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Abstract— In this paper, we present a description of our
developed adapter, which takes acts as a gateway between IEEE
1149.1 and IEEE 1149.7 test infrastructures. The referred
adapter reduces the pins of the TAP from 4 to 2 and implements
advanced capabilities, such as Parking State of a TAPC and the
Reset and Selection Unit (RSU).
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1. INTRODUCTION

The boundary-scan test technology was developed in the
mid-1980s and approved as IEEE Std 1149.1 in 1990 [1].
Every 1149.1-compliant circuit includes a set of test cells
placed in the device boundary, enabling observation and
control of every functional pin. The four-pin Test Access Port
(TAP) ensures the access to the test infrastructure using a
common protocol to all test data operations irrespective of the
device or its manufacturer. There are two pins dedicated to data
shifting (TDI and TDO), one pin dedicated to control
operations (TMS), and one to provide the test clock (TCK).
Each device possesses an instruction register (IR) which
specifies the required operating mode for the test logic.

The IEEE Std 1149.7 [2] [3] maintains the compatibility
with the previous standard, but it offers the possibility of not
only to reduce the number of pins used for testing and
debugging, while offering new and improved functionalities
and topologies. This new standard, while fully compatible with
the IEEE 1149.1, is not meant to replace it.

This standard enables the use of either the legacy TAP or a
compact version using only 2 pins (TCKC and TMSC). It also
offers the possibility of using a star topology of the test circuit,
allowing the test of different circuits at the same time. It also
provides new features like the chip-level bypass (where chains
that are not used are substituted by a bypass bit), the individual
addressing (allowing the communication exclusively with any
given device) and the power management capabilities (to
control the power consumption).

The main contribution of the work described in this paper is
related to the integration of IEEE Std 1149.1 test systems and
architectures in IEEE std 1149.7-based environments by the
development and implementation of suitable adapters. Since

978-1-4673-2085-6/12/$31.00 (©2012 IEEE

Manuel G. Gericota

Department of Electrical Engineering
ISEP
Porto, Portugal

mgg@isep.ipp.pt

the recent standard is only compatible with the legacy standard
in some restricted architectures, a set of three scan format
adapters were developed, in order to fully integrate the legacy
standard test architecture in modern star topologies using 2
signals. The use of such adapters is useful to preserve IP cores
that use a four wire test bus, on a chip that only uses two
external pads. Also, the RSU module allows the control of the
legacy TAPC, providing the capability to switch-on or switch-
off the respective scan path.

II.  ScAN FORMATS

To meet the demands for improved capabilities and higher
performance of the debug and test phase, 13 advanced scan
formats are defined in the IEEE Std 1149.7. These advanced
scan formats are only usable with classes T4 and TS5 of the
TAP.7, since these are the classes that provide advanced
capability. Therefore, the behavior of the TAP.7, with these
scan formats, is compatible only with Star-2 Scan Topology.
Although having 13 advanced scan formats, only 3 are
considered to be mandatory — MScan, OScan0 and OScanl.
Each TCKC period represents a different test signal in the
TMSC packet. Each of the mandatory scan formats have a
different sequence of multiplexed data, as shown in figure 1.

nTDlI | TMS | PCO | RDY | PC1 | TDO

MScan

nTDlI | TMS | RDY | TDO

OScan O

nTDI | TMS | TDO

OScan 1

Figure 1. TMSC multiplexed data in MScan format

The PCO and PC1 are precharge bits that occur before and
after the RDY bits, respectively. The RDY vector may be used
to stall the TAPC progression, which delays the completion of
the transmission, until a ready sequence is detected.
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III. EXTENDED FEATURES

Since the current circuits are increasing in complexity, the
structure of the test architecture of the IEEE std 1149.7 is
divided in multiple levels, in contrast to the legacy standard.
The new standard has the possibility of creating an unlimited
number of levels, divided in three classes: ADTAPCs (adapter
TAPC); CLTAPCs (Chip-Level TAPC); EMTAPCs
(Embedded TAPC). A TAPC is considered a parent of another
TAPC when it is in a higher architectural level.

A. Parking States

A TAPC is considered parked when the state of its parent
may change, while its state does not change. This means that its
state is no longer synchronized with the TAPs at higher levels
of the hierarchy. One use of this feature is to disable the access
to scan paths that are of no interest or are not available for use.
An ADTAPC may be parked in any TAPC state. CLTAPCs
may be parked in Test-Logic-Reset, Run-Test/Idle, Pause-IR
and Pause-DR states, since they are stable states in the IEEE
1149.1 standard. An EMTAPC may only be parked in Test-
Logic-Reset or Run-Test/Idle states. When a CLTAPC or an
EMTAPC is parked in a forbidden state, an asynchronous
TAPC reset is required to unpark it.

B. RSU Module

When the selection and deselection of a TO TAP.7 is
desired, the optional RSU is placed between the TAP signals
and the Chip-Level Logic. Figure 2 demonstrates the
connectivity between the TO TAPC and the RSU module.

1149.1-Compliant Behavior
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Figure 2. RSU and TO TAP functional block diagram [2]

The RSU contains reset and selection/deselection
capability. It supports the parking of the TAPC state. The
actions taken by the RSU are initiated with Selection Alert Bit
Sequences and Deselection Alert Bit-Sequences. The selection
and deselection sequences are initiated by the DTS holding the
system test clock high, and repeatedly changing the value of
TMS. This indicates the RSU module that a selection or
deselection sequence is arriving next, and consists of 4 bits
called the OAC (Online Activation Code) field. If the OAC
received matches the predetermined code of the RSU module,
the respective Scan Path is either switched on or off, depending
on the current state.

IV. RESULTS

The three scan format adapters were implemented using the
Xilinx® ISE Design Suite 13.3 and the Verilog HDL. An
Xilinx® Spartan3 FPGA was used as the target device.

The adapter is the higher level module, and converts the
data from two to four pins. The four test signals are then
connected to the 1149.1 TAPC and the boundary scan chain.
This allows a good analysis of resource allocation. All the
implementations have different state machines, yet they all
have a common initial stage: synchronization. At power up, the
adaptor is unable to guess the phase of the multiplexed data
signal. After synchronization each adaptor stores the
multiplexed data in the respective registers in order to convert
each packet into the four-wire communication protocol.

The RSU module was implemented using the OScanl
format. It consists of a module that is placed between the
adapter and the TAPC modules, allowing a complete analysis
of the incoming test signals and control of the TAPC.

Table I compares the resource utilization of each of the
implementations described.

TABLE L IMPLEMENTATION RESULTS
Logic MScan 0OScan0 OScanl OScanl
e Adapter +
Utilization Adapter Adapter Adapter RSU
Registers 92 86 86 102
4 input LUTs 89 88 86 80
Slices 79 75 74 78

V.  CONCLUSIONS AND FUTURE WORK

Analyzing the implementation results it is possible to infer
the resources required by the adaptors and RSU module,
compare those resources to assess the advantages of using only
two pins dedicated for testing, and the possibility to select and
deselect the TAPC individually or in groups. By using one of
the three adapters it is possible to use an IEEE std 1149.1
component in a IEEE std 1149.7 star-2 architecture introducing
the functionalities of the newer standard.

It is our goal to sequentially develop the remaining modules
in the TAP.7 architecture, the Extended Protocol Unit (EPU)
and Advanced Protocol Unit (APU). The development of
adapters to the optional scan formats is also an objective.

REFERENCES

[1] "IEEE Standard Test Access Port and Boundary-Scan Architecture",
IEEE Std 1149.1-2001, 2001

[2] "IEEE Standard for Reduced-Pin and Enhanced-Functionality Test
Access Port and Boundary-Scan Architecture", IEEE Std 1149.7-2009,
Feb. 102010

[3] A.W. Ley, "Doing more with less - An IEEE 1149.7 embedded tutorial:
Standard for reduced-pin and enhanced-functionality test access port and

boundary-scan architecture", International Test Conference, 2009. ITC
2009, 1-6 Nov. 2009

2012 IEEE 18th International On-Line Testing Symposium (IOLTS) 137




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


