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Summary
Functionally, the role that FPGAs (field programmable gate arrays) have played in computer and
communications systems has grown in parallel with the number of gates and the capabilities of
these devices. A recent study by the Linley Group found that the deployment of FPGAs grew 51
percent in 2010, a testament to the rapidly increasing pervasiveness of these devices. Typically,
FPGAs have been deployed by system designers for additional functionality, such as logic
engines, peripheral I/O management, communications coordination, graphics and multimedia
processing, as well as other types of functionality. Now though, these versatile and flexible
devices are emerging as a likely platform for next-generation embedded board test and
measurement capabilities which can be employed during design, development and
manufacturing, and/or in ancillary applications in the field following product launch, such as
ongoing continuing engineering, remote diagnostics, troubleshooting and others.
This trend toward FPGA-controlled test (FCT) is a part of the larger shift toward embedded
instrumentation as a more effective methodology for validating, testing and debugging circuit
boards. Much of today’s leading-edge electronics technology has simply progressed beyond the
reach of legacy, intrusive test technologies such as oscilloscopes and in-circuit test (ICT)
systems. Because these legacy methodologies are based on making contact with chips on boards
and circuit boards themselves, they are hobbled by the physical nature of probing. The next wave

of validation and test technologies – which includes FCT – will be dominated by internal, nonintrusive software-driven embedded instrumentation methodologies.

FPGA-Controlled Test – What is it?
The precedent for embedding test and measurement instrumentation into semiconductors is well
established. Chip suppliers have been doing it for years to characterize, validate and test their
devices. Recently, the usefulness of these embedded instruments has been extended to circuit
board validation, test and debug. Now, the next logical step is to embed the multiple instruments
that would make up a board tester into an FPGA and thereby extend the test coverage capabilities
of software-driven non-intrusive board test (NBT) and validation even further.
Such a board tester might be inserted into an FPGA for temporary or permanent purposes. For
example, during circuit board development, first prototypes often are delivered before the
firmware for an FPGA or the operating system has been completed. At this point, the structural,
functional and performance capabilities of the prototype hardware must be tested to validate the
design in preparation for software integration. Previously, functionally validating the hardware
was severely limited without the board’s firmware or OS in place. As a result, development
schedules might be delayed while software was being completed. Now, FCT offers an
alternative. With FCT, testers made up of multiple instruments can be inserted into an FPGA on
the prototypes and subsequently removed after they have helped to validate, test and debug the
design. In addition, there could be a need for this FCT tester later in the lifecycle of the circuit
board. If so, then some or all of the embedded instruments might remain in the FPGA or be reinserted when needed to perform manufacturing test, ongoing fault analysis, remote diagnostics
or troubleshooting by field service. Figure 1 below shows the extent of test coverage provided by
an FCT board tester.

Figure 1: Potential test coverage from FPGA-controlled test.
Many different types of instruments could compose an FCT board-tester-in-a-chip. Table 1
contains a partial list.

Table 1
Some of the instruments suitable for
FPGA-controlled test (FCT)
•
•
•
•
•

Digital pattern generator
Digital capture buffer
SerDes BERT (bit error rate test)
SPI/I2C master interfaces
Fast flash memory programmer

A Faltering Legacy
External test and measurement instrumentation, which depends on physical probes to test circuit
boards, has performed its tasks admirably, but as complexity and operational speeds have
escalated geometrically – while the size of chips and systems has shrunk dramatically – the
effectiveness and capabilities of external instruments have eroded accordingly. As a result,
providers of traditional external and modular instruments are investing in enhanced software for
their equipment. They claim this increases their instruments’ visibility into circuit boards,
enhancing their effective test coverage. Unfortunately, no amount of extrapolation through
higher order mathematics can provide the accuracy and authenticity of the empirical data that is
observed and compiled by internal, non-intrusive, software-driven embedded instrumentation.
FCT is another manifestation of this trend toward internal embedded instrumentation. For
designers who are validating and bringing up boards, for manufacturing test engineers who are
testing boards in high-volume production, and for field service or continuing engineering
organizations, FCT is an effective way to take an inside look at what’s happening on boards and
in systems.

How FCT Works
A key characteristic of FCT is its adaptability. The instruments and testers inserted in one FPGA
may never be replicated exactly the same in another FPGA on a different circuit board. Each
FCT board-tester-in-a-chip will likely be different from every other since the configuration of an
FCT tester will be dictated by the circuit board design that is being tested and the test objectives
of the engineers testing the board. As a result, each FCT tester must be easy to assemble,
configure and insert into an FPGA. Fortunately, several industry standards can be applied to
FCT.
•

IEEE 1149.1 Boundary-Scan (JTAG)

Through its Test Access Port (TAP), the boundary scan standard provides an access method into
an FPGA and an infrastructure for test-related communications throughout a circuit board.
Moreover, FPGAs include a boundary-scan register which can be coupled with other chips on a
circuit board in a boundary-scan chain, which can then be employed in test and verify chip-tochip interconnectivity on the board.
•

IEEE P1687 Internal JTAG (IJTAG)

In addition to defining a standard interface for embedded instruments to ensure their portability,
the IJTAG standard will establish an on-chip architecture for the instruments which make up a

tester. When the standard is approved early next year, IJTAG will establish two languages. One
will be used to describe the architecture connecting the various on-chip instruments in an FCT
board tester and the second will control and manage the operations of embedded instruments.
The figure below shows an example of a basic IJTAG infrastructure on an FPGA. To simplify
the illustration only two memory built-in self test (MBIST) instruments are shown, but many
other types of instruments could be deployed at the same time and in the same FPGA.

Figure 2: A simplified FCT architecture on an FPGA.

ASSET ScanWorks FCT
The ASSET ScanWorks platform for embedded instruments was the first environment to support
the IJTAG standard. Enabled by its IJTAG tools and its heritage as a leader in boundary-scan
(JTAG), ScanWorks is able to function as a unified and automated environment for FCT.
Instruments or instrument functions are selected from a ScanWorks library and matched with a
description of one of the supported FPGA devices from another ScanWorks library. After the
user sets the parameters on the instruments selected, ScanWorks automatically generates all of
the on-chip constructs for the board-tester-in-a-chip, facilitates the synthesis of the instrument
code into the firmware required by the FPGA and creates the software image of the tester to
program the FPGA. ScanWorks then inserts the tester into the FPGA and provides a drag-anddrop user interface to operate and manage the tester. ScanWorks serves as a unified automated
environment for the entire process.
For more information on ScanWorks FCT, go to the Press Room on the ASSET web site at
http://www.asset-intertech.com/press_room.html.
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