
COST Action TD1105, Hersionissos 21.10.2012  1/20

Integration and localized growth of metal-oxide 
nanowires for low power gas-sensing applications

Albert Romano-Rodriguez

MIND-IN2UB, Departament d’Electrònica, Universitat de  Barcelona (UB), 
E-08028 Barcelona, Spain



COST Action TD1105, Hersionissos 21.10.2012  2/20

� Development of high sensitivity, low cost and/or low power
consumption solid state gas sensors for safety and control
applications
� Chemical sensors world market US$12 billion by 2008

⇒ metal oxide sensors only 15% of market (2008)
Source: Global Industry Analysts “Sensors: A Global Strategic Business Report”

� Active field in R&D: looking for a betterbetter performanceperformance keeping costcost downdown
BetterBetter performance?performance?
1. Sensitivity
2. Stability
3. Response time
4. Working temperature
5. Selectivity
6. Power consumption

7. Integration
8. Mass production …

Motivation

UseUse ofof nanowiresnanowires

UVUV--activatedactivated sensorssensors
EE--nosenose (sensor(sensor matrix)matrix)
MicrohotplatesMicrohotplates;; selfself--heatingheating
AlignmentAlignment ofof nanowiresnanowires
ParallelParallel processingprocessing
In-situ growth
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Outline

1. Operation principle of MOX 1. Operation principle of MOX nanowirenanowire--based gas sensorsbased gas sensors

2. 2. Gas sensors based Gas sensors based one Single one Single NanowiresNanowires

3. 3. MicrohotplatesMicrohotplates: towards low power consumption devices: towards low power consumption devices

44. . MicrohotplatesMicrohotplates: : microlaboratoriesmicrolaboratories for materials’ growth for materials’ growth 

5. Conclusions5. Conclusions
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1. MOX NW-based gas sensors
Synthetic Air/Nitrogen (Synthetic Air/Nitrogen (oxidisingoxidising atmosphere) (T > 200 ºC) atmosphere) (T > 200 ºC) 

R
e-

Nitrogen environment Oxygen cotaining 
environment

e-

N2 molecule O2 molecule

Carbon monoxide (reducing gas)Carbon monoxide (reducing gas)
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DualDual beambeam focusedfocused ionion beambeam machinemachine (FEI(FEI StrataStrata DBDB 235235))

�� 22 beamsbeams:: electronselectrons andand ions,ions, focusedfocused atat thethe samesame spotspot

�� ElectronsElectrons:: FEGFEG 00..55--3030kVkV

�� IonsIons ((GaGa++)):: 3030 kV,kV, 11pApA--2020nAnA
ProjectedProjected rangerange (in(in Si)Si):: 2626 nmnm

�� MinimumMinimum ionion beambeam sizesize:: 66 nmnm

�� MetallorganicMetallorganic precursorprecursor forfor depositiondeposition::
PtCPtC99HH1616

�� BothBoth electronelectron andand ionion--assistedassisted
depositiondeposition cancan bebe performedperformed

Pt e-

Ga+

Sample

52º

5 mm18 mm

2. Fabrication of the gas sensors
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NanowiresNanowires are dispersed over a substrate with preare dispersed over a substrate with pre--patterned microelectrodes: patterned microelectrodes: 

SnO
2 
Nanowires

Nanotechnology 17, 5577-5583 (2006)

2. Fabrication of the gas sensors



COST Action TD1105, Hersionissos 21.10.2012  7/20

2. Fabrication of the gas sensors

Nanolithography ProcessNanolithography Process

-- Sequential eSequential e--beam & ibeam & i--beam beam 
depositionsdepositions

-- “Platinum” contacts “Platinum” contacts 

-- Reproducible processReproducible process

-- Can be used on demandCan be used on demand

L = 11 µm

r ≈ 25 nm

Nanotechnology 17, 5577-5583 (2006)
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Electrical Electrical CharacterisationCharacterisation (2&4 probing) (2&4 probing) 

Semiconductor
nanowires

Nanotechnology 17, 5577-5583 (2006)

Mostly not ohmic responses

High contact resistances

Study of the NW requires 4p-p

Self-heating at contacts
-2 -1 0 1 2

-60

-30

0

30

60

 

 

C
ur

re
nt

 (
nA

)

Voltage (V)

RNW

RS1

RS2

RC1 RC2

2. Electrical testing of the devices
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Synthetic Air/Nitrogen (Synthetic Air/Nitrogen (oxidisingoxidising atmosphere) (T > 200 ºC) atmosphere) (T > 200 ºC) 

R
e-

Nitrogen environment Oxygen cotaining 
environment

e-

N2 molecule O2 molecule

Carbon monoxide (reducing gas)Carbon monoxide (reducing gas)

Advanced Functional Materials 18, 2990 (2008)

2. Gas Sensor Measurements
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2. Gas Sensor Measurements

Synthetic Air / Nitrogen / Synthetic Air (T > 200 ºC) Synthetic Air / Nitrogen / Synthetic Air (T > 200 ºC) 

• Higher responses with thinner
nanowires

• Raise surface / volume ratio

• Depleted region W = 10 nm

Target Gases Concentration range Sensitivity R NW(gas)/RNW(SA) Response time

O2 0.5ppm – 2·105ppm 0.4 @ 103 ppm < 10min @ 270ºC

NO2 0.1ppm – >10ppm 1.3 @ 1 ppm < 1min @ 180ºC

CO 50 – >1000ppm 0.88 @ 100 ppm < 1min @ 300ºC

EtOH 10 – 1000ppm 0.1 @ 100ppm < 1min @ 175ºC

H2O 2500ppm – 30000ppm 0.6 @ 8000ppm < 10min @ 295ºC
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Physical Review B 76, 085429 (2007)

T = 298 K
V = 4V
I = 21,62 nA
R =185 MΩ
RNW = 76 MΩ
RSI = 109 MΩ

Electrical CharacterizationElectrical Characterization (self heating)(self heating)
Negative effects Negative effects 

But things are not so bad …But things are not so bad …
if one is careful: controlled heatingif one is careful: controlled heating

2. Gas Sensor Measurements
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3. Microhotplates for lower power consumption

Contact fabrication on suspended Contact fabrication on suspended microhotplatesmicrohotplates with integrated heaterwith integrated heater

Nanotechnology 18, 495501 (2007)

L = 2.1 micron
R = 34 nm

(in collaboration with
EADS)

300ºC
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NW
Pt 
dep

3. Microhotplates for lower power consumption
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Operative gas sensor system 
based on nano-technologies.

3. Microhotplates for lower power consumption
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3. Microhotplates for self-heated devices

Applied Physics Letters 93, 123110 (2008)

metal electrodes

nanowire

current

gas

V

dissipated 
heat

Measuring and signal Measuring and signal 
treatment requires only treatment requires only 
about 20 about 20 µµWW

Compatible with energy Compatible with energy 
harvesting techniquesharvesting techniques
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4. In-situ growth and integration on microhotplates

Chemical Communications 48, 4734 (2012)

Motivation: use of the microhotplates with integrated heater for in-
situ growth and integration of NWs
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Membranes with polySi heater fabricated using bulk 
micromachining

Chemical Communications 48, 4734 (2012)

4. In-situ growth and integration on microhotplates
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4. In-situ growth and integration on microhotplates

Efficient growth of single-
crystal SnO2 NWs and high 
response to CO

Chemical Communications 48, 4734 (2012)
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5. Conclusions

� Single NWs are electrically contacted with the help of FIB

lithography techniques

� Gas nanosensors based on individual NWs with improved

properties can be fabricated with this technology

� Extension of the technology to suspended microhotplates for

low power consumption

�Controlled self-heating can be used for ultralow power devices

�In-situ growth and integration of NWs has been demonstrated
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