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IntroductionIntroduction

l Doctoral Thesis in Physics
– Universidade Federal do Rio Grande do Sul
– Advisors in Brazil : 

• Prof. Dr. Wido H. Schreiner
• Prof. Dr. Sérgio Ribeiro Teixeira

l Experimental Work
– Microfabrication Laboratory - Electrical Engineering Dept.
– University of Pennsylvania
– Advisors in US

• Prof. PhD. Jay N. Zemel
• Prof. PhD. Jorge J. Santiago-Avilés

– Laboratory Advisor and Motivation “Make no mistakes or die”
• Vladimir Dominko (Lab. Manager)
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Project of the DeviceProject of the Device

l Initial idea:
– Develop a device able to detect the reaction of H2 / O2 catalyzed by Pd 

at low temperatures. ( ≤ 130 oC)
– Use a diode as the thermometer instead of resistors, thermopiles or 

pyroelectric.

l Experimental Constraints
– Small active area
– Small thermal mass
– Fast response
– Simple (without any built-in electronics for signal conditioning)

l Pre-conclusions
– Device must be based on a Silicon Membrane
– It must have an integrated diode 
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First GenerationFirst Generation
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Second GenerationSecond Generation

l Problems in First Generation
– High value of the diode series resistor
– Depleted n+ region
– Mechanical fragility
– Difficult external connection (silver epoxy)  

l Solutions
– p+ doping of the whole surface (except n+ region)
– Increase width of the bridges and reduce length
– Increase gold pad size
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Lithographic MasksLithographic Masks

l Drawings
– Cadkey (Autocad) - one device

• Actual option (LASI Cad http://members.aol.com/lasicad2/index.htm)

– Exported DXF
– Pattern generator program

• Creates a matrix of devices
• Generates de codes for pattern generator

l Masks recorded on Emulsion Glass Plates (7 masks)
l Standard photographic development procedure

Print mask Develop Dry Visual
inspection Store
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Silicon Wafer CleaningSilicon Wafer Cleaning

l Standard RCA Cleaning Procedure
– Preliminary Cleaning:

• Remove excess of fotoresist (when present) 
– Plasma O2
– Organic solvent

• Boil wafers H2O2:H2SO4 (1:2) - 120 oC / 10 min (PIRAÑA)
• Rinse in DI water (overflow) - 5 min

– Remove organic contaminants and certain metals
• H2O-H2O2-NH4OH (5:1:1)

– H2O2 (30%  unstabilized electronic grade)
– NH4OH (29%  electronic grade)

• Submerge holder in cold solution
• Heat solution to 80oC - keep at this temperature 10 min
• Rinse in DI water (overflow) - 5 min
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– Stripping of thin hydrous oxide film
• Submerge wafers (without drying)
• HF:H2O (1:50)

– HF (49% electronic grade)
• Room temperature / 15 sec.
• Silicon surface becomes hydrophobic
• transfer wafer to next solution immediately

– Desorption of remaining atomic and ionic contaminants
• H2O:H2O2:HCl (6:1:1)

– H2O2 (30% unstabilized electronic grade)
– HCl ( 37% electronic grade)

• Heat solution at 75-80oC
• Submerge wafers and keep for 10-15 min
• Rinse in DI water (overflow) - 10 min

Process time ~ 1 hr
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Lithographic ProcessLithographic Process

l Positive Resist Process
Shipley S1400-27

– Wafer drying 
• Hot plate 120oC / 10 min
• HDMS  - (5 min) Hexametildisilizane

– Spin Coat 5000 RPM → 1,2 µm
– Soft-bake 90-100oC / 10 min
– Exposition 70 mJ/cm2 (necessary)
– Development
– Extra exposition UV 
– Post-bake 100-120oC / 4 min

Si wafer

Glass Mask

UV - Light

Pattern

Resist removed during development

Resist NOT removed during development
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l Negative Resist Process
Futurrex NR8-1000

– Wafer drying 
• Hot plate 120oC / 10 min

– Spin Coat 2000 RPM → 1,3 µm
– Soft-bake 130oC / 60 sec
– Exposition 90 mJ/cm2 (used)
– Development Si wafer

Glass Mask

UV - Light

Pattern

Resist removed during development

Resist NOT removed during development
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Liftoff Negative resist profile

Si wafer

Glass Mask

UV - Light

Pattern

Resist removed during development

Resist NOT removed during development

Under-etch occurs during the
development processing
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WetWet AnisotropicAnisotropic EtchEtch

l Application
– 3D structuring of silicon, channels, membranes, holes

l Procedure
– Select etchant KOH, EDP (Ethilene Diamine Pyrochatecol), TMAH
– Select concentration / Temperature
– Example:

• KOH 10% / 50 oC 
• 13 µm/h Si[100] - 9 nm/h SiO2
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Oxidation, Doping and DriveOxidation, Doping and Drive--InIn

Wet Oxidation
l Application

– Mask / Low quality insulation

l Procedure
– Heat up the furnace (appropriate temperature)
– Wafers cleaned, etched with BHF, dryed
– Switch from dry N2 → dry O2

– Dry O2 flow → load the wafers (slow)
– Switch to O2 + H2Ovapor (appropriate amount of time)

• Si [100] - 1100oC / 2 h  → ~ 0.7 µm oxide

– Switch to dry O2 (3 min)
– Switch do dry N2 → (leave 3 min) unload the wafers (slow)
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Dry Oxidation
l Application

– High quality gate insulation (very thin)

l Procedure
– Heat up the furnace (appropriate temperature)
– Wafers cleaned, etched with BHF, dryed
– Switch from dry N2 → dry O2

– Dry O2 flow → load the wafers (slow)
– Switch to O2 + TCEvapor (trichloroethane) (appropriate amount of time)

• Si [100] - 1100oC / 2 h  → ~ 0.2 µm oxide

– Switch to pure dry O2 (3 min)
– Switch do dry N2 → (leave 3 min) unload the wafers (slow)
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Spin-on Doping
l Advantages 

– Low toxicity (POCl3 , Bromines , .... →N)
– Easy to handle
– Used dopants 

• P (Phosphorous) → type n+

• B (Boron) → type p+

Si wafer

SiO2 mask

Si wafer

Spin-on dopant

Si wafer

Diffusion

Drive in

Si wafer

Dopant removal

Si wafer

Doped Si

Mask oxide removal

Si wafer
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Example of profile obtained to fabricate a p-n junction

p- - Si wafer
p+p+

n+
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MetalizationMetalization ProcessProcess

l Application → contacts, wiring, vias, ....
l Deposition methods:

– Physical
• e-gun
• sputtering
• thick film (silk-screen)

– Chemical
• CVD (Chemical Vapor Deposition)
• Electrochemical

l Patterning
– Chemical etch
– Liftoff technique
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Si wafer

Open window

Chemical   x Liftoff

Si wafer

Metal layer

Si wafer

Patterned resist

Si wafer

Metal pad after etch and resist removal

Si wafer

Patterned Resist

Si wafer

Metal layer

Si wafer

Metal pad after resist removal
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Plasma Etching (RIE)Plasma Etching (RIE)

l Application 
– Window opening, channels

l Operation principle
– Low pressure Plasma discharge

• Gases: SF6, C2F6,O2, Cl2,...  

– Original gases are broken into ionized reactive species

l Masking (for SF6 plasma protection)
– Resist 

• Advantages: no charge built up
• Disadvantage:  high etch rate

– Metal
• Advantages: low etch rate 
• Disadvantage:  charge built up

Si

Si

SF6
Si → ~ 1,4 µm/min
Resist → 0,2 to 0,4 µm/min
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Membrane Thickness Definition

~ 30 µm

KOH Anisotropic etch

Desired final thickness ~ 7µm

Front side SF6 plasma etch

Final thickness ≤ 7µm

Back side SF6 plasma etch
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Device ObtainedDevice Obtained
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Device CharacterizationDevice Characterization

I-V of the Diode
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Effect of Square Pulses Applied to the
Pd Resistor (Data = Average of 60 measurements)

s4_sq3

Time (s)

0 2 4 6 8 10

D
io

de
 T

em
p.

(o C
)

22.7770

22.7775

22.7780

22.7785

22.7790

22.7795

22.7800

P
ow

er
 A

pp
lie

d 
(µ

W
)

0.0

0.0

0.2

0.3

0.4

0.5

0.6

0.7

Diode
Resistor

Pulse : 0,6 µW
→ ∆T ~ 1,5 oC
→ Res.: 44µoC

Thermal behavior under excitation
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Diode Temperature Change with Different Gases
Vres = 4.0 V - s4_ga021
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Gas MeasurementsGas Measurements
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Diode Temperature Change with
Different Gases

Vres=0.965 V  -  s4_ga010
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l Thermal properties
– N2

• 0,02352 W/moC

– O2

• 0,02396 W/moC

– ∆kN2→O2 = + 1,87 %

– ∆kO2→N2 = - 1,84 %
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Measurement of pure gases
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Main ConclusionMain Conclusion

“Microfabrication is the art of learn how “Microfabrication is the art of learn how 
not to donot to do each of all steps of the each of all steps of the 

process.”process.”
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