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Abstract:
This thesis is concerned with the design and simulation of a cache memory system placed on the same
chip with a central processing unit VLSI fabrication techniques allow for the production of full 32-bit
architectures on a single silicon die. Larger silicon areas are available, but a larger processor is
unnecessary. A cache memory is one possible system enhancement which increases system
performance.

The topics of a cache memory system are discussed, and needed information for design choices is
provided. A direct mapped cache 4096 words in length is designed and simulated. The design is
intended for use with 32-bit processors that contain 32-bit address and data busses. The simulation
includes all of the necessary support logic for a cache read, write and block replacement.

During the circuit layout phase, it was discovered that a content addressable memory cell could be used
without paying a large penalty in silicon area. This led to the development of an alternate design which
showed the feasibility of a fully associative mapped cache memory system.

The direct mapped cache memory system was simulated to produce system performance measures. A
speed up factor of 7.8 relative to an non-cached system and 1.9 relative to a conventional cache system
of the same size was determined. The total system size is quite large and would be expensive to
manufacture. The total number of transistors for both the processor and the cache system totaled to 1.1
million. The total silicon die size for the combination of the processor and the cache memory system is
almost one square inch(0.921 in^2). The power dissipation for the cache system was estimated at 308
mW and found to be acceptable.

An on-chip cache memory system proved to be valuable and cost effective. The on-chip cache memory
system is already in use on a small scale, and as chip sizes increase so will the cache memory size. The
use of a fully associative cache is an easily achieved option because of the minor difference in layout
size between a static RAM and a content addressable RAM when a single polysilicon technology is
used. 
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