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Nano-based gas sensors 

FABRICATION PROCESS 

Chemical synthesis of WO3 nanorods and integration on 

microelectronics devices for the realization of a gas sensor. 

Evaluation of the performance of the sensor under a controlled 

atmosphere.  
 

 

 

Practical works protocol 
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I. EVACUATION INSTRUCTION FOR TEACHERS 

 

REMINDER : Each teacher is responsible for the orderly and calm evacuation of all the students in his 
charge at the time of the disaster.  

 

 

IN CLEAN ROOM N°1 : 

 

 Evacuate the students by the emergency exit which leads directly into the hall. Do not go 
through the airlock again; do not undress.  

 

 

IN CLEAN ROOM N°2 : 

 

 Evacuate the students through the emergency exit leading to the electrical test room. Do not 
go through the airlock again; do not undress.  

 

 

Gather all the students by the emergency exit that leads to the electrical test room. 

Take a census.  

 

 

Do not return to the premises without the advice of the firefighters or the director (or the technical 
manager present). 
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II. SAFETY INSTRUCTIONS 

LOCATE THE SAFETY EQUIPMENT: 

• emergency exits 

• security showers  

• fire extinguishers  

• self-contained breathing equipment 
 

WEAR PROTECTIVE GLASSES IS MANDATORY FOR: 

- CHEMICAL CLEANING (RCA AND H2SO4-H2O2) 

- ALL WET ETCHING 

TRAINEES ARE FORBIDDEN TO TRANSPORT CHEMICALS FROM ONE WORKSTATION TO ANOTHER. 

Keep in mind that: 

• gloves are compulsory but they do not provide sufficient protection against high temperatures or 
corrosive products, 

• some baths give off noxious vapors, normally drawn in by laminar flow hoods, 

• overshoes sometimes make the floor very slippery. 

III. HANDLING INSTRUCTIONS 

• Throughout the duration of the process, the quality control of each step must be a permanent 
concern if we want to achieve a final component in working order, as well as a good performance 
on the whole. For this purpose, we will use in parallel with the "components" wafer, a control/test 
wafer (“witness”) which will characterize each step carried out.  

• Warning: the wafers boxes must be opened by turning the cover clockwise. 

• For handling a wafer with a tweezer : 
 

- take advantage of the flat if the wafer is in the box 

- pinch at least 5mm from the edge of the wafer to reduce the risk of breakage. 

Any wafer coming out of a wet treatment must at the end undergo a rinsing with D.I. water and 
mechanical drying before being stored in its box. 
 

• A good rinsing must include a change of tweezer, it is necessary to have a second one available 
and clean all tweezers. 

• The tips of the pliers must not be wiped (neither on the gown, nor on paper), they must be rinsed 
with water and dried with nitrogen. 

• The function of the gloves is to protect the components from contamination. Contamination of 
gloves should also be avoided. They are absolutely not an effective protection against acids. 

• The plastic of the boxes cannot withstand temperatures above 250 ° C. In particular, cool down the 
wafers coming out from oven, for about 20 seconds in the open air. 

• Paper is a source of contamination, make minimal use of it. 
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IV. CLEAN ROOM ENTRY PROCEDURE 

- Leave street clothes and bags in the seminar room. 

- Six lockers, lockable, can be used in the SAS for valuables. 

- No more than 4 people in the airlock at the same time  

 

Clean room entry: 

Lab coat :  white : permanent staff 

   blue:  trainees 

   green:  visitors. 

overshoes : place the seam inside. 

Do not put your foot in the clean part until you have put on your 
overshoes. 

Mob caps : Provision in the wall dispenser. 

gloves: Provision in the wall dispenser. 2 sizes available. 

Mask surgery: brought by yourself. 

Goggles: provision in the box. 

 

Exit of clean room : 

Lab coat/mob caps/goggles : place them in your personal box  

Overshoes/gloves:  throw them in dedicated trashes. 

 

Recommendations:       

- Be careful not to enter the SAS with muddy or wet dress shoes (use the doormat at the entrance of 
the AIME). 

- Limit the number of objects and documents entering the Clean Room (carbon pencil prohibited). 
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V. INTRODUCTION 

 Gas sensors are equipment used in many fields (medicine, automotive industry, food industry, 

etc…). During the past years, the demand for methods of gas detection and measurement of their 

concentration has increased considerably. This interest is mainly due to environmental, safety or 

process control considerations, making gas sensors an important issue. In the field of gas detection, a 

distinction should be made between analyzers (analytical instruments) and chemical sensors. Chemical 

sensors have many advantages, including small footprint, low power consumption, low cost, and short 

response time. They can therefore be used for in-line process controls. Their main drawback is their 

selectivity. Indeed, gas mixture analysis often requires the use of several sensors sensitive to one or 

the other gas species. Semiconductor-type metal oxide sensors, such as the tungsten oxide WO3 that 

we will be using, have the advantage of being relatively easily integrated into electronic circuits as we 

will see in this process. 

 

GOALS : 

The aim is to produce a gas sensor based on WO3 nanoparticles (NPs) and then to evaluate it in a 

controlled gas atmosphere. The process then breaks down into 4 major steps: 

• WO3 NPs synthesis 

• Fabrication of the microelectronic devices 

• Integration of the active layer of NPs 

• Electrical characterization of the sensor under controlled atmosphere  
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VI.PROCESS FOR CHIPS MANUFACTURING  

The dies are composed of 4 elements: 

• A buried heater (n-doped polysilicon) 

• An Al resistance which can be used as a heater or a thermistor, located at the surface of the 
chips 

• 2 interdigitated electrodes which will host the layer of nanoparticles and which will then 

become sensors sensitive to the gaseous environment. 

 

A. MASKING OXIDATION   

The thickness of the masking oxide is around 4500 Å.  

 1- Cleaning before oxidation 

 Degreasing:   acetone, then water (hot) 

 chemical oxidation :  H2SO4 + H2O2  (1/1)  2 min, followed by DI water rinsing 

 SiO2 etching:   dilute HF 30 s, followed by DI water rinsing 

 Drying:   spin dryer 

 cleaning/drying :  washer-dryer 
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2- Wet thermal oxidation: This operation is carried out in 5 steps in oven N°2-2 

 

Temperature Duration Flow rate 

  T = 800 to 1100°C t = 25 min. N2 = 1   l/min. 

  T = 1100 °C t = 40 min. H2 = 2,7  l/min.     O2 = 1,5  l/min. 

  T = 1100 °C t = 30 min. O2 = 2,2  l/min. 

  T = 1100 °C t = 10 min. Ar = 1,5  l/min. 

  T = 1100 to 800°C t = 60 min. N2 = 1   l/min. 

B. POLYSILICON DEPOSIT   

This is realized in LPCVD (Low Pressure Chemical Vapor Deposition) oven n°4-3.  

 

Temperature                      Duration Flow rate Pressure 

T= 400°C  to  585°C t = 45 min. N2= 1 l/min.  p = 1 Torr 

T= 585°C t = 25 min. SiH4= 50 cc/min.      PH3= 2 cc/min. p=250 mTorr 

T= 585°C  to 400°C t = 4 x 2 min. N2= 1 l/min. : vent and vaccum cycles p=1 Torr 

C. POLYSILICON DOPING  (n-type) 

 

Doping of polysilicon is obtained by diffusion of phosphorus P impurities throughout its thickness. 

 

1-  Pre-deposit: This operation is performed in 3 steps in oven n°1-1 

Si (p)

SiO2

SiO2

Si (p)
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Conditions 

 put the “witness” wafer too  

Temperature Duration Flow rate 

 1050°C 5 min N2 = 2 l/min - O2 = 0,1 l/min 

 1050°C 10 min N2 = 2 l/min - O2 = 0,1 l/min – POCl3 = 10 mg/min 

 1050°C  6 min N2 = 2 l/min - O2 = 0,1 l/min 

 

1-  Dopant redistribution : performed in oven n°1-1:  
 

Temperature Duration Flow rate 

 1100°C 7 min N2 = 1 l/min 

 

2-  Pre-deposit oxide etching :  
 

 1°) SiO2 etching 
Buffer HF : etching duration according to “witness” 
time 

 2°) Rinsing and drying DI water then spin dryer 

 

D. PHOTOLITHOGRAPHY N°1 : “POLYSILICON ETCHING”   
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The manufactured doped polysilicon element will serve as a heating resistor buried under the gas 

sensors. 

 

Supervisor’s visa for the following steps ▼ 

Operations Conditions  

 1°) Drying Hot plate 120°C – 2 min  

 2°) HMDS deposit 

(adhesive promotor) 
Spin coater 4000 rpm - 30 s 

 

 3°) positive resist deposit  
Shipley S1813 

Spin coater 4000 t/min - 30 s 

 

 4°) 1st annealing Hot plate 100°C - 60 s.  

 5°) Alignment - Insolation Mask n°1 – 5 s  

 6°) Development Bath @ 20 °C - 25 s  

 7°) Rinsing DI water  

 8°) Drying Spin dryer  

 9°) Observation Optical Microscope   

 10°) 2nd  annealing Hot plate 120° C - 45 s  

 11°) Polysilicon etching 

 

Reactive Ion Etching 

SF6 flow: 30 cc/min. 

Pressure : 0,02 mbar 

RF Power : 50 W 

 

 12°) Observation Optical Microscope  

 13°) resist removal Acetone + DI water  

 14°) Rinsing DI water  

 15°) Drying Spin dryer  
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 Organic decontamination 

Operations Conditions 

 1°) cleaning H2SO4 + H2O2 - 2 min 

 2°) Rinsing DI water -2 min 

 3°) Drying Spin dryer 

 

 

E. SILICON DRY OXIDATION  

 

This dry thermal oxide growth takes place in oven N° 2-1: 

 

Conditions 

 put the “witness” wafer too 

Temperature Duration Flow rate 

 1100°C 20 min O2 = 2 l/min 

 1100°C  10 min Ar = 2 l/min 

 

This step allows growing of a 300 nm-thick silicon oxide that will electrically insulate the conductive 
polysilicon from the aluminum tracks of the surface components. 
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F. PHOTOLITHOGRAPHY N° 2: « CONTACTS OPENING » 

 

 

In order to electrically connect the polysilicon resistor, the dry oxide layer is opened at both ends, 

before the metallization step. 

 

Supervisor’s visa for the following steps ▼ 

Operations Conditions  

 1°) Drying Hot plate 120°C – 2 min  

 2°) HMDS deposit 

(adhesive promotor) 
Spin coater 4000 rpm - 30 s 

 

 3°) resist deposit 
Shipley S1813 

Spin coater 4000 rpm - 30 s 

 

 4°) 1st annealing Hot plate 100°C – 60 s  

 5°) Alignment - Insolation Mask n°2 – 5 s  

 6°) Development Bath @ 20 °C - 35 s  

 7°) Rinsing DI water  

 8°) Drying Spin dryer  

 9°) Observation Optical microscope   

 10°) 2nd annealing Hot plate 120° C - 45 s  

 11°) SiO2 etching Buffer HF : duration following “witness” wafer time*  

 12°) Rinsing DI water  

 13°) Drying Spin dryer  

 14°) Observation Optical microscope   
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 15°) Resist removal Acetone  

 16°) Rinsing DI water  

 17°) Drying Spin dryer  

 18°) Give the "components" wafer to the technical staff for the metallization   

 

 *Polysilicon + oxide thickness measurement on “witness” wafer  - Operation n°1 

 

Test of the heater 

Operations Conditions 

 1°) Measure the polysilicon resistor  4 probes station 

 

G. METALLIZATION 

 

This operation consists of depositing on the component side a layer of 800 nm of aluminum. 

 

Via RF sputtering : 

 

  Deposit  Pressure before deposit =       10-7 mbar                 

Pressure during deposit =    2.10-3 mbar 

RF power =                   250 W 

Target-substrate distance =    75 mm 

Deposit duration =                10 min 
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Poly-Si (n)

SiO2

SiO2

Si (p)

SiO2

SiO2

Poly-Si (n)
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H. PHOTOLITHOGRAPHY  N° 3 : " METAL ETCHING" 

This step aims to etch the aluminum and thus to define the electrodes of the sensors as well as the 

electrical contacts. 

 

 

Operations Conditions 

 0°) Homogenize aluminum etching 

bath  

Place the Al etching bath in ultrasonic bath 

 1°) Drying Hot plate (120°C)  5 min. 

 2°) Resist deposit  Shipley  S1813  -  Spin coater (4000 rpm, 30 s.) 

 3°) 1st annealing Hot plate (100 °C)  60 s. 

 4°) Alignment - Insolation Mask n°3 – 5 s 

 5°) Development (20 °C),  30 s. 

 6°) Observation Optical microscope 

 7°) 2nd annealing Hot plate (120° C),   45 s. 

 8°) Al etching bath Stop ultrasonic bath and remove Al etching bath 

 9°) Al etching Etching bath  (40vol. H3PO4 + 7vol. HNO3 + 7vol. H2O) 

final visual control + 30 s. additional etching 

 10°) Observation Optical microscope 

 11°) Resist removal (2 sides) acetone + DI water + drying with spin coater 
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I. METAL ANNEALING 

 This step is performed in oven n°5-1: 

Temperature Temps Flow rate 

  T = 400 °C t = 20 min. N2  + H2  (5%)=  1 l/min. 

 

 Measure the Al thickness on the components wafer using a profilometer. 

 

J. ASSEMBLY         

 DICING using a diamond dicing saw. 

 SELECTION of best chips (component tracks not damaged) using optical microscope. 

  ASSEMBLY on TO5 sockets: glue a square of glass with epoxy glue on the socket. Then stick the 

chip on its surface, still with epoxy glue. Polymerize the glue for the time required depending on the 

oven temperature (5 min at 110 ° C). Gently check the good mechanical strength of the assembly. 

  WIRE-BONDING (Wedge bonding with Al-Si 5% wires, 25 µm diameter): connection of all 

components contacts pads to those of the base according to the following scheme: 

. 
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VII. NANOPARTICLES SYNTHESIS 

The nanoparticles (NPs) synthesis follows a protocol which can be found in a scientific article given in 

appendix 1 (Wang, J., Khoo, E., Lee, P. S., Ma, J. (2009) Journal of Physical Chemistry C, 113 (22), 9655–

9658). It is detailed below. 

 

A. WO3 NANORODS PREPARATION 

Operations Conditions  

 1°) Heating up the 

oven 

The heating temperature will be set at 180°C. Under these 

hydrothermal conditions, it is necessary to use suitable 

reactors such as the one shown in the image. 

 

 2°) Reagents 

weighing    

Weigh 0,825 g of Na2WO4.2H2O with a weighing boat and transfer them in a 50 

mL Erlenmeyer glassware using 7 mL of D.I. water taken with an automatic 

pipette. (Solution A.), pouring through the weighing boat.  

m Na2WO4.2H2O weighed =……………… g 

 

 3°) Reagents 

weighing    

Weigh 1.169 g of NaCl with a weighing boat and add them to solution A rinsing 

with 5 ml D.I. water. 

m NaCl weighed =……………. g 

Add a stirring bar. Start stirring at 350 rpm.  

 

 3°) Acid 

preparation 

Carefully dilute 10 mL of HCl (37%) with an automatic pipette in 30 mL D.I. water 

in a 100mL beaker (Solution B.). Calculate the molar concentration of the 

solution.  

Molar concentration = ………………. M  

 

 4°) Adding Acid Add HCl solution B dropwise to solution A until pH reaches 2. (Approximated 

amount to add = 1.6 mL). Control pH with pH paper (stop stirring to measure) 

Total HCl amount added= …………... mL 

 

 5°) Transfer Remove stirrer with magnet. Transfer the solution to the Teflon beaker.  

 6°) Closing Place the Teflon beaker with its lid in the hydrothermal bomb. Close it using its 

holder and the dedicated tool. 

 

 7°) Annealing Place the hydrothermal bomb in the oven at 180 ° C for 5 hours.  
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 8°) Cooling Carefully take the hydrothermal bomb out of the oven. Place it on a metal bench 

for 5 minutes then place it under the D.I. water tap until completely cool (about 

15 min) 

 

 9°) Opening Open the hydrothermal bomb and transfer its contents to a centrifuge tube. You 

can use 3 mL of D.I. water to rinse it well. 

 

 10°) 

Centrifugation 

Collect the solution and pour it into a centrifuge tube. Weigh the tube and fill 

another tube with DI water, to match the masses. Place the tubes opposite in the 

centrifuge, then run at 10.000 rpm, for 5 minutes. 

 

 11°) Rinsing Remove the supernatant and repeat once rinsing by centrifuging the nanorods 

with 3 mL of DI water. 

 

 12°) Storage Transfer the nanorods to a pill container. Label your solution correctly.  

 13°) Cleaning and 

waste management 

Clean the used glassware and dispose of the liquid contaminated waste in a Nano 

+ Acid recovery container and the solid contaminated waste in the Nano solid 

waste recovery container. 

 

VIII. NPs INTEGRATION BY DIELECTROPHORESIS 

Material  

- a voltage generator 

- an oscilloscope 

- connectors  

- your solution containing NPs 
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Integration protocol 

 

A small amount of aqueous NPs solution is taken with a micropipette (around 10 mL) and a drop is 

deposited directly on the chip. 

The interdigitated comb is then polarized with a sinusoidal voltage of frequency 100 kHz and amplitude 

20 Vpp. This voltage is left for the duration of the integration. 

After an integration time of ~ 120s, the excess water is mopped up with absorbent paper applied to 

the side of the chip, without damaging the bonding. At this time only, the polarization voltage of the 

inter-digit combs is cut. 

The integrated sensor can then be observed under an optical microscope. 

At this point the sensors are ready to be evaluated. 

IX. MEASUREMENT UNDER CONTROLLED ATMOSPHERE 

Bench test Initialization  

You now have gas sensors ready for evaluation. We check the variation of their resistance in the 

presence of a specific gas at a given concentration. 

The two gases we have are ammonia (NH3) and ethanol (C2H6O), at a concentration of 0.1% in dry air 

(80% N2 - 20% O2). 

To start the measurement: 

• Connect your sample to the holder of the chamber, respecting the position of the tips. Remove the 

protective cap and close the chamber (screw). 

• Open the gas valves located on the wall. 

• Switch on the measuring devices. 

• Start the Labview program and prepare the measurement by entering the work parameters: 

o Check or modify the multimeter settings. The polarization voltage of the sensors must be 20V for all 

measurements. 

o Choose the appropriate folder for recording data (you must first enter a file name to be able to 

browse the appropriate folder ... The file name can then be removed) 
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Sensor characterization  

To modify the working temperature of the sensor, it is necessary to choose the applied voltage 

according to the calibration curve given in the appendix. 

Warning!  Do not change the voltage range until returning to zero voltage, otherwise it will induce a 

voltage peak that is fatal to the aluminum resistance. In addition, avoid sudden voltage variations so 

as not to induce significant thermal shocks in the resistance. 

You can now define your own protocol for characterizing your sensors or choose the protocol provided 

in the appendix. 

 

Once you have found the optimum operating temperature for your sensors, you can assess the 

influence of other parameters on their response (shape / size nanoparticles, deposit, applied voltage, 

etc.). 
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X. ANNEXES 

WO3 Nanorods synthesis protocol 
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Temperature / voltage calibration curve of the aluminum resistance. 

 

 

  

 
Relation between the applied voltage to the heater and the temperature of the sensor. This curve has been 
obtained using an infrared camera. 
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Protocol characterization of gas sensors (proposal) 

 

Perform a characterization of your sample at the following temperatures: 100°C, 150°C, 200°C, 

250°C, 300°C. 

For each temperature: 

• Create a first file in which you will record what happens when you increase the 

temperature with no air flow. Wait until the resistance is roughly stabilized. 

• Create a second file in which you will record the sensor response to gas. The protocol 

can be the following: 

 

- apply the voltage during 30s with no air flow 

- dry air during 2 min 

- ethanol during 2 min 

- dry air during 2 min 

- ethanol during 2 min 

- dry air during 2 min 

- NH3 during 2 min 

- dry air during 2 min 

- NH3 during 2 min 

- dry air until stabilization 
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Witness treatment 

 

The witness wafer is initially composed of a superposition of layers represented below: 

 

The black layer represents the predeposition oxide. 

Step 1 :   

- Protect the wafer over 1/4 of its width, then attack the pre-deposition oxide. Deduce its 

thickness ed. 

- Measure the V/I of poly-Si.  

 

Step 2:   

- Protect the wafer over 3/4 of its width, then attack the poly-Si. Deduce its thickness ep. 

- Deduce the resistivity of the poly-Si. 

 

 Place the witness in the dry oxidation oven 

Step 3 :   

- - Protect the wafer over half its width, then attack the dry oxide. Measure its thickness eOX. 
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