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JAVA API for Boundary Scan of FPGA System
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ABSTRACT

Nowadays boundary-scan technique is widely supported by most semiconductor vendors and test
system companies. A boundary-scan test bus, sometime called boundary scan is the standard test access
port, can now enabled in the FPGA System by adding afew line of VHDL code. This paper presents the
designed PC-interfacecircuit and the designed boundary scan API, whichimplementedin JAV A to provide
an easy way for accessing thetest accessport of FPGA device. Using the designed API equipped with some
low-cost PC hardware interface help us to conquer the complexity task of testing digital system that was
designed based on the FPGA devices and it is an alternative method for reducing the test cost of system.

Thefour basic classesand interfaces JavaScanOperations class, JavaScanState class, JavaScanBitl f
class, and JavaScanHWIf classaredefined aswell asanextended JAV A AP interfacecalled ScannedObject
has been constructed. Wetest the software on a X C4010E devel opment board. The experiment showsthat
theresult fromtheboundary-scan portiscorrespondent tothereal -lifeof thecircuit. Themaximum scanning

frequency egualsto 3.3574 KHz which depends on the FPGA device that used in the circuit.
Key words: JAVA, FPGA, |IEEE 1149.1, JTAG, design for testability, boundary scan

INTRODUCTION

The appearance of smaller packages for
VLS| components has created new challenges in
testing electronic circuit assemblies. Since an
increasing number of layersinthe PCB, new SMT
techniquessuchasTapeAutomated Bonding (TAB),
and Ball Grid Arrays (BGAS) packages, pressure
for fast product launch and quick delivery. Test
engineers find themselves under a continuous
pressure to adopt effective test strategies, develop
applications quickly, and be expedient in sending
good products out. One disadvantage in testing
small devices is that the test procedure gets
exponentially more complex. When circuit boards
werelarge, wetested them with techniques such as
bed-of-nails. Theproblemswith bed-of-nail stesting

were exacerbated as board dimensions got smaller
and surface-mount packaging technology improved.
If devices were mounted on both sides of acircuit
board, no attachment points were left for the test
equipment. To solve these problems, a group of
European electronics companies formed a
consortium in 1985 called the Joint Test Action
Group (JTAG). The consortium devised a
specification for performing boundary-scan
hardware testing at the IC level. Today, boundary-
scan technology is probably the most popular and
widely useddesign-for-testtechniqueintheindustry.
(Oshana, 2002)

The Boundary-Scan standard, formally
known as IEEE/ANSI Std 1149.1-1990 which
inspired from the Scan Path Technique (JTAG
technology B.V, 1997) sometime called JTAG.
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Boundary-Scan consists in insuring observability
and controllability of a board through its edge
connector using non-contact methods. The
boundary-scan based accessto PLD device can be
used for testing or in-system programming
operations. This paper will focus on testing
application based on a standard interface |IEEE
1149.1 Design-for-Test (DFT) technique which
transformsthein-circuittest methodsof thehardware
PCB that consist of many | Csinto asoftware based
techniques. A set of test patternsare then presented
through dedicated test inputs allowing full
observability and controllability of every pin of
every ICs on the board. This methodology of
incorporating DFT alows complete control and
accessto the boundary pins of adevicewithout the
need of expensivetest equipment. Each|EEE1149.1
compliant device includes aboundary-scan cell on
each input, output or bi-directional device pin that
under normal condition istransparent and inactive
allowing signalsto passnormally. Whenthedevice
isplacedintest mode, input signalscan be captured
for later analysis and output signals can be set to
affect other devices on the board.

Today a new technology that extends the
functionality of smallest Java virtua machine
provide a blueprint to help developers rapidly
generate applications for the dynamic testing,
debugging, and reconfiguration of programmable
logicdevices(PLDs). TheJavaAPI canbedeployed
by any PLD supplier, as well as manufacturers of
automati c test equi pment, deviceprogrammersand
software developers. The new API for boundary
scan will bring a new level of functionaity and
compatibility tochipsetand el ectronicboard design.
It provides a solution for unifying the generation
and distribution of programs required for
configuring, testing, and debugging in system
programmable devices and boundary-scan chips
that are compliant with the IEEE 1149.1 standard.
The Java(TM) technology enabled API for
Boundary-Scanisalicenseeopenclassthat describes
aprogramminginterfaceappropriatefor devel oping

applications that communicate with systems that
support |IEEE Std 1149.1. This Java(TM) Code
enabled API facilitates fully portable, network
friendly system development toallow for bothlocal
and remotefield upgradetest and debug of complex
electrical systems.

METRIALSAND METHODS

Boundary scan architecture

A boundary Scan architecture shown in
Figurelisdividedintwo parts: acontrol part called
“TAP controller” and a data path composed of
several registers accessible serialy through TDI
pin and TDO pin for controllable and observable
properties (LALA, 1997). The necessary and
sufficient test pins has been added, there are 4
mandatory test pins, plus one optional. These pins
are called “Test Access Port”, TAP, compose of:
TDI (Test Data Input) is a seria input pin. TDO
(Test DataOutput) isaserial output pin. TCK (Test
CLOCK) is a clock signal that synchronizes the
1149.1 internal state machine operations. TMS
(Test Mode Select) is the internal state machine
mode select signal. TRST (Test RESET) is an
optional reset pin that operates asynchronously to
reset the TAP Controller.

The control part in boundary scan is called
TAPController (Test AccessPort Controller). TAP
Controller is afinite state machine with two input
signals TMSand TCK asshown in Figure 2. TAP
Controller state diagram have two columns with
similar labels for each position the suffix, IR
(Instruction Register), and DR (Data Register).
Each position represents a TAP controller state.
The diagram shows how test data is received and
applied to and from the IEEE1149.1 circuitry. This
diagramappliestoall IEEE1149.1 compliantdevices
(Maunder, 1990). We can simplify the state of the
TAP state diagram into five basic operations Test-
Logic-Reset, Run-Test/Idle, Capture, Shift, and
Update.

Boundary-Scan data path composed of
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Figure1 Boundary-scan architecture.

several registers which contain three register that
are mandatory: IR (Instruction Register), Bypass
Register and the boundary scan register. Other
register are optional like the identification register
(ID) and user-specific register (USER).

The boundary scan instructions consist of
the following instructions: BY PASS instruction
hol dsthechiplogicout of thescan chain. SAMPLE/
PRELOAD instructionisfor takesa* snap-shot” of
thel/Ologic-levels, thelatter allowspreconditioning
output cells. EXTEST is the instruction that tests
for external inter-connectionshort/opens. Itimpedes
normal device functionality. The EXTEST,
BYPASS, SAMPLE /PRELOAD are mandatory,
whileother instructionsareoptional i.e. INTEST is
an instruction for testing the core logic function of
the circuit. IDCODE is an instruction for shifting
out thecontent of theidentificationregister, locating
thechip ontheboard and recognizeit. RUNBIST is
an instruction for stimulating and reading self-test
registers. USERCODE is an instruction use for
identifying PLDsmainly. CLAMPisaninstruction
usefor avoi ding buscontention by presetting output
values, setsBypassregister between TDI and TDO.
HIGHZ is an instruction similar to CLAMP but
leaves outputs in high-impedance.

The X C4000E family isthe FPGA devices
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Figure2 TAP Controller state diagrams.

(Xilinx Press, 1998) that we used in this work
supported all mandatory boundary scaninstructions
specified inthe |[EEE 1149.1. The public boundary
scan instructions are aways available prior to
configuration but after configuration, the
instructions and any USER instructions are only
available if the boundary scan specified in the
schematic/HDL code. During configuration, the
SAMPLE and BYPASS are available but it is
recommended that not to perform boundary scan
operationsduring configurationperiod. If Boundary
Scan isnot used after the device is configured, the
user can use the special boundary pads as input or
output pins.

Boundary-Scan operation isindependent of
individual 10B (I/O Block) configuration and
package type. The technique to provide the
maximum flexibility for interconnect testing is
treated all 10Bs as independently controlled bi-
directional test capability even after configuration,
including any unbonded IOBs. It should be noted
that during configuration of the FPGA device by
using standard programming pins be sure not to
toggle the TAP pins, since inadvertent toggling of
theTAPpinscanturnontheboundary scancircuitry.
TheFPGA devicesfrom Xilinx havesomedeviation
of theboundary scancircuitfromthel EEE standard
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inthat the CCLK, PROGRAM\, and DONE pinare
not scanned and the operation of the TAP controller
cannot be affected by boundary-scan test data.
Additionaly, the EXTEST instruction with the
INTEST-like functionality is not specified in the
standard, and system clock inputs are not disabled
during EXTEST, as recommend.

Hardwar e and software

The XC4010E Xilinx's FPGA is used for
implementing the circuit as well as the Xilinx
Foundation Seriesversion 1.5isusedfor designand
implement the circuit into Xilinx FPGA. VHDL is
the language that used to design the digital circuit.
The Xilinx Demonstration board and X Checker
cable is the hardware tools for download design
from Xilinx Foundation Seriesinto FPGA chip and
observe the circuit result.

Theinterface part betweenacomputer anda
boundary scan port of Xilinx FPGA device is a
parallel port and someadditional low-cost hardware.
Figure 3 shows a schematic diagram of a circuit
between parallel port and the boundary scan port of
the FPGA device.

The application programming interface
(API) is built in Java language because the real
world of semiconductor device and its operations
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Figure3 A Schematic diagram of the interface
circuit.

aremost logically presented in termsof objectsand
associated methodstofollow the Javaobject oriented
paradigm. The advantage of object-oriented
paradigmiseasy to extend and manage complexity
of the system.

FPGA Boundary Scan enable framework

Even the Xilinx's FPGA device already
providetheexternal pinsfor boundary-scanstandard,
by default the internal boundary-scan circuit is
disabled. While using Xilinx foundation software
to design the FPGA-based system, we can enable
theboundary-scancircuit of FPGA deviceby adding
the following two part of code to the top level of
VHDL system code, as shown in Figure 4.

--** insert the following after the begin keyword**
U1: BSCAN port map (TDO =>TDO_NET,
TDI => TDI_NET,
TMS=>TMS NET,
TCK => TCK_NET);
U2: TDI port map (I =>TDI_NET);
U3: TCK port map (I =>TCK_NET);
U4: TMS port map (I =>TMS_NET);
US: TDO port map (O =>TDO_NET);

--** insert the following between the architecture
-- and begin keywords**

signal TCK_NET : STD_LOGIC;
signal TDI_NET : STD_LOGIC;
signd TMS NET : STD_LOGIC;
signd TDO_NET : STD_LOGIC;

component BSCAN

port (TDI, TMS, TCK out STD_LOGIC;

TDO: in STD_LOGIC);

end component;
component TDI

port (I: out STD_LOGIC);
end component;
component TMS

port (I: out STD_LOGIC);
end component;
component TCK

port (I: out STD_LOGIC);
end component;
component TDO

port (O: out STD_LOGIC);
end component;

Figure4 Boundary scan enabler.



216 Kasetsart J. (Nat. Sci.) 36 (2)

Basic Boundary Scan Java API Classdiagram

A classdiagramisact likeablue-print of the
software system. The class diagram of the basic
JavaAPI showninFigure5 showsall classesinthe
package, relationship and dependency between
classes.

There are four basic classes and interfaces
that make up the Java APl for boundary scan
contains JavaScanOperations class, JavaScanState
class, JavaScanBitlf class, and JavaScanHWIf class.
The instance of class JavaScanOperations is the
object describesall basicboundary-scan operations,
while the javaScanBitlf is the interface describes
the mechanism for accessthe boundary-scantest or
programmingdata. Giventheoperationof the1149.1
state machinesthe number of operations supported
by the API are actually quite simple and can be
simply enumerated which is the responsible of the
JavaScanStateclass. Theinstanceof JavaScanState
is object which describes the 16 states of the TAP
controller state machine. The JavaScanHWIf is
interface which describes the mechanism for
generating the actual electrical signalsto stimulate
theTAPthroughtheapplicationport, suchasparallel
port discussed. The Java manner to interface to a
widevariety of disparatedevicesisimplemented as
aJavaNativelnterface (JavaStudent Guide, 1999).
Thedynamiclinkedlibrary that isprovidefromthe
third party interface cablevendorsallow ustowrap
it as a Java object by using JNI, resulted in
JavaScanHWIf class, this alow us to change the
interface type (such as USB, Firewire).

“Bouren S EETE—

Figure5 Classdiagram of the basic Java API.

Extended Java API for boundary scan inter face

The basic APl provide the capable to
interface with the boundary-scan port of the FPGA
devices but the change in FPGA chip number or
chip functionality result in the need to change the
code. Thecommon need input into the Java code of
thetest systemthat usesthebasic APl isthemapping
information of boundary-scan cell number and
physical pins number of FPGA device. Other
information is the mapping between signal name
and physical pins of the FPGA device. The first
information can be get from an external file known
as the BSDL (Boundary-Scan Description
Language) file which defines the capabilities of
any single device's boundary-scan logic. These
files are supplied by the 1IC manufacturer. The
secondinformation can beget fromtheexternal file
that generated by Xilinx Foundation SeriesSoftware
known as XNF (Xilinx Net list File) file which
defines the mapping between signal name and the
physical pin number of FPGA device. Every FPGA
device must hasitsindividual file. An example of
theportionof BSDL fileand XNFfileareshownin
Figure 6.

The extension of API concept resultsin one
additional object called ScannedObject. The
ScannedObject has responsibility for initia its
internal hash table with mapping information
between pinnumber and boundary scan cell number
by travel along the BSDL file and grasp the
information, alsoinitial itsinternal hash tablewith
mapping information between signa name and

Figure6 AnExampleof theportionof BSDL and
XNFfile.
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physical pinby travel alongthe XNFfile. Theclass BscanCell
Fjlag_ram of ScannedObject with other class shown e ScannedObject
inFigure 7. /f‘

g ER

BscanUnit

RESULTSAND DISSCUSSION

i ) Figure7 Classdiagram of ScannedObject.
The compl ete class diagrams of basic Java

boundary scan APl isshowninFigure8. It provides
thecapabletointerfacewiththeboundary-scan port
of the FPGA devices.

The JavaScanOperations class contains the
basic methods to describe the required boundary-
scan program, test and debug operations. The
JavaScanState class describes the 16 states of the
|EEE Std. 1149.1 Test Access Port Controller. The 0
javaScanBitlf classdescribestheinterfacemethods Srquaisg || srosipand

javaScanHWi

:Eﬂua'z‘:;: [| SiPrependg
for accessing application specific data. The Cequatsh (| srenay ™"

implementation of this interface’s methods
comprehends the desired data compression and
decompression algorithms. The JavaScanHWIf | &5l ||@emetetesiago
class describes the interface to boundary scan |EtransdionToEndiRY
hardware.

The extended API provides the transparent
mapping between signal name of the VHDL circuit
design and internal boundary-scan cell number.
The complete class diagram includes an
implementation of extended API is shown in ScannedObject
Figure 9 which shows all available operations. &ocelCount - int

The functional test process for this APl is ‘vec.a.-.r.-:-rj-:.:._.;=-r.:-

. . . . VEcannedObiectiargD | String)
done by generate several simple sequentia circuit QeelTargetargd : String) - void

#OR{

Figure8 Classdiagrams of basic API.

such asflip-flop, counter in VHDL by using Xilinx VyetaliPinName( - String]
. i . SpgetaiPinMame(argl : String) © String()
Foundation version 1.5 and download to Xilinx SgetType(argd - String) - Str
. SgetalOutputPinName() - Siringll
FPGA demonstrationboard. Toreadtheresultfrom SgelAinpuiPinName - Sringd

the boundary-scan port of FPGA device, wewritea YuetAiBidirPinName( - String]
SgetC ontrolBilPosilion{arg0 . Sting) int

simple Java program that use this APl and use the QgetinputBiPosition(argl - Siring) : int

R : SgetOutputBitPosition{arg0 © Stang) - int
sample instruction of the boundary-scan port. We OgeiBscanResullargh :8ring, arg? - Bited : buokean

found that theresult fromthe boundary-scan port is :?F!Irﬂc,r anfe Ii:ar'lg.f |I': r;uf .'.r_: 1 r||%;1° canfidify - soolean
. . i selbx froment(argd - String)  void
correspondent to the real-life of the circuit. The SyebiinEmiroment(argd String) | String
only limitation is the speed of parallel portsinceit [0, ,me)':r';i?g bt
works in SPP mode. The maximum speed of SPP SgetCellCount() -int
o . SmainfargD - Sting() voud
mode for receiving datais 200 Kbytes per second
and device that used in the board is XC4010E

(PC.84) has boundary scan cell 488 cells. The  Figure9 Classdiagram of extended API.
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number of boundary-scan cell dependsonthe FPGA
device that used in the circuit. In this case, we can
cal culate the maximum scanning frequency equals
to

200 KPS 1004
Sec
488 bits

Kbytes 8 Kbytes
SEC SEC__ = 3.3574kHz

Thisspeed limitation can eliminate by using
the faster interface cable which based on another
standard interface port such as USB or Firewire.
Westill canusethisAPI after changeinterfacetype
by replace the old dynamic linked library with the
new one since the JavaScanHWIf class use the
native interface implementation.

We can use this API package for create a
kind of testing application that automate and aided
the FPGA testing process.

CONCLUSION

In this paper we present the basic Java APl
and extended version for boundary-scan of Xilinx
FPGA. The Xilinx FPGA system that applies the
boundary-scan must be Designed-For-Test. We
also present the way to make the Xilinx's FPGA-
based design to be a Designed-For-Test Chip. The
future work will use al these API for implement
Test aided equipment for FPGA-based system.
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