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Bonding Techniques 

We investigated a number of bonding techniques, using adhesive substances (the PDMS mixture 

used to fabricate the blocks, the PDMS curing agent, and a UV-curable glue) to increase the block-to-

block bonding. The adhesive not only flows into the nanometer gap between the blocks and the substrate 

but also fills the inter-block gaps (Fig. S4). Note that the bonding with curing agent was preferred since it 

is strong enough that the device can withstand inside pressure of >30 psi, and it does not require the 

tedious pre-mixing of PDMS pre-polymer and curing agent which usually requires long degassing time. 

Although the blocks bonded with the UV-curable glue can be also recovered after immersed in water for 

days, UV-curing requires additional expertise. The adhesive agent cannot be loaded onto the device in 

excess since the adhesive will then flow in the main channels of the device, and, if large gaps exist 

between block, capillary action will not be able to fill them. Oxygen plasma treatment is not 

recommended for the MAB methodology, since it does not sufficiently help block-to-block bonding 

because of the small area of the block sides. Additionally, oxygen plasma bonding requires expensive 

equipment and high-level expertise. More importantly, the bonding must be completed very quickly (~ 1 

min) before the treated surface loses its reactivity [S1], but the block assembly typically takes more 

minutes. 

 

Block Shapes 

A different candidate for the unit block shape is a hexagon.  This hexagon block system is 

preferred when the channel network of a desired device involves several oblique lines, as shown in Fig. 

S5a, rather than perpendicular lines only. In a hexagonal block, the channel can spread in six different 
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directions. However, if the device contains a mostly perpendicular channel network, the hexagon system 

may not be suitable because features like 90° turns are difficult to realize in this format.  

One drawback of the assembly methodology with square or hexagon blocks rather comes from 

the lack of alignment keys. Slight deviations in just a few blocks may cause an overall alignment 

problem, especially for a large assembly task. One of the popular methods to overcome such a problem is 

constructing tabs that interlock on the sides of blocks. Two exemplary designs are illustrated in Fig. S5b-

c. Blocks from both designs can be rotated by 90º, and the tabs and indentations reduce the possibility of 

misalignment. Moreover, the second design as seen in Fig. S5c has been developed to mimic the profile 

of jigsaw puzzle pieces. Although these modifications of block shape enable the users to assemble their 

device more easily, two technical challenges are imposed on the developers. First, a more careful removal 

of PDMS blocks from the SU-8 master mold is necessary. Due to the complex block shapes, such weak 

parts as narrow necks exist, increasing the possibility of damage to blocks. Second, non-square blocks 

naturally have more interfacial area than square ones, indicating that the side surfaces of blocks must be 

very clean and flat to ensure an appropriate fit. 

 

Visualization of microfluidic laminar flows 

We have assembled a zigzag channel network that can be used to visualize microfluidic laminar 

flow (Fig. S8). For the device, two inlet MABs were used in conjunction with a Y-channel block for 

merging two streams, a zigzag channel module, and an outlet block. The channel length embedded in the 

zigzag module corresponds to that of five consecutive straight channel square blocks. In micro-scale 

environments, fluid flows are mostly laminar since viscous forces overwhelm inertial forces. Such 

laminar flows can however become a major hurdle in micromixer application, since the mixing is mostly 
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diffusive. Besides diffusion, chaotic advection can improve mixing significantly. In general, chaotic 

advection occurs when a flow experiences special geometries in the mixing channel. To generate chaotic 

advection, we developed a module that contains a zigzag microchannel. Such zigzag channels produce 

recirculation around the turns and thus enhance advective mixing at high Reynolds numbers (>80). For 

lower Reynolds numbers, the flow is laminar and the mixing process relies most on molecular diffusion at 

interfaces. The zigzag channel is still useful for laminar mixing, since the elongated channel length 

increases the interface area between two concurrent laminar streams. We measured the progress of 

diffusive mixing along the module by comparing the concentration distributions before the flow enters, in 

the middle of the zigzag channel, and after the flow exits the module. The estimated Reynolds number in 

repeated runs ranged from 1.1 to 4.7, which belonged to the laminar regime. Image analysis of the 

profiles in Fig. S8c showed the expected result that there was only slight diffusive mixing between 

streams.  

Mask Design Files 

SQUARE.GDS ; contains the channel and wall information for various square and cross-post MAB 

designs 

JIGSAW.GDS ; contains the channel and wall information for various tab-and-indent designs including 

jigsaw-like blocks 

CBASE.GDS ; contains the channel body, roof and wall information for various the channeled base 

system. 
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Figure S1. The overall fabrication process for MAB. (a) The SU-8 resist is spun on a bare silicon 
wafer according to the patterns for fluidic channels and pre-baked on the hot plate for 5 min at 
the 65°C and for 20 min subsequently at the 95°C. The wafer is then exposed to 365 nm UV 
light. (b) After post-exposure baking (PEB) for 1 min at the 65°C and for 10 min at the 95°C, the 
wafer is immersed and developed in the SU-8 developer solution. (c) The SU-8 resist is spun 
and pre-baked repeatedly until the desired thickness is obtained. (d) The wafer then is carefully 
aligned to alignment cross marks and exposed. (e) After the PEB, the wafer is developed until 
the channel patterns surface. (f) A mixture of PDMS prepolymer and curing agent (9:1 w/w) is 
cast against the mold. Then, slightly tilt the mold and scratch the excessive PDMS solution off, 
using a razor blade. (g) Each cured PDMS block is carefully removed with a sharp aluminum 
needle. 
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Figure S2. Plot of the number of SU-8 2025 spin coating (500 rpm for 10 seconds and 1000 rpm 
for 30 seconds) versus the resulting average thickness of SU-8 multi-layer. 
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Figure S3. The distributions of block thicknesses from different molds; the average thicknesses 
are 517 μm from Mold A, 846 μm from Mold B, and 1024 μm from Mold C.  
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a)  

b) BEFORE   

AFTER  

 

Figure S4. Inter-block bonding by capillary effect. (a) The adhesive forms a thin layer between 
blocks to fill the inter-block gaps. (b) Post-treatment with curing agent application to remedy 
leaking problems. Before the treatment, the left junction was sealed well, but the right junction 
had a leak. Through the exposed gap, air was coming into the device. After the treatment, both 
junctions were completely sealed. The size of each block is 6mm x 6 mm and the channel width 
is 500μm. 
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a)  b)  c)  

d)   

e)   

Figure S5. Schematics of the devices assembled of (a) hexagon blocks, (b) tabbed blocks, and 
(c) jigsaw-style blocks. d) Photos of a tabbed block and an assembled device. e) Photos of a 
jigsaw-style block and an assembled device.  
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a)  b)  

Figure S6. The cross alignment block-and-base system. Photos of (a) the blocks and (b) the 
base with cross alignment posts.  
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a)  b)  

 c)  

Figure S7. The channeled base system. (a) Schematic of the concept. (b) Photos of the 
channeled base  and (c) an assembled device. 
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a)   b)  

c)  

Figure S8. Demonstration of diffusive mixing in laminar flows. (a) A photo of zigzag channel 
network device. Each square block is 6mmx6mm. The width of embedded channel is 1mm. (b) 
The blue and orange solutions merge and form two laminar flows (Re~4.7). (c) The progress of 
diffusive mixing. The zigzag channel shows limited diffusive mixing progress at this low 
Reynolds number. 
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a)  b)  

c)  

Figure S9. (a) The design of the two-layer valve module. (b) A side view of the working valve 
module. (c) A device assembled with two valves. 
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