
  
Short Abstract — We are developing an automated 

microfluidic device that can deliver a continuous flow of 
arbitrary mixtures of up to 16 compounds. Through the use of 
a double-buffered configuration of mixers, accurate mixtures 
can be created while still producing a continuous output. Such 
a device will allow for multiple-input and multiple-output 
(MIMO) biological experiments that involve the constant 
perfusion of a dynamic chemical mixture.  
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I. PURPOSE 
HARACTERIZING complex biological systems may 
require experimental tools that allow for arbitrary, 

concurrent, and continuous chemical perturbations [1,2]. 
Many current microfluidic chemical signal generators, while 
useful, can only create chemical signals with a small number 
of chemicals [3,4]. In contrast, Hansen et al created a 
microfluidic formulator device using multilayer soft 
lithography to serially create and output arbitrary 5 nanoliter 
mixtures of a large number of different chemicals [5,6] 

However, in many biological experiments, it is necessary to 
have a continuous perfusion of mixed solution. To this end, 
we are developing a device based on that by Hansen et al 
that can continuously output arbitrary mixtures of a large 
number of chemicals. We believe that this could be a useful 
tool for systems biology, serving as the control knobs in 
multiple-input and multiple-output (MIMO) experiments.  

II. MATERIALS AND METHODS 
 The device used the multilayer soft lithography technique 
to form pneumatic valves that control fluid flow [5,6]. Two 
mixers serve as a double buffer to allow for the device to 
output and mix simultaneously, creating a continuous output 
flow. Device testing was completed using deionized water 
and food coloring. Metal ion solutions and Inductively 
Coupled Plasma Optical Emission Spectroscopy (ICP-OES) 
are used to measure the accuracy of the device. 
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III. RESULTS 
The device and experimental setup is shown in Figure 1. 

Many different solutions can fill each mixer, as shown in 1d. 

IV. CONCLUSION 
A continuous microfluidic formulator may have important 

applications in biological systems identification. Its 
continuous nature allows it to serve as the input to 
chemostats and cell cultures, permitting a variety of 
complex, automated experiments.  
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Figure 1: Design (a), experimental setup (b), fabrication 
(c), and testing (d) of the microformulator. 


