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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

Kernel density estimates of patent radicalness
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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
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The " parallel” microchip breakthrough

(a) Fairchild, Silicon

(b) Texas Instruments, Germanium
Figure: Simultaneous microchip design in late 1950s.

Dac

4/14



The planar technique
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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  (b) Founders of Fairchild semiconductor division (the
prize laureate) traitorous eight)

Figure: The Fairchild-Shockley breakaway happened in 1957 due to
personal resentment with Shockley (nonanticipatory bysother-labs):
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|dentification 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 labxresearch 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 labxfield xyear obs: 13793.

» (Pre-Fairchild) quasi-random selection of Silicon & Germanium:
e Balancing test — most lab/county/technology characteristics are
balanced;

e 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 xresearch field level product data

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

ACDC Electronics, Inc,, 2979 N. Ontario St.,
Burbank, Calif., 43, 51, 69, B4, Tel: 13-
Victoria 9-2414, Yr: 1951, Emp: 113, A2,
$1,000,000

See ad in class 69

A C Electronics, Inc., 11725 Mississippi Ave.,
Los Angeles 25, Calif., 43, 51, 53, 57, 59, €9,
84, 107, 121, Tel: 213-GRanite 8428, Yr: 1936,
Emp: 70, A1, $600,000 .

ACF Electronics, Div. of ACF Industries,
Lafayette St., Riverdale, Md., 1, 2, 4, 8,9, 10,
13, 14, 17, 19, 21, 25, 33, 43, 59, 63, 66, 69, 7,
%, 111, 120, Tel: 301-WA7-44H, Yr: 193,
Emp: 2000, A.l .
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(a) Digitized product lines.
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“The Second Order '
Giannini Technical Notes, from Gian-
nini Controls Corp., 918 E. Green St.
Pasadena, Calif., presents a_history
of terminology and how it de-
veloped; offers practical working
formulae and values not commonly
found in formal texts; and in-
cludes vellum chATTSHeets of factors
conveniently used for servo design
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and [gravity][sending T :
Applications and _diagrams are in-
cluded.

Circle 180 on Inquiry Card

|for Engineers

Zener Diodes

Eight-page quarterly, Recifier]
News, RN-1159, published by Inter-
national Rectifier Corp., 1521 E.
Grand Ave., El Segundo, Calif., con-
ains_articles on re and

Ktrumentatior] with [zener) d
Teg Tz

V-Band Components

A line of illimeterfwave] com-
ponents and [aitennas|is illustrated in
catalog No. 1604 from T. R. G. Inc.,
Microwave Component and Antenna

ept. 9 Union Sq., Somerville 43,
Mass. Specs included on[ferrite] e
ponents such as [solatork, b 1
ivanlatare and switchat as well as

(b) Digitized new product manuals.

Figure: Newly digitized product-level datasets.



Head start — rise of early industrial leaders

» ATT: 40.482/+413.7% more product lines per year.
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Coef. on
Citations from most cited patent

0
Years post Fairchild Semiconductor emerged

T
!
1
rleddtt
T o !
T4 L u
T it
Teeet it
T —,*1¢¢
i ;(*
7. h
-}I—'--l« ————————————————————————
[
Ll )
T T T T T
4 +4 +8 +12

9 Include controls
Remove controls

(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; .
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(a) New product manuals

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

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

» Among which IEEE (Institute of Electrical and Electronics

Engineers) is the largest platform.
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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.
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(a) Release of fabrication techniques
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(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;
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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;

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

e The IRE's "regional section” policy — corporate assignees 1 in
leader lab locations.
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Thank you!

Any comments are hugely appreciated: j.zengl5®@Ise.ac.uk

1/2



Appendix: Ruling out alternative explanations
» Limited evidence found for:

e Exclusivity to the valley/California/west coast.

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

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

paper).

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

e Scouting via conferences.

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

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