
04-L.23 MICROELECTRONIC DEVICE AND MATERIALS LABORATORIES

The  Microelectronic  Device  and  Materials  Laboratories,  a  19-room complex  housed  in  the 
Electrical  Engineering  Building,  contains  equipment  for  fabricating  and  characterizing 
semiconductor  integrated  circuits  and  semiconductor  and  magnetic  devices.  Fifteen  faculty 
members, about 50 graduate students, and several postdoctoral associates conduct research in this 
laboratory. The daily administration, operation, and maintenance of the laboratory are performed 
by 4 full-time staff members. 

Micro and Nano Fabrication:

Various capabilities exist for micro and nano fabrication of integrated devices and systems. The 
fabrication of a solid-state device or integrated circuit can begin by generating photoplates using 
an  IC graphics  package.  Device  layout  capabilities  exist  through a  Mentor  Graphics  system 
running on Sun workstations. Various pattern generators are available, including an E-Mask step 
and repeat system that allows micron geometry photoplates. This integrated system provides a 
quick and convenient means for researchers to design and fabricate photoplates for prototype 
devices.

A Joel electron beam microlithography/SEM system is available for defining geometries well into 
the  submicron  region.  The  electron  beam system is  used  for  both  “direct  write  on  wafer” 
lithography and mask generation and can be driven by the same CAD routines currently used to 
drive the E-mask pattern generator. It can define patterns on glass photoplates, silicon wafers, or 
other  odd-shaped,  flat  work  pieces,  and  will  complement  current  device  research  in  MBE, 
integrated  optics,  surface  acoustic  waves,  silicon  VLSI,  three-dimensional  CMOS,  and  ELO 
silicon bipolar devices.

The transfer of patterns from photoplates to substrates is performed with Suss and Canon mask 
aligners. A dual sided aligner (Suss MA24) for use with MEMS devices is also available. For 
routine pattern definition, wet-chemical etching in the laboratory's chemical processing room is 
employed. An IPC barrel etcher is also available as well as RIE of silicon and SiO2. A triode 
LAM etcher and a  Semi-Group etcher  is  installed for RIE etching of  silicon,  oxide,  nitride, 
photoresists, etc. A PECVD system is used for depositing amorphous silicon, SiO2, and SiNx.

A set  of  three  Tempress  280,  4-tube,  microprocessor-controlled  furnaces  enables  the  high-
temperature diffusions and oxidations required in semiconductor device fabrication. Furnaces are 
configured for dry, wet, and pyrogenic oxidations and for boron and phosphorus deposition and 
drive-ins.  The  laboratory's  ion  implanter,  an  Accelerators  Inc.  AIM 210,  is  used for  doping 
semiconductors, as well as for research on other device-related materials phenomena.

A four-tube Tempress low pressure chemical vapor deposition system is used for depositing the 
thin films required for semiconductor device fabrication. Three of these tubes are dedicated to the 
deposition of polysilicon, silicon nitride, and silicon dioxide. Sample preparation capabilities are 
enhanced by a Logitech lapping and polishing system.

Six sputtering and evaporation systems are also used for the thin film deposition. Aluminum is 
deposited by sputtering in a MRC 901 system while titanium, platinum, and chrome are sputter 
deposited in a Perkin-Elmer 2400 planar magnetron system. Amorphous silicon monoxide and 



dioxide and metallization (gold, titanium, nickel, geranium) for various devices are deposited by a 
Varian  electron  beam evaporation  in  an  ion  pumped system. An MRC sputtering  system is 
currently used to deposit a silicon nitride over metals. 

A Gemini I Reduced Pressure Chemical Vapor Deposition epitaxial reactor facility is available for 
low temperature growth of single-crystal silicon. Present Si films are grown selectively (SEG) 
between  walls  of  SiO2 and laterally  across  the  SiO2 surface  for  lateral  overgrowth  (ELO). 
Hydrogen is the carrier gas and Dichlorosiline and HCl are used to control the crystal growth rate 
and to prevent polysilicon nucleation on the oxide mask. An Applied Materials Centura LPCVD 
reactor is presently being assembled to perform similar types of research.

The laboratory also houses four independent molecular beam epitaxy systems. One Varian GEN-
II MBE system is used for growth of novel III-V materials and devices. The MBE system and its 
associated Auger electron, ESCA, and RHEED analytical equipment have enabled researchers to 
fabricate  state-of-the-art  electronic  and  electro-optic  devices,  including  the  first  university 
demonstration of a II-VI semiconductor laser emitting in the blue-green, and pioneering work in 
low-temperature-grown As-rich semi-insulating GaAs.

Device Characterization:

The Laboratory has a variety of equipment available for analyzing devices and materials. Two 
microscopes with phase contrast optics are used for visual inspections of materials and devices. A 
Joel scanning electron microscope is also available as an alternative for device and structure 
imaging. The thickness of thin films is measured by an AlphaStep profilometer, Nanospec and 
Filmetrics thin film thickness measurement systems. 

The  laboratory is  also  well-equipped to  characterize devices  and circuits.  Several  computer-
controlled test systems are in use for more detailed analysis. One system, controlled by a PC 
computer, includes an HP-4274A LCR meter, an HP-4140B programmable picoammeter, and a 
Keithley 619 electrometer. The system, which may be configured for a variety of measurements, 
is used to study the Si:SiO2 interface, the SiC/SiO2 interface, and a Si:H TFT I-V measurement. 
An HP 4156 and Keithley 4200 parameter analyzers enhance capabilities  for  comprehensive 
testing of bipolar or MOS discrete devices. Two Purdue-built data acquisition systems are also 
available. One system performs a variety of tests on solar cells; the other is used to study the 
dynamic properties of magnetic bubbles. 
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