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Introduction:  Kinetic penetrators have the poten-

tial to enable low cost in situ measurements of the ice 

shells of astrobiologically exciting worlds including 

Europa and Enceladus [1]. Their small size and mass, 

critical to limiting their kinetic energy to an acceptable 

range, makes them ideal small landers riding on pri-

marily orbiter missions, while still enabling sampling at 

several m depth due simply to burial and excavation. In 

situ microfluidic-based organic analysis systems are a 

powerful, miniaturized approach for detecting markers 

of habitability and recent biological activity.  

Quantitative, compositional, and chiral analysis of 

small organic molecules in situ provides important 

information for studying planetary formation and evo-

lution, and, more excitingly, also can provide signa-

tures of past or present life. The Extraterrestrial Organ-

ic Analyzer (EOA), with microchip capillary electro-

phoresis (µCE) and laser-induced fluorescence (LIF) 

detection, is the only technique currently ready for 

space flight that has the resolution, selectivity, and sen-

sitivity to provide these analyses. Through both in-lab 

[2,3] and field [4] testing, µCE-LIF has demonstrated 

the capability to provide highly sensitive (sub parts-

per-trillion, or pptr) automated quantitative composi-

tional chiral analysis of multiple organic compound 

classes [5,6], including polycyclic aromatic hydrocar-

bons (PAHs) [7], amino acids [8], aldehydes and ke-

tones [9], carboxylic acids [10], thiols [11], and amines 

[12]. Lander or fly-by missions have largely been the 

focus for the development of µCE-LIF, as proposed in 

the Mars Organic Analyzer (MOA) and the Enceladus 

Organic Analyzer. 

Concept:  Development of microfluidic technolo-

gy, like that of the Mars Organic Analyzer (MOA) [2-

12] and Enceladus Organic Analyzer (EOA), has led to 

an instrument capable of in situ organic chemical anal-

ysis compatible with a kinetic penetrator platform.  

This technology uses an integrated microfluidic pro-

cessor to prepare samples for analysis via fluorescent 

derivatization prior to highly sensitive laser-induced 

fluorescence (LIF) detection.  Selective derivatization 

in the presence of a chiral selector enables distinction 

between amino acid enantiomers.   

Programmable microfluidic architechtures enable 

automated, complex microfluidic manipulation on-

chip, including mixing, dilutions, fluorescent derivati-

zation, and transfer [6]. Recently, we have shown that 

microdevices retain functionality of their pneumatical-

ly-actuated monolithic membrane microvalves after 

10+ years in storage [13].  Here, we show the contin-

ued development of the microfluidic and LIF subsys-

tems for a kinetic impactor mission. Preliminary results 

have shown promising suitability of microdevices dur-

ing a 50000g impact, indicating that PMA and LIF are 

valid in situ techniques for this extreme planetary mis-

sion format. 

Instrument Development: Finite element analysis 

of the core microfluidic processing and analytical de-

vice indicated that the device itself is more than capa-

ble of surviving the stresses associated with an impact 

acceleration of >50,000g. However, a number of de-

velopments were still required to enable a flight-ready 

system.   

Preliminary experiments indicated that moving 

from a pneumatically-actuated to a hydraulically-

actuated microvalve system may provide better impact 

resistance.  A hydraulically-actuated microvalve system 

was developed and tested.  A modification of an estab-

lished microfabricated LIF detection system would use 

indium bump bonding to permanently weld optical 

components using standard microfabrication tech-

niques with perfect alignment.  Recent work has also 

focused on developing and characterizing impact-

resistant electronics. 

Summary:  This work shows the low-TRL devel-

opment of EOA’s LIF and microfluidic subsystems for 

future planetary impact penetrator missions.  With cor-

rect structural decisions and optimizations, EOA can 

survive a 50,000g impact, making it the only current 

optical instrument with this capability. 
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Figure 1: Structural (top) and stress (bottom) model of 

a centered optical stack without support structures 
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