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Fig. S1. Top and cross-sectional views of Spinochip devices. Dead-end straight channels
fabricated using a) PMMA and b) PDMS. c) A dead-end channel with three reservoirs for
programmable filling experiments. Spinochip devices can contain different layers: i) a glass slide,
ii) DSA layer, iii) PMMA layer or iv) PDMS layer containing reservoir(s).
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Fig. S2. Rotating platform with phone socket. a) The illustration of rotating platform contains two
microfluidic sockets and one phone socket. b) Photograph of the rotating platform. The platform
was mounted on a spin coater (Midas, Spin Process Controller) for experiments conducting at
different spinning speeds. A smart phone was used for monitoring the channel during spinning.
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Fig. S3. Apparatus for using Spinochip devices in a centrifuge device, which can process 50 mL
centrifuge tubes. The apparatus has an opening (i) to place a Spinochip device tightly (ii). For
centrifugation, the apparatus is placed into rotor of the centrifuge (iii) with the reservoir of the
Spionochip device facing the center of the rotor.



Fig. S4. Microhematocrit apparatus for hematocrit measurement using a microhematocrit tube
inside a centrifuge device.



a —
Y Microfluidic
‘ / Socket

Gravity axis
|

Fig. S5. Testing of sockets with different angles (a). a) The illustration of rotating platform with
different angles. b) Filling of channels (3 mm x 25 mm x 0.15 mm (w x L x h)) using different socket
angles: i) 0°, ii) 45°, ii) 60° and iii) 90° at a rotation speed of 400 rpm for 2 min. Scale bar is 3 mm.
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Fig. S6. The filling tests of PDMS microfluidic chips. a) A PDMS microfluidic chip containing a dead-
end channel and a reservoir. Scale bar is 2 mm. b) Microscope images of filled PDMS chips with
same height (30 pm) and length (1.8 mm), but different widths: i) 30um, ii) 50pm and iii) 100 pm.
Channels were filled at a rotation speed of 3000 rpm for 10 min. Scale bars are 100 pm. ¢) SEM
image of a PDMS chip with 100 yum channel width.



Fig. S7. Filling of different channel geometries. a) Y-shaped and b) serpentine channels with a
single reservoir. Filling of channels at a rotation speed of 1000 rpm for 5 min. Scale bar is 2 mm.
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Fig. S8. The rapid filling of a channel having 3 mm width, 0.15 mm height, and 25 mm length. At
t=3.2 s, the air burst occurs, releasing the trapped air into the reservoir and leading to a rapid filling
of the channel. Before this moment, according to Boyle's Law, the internal air pressure inside the
channel rises to 1.037 £ 0.014 atm. Following the burst, by t=3.2 s, a rapid filling profile is observed,
and by t=7.5 s, the channel is completely filled. Scale bar is 3 mm.
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Fig. S9. Flow rate for channels of varying lengths (12, 25, 30, and 37.5 mm), each with a width of
2 mm and a height of 150 pm. 500 rpm was used to fill the channels.

10



LT

3 mm

Fig. S$10. Fluid manipulation in Spinochip. Sequential fluidic manipulation: (i) The solution was
introduced in the reservoir and then (ii) it was filled into channel at 400 rpm for 2 min. Afterwards,
Spinochip was turned upside down and (iii) centrifuged 500 rpm for 2 min to collect solution to the
reservoir. Lastly, (iv-v) the solution was pipetted out from the reservoir. Scale bar is 3 mm.
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Fig. S11. Micrographs of cells remained in the plasma after centrifugation of a Spinochip device at
different rotation speeds and durations. Scale bar is 100 ym.
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Fig. S12. The effect of on-chip centrifugation on cell viability. U-251 human glioblastoma multiforme
cell line with a concentration of 10* cells/mL was used in the experiments. The cells were
centrifuged at 4000 rpm for 10 min in the microfluidic chip used for blood analysis. The cells were
collected from the reservoir with back-centrifugation presented in Figure S10iii. Cell viabilities were
analyzed using a hematocytometer with trypan blue staining. ns represents non-significant, p>0.05.
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Fig. S13. Hematocrit and white blood cell measurement in Spinochip. a) Hematocrit value
measured by dividing the thickness of RBC (x) by the thickness of blood (y) in a channel. b) White
blood cell concentration measured by measuring the thickness of buffy coat (z). Scale bar is 100
pm.
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Video S1 (separate file). Filling of a dead-end channel with spinning with 20 pL of food dye at 500
rpm spinning. During spinning, the air entrapped within the channel, leading to pressurization. As
air pressure steadily increases, air escapes towards the reservoir as bubbles due to the pressure
difference between the channel and the reservoir. This fundamental process iterates until the
channel is completely filled.

Video S2 (separate file). Sequential filling of a microfluidic chip from different reservoirs. 4L of
food dyes with distinct colors were given into the reservoirs and the chip was exposed to 350 rpm,
500 rpm and 700 rpm spinning, respectively, for 30 s each. As a result, different food dyes from
reservoirs connected to channels with widths of 4 mm, 2 mm, and 1 mm were successively
introduced into the main channel.
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Table S1. Comparison of centrifugal microfluidic devices for blood separation

Valve Number Vent Port Special Minimum Sample |Staining for Additional Reagents/ Analysis Plasma HCT WBC FM#* Ref.
of Chip Instrument Sample Treatment | Analysis | Methods Used for Analysis’ | Time (min) | Collection
Layers for Operation’| Volume
(ML)
* 5 + * 2000 . . . 25 + y . 5%10° ™)
(Siphon Valve) (Servo Motor) )
+ +/-
. + + . 8x10°
- 3 + (Spin 1 _— - . . ~0.1 (Remained - - 2)
Processor) (Dilution) (Zweifach-Fung effect) on chip)
* 3
) 8 * ) 90 ) ) (Cross-flow filtration) 8 * ) ) 1.5x10 @)
+
+ -
(Centrifugo- . + ) + } )
Pneumatic 6 * (Spindie 18 (Dilution) (Density-gradient medium) NR * (only “
) motor) separation)
Siphon)
+ + -
- 2 - (Rotational 100 - - (Density-gradient medium, 3 - - (only 1x10° (5)
Platform) spiral microfluidic channel) separation)
Capillary and Commercial * +-
(Capillary an 6 + (Commercia 10 (On-chip + - 15 (Remained |+ + 1x103 (6)
Siphon centrifugal Dilution) on chip)
Valves) platform)
+ + + . +/- -
(Ferrowax 3 + (Rotational 4000 On-chip + . . 10 (Remained - (only 1 (7)
Valves) Platform) dilution) (Cell enrichment Cocktail) on chip separation)
+
+ + +
Capillar 3 - 10 _— + . . ) 10 - - + 2.1x10% 8
(Vaﬁ/es)y (DC motor) (Dilution) (Density-gradient medium) @)
+ + +/-
- 3 + (Rotational 10 - - . . . 10 (Remained + + 6.4x10% 9)
Platform) (Density-gradient medium) on chip)
- 22 - - 0.1 - - - 10 + + + 1x107 This study

" other than a standard bench top centrifuge device

T: other than centrifugation

+/-: Yes/No

NR: not reported

HCT: Hematocrit measurement
WBC: white blood cell concentration measurement

FM: Figure of Merit; FM =

(Plasma Collection)(HCT)(WBC)

(Sample Volume)(Analysis Time)(Vent Port)(Layers)(Special Intrument)(Sample Treatment)(Staining)(Additional Reagents/Methods)"

In FM calculations, qualitative indicators were quantified by assigning numerical values: a positive sign ('+’) was assigned a value of 2, a negative sign ('-’) was assigned a value of 1, and a mixed sign (‘+/-")

was assigned a value of 1.5. All figure of merit (FM) values were then normalized relative to the lowest FM value.
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Table S2. Comparison of microfluidic devices for blood separation

Method for Flow | Number of | Minimum Sample Sample Staining for Additional Reagents/ Analysis Plasma/ HCT WBC Ref.
Generation Chip Volume (uL) Pretreatment Analysis Methods Used for Analysis Time (min) Serum
Layers Separation
. . On-chip surface treatment/
Capillary-driven 2 NR - - ] ; - 30 - + - (10)
(Paper-based) Naked-eye inspection
Capillary-driven . Acridine Orange Staining/
pitary 3 4 o + Size-based filtration & Smartphone-based 5 - - + @an
(Paper-based) (Dilution) ] :
inspection
T
. . (Lysis and
Capillary-driven 2 15 antibody- + o NR - - + (12)
(Paper-based) . Light intensity measurement
conjugated gold
nanoparticles)
Capillary-driven 3 5 } } - 2 + ) ) (13)
(Paper-based)
. . -/
Capillary-driven 2 5 ) ) Light intensity measurement NR ) * ) (14)
. . + -/
Capillary-driven 3 50 (Lysis) ) Impedance Spectroscopy 2 ) ) * (15)
. . + -
Capillary-driven 3 15 (Dilution) ) Dielectrophoresis 15 * ) ) (16)
Air Actuation >2 30 o + Crystal violet and glamal_acetlc acid/ 5 ) ) + a7
(Dilution) Camera Inspection
Syringe pump- + -/ -
driven 2 NR (Lysis) 3 Hydrodynamic focusing & Light scattering 15 3 * (18)
Syringe-pump -/
driven 3 6 ) ) Bifurcation 20 * ) ) (19)
Externgl pump- 2 50 } } On-chip lysis and on-chip dilution/ 20 ) ) + (20)
driven Impedance Spectroscopy
Centrifugal based 22 0.1 - - ! 10 + + + This study

Smart phone-based & Microscopic inspection

+/-: Yes/No
NR: not reported

HCT: Hematocrit measurement
WBC: white blood cell concentration measurement
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