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The Notre Dame nanofabrication facility has the capability of fabricating intricate 

integrated circuits (ICs) with feature sizes as small as one micron. There are numerous 

motivations behind constructing smaller devices—some of which are improved computational 

power (more transistors per unit area), speed (reduced transistor switching time), and better 

energy efficiency. These motivations are so great that the semiconductor industry spends billions 

of dollars each year scaling devices to even smaller dimensions. Many of the devices fabricated 

at Notre Dame pack thousands of transistors into a few square millimeters; one such device, 

fabricated as part of the IC Fabrication class, plays the Notre Dame Fight Song (Figure 1). 

 With so many transistors in one circuit, the potential for design errors can be somewhat 

daunting. Even a highly experienced designer is prone to committing errors. Coupled with a 

minimum fabrication time of roughly a month, just a single design error can lead to much less 

than ideal design completion times. I spent the majority of my fellowship investigating ways in 

which designs can be checked for errors both before and after the fabrication process.  

 To investigate an issue with the Fight Song chip, I used a Saleae Digital Logic Analyzer  

in conjunction with an IC probe station to examine various signals and look for problems. The 

Saleae tool is able to simultaneously capture eight logic signals as fast as 24 million samples per 

second. Using this logic analyzer, I was able to pinpoint a specific sub circuit in the Fight Song 

chip that was not functioning correctly. This knowledge, however, was not sufficient to locate 

the design error—it remained buried among hundreds of transistors.  

 I then turned to software simulation. The Tanner Tools design suite is a software package 

that facilitates the layout and simulation of designs. Once a circuit layout has been completed, it 

is possible to ‘extract’ the layout into a SPICE-compatible netlist. The software accomplishes 

this by recognizing the geometry of P- and N- channel MOSFETs as well as their electrical 

connections. It was necessary to fine-tune this extraction and subsequent simulation process to 

work with Notre Dame’s layouts. After much experimentation, I was able to produce an accurate 

simulation of any signal in the Fight Song circuit that I desired (Figure 2). Using this simulation 

procedure, I located and corrected two critical errors that had been causing problems.  

 The methods of troubleshooting that I have described may be applied to any design that 

makes its way through the Notre Dame fabrication facility. By utilizing the simulation 

groundwork that I have established, it is now possible to be certain of a design’s functionality 

before fabrication begins. This groundwork further enables a novice circuit designer to produce 

useful and functioning layouts of even greater complexity. 

 In addition to my work in circuit simulation and troubleshooting, I gained much 

experience in IC fabrication techniques—which includes the use of equipment such as 

photoresist spinners, the wafer stepper, the reactive-ion etcher, the furnace, and the microwave 

plasma system. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. From layout to fabrication: The metal layer design 

fabrication—aluminum deposition, lithography, and etch

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Simulation of data being clocked out of the read

Song chip. 

 

From layout to fabrication: The metal layer design of the Fight Song chip (left)

aluminum deposition, lithography, and etch (right). 

 

Figure 2. Simulation of data being clocked out of the read-only memory (ROM) in the Fight 

hip (left) and its 

only memory (ROM) in the Fight 


