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Supplementary informations 

(1) Supplementary Fig. S1 



 

Fig. S1 (a) Fluorescent images of particles at a 40 mm distance from inlet in a straight channel. No distinct focusing positions can be observed when ReC=50. And even at a much larger Reynolds number 100 and 200, 

inertial focusing is still not achieved completely within 40 mm length. (b) Fluorescent images of particles in different periods of a serpentine channel when ReC=50. Particles are effectively focused at two sides after 

about 10th period, with a length about 10 mm. Particle diameter is 10 µm. 

 



 (2) Supplementary Fig. S2 

 

Fig. S2 Focusing positions and widths for different-sized particles under various flow conditions. Error bars indicate the streak width, which was determined by standard FWHM (full width at half maximum). The 

streak position was taken as the middle of the half maximum intensity.  



(3) Supplementary Fig. S3 

 

Fig. S3 The bright field and fluorescence images from control and two collections. In bright field image, both of MEL cells and 5-μm polystyrene beads can be observed. While in fluorescent images, only 5-μm 

fluorescent polystyrene beads can be observed. The number of MEL cells can be easily obtained by subtracting number of 5-μm polystyrene beads from the total number of MEL cells and 5-μm polystyrene beads.  

 

(4) Supplementary Fig. S4 



 

Fig. S4 Flow cytometric data show the results of separation of MEL cells and human blood cells in the serpentine channel. The MEL cell purity was increased from 1.25% to 45.4%, causing an impressive enrichment 

ratio (collection purity/input purity) of 36.32 

  



(5) Supplementary Fig. S5  

 

Fig. S5 The fluorescence profile within the transition region II for (a) 8-µm and (b) 10-µm polystyrene particles. At the beginning of this region, besides two sided focusing streaks, another weak focusing streak arises 

at the centre of channel, which is expected to be the initial result of DC force. Most of the particles are on these three regions, with few particles distributed within the gaps between them. Increasing the flow rate, the 



two sided focusing streaks get closer to the channel centre with decreasing intensity, while the intensity of central focusing streak increases. Finally, three streaks merge together to a single central focusing streak.  

 

 (6) Supplementary Fig. S6  

 

Fig. S6 A parallelized inertial microfluidic device with eight serpentine channels. (Left) fabricated device, and (right) schematic structure. The device was fabricated by two layers. The 

serpentine channels are in the bottom layers to separate particles by size, and larger particles are collected by central branch. The up layer is to collect smaller particles from two sided branches. 

In this device, the working throughput can be as high as 4.8 ml/min.  

  



(7) Supplementary Text- analysis of three focusing patterns 

Inertial migration is a phenomenon where randomly dispersed particles in the entrance of a straight channel migrate laterally to several cross-sectional equilibrium positions 

after a long enough distance 1-2. Two dominant forces are responsible for this phenomenon: the shear gradient lift force FLS acting down the velocity gradient towards the 

channel walls, and a wall induced lift force FLW directed towards the centreline of the channel. The balance of these two forces creates several equilibrium positions in the 

cross section. The net inertial lift force can be expressed as 3-4: 
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where ρf, Um and µ are the fluid density, maximum velocity and dynamic viscosity, respectively. The spherical particles have a diameter a. The hydraulic diameter Dh of the 

channel is defined as Dh=2WH/(W+H) for a rectangular channel (W and H correspond to width and height of the rectangular cross-section). The lift coefficient fL is a function 

of the particle position xC, channel Reynolds number ReC and particle size a 4-5. In a square straight channel (AR=height/width=1), particles focus to four equilibrium 

positions, at the centre of each face. A further reduction to two equilibrium positions happens when aspect ratio (AR) ranges between 1/3 and 1/2 channel, due to the blunted 

velocity profile along the long face of the channel and corresponding reduction of shear gradient lift force 6. 

 When particles flow within a curved microchannel, they also experience an additional drag force exerted by a secondary flow (Dean vortex) within the cross section of 

channel. This secondary flow arises due to the channel curvilinear geometry and non-negligible inertia of fluid 7, and its magnitude can be evaluated by the non-dimensional 

Dean number (De). The Dean drag force tends to entrain particles following fluid streamlines, and can be quantified based on the Stokes law.  
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where R is the radius of channel curvature and Re is the flow Reynolds number which is defined based on average fluid velocity Uf 
8. UD is average velocity of Dean flow. vf 

and vp represent cross-sectional velocity of fluid and particles respectively. 

 Equation (5) can be further simplified when particles are focused and steady within channel cross-section. 
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 Besides, particle centrifugal force in serpentine channel can play a significant effect on particle movement as we studied 9. 
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where ρp and vpt are the density and tangential velocity of particles in curved channel, respectively. 

 The ratio ε of DC force (FCent+FD) to inertial lift force (FL) determines the focusing patterns of particles in a serpentine microchannel. With ε>>1, DC force will dominate 

the movement of particles, and particles are focused at the centre of channel. In contrast, with ε<<1, inertial lift force will decide the trajectory of particles, and particles are 

expected to focus at two sides of channel. The ratio ε can be expressed as: 
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 From equation (8), ε is proportional to Uf. So ε increases with increasing flow rate (or Uf), it agrees well with the experimental observation, where particle focusing pattern 

transferred from two sided focusing streaks to central band focusing and finally central single focusing streak when increasing flow rate continuously. However, equation (8) 

still cannot figure out the exact trend of ε with particle size a, it seems that ε is proportional to particle size from the experimental results. 

  



Supplementary Table S1 Comparison of existing inertial microfluidic techniques for binary-particle separation 

Channel Type Throughput Purity Efficiency Channel 

dimension 

Device footprint Particle size/cell 

type 

Size difference 

(Resolution) 

Need sheath 

flow? 

Parallelizability Reference 

Straight  Re=40 (100μlmin-1) 20-μm particle 90.8% 

9.94-μm 99.6% 

20-μm particle 

99.3% 

9.94-μm 94.5% 

27μm×50μm 

(width×height) 

upstream 
100μm×50μm 

downstream 

Straight micro-

channel section 

>36mm 

9.9-μm, 

20-μm polystyrene 

beads 

~10 μm No Good 10 

40 parallel channels 

with 240ml/h, 4×108 

cells/min 

NA 88% red blood cells 

(RBCs) 

E Coli: NA 

20μm×60μm 

upstream 

160μm×60μm down 
stream 

7cm×7cm RBCs~8 μm 

Eschericha coli ~1 μm 

~7 μm No Good 11 

Expansion-contraction 

array 

111 beads/s 10-μm particle 100% 

4-μm particle 99% 

NA CEA 350μm ×38μm 

(width ×height) 

Contraction region 
50μm ×300μm 

(width×length) 

Micro-channel length 

>9 mm 

4-μm, 10-μm 

polystyrene beads 

6 μm Yes Good 12 

1.1x108 cells/min 

Re=8 

Blood cell reject ratio 

88.9% 

Cancer cells: 99.1% 

Blood cells: NA 

CEA 350μm ×63μm 

(width ×height) 

Contraction region 
50μm ×1200μm 

(width×length) 

Micro-channel length 

>11.4 mm 

MCF-7 , blood cells NA Yes Good 13 

Spiral  3 ml/hr NA Cancer cell lines 

>85% 
Blood cells: NA 

Spiral channel 

500μm×160μm 
 

Total micro-channel 

length ~10cm 

MCF-7, Hela,  

MDA-MB-231 

NA Yes Hard 14 

7.5 ml blood within 8 

mins 

NA >80% 

Blood cells:NA 

Width 100 μm 

Inner/outer height 

80μ/130μm 

NA T24, MVF-7, 

MDA-MB-231 

NA No Hard 15 

Double spiral 3.33 ×107 cells/min NA 99.66%: 5μm 

particles 

92.75%: 15μm 

particles 

88.5% tumor 

recovery 

300 μm in width and 

50 μm in height 

The radius of the 

outermost curvature is 

9 mm 

NA 5-μm, 15-μm 

polystyrene beads 

MCF-7 and Hela cells 

spiked in whole blood 

10 μm No Hard 16 

Asymmetric serpentine  0.9 ml/min 

Rp=1.53 

9-μm particle: 16.3% 

one tier, 25.3% Two 

tier processes 

3.1-μm particle: 

~99.9% after two tiers 

3.1-μm: ~56% after 

two tiers; 

9-μm:NA 

Height: 50μm 

Width: 100~650μm 

Channel length 

~6.9cm 

3.1 and 9-μm 

polystyrene beads 

~6μm No Good  17 

Proposed device with 

symmetric serpentine in 

this work 

600 μl/min 

Re=120 

4.8ml/min for 8 parallel 

serpentine channels 

3-μm:~99% 

10-μm:~88.7% 

 

5-μm:~99.2% 

13-μm:~~91.6% 

 

5-μm:~98% 

MEL cells:~94.9% 

Large 

particles:>97% 

Small 

particles:>92% 

200μm×42μm 

(width×height) 

Whole device: 36 

mm×5mm (length 

×width); 

Serpentine channel 

with a length of 

~15mm, this value can 

further reduced to 

≤10mm. 

Device with 8 parallel 

channel: 
30mm×23mm 

3,5, 10 and 13-μm 

polystyrene beads and 

MEL cells 

Human blood cells 

and MEL cells 

~7μm demonstrated; 

 ≤ 3μm in principle 

No Good This paper 
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