
Silicon Technology



The Invention of Transistor (1947)



The Invention of the Integrated Circuits (1958)
(Jack Kilby & Robert Noyce)



The Discovery of Piezoresistive Effect (1954)

➢ Discovered by C.S. Smith

➢ The piezoresistive effect of semiconductor can be several 

magnitudes larger than that in metals. 

➢ Many MEMS devices such as strain gauges, pressure sensors, and 

accelerometers utilize the piezoresistive effect in silicon.



Chemical Vapor Depositions 

for MEMS
Nang Tran (Univ. of  Minnesota, USA)

• Part 1: What is MEMS technology?

• Part 2: Chemical vapor deposition 
techniques (CVD) for MEMS



CVD Plays a Pivotal Role both  in 

VLSI and MEMS

VLSI
1. Focus on electrons

2. No moving part

3. Two dimensional

4. Electrical systems

5. Si, Ge, dielectrics 

used

6. IC isolated from 

surroundings

MEMS

1. Focus on mass

2. Various moving parts: micro gears, 

valves, pumps

3. Three dimensional structures

4. Electric, mechanical, chemical, 

biological systems

5. Si, oxides, polymers, plastics used

6. Interaction with environment





What is MEMS Technology?

1. Introduction to MEMS
2. Common materials in MEMS

3. Etching

4. Surface micromachining

5. Bulk micromachining

6. Molding



Feynman’s Dream



1959: Richard Feynman dreamed big (Oops, small!)

• Richard Feyman offered a prize to challenge those who could 

build a motor of only 1/64 inch cube (1959).

• Bill McLellan successfully built a 2000 rpm motor, 250 μg, 13 

parts by hands with tweezers and a microscope (1960).

“There is plenty of room at the bottom”



Polysilicon as a Mechanical Material
(The first rotary drive motors, 1988)

➢ Invented by Dr. Muller and Dr. Howe of UC Berkeley

➢ Established sacrificial etching process using : (i) polysilicon as a 

mechanical structure material and (ii) oxide as a sacrificial material.



The Dream Has Become a Reality



Microsensors: pressure, position, 

speed,  acceleration, temperature, 

flow and various optical, chemical, 

environmental, and biological 

variables.

Microactuators:
valves, switches, 

pumps, rotational and 

linear motors.

Microstructures: microscopic lenses, 

mirrors, nozzles, gears and beams. 

Microelectronics: ink-jet printing 

heads, magnetic heads, compact disks, 

medical applications, automotive 

components, chemical and environmental 

applications



MEMS Market Can Reach $22B 

in 2020 (FromYole Development)



Digital Micro-mirror Device (Larry Hornbeck, TI,1994)



DMD Process Flow (Wagner/Meyners)





What is MEMS Technology?
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6. Molding



Silicon is the most widely used  substrate for MEMS



Why Silicon?



Multi-User MEMS Process (MUMPs)

❖ Standardized building blocks for MEMS processing and MEMS components.

❖ MUMPs is a well-established, commercial program that provides customers with cost-effective access to MEMS 
prototyping and a smooth transition  into volume manufacturing.

❖ MUMPs is part of MEMSCAP’s complete manufacturing offer, ranging from prototyping to mass production.

❖ MUMPs was first offered by MCNC in 1992. Cronos was spun –off from MCNC in 1999 to provide MUMPs



PolyMUMPs Process Flow



PolyMUMPs Process Flow (cont’d)

http://www.memscap.com/memsrus/svcsrules.html
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General Procedure for Photolithography



Orientation of Silicon Wafer





Isotropic Wet Etching
Poly- Etch & Buffered-Oxide-Etch



Selectivity and Undercutting



The Lower Reaction Rate For The (111) Planes



Anisotropic Wet Etching



Anisotropic Etching

➢ The etch  proceeds in the <100> direction, which is the vertical 

direction in (100) oriented substrate.

➢ The V-shaped trench is a result of the  self-limits on four equivalent 

but intersecting {111} planes.



Lift-off Technique in Microfabrication

✓ To pattern metals such as platinum on a substrate for use in certain chemical 

sensors

✓ Process: (1) resist is applied to substrate and structured by lithography, (2) 

platinum is deposited, (3) resist is removed, lifting Pt but leaving desired Pt 

microstructure



Lift-off Techniques



Lift-off Techniques. Single Layer Resist & Substrate Etch (Lynn Fuller)



Dry Etching

Advantages

• Eliminates handling  of dangerous 

acids and solvents

• Use small amount of chemicals

• Directional etching, less dependent on 

the crystal orientation of Si

• Good transfer of patterns

• High resolution and cleaniness

• Less undercutting

• No unintentional prolongation of 

etching

• Better process control

• Ease of automation

Disadvantages

• Some gases are toxic 

and corrosive 

• Re-deposition of 

non-volatile 

compounds

• Needs for specialized 

equipment



Anisotropic etching

• Sputter etching: belongs to plasma 
etching category. Similar principle 
to sputtering but the substrate is 
now subjected to ion 
bombardment.

• Chemical (vapor phase etching): 
the material is dissolved  at the 
surface in a chemical reaction with 
the gas molecules.

• RIE:under RF, the gas molecules 
break into ions; and the ions 
accelerate and react  the the 
surface of the material to be etched

• DRIE: the balance  of chemical and 
physical etching to give vertical 
shapes.



Types of Dry Etching

✓ Non-plasma based: spontaneous reaction of appropriate reactive gas mixture. 
(i) Typically fluorine-containing gases, such as xeron difluoride XeF2 and interhalogen BrF3 and ClF3; (ii) 
High selectivity  to masking layers; (iii) no plasma  processing equipment is required; (iv) controlled by 
temperatures and pressure of reactants.

✓ Plasma based: RF power to drive chemical reaction.



Deep reactive ion etching (DRIE, Bosch, 1994)

• Etch depths of hundreds of microns. Etching with SF4 (5-15s) and depositing with C4F8 (5-15s)

• Two different gas compositions are alternated in the reactor.

• The first gas creates a polymer on the surface of the substrate; and the second gas etches the substrate.

• The polymer  is immediately sputtered away, but only on the horizontal surfaces, not the sidewalls.

• The polymer dissolves slowly in the chemical part of the etching and is built up on the sidewalls.







What is MEMS Technology?

1. Introduction to MEMS

2. Common materials in MEMS

3. Etching

4. Surface micromachining
5. Bulk micromachining

6. Molding



Surface Micromachining



Polysilicon and Oxide for MEMS
(A combination of sacrificial and structural layers)



Surface Micromachining



Fabrication of a Hinge

1. A 2 μm layer of phosphorsilicate glass PSG spacer is deposited onto the substrate.

2.  A 2 μm  layer of polysilicon  (poly 1 in step1) is deposited on PSG, patterned  and dry etched to form the desired 
strcuture, including the hinge pins.

3. A second layer of sacrificial/space PSG (0.5 μm) is deposited (step 2)

4. The connection locations are selectively etched through both PSG layers (step 3).

5. A seond polysilicon  (poly 2 in step 4) is deposited, patterned, and etched to form a staple for the hinge. 

6. The sacrificial layers of PSG are then removed by wet etching. And the hinge can rotate



SCREAM

➢ SCREAM: Single-Crystal silicon Reactive Etching And Metallization).

➢ Producing 10-50 μm deep, which is protected by a a layer of silicon oxide.

➢ An anisotropic etching  removes the oxide only at the bottom of the trench, and the trench is extended through  dry 

etching.

➢ An isotropic etching step (using sulfur hexafluoride)  laterally etches the exposed sidewalls  at the bottom of the 

trench. The undercut is used to release the structures.



SIMPLE

➢ SIMPLE: SIIicon Micromaching by single step PLasma Etching).

➢ One plasma-etching device.

➢ Chlorine gas-based plasma etching is used to etch p-doped  or lightly doped silicon 
anisotropically, but heavily n-doped silicon isotropically.

➢ Thick oxide mask  is required since chlorine –based plasma attacks the mask slowly.

➢ The isotropic etch rate is low, 50 nm/min.



PMOS Fabrication Process (UCB)



PMOS Fabrication Process (cont’d)
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Bulk Micromachining vs Surface 

Micromachining



Bulk Micromachining

• Selectively remove significant 
amount of silicon from wafer

• Oxidation of silicon

• Products physically removed 
from substrate

• Isotropic and anisotropic

• Large structures can be 
fabricated

• 3D (V-grooves, channels, 
pits…)

• Compatible with CMOS 
technology



Bulk Micromachining

❖ Certain etching solutions, such as potassium hydroxide (KOH), have a very low 
etching rate in the direction of the (111) crystal face. This permits formation of 
distinct geometric structures with sharp edges in single-crystal Si.

❖ Bulk micromachining: relatively deep wet etching process on single-crystal 
silicon substrate 

❖ Surface micromachining: planar structuring of the substrate surface, using 
much more shallow etching.

❖ Several structures that can be formed in single-crystal silicon substrate by: (a) 
(110) silicon and (b) (100) silicon (See Fig. below).



Bulk Micromachining



Bulk Micromachining to Form Thin Membrane

(1) Si substrate is doped with boron, (2) a thick layer of Si is applied on doped layer by 
epitaxial deposition, (3) both sides are thermally oxidized to form a SiO2 resist on the 
surfaces, (4) resist is patterned by lithography, and (5) anisotropic etching removes the Si 
except in the boron doped layer
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LIGA Process

➢ A combined processes of X-ray lithography, electrodeposition, and molding. Developed in the early 1990’s.

➢ LIGA consists of the following steps: (i) a thick PMMA  (polymethyl methacrylate) of hundreds micrometers is deposited on a 
preimary substrate; (ii) The PMMA is exposed to X-rays and developed; (iii) Metal is electrodeposited onto the primary 
substrate; (iv) PMMA Is removed, resulting in a freestanding metal structure and (v) plastic is injection molded into the metal 
structure.



LIGA Process



SLIGA



HEXSIL

❖ HEXIL: combines hexagonal honeycomb structures, silicon micromachining, and thin film deposition.

❖ A deep trech is first produced in single-crystal silicon by dry etching, followed by shallow wet etching to make the trench walls smoother.

❖ The depth of the trench is limited to 100 μm.  An oxide layer is deposited onto the silicon, followed by an undoped polysilicon for mold filling 
and shape definition.

❖ A doped-silicon  layer then follows, providing a resistive portion of the device.

❖ Electroplated or electroless nickel plating is deposited.



Our MEMS-Related Works



Process of Making  CD (Tran et al.)



Process of Making  CD (cont’d)



Schematic of CD, DVD and Blu-ray



Direct X-Rays Digital Radiography
(Where large area electronics, medical physics  

and thin film technology cross)



Issues With Analog X-ray Imaging



The Challenges

• Improved image quality

• Wider dynamic range

• Reduced exam times

• Image manipulation tools

• Removes film variability

• Eliminates processing

• Minimizes retakes



Digital X-rays Radiography



Going DIGITAL!



About Our Direct X-rays Detector



CMOS Fabrication Process



High Temperature Polycrystalline Thin Film 

Transistor (N. Tran, 1988)



Tiling Approach

Read-out electronics

Modules

Our proposed c-Si based tiling approach



About Our c-Si Approach

➢ Using a proven silicon technology.

➢ Less development time. Potentially lower cost.

➢ High performance single crystal Si. Structured phosphor.

➢ Smaller tiles mean higher yield

➢ Ease in maintenance: soldering/desoldering 

➢ Crowdedness and low FF due to busses and circuitry (wafer thinning).

➢ Combining small Si chips without dead space? How to bring out signals from  the 

individual tiles? (circuitry is distributed throughout the array- four-side- buttable tile) 



Our Historic Digital X-rays Detector



About Our Digital X-rays Detector

➢ Using silicon technology.

➢ Using bulk micromachining (molding) to make structured phosphor

➢ Thinning silicon wafer.

➢ Smaller tiles mean higher yield



Microreplication/ Microstructures (N.Tran et al.)



Different Techniques of Fabricating Structured Phosphors



Pixelized Phosphor Fabrication From Mold (N. Tran et al.)



DR Process Overview (N. Tran et al.)



C-Si - based DR Detectors



X-rays Imaging of Hands

Conventional film-screen technology  vs. Direct digital technology





Additional Materials



A micro-diaphragm pressure sensor
(Sugiyama et al.)



The Mechanical Face of the Silicon Revolution


