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Continuous-Flow Microfluidic Biochips

(a)                                                          (c)

(b)                                                          (d)

• Fundamental component: valves.

• Increasing integration level of valves.



Fully Programmable Valve Array(FPVA) Biochips

(a)

The utilization of multiplexers has bolstered valve integration within 

FPVA Biochips.

(b)

(c)
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Structure of Multiplexer

• The Multiplexer’s Two-Layer Structure.

• Upper Layer: The Driving Layer (Green).

• Lower Layer: The Control Layer (Red).
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Manufacturing Defects in FPVA Biochips

(a) (b)

(c) (d)

Throughout the manufacturing and operational phases, FPVA biochips 

may experience physical defects. [K. Hu et al., 2014]



Fault Model

Five categories：

▫Control channel blockage

▫Control channel leakage

▫Drive channel blockage

▫Drive channel leakage

▫Valve elastic degradation
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Single-Fault-Type Assumption

• Assumption:

A chip will rarely contain multiple fault types, but the same type of 

fault may occur multiple times in a layer.

• Because:

▫The root cause of a fault typically leads to the occurrence of the 

same type of fault.

▫Since the layers of a multiplexer are manufactured independently, 

there will be no interlayer faults.

[K. Hu et al., 2015]



Problem Model

• Based on the time division concept, we divide the execution process of 

a test pattern into four parts: “drive delay”, “filling delay”, “leakage 

delay” and “refresh delay”. 

• Given: The structure of a multiplexer.

• Output: A set of test patterns.

• Objective: Minimizing the number of test patterns.

• Subject to: The generated test pattern combinations can cover all the 

possible positions of the above five types of faults in the multiplexer, 

i.e., achieving 100% fault coverage.
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ILP-based ATPG Algorithm

• Formulate Integer Linear Programming(ILP) models for the five 

types of faults mentioned above.

• To achieve 100% fault coverage, we must ensure that np test patterns 

can cover each potential fault location at least once.

• The proposed ILP model aims to identify a test pattern combination 

with the minimal quantity.



ILP-based ATPG Algorithm

• For example:

▫ Test patterns generation.



Test Strategy

We divide the execution process of a test pattern into four steps during 

the test process of the multiplexer.

•Step1: Inject colorless gas and close corresponding control valves.

•Step2: Inject ample colored gas into control channels and close the 

core input to contain the gas within those channels. 

•Step3: Maintain closed control ports and core input to enable complete 

gas leakage to the external environment over time.

•Step4: Open control ports and core input to release channel gas. 

Replace colored gas with colorless in control channels to avoid 

impacting next test execution. 
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Simulation Results

Comparison results of execution time and number of test patterns.

• nv: The number of control valves;

• nd: The number of drive channels;

• nc: The number of control channels;

• nc: The number of control channels;

• np:  A constant, used to limit the maximum number of test patterns;

• nt: The number of test patterns generated by the algorithm;

• t  : The time used to generate test patterns;

• - : Time is difficult to estimate.



Simulation Results

Comparison results of fault coverage.
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Conclusion

• We propose an ILP-based automated test pattern generation(ATPG) 

algorithm.

• We propose an automatic testing strategy for multiplexers.

• The proposed ILP-based algorithm can generate fewer test patterns in

a reasonable time and achieve 100% fault coverage.



Thank you for your attention!


