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Microcontrollers

• A microcontroller is a microprocessor optimized for performing tasks of control, 
temporization, supervision of devices, machinery, industrial processes, i.e. for 
embedded control system applications.

• It is characterized for the availability on chip of some essential components:
• Arithmetic logic unit (ALU)
• System memory, 

• non-volatile (ROM, Flash)  and volatile (SRAM, DRAM).
• Dedicated peripherals:

• Analog to digital and digital to analog converters (ADCs and DACs)
• Timers and counters for time interval measurements
• Digital modulators (mainly PWMs)

• Microcontrollers are designed for providing reduced complexity, low power 
dissipation, and low cost.
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Microcontrollers

• Microcontrollers are used in automation, automotive, electrical power drives, 
and in any measurement system.

• Thanks to the great variety of microcontrollers available on the market, 
designers can always choose  the most suitable component for their 
applications, reducing processing power, memory, and peripherals to what is 
strictly necessary for the problem at hand.

• There exist microcontrollers with ALU from 4 bits till 32 bits word-length,  with 
different packages, and flexible peripherals.
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Microcontroller peripherals

• Most common peripherals:
• ADCs and DACs, with different number of bits and sampling frequencies.
• Timers, counters, PWM modulators.
• Parallel and serial communication interfaces, with both synchronous and 

asynchronous serial interfaces.
• Management modules for bus communications, as I2C, SPI, and controller 

area network (CAN) bus.
• External memory interfaces towards ROM, EEPROM, and Flash memories.
• Power management unit (PMU) for the optimization of the power 

consumption.
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Digital signal processors (DSPs)

• A DSP is a microprocessor optimized for efficiently performing in real-time the 
operations required by digital signal processing.

• It is characterized by high processing power, and at the same time by a low cost 
compared to a general purpose processor having the same performance.

• In these devices, used for embedded control systems, particular attention is 
devoted to the reduction of the power dissipation.

• Common characteristics of DSPs:
• Availability of a multiplier in the CPU to allow multiply and accumulate 

(MAC) operations.
• Capability of multiple memory accesses in the same clock cycle.
• Specific addressing modes for vectors, circular addressing, and other data 

structures.
• Availability of devices for the efficient management of peripherals (DMA).
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Digital signal processors (DSPs)

• They are principally used for signal processing :
• Modulation/demodulation, spectral analysis, FIR and IIR filtering,
• Coding and decoding
• Compression and decompression
• Encryption and decryption

• Applications go from:
• Audio processing, 
• Image and video processing, 
• Telecommunication

• Employed in many common use products (smartphones, TV, hi-fi, …) 
• There is a significant overlap between the applications of microcontrollers and 

DSPs.
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Microcontrollers vs DSPs

• Traditionally, microcontrollers were employed almost exclusively for control, 
process supervision, and man-machine interface. Their processing power was 
quite limited since CPUs were with 8 (even 4) bits and did not have a multiplier.

• Consequently, for signal processing only DSPs were used, which could count on 
16, 24, 32 bit CPUs. But these in turn were costly and did not have the 
peripherals needed for control and interface applications.

• Thus, there was a clear role division of these devices.
• Nowadays, thanks to the continuous development of digital technologies and 

the cost reduction in microprocessor fabrication, this division is more nuanced.
• Current DSPs include many of the peripherals of microcontrollers.
• At the the same time, many microcontrollers offer processing powers similar to 

DPSs.
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Microcontrollers vs DSPs

• Nowadays, the market shares of microcontrollers and DSPs at 32 bits have 
exceeded those of 8 and 16 bit.

• Cost and performance of microcontrollers and DSPs are for many applications  
equivalent.

• A novel category of processors is emerging capable of performing control 
and/or real-time signal processing, the Digital Signal Controller (DSCs).

• DSCs offer high processing powers, with arithmetic units having 16 or more 
often 32 bits, hardware multipliers, and sometime floating-point ALUs, but 
includes also timers, counters, PWM modulators with high resolutions.
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DSCs
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The choice of a microprocessor

• The choice of the device is influenced by many factors:
• Cost of the device (depending also on volumes),
• Design cost (e.g., time to market, availability of an IDE (integrated 

development environment), …)
• Performance needed by the application.
• Necessary peripherals.
• Operation conditions (maximum power dissipation, working 

temperature,…)
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Processing power measurement

• The processing power of a processor can be evaluated in the most simple and 
direct way measuring the time necessary to execute a  program.

• In microcontrollers and DSPs, the response time of a program almost often 
coincides with the runtime (also called execution time , CPU time) dedicated by 
the processor to execute the instructions that compose the program.

• In general purpose processors, the two times do not coincide: The operative 
system manages different tasks (multi-tasking) simultaneously in time-sharing.

• The runtime can be a priori estimated with the following formula

where 𝑇𝑐𝑙𝑜𝑐𝑘 is the clock period, 𝑁𝑖 is the number of instruction of class i, 𝑁𝐶𝑖 is 
the number of clock cycles of the instructions of class i, 𝑁𝐶𝐿 is the classes number.
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Processing power measurement

• Processing power can be increased reducing the clock period, but the solution 
increases the power dissipation.

• The number of instructions of a program depends on the processor 
architecture, meaning all the resources available to the programmer, i.e. 
instructions of the assembly language, data addressing modes, etc..

• The same architecture can be implemented at circuit level in different ways. 
• The number of cycles of an instruction varies according to the control logic, 

which could be micro-programmed, cabled, pipelined, and with parallelism.
• Architectures with complex instruction sets (CISC) require long cycle times for 

the instructions. Architectures with reduced instruction sets (RISC) require 
shorter cycle times, also as short as a clock period, but often require more 
instructions for a single operation of CISCs.

• Performance depends on both logic architecture and circuit organization.
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Benchmarking

• Benchmarking with a sample program is often used to evaluate general 
purpose processors. 

• The technique is applied also to DSPs and DSCs, but less frequently to the most 
simple microcontrollers.

• The sample programs are typical algorithms for DSP applications (i.e., FFTs, FIR 
and IIR filters, …), not full applications as in general purpose processors.

• For DSPs we talk about kernel benchmarking, which must provide
• Strong relevance with regards to DSP/DSC applications,
• Detailed and unique definition of the algorithm implemented (e.g. FFT),
• Maximum simplicity,
• High degree optimization for the under-test device.
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Benchmarking
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Performance indexes

• MIPS: millions of instructions per second.
• DMIPS: millions of instructions per second for a specific benchmark algorithm, 

called Dhrystone;
• CoreMark: performance index obtained from the execution of a combination of 

standard algorithms (including research and sorting, matrix manipulation, string 
recognition, CRC,…).

• FLOPS: millions of floating points operations per second.

• All these indexes are unreliable: they consider only the maximum number of 
operations that can be performed without specifying conditions.

• They simply allow a comparison of performance within the same family.
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Performance indexes

A. Carini - Microcontrollers



Performance indexes
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See:

A. Carini - Elettronica digitale

• Simone Buso, «Introduzione alle applicazioni industriali di Microcontrollori e 
DSP» Società editrice Esculapio, 2018
• Chapter 1


