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Advanced Digital Systems

Programmable logic devices (PLDs) are an alternative to custom ASICs. A PLD consists of gen-
eral-purpose logic resources that can be connected in many permutations according to an engineer’s
logic design. This programmable connectivity comes at the price of additional, hidden logic that
makes logic connections within the chip. The main benefit of PLD technology is that a design can be
rapidly loaded into a PLD, bypassing the time consuming and expensive custom IC development
process. It follows that if a bug is found, a fix can be implemented very quickly and, in many cases,
reprogrammed into the existing PLD chip. Some PLDs are one-time programmable, and some can
be reprogrammed in circuit.

The disadvantage of PLDs is the penalty paid for the hidden logic that implements the program-
mable connectivity between logic gates. This penalty manifests itself in three ways: higher unit cost,
slower speeds, and increased power consumption. Programmable gates cost more than custom gates,
because, when a programmable gate is purchased, that gate plus additional connectivity overhead is
actually being paid for. Propagation delay is an inherent attribute of all silicon structures, and the
more structures that are present in a path, the slower the path will be. It follows that a programmable
gate will be slower than a custom gate, because that programmable gate comes along with additional
connectivity structures with their own timing penalties. The same argument holds true for power
consumption.

Despite the downside of programmable logic, the technology as a whole has progressed dramati-
cally and is extremely popular as a result of competitive pricing, high performance levels, and, espe-
cially, quick time to market. Time to market is an attribute that is difficult to quantify but one that is
almost universally appreciated as critical to success. PLDs enable a shorter development cycle, be-
cause designs can be prototyped rapidly, the bugs worked out, and product shipped to a customer be-
fore some ASIC technologies would even be in fabrication. Better yet, if a bug is found in the field,
it may be fixable with significantly less cost and disruption. In the early days of programmable logic,
PLDs could not be reprogrammed, meaning that a bug could still force the recall of product already
shipped. Many modern reprogrammable PLDs allow hardware bugs to be fixed in the field with a
software upgrade consisting of a new image that can be downloaded to the PLD without having to
remove the product from the customer site.

Cost and performance are probably the most debated trade-offs involved in using programmable
logic. The full range of applications in which PLDs or ASICs are considered can be broadly split
into three categories as shown in Fig. 11.1. At the high end of technology, there are applications in
which an ASIC is the only possible solution because of leading edge timing and logic density re-
quirements. In the mid range, clock frequencies and logic complexity are such that a PLD is capable
of solving the problem, but at a higher unit cost than an ASIC. Here, the decision must be made be-
tween flexibility and time to market versus lowest unit cost. At the low end, clock frequencies and
logic density requirements are far enough below the current state of silicon technology that a PLD
may meet or even beat the cost of an ASIC.

It may sound strange that a PLD with its overhead can ever be less expensive than a custom chip.
The reasons for this are a combination of silicon die size and volume pricing. Two of the major fac-
tors in the cost of fabricating a working silicon die are its size and manufacturing yield. As a die gets
smaller, more of them can be fabricated at the same time on the same wafer using the same re-
sources. IC manufacturing processes are subject to a certain yield, which is the percentage of work-
ing dice obtained from an overall lot of dice. Some dice develop microscopic flaws during
manufacture that make them unusable. Yield is a function of many variables, including the reliability
of uniformly manufacturing a certain degree of complexity given the prevailing state of technology
at a point in time. From these two points, it follows that a silicon chip will be less expensive to man-
ufacture if it is both small and uses a technology process that is mature and has a high yield.

At the low end of speed and density, a small PLD and a small ASIC may share the same mature
technology process and the same yield characteristics, removing yield as a significant variable in
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FIGURE 11.1 PLDs vs. ASICs circa 2003.

their cost differential. Likewise, raw packaging costs are likely to be comparable because of the mat-
uration of stable packaging materials and technologies. The cost differential comes down to which
solution requires the smaller die and how the overhead costs of manufacturing and distribution are
amortized across the volume of chips shipped.

Die size is function of two design characteristics: how much logic is required and how many I/0
pins are required. While the size of logic gates has decreased by orders of magnitude over time, the
size of I/O pads, the physical structures that packaging wires connect to, has not changed by the
same degree. There are nonscalable issues constraining pad size, including physical wire bonding
and current drive requirements. I/O pads are often placed on the perimeter of a die. If the required
number of I/O pads cannot be placed along the existing die’s perimeter, the die must be enlarged
even if not required by the logic. ICs can be considered as being balanced, logic limited, or pad lim-
ited. A balanced design is optimal, because silicon area is being used efficiently by the logic and pad
structures. A logic-limited IC’s silicon area is dominated by the internal logic requirements. At the
low end being presently discussed, being logic limited is not a concern because of the current state
of technology. Pad-limited designs are more of a concern at the low end, because the chip is forced
to a certain minimum size to support a minimum number of pins.

Many low-end logic applications end up being pad limited as the state of silicon process technol-
ogy advances and more logic gates can be squeezed into ever smaller areas. The logic shrinks, but
the 1/0 pads do not. Once an IC is pad limited, ASIC and CPLD implementations may use the same
die size, removing it as a cost variable. This brings us back to the volume pricing and distribution as-
pects of the semiconductor business. If two silicon manufacturers are fabricating what is essentially
the same chip (same size, yield, and package), who will be able to offer the lowest final cost? The
comparison is between a PLD vendor that turns out millions of the exact same chip each year versus
an ASIC vendor that can manufacture only as many of your custom chips that you are willing to buy.
Is an ASIC’s volume 10,000 units per year? 100,000? One million? With all other factors being
equal, the high-volume PLD vendor has the advantage, because the part being sold is not custom but
a mass-produced generic product.





