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This paper:

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

▶ After a coincidental head start, do firms have greater/weaker
incentives to exclude rivals from their leading research directions?
What is the impact on market structure & agglomeration?

▶ 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)

▶ Leverage a plausibly unintended head start during the 1950s
American microchip breakthrough, and estimate how it impacts:

• Innovation;

• Knowledge diffusion;

• Production/commercialization and agglomeration externalities.
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The 1950s’ American microchip breakthrough

▶ In Oct. 1957, a group of ”rebellious” engineers formed the
Fairchild Semiconductor Div, and within 2 months → the first idea
of planar (microchip) (Hoerni’s lab notebook record, Dec. 1957).

▶ Product market expanded in an unprecedented speed;
commercial-use microchip market size > state-led military market
within just 8 years (Berlin, 2005; Miller, Chip War, 2022).

▶ A dynamic economy: massive innovation diffusion, endless
start-ups, persistent churning, cluster takeoff, etc. (Saxenian,
1994; Klepper, 2010; Kerr, 2010).

▶ Good old days have gone: market concentration↑ (Autor et al.,
2020, Akcigit and Ates, 2021); knowledge diffusion↓ from leader
to follower (Akcigit and Ates, 2023). ”Strategic” patents without
commercialization → guard niche (Argente et al., 2020)
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(a) # of active semicon. circuit patentees. (b) # of semicon. circuit manufacturers

Figure: The takeoff of early American microchip industry.
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Research design

▶ Ideally: a firm-level random head start in tech breakthrough →
innovation, diffusion, production, agglomeration;

▶ However, technology leadership is research field specific
(Fairchild led IC circuits, but not mainframes; IBM led mainframes
but not memory device, Intel led memory device but not
amplifiers/insulators, etc.); huge firm-level selection bias
NASA/DoD contracts/other contemporaneous shocks;

▶ A unique natural experiment: pre-Fairchild semiconductor
choice → quasi-exogenous, downstream lab×field specific head
start in applying microchip (the breakthrough innovation) to
downstream research fields.

▶ With none-negative treatment spillover, lab×field parameter →
lower-bound estimate of firm level parameter.
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Microchip, Silicon and Germanium

Figure: Microchip and Silicon’s unique oxide layer properties (Image
source: internet)
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Identification setting
▶ Pre-Fairchild: Silicon vs Germanium → similar and good enough

substitutes;

▶ Post-Fairchild: Microchip breakthrough → only Silicon was
suitable for Fairchild’s planar microchip;

▶ Quasi-exogenous delay: Germanium-based labs had to switch to
Silicon to leverage the microchip technology (prob. of patenting
with microchip -15.6%/approx. 3 years delay (p < 0.01)).

Figure: Timeline
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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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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.)

▶ Germanium group (counterfactual head start): 428 lab×field
pairs.

▶ Silicon group (actual head start): 643 lab×field pairs;
▶ Observations: Total lab×field×year obs: 13793.

Figure: Workflow to define head start pairs (treated, Silicon) and
counterfactual head start pairs (control, Germanium)
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Baseline model

Yvft = α+ β1{t ≥ 1957} × 1{vf ∈ Silicon}+ µvf+

λut + Xvt + εvft (1)

• v : corporate labs; f : research fields (patent classes); u: the
parent firm of lab v ; c: the county of lab v , t: years; µvf

lab×research field FE; λut firm×year FE.

• 1{vf ∈ Silicon} is a treatment dummy: = 1 when lab v had
patented with Silicon on research field f during 1954-1957, and 0
if it had only used Germanium.

• Xvt is a set of controls: 1) interaction of year dummies (γt) with
a NASA county dummy, 2) interaction of γt with a pre-1957 top
physics research institute county dummy, and 3) an advanced
physics publications control (lab×field×year level).
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I. Innovation: head start → persistent tech leadership

▶ Static ATT on firm lab×research field: +0.526/+23.1% new
patent flow per year;

a relatively more sizable rise of radical
patents.

(a) Radical vs ordinary new patent flow (b) New forward citations from diff firms

Figure: Patent outcomes.
Note: Data source: USPTO & Google Patents. Patent geo-info compiled from PatCity (Bergeaud and Cyril, 2022)
and HistPat (Petralia et al., 2016). Radical innovation defined as patents prior to > 50% of their similar patents;

and ordinary innovation defined as patents prior to ≤ 50% of their similar patents. t=0 is year 1957; t=-1 is
omitted. Standard error clustered at the research field level.
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II. Diffusion: a proxy for voluntary knowledge disclosure

▶ During 1960s, corporate labs frequently released technical details
as public knowledge via conference/working papers;

▶ More applied than basic research + weak intellectual property;

▶ 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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II. Diffusion: the disclosure is likely strategic

▶ Since year 4 after corporate breakthrough, corporate head start →
+0.157/+9.1% release of fabrication details per 2 years;
negligible effect on the release of experiment details.

(a) Release of fabrication details (b) Release of experiment details

Figure: IEEE publications outcomes.
Note: t=0 is year 1957; t=-1 is omitted; Germanium group set as the reference. Standard error clustered at the

patent class level.
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III. Production: how swift is product commercialization?

▶ 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.
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III. Production: head start → swift production

▶ Static ATT on firm lab×research field: +0.482/+13.7% more
product lines per year; +0.238/+8.3% more new product designs
per 2 years.

(a) Count of product lines (b) New product manuals

Figure: Product outcomes.
Note: t=0 is year 1957; t=-1 is omitted. Standard error clustered at the research field level.
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Conclusion + more interesting results in paper

▶ Plausibly unintended head start during microchip breakthrough →
new-to-the-world innovations;

▶ Exchange of fabrication details → swift production:
conditional on research fields without IEEE coverage → sizable
innovation, negligible knowledge disclosure, negligible production;

▶ Likely unintendedness of head start: conditional on
“first-mover” labs already with pre-Fairchild microchip-related
patents → sizable innovation, negligible knowledge disclosure,
negligible production;

▶ IV. Agglomeration:
• Most of the observed leader disclosure comes from face-to-face

conferences/symposiums arranged by Institute of Radio Engineer
(IRE);

• The IRE’s ”regional section” policy → Marshallian externalities 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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How radical is the microchip breakthrough

▶ The radicalness of microchip patent outweighs most of the ICT
breakthroughs.

Figure: Key milestones in the third technological revolution.
Note: Radical innovation defined as patents prior to > 50% of their similar patents; and ordinary innovation

defined as patents prior to ≤ 50% of their similar patents. Self citations are excluded. t=0 is year 1957; t=-1 is
omitted. Standard error clustered at the research field level.
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The 1960s patent war

▶ In 1958, along with the discovery of the planar-based microchip
idea by Fairchild, a parallel, non-planar-based microchip was
invented by Texas Instruments (TI) (Berlin, 2005; Reid, 2001).

▶ The unanticipated parallel patent grant triggered a 5-year long
litigation from TI (1962-1966) on all other actual/imaginary
infringement (Lojek, 2007).

▶ Did it deter other competing leader labs from new markets?
I sub-divide the sample:

• Research fields with high exposure to TI’s patent war;
• Research fields with low exposure to TI’s patent war.
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Backfired patent race

▶ The other non-TI leader labs respond to TI’s strategic patents
with faster product development and more unconventional product
designs.

(a) Count of product lines (b) New product manuals

Figure: Heterogeneity check: Product outcomes.
Note: t=0 is year 1957; t=-1 is omitted; Germanium group set as the reference. Standard error clustered at the

patent class level.
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Backfired patent race

▶ The TI’s strategic exclusion backfired in more intense innovation
from other leader rivals.

(a) New patent flow (b) Radical innovations

Figure: Heterogeneity check: patent outcomes.
Note: t=0 is year 1957; t=-1 is omitted; Germanium group set as the reference. Standard error clustered at the

patent class level.
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Demand for face-to-face contacts 20s

▶ Most of the above knowledge diffusion comes via in-person
conferences.

(a) via face-to-face conferences (b) via general publications

Figure: Meeting/conference publications outcomes.
Note: t=0 is year 1957; t=-1 is omitted. Standard error clustered at the research field level.
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The local impact of corporate breakthrough

▶ Institutional setting: early IRE conventions and symposiums are
grouped into regional sections, with at least 5 annual meetings
required among section members → localized strategic
diffusion:

Ycft = α+ δ1{t ≥ 1958} × 1{cf ∈ Silicon}+ λt + µcf + εcft (2)

• c: counties; f: 6-digit technology classes; t: years;

• 1{cf ∈ Silicon} is a treatment dummy: 1{cf ∈ Silicon} = 1
when the county×technology class {c,f} is in Silicon group and 0
in Germanium group.

• Ycft : cumulative count of corporate patentees in research field f ,
county c .
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The take-off of local innovation hubs

(a) Cumulative count of corporate patentees (b) Placebo.

Figure: The take-off of local innovation hubs where leader labs located.
Note: t=0 is year 1957.
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Supportive evidence for quasi-random selection assumption

▶ Pre-1957 covariates should be balanced between Silicon and
Germanium groups.

Figure: Covariate balancing tests.
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Distribution of sample

(a) Silicon group (b) Germanium group

Figure: Number of observations in each sample group.
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