
International Journal of Engineering Science and Computing, April 2017         10814                                                                 http://ijesc.org/ 

          
ISSN XXXX XXXX © 2017 IJESC                                                                                                   

                                                       
 

 

Micromachining of Silicon A Review on Recent Development and 

Prospective 
Amit Bhushan Srivastava

1
, Rajendar Kumar Singh

2
 

Department of Mechanical Engineering 

M. I.T, India
1
 

  Darbhanga College of Engineering, Darbhanga, India
2
 

 

Abstract:  
The structures are micro machined utilizing wet chemical orientation and concentration etching techniques. The use of a specially 

designed and highly effective etching system is a significant refinement in the processing procedure. The structures have excellent 

large and small scale uniformity. Relief structures having features as small as 0.2 μm have been produced. We report on devices 

for three specific research applications: (1) Very high Q torsional oscillators useful for high sensitivity measurements in the study 

of the mechanical properties of single crystal silicon and also in the study of thin freely suspended liquid crystal films, (2) 

unstrained focusing x‐ray mirrors, and (3) μm level mechanical „„shadow masks‟‟ useful for noncontaminative, in situ patterning 

of thin films deposited in MBE and/or other deposition systems.. 
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I.  INTRODUCTION 

 

Micromachining techniques have been developed on the basis 

of the microelectronic fabrication technology. Microfabrication 

is a generic term that is also used to imply micromachining. 

The purpose of this overview of micromachining is to provide 

a conceptual understanding of micromachining without having 

to know too much about the physics and chemistry of it. The 

emphasis is on the techniques used and how each technique 

modifies the geometry of materials processed during 

micromachining.  We also need to know about the generic 

MEMS materials and their properties. A designer has control 

over the selection of materials and the shapes of parts in a 

designed entity. But manufacturing has control over what 

materials can be processed into what shapes. Therefore, a 

designer must adhere to the capabilities and limitations of the 

available manufacturing techniques. Thus, a MEMS designer 

too should be aware of what materials are at one‟s disposal and 

what shapes can be achieved with them.  Bulk micromachining 

is a process used to produce micro machinery or micro 

electromechanical systems (MEMS). Unlike surface 

micromachining, which uses a succession of thin film 

deposition and selective etching, bulk micromachining defines 

structures by selectively etching inside a substrate. Whereas 

surface micromachining creates structures on top of a 

substrate, bulk micromachining produces structures inside a 

substrate. Usually, silicon wafers are used as substrates for 

bulk micromachining, as they can be anisotropic ally wet 

etched, forming highly regular structures. Wet etching 

typically uses alkaline liquid solvents, such as potassium 

hydroxide (KOH) or tetramethylammonium hydroxide 

(TMAH) to dissolve silicon which has been left exposed by the 

photolithography masking step. These alkali solvents dissolve 

the silicon in a highly anisotropic way, with some 

crystallographic orientations dissolving up to 1000 times faster 

than others. Such an approach is often used with very specific 

crystallographic orientations in the raw silicon to produce V-

shaped grooves. The surface of these grooves can be 

atomically smooth if the etch is carried out correctly, and the 

dimensions and angles can be precisely defined. Bulk 

micromachining starts with a silicon wafer or other substrates 

which is selectively etched, using photolithography to transfer 

a pattern from a mask to the surface. Like surface 

micromachining, bulk micromachining can be performed with 

wet or dry etches, although the most common etch in silicon is 

the anisotropic wet etch. This etch takes advantage of the fact 

that silicon has a crystal structure, which means its atoms are 

all arranged periodically in lines and planes. Certain planes 

have weaker bonds and are more susceptible to etching. The 

etch results in pits that have angled walls, with the angle being 

a function of the crystal orientation of the substrate. This type 

of etching is inexpensive and is generally used in early, low-

budget research. 

 

3.2 Micromachining:  

3.2.1  SU-8 

SU-8: 

The SU-8 resin contains eight epoxy groups per molecule 

which gives the polymer very high functionality. When this 

resin is photosensitized with a mixture of triarylsulfonium 

/hexafluroantimonate salt, the exposed regions polymerize, 

resulting in an extremely high crosslink density. The high 

crosslinking degree gives SU-8 good thermal stability (Tg > 

200 °C). The optical absorption of the resin in the near-UV is 

very low, allowing for processing of very thick films of several 

hundreds of micrometers. Unlike the traditionally used silicon 

and glass, SU-8 exhibits high biocompatibility. The polymer is 

processed by spin-coating and UV lithography techniques 

well-known from semiconductor technology. These techniques 

are cheap and simple allowing for short fabrication times and 

high flexibility in device prototyping. Stacking of several SU-8 

layers enables three-dimensional micro fabrication, which is a 

vital tool in the fabrication of fully integrated Analytical 

systems. Three-dimensional micromachining of silicon in the 

contrary demands for expensive and time-consuming dry-

etching and doping processes. 
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                                                      Figure.1. SU-8 Polymer Structure. 

 

 
Figure.2.MicroMachining of Silicon 

 

II. TYPICAL PROCESS CYCLE: 

 

 The SU-8 is usually applied onto a handling substrate such as 

a silicon wafer. To remove the finished polymer chips from the 

wafer the substrate is coated by a thin sacrificial chromium-

gold-chromium layer. The SU-8 is then deposited on top of the 

metal-coated wafer by spin-coating. For this, the SU-8 is 

dissolved in either gamma butyrolactone or cyclopentanone. 

Depending on the percentage of the solid material we typically 

produce layers of 2-150 m thickness. The spin-coating is 

followed by a prebake at 90 °C on a hotplate to evaporate the 

solvent. The SU-8 is then processed by standard ultraviolet 

photolithography at  = 365 nm and postbaked at 90 °C to 

polymerize the exposed material. By repeating the spin-
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coating, exposure and postbaking steps 3D microfabrication of 

complete microsystems in polymer is realised. The 

microdevices are developed in propylene-glycol-methyl-ether-

acetate (PGMEA) to remove the unexposed SU-8. The finished 

SU-8 structures are finally released from the handling substrate 

by wet etching of the sacrificial metal layer. 

Development of silicon microsensors often required the 

fabrication of micromechanical parts. These micromechanical 

parts were fabricated by etching areas of the silicon substrate 

away selectively to leave behind the desired geometries. This 

is micromachining, used to designate the mechanical purpose 

of the fabrication process, which were used to form these 

micromechanical parts. Silicon micromachining is of great 

importance for the development of inexpensive, batch 

fabricated, high performance sensors, which can easily be 

interfaced with microprocessors. 

 

The following properties of silicon have made micro 

machining feasible  

 

(a)  Silicon can be readily oxidized by exposing it to 

steam or dry oxygen. It allows silicon wafer to be   masked 

selectively during chemical etching. 

 

(b)    Single crystal silicon is brittle and can be cleaved 

like diamond but it is harder than most metals. It is resistant to 

mechanical stresses and the elastic limit of   Silicon is greater 

than that of steel. 

 

(c)     A single crystal silicon can withstand repeated 

cycles of compressive and tensile stresses. 

 

(d)   The crystal orientation of single crystal silicon wafer 

decides the rate of chemical etching in certain etching 

solutions, which is important in creating various structures. 

Bulk micromachining and surface micromachining are the two 

distinctly different approaches of micromachining silicon for 

realizing micro sensors and actuators. Isotropic and anisotropic 

etching of silicon has been used for realizing micro mechanical 

parts from bulk silicon wafer and forms the basis of “bulk 

micromachining”. In another approach for micro machining 

called “surface micro machining”, the silicon substrate is 

primarily used as a mechanical support upon which the micro 

mechanical elements are fabricated. The bulk of the silicon 

wafer itself is not etched in surface micro machining. There are 

no holes through the wafer and No cavities on the backside. 

When bulk micro machining silicon, the backside of the wafer 

is conventionally protected against an etchant with an oxide or 

nitride layer in which Windows are opened where the micro 

mechanical structures are to emerge. An accurate alignment of 

the etch windows is essential to obtain the structures at a 

proper position with respect to the photolithographic patterns 

at the front. In surface micro machining a sacrificial layer is 

deposited on the silicon substrate, which may be coated first 

with an isolation layer. Windows are opened in the sacrificial 

layer and the micro structural thin film is deposited and etched. 

Selective etching of the sacrificial layer leaves a freestanding 

micro mechanical structure.  There are two main methods of 

etching – wet etching and dry etching. Wet etching is done 

with the use of chemicals. A batch of wafers is dipped into a 

highly concentrated pool of acid and the exposed areas of the 

wafer are etched away. Dry etching refers to any of the 

methods of etching that use gas instead of chemical etchants. 

Bulk micromaching of silicon uses wet and dry etching 

techniques in conjunction with etch masks and etch stops to 

sculpt micromechanical devices from silicon substrate. The 

selective etching of silicon can be carried by using isotropic 

and anisotropic etchant. The isotropic etchant under-etch large 

area in lateral direction than the area defined by mask opening. 

On the other hand, anisotropic etchant, which are also known 

as orientation dependent or crystallographic etchant, etch the 

silicon surface at different rates in different directions in the 

crystal lattice. They can form well-defined shapes with sharp 

edges and corners [3].   
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