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A digital signal processor (DSP) is described 
which achieves high processing efficiency by 
executing concurrently four functions in every 
processor cycle: instruction prefetching from a 
dedicated instruction memory and generation of 
an effective operand, access to a single-port 
data memory and transfer of a data word over a 
common data bus, arithmetic/logic-unit (ALU) 
operation, and multiplication. Instructions have a 
single format and contain an operand, index 
control bits, and two independent operation 
codes called “transfer” code and ‘‘compute” 
code. The first code specifies the transfer of a 
data word over the common data bus, e.g., from 
data memory to a local register. The second 
determines an operation of the ALU on the 
contents of local registers. A fast free-running 
multiplier operates in parallel with the ALU and 
delivers a product in every cycle with a pipeline 
delay of two cycles. The architecture allows 
transversal-filter operations to be performed 
with one multiplication and ALU operation in 
every cycle. This is accomplished by a novel 
interleaving technique called ZIP-ing. The 
efficiency of the processor is demonstrated by 
programming examples. 

~~~~~~~~~~~~ 

Digital signal processors (DSPs) are microprocessors with a 
specialized architecture which allows them to process 
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digitized-waveform signals efficiently. The consistency and 
compactness of digital circuitry together with the flexibility 
of programmable devices make DSPs ideally suited for 
applications in telecommunications, instrumentation, 
electromechanical control, and elsewhere. Thus, the 
revolution in electronic system design, started more than a 
decade ago by the introduction of inexpensive general- 
purpose microprocessors, is being extended by DSPs into 
domains where analog circuit implementations have 
traditionally prevailed [I].  

functions, however, represents only one aspect of this 
development. The capability of DSPs to store and 
manipulate signals without loss in precision, and to make 
data-dependent decisions, allows the realization of signal- 
processing tasks far more complex than would ever have 
been possible by analog circuit means. 

Advances in VLSI semiconductor technology have made 
DSPs feasible. Several vendors are offering single-chip DSPs, 
e.g., those described in [2-51. A more complete list and 
comparison of DSPs can be found in [6]. Other DSP 
architectures have been described in [7-1 I]. Common to 
most DSPs is a pipelined parallel architecture and the use of 
a fast on-chip multiplier to gain the high processing speed 
and efficiency required for digital signal-processing 
applications. 

This paper describes the architecture and programming of 
a single-chip IBM DSP developed in Zurich, Switzerland, 
and La Gaude and Essonnes, France, during the period from 
1979 to 198 1. The processor was realized in standard bipolar 
technology with 2.5-pm ground rules on a 25-mm2 chip, 
using the macro-stack design technique developed at 
Essonnes. With suitable instruction and data memories 
provided externally, it achieves a cycle time of 100 ns. The 
architecture is similar to that described in [ 1 11, but 
somewhat simplified to keep complexity below 5000 
equivalent NAND gates. A novel feature of this single-data- 
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