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Standard logic circuits
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• Till few years ago, the design of digital systems was based on standard logic 
circuits of series 54/74, with small, medium scale integration (SSI, MSI).

• Initially designed in TTL technology, were later developed in TTL Schottky and 
Schottky low power technologies, and also in CMOS technology.

• System design was based on three basic steps:
1. Specifics definition,
2. System description using an interconnection of standard logic circuits,
3. Circuit assembly on an electronic board.

• Increasing the complexity of the system design, more and more SSI and MSI 
circuits were necessary, with increase of cost, power dissipation, propagation 
delay, size. These circuits could be easily cloned.
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• To overcome these limitations, programmable logic devices were introduced.
• A PLD is a circuits with high integration scale (LSI, VLSI, ULSI, GLSI), which can 

be  programmed and personalized by the final user to implement a specific 
function.

• A single PLD  can replace many SSI, MSI circuits, with improvements in terms of 
occupied area in the printed board, reliability, and cost.

• Interconnections at printed board level are replaced by interconnections at chip 
level. 

• The reduction of parasitic capacities improve propagation delays and power 
dissipation.

• PLD systems are more flexible: many PLDs are electrically reprogrammable. We 
can modify the system functions without adding of removing components.



Programmable logic devices (PLDs)
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• The electronic system design based on PLDs exploits appropriate EDA tools, 
which allow to obtain in an almost automatic manner the PLD programming 
map from a high level description using an hardware description language 
(HDL) or a schematic representation of the digital system.

• In the following, we will see the evolution followed by PLDs, studying
• Programmable Logic Arrays (PLAs),
• Programmable Array Logic (PAL),
• Sequential PLDs,
• Complex PLDs (CPLDs)
• Field Programmable Gate Arrays (FPGAs).



Programmable Logic Arrays (PLAs)
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• Implement combinatorial logic functions in the form of sum of products.
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Programmable Array Logics (PALs)
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Two step logic
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Output polarity programming
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• The following function cannot be implemented with our network with a unique 
step:

• while this function can be easily implemented!



Output polarity programming
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Programmable I/O terminals
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Sequential PLDs
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Output macrocells
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Output macrocells
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• Limitation of previous macrocells:
• They don’t allow a two step logic
• It is not possible to realize a finite state machine whose outputs are in high 

impedance state.
• Solution:



Output macrocell sequetial mode
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Output macrocell combinatorial mode
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Complex PLDs (CPLDs)

A. Carini - Progettazione di sistemi elettronici

• A parameter often used for providing an index of the capacity of a PLD is the 
maximum number of equivalent gates.

• A PLD has a capacity of 1000 gates if it can implement logic functions that 
would need 1000 two-inputs NAND gates for its realization.

• In PAL circuits, an increase of the capacity translates in an increase of the inputs 
of the AND plane. This increases the AND plane gates fan-in with a 
deterioration of the propagation delay.

• Instead of increasing the number of inputs of the AND plane, it is much more 
convenient to increase the PLD capacity by integrating on the same chip 
different logic blocks similar to a PLA.

• The various blocks are interconnected with programmable interconnections 
and the resulting devices are called complex PLDs or CPLDs.



Complex PLDs (CPLDs)
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Complex PLDs (CPLDs)
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Logic block of family 370 of Cypress



Mask programmable gate arrays
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Field programmable gate arrays (FPGAs)
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Differences between CPLDs and FPGAs
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• Both are composed by logic blocks and programmable interconnections.
• Main difference: the logic cells of FPGAs are in general logically simpler (more 

limited) than the logic blocks of CPLDs. 
• At the same time, the number of logic cells in FPGAs is in general much larger 

than the logic blocks of CPLDs. 
• Thus, FPGAs have a fine grain while CPLDs have a larger grain.
• Another difference comes from the propagation delay:
• In FPGAs, the logic function is realized from the cascade of different logic cells. 

The propagation delay is determined by the number of logic levels needed to 
implement the functions and is known only at the end of the place and routing.

• In CPLDs, most logic functions can be implemented with a two step logic or with 
at most a global feedback (two blocks). The propagation delay can often be 
determined in the early phases of the design.



Programming techniques
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• In PLAs, PALs, and CPLDs, the programming technique is based on the use of 
floating-gate MOS transistors and it has followed the technological evolution of 
non-volatile memories.

• In FPGAs, the one-time programmable devices use antifuse, while the 
reprogrammable devices SRAM memories (thus, requiring an external memory 
for storing the programming map).



Programming techniques
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Programmable interconnections
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• Larger area occupation and longer propagation delays with respect to antifuse.



Example: Altera MAX 3000 A CPLD (2003)

A. Carini - Progettazione di sistemi elettronici



Example: Altera MAX 3000 A CPLD (2003)

A. Carini - Progettazione di sistemi elettronici

PIA Programmable Interconnection Array
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Example: Altera MAX II (2006)
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Example: XILINX Spartan-3 (2006)
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Example: Altera Cyclone V (2012)
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PMA Physical Medium attachment
PCS Physical coding sublayer



Example: Altera Cyclone V (2012)
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• Curretly, the most performant FPGA of Altera/Intel.
• «Intel® Agilex™ FPGA family leverages heterogeneous 3D system-in-package 

(SiP) technology to integrate Intel’s first FPGA fabric built on 10nm process
technology and 2nd Gen Intel® Hyperflex™ FPGA Architecture to deliver up to 
40% higher performance1 or up to 40% lower power1 for applications in Data 
Center, Networking, and Edge compute. Intel® Agilex™ SoC FPGAs also integrate 
the quad-core Arm* Cortex-A53 processor to provide high system integration.»

Example: Intel AGILEX (2019)

This Comparison based on Intel® Agilex™ FPGA and SoC family vs. Intel® Stratix® 10 FPGA using simulation results and is 
subject to change.
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Direct design of application specific integrated circuits (ASICs)

• Allow to optimize the performances of the circuit in terms of propagation delay, 
power dissipation and area occupation.

• Standard cell design
• Implement the system by means of standard cells. 
• Project similar to that of standard logic circuits, but on the silicon plane 

now.
• Full custom design

• Every single transistor is optimized.
• Maximize performance but the design cost is high.
• Used only for very large volume productions, e.g., for processors, 

memories, FPGAs, etc.
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Standard cell library
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What Intel says about FPGAs and ASICs
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What Intel says about FPGAs and ASICs



A. Carini - Progettazione di sistemi elettronici

What Intel says about FPGAs and ASICs
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See:

• Paolo Spirito, «Elettronica digitale» McGraw-Hill, seconda edizione
• Chapter 12


