale
datacenter capex growth (top 4 US CSPs up 18% Y/Y), strong 5G base station
deployments (global deployment up 35% Y/Y), global auto production growth (up 11%
Y/Y in CY21 and up 9% Y/Y in CY22), and 5G smartphone shipments likely to more
than double Y/Y.
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Figure 1: Historical SOX Performance of Last Three Down Cycles
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2Q Preview: Expect Better Results/Outlook; Constructive
Setup For 2H21 and 2022 - Continued Tailwind For Stocks

WSTS semiconductor industry revenue data was published for the month of May 2021
and showed continued strong Y/Y growth reflective of the continued tight supply chain
dynamics (units up modestly M/M but saw strong pricing power). After 32.0% Y/Y
growth (up 33.0% Y/Y ex. memory) in industry sales in the month of April, May industry
sales trend was up 30.0% Y/Y (up 32.0% Y/Y ex. memory). On a M/M basis, May sales
were better than seasonal trends led by strong Memory sales. May Memory sales (both
DRAM and NAND) were up double-digit%e M/M on both strong unit shipments and
strong pricing power. This is in-line with our positive outlook on the memory markets
and in-line with Micron’s recent commentary where the team expects supply to remain
tight in both DRAM and NAND through CY21 and into CY22 (see note here). Excluding
Memory, Analog, Microprocessor, and Microcontroller were all sub-seasonal though
strongly above seasonal in April. On a Q/Q basis, following three consecutive quarters of
above-seasonal demand trends, 2Q21 QTD is tracking to a 10% sequential growth
(700bps above seasonality). Strong QTD (April/May vs Jan/Feb) segments include total
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Analog (up 8.6%), general purpose analog (up 13.3%), general purpose MCU (up 9.8%),
power transistors (up 11.6% Q/Q), DRAM (up 27%), and NAND (up 15.4%) Overall the
data is in line with our global TMC conference takeaways (see note here), where all of
our companies under coverage discussed near-term demand strength across all end
markets, expanding supply/demand gap, and with tight/supply dynamics persisting well
into 2022. We expect stronger revenues in the second half of the year and into 2022 as
demand trends continue to remain strong and as companies continue to add
incremental/disciplined capacity going forward. On a Y/Y basis, the three-month rolling
average industry revenue and ex-memory industry growth were up 26.2% Y/Y and 27.7%
Y/Y, respectively. Overall, we see semi industry revenues up 17-19% range Y/Y in 2021
and see another 8-10% Y/Y growth in CY22. We continue to remain positive on
semiconductor and semiconductor equipment stocks given that we are still in the early
innings of a multi-quarter upcycle and in addition to strong demand trends we believe our
companies will exert strong pricing power amidst a tight supply environment.

Figure 2: Quarterly Auto SAAR Trends
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Figure 3: Semiconductor Industry Thesis - Entering more stable growth phase in semis (unit
growth Y/Y); focus on scale (market leadership), margin/FCF expansion and capital allocation
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Source: WSTS.

Table 3: Distribution inventory days below levels during prior industry inventory correction

Distribution inventory days Lead time
Current Normal Current Normal
ADI Below range 7-8 weeks
MCHP 22 days 27-47 days Extended 4-8 weeks
NXPI 1.6 months 2-3 months Extended 16 weeks
ON 8.4 weeks 11-13 weeks 30-32 weeks 8-12 weeks
TXN 4.5 weeks Stable

Source: Company reports from most recently reported quarter.

Since 3Q20, the industry exhibited better than typical seasonal growth (Table 4),
driven by broad-based demand growth. Supply-side indicators remain tight and are
constrained across all end markets. Distribution levels are at/near the low end of
companies’ targeted range and with lead times (from 3-6 months to 5-9 months)
continuing to get stretch out as demand strengthens. In fact, we believe companies
are still shipping 15-50% below current end-market demand. We estimate that the
industry is only 30-40% through the current up-cycle and will take another 4-6
quarters for supply to catch up with demand and inventories across the value chain to
get back to normalized levels.
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Table 4: Industry Q/Q growth above historical trends starting in 3Q20 (first time since 2Q18)
%
Quarter  10-year Avg. Q/Q Growth Actual

3Q14 8% 7%
4Q14 0% 0%
1Q15 1% 5%
2Q15 3% 1%
3Q15 7% 1%
4Q15 0% 2%
1Q16 -2% -5%
2Q16 3% 1%
3Q16 6% 12%
4Q16 1% 5%
1Q17 -2% 0%
2Q17 2% 5%
3Q17 7% 11%
4Q17 -1% 6%
1Q18 -2% 2%
2Q18 3% 6%
3Q18 7% 6%
4Q18 0% -8%
1Q19 6% -10%
2Q19 2% 1%
3Q19 13% 9%
4Q19 1% 1%
1Q20 -3% -3%
2Q20 3% 1%
3020 6% 10%
4Q20 1% 5%
1Q21 4% 4%

Source: WSTS.

Following four consecutive quarters of positive EPS revisions that began in 2Q20
(i.e., 1Q21 - CY21 EPS estimates were revised higher by 7-9%, 4Q20 CY21 EPS
estimates revised higher by ~9%, 3Q20 - CY21 EPS estimates revised higher by 2-
10% and 2Q20 CY21 EPS estimates revised higher by 12-25%), we expect continued
positive EPS revisions as we move through 2Q21 and in 2H21. The number of
companies in 1Q that delivered in-line/better out-quarter guidance was at ~95%
(100% last quarter) - reflective of strong demand trends and tight supply dynamics
across almost every end-markets in semis. We continue to see broad-based strength
across in automotive, smartphone, PC, and gaming and with previously weak end-
markets (cloud/hyperscale and enterprise) picking up strength into the 2H.
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Figure 4: Semiconductor Coverage Universe Revenue Results and Guidance vs. Consensus -
1Q15A to 2Q21 Guidance
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Source: Company reports, J.P. Morgan estimates and Bloomberg Finance L.P.

Many Companies Have Attractive Dividend Yields and
Buybacks Likely to Restart

While semiconductor companies have focused on increasing shareholder returns, due
to COVID-19 many companies under coverage have suspended share buybacks to
either conserve cash or as a result of the “optics” of share buybacks amid declining
economic activity and increasing unemployment. We believe that as fundamentals
continue to improve, many companies under coverage will restart their share
buybacks. We believe companies will maintain/increase their dividend programs as
fundamentals continue to improve in 2021 and into 2022. Table 5 illustrates dividend
yields for select large-cap semi companies.

Table 5: Dividend Table

Company Yield
AVGO 3.0%
INTC 2.4%
TXN 2.1%
ADI 1.7%
MCHP 11%
SWKS 11%
MRVL 0.4%
NVDA 0.1%
Average 1.5%
S&P Average 1.3%

Source: Bloomberg Finance L.P. as of market close 07/13/2021.
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Consolidation in the Semi Industry Likely To Continue and
Provides Valuation Support

2020 semiconductor and semiconductor capital equipment M&A deal activity
reaccelerated in 2H20 and was above ~$100B following two consecutive years of
below $100B. Bloomberg and company reports estimate total 2021TD semi and
semicap deal volume at $19.4B versus ~$128B in 2020, $47B in 2019, ~$64B in
2018, ~$140B in 2017 and ~$141B in 2016. We believe overall M&A in
semiconductors is characterized by “big getting bigger” and, going forward, we
expect to start seeing a lot more M&A activity with the smaller/medium-sized
companies, as there is pressure to drive scale to compete with much bigger
competitors. In fact, after muted 1H20 deal activity, 2H20 deal activity reaccelerated
sharply with three big deal announcements (above $20B) from semiconductor
companies such as NVIDIA (for ARM), Analog Devices (for Maxim), and AMD (for
Xilinx). We believe deal activity will be a key component of capital allocation going
forward and supportive of valuations in 2021 and beyond. Table 6 illustrates
announced M&A since the middle of 2015.
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Table 6: We expect more M&A in the long term as industry consolidation should continue to support valuations

Buyer Target Deal Value ($M)  Status Sector  Expected C
5/10/2021 MKS Instruments Photon Control 387 Pending Semicap 3Q21
4/21/2021 Skyworks Silicon Labs' Infrastructure and Automotive Business 2750 Pending Semi 3Q21
2/8/2021 Renesas Dialog Semiconductor 5900 Pending Semi End of 2021
1/13/2021 Qualcomm NUVIA 1,400 Pending Semi
10/28/2020 Marvell Technology Group Ltd Inphi 8,200 Completed Semi
10/27/2020 Advanced Micro Devices Xilinx 35,000 Pending Semi End of 2021
10/19/2020 SK-Hynix Intel (NAND) 9,000 Pending Semi End of 2021
9/13/2020 NVIDIA Corp. ARM Ltd. 40,000 Pending Semi 1H2022
7/13/2020 Analog Devices Maxim Integrated 21,300 Pending Semi Summer 2021
71712020 Synaptics Inc. Broadcom's Wireless loT Connectivity Business 250 Completed Semi
41612020 MaxLinear Intel's Connected Home Business 150 Completed Semi
2/20/2020 Dialog Semiconductor Adesto Technologies 358 Completed Semi
12/16/2019 Intel Habana Labs 2,000 Completed Semi
8/8/2019 Broadcom Symantec's Enterprise Security Business 10,700 Completed Semi
7/9/2019 Cisco Systems Acacia Communications Inc. 2,600 Completed Semi N
7112019 Applied Materials Kokusai Electic 2,200 Terminated ~ Semicap
6/24/2019 Nanometrics Inc Rudolph Technologies N/A Completed Semicap
6/10/2019 Intel Barefoot Networks N/A Completed Semi
6/3/2019 Infineon Technologies Cypress 10,000 Completed Semi
5/29/2019 NXP Semiconductors Marvell's Connectivity Business 1,760 Completed Semi
5/20/2019 Marvell Technology Group Ltd Avera Semiconductor LLC 650 Completed Semi
5/6/2019 Marvell Technology Group Ltd Aquantia Corp 452 Completed Semi
4/10/2019 Qorvo Inc. Active-Semi Intemnational 325 Completed Semi
3/27/2019 ON Semiconductor Corp. Quantenna Communications Inc. 1,070 Completed Semi
3/15/2019 Ideal Industries Cree Huizhou Solid State Lighting Co Ltd 310 Completed Semi
3/11/2019 NVIDIA Corp. Mellanox Ltd. 6,900 Completed Semi
12/18/2018 Cisco Systems Luxtera 660 Completed Semi
10/30/2018 MKS Instruments Electro Scientific Industries 1,000 Completed Semicap
9/11/2018 Renesas Integrated Device Technology 6,700 Completed Semi
71112018 Broadcom Inc. CA Technologies 18,900 Completed Software
5/8/2018 Cohu Xcerra Corp 796 Completed Semicap
3/19/2018 KLA-Tencor Corp. Orbotech Ltd. 3,200 Completed Semicap
3/6/2018 Cree Infineon RF Power 428 Completed Semi
3/1/2018 Microchip Technology Microsemi Corp 10,150 Completed Semi
11/20/2017 Marvell Technology Group Ltd Cavium Inc 6,018 Completed
10/5/2017 Dialog Semiconductor Silego technology 276 Completed
9/22/2017 Canyon Bridge Capital Imagination Technologies 743 Completed
61212017 Synaptics Inc Conexant Systems 341 Completed
3/29/2017 MaxLinear Inc. Exar Corp 446 Completed
3/13/2017 Intel Mobileye 15,300 Completed Semi
211312017 IDT Gigpeak 250 Completed Semi
21212017 Veeco Ultratech 815 Completed Semicap
12/21/2016 TDK Invensense 1,300 Completed Semi
11/21/2016 MACOM Applied Micro 770 Completed Semi
11/2/2016 Broadcom Brocade 5,900 Completed Semi
10/31/2016 Inphi ClariPhy 275 Completed Semi
9/23/2016 Shanhai Capital Analogix Semiconductor 500 Completed Semi
9/13/2016 Renesas Intersil 3,200 Completed Semi
8/25/2016 Littelfuse Inc. ON Senmi's Ignition IGBT business 100 Completed Semi
712612016 Analog Devices Linear Technology 14,800 Completed Semi
71712016 Softbank ARM Holdings 32,000 Completed Semi
6/15/2016 Cavium QLogic 1,360 Completed Semi
6/14/2016 JAC Capital NXP's Standard Products Business 2,750 Completed Semi
5/18/2016 AARM Holdings PLC Apical Ltd 350 Completed P
5/13/2016 Navinfo Co. Ltd Autochips Heifei Inc. 598 Completed Semi
4/28/2016 Cypress Broadcom's loT 550 Completed Semi
3/3/2016 Cisco Systems Leaba Semiconductor Ltd 320 Completed Semi
2/23/2016 MKS Instruments Newport Corporation 980 Completed Semicap
21412016 FormFactor Inc Cascade Microech 29 Completed Testing
1/13/12016 Microchip Atmel 3420 Completed Semi
12/14/2015 Micron Techonology Inotera Memories 3,200 Completed Memory
11/18/2015 ON Semiconductor Fairchild Semiconductor 2,400 Completed Semi
10/26/2015 Integrated Device Technology ZMDI 310 Completed Semi
10/21/2015 Wester Digital Sandisk 19,000 Completed Memory
10/20/2015 MicroSemi PMC-Sierra 2,400 Completed Semi
9/30/2015 Mellanox Ezchip 811 Completed Semi
9/7/2015 Mediatek Richtek 879 Completed Semi
6/1/2015 Intel Altera 16,700 Completed Semi

Source: Bloomberg Finance L.P. and Company data.
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Table 7: Semiconductor Group and Comp Valuation

C C C C
JPM Market 713121 Non-GAAP EPS PIE Revenue PIS EV/Sales Non-GAAP EPS Sales PIE PIS

Rating Cap Price C21E C22E C21E C22E C21E C22E C21E C22E C21E C22E C21E C22E C21E C22E C21E C22E C21E C22E
Harlan Sur, Lead Coverage
phone: 415-315-6700, email: harlan.sur@jpmchase.com
PC Semiconductors
INTC ow $232,940 §56.87 $4.65 $4.76 122 11.9 §73,000  $74,550 32 3.1 33 32 $4.62 $4.49 §72926  §73,415 123 127 32 32
NVDA ow $511,920 $810.00 §16.02 $19.19 50.6 422 §24,997  §29,118 20.5 17.6 200 172 §15.68 $17.12 §24,490  $27,040 51.7 47.3 209 18.9
AMD N $111,110 §90.26 $2.11 $2.52 428 35.8 §14,643  $16,678 76 6.7 73 6.4 $2.16 $2.63 §14729  §16,974 418 343 75 6.5
Memory
MU ow $89,825 $78.45 $8.01 $13.30 98 59 $30,705 $38485 [ 29 23 28 22 $839  $13.02 | $31369  $38,965 9.4 6.0 29 23
WDC N §21,935 $70.08 $7.00 $10.68 10.0 6.6 §12629  §$13,154 17 17 22 21 $6.90 §10.30 §18,695  §21,051 102 6.8 12 1.0
XLNXF N §33,360 $133.96 $3.52 NA 38.1 N/A §3,525 N/A 95 NA 89 N/A $3.46 $4.11 §3,470 $3,784 38.7 326 96 8.8
MRVL ow $39,363 §56.77 $1.40 §1.93 406 294 §4,248 $5,109 93 7 120 10.0 §1.34 §$1.81 $4,079 $4,986 423 313 97 79
AVGO ow $207,640 $484.01 $27.83 $31.76 174 15.2 $27,533  $30,045 75 6.9 85 78 $28.04 $30.43 $27,543  $29,236 173 15.9 75 71
Mobile Devices
SWKS N §31,622 $189.58 $9.83 $10.77 193 176 $4,847 $5,150 6.5 6.1 6.2 5.8 $9.90 §11.32 $4,895 $5,413 192 16.7 6.5 58
QRVO ow §22,173 $192.79 §11.48 $12.15 16.8 15.9 §4,583 $4,875 48 45 48 45 §11.50 §12.35 $4,592 $4,872 16.8 15.6 48 46
Analog/Microcontrollers
TXN ow $178,772 $191.20 $7.60 §8.08 252 237 §17,774  $18,604 10.1 96 99 9.5 §7.57 §7.99 §17583  §18,276 253 239 102 9.8
ADI NR §62,291 $167.26 $6.42 $7.10 26.1 236 $6,799 $7,322 9.2 85 96 9.0 $6.43 $7.10 $6,792 $7,264 26.0 236 9.2 8.6
NXPI N §57,786 $204.00 $9.78 $10.75 209 19.0 §10611  $11,304 54 5.1 59 5.5 $9.69 §10.66 §10579  §11,206 211 19.1 55 52
MCHP ow $40,516 $143.93 §7.72 $8.47 186 17.0 §6,204 $6,686 6.5 6.1 78 72 §7.74 §8.39 $6,204 $6,627 186 17.2 6.5 6.1
MXIM NR $27,305 §100.61 §3.34 $3.79 30.1 26.5 §2,734 $2,963 10.0 9.2 95 8.8 §3.35 $3.66 $2,722 $2,893 30.0 275 10.0 9.4

iversifi c Other
ON N §16,890 §37.92 §1.94 $2.46 195 15.4 §6,342 $6,755 27 25 29 28 §1.92 $2.32 $6,309 $6,612 197 16.3 27 26
MTSI N §4,233 $60.01 $2.15 $2.45 280 245 $612 $669 6.9 6.3 71 6.5 $2.11 $2.42 $616 $675 284 248 6.9 6.3
i Capital

AMAT ow $126,341 $136.29 $6.98 §7.38 195 18.5 §23642  $24,785 53 5.1 52 5.0 $6.87 $7.50 $23,331 $25,204 198 18.2 54 5.0
LRCX ow §90,333 $624.67 $30.50 $33.87 205 184 §16,048  $17,000 56 53 56 52 $30.88 §34.17 §16,104  §$17,303 202 18.3 56 52
KLAC ow §48,349 §311.61 §16.09 $17.86 194 175 §7,511 $7,910 6.4 6.1 6.5 6.2 §16.26 $17.61 §7,545 $8,008 19.2 17.7 6.4 6.0
Large Cap Semi Average 285 23.8 8.8 8.0 232 210 89 8.3
Small-Mid Cap Semi Average 214 18.6 48 45 216 18.9 48 45
Semi Group Average (ex-outliers) 241 20.0 7.0 6.3 243 213 71 6.6
SOX Index 3,301 147 168 224 19.6 6.4 59 224 19.6 6.4 59
S&P500 4,370 191 213 229 20.5 29 28 229 20.5 29 2.8

$ in millions, except for EPS

Source: Company reports, Bloomberg Finance L.P and J.P. Morgan estimates. Pricing as of market close 7/13/2021.
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JPMS Equity Research Coverage* 49% 39% 13%
IB clients** 77% 69% 55%

*Please note that the percentages might not add to 100% because of rounding.

**Percentage of subject companies within each of the "buy," "hold" and "sell" categories for which J.P. Morgan has provided investment banking
services within the previous 12 months.

For purposes only of FINRA ratings distribution rules, our Overweight rating falls into a buy rating category; our Neutral rating falls into a hold rating
category; and our Underweight rating falls into a sell rating category. Please note that stocks with an NR designation are not included in the table above.
This information is current as of the end of the most recent calendar quarter.

Equity Valuation and Risks: For valuation methodology and risks associated with covered companies or price targets for covered
companies, please see the most recent company-specific research report at http://www.jpmorganmarkets.com, contact the primary analyst
or your J.P. Morgan representative, or email research.disclosure.inquiries@jpmorgan.com. For material information about the proprietary
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models used, please see the Summary of Financials in company-specific research reports and the Company Tearsheets, which are
available to download on the company pages of our client website, http://www.jpmorganmarkets.com. This report also sets out within it
the material underlying assumptions used.

A history of J.P. Morgan investment recommendations disseminated during the preceding 12 months can be accessed on the Research &
Commentary page of http://www.jpmorganmarkets.com where you can also search by analyst name, sector or financial instrument.
Analysts' Compensation: The research analysts responsible for the preparation of this report receive compensation based upon various

factors, including the quality and accuracy of research, client feedback, competitive factors, and overall firm revenues.

Other Disclosures

J.P. Morgan is a marketing name for investment banking businesses of JPMorgan Chase & Co. and its subsidiaries and affiliates
worldwide.

All research material made available to clients are simultaneously available on our client website, J.P. Morgan Markets, unless
specifically permitted by relevant laws. Not all research content is redistributed, e-mailed or made available to third-party aggregators.
For all research material available on a particular stock, please contact your sales representative.

Any long form nomenclature for references to China; Hong Kong; Taiwan; and Macau within this research material are Mainland China;
Hong Kong SAR (China); Taiwan (China); and Macau SAR (China).

JPMorgan research may, from time to time, write on issuers or securities targeted by economic or financial sanctions imposed or
administered by the governmental authorities of the U.S., EU, UK or other relevant jurisdictions (Sanctioned Securities). Nothing in this
report is intended to be read or construed as encouraging, facilitating, promoting or otherwise approving investment or dealing in such
Sanctioned Securities. Clients should be aware of their own legal and compliance obligations when making investment decisions.

Options and Futures related research: If the information contained herein regards options- or futures-related research, such information
is available only to persons who have received the proper options or futures risk disclosure documents. Please contact your J.P. Morgan
Representative or visit https://www.theocc.com/components/docs/riskstoc.pdf for a copy of the Option Clearing Corporation's
Characteristics and Risks of Standardized Options or

http://www.finra.org/sites/default/files/Security Futures Risk Disclosure Statement 2018.pdf for a copy of the Security Futures Risk
Disclosure Statement.

Changes to Interbank Offered Rates (IBORs) and other benchmark rates: Certain interest rate benchmarks are, or may in the future
become, subject to ongoing international, national and other regulatory guidance, reform and proposals for reform. For more information,
please consult: https://www.jpmorgan.com/global/disclosures/interbank offered rates

Private Bank Clients: Where you are receiving research as a client of the private banking businesses offered by JPMorgan Chase & Co.
and its subsidiaries (“J.P. Morgan Private Bank™), research is provided to you by J.P. Morgan Private Bank and not by any other division
of J.P. Morgan, including, but not limited to, the J.P. Morgan Corporate and Investment Bank and its Global Research division.

Legal entity responsible for the production and distribution of research: The legal entity identified below the name of the Reg AC
Research Analyst who authored this material is the legal entity responsible for the production of this research. Where multiple Reg AC
Research Analysts authored this material with different legal entities identified below their names, these legal entities are jointly
responsible for the production of this research. Research Analysts from various J.P. Morgan affiliates may have contributed to the
production of this material but may not be licensed to carry out regulated activities in your jurisdiction (and do not hold themselves out as
being able to do so). Unless otherwise stated below, this material has been distributed by the legal entity responsible for production. If you
have any queries, please contact the relevant Research Analyst in your jurisdiction or the entity in your jurisdiction that has distributed
this research material.

Legal Entities Disclosures and Country-/Region-Specific Disclosures:

Argentina: JPMorgan Chase Bank N.A Sucursal Buenos Aires is regulated by Banco Central de la Republica Argentina (“BCRA”-
Central Bank of Argentina) and Comision Nacional de Valores (“CNV”- Argentinian Securities Commission” - ALYC y AN Integral
N°51). Australia: J.P. Morgan Securities Australia Limited (“JPMSAL”) (ABN 61 003 245 234/AFS Licence No: 238066) is regulated
by the Australian Securities and Investments Commission and is a Market, Clearing and Settlement Participant of ASX Limited and CHI-
X. This material is issued and distributed in Australia by or on behalf of JPMSAL only to "wholesale clients" (as defined in section 761G
of the Corporations Act 2001). A list of all financial products covered can be found by visiting
https://www.jpmm.com/research/disclosures. J.P. Morgan seeks to cover companies of relevance to the domestic and international
investor base across all Global Industry Classification Standard (GICS) sectors, as well as across a range of market capitalisation sizes. If
applicable, in the course of conducting public side due diligence on the subject company(ies), the Research Analyst team may at times
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perform such diligence through corporate engagements such as site visits, discussions with company representatives, management
presentations, etc. Research issued by JPMSAL has been prepared in accordance with J.P. Morgan Australia’s Research Independence
Policy which can be found at the following link: J.P. Morgan Australia - Research Independence Policy. Brazil: Banco J.P. Morgan S.A.
is regulated by the Comissao de Valores Mobiliarios (CVM) and by the Central Bank of Brazil. Ombudsman J.P. Morgan: 0800-7700847
/ ouvidoria.jp.morgan@jpmorgan.com. Canada: J.P. Morgan Securities Canada Inc. is a registered investment dealer, regulated by the
Investment Industry Regulatory Organization of Canada and the Ontario Securities Commission and is the participating member on
Canadian exchanges. This material is distributed in Canada by or on behalf of J.P.Morgan Securities Canada Inc. Chile: Inversiones J.P.
Morgan Limitada is an unregulated entity incorporated in Chile. China: J.P. Morgan Securities (China) Company Limited has been
approved by CSRC to conduct the securities investment consultancy business. Dubai International Financial Centre (DIFC):
JPMorgan Chase Bank, N.A., Dubai Branch is regulated by the Dubai Financial Services Authority (DFSA) and its registered address is
Dubai International Financial Centre - The Gate, West Wing, Level 3 and 9 PO Box 506551, Dubai, UAE. This material has been
distributed by JP Morgan Chase Bank, N.A., Dubai Branch to persons regarded as professional clients or market counterparties as defined
under the DFSA rules. European Economic Area (EEA): Unless specified to the contrary, research is distributed in the EEA by J.P.
Morgan AG (“JPM AG”), which is a member of the Frankfurt Stock Exchange, is authorised by the European Central Bank (“ECB”) and
is regulated by the Federal Financial Supervisory Authority (BaFin). JPM AG is a company incorporated in the Federal Republic of
Germany with a registered office at Taunustor 1, 60310 Frankfurt am Main, the Federal Republic of Germany. The material has been
distributed in the EEA to persons regarded as professional investors (or equivalent) pursuant to Art. 4 para. 1 no. 10 and Annex II of
MiFID II and its respective implementation in their home jurisdictions (“EEA professional investors™). This material must not be acted on
or relied on by persons who are not EEA professional investors. Any investment or investment activity to which this material relates is
only available to EEA relevant persons and will be engaged in only with EEA relevant persons. Hong Kong: J.P. Morgan Securities (Asia
Pacific) Limited (CE number AAJ321) is regulated by the Hong Kong Monetary Authority and the Securities and Futures Commission in
Hong Kong, and J.P. Morgan Broking (Hong Kong) Limited (CE number AAB027) is regulated by the Securities and Futures
Commission in Hong Kong. JP Morgan Chase Bank, N.A., Hong Kong (CE Number AAL996) is regulated by the Hong Kong Monetary
Authority and the Securities and Futures Commission, is organized under the laws of the United States with limited liability. India: J.P.
Morgan India Private Limited (Corporate Identity Number - U67120MH1992FTC068724), having its registered office at J.P. Morgan
Tower, Off. C.S.T. Road, Kalina, Santacruz - East, Mumbai — 400098, is registered with the Securities and Exchange Board of India
(SEBI) as a ‘Research Analyst’ having registration number INH0O00001873. J.P. Morgan India Private Limited is also registered with
SEBI as a member of the National Stock Exchange of India Limited and the Bombay Stock Exchange Limited (SEBI Registration
Number — INZ000239730) and as a Merchant Banker (SEBI Registration Number - MB/INM000002970). Telephone: 91-22-6157 3000,
Facsimile: 91-22-6157 3990 and Website: www.jpmipl.com. JPMorgan Chase Bank, N.A. - Mumbai Branch is licensed by the Reserve
Bank of India (RBI) (Licence No. 53/ Licence No. BY.4/94; SEBI - IN/CUS/014/ CDSL : IN-DP-CDSL-444-2008/ IN-DP-NSDL-285-
2008/ INBI00000984/ INE231311239) as a Scheduled Commercial Bank in India, which is its primary license allowing it to carry on
Banking business in India and other activities, which a Bank branch in India are permitted to undertake. For non-local research material,
this material is not distributed in India by J.P. Morgan India Private Limited. Indonesia: PT J.P. Morgan Sekuritas Indonesia is a member
of the Indonesia Stock Exchange and is regulated by the OJK a.k.a. BAPEPAM LK. Korea: J.P. Morgan Securities (Far East) Limited,
Seoul Branch, is a member of the Korea Exchange (KRX). JPMorgan Chase Bank, N.A., Seoul Branch, is licensed as a branch office of
foreign bank (JPMorgan Chase Bank, N.A.) in Korea. Both entities are regulated by the Financial Services Commission (FSC) and the
Financial Supervisory Service (FSS). For non-macro research material, the material is distributed in Korea by or through J.P. Morgan
Securities (Far East) Limited, Seoul Branch. Japan: JPMorgan Securities Japan Co., Ltd. and JPMorgan Chase Bank, N.A., Tokyo
Branch are regulated by the Financial Services Agency in Japan. Malaysia: This material is issued and distributed in Malaysia by
JPMorgan Securities (Malaysia) Sdn Bhd (18146-X), which is a Participating Organization of Bursa Malaysia Berhad and holds a Capital
Markets Services License issued by the Securities Commission in Malaysia. Mexico: J.P. Morgan Casa de Bolsa, S.A. de C.V.and J.P.
Morgan Grupo Financiero are members of the Mexican Stock Exchange and are authorized to act as a broker dealer by the National
Banking and Securities Exchange Commission. New Zealand: This material is issued and distributed by JPMSAL in New Zealand only
to "wholesale clients" (as defined in the Financial Advisers Act 2008). JPMSAL is registered as a Financial Service Provider under the
Financial Service providers (Registration and Dispute Resolution) Act of 2008. Pakistan: J. P. Morgan Pakistan Broking (Pvt.) Ltd is a
member of the Karachi Stock Exchange and regulated by the Securities and Exchange Commission of Pakistan. Philippines: J.P. Morgan
Securities Philippines Inc. is a Trading Participant of the Philippine Stock Exchange and a member of the Securities Clearing Corporation
of the Philippines and the Securities Investor Protection Fund. It is regulated by the Securities and Exchange Commission. Russia: CB
J.P. Morgan Bank International LLC is regulated by the Central Bank of Russia. Singapore: This material is issued and distributed in
Singapore by or through J.P. Morgan Securities Singapore Private Limited (JPMSS) [MCI (P) 018/04/2020 and Co. Reg. No.:
199405335R], which is a member of the Singapore Exchange Securities Trading Limited, and/or JPMorgan Chase Bank, N.A., Singapore
branch (JPMCB Singapore) [MCI (P) 052/09/2020], both of which are regulated by the Monetary Authority of Singapore. This material is
issued and distributed in Singapore only to accredited investors, expert investors and institutional investors, as defined in Section 4A of
the Securities and Futures Act, Cap. 289 (SFA). This material is not intended to be issued or distributed to any retail investors or any other
investors that do not fall into the classes of “accredited investors,” “expert investors” or “institutional investors,” as defined under Section
4A of the SFA. Recipients of this material in Singapore are to contact JPMSS or JPMCB Singapore in respect of any matters arising from,
or in connection with, the material. As at the date of this material, JPMSS is a designated market maker for certain structured warrants
listed on the Singapore Exchange where the underlying securities may be the securities discussed in this material. Arising from its role as
a designated market maker for such structured warrants, JPMSS may conduct hedging activities in respect of such underlying securities
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and hold or have an interest in such underlying securities as a result. The updated list of structured warrants for which JPMSS acts as
designated market maker may be found on the website of the Singapore Exchange Limited: http:/www.sgx.com. South Africa: J.P.
Morgan Equities South Africa Proprietary Limited and JPMorgan Chase Bank, N.A., Johannesburg Branch are members of the
Johannesburg Securities Exchange and are regulated by the Financial Services Board. Taiwan: J.P. Morgan Securities (Taiwan) Limited
is a participant of the Taiwan Stock Exchange (company-type) and regulated by the Taiwan Securities and Futures Bureau. Material
relating to equity securities is issued and distributed in Taiwan by J.P. Morgan Securities (Taiwan) Limited, subject to the license scope
and the applicable laws and the regulations in Taiwan. According to Paragraph 2, Article 7-1 of Operational Regulations Governing
Securities Firms Recommending Trades in Securities to Customers (as amended or supplemented) and/or other applicable laws or
regulations, please note that the recipient of this material is not permitted to engage in any activities in connection with the material that
may give rise to conflicts of interests, unless otherwise disclosed in the “Important Disclosures” in this material. Thailand: This material
is issued and distributed in Thailand by JPMorgan Securities (Thailand) Ltd., which is a member of the Stock Exchange of Thailand and
is regulated by the Ministry of Finance and the Securities and Exchange Commission, and its registered address is 3rd Floor, 20 North
Sathorn Road, Silom, Bangrak, Bangkok 10500. UK: Unless specified to the contrary, research is distributed in the UK by J.P. Morgan
Securities plc (“JPMS plc”) which is a member of the London Stock Exchange and is authorised by the Prudential Regulation Authority
and regulated by the Financial Conduct Authority and the Prudential Regulation Authority. JPMS plc is registered in England & Wales
No. 2711006, Registered Office 25 Bank Street, London, E14 5JP. This material is directed in the UK only to: (a) persons having
professional experience in matters relating to investments falling within article 19(5) of the Financial Services and Markets Act 2000
(Financial Promotion) (Order) 2005 (“the FPO”); (b) persons outlined in article 49 of the FPO (high net worth companies, unincorporated
associations or partnerships, the trustees of high value trusts, etc.); or (c) any persons to whom this communication may otherwise
lawfully be made; all such persons being referred to as "UK relevant persons". This material must not be acted on or relied on by persons
who are not UK relevant persons. Any investment or investment activity to which this material relates is only available to UK relevant
persons and will be engaged in only with UK relevant persons. Research issued by JPMS plc has been prepared in accordance with JPMS
plc's policy for prevention and avoidance of conflicts of interest related to the production of Research which can be found at the following
link: J.P. Morgan EMEA - Research Independence Policy. U.S.: J.P. Morgan Securities LLC (“JPMS”) is a member of the NYSE,
FINRA, SIPC, and the NFA. JPMorgan Chase Bank, N.A. is a member of the FDIC. Material published by non-U.S. affiliates is
distributed in the U.S. by JPMS who accepts responsibility for its content.

General: Additional information is available upon request. The information in this material has been obtained from sources believed to be
reliable. While all reasonable care has been taken to ensure that the facts stated in this material are accurate and that the forecasts,
opinions and expectations contained herein are fair and reasonable, JPMorgan Chase & Co. or its affiliates and/or subsidiaries
(collectively J.P. Morgan) make no representations or warranties whatsoever to the completeness or accuracy of the material provided,
except with respect to any disclosures relative to J.P. Morgan and the Research Analyst's involvement with the issuer that is the subject of
the material. Accordingly, no reliance should be placed on the accuracy, fairness or completeness of the information contained in this
material. Any data discrepancies in this material could be the result of different calculations and/or adjustments. J.P. Morgan accepts no
liability whatsoever for any loss arising from any use of this material or its contents, and neither J.P. Morgan nor any of its respective
directors, officers or employees, shall be in any way responsible for the contents hereof, apart from the liabilities and responsibilities that
may be imposed on them by the relevant regulatory authority in the jurisdiction in question, or the regulatory regime thereunder.
Opinions, forecasts or projections contained in this material represent J.P. Morgan's current opinions or judgment as of the date of the
material only and are therefore subject to change without notice. Periodic updates may be provided on companies/industries based on
company-specific developments or announcements, market conditions or any other publicly available information. There can be no
assurance that future results or events will be consistent with any such opinions, forecasts or projections, which represent only one
possible outcome. Furthermore, such opinions, forecasts or projections are subject to certain risks, uncertainties and assumptions that have
not been verified, and future actual results or events could differ materially. The value of, or income from, any investments referred to in
this material may fluctuate and/or be affected by changes in exchange rates. All pricing is indicative as of the close of market for the
securities discussed, unless otherwise stated. Past performance is not indicative of future results. Accordingly, investors may receive back
less than originally invested. This material is not intended as an offer or solicitation for the purchase or sale of any financial instrument.
The opinions and recommendations herein do not take into account individual client circumstances, objectives, or needs and are not
intended as recommendations of particular securities, financial instruments or strategies to particular clients. The recipients of this
material must make their own independent decisions regarding any securities or financial instruments mentioned herein and should seek
advice from such independent financial, legal, tax or other adviser as they deem necessary. J.P. Morgan may trade as a principal on the
basis of the Research Analysts’ views and research, and it may also engage in transactions for its own account or for its clients’ accounts
in a manner inconsistent with the views taken in this material, and J.P. Morgan is under no obligation to ensure that such other
communication is brought to the attention of any recipient of this material. Others within J.P. Morgan, including Strategists, Sales staff
and other Research Analysts, may take views that are inconsistent with those taken in this material. Employees of J.P. Morgan not
involved in the preparation of this material may have investments in the securities (or derivatives of such securities) mentioned in this
material and may trade them in ways different from those discussed in this material. This material is not an advertisement for or
marketing of any issuer, its products or services, or its securities in any jurisdiction.

"Other Disclosures" last revised July 03, 2021.
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Copyright 2021 JPMorgan Chase & Co. All rights reserved. This material or any portion hereof may not be reprinted, sold or
redistributed without the written consent of J.P. Morgan.
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