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Key Takeaway
We updated our Analog Renaissance Report from 2017. Four takes: 1) Consolidation is 
better and faster than we thought, 2) Big get bigger, rich get richer, 3) Expect more M&A, 
4) Our 3-to-5-yr EPS Bull case is 50%/100% above CY19 consensus. We think the drivers 
are 15-yr secular ones (Consolidation + Tectonic Shift to IoT), and that TXN and ADI are 
ownable through the next 4 cycles. ON is our top mid-cap play.

Many have Semiconductor Scars, but Evidence Compelling that Analog is 
Changing...
FCF/Shr for our analog group took a hit during the financial crisis, but stayed positive 
through the whole crisis, furthermore it largely increased monotonically through the 2015 
and 2018 inventory corrections, and for 2018, is at the highest levels ever. Capital return 
per share has grown with FCF, FCF margins are expanding and fixed costs are declining. 
EBIT margins for our analog sample set increased by 1,000 bps over the past 5 years and 
remain near all time highs, despite the inventory correction.

Two Secular Trends Driving the Change
We think there are two main secular drivers for analog companies that will remain in 
play for the next 10 years: 1) Consolidation - which is not only driving pricing power, but 
also leverage on OpEx; 2) Richer Product Mix - Our “4th Tectonic Shift in Computing” 
framework shows that growth in computing is shifting away from a highly concentrated 
handset and PC customer base with massive pricing power, to a set of highly fragmented 
IoT customers (Industrial, Auto, IoT) with low pricing power.

Four Updates to our Original Analog Renaissance Report
1) Consolidation is Better Than We Thought. In this report we look at segment HHI vs
aggregate. Through this lens, the industry looks more concentrated, and is consolidating
faster than we originally thought.

2) Big Get Bigger - Rich Get Richer. We show that over the past 5 years, the analog
companies with the largest revenues, market share and composite HHI also had the
highest share gain and largest positive change in operating margin. We view TXN and
ADI as the best ideas on this theme. Our 3-yr EPS bull-case for ADI and TXN is $8.47 and
$8.09, 60% above CY19 consensus.

3) Expect More M&A. We estimate there are still over 100 analog companies that account
for over 50% of the analog market. Our updated M&A framework indicates MTSI, SLAB,
SMTC, LSCC, POWI, VICR, CRUS, DLG are potentially attractive targets.

4) EPS Sensitivity Analysis 50-100% EPS Upside over 3-to-5 years. ...for our larger cap
analog companies - We think TXN and ON have the best chance to hit our bull case based
on the high percentage of their manufacturing that they do in-house, which should allow
for lower cost structure and better fixed cost absorption. In TXN's case, we also think it
benefits from scale (See #2 above).
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Section 1. Summary

Please see important disclosure information on pages 48 - 55 of this report. 3
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FCF/Shr increased for TXN, ADI, MCHP and
ON during the 2018 inventory correction,
and for TXN, MCHP and MXIM during the

2015 inventory correction

Summary – Stocks to Own Through the Next 4 Cycles
Many Investors Have Semiconductor Scars...
Semis have a bad reputation with many long-time technology investors. It is easy to 
understand why - those with any history remember how bad it could get, high capital 
intensity, negative leverage, unpredictable inventory corrections, along with excessive 
option usage and irresponsible M&A. Being at the back of the supply chain meant visibility 
for Semis is barely one layer deep into their own distributors, so management teams would 
typically not see an inventory correction until after it happened. When the correction hit, 
Semis would report negative levered revisions, with deeper cuts to estimates than most 
dreamed. The cuts played through in the stocks - between 2000 and 2002, the SOX (Philly 
Semi Index) declined by 80% peak-to-trough, and during the financial crisis, it declined by 
60%. Any tech investor who has been around for more than a decade can tell you a half-
dozen stories about semiconductor management teams that "drove me off a cliff."

...but Evidence is Compelling that Analog is Changing
We think the evidence is compelling that things are changing, particularly for the analog 
stocks. Chart 2 shows FCF/Shr for a group of our largest "Analog Renaissance" plays. FCF/
Shr took a hit during the financial crisis, but stayed positive through the whole crisis. During 
the US and European debt crises, FCF/Shr declined a bit, but by and large not as much as 
during the financial crisis. FCF/Shr largely increased monotonically through the 2015 and 
2018 inventory corrections, and for 2018, are at the highest levels ever, despite two quarters 
of downward revisions in 2H18. Capital return per share has grown with FCF, and many 
have the policy to return 100% of it to shareholders (all earnings go to shareholders...novel 
concept, right?). FCF margins continue to expand and fixed costs as a percent of sales 
are on the decline, which has translated to more predictable and stable operating models. 
Finally, EBIT margins for our sample set increased by 1,000 bps over the past 5 years and 
remain near all time highs. The important question is whether these are cyclical or secular 
phenomena.

Two Secular Trends Driving the Change
We think they are secular, and that the two main drivers of 1,000 bps of operating margin 
expansion over the past 5 years will be in place for the next 10, namely: 1) Consolidation -
which is not only driving pricing power, but also leverage on OpEx. The beauty of analog is 
that product cycles are measured in 10's of years, so consolidation today carries benefits 
for a decade. We would expect continued improvements to the analog business model 
for the next 10 years even if consolidation stopped today (we don't think it will). 2) Richer 
Product Mix - Our “4th Tectonic Shift in Computing” framework shows that growth in 
computing is shifting away from a highly concentrated handset and PC customer base 
with massive pricing power, to a set of highly fragmented IoT customers (Industrial, Auto, 
IoT) with low pricing power. We've shown that Tectonic Shifts in Computing typically last 
for 15 years, and we believe that this shift to an IoT/Parallel Processing model has at least 
another 10 years to go.

Four Updates to our Original Analog Renaissance Report
This report is an update to our original "Analog Renaissance" report published in 2017. 
We offer three new analyses with this report:1) Consolidation is Better Than We Thought. 
We originally looked at the Herfindahl Index (HHI - measure of industry concentration) for the 
whole analog industry. Our original analysis showed that the industry was becoming more

Please see important disclosure information on pages 48 - 55 of this report. 4
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concentrated, but that in aggregate it was still at a low level. In this report we look at the HHI for the individual analog segments, which
paints a picture of the group that is more concentrated than we originally calculated. This "higher resolution view" of consolidation
better explains the 1,000 bps margin expansion over the past 5 years. The whole industry benefits from this phenomenon, but when we
calculate the "composite HHI" for each company (HHI weighted by segment), ADI, MXIM, TXN and MCHP appear particularly advantaged.

2) Big Get Bigger - Rich Get Richer. Perhaps a socially unacceptable concept, but the cold, hard truth is this is what happened in HDD 
and DRAM (see Appendix 3 for the HDD and DRAM case studies) as those markets consolidated, and what is happening to the analog 
industry today. We show that over the past 5 years, the companies with the largest revenues, market share and composite HHI also had 
the highest share gain and largest positive change in operating margin. We view TXN and ADI as the best ideas on this theme.

3) Expect More M&A. While the industry has benefited from consolidation, we estimate that over 100 companies still account for over 
50% of the analog market. Chart 19 shows the M&A framework we introduced in March 2015 (Semiconductor M&A Handbook - More 
to Come). The framework suggests that M&A has a high probability of success when companies with low cost structures and higher 
valuation multiples (Southeast on chart) acquire companies that have higher cost structures and lower valuation multiples (Northwest 
on chart). This framework indicates MTSI, SLAB, SMTC, LSCC, POWI, VICR, CRUS, DLG as being potentially attractive targets.

4) EPS Sensitivity Analysis 25-100% EPS Upside over 3-to-5 years. We show that over the past 5 years, the larger analog stocks have 
posted a revenue CAGR of 5% and operating margin expansion of 250 bps per year. Our base case assumes 6% revenue CAGR and 
100 bps of op margin expansion per year, and our bull case assumes 9% revenue CAGR and 200 bps of op margin expansion per year, 
which translates to EPS growth for our 3-yr Base/Bull case scenario of 25%/50%, and for our 5-yr Base/Bull case scenario of 50%/100%. 
We think TXN and ON have the best chance to hit our bull case based on the high percentage of their manufacturing that they do in-
house, which should allow for lower cost structure and better fixed cost absorption. In TXN's case, we also think it benefits from scale 
(See #2 above).

Top Ideas
Between the late 80-90s, INTC outperformed the market by 10x because it was a critical supplier in the PC Era, and between the late
90s- 20teens, QCOM and ARM outperformed the market by 10x because they were the critical suppliers into the Cellphone Era. We view
the analog and MCU players as critical suppliers into the IoT Era and expect them to materially outperform the market during the IoT /
Parallel Processing Era of Computing.

We think that the secular trends identified in this report are positive for the industry as a whole, but we would highlight TXN and ADI
as the largest beneficiaries of these trends in the analog market, based largely on their size and relative market share. Simply put, the
big get bigger and rich get richer. We would also highlight ON Semi as a top mid-cap idea based on its position as a consolidator in the
discrete and lower-end analog market, which has the most to benefit in a benign pricing environment.

Chart 1 - Summary of Base and Bull Cases

.

Consensus CY19E 

EPS 

Jefferies 

3-yr Base

Jefferies 

3-yr Bull

Jefferies 

5-yr Base

Jefferies 

5-yr Bull

ADI $5.27 $7.23 $8.47 $8.80 $11.36

MCHP $6.18 $8.10 $9.60 $9.39 $12.29

MXIM $2.53 $3.16 $3.71 $3.79 $4.91

ON $1.78 $2.39 $3.06 $3.02 $4.38

TXN $5.16 $6.96 $8.09 $8.25 $10.53

Source: Jefferies, FactSet
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Chart 2 - Impressive FCF/Shr Growth For Analog Companies Even During Recessions +
Inventory Corrections
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We plot Free Cash Flow per share for our
sample of analog companies. We note that
FCF/Shr took a hit during the financial crisis,
but stayed positive through the whole crisis.
During the US and European debt crises, FCF/
Shr declined a bit, but by and large not as
much as during the financial crisis. FCF/Shr
largely increased monotonically through the
2015 and 2018 inventory corrections, and for
2018, are at the highest levels ever, despite
two quarters of downward revisions in 2H18

Chart 3 - Net Capital Return per Share
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Capital return per share has grown with FCF,
and many have a policy to return 100% of it to
shareholders - shareholders get 100% of the
earnings

Please see important disclosure information on pages 48 - 55 of this report. 6
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Chart 4 - Analog Stocks vs SPX Since 2015 Inventory Correction
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Chart 5 - Analog Semi Gross and Operating Margin (TTM)
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Our index of analog companies has outperformed
the S&P 500 since the 2015 inventory corrections

Over the past 5 years, aggregate gross and operating
margins for our sample of companies increased by 8% and

13%, or by 159bps/yr and 258bps/yr. During that period,
revenue growth for the group has been 30% or 5% CAGR

Chart 6 - Depreciation - % of Sales 1Q19(TTM) vs. 2014
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Chart 7 - FCF Margin 1Q19(TTM) vs. 2014
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Compared to 2014, we noted that the current levels (1Q19TTM)
of depreciation are lower for most of the analog companies in
our sample implying more stable operating model with lower

risk of negative operating leverage during downward revisions

All of the analog players in our sample have similar or
higher FCF margins in 1Q19 (TTM) as compared to 2014
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Chart 8 - Total Analog Market Share

.
Source: Jefferies, Gartner. Analog market share calculated based upon
revenue.

Chart 9 - Total Analog Herfindahl Index

.
Source: Jefferies, Gartner. The Herfindahl Index is calculated by summing
the squares of the market shares of top 50 industry participants

The total Analog market has 2 players with dominant
market share (TXN, ADI) accounting for 49% of the market,

with the 3rd place accounting only for 5% of the market

The Total Analog market HHI index has increased steadily
with consolidation over the past 10 years, but is still in the

"Unconcentrated Zone" suggesting more room for consolidation

Chart 10 - Analog Segment HHI
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Chart 11 - TXN, ADI, MXIM, ON and MCHP Composite HHI
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Looking at the analog market subsegments, the HHI
looks more compelling and more easily explains the

recent 1,000 bps expansion of operating margins.

Among the 4 largest analog companies in our sample,
ADI has the highest composite HHI, compared to

MXIM, TXN and MCHP. Importantly, all have increased.

Please see important disclosure information on pages 48 - 55 of this report. 8
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Chart 12 - Semiconductor Commentary on Pricing Power - 2019

.

Date Company Commentary

11-Jun MCHP CFO:  But what we've seen in this cycle which is different than others is ASPs or the average selling 

prices, the pricing pressure that's coming in other cycles, really haven't been there. And we think 

that's a factor of industry consolidation and a lot of the poor players in terms of pricing model, 

business model had been taken out through acquisitions. And so, prices have held up quite well 

and that has obviously helped in where gross margins are...

10-Jun MCHP CFO: we're having great success in holding pricing flat. We're being fair with our customers; we're 

not raising prices on customers, but really holding pricing flat in this environment. And that's a 

change from where it was just a few years ago where you'd see 1%, 2%, 3% ASP decline per year 

and essentially give away some of the upside that we were seeing in unit growth in ASP decline.

29-May MCHP CFO: And so we've seen pricing be very, very stable in this environment. When we compete 

against our top tier competitors, we're competing against product specs and technical support 

and it's not a pricing discussion. Obviously, price is important to the customer, but that's not what 

ultimately wins you that design.

14-May MXIM CFO: It's a favorable pricing environment.

29-Apr ON CEO: We're not seeing any pricing declines at all. In fact, it's less than normal right now.

13-Feb MCHP CFO: We're in a – we believe a good environment from ASP perspective. We've been holding ASPs 

relatively flat with customers and having good success with that. And so, as our cost structures 

improve, we think that we can continue to get gross margin improvement over the course of time 

as the revenue environment becomes a little bit more constructive.

12-Feb MXIM CFO: "But both from a revenue growth point of view from the ability to continue to, kind of, 

improve utilization and really loading in our one factory left up in Oregon, I think our mix of 

shifting more to industrial helps us. I think the pricing environment is favorable in semiconductors' 

given consolidation. I think there's a number of factors."

5-Feb TXN Head of IR: "And as our customers go through and decide which product they're going to use, 

there can be tens, if not hundreds of specs that an engineer is considering. And the average sales 

price of a product in the market overall is about $0.35.

And out of those hundreds of specifications they're looking at, pricing is always a concern, but it 

just very rarely is one of the top concerns. So you can't sell a $0.35 part for $3.50. But that's just 

not usually one of the top things that a customer is concerned about. But really looking at the 

functionality of the device and how it works inside of their design."

4-Feb ON CEO: Our annual contracts are usually completed, and they show up in our books in the first 

quarter here, as you mentioned. Those numbers were better than we've had, quite benign, and 

should not be declining – or should not provide a decline in ASP for the first quarter.

7-Feb NXP CEO: I would say that the general environment on pricing is okay. I don't think that we would say 

that it's poor for us at all. I think if anything we're trying to whittle down, when you go through the 

annual price negotiations with the OEMs and the tier ones, it's an arm wrestling that takes place. 

And we try to get it down slightly and, it's under the contract, and we try to reduce it slightly, and 

they try to get a little more. But I don't think there's a significant change in environment that we 

see associated with that. And on most of the Industrial & IoT, you said that price with the design 

wins and then you have a built in reduction that takes place associated with those that we honor 

contracts for them... 

But I wouldn't say that the pricing environment is problematic. It's very healthy right now.

3-Jan ON CEO: So other than China construction-related things, everything else actually does look very 

good. We're seeing the push for the higher efficiency being well received and customers willing to 

pay additional for that, which is great for a pricing environment.

Source: Jefferies, company data, FactSet

Analog companies continue to report secular
improvements in the pricing environment. We
think that better pricing is driven more by
secular dynamics associated with increased
industry concentration

Please see important disclosure information on pages 48 - 55 of this report. 9
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Secular Analog Demand– Tectonic Shift to Parallel
Processing and IoT Computing Paradigm
In our July, 2017 note: “4th Tectonic Shift in Computing,” we observed that the computing 
paradigm shifted every 15 years (10x units, 1/10th cost, 1/10th footprint), and argued that it 
is currently shifting to a parallel processing / IoT model. We believe the current shift is being 
driven by both the low cost of storing the data that the IoT devices are generating, as well as 
improvements in parallel processing technologies like neural networking. As the data from 
the IoT devices is being processed in an AI framework, higher utility is being driven into 
those devices, increasing demand for them. The higher utility / increased demand feedback 
loop is becoming a virtuous circle.

We argued that analog companies, TXN, ADI, MCHP, ON and MXIM were plays on this 
Tectonic Shift theme as companies that supply components that enable the IoT devices.

Chart 13 - Tectonic Shifts in the Computing Paradigm over the Past 60 years

.
Source: Jefferies, Mainframe computer data from IBM filings, “The Early Computer Industry: Limitations of Scale and Scope”, A. Gandy; Minicomputer

“History of Computer Communications” J. Pelkey; Personal Computer data from “Total Share: Personal Computer Market Share 1975-2010”, J. Reimer,

Gartner; Mobile devices from Counterpoint Research, Canalys Research, “Smartphones” Research Report, M. Ilyas, S. Ahson; IoT devices from Gartner.

Please see important disclosure information on pages 48 - 55 of this report. 10
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Chart 14 - HDD Market Share Over Time
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Western Digital

2018: Western Digital market share = 38%

1996: Seagate acquires Conner

2001: Maxtor acquires 

Quantum

2006: Seagate 

acquires Maxtor

2011: Seagate acquires 

Samsung HDD

2018: Seagate market share = 39%

2009: Fujitsu merges with Toshiba

2018: Toshiba market share = 23%Other Vendors

Source: Jefferies, Gartner. HDD market share calculated based on units
shipped.

Chart 15 - DRAM Market Share
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Consolidation case studies of DRAM and HHD industries (See Appendix 3) suggest that the natural
order of tech industries is to have 2-to-3 players dominate the market. For example, In DRAM the top 3

players combined represent 95% of the market while in HDD top 3 players represent 100% of the market.

Chart 16 - Change in Market Share vs. 2018 Revenue
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Chart 17 - Delta in Op Margins from 2013-18 vs. 2018 Revs
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We plotted analog companies' revenues and change of
market share over the past 5 years and saw a strong

correlation within the data set (R-sq of 62%). We see this
as a confirmation of our thesis that scale is competitive

advantage in analog space and over time "the big get bigger".

We looked at the increase in profitability and the relationship
between the Composite Herfindahl index and the size of the

company. We observe that the industry leaders (TXN, ADI) have
seen the most improvement in operating margin over the last
5 years, leading us to conclude that "the rich are get richer".

Please see important disclosure information on pages 48 - 55 of this report. 11
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Chart 18 - 5yr Changes in Profitability and Composite HHI
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Chart 19 - Framework for Identifying Potential M&A Targets and Acquirers - Total Analog
Market
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We plotted annual revenues and change 
in operating margins over the last 5 years 
for the largest analog companies. We show 
that over the past 5 years, the companies 
with the largest revenues, market share and 
composite HHI also had the highest share 
gain and largest positive change in operating 
margin.

Conclusion: the big are getting bigger and the 
rich are getting richer.

According to our semi M&A framework 
(See note Semis M&A Handbook: More 
to Come), semiconductor M&A often 
succeeds when companies with a low cost 
structure and higher valuation (Southeast on 
chart) acquired companies with high cost 
structures and low valuations (Northwest on 
chart). By acquiring Northwest companies 
can win twice: 1) lower costs and increase 
earnings, and 2) get a better multiple on the 
higher earnings stream.

We estimate that there are still over 100 
analog companies so we expect more 
consolidation. This framework suggests that 
those companies to the Northwest of the 
dotted red line could potentially be attractive 
targets.

Please see important disclosure information on pages 48 - 55 of this report. 12
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.

Section 2. Analog HHI Analysis

Please see important disclosure information on pages 48 - 55 of this report. 13
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2.1. Total Analog Industry Concentration Analysis
Chart 20 - Analog Segments Revenue
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The total Analog market has grown at 5%/3%
CAGR for the 5/10 years

The Voltage Regulator / Reference segment
has grown at a CAGR of 5%/4% for the past
5/10 years

Data Converter / Switch / Multiplexer has
grown at 6%/5% CAGR for the same periods

Amplifier & Other Analog has grown at 4%/2%
CAGR for the 5/10 years

Chart 21 - Total Analog Market Segments Proportions
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Other Analog
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Voltage 
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Source: Jefferies, Gartner. Analog segments proportions calculated based
upon revenue in 2017, latest actual full year data.

The largest segment of the Total Analog market is Voltage
Regulator/Reference, representing 50% of Analog revenues

Data Converters, Switches and Multiplexes segment account for
20% of the Analog market

Amplifiers and Other Analog represent 30%. Within Amplifiers and
Other Analog, Amplifiers comprise 60%+ of the Amplifiers & Other
segment (based on market data from 2015)

Please see important disclosure information on pages 48 - 55 of this report. 14
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Chart 22 - Total Analog Market Share
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The Total Analog market has consolidated
over the last 10 years. Notable acquisitions
that have changed the competitive
landscape:

• Texas Instruments + National Semi

• ON + Fairchild

• Linear + Analog Devices

• Richtech + MediaTek

• Renesas + Intersil + Integrated Devices

We expect the analog industry to become
even more concentrated over the next 5-to-10
years

Companies with 1.0-2.5% market share in
declining order are MediaTek, Monolithic
Power Systems, Infineon, Power Integrations,
NXP, Nisshinbo, Sanken, Qualcommm,
Diodes and Minebea Mitsumi.

Chart 23 - Total Analog Herfindahl Index
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Source: Jefferies, Gartner. The Herfindahl Index is calculated by summing the squares of the market
shares of top 50 industry participants

Total Analog segment HHI has increased to
13.5% from 6.0% over the last 10 years, which
we think explains a lot of the positive pricing
commentary from and margin expansion at
the analog companies.

On an aggregate basis, the HHI is still
low, which suggests there is a lot more
consolidation to go.

Please see important disclosure information on pages 48 - 55 of this report. 15
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Chart 24 - Analog Herfindahl Index vs. Analog EBIT Margin

.
Source: Jefferies, Gartner, FactSet. Average Analog EBIT margin
calculation includes ADI+LLTC, MXIM, ON+FCS and TXN.

Chart 25 - Analog Herfindahl Index vs Relative Stock Performance

.
Source: Jefferies, Gartner, FactSet. Average Analog stock performance
calculation includes ADI+LLTC, MXIM, ON+FCS and TXN. Relative
performance is indexed to December 31, 2001.

Consistent with previous case studies we have
published on industry concentration (See Appendix

3 for HDD and DRAM case studies), analog EBIT
margins have increased as the industry consolidated

Also consistent with our HDD and DRAM case studies (see
Appendix 3), analog stock performance has outperformed

the S&P500 as it has become more concentrated

Chart 26 - Analog Segments Herfindahl Indices vs. Analog EBIT
Margin
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Chart 27 - Analog Segments Herfindahl Index vs Relative Stock
Performance
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On a segment level within the analog industry, Converter & Switch
and Amplifier & Other have seen the most consolidation over the

past 5-to-10 years, which we think will particularly benefit TXN and
ADI over the next 5-10 years, given their 5-10 year product cycles

Analog stocks have outperformed
the industry as the HHI has increased

Please see important disclosure information on pages 48 - 55 of this report. 16
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2.2. Voltage Regulator / Reference Concentration Analysis
Chart 28 - Voltage Regulator / Reference Market Share

.
Source: Jefferies, Gartner. Analog market share calculated based upon revenue.

The Voltage Regulator market is the
largest and the most fragmented analog
segment but it is still consolidating.
Notable acquisitions that have changed
the competitive landscape:

• Texas Instruments + National Semi

• ON + Fairchild

• Linear + Analog Devices

• Richtech + MediaTek

• Renesas + Intersil

TXN and ADI are the market leaders with 26%
and 11% share

Others with 1.0-2.0% market share in
declining order are Nisshinbo, Minebea
Mitsumi, Diodes, Dialog Semiconductor, Lite-
On Semiconductor, MCHP, Ablic, Cirrus Logic,
Qualcomm

Chart 29 - Voltage Regulator / Reference Herfindahl Index

.
Source: Jefferies, Gartner. The Herfindahl Index is calculated by summing the squares of the market
shares of top 50 industry participants.

The HHI index for Voltage Regulator /
Reference segment of Analog Market was
9.6% in 2018, up from 5.3% in 2009

Please see important disclosure information on pages 48 - 55 of this report. 17
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2.3. Data Converter / Switch / Multiplexer Concentration Analysis
Chart 30 - Data Converter / Switch / Multiplexer Market Share

.
Source: Jefferies, Gartner. Analog market share calculated based upon revenue.

Data Converter/Switch is the most
concentrated analog segment. Notable
acquisitions that have changed the
competitive landscape:

• Analog Devices + Linear

• Texas Instruments + National Semi

• Cirrus Logic + Wolfson

• On + Fairchild

Analog Devices has 43% share of the market,
while Texas Instruments controls 24% of the
market. Notably, for the period 2002-2018,
TXN increased market share by 10%, while
ADI gained 4%

ADI and TXN are the market leaders with 43%
and 24% share.

Others with 0.5%-1.0% market share
in declining order are CEC Huada
Semiconductor, Mercury Systems, Diodes,
ON Semiconductor, Cobham, Renesas,
Toshiba and Nuvoton Technology.

Chart 31 - Data Converter / Switch / Multiplexer Herfindahl Index

.
Source: Jefferies, Gartner. The Herfindahl Index is calculated by summing the squares of the market
shares of top 50 industry participants.

The Data Converter / Switch / Multiplex HHI
is at 26%, up from 17% in 2013, crossing into
"Concentrated" HHI level

Please see important disclosure information on pages 48 - 55 of this report. 18
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2.4. Amplifiers and Other Analog Concentration Analysis
Chart 32 - Amplifiers and Other Analog Market Share

.
Source: Jefferies, Gartner. Analog market share calculated based upon revenue.

The other Analog segment includes
Amplifiers, Comparators, Interface, Clock,
Timing and Other Analog.

Notable acquisitions that have changed the
competitive landscape:

• Analog Devices + Linear Technology

• Texas Instruments + National Semi.

• Renesas + Intersil

• NXP + Freescale

• On + Fairchild

• Rohm + Poweration

TXN and ADI have the leading market shares
with 38% and 21%, respectively

Others with 1.0% - 1.7% market share
in declining order are Silicon Labratories,
Skyworks Solutions, Nisshinbo, Diodes,
MegaChips, Toshiba, Rohm, Mercury
Systems and Cobham

Chart 33 - Amplifiers and Other Analog Herfindahl Index

.
Source: Jefferies, Gartner. The Herfindahl Index is calculated by summing the squares of the market
shares of top 50 industry participants.

This segment has seen the greatest
consolidation over the past 8 years with
1270bps increase in its HHI since 2010

Please see important disclosure information on pages 48 - 55 of this report. 19
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Section 3. M&A Analysis

Please see important disclosure information on pages 48 - 55 of this report. 20
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Section 3. M&A Analysis
Chart 34 - Framework for Identifying Potential M&A Targets and Acquirers - Total Analog
Market
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According to our semi M&A framework 
(See note Semis M&A Handbook: More to 
Come), semiconductor M&A often 
succeeded when companies with low 
cost structure and higher valuation 
(Southeast on chart) acquired companies 
with high cost structure and low valuations 
(Northwest on chart). By acquiring 
Northwest, acquirers can win twice: 1) lower 
costs and increase earnings, and 2) get a 
better multiple on the higher earnings 
stream.

Chart 35 - Framework for Identifying Potential M&A Targets and Acquirers - Voltage
Reg/Ref Segment
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Within Voltage Regulator / Reference space
our framework suggests that SLAB, SMTC,
POWI, VICR, Lite-on, CRUS, AMS, DLG, Ricoh,
MediaTek and AOSL might be attractive
targets.

Please see important disclosure information on pages 48 - 55 of this report. 21
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Chart 36 - Framework for Identifying Potential M&A Targets and Acquirers - Data
Converter/Switch/Multiplexer Segment
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Data Converter / Switch / Multiplexor is
moderately concentrated according to our
HHI analysis, but also has fewer public
players. Our M&A framework suggests that
CRUS, AMS, Ricoh and Nuvoton might be
attractive candidates in this segment.

Chart 37 - Framework for Identifying Potential M&A Targets and Acquirers - Amplifier
and Other Analog Segment
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The Amplifier and Other Analog segment has
recently reached moderate concentration
levels according to our HHI analysis and
similarly to Data Converter / Switch /
Multiplexer has fewer potential public
targets. Our framework agrees CY could be
a good target (recently announced to be
acquired by IFX), and SLAB, CRUS and Anpec
might be attractive targets.

Please see important disclosure information on pages 48 - 55 of this report. 22
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Section 4. Analog Players' EPS Sensitivity Analysis
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Section 4. Analog Players' EPS Sensitivity Analysis
4.1. ADI Sensitivity Analysis
Chart 38 - ADI Revenue Split

.
Source: Jefferies, ADI, Gartner. Revenue split provided based on ADI segment data split provided in
2017 overlaid with Gartner revenue estimates for 2017.

Based on data provided by ADI, we estimate
that Data Converter is the largest analog
segment for the company, followed by
Amplifiers and Other Analog and then by
Power Management (Voltage Reg/Ref). We
note that "Other" category includes some
analog devices that fall outside of the general
purpose analog devices categories.

Chart 39 - ADI Composite HHI, EBIT and Stock

.
Source: Jefferies, Gartner, FactSet; Composite HHI calculated from Analog.
Performance Relative to SPX is calculated from 31-Dec-01.

Chart 40 - ADI FCF/Share and Net Capital Return/Share
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Source: Jefferies, company data

Over the past 10 years, ADI's Composite HHI
increased by 690bps, its EBIT increased by

1,000bps and its stock outperformed SPX by 174%.

ADI FCF/share doubled over the past 3 years and increased
steadily over the past 16 years, through the great recession

and six inventory corrections. ADI's capital return fell
below FCF/share as it delevered from its LLTC acquisition.

Please see important disclosure information on pages 48 - 55 of this report. 24
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Chart 41 - ADI Revenue and Margins, Historical and Forecast (TTM)

.
Source: Jefferies, company data, FactSet

Over the past five years, ADI and LLTC
pro-forma revenues have increased at 9%
CAGR, while gross and operating margins
have expanded by 52 bps/yr and 162 bps/yr,
respectively.

In the chart to the left, we show actual pro-
forma TTM revenue, gross and operating
margins through C1Q19, and forecasted bear,
base and bull case projections for each for
the next 5 years.

ADI's target model of 70%-plus GM and OM of
39%-45% is in-line with our 5yr base case GM
and slightly more conservative than our OM
base case.

Chart 42 - ADI EPS 3-yr and 5-yr Sensitivity Analysis

.
Source: Jefferies, company data, FactSet

Our 3-yr and 5-yr base case for EPS
assumes 6% revenue CAGR and a 100 bps/yr
improvement in operating margins. Our 3-yr
and 5-yr bull case assumes 9% revenue CAGR
and a 200 bps/yr improvement in operating
margins.

Our 5-yr base and bull case targets translate
to EPS that is 67% and 116% higher than
CY19 consensus estimates of $5.27.

Please see important disclosure information on pages 48 - 55 of this report. 25
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4.2. MCHP Sensitivity Analysis
Chart 43 - MCHP Revenue Split (2018)
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Source: Jefferies, company data, Gartner. Revenue split provided based on MCHP data and Gartner
estimates; MCHP 2018 reported revenue is significantly above Gartner estimates

We estimate analog revenues at 25-30% of
MCHP sales and MCUs at 55-60% of its sales.

Chart 44 - MCHP Composite HHI, EBIT and Stock
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Chart 45 - MCHP FCF/Share and Net Capital Return/Share
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Source: Jefferies, company data

Over the past 10 years MCHP's Composite HHI has
increased by 450bps, its EBIT margin increased by

2,510bps and its stock outperformed the SPX by 143%

MCHP's FCF/share doubled over the past 4 years and
increased steadily over the past 16 years through the great

recession and six inventory corrections. MCHP's main
capital return vehicle is its dividend, as its main use of cash

recently is to pay down debt from its MSCC acquisition

Please see important disclosure information on pages 48 - 55 of this report. 26
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Chart 46 - MCHP Revenue and Margins, Historical and Forecast (TTM)

.
Source: Jefferies, company data, FactSet

Over the past five years, MCHP and ATML,
MSCC pro-forma revenues have increased
at a 5% CAGR, while gross and operating
margins have expanded by 225 bps/yr and
162 bps/yr, respectively

In the chart to the left, we show actual
TTM revenue, gross and operating margins
through C1Q19, and forecasted bear, base
and bull case projections for each for the next
5 years

MCHP's long term model is 63% non-GAAP
GM and 40.5% OM, which we view as
conservative

Chart 47 - MCHP EPS 3-yr and 5-yr Sensitivity Analysis

.
Source: Jefferies, company data, FactSet

Our 3-yr and 5-yr base case for EPS
assumes 6% revenue CAGR and a 100 bps/yr
improvement in operating margins. Our 3-yr
and 5-yr bull case assumes 9% revenue CAGR
and a 200 bps/yr improvement in operating
margins

Our 5-yr base and bull case targets translate
to EPS that is 52% and 99% higher than CY19
consensus estimates of $6.18

Please see important disclosure information on pages 48 - 55 of this report. 27
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4.3. MXIM Sensitivity Analysis
Chart 48 - MXIM: Revenue Split

.
Source: Jefferies, Gartner, company data

Analog represents ~90% of the MXIM's
revenues. According to Gartner, MXIM holds
the #3 market share position in Total
Analog and the #3-5 positions in all analog
segments. In Amplifiers & Other, it holds the
#3 position with 6% market share. ASSPs
reflect mostly analog devices that do not fall
into the general purpose device category

Chart 49 - MXIM Composite HHI, EBIT and Stock

.
Source: Jefferies, Gartner, FactSet, Composite HHI calculated from Analog.
Performance Relative to SPX is calculated from 31-Dec-01.

Chart 50 - MXIM FCF/Share and Net Capital Return/Share
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Source: Jefferies, company data

Over the past 10 years MXIM's Composite HHI has
increased by 775bps, its EBIT margin increased by

849bps and its stock outperformed the SPX by 168%

Over the past 10 years MXIM's FCF/share more than
doubled during multiple inventory corrections. MXIM's

capital return exceeded its FCF/share due to its excess cash

Please see important disclosure information on pages 48 - 55 of this report. 28
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Chart 51 - MXIM Revenue and Margins, Historical and Forecast (TTM)

.
Source: Jefferies, company data, FactSet

Over the past five years, MXIM revenues
remained flat, while gross and operating
margins have expanded by 176 bps/yr and
270 bps/yr, respectively

In the chart to the left, we show actual
TTM revenue, gross and operating margins
through C1Q19, and forecasted bear, base
and bull case projections for each for the next
5 years

MXIM's target model is 70% GM and 40% OM
is in-line with our base case scenario

Chart 52 - MXIM EPS 3-yr and 5-yr Sensitivity Analysis

.
Source: Jefferies, company data, FactSet

Our 3-yr and 5-yr base case for EPS
assumes 6% revenue CAGR and a 100 bps/yr
improvement in operating margins. Our 3-yr
and 5-yr bull case assumes 9% revenue CAGR
and a 200 bps/yr improvement in operating
margins

Our 5-yr base and bull case targets translate
to EPS that is 50% and 94% higher than CY19
consensus estimates of $2.53

Please see important disclosure information on pages 48 - 55 of this report. 29
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4.4. ON Sensitivity Analysis
Chart 53 - ON: Revenue Split
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ON has about 30-35% exposure to the analog
market, along with high relative share in auto
image sensors and #2 share in discretes,
behind only IFX

Chart 54 - ON Composite HHI, EBIT and Stock

.

0

2.5

5

7.5

10

12.5

0%

5%

10%

15%

20%

25%

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
5

2
0
1
6

2
0
1
7

2
0
1
8

O
N

 R
e
la

ti
v
e
 t

o
 S

P
X

H
e
rf

in
d

a
h

l 
In

d
e
x

 a
n

d
 E

B
IT

 M
a
rg

in
, 
% ON EBIT Margin

ON 

Competitive 

Herfindahl 

Index

ON Relative to 

SPX

Source: Jefferies, Gartner, FactSet. Composite HHI calculated from Analog
and Discrete. Performance Relative to SPX is calculated from 31-Dec-01.

Chart 55 - ON FCF/Share and Net Capital Return/Share
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Over the past 10 years ON's composite HHI has increased
by 350bps, its EBIT margin increased by 856bps;

meanwhile the stock has outperformed the SPX by 208%

After Sanyo in 2011 and managing the impact of
a tsunami, nuclear disaster and floods, ON's EBIT
margins bottomed in 2012 and have improved by

750bps. We expect OMs to expand another 600bps

ON's FCF/share has doubled over its baseline 10
years ago as it successfully integrated FCS. The

company started returning cash to shareholders again
in 2019 as it approached its target leverage ratio

Please see important disclosure information on pages 48 - 55 of this report. 30
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Chart 56 - ON Revenue and Margins, Historical and Forecast (TTM)

.
Source: Jefferies, company data, FactSet

Over the past five years, ON and FCS pro-
forma revenues have increased at a 7%
CAGR, while gross and operating margins
have expanded by 115 bps/yr and 193 bps/
yr, respectively

In the chart to the left, we show actual
TTM revenue, gross and operating margins
through C1Q19, and forecasted bear, base
and bull case projections for each for the next
5 years

ON's 2022 target model of 43% GM and 22%
OM is in-line with our base case on the OM,
and falls in-between our base and bull cases
on GM

Chart 57 - ON EPS 3-yr and 5-yr Sensitivity Analysis

.
Source: Jefferies, company data, FactSet

Our 3-yr and 5-yr base case for EPS
assumes 6% revenue CAGR and a 100 bps/yr
improvement in operating margins. Our 3-yr
and 5-yr bull case assumes 9% revenue CAGR
and a 200 bps/yr improvement in operating
margins

Our 5-yr base and bull case targets translate
to EPS that is 70% and 146% higher than
CY19 consensus estimates of $1.78

Please see important disclosure information on pages 48 - 55 of this report. 31
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4.5. TXN Sensitivity Analysis
Chart 58 - TXN Revenue Split (2018)

.
Source: Jefferies, TXN, Gartner. Revenue split provided based on TXN 2018 segment and product
line data.

Note: TXN reported the following revenues split for 2018: Analog - 66%, Embedded Processing - 23%

and Other - 9%.

TXN reports Analog to represent 66% of the
total revenues. Voltage Reg/Ref segment is
the largest for TXN and represents ~30%
of TXN's revenues, followed by Amplifiers &
Other Analog. In both of these segments TXN
holds the leading market share, while in Data
Converter segment TXN is in second place
after ADI

Notably TXN's market share in Amplifiers &
Other Analog has increased by 2% from 2017
to 2018

Chart 59 - TXN Composite HHI, EBIT and Stock

.
Source: Jefferies, Gartner, FactSet. Composite is calculated from Analog
and MCU. Performance Relative to SPX is calculated from 31-Dec-01.

Chart 60 - TXN FCF/Share and Net Capital Return/Share
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Source: Jefferies, company data

Over the past 10 years, TXN's Composite HHI
increased by 643bps, its EBIT increased by

2,140bps and its stock outperformed SPX by 331%

TXN's FCF/share doubled over the past 5 years and
increased steadily over the past 16 years, through the great

recession and six inventory corrections. TXN's capital
return exceeded its FCF/share due to its excess cash

Please see important disclosure information on pages 48 - 55 of this report. 32
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Chart 61 - TXN Revenue and Margins, Historical and Forecast (TTM)

.
Source: Jefferies, company data, FactSet

Over the past five years, TXN revenues have
increased at a 5% CAGR, while gross and
operating margins have expanded by 278
bps/yr and 414 bps/yr, respectively

In the chart to the left, we show actual
TTM revenue, gross and operating margins
through 1Q19, and forecasted bear, base and
bull case projections for each for the next 5
years

TXN does not provide the details on target
margins

Chart 62 - TXN EPS 3-yr and 5-yr Sensitivity Analysis

.
Source: Jefferies, company data, FactSet

Our 3-yr and 5-yr base case for EPS
assumes 6% revenue CAGR and a 100bps/yr
improvement in operating margins. Our 3-yr
and 5-yr bull case assumes 9% revenue CAGR
and a 200 bps/yr improvement in operating
margins

Our 5-yr base and bull case targets translate
to EPS that is 60% and 104% higher than
CY19 consensus estimates of $5.16

Please see important disclosure information on pages 48 - 55 of this report. 33
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Appendices
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Appendix 1. Analog Primer
Chart 63 - Analog Segments Revenue
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Source: Gartner, *Amplifier & Other includes Amplifier/Comparator, Interface and Other after Gartner
switched to aggregate presentation in 2015.

Total Analog market has grown at 5%/3%
CAGR for the 5/10 years

The Voltage Regulator / Reference segment
has grown at a CAGR of 5%/4% for the past
5/10 years

Data Converter / Switch / Multiplexer has
grown at 6%/5% CAGR for the same periods

Amplifier & Other Analog has grown at 4%/2%
CAGR for the 5/10 years

Chart 64 - Total Analog Market Segments Proportions

.
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Other Analog

Data 
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Multiplexer

Voltage 

Regulator/
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Source: Jefferies, Gartner. Analog segments proportions calculated based
upon revenue in 2017, latest actual full year data.

The largest segment of the Total Analog space is the
Voltage Regulator/Reference segment, representing 50% of Analog
revenues

Data Converters, Switches and Multiplexes account for 20% of the
Analog market

Amplifiers and Other Analog represent 30%. Within Amplifiers and
Other Analog, Amplifiers comprise 60%+ of the Amplifiers & Other
segment (based on market data from 2015)

Please see important disclosure information on pages 48 - 55 of this report. 35
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Chart 65 - Main Types of Analog Devices

.
Source: Jefferies, Analog companies websites
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Appendix 2. Tectonic Shifts in Computing - PC and Cellphone Case Studies
Secular Analog Demand– Tectonic Shift to Parallel Processing and IoT
Computing Paradigm
In our July, 2017 note: “4th Tectonic Shift in Computing,” we observed that the computing
paradigm shifted every 15 years (10x units, 1/10th cost, 1/10th footprint), and argued that it
is currently shifting to a parallel processing / IoT model. We believe the current shift is being
driven by both the low cost of storing the data that the IoT devices are generating, as well as
improvements in parallel processing technologies like neural networking. As the data from
the IoT devices is being processed in an AI framework, higher utility is being driven into
those devices, increasing demand for them. The higher utility / increased demand feedback
loop is becoming a virtuous circle.

We argued that the analog companies, TXN, ADI, MCHP, MXIM and ON are plays on this
Tectonic Shift theme as companies that supply critical components that enable the IoT
devices.

Chart 66 - Tectonic Shifts in the Computing Paradigm over the Past 60 years
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Analog revenue mix is getting richer as 
growth shifts to fragmented IoT markets 

from concentrated cellphone + PC 
markets - we expect this to continue for 

the next 10 years

Source: See page 10 for the detailed list
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Chart 67 - Critical Components of PC BOM

.

Microprocessor 
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$102 

Software (17% 

of BOM), $75 

Other (Memory, 

Storage, 60%), 

$262 

PC BOM = $440

Source: Jefferies, ZDNet

INTC and MSFT have been critical suppliers
of components into the PC “Bill of Materials”
or BOM, during the PC Era. INTC’s IPO was in
1971, MSFT’s was in 1986

INTC supplies MPUs into PC, which can
account for 20-25% of the total BOM of the PC

MSFT supplies software into the PC that can
account for 15-20% of the PC BOM

Chart 68 - Stock Performance of PC BOM Plays During PC Era (1981-1997)
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MSFT: 166x

DELL: 103x

INTC: 75x

SPX: 8x

Source: Jefferies, FactSet

During the PC Era, as defined by unit
shipments from the left chart, we estimate
that MSFT stock appreciated by 166x,
and INTC appreciated by 75x, both of
which compare favorably to the SPX which
appreciated by 8x

Please see important disclosure information on pages 48 - 55 of this report. 38

EQUITY RESEARCH
Semiconductors

Th
is

 re
po

rt
 is

 in
te

nd
ed

 fo
r J

ef
fe

rie
s 

cl
ie

nt
s 

on
ly

. U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 p
ro

hi
bi

te
d.



Chart 69 - Critical Components of Cellphone BOM

.
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iPhone 3G BOM = $172

Source: Jefferies, IHS

QCOM and ARMH have been critical suppliers
of components into the cell phone. QCOM
and ARMH went public in 1991 and 1998,
respectively

QCOM supplies application and baseband
processors into the cellphone, and both
ARMH and QCOM have supplied critical IP
that go into those cell phone processors

We estimate that their combined content can
account for 15-20% of the BOM of a cell
phone

Chart 70 - Stock Performance of PC BOM Plays During PC Era (1981-1997)
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would be here at 6.6x indexed

return over two years

Source: Jefferies, FactSet

During the Cell Phone / Datacenter Era, we
estimate that ARMH stock appreciated by
30x, and QCOM appreciated by 22, both of
which compare favorably to the SPX which
appreciated by 2.8x
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Chart 71 - Critical Components of FitBit BOM
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Chart 72 - Critical Components of Nest Thermostat BOM
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Chart 73 - Critical Components of Apple Watch BOM
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Chart 74 - Critical Components of Average IoT BOM
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Chart 75 - Stock Performance of IoT BOM Plays During IoT Era
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Assuming 10-15 yrs 

between Tectonic Shifts in 

computing, the "Critical 

IoT BOM" plays may have 

a long run of 

outperformance ahead 

TXN 2.0x

MCHP 1.8x

ADI 2.0x

MXIM  1.6x
SPX 1.4x

?

ON  2.0x

Source: Jefferies, FactSet

Critical components plays like TXN appear
to be off to a good start during the IoT /
Parallel Processing Era, having outperformed
the SPX since the end of 2015

Assuming 10-15 years between Tectonic
Shifts in computing, we think that they are
well positioned to benefit from a long run
of sustainable growth in secular demand
and outperformance during the IoT/Parallel
Processing Era
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Appendix 3. HHI Primer and Case Studies (HDD+DRAM)
The Herfindahl-Hirschman Index (aka “Herfindahl Index” or “HHI”) is a quantitative measure
of the competitiveness of an industry. It is calculated by summing the squares of the
market share of the top 50 companies in an industry. The higher the index, the higher the
industry concentration, and lower the competitiveness of the industry. For example, one
company with 100% share would return an HHI of 100% (a monopoly). By contrast, 100
companies with 1% share each would return an HHI of 1% (highly competitive industry).

HHI Implementation by FTC and DoJ

The HHI is used by the FTC and DoJ for the purposes of assessing the impact of a merger
on an industry’s competitiveness. These Agencies have defined three buckets for the index,
and apply the following general standards:

1. HHI < 15% = Unconcentrated Market, which we would describe as highly competitive.
Mergers that result in a 1% or less increase in the HHI are unlikely to have adverse
competitive effects and normally require no further analysis.

2. HHI between 15% and 25% = Moderately Concentrated. Mergers that result in a 1% or
more increase in the HHI raise significant competitive concerns and often warrant scrutiny.

3. HHI > 25% = Highly Concentrated or a less competitive industry. Mergers that result in an
increase of the HHI of between 100 and 200 points potentially raise significant competitive
concerns and often warrant scrutiny. Mergers that result in a 2% or higher increase in the
HHI are viewed as enhancing market power.

The HHI is named after two economists,
Orris Herfindahl and Albert Hirschman

The index was derived to measure the
concentration of an industry was first

published in 1945 by Hirschman (National
Power and the Structure of Foreign Trade,

Berkeley)

A variation of that metric used today
was published by Herfindahl in 1950

(Concentration in the US Steel Industry,
Doctoral Dissertation, Columbia University)

Please see important disclosure information on pages 48 - 55 of this report. 42
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HDD Herfindahl Analysis Case Study
Chart 76 - HDD Market Share Over Time

.
Source: Jefferies, Gartner. HDD market share calculated based on units shipped.

The HDD industry has consolidated from over
a dozen companies 25 years ago, to three
main competitors

Chart 77 - Herfindahl Index (HHI) for the Hard Disk Drive (HDD) Industry

.
Source: Jefferies, Gartner

The Herfindahl Index inflected into the
Concentrated tier in 2013 and has remained
above 35% since

More recently, the HHI declined as Toshiba
regained share

Please see important disclosure information on pages 48 - 55 of this report. 43
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Chart 78 - Herfindahl Index vs. HDD EBIT Margin

.
Source: Jefferies, Gartner, FactSet, company data. HDD EBIT % is the average EBIT margin of STX
and WDC.

Profitability of WDC and STX improved as the
industry consolidated, and then declined as
Toshiba regained share

Chart 79 - Herfindahl Index vs. Relative Stock Performance

.
Source: Jefferies, Gartner, FactSet. HDD Relative Stock Performance is a composite of WDC and
STX relative SPX.

WDC and STX stock prices also improved
with the increasing HDD Herfindahl Index,
and then declined as Toshiba regained share

Please see important disclosure information on pages 48 - 55 of this report. 44

EQUITY RESEARCH
Semiconductors

Th
is

 re
po

rt
 is

 in
te

nd
ed

 fo
r J

ef
fe

rie
s 

cl
ie

nt
s 

on
ly

. U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 p
ro

hi
bi

te
d.



DRAM Herfindahl Analysis Case Staudy
Chart 80 - DRAM Market Share

.
Source: Jefferies, Gartner. * DRAM market share calculated based upon revenue.

The DRAM industry has consolidated from 24
companies in 1987 to 3 major competitors
with 95% of the market in 2018

Chart 81 - DRAM Herfindahl Index

.
Source: Jefferies, Gartner. DRAM market shares calculated based on revenues.

The DRAM HHI has increased dramatically
between 2008 and 2017 and remained above
30% since 2014, well into the “Concentrated”
industry category

This suggests to us that the recent positive
inflection in MU fundamentals are much
more secular, rather than cyclical in nature
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Chart 82 - Herfindahl Index vs. EBIT Margin

.
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Source: Jefferies, Gartner, FactSet

We look at MU EBIT margin as a proxy for
the DRAM space given it is the only pure
play DRAM company. The EBIT margin has
increased with the Herfindahl Index, even if
with a degree of volatility

Chart 83 - Herfindahl Index vs. Relative Stock Performance

.
Source: Jefferies, Gartner, FactSet. Relative performance is indexed to December 31, 1999

Pricing in DRAM has also improved as the
industry has become more concentrated
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Appendix 4. Valuations Table
Chart 84 - Coverage Fundamentals Table

.

7/3/19 EV/S EV/FCF JEF EPS Cons. EPS P/E

Ticker Price 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

PC:

AMD Buy  $   34.00  $   31.19  $   33,735  $   1,199  $   1,094  $   (105)  $   (0.10) 4.9x 4.0x 586x 46x 0.65 1.30 $   0.66 $   1.02 48x 30x 26x

INTC Underperform 40.00 48.52  217,224        12,033  29,377         17,344 3.87 3.4x 3.3x 16x 14x 4.10 3.65          4.26          4.44 11x 11x 6x

MRVL Buy 29.00 24.57  16,241 572         1,882 1,310 1.98 6.3x 5.5x 21x 15x 0.78 1.31          0.79          1.30 31x 19x n.a

NVDA Buy 210.00 162.75  99,115 7,802         2,554          (5,248)           (8.62) 8.6x 7.2x 33x 25x 5.01 n.a.          5.31          7.06 31x 23x 11x

PLDs:

LSCC Buy 15.50 14.92         1,970 130 233 103 0.78 5.1x 4.9x n.m. n.m. 0.49 n.a.          0.48          0.61 31x 24x n.a

XLNX Buy 156.00 116.39  29,215 3,176         1,235          (1,941)           (7.73) 8.0x 7.2x 24x 22x 3.98 4.95          3.80          4.24 31x 27x 12x

Analog:

ADI Buy 125.00 113.17  41,846 714         5,987 5,273 14.26 7.9x 7.4x 21x 20x 5.23 n.a.          5.15          5.66 22x 20x n.a

MCHP Buy 112.00 89.77  21,359 431  10,307 9,876 41.51 5.7x 5.4x 23x 20x 6.26 n.a.          5.94          6.91 15x 13x n.a

MTSI Hold 14.00 15.21 999 192 694 502 7.64 3.3x 2.9x n.m. n.m. (0.55) n.a.        (0.63)          0.37 n.m. 42x n.a

MXIM Buy 71.00 60.37  16,446 1,898 992            (906)           (3.33) 6.9x 6.3x 21x 18x 2.44 2.95          2.32          2.82 26x 21x 15x

NXPI Buy 128.00 97.68  27,856 2,192         7,340 5,148 18.05 3.7x 3.4x 18x 15x 7.99 11.87          7.80          9.19 13x 11x n.a

ON Buy 29.00 19.83         8,178 957         2,770 1,813 4.40 1.8x 1.7x 16x 12x 1.83 2.20          1.79          2.02 11x 10x 5x

TXN Buy 137.00 115.94  108,776 4,086         6,153 2,067 2.20 7.5x 7.1x 22x 21x 5.36 6.68          5.16          5.73 22x 20x 31x

TSEM Buy 22.00 16.65         1,503 673 309            (365)           (4.04) 0.9x 0.9x 8x 7x 1.00 1.52          1.05          1.43 16x 12x 1x

Comms:

AVGO Buy 324.00 284.89  113,407 5,328  37,548         32,220 80.94 6.5x 5.9x 15x 13x 21.22 22.65        21.39        24.68 13x 12x n.a

IPHI Buy 51.00 52.46         2,374 429 455 26 0.57 6.9x 5.7x 18x 15x 1.63 2.16          1.46          2.03 36x 26x 25x

Memory:

RMBS Hold 13.00 12.14         1,336 306 165            (141)           (1.28) 3.4x 2.8x 13x 13x 0.90 0.92          0.60          0.96 20x 13x 2x

SGH Buy 33.00 24.34 562 126 208 81 3.53 0.6x 0.5x 8x n.m. 3.45 3.21          2.55          3.62 10x 7x 3x

Average: 5.3x 4.8x 24x 20x

Net Debt 

/Shr
P/TanBkRating Price Target

Market 

Cap (m)
Cash (m) Debt (m)

Net Debt 

(m)

Source: Jefferies, company data, FactSet
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Company Valuation/Risks
Analog Devices, Inc.
ADI trades at NTM P/Es ranging from 14x to 22x. Our $125 PT assumes a P/E of 20x applied to our CY20 ADI EPS estimate of $6.27.
We expect P/E to expand as the company enters capital return cycle. Downside risks include integration risk with the LLTC acquisition,
weakening of consumer, automotive, and communications infrastructure markets.

Maxim Integrated Products, Inc.
Our $71 PT assumes a P/E multiple of 24x applied to our CY2020 EPS estimate of $2.95, exceeding the recent range of 15x-23x. Downside
risks include share loss at mobile/wearables OEMs, a slowdown in its Auto or Industrial businesses, extended inventory recession or
macro-driven downturn.

Microchip Technology Inc.
Our base-case price target of $112 assumes a 15x multiple on our C2020 EPS estimate of $7.49. Multiple of 15x falls within MCHP's 5-yr
range before correction of 9x-18x Risks to our thesis: 1) increasing competition in the MCU market; 2) failure to successfully integrate
acquisitions; and, 3) a pronounced cyclical inventory correction.

ON Semiconductor Corporation
Our ON price target of $29 is based on C2020 EPS of $2.2 and a P/E ratio of 13x, above the mid point of the 5-yr range of 8x-15x, which
we think is justified due to 1) ON's competitive positioning and our view that the analog group in general and ON specifically will benefit
from demand dynamics described in our “4th Tectonic Shift in Computing Thesis,” and our view that it will benefit from a sustained
period of upward revisions 2) GM margin expansion potential based on our view that analog industry consolidation will positively impact
the pricing environment and ON's margins combined with additional margin tailwinds from ON's recently announced M&A deals and
margin mix shift in 2H19 3) bottoming out fundamentals. Downside risks include: 1) share loss; 2) inventory correction; and 3) ASP
compression.

Texas Instruments Incorporated
Our $137 PT assumes a 20.5x multiple on our 2020 EPS est. of $6.68. A 20.5x P/E is in the middle of the 5-yr range of 16x-25x and we
think warranted given its exposure to secular trends (IoT, Auto, Industrial, Consolidation). Downside risks include inventory correction,
macro and/or geopolitical-driven demand weakness and multiple compression.

Analyst Certification:
I, Mark Lipacis, certify that all of the views expressed in this research report accurately reflect my personal views about the subject
security(ies) and subject company(ies). I also certify that no part of my compensation was, is, or will be, directly or indirectly, related to
the specific recommendations or views expressed in this research report.
I, Natalia Winkler, CFA, certify that all of the views expressed in this research report accurately reflect my personal views about the
subject security(ies) and subject company(ies). I also certify that no part of my compensation was, is, or will be, directly or indirectly,
related to the specific recommendations or views expressed in this research report.
I, Vedvati Shrotre, certify that all of the views expressed in this research report accurately reflect my personal views about the subject
security(ies) and subject company(ies). I also certify that no part of my compensation was, is, or will be, directly or indirectly, related to
the specific recommendations or views expressed in this research report.
As is the case with all Jefferies employees, the analyst(s) responsible for the coverage of the financial instruments discussed in this
report receives compensation based in part on the overall performance of the firm, including investment banking income. We seek to
update our research as appropriate, but various regulations may prevent us from doing so. Aside from certain industry reports published
on a periodic basis, the large majority of reports are published at irregular intervals as appropriate in the analyst's judgement.

Investment Recommendation Record
(Article 3(1)e and Article 7 of MAR)

Recommendation Published July 9, 2019 , 15:36 ET.
Recommendation Distributed July 9, 2019 , 16:05 ET.
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Company Specific Disclosures
Jefferies Group LLC makes a market in the securities or ADRs of Analog Devices, Inc.
Jefferies Group LLC makes a market in the securities or ADRs of Microchip Technology Inc.
Jefferies Group LLC makes a market in the securities or ADRs of Maxim Integrated Products, Inc.
Jefferies Group LLC makes a market in the securities or ADRs of ON Semiconductor Corporation.
Jefferies Group LLC makes a market in the securities or ADRs of Texas Instruments Incorporated.

Within the past twelve months, Jefferies LLC and/or its affiliates received compensation for products and services other than investment
banking services from non-investment banking, securities related compensation for client services it provided to Analog Devices, Inc..
Jefferies Group LLC, its affiliates or subsidiaries expect to receive or intend to seek compensation for investment banking services from
Microchip Technology Inc. within the next three months.

Explanation of Jefferies Ratings
Buy - Describes securities that we expect to provide a total return (price appreciation plus yield) of 15% or more within a 12-month period.
Hold - Describes securities that we expect to provide a total return (price appreciation plus yield) of plus 15% or minus 10% within a
12-month period.
Underperform - Describes securities that we expect to provide a total return (price appreciation plus yield) of minus 10% or less within
a 12-month period.
The expected total return (price appreciation plus yield) for Buy rated securities with an average security price consistently below $10
is 20% or more within a 12-month period as these companies are typically more volatile than the overall stock market. For Hold rated
securities with an average security price consistently below $10, the expected total return (price appreciation plus yield) is plus or minus
20% within a 12-month period. For Underperform rated securities with an average security price consistently below $10, the expected
total return (price appreciation plus yield) is minus 20% or less within a 12-month period.
NR - The investment rating and price target have been temporarily suspended. Such suspensions are in compliance with applicable
regulations and/or Jefferies policies.
CS - Coverage Suspended. Jefferies has suspended coverage of this company.
NC - Not covered. Jefferies does not cover this company.
Restricted - Describes issuers where, in conjunction with Jefferies engagement in certain transactions, company policy or applicable
securities regulations prohibit certain types of communications, including investment recommendations.
Monitor - Describes securities whose company fundamentals and financials are being monitored, and for which no financial projections
or opinions on the investment merits of the company are provided.
Valuation Methodology
Jefferies' methodology for assigning ratings may include the following: market capitalization, maturity, growth/value, volatility and
expected total return over the next 12 months. The price targets are based on several methodologies, which may include, but are not
restricted to, analyses of market risk, growth rate, revenue stream, discounted cash flow (DCF), EBITDA, EPS, cash flow (CF), free cash
flow (FCF), EV/EBITDA, P/E, PE/growth, P/CF, P/FCF, premium (discount)/average group EV/EBITDA, premium (discount)/average group
P/E, sum of the parts, net asset value, dividend returns, and return on equity (ROE) over the next 12 months.
Jefferies Franchise Picks
Jefferies Franchise Picks include stock selections from among the best stock ideas from our equity analysts over a 12 month period.
Stock selection is based on fundamental analysis and may take into account other factors such as analyst conviction, differentiated
analysis, a favorable risk/reward ratio and investment themes that Jefferies analysts are recommending. Jefferies Franchise Picks will
include only Buy rated stocks and the number can vary depending on analyst recommendations for inclusion. Stocks will be added as
new opportunities arise and removed when the reason for inclusion changes, the stock has met its desired return, if it is no longer rated
Buy and/or if it triggers a stop loss. Stocks having 120 day volatility in the bottom quartile of S&P stocks will continue to have a 15%
stop loss, and the remainder will have a 20% stop. Franchise Picks are not intended to represent a recommended portfolio of stocks
and is not sector based, but we may note where we believe a Pick falls within an investment style such as growth or value.
Risks which may impede the achievement of our Price Target
This report was prepared for general circulation and does not provide investment recommendations specific to individual investors.
As such, the financial instruments discussed in this report may not be suitable for all investors and investors must make their own
investment decisions based upon their specific investment objectives and financial situation utilizing their own financial advisors as
they deem necessary. Past performance of the financial instruments recommended in this report should not be taken as an indication or
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guarantee of future results. The price, value of, and income from, any of the financial instruments mentioned in this report can rise as well
as fall and may be affected by changes in economic, financial and political factors. If a financial instrument is denominated in a currency
other than the investor's home currency, a change in exchange rates may adversely affect the price of, value of, or income derived from
the financial instrument described in this report. In addition, investors in securities such as ADRs, whose values are affected by the
currency of the underlying security, effectively assume currency risk.
Other Companies Mentioned in This Report

• Analog Devices, Inc. (ADI: $111.83, BUY)
• Maxim Integrated Products, Inc. (MXIM: $60.08, BUY)
• Microchip Technology Inc. (MCHP: $87.93, BUY)
• ON Semiconductor Corporation (ON: $19.51, BUY)
• Texas Instruments Incorporated (TXN: $114.93, BUY)

Rating and Price Target History for: Analog Devices, Inc. (ADI) as of 07-08-2019

120

110

100

90

80

70

60

50
Q2 Q3 2017 Q1 Q2 Q3 2018 Q1 Q2 Q3 2019 Q1 Q2

07/27/2016 BUY:$84 02/16/2017 BUY:$94 03/20/2017 BUY:$100 10/19/2017 BUY:$105 11/21/2017 BUY:$110 08/22/2018 BUY:$116 02/20/2019 BUY:$125

04/23/2019 BUY:$131 05/22/2019 BUY:$125

Rating and Price Target History for: Microchip Technology Inc. (MCHP) as of 07-08-2019

110

100

90

80

70

60

50
Q2 Q3 2017 Q1 Q2 Q3 2018 Q1 Q2 Q3 2019 Q1 Q2

08/09/2016 BUY:$68 11/07/2016 BUY:$72 02/08/2017 BUY:$87 05/10/2017 BUY:$92 08/03/2017 BUY:$94 10/19/2017 BUY:$106 11/06/2017 BUY:$110

08/10/2018 BUY:$115 11/08/2018 BUY:$102 04/23/2019 BUY:$114 05/09/2019 BUY:$112
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Rating and Price Target History for: Maxim Integrated Products, Inc. (MXIM) as of 07-08-2019

70

65

60

55

50

45

40

35
Q2 Q3 2017 Q1 Q2 Q3 2018 Q1 Q2 Q3 2019 Q1 Q2

07/21/2016 BUY:$42 10/20/2016 BUY:$45 01/26/2017 BUY:$49 04/21/2017 BUY:$51 10/19/2017 BUY:$60 01/25/2018 BUY:$65 07/26/2018 BUY:$68 10/31/2018 BUY:$60

01/30/2019 BUY:$64 04/23/2019 BUY:$69 05/01/2019 BUY:$71

Rating and Price Target History for: ON Semiconductor Corporation (ON) as of 07-08-2019

30

25

20

15

10

5
Q2 Q3 2017 Q1 Q2 Q3 2018 Q1 Q2 Q3 2019 Q1 Q2

08/08/2016 HOLD:$10.5 09/20/2016 HOLD:$13 02/13/2017 HOLD:$15 08/07/2017 HOLD:$16 10/19/2017 HOLD:$20 11/06/2017 HOLD:$21 02/05/2018 HOLD:$26

07/30/2018 HOLD:$25 10/30/2018 HOLD:$18 02/04/2019 HOLD:$22 04/23/2019 HOLD:$26 04/30/2019 BUY:$29

Rating and Price Target History for: Texas Instruments Incorporated (TXN) as of 07-08-2019

130

120

110

100

90

80

70

60
Q2 Q3 2017 Q1 Q2 Q3 2018 Q1 Q2 Q3 2019 Q1 Q2

07/26/2016 BUY:$79 10/27/2016 BUY:$82 01/24/2017 BUY:$88 04/26/2017 BUY:$94 07/26/2017 BUY:$96 10/19/2017 BUY:$110 10/24/2017 BUY:$111

01/22/2018 BUY:$150 07/25/2018 BUY:$157 10/24/2018 BUY:$139 01/24/2019 BUY:$137

Notes: Each box in the Rating and Price Target History chart above represents actions over the past three years in which an analyst
initiated on a company, made a change to a rating or price target of a company or discontinued coverage of a company.
Legend:

I: Initiating Coverage

D: Dropped Coverage

B: Buy

H: Hold

UP: Underperform
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Distribution of Ratings
Distribution of Ratings

IB Serv./Past12 Mos. JIL Mkt Serv./Past12 Mos.

Count Percent Count Percent Count Percent

BUY 1163 54.35% 93 8.00% 14 1.20%

HOLD 835 39.02% 19 2.28% 3 0.36%

UNDERPERFORM 142 6.64% 1 0.70% 0 0.00%

Please see important disclosure information on pages 48 - 55 of this report. 52
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Other Important Disclosures
Jefferies does business and seeks to do business with companies covered in its research reports, and expects to receive or intends
to seek compensation for investment banking services among other activities from such companies. As a result, investors should be
aware that Jefferies may have a conflict of interest that could affect the objectivity of this report. Investors should consider this report
as only a single factor in making their investment decision.
Jefferies Equity Research refers to research reports produced by analysts employed by one of the following Jefferies Group LLC
("Jefferies") group companies:
United States: Jefferies LLC which is an SEC registered broker-dealer and a member of FINRA (and distributed by Jefferies Research
Services, LLC, an SEC registered Investment Adviser, to clients paying separately for such research).
United Kingdom: Jefferies International Limited, which is authorized and regulated by the Financial Conduct Authority; registered in
England and Wales No. 1978621; registered office: Vintners Place, 68 Upper Thames Street, London EC4V 3BJ; telephone +44 (0)20
7029 8000; facsimile +44 (0)20 7029 8010.
Hong Kong: Jefferies Hong Kong Limited, which is licensed by the Securities and Futures Commission of Hong Kong with CE number
ATS546; located at Suite 2201, 22nd Floor, Cheung Kong Center, 2 Queen's Road Central, Hong Kong.
Singapore: Jefferies Singapore Limited, which is licensed by the Monetary Authority of Singapore; located at 80 Raffles Place #15-20,
UOB Plaza 2, Singapore 048624, telephone: +65 6551 3950.
Japan: Jefferies (Japan) Limited, Tokyo Branch, which is a securities company registered by the Financial Services Agency of Japan
and is a member of the Japan Securities Dealers Association; located at Hibiya Marine Bldg, 3F, 1-5-1 Yuraku-cho, Chiyoda-ku, Tokyo
100-0006; telephone +813 5251 6100; facsimile +813 5251 6101.
India: Jefferies India Private Limited (CIN - U74140MH2007PTC200509), licensed by the Securities and Exchange Board of India for:
Stock Broker (NSE & BSE) INZ000243033, Research Analyst INH000000701 and Merchant Banker INM000011443, located at 42/43, 2
North Avenue, Maker Maxity, Bandra-Kurla Complex, Bandra (East), Mumbai 400 051.
This report was prepared by personnel who are associated with Jefferies (Jefferies International Limited, Jefferies Hong Kong Limited,
Jefferies Singapore Limited, Jefferies (Japan) Limited, Jefferies India Private Limited); or by personnel who are associated with both
Jefferies LLC and Jefferies Research Services LLC ("JRS"). Jefferies LLC is a US registered broker-dealer and is affiliated with JRS,
which is a US registered investment adviser. JRS does not create tailored or personalized research and all research provided by JRS is
impersonal. If you are paying separately for this research, it is being provided to you by JRS. Otherwise, it is being provided by Jefferies
LLC. Jefferies LLC, JRS, and their affiliates are collectively referred to below as "Jefferies". Jefferies may seek to do business with
companies covered in this research report. As a result, investors should be aware that Jefferies may have a conflict of interest that
could affect the objectivity of this report. Investors should consider this report as only one of many factors in making their investment
decisions. Specific conflict of interest and other disclosures that are required by FINRA and other rules are set forth in this disclosure
section.
* * *
If you are receiving this report from a non-US Jefferies entity, please note the following: Unless prohibited by the provisions of Regulation
S of the U.S. Securities Act of 1933, as amended, this material is distributed in the United States by Jefferies LLC, which accepts
responsibility for its contents in accordance with the provisions of Rule 15a-6 under the US Securities Exchange Act of 1934, as amended.
Transactions by or on behalf of any US person may only be effected through Jefferies LLC. In the United Kingdom and European
Economic Area this report is issued and/or approved for distribution by Jefferies International Limited ("JIL”) and is intended for use
only by persons who have, or have been assessed as having, suitable professional experience and expertise, or by persons to whom
it can be otherwise lawfully distributed.
JIL allows its analysts to undertake private consultancy work. JIL’s conflicts management policy sets out the arrangements JIL employs
to manage any potential conflicts of interest that may arise as a result of such consultancy work. Jefferies LLC, JIL and their affiliates,
may make a market or provide liquidity in the financial instruments referred to in this report; and where they do make a market, such
activity is disclosed specifically in this report under “company specific disclosures”.
For Canadian investors, this material is intended for use only by professional or institutional investors. None of the investments or
investment services mentioned or described herein is available to other persons or to anyone in Canada who is not a "Designated
Institution" as defined by the Securities Act (Ontario). In Singapore, Jefferies Singapore Limited (“JSL”) is regulated by the Monetary
Authority of Singapore. For investors in the Republic of Singapore, this material is provided by JSL pursuant to Regulation 32C of
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the Financial Advisers Regulations. The material contained in this document is intended solely for accredited, expert or institutional
investors, as defined under the Securities and Futures Act (Cap. 289 of Singapore). If there are any matters arising from, or in connection
with this material, please contact JSL, located at 80 Raffles Place #15-20, UOB Plaza 2, Singapore 048624, telephone: +65 6551 3950.
In Japan, this material is issued and distributed by Jefferies (Japan) Limited to institutional investors only. In Hong Kong, this report is
issued and approved by Jefferies Hong Kong Limited and is intended for use only by professional investors as defined in the Hong Kong
Securities and Futures Ordinance and its subsidiary legislation. In the Republic of China (Taiwan), this report should not be distributed.
The research in relation to this report is conducted outside the People’s Republic of China (“PRC”). This report does not constitute
an offer to sell or the solicitation of an offer to buy any securities in the PRC. PRC investors shall have the relevant qualifications to
invest in such securities and shall be responsible for obtaining all relevant approvals, licenses, verifications and/or registrations from
the relevant governmental authorities themselves. In India, this report is made available by Jefferies India Private Limited. In Australia,
this information is issued solely by JIL and is directed solely at wholesale clients within the meaning of the Corporations Act 2001 of
Australia (the "Act"), in connection with their consideration of any investment or investment service that is the subject of this document.
Any offer or issue that is the subject of this document does not require, and this document is not, a disclosure document or product
disclosure statement within the meaning of the Act. JIL is authorised and regulated by the Financial Conduct Authority under the laws of
the United Kingdom, which differ from Australian laws. JIL has obtained relief under Australian Securities and Investments Commission
Class Order 03/1099, which conditionally exempts it from holding an Australian financial services license under the Act in respect of
the provision of certain financial services to wholesale clients. Recipients of this document in any other jurisdictions should inform
themselves about and observe any applicable legal requirements in relation to the receipt of this document.
This report is not an offer or solicitation of an offer to buy or sell any security or derivative instrument, or to make any investment. Any
opinion or estimate constitutes the preparer's best judgment as of the date of preparation, and is subject to change without notice.
Jefferies assumes no obligation to maintain or update this report based on subsequent information and events. Jefferies, and their
respective officers, directors, and employees, may have long or short positions in, or may buy or sell any of the securities, derivative
instruments or other investments mentioned or described herein, either as agent or as principal for their own account. This material
is provided solely for informational purposes and is not tailored to any recipient, and is not based on, and does not take into account,
the particular investment objectives, portfolio holdings, strategy, financial situation, or needs of any recipient. As such, any advice or
recommendation in this report may not be suitable for a particular recipient. Jefferies assumes recipients of this report are capable of
evaluating the information contained herein and of exercising independent judgment. A recipient of this report should not make any
investment decision without first considering whether any advice or recommendation in this report is suitable for the recipient based
on the recipient’s particular circumstances and, if appropriate or otherwise needed, seeking professional advice, including tax advice.
Jefferies does not perform any suitability or other analysis to check whether an investment decision made by the recipient based on
this report is consistent with a recipient’s investment objectives, portfolio holdings, strategy, financial situation, or needs
By providing this report, neither JRS nor any other Jefferies entity accepts any authority, discretion, or control over the management of
the recipient’s assets. Any action taken by the recipient of this report, based on the information in the report, is at the recipient’s sole
judgment and risk. The recipient must perform his or her own independent review of any prospective investment. If the recipient uses
the services of Jefferies LLC (or other affiliated broker-dealers), in connection with a purchase or sale of a security that is a subject of
these materials, such broker-dealer may act as principal for its own accounts or as agent for another person. Only JRS is registered
with the SEC as an investment adviser; and therefore neither Jefferies LLC nor any other Jefferies affiliate has any fiduciary duty in
connection with distribution of these reports.
The price and value of the investments referred to herein and the income from them may fluctuate. Past performance is not a guide to
future performance, future returns are not guaranteed, and a loss of original capital may occur. Fluctuations in exchange rates could
have adverse effects on the value or price of, or income derived from, certain investments.
This report has been prepared independently of any issuer of securities mentioned herein and not as agent of any issuer of securities. No
Equity Research personnel have authority whatsoever to make any representations or warranty on behalf of the issuer(s). Any comments
or statements made herein are those of the Jefferies entity producing this report and may differ from the views of other Jefferies entities.
This report may contain information obtained from third parties, including ratings from credit ratings agencies such as Standard & Poor’s.
Reproduction and distribution of third party content in any form is prohibited except with the prior written permission of the related
third party. Jefferies does not guarantee the accuracy, completeness, timeliness or availability of any information, including ratings,
and is not responsible for any errors or omissions (negligent or otherwise), regardless of the cause, or for the results obtained from the
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use of such content. Third-party content providers give no express or implied warranties, including, but not limited to, any warranties 
of merchantability or fitness for a particular purpose or use. Neither Jefferies nor any third-party content provider shall be liable for any 
direct, indirect, incidental, exemplary, compensatory, punitive, special or consequential damages, costs, expenses, legal fees, or losses 
(including lost income or profits and opportunity costs) in connection with any use of their content, including ratings. Credit ratings are 
statements of opinions and are not statements of fact or recommendations to purchase, hold or sell securities. They do not address 
the suitability of securities or the suitability of securities for investment purposes, and should not be relied on as investment advice.  
Jefferies research reports are disseminated and available electronically, and, in some cases, also in printed form. Electronic research 
is simultaneously made available to all clients. This report or any portion hereof may not be reprinted, sold or redistributed without the 
written consent of Jefferies. Neither Jefferies nor any of its respective directors, officers or employees, is responsible for guaranteeing 
the financial success of any investment, or accepts any liability whatsoever for any direct, indirect or consequential damages or losses 
arising from any use of this report or its contents. Nothing herein shall be construed to waive any liability Jefferies has under applicable 
U.S. federal or state securities laws.
For Important Disclosure information relating to JRS, please see https://adviserinfo.sec.gov/Firm/292142 or 
visit our website at www.jefferies.com, or call 1.888.JEFFERIES.

© 2019 Jefferies Group LLC
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