Ha4k B3 [ S S /T Vol. 44 No.3
2026 4F 3 H Studies in Science of Science Mar. 2026

XEHS 1003 -2053(2026)03 -0621 - 11

“WreE” el BCTRE S RO A AR e B
— EFOAEAHE LR

1 B 1 2 3
Kz RE RO, BN
(1.#H T TR KXFEEFR, Hn 310032;2. 3 FR LR K FHS54 T F4HM 116052,
3T T H R FAKELR, i 310018)

B OEFRE A L B 2 IHOR R AR S A 2018 4R LIRS < gk 25 1 09 28 0, S el
W BT 2 U IR T R G EOR AT IE M E SR, AT LR %R B9 R G i B e O 2 M R A
X Y 58 MRS e e BEAT BT o AT AT R B, MR bl S T BT ROBIE S A BT HR 5 HE R A
TERFEBAR R A T wEAR M, HIe b WEF B R T B WRE TR Q0BT 9 N TE LG, 20 T Al 4 R BY
FTEM AT =F G IR AL, 7ESC B IR 58 9 AN (8] J2 T A9 80T B AR N B A TR O, DA

KA Rl T RCRET ; BR SS W BE AR s RA T
FESES F124.3 X ERFRIRAD A

F 2018 4F2 , e [« Besh ” « Wik ” A b R ARG B AY B B 04 F kS T
Fel A S5, o r 7l R T AT 4 T B 2 BT 0 AR L R R R BT A
JUHAE vl B SR TF 2 AT, T R AR R RECERUET & 0l g
Kk E A A AR ZZ WO 3%t 3 B A AT R UL E Sk Al o S A O AL E Y X
FrEE RS R, SR, LA 2023 4F 8 ARy BUTIRKAEE ARG A9/ HTHL I Bk = SSIERE S, 4
Mate60 Z 51w 3 F- L9 S A 9 AQCSE , ELE 7 AU [ Al A e o el O 0 0 7 5 BB A SR B B 7 R
TE 28 GE 5 T I A8 A% 0 SR B 1R SR R 3 AN T, 9 BARAE I e i — PR R

MU 2 F FR T B R 5 B 5 4 T 5 SR HIMBFSE b e B ALY 34 5 L2 79 43 B
Wi 5 90 VR B 5 A 42 ol T ™ o

KT R T BRSO L SR B BE 5T (A ROR M TE B R SR S T N R R 4%
KO ARG )G AR B AR LAFAEAS AR B SR i 3 e T AR B ST LA sk R
Ak B2 REME SRRSO WA B SRR, SR AR SR ol 59 AR BB LA, i T8
EATRIEREARRAE? 0 WSSO R 2 Bt BT R AR X — B 508 A B T 4 o o 2R
ER R R E L BARBAG R R BED il R SR IR A O BOR R R A
TR T ) L AR, A% e S AR SR AN A A J5 SRR ST HE R TS 5 B R R 2 e
PRI, i 2 A RO HORRAE QIR B 5, A7 B Ae Ak AN, R ZZHE AT < 58 800 A 24
SR TR M A 55 BE AR e e VB R A M R A IS IR R g A SO AR I A3 T AE
N ERAEDTTEXT SR 205 =R VR AR T BTt S Sk AR AR

TE“ W " SRR R BOR R B TR IRBER)  MrAg 2 B8 S AR S 58 DU R o S s WF 9 e B 5 58 Ty
BT AN, FR AR BT HORAE X FEDHE AL E A AR AL R R R A SIS IE

e B #A:2024 - 10 - 27 ;18 B H #3:2025 - 01 - 18

EEWMA HFH SR8 4 HE HWH (22AGL003)

EHE BN RS2 (1971 -) 5 Wik, MR (1999 - ), Lo W02 . @i (1992 - ), L, B, sE/N (1970 - ), 4, #0828 W AE
# ,E — mail ; shixaokun3@ 163. com,



+ 622 -

2y

o i 44 3

1 BRFRAESR
1.1 BRREZBHHRZEHEFR
F GBI ik P AR OB o 7 %
BOF BRI SR T A AT AF B AT AR A, R T4
AR BYAVE I J5 2ORTRE O3, AT AT A8 i ok AR 2H 4OC &R
K FEARFLARBOCHIMERE X —Fe 8 I WF 58 RGE M
A JRIAE T B LA, Bailey 2585 HFR M Hi R 540
SIS RS FEM A T AR R R K
JEM =4, M LU 2 Fh R B GIA B OC R iy
AL T R 45 M T B (systematic emerging ) HE 3l £ /N
SR AR SOKG U R A 2R G T B

G0 I BAE O HOR S e R T — T i R
B, SRR RT3 ) 2 R A0 2 B 0 AN A A2 B
W HE ME AR KA BUG (LU B AL E )
MBS RIS & WAk 4 2 1) 56 3 4 2 R AR
E RN E RSV RV S UNTIPSE S0 i % a3 1]
A

MR ABE 23 A, 5 FR 7R 810 B RE S e 1 S R
FRBRIG PO Y BN R 2 A R
HT AR RGBS A K B G R A B
PR SIS LS B, A HOR BB i AL 2, 1 0 il Tk &
G5 ) R B AR BB e LR L T R
1.2 HFRBEHRFREH

FERCAHT S A R, FHR AT B 8RR
TN T Al BT RS S R AR A T R
R % eh AL B T ORI 23 S O 1) RR [ B R
G RS A5 % Fob [ JF &0 RS R R
b T A 2 A e RS T 3 R G 7R 2
P, A0 55 & AT O 5T L A I OC | It A B BF o
SRR IR R AR 2 R R R R Ay 2

HER I NIVESS eI I TE i € H El g e
BOWE A i AR, B3 T — A IF ik 2 A
B2 BT AR IR X R R R R I R e A 3 A
A JT I — AR T R 2 e A LR R T
TORYR T BRI O T M E A s R
S B EAMZ AL T ORI P, WA TG
GO TR A T BRI R
1.3 FReI#E e ae

B W RE % BT BT HOR T 4 A0 fE
TP M ik i S S M RARE Y 414
VR AL A BOROR B R R E M 0 A

Z BT TR 2 BT BRI R 1 58 AL B, LAk
AT DU BB R Y Ak BT R RE O i |
R AN 43 BT 18 0 R A AR

MRGIMABIAKE , BT MR TFHAS
-5 RO R IR AL AR, BRI O R
F R A A 2% W 0 45 T ELA R B
FAE D R GRS S AT B 00 A 1] A 1) A0 it 3 g BB
BT B R IR AR BRURT 25 R 250 T TH Al R Il RR
g BARBCTE AR T 6 AR I E o D™ R
X 43, U0 Bereznoy 45 ¥4 K - & 0 R — F 4 AR R
FEAY AL A R AT RAAS [ 9 0 X4 o 6 R %
25 1) T R S 0 mC AR AR A OC R BR AR A S TA
PRy 1 o AN [] £ K B BIL D
1.4 #RITR

M FR GBS |, A 7 # 2 5 IR R B
B, S RA A NP SR AL T 40, s
B AR TN 5 ) 25 6t BE S0 IR 45 & SO it i, 7
“UTEE” wh R BE A BT L BE R L, &R Gk T
AW kA M) T HOR 0, SR, Ak BRI T
WP T TR BT 24 1, BCF HORTE b4 i T A48
0, LA K X6 H A 5 M 1) a2 A 32 Qe 3 2 [ AT 5
i — L5

2 HER
2.1 EpfIfHiE

B RAE T WriE” vh i B Al AR 5 4 ¢ R
B HEAZ O R S R W S OC 2R R Y R
i, W98 T Eisenhardt 19 B 4 F 25k 34
PLA B BT R REAS 58 5 454 Pk Rl A DS R
PR TT A R S I TP 0 2E 20 AN FE 4, JF X 2018
—2022 AFAE iR I 2 A W EE T R A Y 12 KAl i
ATER A TRIBIE , I 22 3 26 £ Ml 78 TF 55081 37 A0 450 5
AE 5 T A I, Al A M L I A e 4 A S
LB AT S ME 1 TR, Bk 4 FArEas
J 1 25 PR e BE AR ARL, AT BT e T S R 58
W2 E MR R,
2.2 BEBIZHIEER

AW G ok 43 BT 4 5 BT ZE ) £ b A AT B AR
PRGSO IS A A E M A T RIE SR
TR S 22 7 ViR, B0 I Y45 b LA JR 3 5
S ARG B RVBCHE SR R L 1, AR A, £
v 2 FRA AT



53 JkAkSE MRA A L CWEET e BUTEIREE S H AR M Ra I - 623 -
RGEANEE 8 A & SO A N LT A )
|
[ |
N A s 2 f p - p U il e 4 g
D g S5M/8 ET SRFU /S A RBF g ool %
B 6 By g 99 z
@i 0 arpmn | wnpes ke x
@R 2451 0 0 LA Si 2 vl B v
B 0 0 A
Figure 1 Case selection process
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Figure 2 Data structure
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Table 3 Open innovation performance of typical cases
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Table 3 Embodiment of the empowerment mechanism in open innovation
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Figure 4 Model of technological breakthrough mechanism under the impact of " chain broking "
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The systematic emergence of '"Broken Chain' impact and digital empowerment on
technological breakthroughs: Based on four chip manufacturing cases
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Abstract: Since 2018, the United States has adopted means such as " decoupling" , " breaking supply chains" , and " de - Siniciza-
tion" to block and suppress China’s industrial technology upgrading, especially in the high — end chip manufacturing field. This has
put China in a " chokepoint" dilemma. Against this backdrop, China has still achieved key technological breakthroughs in the chip
field, as demonstrated by the release of the Huawei Mate60 series of mobile phones. Although previous studies have focused on tackling
core and key technologies, most of them concentrated on problem definition and approaches, lacking empirical research on digital — en-
abled technological innovation. This study focuses on issues that urgently need to be explored, such as how enterprises can use digital
technologies to achieve technological breakthroughs in an environment where " broken supply chains" coexist with the digital economy,
what open - innovation measures to take, the specific role of digital technologies in this process, and the extent to which they promote
technological breakthroughs.

Taking A — share listed companies as samples, 20 cases were structurally sampled from chip and semiconductor component concept
stocks according to the requirements of theoretical saturation. In — depth research was conducted on 12 enterprises significantly affected
by "broken supply chains" , and based on the logic of replicative co — occurrence, 4 typical cases with similar chip — manufacturing
links were determined, covering enterprises in fields such as integrated circuit manufacturing, chip processing equipment, fiber lasers,
and radio — frequency integrated circuits, to highlight the causal relationship between " broken supply chains" and technological break-

throughs.

Data was collected by analyzing second — hand data such as annual reports, official websites, and public reports of typical case en-
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terprises, as well as through interviews from multiple parties. The data analysis followed a process of dialogue with theory. First, the
theoretical fields of systematic emergence theory, open innovation, and digital technology/platform were determined. Then, key infor-
mation was extracted from the cases and summarized into first — order codes, which were verified through multiple channels. Subse-
quently, the first — order codes were clustered into second — order codes in combination with the theory. The authors independently co-
ded and discussed to ensure theoretical consistency. Finally, the relationship between the codes and the theory was reviewed and itera-
tively adjusted, and discussions were also held with industry managers to ensure compliance with the original intention of the theory.
Ultimately, nine first — order code categories and four second — order codes were obtained to reflect the open — innovation and digital —
enabling mechanisms.

The main findings of this study can be summarized in three aspects. Firstly, discovery of Open — Innovation Approaches under the
Impact of " Broken Supply Chains" ; " Decoupling" has prompted enterprises to respond actively, with active open innovation. Vertical
resource integration is manifested in standardizing supplier management, expanding the business chain, and strengthening cooperative
relationships to achieve close technological cooperation. Horizontal resource integration includes strategic cooperation with universities,,
participation in industry standard — setting, and cooperation with internationally advantageous enterprises. For example, Company C re-
built its supply chain, and Company B collaborated with universities to tackle key etching machine technologies, indicating that " de-
coupling" breaks the restrictions on knowledge flow and promotes technological innovation and the reconstruction of the supply — chain
system.

Secondly, discovery of the Digital — Enabling Mechanism in Open Innovation: The digital — enabling of digital technology is reflec-
ted in the advantages of information processing and the trust — strengthening mechanism, promoting information sharing and collabora-
tion across the entire industrial chain. For example, Company A participated in standard - setting, and Company B used blockchain to
share knowledge. The digital — enabling of digital platforms depends on technological enabling and has advantages such as low cost, a-
chieving information connectivity and resource integration and expansion. For example, the platform of Company A connected the in-
dustrial chain to improve efficiency. Digital technology also accurately matches the flow of knowledge. For example, the platform of
Company B provides diversified services to promote systematic emergence.

Thirdly, discovery of the Impact of Enterprise Heterogeneity: Relative technological advantages and enterprise size significantly af-
fect enterprise performance. Companies A and B, with advanced technologies, are outstanding in platform ecosystems and standard alli-
ances. Technology affects the improvement of the platform and the right to speak. The large — scale Company A uses digital technology
to improve efficiency, reflecting the moderating role of scale in systematic emergence. Companies C and D are small — scale and have
less advanced technologies, but Company C§ horizontal integration and Company D vertical integration have both promoted innovation,
indicating that different relationship paths have a positive impact on systematic emergence.

Regarding the issue of systematic technological breakthroughs, by integrating the characteristics of the digital economy era, this
study deeply analyzes the technological breakthrough and digital — enabling mechanisms under the impact of " broken supply chains" ,
differentiates the moderating effects of characteristic variables such as enterprise technological advantages and scale, combines open in-
novation, digital enabling, and enterprise characteristics to construct a theoretical model, filling the gaps in previous research on the
internal mechanisms of digital enabling and the role of enterprise characteristics, and providing a new perspective and theoretical sup-
port for related research.

At the industrial level, efforts should be made to strengthen the construction of digital infrastructure and the application of general
digital technologies, promote policies to support information sharing and collaborative innovation in the industrial chain, and create a
good industrial digital ecosystem to help enterprises achieve technological breakthroughs. At the enterprise level, enterprises should be
encouraged to strengthen the construction of digital platforms. Large enterprises should play a demonstrative and leading role in explo-
ring digital transformation paths, drive the coordinated development of small and medium - sized enterprises, use digital technologies to
optimize supply — chain and knowledge — base management, improve innovation capabilities and efficiency, and respond to external
shocks to achieve technological upgrading.

Key words: chip industry; open innovation; technological breakthroughs; digital empowerment; systemic emergence



