What are FPGAs?

Field programmable gate arrays (FPGAs) are digital integrated
crcuits (ICs) that contain configurable (programmable) blocks
of logic along with configurable interconnects between these
blocks. Design engineers can configure (program) such devices
to perform a tremendous variety of tasks.
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Logic Functions: An elementary processing function in a digital circuit.

Logic functions can be implemented by logic gates, and fabricated to
silicon chip to perform a unique function this design is called
Application Specific Integrated Circuit (ASIC).




The key thing about FPGAs

The thing that really distinguishes an FPGA from an
ASIC is ... the crucial aspect that resides at the core of their
reason for being is ... embodied in their name:
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All joking aside, the point is that in order to be program-
mable, we need some mechanism that allows us to configure
(program) a prebuilt silicon chip.
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Figure 2-1. A simple programmable function.



Fusible link technologies

One of the first techniques that allowed users to program
and still is—known as fusible-link
technology. In this case, the device is manufactured with all

their own devices was

of the links in place, where each link is referred to as a fuse

(Figure 2-2).
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Figure 2-2. Augmenting the device with unprogrammed
fusible links.
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Figure 2-3. Programmed fusible links.



Antifuse technologies

As a diametric alternative to fusible-link technologies, we
have their antifuse counterparts, in which each configurable
path has an associated link called an antifuse. In its unpro-
grammed state, an antifuse has such a high resistance that it
may be considered an open circuit (a break in the wire), as
illustrated in Figure 2-4.
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Figure 2-6. Growing an antifuse.
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Figure 2-8. A transistor-and-fusible-link-based PROM cell.



EPROM-based technologies
As was previously noted, devices based on fusible-link or

antifuse technologies can only be programmed a single
time—once you've blown (or grown) a fuse, it’s too late to
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(a) Standard MOS transistor (b) EPROM transistor

Figure 2-9. Standard MOS versus EPROM transistors.

EEPROM-based technologies
The next rung up the technology ladder appeared in the

form of electrically erasable programmable read-only memories
(EEPROMs or E?’PROMs). An E’PROM cell is approximately
2.5 times larger than an equivalent EPROM cell because it

-::Dmprises two transistors Ell"ld thE‘ space bE‘tWE‘EH them

(Figure 2-11).
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Figure 2-11. An E’PROM-—cell.



SRAM-based technologies
There are two main versions of semiconductor RAM

devices: dynamic RAM (DRAM) and static RAM (SRAM).
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Figure 2-12. An SRAM-based programmable cell.
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Technology Symbol

Fusible-link SPLDs

Antifuse FPGAs

EPROMN SPLDs and CPLDs

EZPROM/ SPLDs and CPLDs
FLASH (some FPGAs)

SRAM FPGAs (some CPLDs)

Table 2-1. Summary of Programming Technologies



