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This paper:

▶ During technological breakthrough, the uncertain nature of
innovation → unanticipated leader firms that coincidentally
outpace rivals;

▶ Do these unanticipated leaders continue to disseminate
ideas to the industry after they achieve product market
advantage?

▶ Why focus on early technology leaders? High-tech first-mover
firms → oligopolies after industrial shake-out (market selection)
(Klepper, 1996, 2002; Buenstorf and Klepper, 2009, 2010);

▶ Innovation & market structure (Aghion et al., 2001; Acemoglu
and Akcigit, 2012; Akcigit and Ates, 2021, 2023); Early industrial
takeoff (Gross and Sampat, 2022; Mokyr et al., 2022; Kantor and
Whalley, 2022; Saxenian, 1994; Giorcelli and Li, 2021);
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The 1950’s microchip breakthrough: one of the most
radical innovation

Figure: Patent radicalness: share of similar patents granted later (analogous to
Kelly et al. (2021)).
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The ”parallel” microchip breakthrough

(a) Fairchild, Silicon

(b) Texas Instruments, Germanium

Figure: Simultaneous microchip design in late 1950s.
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The planar technique

Figure: Silicon oxide v.s. Germanium oxide new patent flow.
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The 1957 Fairchild-Shockley breakaway
▶ The rise of Fairchild Semiconductor (Oct. 1957) and the initial

planar (microchip) idea (Dec. 1957) was driven by an
unanticipated breakaway across a group of ambitious (genius)
engineers;

(a) William Shockley (Nobel
prize laureate)

(b) Founders of Fairchild semiconductor division (the
traitorous eight)

Figure: The Fairchild-Shockley breakaway happened in 1957 due to
personal resentment with Shockley (nonanticipatory by other labs).
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Identification setting

▶ Pre-Fairchild: Silicon vs Germanium → similar and good enough
substitutes;

▶ Fairchild Semiconductor Div emerged in 1957;

▶ Silicon patent holders: → creative construction → head start in
microchip-related research fields;

▶ Germanium patent holders: → only for ”old tech” (hearing
aids, etc.);

▶ Conditional on the same research field: Silicon corporate labs v.s.
Germanium corporate labs; pre-Fairchild v.s. post-Fairchild
periods.
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Treatment: a quasi-random head start

▶ Unit of analysis: firm R&D lab×research field (6-digit CPC
class) pairs (170 labs are firm-county pairs compiled from
cataloging reports from Division of Technical Information in the
US Atomic Energy Commission, see 1958.)

▶ Observations: Total lab×field×year obs: 13793.

▶ (Pre-Fairchild) quasi-random selection of Silicon & Germanium:

• Balancing test → most lab/county/technology characteristics are
balanced;

• Conditional on microchip never-adopters: Silicon & Germanium
labs perform the same after Fairchild emerged (conditional on the
same research field).
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Lab×research field level product data

▶ Product data from (a) Institute of Radio Engineer membership
directory; (b) Electronic Industries trade journal.

(a) Digitized product lines. (b) Digitized new product manuals.

Figure: Newly digitized product-level datasets.

9 / 14



Head start → rise of early industrial leaders

▶ ATT: +0.482/+13.7% more product lines per year.

(a) Count of product lines (b) Life-long citations of ”best” patent

Figure: Silicon head start and the creation of early industrial leaders.
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Persistent new product designs

▶ Persistent rise of new product designs even after year + 4; .

(a) New product manuals

Figure: Head start and expansion of product varieties.
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Diffusion: a proxy for voluntary knowledge disclosure

▶ Conference publications/proceeding papers;
▶ Among which IEEE (Institute of Electrical and Electronics

Engineers) is the largest platform.

Figure: IEEE Xplore compiles rich historical records of corporate publications
since 1890s.
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Diffusion: the disclosure is likely strategic

▶ Since year 4, head start → +9.1% release of fabrication details
per 2 years.

(a) Release of fabrication techniques (b) Release of experimental details

Figure: Knowledge disclosure.
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More on leader knowledge disclosure

▶ Likely framework: expansion of product designs → compete for
downstream users;

▶ A tradeoff;

▶ Ex ante product lines from parent firm = 0 → insignificant effect
on disclosure;

▶ Counterfactual without vertical knowledge disclosure:
research fields without IEEE coverage → significant innovation,
negligible production/new product designs;

• Mostly comes from face-to-face conferences/symposiums
arranged by Institute of Radio Engineer (IRE);

• The IRE’s ”regional section” policy → corporate assignees ↑ in
leader lab locations.
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Thank you!

Any comments are hugely appreciated: j.zeng15@lse.ac.uk
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Appendix: Ruling out alternative explanations

▶ Limited evidence found for:

• Exclusivity to the valley/California/west coast.

• Prior semiconductor choice impacts innovation outcomes beyond
pathways of microchip (exclusion restriction);

• The 1958 NASA Space Act favor Silicon (head start) labs over
Germanium labs (see a more in depth discussion on the context in
paper).

• ”Winner-takes-all”: The effect is exclusive to the first assignees
that applied microchip into each technology class.

• Scouting via conferences.

• Close research fields are strategic substitutes or between-lab R&D
reallocation/negative treatment spillover.

• Sensitivity to non-linear estimation methods on key outcomes.
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