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On-Chip Emulation for
Functional Test and Diagnosis

by Charles Swingler, International Test Technologies

As devices become
faster and more
complex, more board
developers are turning
to background
debugging and JTAG
emulators.

An Automated Manufacturing Test
Solution Using Debug Port Access
1. Test Controller Card (PCI)

2. Processor Control POD

3. 1/0 Emulation Unit

4. Gontrol PC

5. Board Bar-Code Scanner

6. Pass/Fail Results Printer

7. Interchangeable Bed-of-Nails
Module

8. Board Load/Unload Drawer

nyoneinvolvedinthe
design, manufacture,
or repair of processor-

driven boardsrequiresreliable, cost-ef-
fectivetest and debug strategies. But as
surface-mount (SM) components shrink,
board densities increase, and consumer
product prices plummet, the more com-
monly used functional test strategieshave
becomelessviable.

Plugging an assembled board into a
known-good target system, booting to an
operating system, and then running tests
requirelittle setup effort and are not ham-
pered by limited test access. However,
labor costs of this hot mock-up testing are
high, andif aboard fails, diagnostics may
belimited or nonexistent.

Functional Test by Emulation

Boards with a bus architecture can be
tested by emulating an onboard device
capabl e of taking control of theboard via
one of its buses. Types of emulation in-
clude processor, ROM, and bus. Oncein
control, theemulator loads and runsdiag-
nostic tests.

Processor emulatorsreplacetheboard’' s
processor, giving full control over all the
processor buses. Read/write access to all
parts of the board’s memory and I/O is
available viathe emulator.

Test access on densely packed boardsis
no problem for a processor emulator, al-
though the real processor must be sock-
eted to allow its replacement. Emulators
were used extensively in board develop-
ment, but increasing processor speeds now
have made them impractical .

ROM emulatorsreplace the boot ROM,
substituting diagnostic code for the
processor’ snormal boot code. They have
a bidirectional communications pathway
so that the unit under test (UUT) can com-
municate with thetester.

The primary shortcoming of ROM emu-
latorsistheinability to diagnosethe pro-
cessor to boot ROM area. ROM emulators
can be difficult to use with soldered-in
ROMSs unless some circuit modifications
are made at the product design stage.

Bus emulators connect to a bus slot or
edge connect, giving test access to the
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various circuits and functions of the
UUT viaread/write bus cycles. They
are useful for testing plug-in bus
cards such as VME and PCI.

Functional Test via
JTAG

TheJTAG interfaceorigi-
nally was designed to over-
come test-access problems

Control PC

FT Controller

on miniaturized components
when checking interconnec-
tions. This serial interface,

also known as the test

access port (TAP), uses five lines
(data and timing) to access the
daisy-chained shift registers built
into each component’s 1/0O pins,
allowing a chain of JTAG-compli-
ant components to be scanned for
errors (boundary scanning).

By extending the JTAG protocaol,
manufacturers of microprocessors
and DSPshave provided onboard de-
bug facilitiesfor hardware and soft-
ware devel opers, overcoming the 20-
MHz to 30-MHz speed barrier of
earlier emulators. With the emul ator
now onboard, debug instructions can
berunat full processor speed. Ven-
dor-specific extensionsto JTAG have
two or three additional signal lines
and an enhanced instruction set for
controlling the processor core.

The list of debug interface-en-
abled CPUs includes the Intel®
Pentium® processor family, the Intel
XScale™ Microarchitecture Proces-

interposer between the CPU and the socket,
using a very simple bed of nails when CPUs are
soldered, or making use of the JTAG break-out
header provided by some board manufacturers.
Any bus-architecture UUT can be divided into
functional blocks such as bridges, RAM, video
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Figure 1. Architecture of a
Debug Port Functional Tester
The functional test controller card
controls the CPU via the
processor control POD, which
adapts signal levels and protocols
to match the debug interface
requirements of specific
processor families. /0 ports are
tested by the 1/O emulation unit,
which can both generate and

controllers and 1/0
controllers. Each func-
tional block contains
arrays of memory or
I/Oregisters. Test pro-
grams use the ex-
tended JTAG debug
functions provided by
processor manufactur-
ers to sequentially ac-
cess these registers,
building up a com-
plete test.

Low-level functions
include stop/start the
processor, read/write
memory, read/write
general-purpose regis-
ters, read/write 1/0,
breakpoints, single-step
code, and code trace.
Combinations of these
functionsaccommodate
downloading test code

to a UUT, controlling and monitoring test code
execution, and collecting test resultsfrom UUT memory.

For example, the read/write functions can test RAM,
which aso verifies intermediate buses. 1/0 controllers
are tested either by looping the output back into the
input, as in the case of network interface controllers, or
generating/measuring signals with external devices at-
tached to the board’s connectors. Some test systems

measure digital and analog

sors, and the Motorola™, IBM® | oo

PowerPC™, AMD®, MIPS® and
ARM® processor families. |IEEE also
has published |EEE ISTO 5001 for debug interfaces.
Manufacturers often identify their flavors of debug
interfaces by specific names, including background
debug mode or BDM (Motorola), hardware debug tool
or HDT (AMD), and common on-chip processor or COP
(Motorola/IBM). The concept of the BDM interface is
similar to JTAG, but the signal lines and protocol differ.

Using the Debug Interface

Although these interfaces originally were aimed at
design engineers, test engineers can exploit them to
implement functional test solutions, resulting in reduced
development times, improved diagnostic resolution, and
shorter test times. Test and diagnostic equipment designed
to use a processor’s debug interface requires only about
six to 10 test points on the UUT. This access can be
achieved in most board designs, either by placing an

include I/O emulation units, which avoid the need to
attach real periphera devices.

A Typical Test Sequence

Initially, thetester usesthe debug Board bone
interface to control the processor il b
beforeit runsany code. Commands Pl G el
from the functional test controller turned into

card (FTCC) reach the debug port
via a processor control POD that
adapts signal levels and protocols
to match specific processor fami-
lies (Figure 1). Once in control, the FTCC uses the
processor as a vehicle for sequentially testing all buses
and addressable components throughout the board. I/0
ports are tested by the I/O emulation unit, which also
is linked to the FTCC to allow signal response to be
compared with the stimulus.

For example, a loudspeaker output would be tested by
commanding the CPU to program the DAC to generate

financial assets.
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Figure 2. Test
Sequence for an
Analog Output Port

an audio output. This would be
converted back to a digital signal
by the I/O emulation unit and fed
back to the functional test controller
card to compare with the original
stimulus (Figure 2). Video signals
are tested in a similar fashion.

Feedback to Compare Response With Stimulus

BDM/JTAG Benefits

Debug interface solutions have a
number of significant benefits over
other functional test solutions. By-
passing the board’s normal operat-
ing software allows functional test
times to be slashed from minutes to

Device Action

Microprocessor

Tester stops microprocessor and takes control

Memory Controller

Register test; configure registers

Memory

Memory test

Bridge

Register test; configure registers

Network Interface Card
(NIC)

Register test; configure the NIC for normal operation;
transmit and receive packets via a simple loopback

Video

Register test; use the debug interface to configure
the video controller to generate a test pattern
output on the video connector; use the I/0 emula-
tion unit video checker to verify the output

Keypad

Use the digital I/O module in the /O emulation unit
to simulate key presses; use the debug interface to
verify key codes in the keyboard controller

A/D

Use the analog I/O module in the I/O emulation unit
to generate a voltage; read back and verify the A/D
conversion using the CPU debug interface

D/A (audio out)

Use the CPU debug interface to configure the audio
controller to output a specific frequency; convert this
back to a digital signal using the analog 1/O module

in the I/O emulation unit; verify with the FTCC

Table 1. Typical Test Sequences for Various Devices

An analog input such as a micro-
phone port is tested by command-
ing the 1/0 emulation unit to gen-
erate an analog audio frequency.
The resulting digital signal ob-
tained via the CPU debug interface
is compared to the original stimulus.
Table 1 provides the actions a full
test sequence might perform on the
given devices.

seconds, leading to substantial test
cost savings. Comprehensive diag-
nostic information can be provided
down to the component level, even
for dead boards that can’t be diag-
nosed with other functional test
methods. In some cases, debug in-
terface test solutions also offer in-
system programming (ISP) of flash
memory.

Setup time is
minimized by the
preprogrammed de-
vice libraries and
automatic test gen-
eration (ATG) utili-
ties supplied with
some commercial testers. ATG soft-
wareinterrogatesaknown-good board
to identify the devices present and
then automatically creates test scripts
to validate the same set of devices
on subsequent boards during manu-
facturing or repair. Common form
factors such as PCI and PXI make
it easy to integrate these testers
with existing test solutions, includ-
ing automated board-handling sys-
tems. Compatibility with industry-
standard test executives means that
connection into the wider enter-
prise is straightforward.

As consumer devices continue to
shrink, board devel opers, manufactur-
ers, and integrators are very likely to
rely more on BDM/JTAG emulators
to solve their financial and techno-
logical constraints.
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