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Category Tissue construct Microgel shape Reference 

1D linear 

assemblies 

Prism Cuboid 
1
 

Tubular shape Tubular shape 
2
 

2D planar 

assemblies 

Plane 
Hexagonal prism; Cylinder, 

Triangular prism, Cube 
3
 

Lock-and-key shape 
Rod-shaped prism 

Cross-shaped prism 
1, 3, 4

 

3D spatial 

assemblies 

Seven-layer spheroid Cuboid 
5, 6

 

Multilayered 3D shape Hexagonal prism 
7
 

Table S1: Many investigations have been conducted to study the shapes of SEMPs and the tissue engineering application of their 
assemblies. SEMPs with different shapes can be assembled to form different tissue constructs, which have a significant impact 
on current bottom-up tissue engineering approaches. 
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Fig. S1. Folded triangular microchannel fabrication processes based on two types of metal molds. A) Concave metal mold. After 

being machined by the cutting wire, the concave edges of the mold are rounded with the corner radius that equals to wire 

radius. The rounded features cause the wedge-shaped channel corners, which can reduce the precision of the particle features. 

B) Convex metal mold. Once the wire contacts the convex edges, two equal spare moving distances s (s = r∙cot(θ/2)) are added in 

wire’s moving path. The trace of the wire is shown by the red dotted line with an arrow. The sharpness of the convex edges can 

be well defined, which contributes to the high precision of the folded triangular microchannel. 
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Fig. S2. The designs of the flat PDMS substrates for fabricating the regular and irregular polygonal microchannels. Convex 440C 

stainless steel metal molds are designed and machined according to the designs of concave PDMS molds and flat substrates. And 

the concave PDMS molds are then obtained by replica molding from the convex metal molds. Flat PDMS substrates are 

demolded from the OTS-coated PDMS molds after heating at 65°C for 45min, then they are folded into enclosed polygonal 

channels with PC clamps pressed on. For experimental convenience, the recommended values for the thickness h of the 

substrates and the length L of the channel are h = 3~6 mm and L = 20~30 mm, respectively. In our experiments, h = 5 mm, L = 25 

mm for a = 1 mm. 

 

 

 

 

 

 

 

Fig. S3. The thickness of the substrate h is the thickness of the prism features (h1) plus the thickness of the continuous 

connecting layer (h2). h influences the ease with which the substrate can be folded and secured in the PC clamps. It has the 

appropriate range according to the slope angle of the angled surface (): 0° <  ≤ 30°, 20μm ≤ h2 < 40μm; 30° <  ≤ 45°, 20μm ≤ 

h2 < 60μm; 45° <  ≤ 60°, 20μm ≤ h2 < 80μm; 60° <  ≤ 75°, 20μm ≤ h2 < 100μm; 75° <  < 90°, 20μm ≤ h2 < 120μm. 
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Fig. S4. Example of a procedure to selectively modify the inner walls of the microchannel. The angled surfaces of the PDMS 

substrate are covered during the modification process, they can still bond after removing the cover. The placement of the covers 

determines the modified and unmodified regions on the flat surfaces of the PDMS substrate. 

 

 

 

 

 

 

 

 

Fig. S5. Controlling the sharpness of the edge by adjusting the uncured inhibition layer in the interface between the microparticle 

surface and the inner wall of the PDMS microchannel. A) Schematics showing that the thinner uncured inhibition layer leads to 

the sharper edge. B) The relationship between the R and exposure time indicating that R decreases as the exposure time 

increases. C), D), E) Optical images showing the triangular microparticles fabricated with exposure time of 100ms, 400ms and 5s. 

The inset enlarged images showing the sharpness of the microparticle edge corner. However, the particles become out of shape 

when they receive too much exposure energy, there are swells at both ends of the microparticle when the exposure time is 5s.  
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Fig. S6. Controlling the sharpness of the SMEPs edge by adjusting the UV intensity and PDMS thickness. A) The relationship 

between the R and the UV intensity indicating that R decreases as the UV intensity increases. B) The relationship between the R 

and PDMS thickness indicating that R increases slightly as the PDMS thickness increases. 

 

 

 

 

 

 

 

 

 

Fig. S7. The design of the polygonal channel and the photomask, and the alignment of the photomask with the polygonal channel 

for UV exposure. For Platonic tetrahedra with t = 0, a triangular channel is used. The triangular cross-section ABC is congruent 

to the triangular window A1B1C1 on the photomask. For truncated tetrahedra with 0 < t < 1, a pentagonal channel is used. The 

pentagonal cross section ADEFG is congruent to the pentagonal window A1D1E1F1G1 on the photomask. For Platonic octahedra 

with t = 1, a rhombic channel is used. The rhombic cross section ADEG is congruent to the rhombic window A1D1E1G1 on the 

photomask. There are BC = a, AB = AC = √     , BAC = 70.52, DE // AC, GF // AB for all the cases. When t = 1/2, EF = a1 = a/2, 

AD = AG =   √    , DE = CG = √    . When t = 2/3, EF = a1 = a/3, AD = AG =  √    , DE = CG = √    . When t = 1, AD = AG = 

DE = EG = √    . In our experiments, a = 1mm; the thickness of the channel wall is h = 5 mm. 
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Particle shape Mask shape 
Channel cross-

section shape 
R(average) (averge) Rh/b Rl/d 

Triangular prism Square Triangle 3.9% 59.1° / 1.01 

Hexagonal prism Square Hexagon 9.1% 121.3° / 0.90 

SEMP-A Hexagon Triangle 6.4% 59.6° / / 

SEMP-B Hexagon Hexagon 9.5% 119.8° / / 

SEMP-C 
Triangle-rectangle-

combined shape 
Triangle 5.5% 58.7° 0.75 1.74 

SEMP-D 
Triangle-rectangle-

combined shape 
Hexagon 5.0% 63.1° 0.75 1.78 

SEMP-E 
Large circle 

(diameter ~310 μm) 
Triangle 5.2% 60.0° / / 

SEMP-F 
Large circle 

(diameter ~310 μm) 
Hexagon 10.7% 120.2° / / 

SEMP-G 
Medium circle 

(diameter ~180 μm) 
Triangle 8.3% 59.8° 1.38 1.49 

SEMP-H 
Medium circle 

(diameter ~180 μm) 
Hexagon 11.6% 119.5° 0.42 1.95 

SEMP-I 
Small circle 

(diameter ~120 μm) 
Triangle 9.7% 59.1° 0.64 2.24 

SEMP-J 
Small circle 

(diameter ~120 μm) 
Hexagon 18.3% 120.4° 0.25 2.92 

Tetrahedron Isosceles triangle Isosceles triangle 14.4% 70.3° / / 

Truncated tetrahedron 

with t = 1/2 
Pentagon Pentagon 6.7%/9.3% 70.1°/109.2° / / 

Archimedean truncated 

tetrahedron with t = 

2/3 

Pentagon Pentagon 9.5%/8.2% 70.7°/108.6° / / 

Platonic octahedron 

with t = 1 
Rhombus Rhombus 12.4% 105.3° / / 

Table S2. Sixteen different sharp-edged microparticles (SEMPs) we have fabricated in this work. R refers to the ratio of the edge-

corner radius to the circumradius of the polygonal cross-section, θ is the average cutting angle, Rh/b and Rl/d  are the ratio of the 

head to the body and the ratio of the length to diameter, respectively. 
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ID Particle shape Mask shape Channel cross-section shape (theoretical) 

P03 Cube Square Square 90° 

O02 Pentagonal prism Rectangle Pentagon 108° 

O04 Heptagonal prism Rectangle Heptagon 128.6° 

O05 Octagonal prism Rectangle Octagon 135° 

O06 Nonagonal prism Rectangle Nonagon 140° 

O07 Decagonal prism Rectangle Decagon 144° 

O18 Obtuse golden rhombohedron Rectangle Rhombus Obtuse angle 

O19 Acute golden rhombohedron Rectangle Rhombus Acute angle 

O22 Square pyramid (Supercube) Isosceles triangle Isosceles triangle 120° 

J01 Square Pyramid (Disordered) Isosceles triangle Isosceles triangle / 

J08 Elongated Square Pyramid Pentagon Pentagon / 

J15 Elongated Square Dipyramid Pentagon Pentagon / 

J26 Gyrobifastigium Pentagon Pentagon / 

J52 Augmented Pentagonal Prism Hexagon Pentagon 120°/108° 

J54 Augmented Hexagonal Prism Heptagon  Pentagon 120° 

J55 Parabiaugmented Hexagonal Prism Rhombus Hexagon / 

Table S3. Sixteen different shapes listed in ref
8
 can be fabricated through our method. (theoretical) is referred to as the theoretical 

cutting angle. 

 
 
 
 
 
 
 
 
 

 
 

Fig. S8. The Smallest tetrahedra we have fabricated with a side length of about 120μm. The yellow dotted standard box was 
derived from the outline of the practical microparticles. The black continuous lines mark the top three theoretical edges of the 
regular tetrahedra. It can be deduced that the practical angles of the microchannel’s cross-section are not precise, which is 
mainly responsible for the PDMS substrates alignment precision limitation. The 20μm-diameter circles were used to mark the 
typical sharp features on the scale < 20μm. The resolution of tetrahedral microparticles along sharp channel features on the 
scale ≤20µm are better than that of the microparticles fabricated through COC material

9
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