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Figure S1. Schematic of the supporting device for ECLFIA.
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Figure S2. Working principle of the pillar valve. (a) Schematic of the chambers in a
pillar valve. (b) Vertical view and sectional view of a disc with a pillar valve. (c)
Schematics of the closed and opened pillar valves in sectional views of the disc. The
connecting chamber is sealed before the pillar valve is opened. During centrifugation,
the liquid in the upstream chamber cannot be transferred to the downstream chamber
due to the obstruction of the sealed connecting chamber. The adhesive tape is capable
to stand the high rotation speed (>4200 rpm) for a long time (>15 min) to avoid liquid
leakage. Once the electromagnet is triggered, the pillar will be lifted up and the tape

will be separated from the PMMA layer to open the pillar valve. Then, the liquid can
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be transferred to the downstream chamber under the centrifugal force, and no liquid
leakage occurs through the pillar hole due to the overwhelming centrifugal force than
the gravity during liquid transfer and the interference fit between the through-hole and

the pillar.
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Figure S3. Schematic showing the process of ECLFIA. (1) Antibody-antigen
conjugation. (2) Biotin-streptavidin conjugation. (3) Washing. (4) HRP-catalyzed

signal amplification.

6/11



Figure S4. Photographic images of the ECLFIA workflow. (1) Sample aspiration. (2)
Disc placement on the centrifugal pallet. (3) Sample metering and blood cell separation.
(4) Liquid filling the microchannel of the siphon valve. (5) Liquid transfer and lateral
flow reaction of antibody-antigen conjugation. (6) Completion of step 5 and opening
the pillar valve No. 1 (the left one). (7) Lateral flow reaction of biotin-streptavidin
conjugation. (8) Completion of step 7 and opening the pillar valve No. 2 (the middle
one). (9) Lateral flow process of washing. (10) Completion of step 9 and opening the

pillar valve No. 3 (the right one). (11) DAB substrate transfer. (12) Catalytic reaction.
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Figure S5. Correlation between PSA concentrations in blood samples measured by

ECLFIA and ECL. The PSA concentrations measured by ECLFIA were all calculated

using the standard curve fitted by the signal amplification results.
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Figure S6. Results of ECLFIA without signal amplification of PSA at concentrations

of 1 ng/mL and below.
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Table S1. Summary of the analytical performances for detecting PSA by LFIA or

microfluidic devices.

Detection LOD Time POC* Ref.
Silver and gold enhancement LFIA 0.1 ng/mL 20 min No [1]
Upconversion nanoparticle based LFIA 0.089 ng/mL 30 min Yes [2]
Centrifugation assisted LFIA 0.067 ng/mL. 45 min Yes [3]
Fluoropolymer microfluidic device 0.08 ng/mL 22 min No [4]
Reduced graphene oxide/BiFeO3 nanohybrids-
based photoelectrochemical sensing system 0.31pg/mL  >15h No [3]
Microcapillary film based microfluidic ELISA < 0.9 ng/mL. 15 min Yes [6]
SERS-based microdroplet sensor < 0.1 ng/mL - No [7]
Sigle bead trapping and acoustic mixing .
integrated microfluidic platform 0.028 ng/mL. 20 min No [8]
Microfluidic electrochemical sensing 0.84 pg/mLL  >15h No [9]
Aptamer probe based microdroplet 0.035ng/mL.  >3h No [10]
Enhanced centrifugation-assisted LFIA 0.028 ng/mL 15 min Yes In this study

*POC status is evaluated according to the sample preparation, automation and bulk of the device.
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