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Background
n Degenerative pathologies are among the 

greatest long-term risk for astronauts 
exposed to space environment during 
deep space mission

n A breakthrough goal,
to improve risk modeling,
is to provide biological 
in-situ analysis of those 
effects
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Space biolabs
n On-ground simulation of deep space radiation 

environment is unsatisfactory
n Space biolabs allow:

q to study combined effect of microgravity and 
radiations on living cells and  on cell components 
from DNA to mitochondria

q to perform metabolic studies
q to develop and test drugs for mitigation of the effects
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Space biology research
n The goal of space biology is to answer the question about 

how spaceflight affects biological processes
n Space biology research began to expand as a field of 

practical interest shortly after the end of World War II
q 17 December 1946 on V-2 rocket: exposure of  fungus spores to 

cosmic radiation in upper atmosphere
n Space Biology is part of NASA’s 

Life Sciences Program since the 1960’s
q Sounding rockets in 1965 (150 km),
q Gemini 9 and 12 missions in 1966 (300 km) 
q Apollo 16 mission 

n First exposure of microorganisms to 
space radiation, proved that life 
could survive the extremely harsh
conditions of open space

Image source: nasa
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Cubesats for space biology
n Fast development time

q 18 – 36 months from concept to operations 
n Educational value

q Mission life-cycle comparable to student’s career
n Access to space environment

q Various orbits
n Autonomous operation

q Reduced need for astronauts time
q Less constraints with respect to ISS

n Low cost
q Launched as secondary payload
q Low-cost of failure
q Experiment re-iteration (test, learn, iterate)
q Compatible to ‘short-duration’ biological experiments
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Biological cubesat missions

2006
(Minotaur I)

2009
(Minotaur I)

2010
(Minotaur IV)

2017 
(ISS)

Planned 2018
(Orion mission)

3U cubesat
(2U payload,  1U bus)

3U cubesat
(2U payload, 1U bus)

3U cubesat
(2U payload, 1U bus)

6U cubesat 6U cubesat

Gene expression 
experiment

Antifungal dose 
response 

Microbe survival and
activity 

UV-induced organic 
degradation 

Space effects on 
antibiotic resistance

Biological response to 
space radiation 

beyond LEO 

E. coli S. cerevisiae B. subtilis, H. 
chaoviatoris

(SESLO experiment)
PAH, a.a., porphyrin, 

quinone
(SEVO experiment)

E. coli S. cerevisiae 

Author's personal copy

actuators, advanced materials, integrated optics, microsen-
sors, and microfluidics. Often, commercial off-the-shelf
(COTS) components are used without modification to
develop the various cubesat subsystems; the overall design
of the cubesat and the density at which the subsystems are
integrated, as well as methods of assembly and rugged-
ization, are often the requirements unique to operation in
the space environment. Nonetheless, subsystems and

instruments developed for demanding industrial and con-
sumer environments often need minimal modification for
use in small satellites. For example, a typical consumer
mobile telephone “drop” requirement, 1 m onto a concrete
floor (Xie et al., 2003), produces shock levels well in excess
of those required for launch and deployment on and from
typical space vehicles.

2.2. Launch providers, services, and orbits

Arguably the single most important reason to design a
cubesat-based space mission is the number of reasonable-
cost opportunities to deliver it to space. Table 2 catalogues
some of the recent proliferation of available launch access
options. The cubesat specification has helped reduce the
resources required to launch and deploy small satellites
(Toorian et al., 2008), but requirements remain for general
project administration, integration with the launch vehicle,
and regulatory compliance, all costing time and demanding
relevant experience. Launch providers generally require
certification of suitability for vehicle integration, including
acoustic, vibration, thermal, and vacuum testing: the “pay-
ing customer” for the launch does not want the primary
payload damaged by a mechanically deficient secondary
“hitchhiker” payload. Although there are new rideshare
opportunities such as the NASA Educational Launch of

Fig. 2. NASA Ames 3U, 4.6-kg Gene-Sat-1 (credit: NASA Ames
Research Center).

Table 2
Launch providers and secondary payload accommodations.

Launch vehicle Provider Launch sites Secondary payload adapters and accommodations

Atlas V, Delta IV NASA/ULA, USAF CCAFS,a VAFBb Optional EELVc secondary payload adapter
Dnepr ISC Kosmotras Baikonurd Five P-PODs demonstrated
Falcon 1 SpaceX Kwajalein,e CCAFS Ride Share Adapter; six P-PODs maximum
Minotaur I USAF (OSCf) VAFB, Wallops FFg Carries one or two P-PODs/launch
Minotaur IV USAF (OSC) Kodiak,h VAFB Maximum of four P-PODs planned
Neptune 30 IOS Inc.i Eua Isle, Tonga Maximum of four 1U or two 2U cubesats
PSLV,j GSLVk ISROl Satish Dhawan SCm P-POD, number not available
Taurus XL NASA (OSC) VAFB, CCAFS, WFF, Kwajalein Maximum of three P-PODs planned
Vega ESA Kourou, Fr. Guiana Maximum of three P-PODs planned

Launch Providers and Secondary Payload Accomodations.
IOS (2010). Neptune30 payload & Spaceport Tonga. Retrieved from IOS: http://www.interorbital.com/index.html.
ISC Kosmostras (2010). Dnepr Launch Vehicle. Retrieved from ISC Kosmotras: http://www.kosmotras.ru/en/rn_dnepr/.
Russian Space Web (n.d.). Dnepr 7th launch campaign 2006. Retrieved 2010, from Russian Space Web: http://www.russianspaceweb.com/

dnepr_007_belka.html.
OSC. (n.d.). OSC Publications: Taurus Specifications. Retrieved 2010, from OSC: http://www.orbital.com/NewsInfo/Publications/taurus-user-

guide.pdf.
ESA. (2009). ESA sponsors CubeSat launch opportunity on Vega debut . Retrieved 2010, from ESA: http://www.esa.int/SPECIALS/Education/
SEM3N03MDAF_0.html.

a Cape Canaveral Air Force Station, Florida USA.
b Vandenberg Air Force Base, California USA.
c Evolved Expendable Launch Vehicle.
d Also known as Tyuratam, located in Republic of Kazakhstan.
e SpaceX launch facility on Omelek Island in Kwajalein Atoll, Republic of the Marshall Islands.
f Orbital Sciences Corp.
g NASA Wallops Flight Facility Wallops Island, Virginia, USA.
h Kodiak Launch Complex, Kodiak Island, Alaska, USA.
i Interorbital Systems.
j Polar Satellite Launch Vehicle.

k Geosynchronous Space Launch Vehicle.
l Indian Space Research Organization.

m Satish Dhawan Space Center.
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PharmaSat Experiment Approach

• Experiment strategy: Explore the use of a low-cost small 
spacecraft for supporting such an experiment

• Challenge: Need for a small but complex in situ bio-lab: 
storage, incubation, nutrient delivery, data acquisition….

• Solution: Exploit NASA GeneSat-1 team experience: 
miniature bio-payload, heritage bus, launch, operations

Flight Results from the 
GeneSat-1 Biological 
Microsatellite Mission
Presented by: Christopher Kitts, Santa Clara University

NASA Ames: J. Hines, E. Agisid, C. Friedericks, M. Piccini, M. 
Parra, L. Timucin, M. Henschke, E. Luzzi, N. Mai, M. McIntryre, 
R. Ricks, D. Squires, C. Storment, J. Tucker,  B. Yost, G. Defouw 
Santa Clara University: C. Kitts, C. Beasley, I. Mas, M. Rasay,   
K. Ronzano, P. Williams, P. Mahacek, G. Minelli
Stanford University: A. Ricco 

Initial On-Orbit Engineering Results 
from the O/OREOS Nanosatellite 

 
Giovanni Minelli 

NASA Ames Research Center 
8/9/2011 

 

Satellite Bus and Launcher

• Configuration: 4.6 kg extended triple CubeSat
• Communications: 2.4 GHz w/437 MHz beacon
• CDH: PIC-based processor with an I2C bus
• Power: body mounted arrays, NiCad battery
• ADC: passive magnetic stabilization
• Thermal: active control for payload
• Launcher: Modified CalPoly P-POD

12th Annual CubeSat Developer’s Workshop, 4/22-24/15  

BioSentinel Project Objectives 

2 

• Advanced Exploration Systems (AES) Program Office selected 
BioSentinel to fly on the Space Launch System (SLS) Exploration 
Mission (EM-1) as a secondary payload 
• Payload selected to help fill HEOMD Strategic Knowledge Gaps in 

Radiation effects on Biology 
• Current EM-1 Launch Readiness Date: July 2018 
 

• Key BioSentinel Project Objectives  
• Develop a deep space nanosat capability 
• Develop a radiation biosensor useful for other missions 
• Define & validate SLS secondary payload interfaces and 

accommodations for a biological payload 
 

• AES also selected two other (non-biological) missions for EM-1 
• Near Earth Asteroid (NEA) Scout (MSFC) 
• Lunar Flashlight (JPL) 
 

 

NASA Ames - NanoSatellite Biological Space Missions!

E. coli   GeneSat-1 (2006/3U): gene expression 
 EcAMSat (2015/6U): antibiotic resistance in UPEC (BSL-2) 

B. subtilis       O/OREOS (2010/3U): organism survival, metabolism 
           ADRoiT-M (2018/6U): mutations and lithopanspermia    

C. Elegans       FLAIR (3U) Dual- wavelength fluorescence imager  

S. cerevisiae   PharmaSat (2009/3U): antifungal drug dose 
            BioSentinel (2018/6U): DNA ds break and repair  

Ceratopteris  SporeSat-1 (2014/3U): demo.: µ-centrifuge + Ca2+ 
richardii  SporeSat-2 (2016/3U): Gravity sensing threshold 
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State-of-the-art
n Current and coming ’bio’-cubesat mostly rely on 

‘conventional’ technologies and instrumentation
n Lab-on-chip devices are also used

n However these are ’just’ microfluidic 
devices which still require significant
external hardware for operation

n Need for new paradigm for 
more efficient integration

¾ support biology in stasis & growth 
¾ enable & perform measurements  
¾ compatible with multiple platforms  

o free flyer (EM-1), ISS, ground experiments  
o robust, standard data & power interfaces  

¾ Configuration: 4U hermetic containment vessel  
o 1 atm internal pressure, low RH 
o Fluidics: 18 sets (cards) of 16 µwells each 

� 2 cards / month; 1 – 2 sets on “SPE standby”  
o Pumps, Valves, Tubing, Media external to cards  

� low-permeability materials to keep dry yeast dry  

Biological Support & Measurement Systems 

18 

Biosentinel fluidic card 
(source: nasa)

Payload Configuration (cont’d.) 

19 

16-well fluidic card 

(1 of 18) 

optical PCB/source 
heater layer 
fluidic card 
heater layer 
optical PCB/detection 

• Optical absorbance measurement per well  
¾ Dedicated 3-color optical system at each well 
¾ Measure dye absorbance & optical density 

(cell population) 
¾ Ground pre-calibration + in-flight “active” cal.  

• Pressure & humidity sensors in P/L volume   

• Dedicated thermal control system per card 
¾ 23°C with 1 °C uniformity, accuracy, 

stability 
¾ 1 temp. sensor per card: closed-loop control   

Biosentinel arrangement
(source: nasa)
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‘True’ lab-on-chip technology
n Three main action areas

q Microfluidics

q Analytical detection

q Sensors and actuators
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On-chip microfluidics
n Autonomous capillary flow
n On-chip flow control by 

Electro Wetting On Dielectrics

No need for pumps
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Analytical detection
n Chemiluminescence
n Bioluminescence

No need for excitation sources
No need for optical filters
High specificity and selectivity 
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ith a continuous m
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hile the one on the left, w
ith a grid top electrode is the photosensor. b) Picture of the LAM
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ith the m
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ork on it. c) Experim
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e BL detection. It includes the glass substrate hosting the heater, the a-Si: tem
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sensors and photosensors, the read-out electronics (contained in the black box) and the PDM
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ork. 

 

As a proof of concept sam
ple containing 10

7 or 10
5 B19V DNA copies w

ere am
plified and the photocurrent w

as recorded in real 

tim
e. At the beginning of the m

easurem
ent, the tw

o-channel m
icrofluidic netw

ork has been aligned w
ith the a-Si:H sensors (Caputo 

et al., 2013) as show
n in Fig. 7b: one channel has been filled w

ith the solution containing all the chem
icals for the BART reaction 

including the target DNA and the other channel w
as used as reference by filling it w

ith the reaction m
ixture w

ithout DNA (blank or 

control signal). The LAM
P-chip designed w

ith tw
o separate reaction cham
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 for parallel sam
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processing; possibly the unknow
n sam

ple can be tested on duplicate to ascertain reproducibility or am
plified together w
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positive control of know
n concentration allow

ing for a quantitative evaluation by interpolation on external calibration curve.  

The m
icrofluidic inlet and outlets have been then sealed w

ith adhesive foil. Subsequently, through a custom
 softw

are the diode 

tem
perature has been set to 65°C and the PID algorithm

 has been launched. The biasing current of the tem
perature sensors has 

been set to 200 nA.  Sim
ultaneously, the photosensor currents have been acquired through the low

-noise read-out system
. 

Results are show
n in Fig. 8. In Fig. 8a, the blue curve refers to a sensor aligned w

ith the channel filled w
ith the BART reaction, the 

red curve refers to a sensor aligned w
ith the control channel. The increase of the blank signal is due to the low

 background signal 

due to the m
ix contained in the control channel. 
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 Fig. 8 Photosensor current as a function of tim
e, acquired w

ith the dedicated read-out electronics. (a) Signals m
easured w

hen the channel has been 

filled w
ith 10

7 viral genom
es: the red curve is the blank signal (sensor current due to background m

ixture signal), the blue curve refers to the total 

signal (sum
 of the currents due to tem

perature and to the BL em
ission). (b) Photocurrent signals of tw

o photosensors m
onitoring the BART process 

in tw
o different experim

ents w
ith 10

7 B19V DNA copies. (c) Photocurrent signals of tw
o photosensors m

onitoring the BART process in tw
o 

experim
ents w

hen one channel contains 10
7 B19V DNA copies and the other 10

5 B19V DNA copies. 
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 Fig. 13 
Illustration 

of 
the effect 

of 
the 

heater 
driving 

voltage 
on 

the 

photosensor current (a) and its solution (b).  
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ith w
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The resulting currents are show
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a sensor aligned w
ith the channel filled w

ith the B
A

RT reaction, the 

red curve refers to a sensor aligned w
ith the control channel and 

the green curve is the net signal. The increase of the blank signal is 

due to the dependence of the sensor dark current on tem
perature 
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The photocurrent behaviour w
ith a G

aussian-like shape observed 

for the green curve confirm
s the results achieved in the 384-w

ell 

 

 

 
 Fig. 14 Left) Cross section of the w

hole device. M
iddle) Picture of the D

A
R

W
IN

S device w
ith the m

icrofluidic netw
ork on it. Right) Experim

ental set-up used 
for the real-tim

e BL detection. It includes the glass substrate hosting the heater, the a-Si: tem
perature sensors and photosensors, the read-out electronics 

and the PD
M

S m
icrofluidic netw
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On-chip sensors and actuators
n a-Si:H optical and temperature sensors
n Thin-film resistive heaters

No need for external sensing devices
Optimal thermal and optical coupling

Augusto Nascetti IAA-AAS-CU-17-01-06 December 4th 2017



A. Nascetti - Sapienza University of Rome

Fully integrated lab-on-chip
n On-chip microfluidics

q autonomous capillary flow
q active flow control by EWOD
No need for pumps

n Analytical detection
q chemiluminescence
q bioluminescence
No need for excitation sources
No need for optical filters
High specificity and selectivity 

n Integrated sensors and actuators
q a-Si:H optical and temperature sensors
q thin-film resistive heaters
No need for external sensing devices
Optimal thermal and optical coupling

 
Fig. 7 a) Cross section of the whole device. The p-i-n structures are the a-Si:H sensors. The one on the left, with a continuous metal contact is the 

temperature sensor, while the one on the left, with a grid top electrode is the photosensor. b) Picture of the LAMP-device with the microfluidic 

network on it. c) Experimental set-up used for the real-time BL detection. It includes the glass substrate hosting the heater, the a-Si: temperature 

sensors and photosensors, the read-out electronics (contained in the black box) and the PDMS microfluidic network. 

 

As a proof of concept sample containing 107 or 105 B19V DNA copies were amplified and the photocurrent was recorded in real 

time. At the beginning of the measurement, the two-channel microfluidic network has been aligned with the a-Si:H sensors (Caputo 

et al., 2013) as shown in Fig. 7b: one channel has been filled with the solution containing all the chemicals for the BART reaction 

including the target DNA and the other channel was used as reference by filling it with the reaction mixture without DNA (blank or 

control signal). The LAMP-chip designed with two separate reaction chambers represents a versatile system for parallel sample 

processing; possibly the unknown sample can be tested on duplicate to ascertain reproducibility or amplified together with a 

positive control of known concentration allowing for a quantitative evaluation by interpolation on external calibration curve.  

The microfluidic inlet and outlets have been then sealed with adhesive foil. Subsequently, through a custom software the diode 

temperature has been set to 65°C and the PID algorithm has been launched. The biasing current of the temperature sensors has 

been set to 200 nA.  Simultaneously, the photosensor currents have been acquired through the low-noise read-out system. 

Results are shown in Fig. 8. In Fig. 8a, the blue curve refers to a sensor aligned with the channel filled with the BART reaction, the 

red curve refers to a sensor aligned with the control channel. The increase of the blank signal is due to the low background signal 

due to the mix contained in the control channel. 

   
(a) (b) (c) 

 

Fig. 8 Photosensor current as a function of time, acquired with the dedicated read-out electronics. (a) Signals measured when the channel has been 

filled with 107 viral genomes: the red curve is the blank signal (sensor current due to background mixture signal), the blue curve refers to the total 

signal (sum of the currents due to temperature and to the BL emission). (b) Photocurrent signals of two photosensors monitoring the BART process 

in two different experiments with 107 B19V DNA copies. (c) Photocurrent signals of two photosensors monitoring the BART process in two 

experiments when one channel contains 107 B19V DNA copies and the other 105 B19V DNA copies. 
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Fig. 13 Illustration of the effect of the heater driving voltage on the 

photosensor current (a) and its solution (b).
 

 

 

fabrication with respect to the heater. 

Indeed, if the heater is fabricated first, we observed that even 

though it is covered with a protective layer, it experiments physical 

damages during the sensor fabrication probably due the mismatch 

between the thermal expansion coefficients of the Cr/Al/Cr stack 

and the SU-8 layer.  

The chip was completed by coupling the DARWINS system with a 

transparent PDMS microfluidic module, that creates a 10-µL 

reaction chamber aligned with the heater and the a-Si:H diodes. 

 

3.3 BART-LAMP reaction on the DARW INS chip 

Having demonstrated the applicability of the BART-LAMP reaction 

to the real-time detection of B19V DNA on a 384-well format, the 

technique was implemented on the DARWINS chip in which all the 

elements for accurate temperature control and real-time BL 

detection are integrated in a single support, employing compatible 

processes.  

A cross section of the complete structure is depicted in Fig. 14. The 

ITO and SU-8 layers below the glass substrate represent the ground 

plane structure that avoids interferences of the heater driving 

currents with the photosensor signals. A picture of the 

experimental set-up is also shown in Fig. 14. 

As a proof of concept a sample containing 105 viral genomes was 

amplified and the photocurrent was recorded in real time. At the 

beginning of the measurement, the two-channel microfluidic 

network has been aligned with the a-Si:H sensors as shown in Fig. 

14, one channel has been filled with the solution containing all the 

chemicals for the BART reaction and the other channel with water 

in order to take into account the background signal (blank or 

control). The inlet and outlets have been then sealed with adhesive 

foil. Subsequently, through the GUI of the software the diode 

temperature has been set to 65°C and the PID algorithm has been 

launched. The biasing current of the temperature sensors has been 

set to 200 nA. Simultaneously, the photosensor currents have been 

acquired through the low-noise read-out system. 

The resulting currents are shown in Fig. 15. The blue curve refers to 

a sensor aligned with the channel filled with the BART reaction, the 

red curve refers to a sensor aligned with the control channel and 

the green curve is the net signal. The increase of the blank signal is 

due to the dependence of the sensor dark current on temperature 

as reported in the photosensor characterization section. 

The photocurrent behaviour with a Gaussian-like shape observed 

for the green curve confirms the results achieved in the 384-well 

 

 

 
 

Fig. 14 Left) Cross section of the whole device. Middle) Picture of the DARWINS device with the microfluidic network on it. Right) Experimental set-up used 
for the real-time BL detection. It includes the glass substrate hosting the heater, the a-Si: temperature sensors and photosensors, the read-out electronics 

and the PDMS microfluidic network. 
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Fully-integrated lab-on-chip 
advantages
n Extreme compactness
n Low power consumption
n High assay specificity due to CL approach
n High sensitivity provided by a-Si:H photosensors
n Large analytical dynamic range 
n Intrinsic mechanical stability 

(monolithic integration, no alignment issues)
n The combination of capillarity and EWOD opens the 

possibility to implement a wide variety of 
microfluidic configurations
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MICRO 
INCUBATOR
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Cell incubator system design
n Main requirements

q shall host the cell culture
q shall refresh the culture medium
q shall regulate culture temperature
q shall ensure right CO2 concentration
q shall provide cell culture monitoring 

capabilities
n Additional features

q low-power consumption
q multiple cultures on the same chip with 

different needs (e.g. different temperature)
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Cell incubator idea
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Incubator prototype layout

Top-side
thin-film transparent heaters

Bottom-side
a-Si:H optical and temperature sensors

First layer
incubation chambers and 
CO2 source reservoir

Second layer
gas-permeable

membrane

Third layer
CO2 distribution line
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Capitolo 1: Introduzione al progetto 

La novità introdotta per la realizzazione di questo Lab-on-chip sta nella la geometria dei 

sensori. Si è pensato infatti ad una geometria circolare in modo tale che si adattasse al meglio 

alla forma delle cellule. La Figura 13 riporta la prima disposizione geometrica pensata per il 

lato sensori. Essa consiste in:  

x Dimensioni vetrino: 5x5 cm2 

x 3 sensori di luce circolari sulla riga in alto con diametro pari a 4 mm 

x 3 sensori di luce a “ferro di cavallo” sulla riga in basso di diametro 5 mm con all’interno 

un sensore di temperatura di diametro 0.8 mm. 

L’area dei sensori di luce a ferro di cavallo (15,7mm2) è leggermente maggiore di quella dei 

sensori circolari (12,57mm2). 

 
Figura 13: Prima disposizione geometrica 

La Figura 14 riporta il dettaglio del fotosensore a ferro di cavallo e del relativo sensore di 

temperatura. 

 

Figura 14: Dettaglio del fotosensore  
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Smart-glass fabrication and test
n Thin-film technology 

(PECVD, RF sputtering, 
thermal evaporation)

n Photolithographic process
n Wet and dry etching
n Both glass sides process
n Need for careful process 

design and material 
selection  
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Capitolo 5: Misure del dispositivo 

 

Figura 94: Caratteristiche I-V dei sensori di luce L2, L3, L4, L5, L6 del campione 1 

In questo grafico i valori di tensione sono rappresentati in scala lineare, mentre quelli di 

corrente sono indicati in scala logaritmica ed in valore assoluto. I risultati mostrano come tutti 

i sensori, eccetto il sensore L1 (Figura 95), si comportino come diodi veri e propri e i valori di 

corrente inversa sono in accordo con i vincoli progettuali (decine di pA). 

 

Figura 95: Caratteristica I-V del sensore di luce L1 del campione 1  
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Capitolo 5: Misure del dispositivo 

5.3.3 Misure con la termo-camera FLIR 

Le prime analisi termiche, hanno avuto lo scopo di mostrare l’uniformità di temperatura nelle 

zone riscaldate. Applicando varie tensioni è stato possibile notare il corretto funzionamento del 

sistema. 

La prima misura è stata effettuata senza la presenza del secondo vetro sui riscaldatori poiché 

esso impedisce di vederne la geometria e ciò che si voleva verificare in prima istanza era se il 

riscaldatore si scaldasse in maniera uniforme lungo tutta la sua geometria. Il primo passo è stato 

tracciare delle aree nelle zone del vetro per monitorare l’andamento della temperatura. La 

tensione applicata è di 2,70 V (ricavata dalle simulazioni effettuate in assenza di vetro). A 

regime si è letta la corrente circolante nel sistema grazie all’amperometro, riscontrando un 

valore pari a 27,3 mA. Ciò che si è potuto verificare è un riscaldamento maggiore nella parte 

inferiore del riscaldatore a causa della presenza dei puntali di misura che si innestano sulla parte 

circolare del riscaldatore generando un percorso preferenziale per il passaggio di corrente. 

In Figura 109 è possibile osservare tale fenomeno: 

 

Figura 109: Fotogramma relativo al maggior riscaldamento della corona inferiore (lato riscaldatori) 

Ciò si può verificare anche sperimentalmente dal grafico degli andamenti a regime delle 

temperature medie all’interno delle aree rispetto al tempo di Figura 110: 
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Capitolo 4: Processi realizzativi 

 

Figura 80: Riscaldatori finali realizzati con maschera positiva del TOP 

4.3 Campioni realizzati 

In questa sezione sono elencati in modo schematico i processi con cui sono stati realizzati i 

sensori ed i riscaldatori usati nelle misure di caratterizzazione del Capitolo 5. 

4.3.1 INFACIL 

Per quel che riguarda i sensori sono stati prodotti tre campioni:  

INFACIL I (sensori di T non ciechi)        

- Sputtering di ITO (5 minuti di scarica a RF) 

- Litografia del BOTTOM contact 

- Dry etching dell’ITO nel RIE (25 minuti di scarica a RF) 

- Deposizione a-Si:H 

- Evaporazione Cromo (300 Å) 

- Litografia MESA 

- Wet etching del Cromo (circa 1 minuti) 

- Dry etching del a-Si:H nel RIE (20 minuti di scarica a RF) 

- Litografia SU-8 3005 

- Sputtering Titanio-Tungsteno (40 minuti) a 100 °C 

- Litografia del TOP metal 

- Wet etching del Titanio-Tungsteno (circa 1 minuto) 

- Passivazione con SU-8 3005 

Top-side
thin-film transparent heaters

with metallic contacts
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Capitolo 5: Misure del dispositivo 

la misura per il tempo indicato in “Wait 1st” permettendo così di liberare gli eventuali 

elettroni rimasti intrappolati durante l’applicazione delle tensioni negative. 

I dati misurati dallo strumento vengono visualizzati direttamente sull’interfaccia grafica del 

Measure Console e salvati in file di formato *.dat per l’esportazione su altri pc. 

5.2 Misura dei sensori 

Prima della fase di test ai sensori sono stati dati dei nominativi di riferimento: 

 

Figura 93: Nominativi attribuiti ai sensori 

Ogni diodo ha una pista colleata al bottom contact ed una al top contact, le quali concludono 

il proprio cammino ognuna nel proprio pad in modo indipendente, ciascuno da contattare con 

un puntale. La conferma che il collegamento elettrico è avvenuto con successo si ottiene 

impostando la Source Measure Unit in modo tale da fornire una tensione di 0,1 V e leggendo 

una corrente generata dell’ordine dei 𝑝𝐴 o decine di 𝑝𝐴 in situazione di buio, infine 

controllando che il valore aumenti di almeno un ordine di grandezza in condizioni di 

illuminamento: a questo punto il dispositivo, contattato correttamente, può subire la procedura 

di misurazione. 

5.2.1 Misure INFACIL I 

Di seguito sono mostrate le misurazioni delle caratteristiche tensione-corrente (I-V) relativi 

a ciascun sensore di luce del primo campione: 

Bottom-side
a-Si:H optical and 

temperature sensors
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Smart-glass

View from sensor’s side
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Microfuidics fabrication and test
n Several technological 

options available
q photolithography (SU-8)

n fine details but expensive
q soft lithography (PDMS)

n gas-permeable but hydrophobic
q xurography (PSA)

n rapid but coarse details

n Combinations of the three 
technologies is possible
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Micro-incubator assembly
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Next steps
n Design of autonomous capillary structures 

for autonomous delivery of fluids (e.g. 
fresh culture medium, drugs, reagents)

n Use of capillary structure as:
q trigger valves
q retention burst valves
q flow resistors
q capillary pumps

Augusto Nascetti IAA-AAS-CU-17-01-06 December 4th 2017



A. Nascetti - Sapienza University of Rome

Preliminary tests of 
autonomous capillary systems
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Conclusions
n Fully-integrated lab-on-chip technology 

enables more compact autonomous 
devices suitable for ‘bio’-experiments on 
cubesat platforms

n Micro-incubator with on-chip environmental 
control and sensors for cell culture monitoring

n On-chip production of CO2 from solid phase
n Modular design that can be adapted to 

different cell culture requirements
n Autonomous microfluidics enables chip 

operation without external pumps
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Thank you for 
your attention!
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