
IEEE Communications Magazine • September 2006

If you read a broad collection of trade jour-
nals and magazines focused on wireless commu-
nications, in any given month you are likely to
find a number of articles discussing the use of
different types of “off-the-shelf” digital signal
processing devices in wireless systems. The types
of devices generally discussed in these publica-
tions include application-specific standard prod-
ucts (ASSPs) targeted at wireless communications
along with the usual array of programmable
devices: field programmable gate arrays (FPGAs),
digital signal processors (DSPs), and general-pur-
pose processors (GPPs). I was discussing just
such an article with a colleague of mine recently,
and he pointed out that, over the past several
years, the “type names” for these latter devices
have become almost meaningless, stating “there
really isn’t any such thing as a DSP anymore.”
This was, I felt, a very interesting comment, and
worth exploring a bit further.

Consider the following: Wireless original
equipment manufacturers (OEMs) are in busi-
ness to make money. The way they generally
make money is by producing products that they
can sell copies of at a margin that offsets both
the cost of development and the cost of goods
sold at a sufficient level to generate a positive return on
investment (Fig. 1). Historically, a key mechanism for mini-
mizing cost of goods sold in a wireless device or system has
been through the use of application-specific integrated circuits
(ASICs) providing fixed or partially programmable functional-
ity for intermediate frequency (IF) and baseband signal pro-
cessing [1, 2]. These circuits may be provided by a
commercial-off-the-shelf device manufacturer in the form of
an ASSP, or developed by an OEM’s in-house ASIC design
team to be power and cost optimized to support a product’s
specific feature set. In products utilizing ASIC-based signal
processing technology, off-the-shelf programmable signal pro-
cessing devices such as DSPs or FPGAs are generally relegat-
ed to a supporting role, if used at all, as these devices add to
the overall size, weight, power, and cost of the product.

However, DSP and FPGA device manufacturers are also in
business to make money. The way they make money is by get-
ting their devices “designed into” products OEMs plan to pro-
duce in large volume. What this means is that the
programmable device manufacturer’s primary competitors are
ASSP device manufacturers and their customer’s own in-
house ASIC design teams. So how does a programmable
device manufacturer differentiate against these competitors?

For wireless infrastructure systems that ship in lower vol-
ume, such as satellite hubs or WiMAX gateways, the answer is
driven by the technical complexity inherent in the product.
The development cost of these systems is often quite large
and must be amortized across a relatively small number of
production units. As such, the cost of developing an ASIC in-
house would have a significant impact on the overall return
on investment, making the use of off-the-shelf signal process-
ing technologies attractive. This saves the OEM the cost of an
expensive ASIC development cycle and allows the OEM to
get its wireless infrastructure product to market faster.

The development cost of an ASIC also impacts the ASSP
manufacturer in supporting wireless infrastructure systems. The
requirements of these complex systems tend to vary significant-
ly from product to product, often requiring a new or modified

signal processing architecture for each application. This makes
it difficult for an ASSP manufacturer to achieve cost reduction
through economies of scale in developing application-specific
devices that will be utilized by multiple OEMs in creating com-
plex products. The value proposition programmable device
manufacturers bring for these types of complex systems, there-
fore, generally lies in having off-the-shelf devices that are able
to support a wide range of system requirements and air inter-
face standards as demonstrated through “reference designs.”
This allows the programmable device manufacturers to com-
pete with ASSP providers on cost, since the programmable
nature of these devices allows them to be used by multiple dif-
ferent OEMs in multiple different types of systems.

In supporting these complex systems, a variety of pro-
grammable signal processing devices are generally required:
FPGAs for high-performance front-end signal processing,
DSPs for baseband modem processing, and GPPs for control
functions and higher-level link and network layer processing
[3]. This becomes problematic in high-volume products. For
these types of products, such as cellular handsets and mobile
satellite terminals, the costs associated with the development
of an ASIC can be amortized over thousands of production
units, and as such the cost of development is fairly insignificant
when compared to cost of goods sold throughout the product’s
life cycle. Thus, for high-volume products, the production costs
and power dissipation associated with utilizing a mix of FPGA,
DSP, and GPP devices is prohibitive when compared to utiliz-
ing an ASIC whose features are optimized for that product.

So again, the question is: how does a programmable device
manufacturer differentiate against ASIC competition? The
strategy a number of these companies have embraced over the
past several years is to integrate the capabilities of each class
of processor into a single programmable device. The resulting
multicore “system on a chip” device is generally optimized to
support the IF and baseband processing requirements for a
target class of applications within the wireless market and typ-
ically includes elements such as:
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n Figure 1. Conceptual model comparing ROI profile for two different wireless
systems.
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• Front-end analog-to-digital and digital-to-analog convert-
er interfaces

• Programmable logic supporting temporal synchronization
on a wireless network

• One or more programmable signal processing elements
supporting the algorithmic requirements of modem pro-
cessing

• A general-purpose processor core supporting link and
network layer processing, waveform setup, and control

• Hardware accelerator cores, such as a turbo decoder,
supporting common functions that require relatively high
performance

• Peripheral input/output (I/O) device interfaces for:
–Memory
–Payload data ingress and egress
–Interaction with the rest of the radio system
Examples of this convergence abound. “FPGA manufactur-

ers,” including Xilinx,® Altera,® QuickLogic,® Lattice,® and
Atmel®, have all begun adding elements such as GPP cores,
dedicated DSP engines and application-relevant I/O to their
device offerings, reducing or eliminating the need for indepen-
dent DSP or GPP devices in products incorporating their tech-
nology [4–8]. Similarly, “DSP manufacturers” such as Texas
Instruments™ and Analog Devices® have begun incorporating
wireless instruction sets, hardware accelerators, GPP cores,
and application-relevant I/O to their device offerings, reducing
or eliminating the need for independent FPGA or GPP devices
in products incorporating their technology [9–11]. In addition,
companies such as Broadcom® and Freescale™ are integrating
DSP cores from StarCore™ and Ceva™ with GPPs, hardware
accelerators, and I/O to create baseband processors targeted at
wireless communications that compete directly with the offer-
ings of the more traditional device vendors [12–15]. Finally, a
number of newer companies, such as picoChip, have also got-
ten into the act, again integrating their proprietary high-perfor-
mance DSP engines with GPPs, hardware accelerators, and
I/O to create baseband processors targeted at wireless commu-
nications [16].

By integrating these various technologies into a single
programmable “system on a chip,” device manufacturers
can create a family of off-the-shelf products that begin to
become size, weight, power and cost competitive with com-
peting ASIC technologies [17].  This includes not only
devices developed in-house by OEMs for specific products,
but also ASSP devices from companies such as QUAL-
COMM® incorporating a mix of fixed function air interface
processors with programmable processors for use in cellular
handsets [18]. The ability to compete is especially true for
wireless products that must support multiple air interface
standards, such as cellular, WiFi, and WiMAX, since differ-
ent fixed function application-specific processors are typical-
ly required for each wireless protocol stack. For these types
of terminals,  a single programmable device can often
replace multiple application-specific processors by “loading”
the application code for the desired air interface dynamical-
ly while the handset or terminal is in operation. This capa-
bil ity of programmable devices has the potential  to
dramatically reduce the overall cost of the handset and
potentially increase battery life by eliminating the static
power dissipation associated with multiple application-spe-
cific technologies. The nature of these programmable
devices also offers the added benefit of allowing new rev-
enue generating features and capabilities to be added to the
wireless product while it is in service.

So, is there such a thing as a DSP anymore? Well, the
short answer is yes, but the use of a traditional signal pro-
cessing device like a DSP is typically limited to lower-vol-
ume complex wireless systems, with higher-volume wireless
products tending toward the use of more integrated pro-
grammable system on a chip technologies. The emergence
of these multicore devices combining the functionality of
ASSPs, GPPs, DSPs, and FPGAs into a single offering com-
plicates the design choices in radio systems. The develop-
ment team for any new advanced wireless product must now
spend considerable effort evaluating whether a radio func-
tion traditionally performed on an ASIC would, for exam-
ple,  be better implemented on an FPGA supporting
integrated DSP and GPP cores or on a DSP with integrated
wireless IP and GPP cores. Looking forward, design choices
will likely become even more difficult, with FPGA and DSP
vendors competing with each other head-on in the various
segments of the wireless market. Where will this end? Well,
the logical progression of this technology is to multiband
multimode “radio on a chip” devices integrating an RF
front-end core into the system on a chipdevice for further
size, weight, power, and cost savings. While it is reasonable
to assume that we are years away from the broad adoption
of off-the-shelf radio on a chip products, the trend toward
integrated technologies is clear, allowing off-the-shelf pro-
grammable device manufacturers to compete more and
more with in-house ASIC design teams for the IF and base-
band signal processing technology incorporated into wireless
products.
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