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Motivation: 3D MEMS
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33--D MEMS Fabrication: Current Technology D MEMS Fabrication: Current Technology 
UMD-ARL  Accomplishment

•Historically  Si etching is 2-D, i.e. prismatic
•Gas turbines use extensive 3-D geometries
•Micro engine design is currently  compromised to stay 2-D
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Ultimate Goals

Shaped photoresist film.

Substrate Material

Currently  used resists are soft polymers, which etch away faster than 
the substrate, requiring repetitive steps for deep structures.
� Replace soft organic polymers resists with hard glass resists

� Gray-scale lithography makes 3-D structures possible 

DesiredCurrent

� Eliminate wet chemical steps in the above lithography process.
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Chalcogenide Layer

Photoannealed ChG Layer

(a)

substrate

(c)(b)

substratesubstrate

(a) Deposition of chalcogenide layer
(b) Exposure through mask
(c) Removal of unexposed ChG 

regions by wet etching to  create 
negative photoresist

Our Approach: Novel chalcogenide glass photoresists

12 mm microlens arrays in a thin As35S65 film, 
fabricated using a gray Cr mask. The focusing 
action of light by the lenses is clearly seen.

Exploit photostructural change in ChG: Negative wet lithography

Past year’s results:
1. Highly selective wet etching can be achieved 
2. Positive and negative wet etching possible
3. Shaped structures can be fabricateded by wet etching
4. Relatively low selectivity under dry etching
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(a)

substrate

(d) (e) (f)(c)(b)

substrate substratesubstratesubstratesubstrate

Chalcogenide Layer

Silver Layer

Silver - Chalcogenide 
Layer

(a) Deposition of chalcogenide layer
(b) Deposition of si lver layer 

(c) Exposure through mask
(d) Silver diffusion
(e) Removal of remaining si lver by d issolving in  acid
(f) Removal of ChG regions by wet etching to  create photoresist

Unique photodoping of metals in chalcogenide glass

Combine photostructural and compositional changes from 
photodiffusion of metal (mainly Ag) in ChG => higher 
sensitiv ity  and selectiv ity  for both, wet and dry  etching
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Advantages of photodiffusion enhanced lithography
 

As35S65 

 
Ag layer 

As35S65 As35S65 
AgAsS2 

Remaining 
Ag 

Combined photostructural and compositional changes from 
photodiffusion of Ag in ChG � Higher sensitivity and 
selectivity
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Photodiffusion allows gray lithography

Dissolution rate of Ag containing CHG is proportional to Ag concentration, which 
itself depends on irradiation dose.

Substrate Material

Developed 
chalcogenide film 
with 3-D property

Substrate Material

Chalcogenide Film 
with differential Ag 
diffusion

After exposure with different dose

After selective dry etching



Jain - ARL/ARO COT Open House:  May 19, 2005

Reactive Ion Etching (RIE)

• RIE – mature dry etch technology capable of controlling anisotropy

• Etch mechanisms for RIE
– Spontaneous chemical reactions – key for selectivity, fastest etch mechanism
– Physical sputtering – primary etch mechanism for chemically resistive materials; lowers 

selectivity between materials

• CF4 and O2 chosen as etchant
– CF4 is believed to have lower contrast compared to SF6 (Ag-GeSe: P.G. Huggett, et al., 

Appl. Phys. Lett. 42 (7), pp. 592-594, 1983)
– O2 known to help dissociate the Fluorine ion in a CF4 plasma
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RIE experiments

Rubylith to keep 
out ambient light

Passage holes

Samples mounted on 4-inch silicon wafer using Cool-Grease™ 7016,  from AI 
Technology Inc.

Cool-Grease used for thermal conductiv ity
The silicon is etched at the same time as sample

Difference in etch depth measured using VEECO optical profilometer
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Dry Reactive Ion Etching Process Variables

Photoresist Variables
� Composition of ChG: AsxS100-x, x = 33 - 42
� ChG film thickness: 300 – 2000 nm
� Ag film thickness: 30 – 90 nm
� Exposure time: 0 – 20 min
� Exposure light wavelength: so far broad wavelength halogen lamp
� Exposure intensity
� ….

RIE Variables
� Gas composition: CF4 + O2 (used in Si processing)
� Gas pressure: 100 – 200 mTorr
� Flow rate: 95 cc/m + 0 to 20 cc/m?
� Substrate temperature: 10 – 20 oC
� Power: 80 – 120 W
� Etch time: 0 – 10 min
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Demonstration of Ag-diffused ChG negative photoresist

Exposure time: 5 min
Exposed parts – green
Negative etching
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Problems
1. Edge effect
Sample S2F Sample S2D

No edge effect

Edge effect’s origin?
� Re-deposition?
� Oxidation?
� Transverse silver diffusion?
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XPS studies of edge effect

~ 9.5 % Ag ~17.5 % Ag

Ag-
enriched 
region
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Grass effect

Surface Roughness
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Ag free region has lower roughness than Ag-diffused region.
Ag-free film: Isotropic chemical etching
Ag-diffused region: Chemically less reactive, anisotropic sputtering is relatively 
more dominant

Formation of grass is reduced 
by lower pressure, but it 
increases with more diffused Ag
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Simultaneous etching of Si?
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E-beam nanolithography

14 nm

0 2 4 6 8 10

40

80

120

160

200

240

W
he

el
 H

ei
gh

t (
nm

)

Electron Dose (a.u.)

 AFM Data
 Linear Fit

Started out for MEMS, but we are 
ready for NEMS! 
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NSF’s International Materials Institute (IMI)
for

New Functionality in Glass

Glassy meta-materials

Functional coatings

Glasses engineered for strength

Ionic functionality
Optical functionality

Biofunctionality
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Etchless Lithography!!

Optically written honeycomb 
structure with ~1 mm radius
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Thanks!


