.2 6 JAN 2005 BOUNDARY SCAN W TH GROUND BOUNCE RECOVERY TECHNI CAL FI ELD The

subj ect matter described here generally relates to boundary scan? § J&$tug
and, nore particularly, to recovery 'from ground bounce during a boundary
scan test. BACKGROUND 1. The Boundary Scan Standard 10 | EEE/ ANSI Standard
1149.1-1990, entitled "Standard Test Access Port and Boundary Scan

Architecture," is.j by reference here and describes a testing
schene usi ng "sc%bm\@:;gﬁ&?é&gﬂ)%@-&b'tGB@HHPaBWEIﬁEQQMERYand out put
pins of an electronic device. The term"register" broadly refers to groups
of digital logic storage units that are read or witten as a unit. 15 For

exanple, a sinple register may be constructed froma group of "flip-flops"

whose outputs toggle simltaneougty WC?\?.E g% to a "clock” timng signal.
In another type of register, cal e'c-il a "shi register,"” stored val ues can

al so be circulated between the storage elenents ip the register when a
particul ar conﬁ'%lsugl%arheé théﬁgg'gﬁ%ﬂe’f‘%@ lyireradestq bpundary spesup of
flip-flops until they 20 are switched into a test node where they becone
one | oy sKElng Begi Fiose partihilarc doféguveny ifom gréwowsbeoace tdaghgteer data to
be captured in parallel and 1 2 6 JAN 2005

boundary scan fest.

BACKGROUND
1. The Boundary Scan Standard
10 IEEE/ANSI Standard 1149.1-1990, entitled “Staﬁdard Test Access Port
and Boundary Scan Architecture,” is incorporated by reference here‘and
describes a testing scheme using “scan registers” to capturé data from the
input and output pins of an electronic device. The term ‘register” broadiy
refers to groups of digital logic storage units that are read or written as a unit.
15 For example, a simple register may be constructed from a group of “flip-flops”
whose outpqts toggle simultaneously in response to a “clock” timing signal. In
- another type of register, called a “shift reg'ister,"' stored values can also be-
circulated between the storage elements in the register when a particular -
control signal is puised. Scan registers act like a group of ﬁip-ﬂopé until they
20 are switched into a test mode where they become one long shift register.

This configuration allows scan register data to be captured in parallel and



shifted serially between storage elenents in the scan register. A detailed
di scussi on of boundary scan testing and scan registers is provided in "The
Boundar y- Scan Handbook" by Kenneth P. Parker (Kl uwer Academ c flgbUiANﬁg%,
2d edition) and "Agi | ent 3070 Family Boundary-Scan 5 Fundanental s H/72

Opt 210 (E37950)" (Agiient Technol ogies), both of which are also

i ncorporated by reference here in their entirety. Testing systens that use
boundary s8hified sehaby bgiween statage eterhants intthe scantregistredi dettdilexdi t

testing, board testing, and/or systeml|evel testing are also

conmer ci al amaysa@h@bb@uﬁaam @cé{"ﬁfésﬁﬁ 2l é@&%ﬁé&%gﬂb{?@?ﬁgh' ¢R

Technol ogies Inc.; Corelis, ET InterT Tec noI ogi es
Goep t Jer n I nc er.e tenms; Sightsys LTD.;

I nt eI | i tecﬁbeﬁ%@ é%hg%ﬂd%??dmh E‘B”aﬁtfﬂ %A%@Flger ﬁ“"é’:‘f’fﬁﬁa‘i’%“lﬂ G 1, the

basic architecture for i'nplenmenting boundary scan testing is provided on

an i nt egr aveblisfiers.id edition] endcAgientd¥iACEamily Haundary-Sogor, optional |y,
five) package pins formng the Test Access Port ("TAP'). The TAP is used

for communFgedamanisis hsmaf:\ftbpt2m§%slm/bmgné@mécmdm@e§ ), HRRHFNG uni t

(such as Agil ent Technol ogi es Seri'es in-circuif tést system), or

ot her devi S s. via the The 1 ogic
For the TAT e B R BRL b R e TP el kot |
controller,™ that is driven by signals applied to the Test Cock (" TCK"),
Test Nbde’sygéﬁffe%tth%t YaePgUNGaTY S@amtgﬁmolq@mn oestastto fagifiste integraied The
remai ni ng 2

) circuit testlng, board testlng and/or system level testing are also

commercially-available from a variety of vendors including Agilent
10 Technologies Inc.; Corelis, Inc.; ASSET InterTech, Inc.; JTAG Technologies
B.V., Goepel Electronics; Teredyne lnc.; Agere Systems; Sightsys LTD.;
Intellitech Corp.; Acugen Software; and others.
As shown‘ in FIG. 1, the basic architecture for implementing boundary
scan testing is provided on an integrated circuif 100 (or other device) by four
15  (or, optionally, five) package pins forming the Test Access Port (“TAP”). The
) TAP is used for communicating with on-chip, boundary scan logic using a |
testing unit (such as Agilent Technologies’ “3070 Series 3" in-circuit test
systemy), or other device, to send and receive various signais via the TAP.
The logic for the TAP includes a finite state machine, called the “TAP
20  controlier,” that is driven by signals applied to the Test Clock (“TCK”), Test

Mode Select (*TMS”), and optional Test Reset (“TRST” ) pins. The remaining



26 JAN 2005 two pins, Test Data In ("TD ") and Test Data Qut ("TDO'), are

used for serially shifting data into and out of registers as
bel ow. The regi sters in the boundary scan | ogic include at agﬁ ?’WZ@tS

registers ("DR'). and an instruction register ("IR"). The "boundary (data) 5
register” 1 u2 is a scan register that is used to control and observe
activities on the input and output pins of the integrated circuit 100 or

ot her devi dWo P Teshhida yn (d@RIStand Test Datd OuMETNY”), brsingded Yor SaHAter
cells" 104 di sposed between each of the termnals 106 and the internal

| ogi ¢ 108 @hiftiig dbt RE ahgq;ut@wgastterége diskllssBRtpdifig. TP pins). Fach cell

typlcally i ncludes a shift reglster cature Ip-flop and a parall el
"update" flip-f r|aI in nd outputs for each cell

are connect ed th(?‘%orlemsée@é?lﬂ&? QHPE?%%&"‘W 0&5 inglude abjgpst twa dota hr ough t he

boundary scan cells 104. For input pins 106A on the integrated circuit
100, the paegistess (DiPlesdainstruplions registen¢ IR itae Sboegday quata)02 are
connected to the device pin and systemcircuitry, respectively. For 15

out put i nsedifep, .@ms&seéﬁlrg@g@attﬁaﬁé@séewsrﬁ%l ihe ozb%‘é?\%:a @Siﬁeéegi ster

in the boundary scan logic is the ' ypass register” ypass

[F2 L, bARBEMAERTHEAN Db I OO iR Don S e T
boundary scan chain, as described in m)r e detail belowwith 20 regard to
FIG 2.°J boundary register 102 is formed by "boundary register cells” 104 disposed
s between each of the terminals 106 and the internal logic 108 of the integrated
circuit 100 (but not the TAP pins). Each cell typically includes a shift register
10 “capture” flip-flop and a parallel “update” flip-flop or latch. The serial inputs
and omjtputs for each cell are connected to form a serial shift path, or “scan
path,” 110 through therboundary scan cells 104. For input pins 106A on the
integrated circuit 100, the parallel inputs and outputs of the boundary register
102 are connected to the device pin and system circuitry, respectively. For -
15 output pins 106B, these assignments are reversed.
) The second data register in the boundary scan logic is the “bypass
‘register” 112. The bypass register 112 provides a one-bit shift path through
the integrated circuit that can be used to shorten the length of the system

scan path in a boundary scan chain, as described in more detail below with

20 regard o FiG. 2.

8]



2 6 JAN 2005 The instruction register (" 1R') 114 defines the node in which
the data registers operate. Simlar to the data registers 110 grBj }M’Qﬂbgle
instruction register 114 also includes cells with a shift regiSter ™
"capture" flip-flop and a parallel "update” flip-flop or latch. Once the
instruction register is connected 5 between TDI and TDO, the shift register
portion holds new instruction bits noving through the register while the
out put | at ches Héledinstiectiertegister (1IRE) t 14 tefimes thepinade imvwhieh ey daki fti ng
is done (in order to prevent "shift ripple"). The active instruction is

then decodesyierets Bpertbo Sithiat i theRetAoMals TRrgnhave R pRkeclcd. or

"target," data register is placed 10 between TDO an ned

above, the Ly-.Scan Standard also gl.lows. the scan paths 110 of :
nul tiple i B@S@gﬁéﬁ aj%‘?b’lﬁ‘t@eﬁ%fs ‘gﬁﬁlao%”%trﬁ@rs&de@ﬂé%e ‘T?lﬁvﬂqwa’ﬂ%é boundary
scan architecture shown in FIG 1, to be linked together (and w th other
devi ces t hagrallg! nidateciiipdion aelateunacy the instarctibntregisterds tonh@6ledat t he
system | evel. For exanple, as illustrated by the system 200 shown in FIG

2, the STDI bpiwedFTO! ahil TIHOeatsEt: refRtdI0NH] omrp? | - 240,
250, 260 and 270 is linked to t?\e T .E)i n (Fléllrc]i}i(l 1) o \gﬁﬁééﬁ%?ggg@%ng devi ce

serial i no EotEPAR SR Bl @ e R Pout B Ene ity He rsvRer 20 devi ce, -
while the TDO piin of the |ast device 270 in the chain 210 provides an
out put si gha ugtion Hepleeswhile any shiflingisréanedév iocder to prevent “shift
ripple”). The active instruction is then decoded and used to set the
ocperational mode where a selected, or "farget,” data register is placed
10 betwesn TDO and TDI.
As mentioned above, the Boundary-Scan Standard also allows the
scan paths 110 of multiple integrated circuits 100, and/or other devices
having the boundary scan architecture shown in FIG. 1, to be linked together
(and with other devices that do not include the boundary scan architecture
15 100) at the system level. For example, as illustrated by the system 200
) shown in FIG. 2, the TDI pin (FIG. 1) of each of the boundary scan devices
7- 230, 240, 250, 260 and 270 is linked to the TDO pin (FIG. 1) of the preceding
device in the scan path chain 210. The TDI pin of the first device 220 |
receives a serial input signal from the testing unit (not shown), or other

20  device, while the TDO pin of the last device 270 in the chain 210 provides an

output signal to the testing unit or other device.



4 2 6 JAN 2005 FIG 3 is a state diagram 300 for the TAP controller (or
"controller”) 118 shown in FIG 1 according to the Boundary S?as ghﬁméd
In FIG 3, each of the sixteen states of the controller 118 i (

with a nanme, and the arc between states is shown with a O or 1 to indicate
the logic value of the TIVIS 5 signal that nust be set before the rising '
edge of the next TCK ("clock") pulse in order to cause the transition the

controller to tHdGnéxs asstateedia@iam BOSTOr HEAIBPRESEMD I dor dantaiieet) dd 8on
power -up of the device 100 (FIG 1) and disables the boundary scan control

| ogi c so t habwhhig FIGL Q%@bﬁ@lnglté%taouﬂaaw Bean JigMiSR. W RIG. QP%rét‘ﬂ"ﬁof
normal ly. The RUN-TEST/IDLE state is then entered 10 when TIVIS i

2% ow % SRiea Retert B GhubhPr ATTR Ml D Tl Ryl C’ftﬁ' the

data colum (on the left) referencing the tar?eted data registers ("DR")
102 and t hdemwesn gtatedis swmwitionOwand o igricple dielogie valyetoidheiTidBr uct i on
register ("IR') 114. 15 Wen the TAP controller 118 is in the RUN TESTADLE

state apd Eifpal gRAINMSIHE séthﬁf@@ﬁ’feqté.ﬁ]@ edfkaifhé MexBERCFcliRkSGANset at e on
the next (rising edge of TCK) clock pu This is a tenporary controller

.—State that T. hel d | ow
on the next 'tqeg){élkgg %Q-'é {}?n%% tﬁ% (%g@ tﬂ% %ﬂst‘%e Jgﬁ%%ﬁ?& 118 goes
into the CAPTURE 20 DR state in the data colum, and a scan sequence is
initiated LOGIGHRESE Lstadgis entered on power-up of the dewce ‘IOO (FIG. 1) and

) disables the boundary scan controi logic so that the integrated circuit, or other
device, will oparate normally. The RUN-TEST/IDLE state is then entered_

10 when TMS is {a logical) low and the controller 118 remains in this state as
long as TMS is low. The remaining states are arranged in two vertical
columns with the data column {(on the left) referencing the targeted data
registers ("DR”) 102 and the instruction column {on the right) referencing the
instruction register ("IR”) 114.

15 When the TAP controller 118 is in the RUN-TEST/IDLE state and TMS

) | goes high, the controller enters the SELECT-DR-SCAN state on the next

(rising edge of TCK) clock pulse. This is a temporary controlier state that is
exited on the next rising edge of TCK. If TMS is heid low on the next (rising
edge of TCK) clock pulse, then the controller 118 goes into the CAPTURE-

20 DR state in the data column, and a scan seguence is initiated for the selected

test data register.



test data register. 52 6 JAN %05 If TMS is kept high during the

SELECT- DR- SCAN state, then, on the next clock pul se, the cont ?ogl%%\{ljﬁhﬁ%
noves into the first state in the instruction colum, SELECT-IR S S Thi s
is also a tenporary state where a decision is nmade whether to either
continue in the instruction colum or reset the controller by returning to
the TEST-LOGE U RESET state. if TiviSis held |ow during the SELECT-1R- SCAN
state, then the licHMS isIHeat highsduine the SEd.-EGE-DRATDARSIR, Shen, emothet he next

cl ock pul se and a scan sequence is initiated for the instruction register

114. More spettibokpulss, tikcbngolidrer GARDVREhS Hiledirst staheirsthel hsrgdicyi er 10

portion of the instruction register 114 parallel |oads a pattern of fixed

| ogic val Sy e : TAP controller 118 then either
enters | theo U EECTARE PN S i HIBriEe R wills Ao 1 <
high. In the SH FT-IR state, the instruction register 114 is connected

bet ween TDIS Bagewkstartiq aEtherganiinee ipdbe drsirudionrialymn aeset thge t owar d
15 the serial input for the rising edge of each clock pulse while TM5 is

| ow. Sifrul cameolies|by, retemingss thecTEBT-LOSCARESET dibrd ©THiDfis hbk jow
instruction register 114 to TDI during the falling edge of each cl ock

pul e, ThedEthd WhEHECT IR SCARTS Thef ol ek OB Bl ARHS, TLPL )

enter the Eﬁ%ﬂig-lgirstate on the next clock pulse and a scan sequence is initiated

7 for the instruction register 114.

More specifically, during the CAPTURE-IR state, the shift register

16 portion of the instruction register 114 paralle! loads a pattern of fixed logic
.values on the rising edge of TCK. The TAP controller 118 then either enters
the SHIFT-IR state if TMS is low, or the EXIT-IR state if TMS is high.

In the SHIFTf!R siate, the instruction register 114 is connected

between TDI and TDO and the captured pattern is shifted one stage toward

15  the serial input for the rising edge .of each clock pulse while TMS. is low.
Simuifaneously, new instructioﬁ bits are shifted out of the instruction register
114 to TD! during the falling edge of each clock pulse. The EXIT-IR state is
then entered when TMS goes high and is simply another temporary controller

state in which a decision is made whether to enter the PAUSE-IR or

20 UPDATE-IR state.



20 UPDATE-IR state. 6 2 6 JAN 2005 In the PAUSE-IR state, the TAP

controller 118 allows the shifting of the instruction register,l]14 to be
tenmporarily halted, typically in order to accomodate the sloﬁ% _§&ﬂﬁmmﬁ
ot her test equi pment. The controller 118 remains in this state while TMS
Is low and then noves to EXIT2-1R on the 5 - next rising edge of TCK when

TMS hi gh. EXI T24R i_]s an@t her terrpora;‘ly controller state for determ ning
whet her to ret ur'f 18 R/NeSEHRFateR tae FAS captroligi bl &allews the sbitinoret e

state. In the UPDATE-IR state, the instruction that was previously shifted
into the iinstructein mgistegi $4 év biidmiperarly dladdd, typiddig ifairtémg edge of TCK,
into the hold 10 portion of the instruction register. Once the new

| nst ructi omdaasniiggste b UiGHer sﬁée@Sﬁmﬁ%% tééi%di{&ﬁ@éﬁﬂtw-h@%bhye%ws and

sets a new operational node. From this state, controlle 8 can then
enter the SELECT-DR; SCAN. state-iL.f..TM5S is high, or th ST/| DLE state
TN s ITBIATHE PR WS S it I e b S es G SR U Bl S ar o
simlar to those for the instruction 15 regi ster colum. For exanpl e,

duri ng fhe NePOATROBRIGE at eCKawhes gohS kighat EXITR-IRdpapotherdempbeanyed to as
"vector" data) is latched on the falling edge of TCK fromthe shift

R e R T i e S

move on to the UPDATE-IR state.
| in the UPDATE-IR state, the instruction that was ;:;reviousiy shifted into

the instruction register 114 is latched, on the failing edge of TCK, into the hold

10 portion of the instruction register. Once the new instruction has been latched,
it becomes the “current instruction” and sets a new operational mode. From
this state, the controlier 118 can then enter the SELECT-DR-SCAN state if
TMS is high, or the RUN-TEST/IDLE state if TMS is low. The remaining
states for the data register column are similar to those for the instruction

15  register column.

For example, during the UPDATE-DR state, a response pattern

(sometirﬁes referred to as “vector” data) is latched on the falling edge of TCK
fro;'n the shift register onto the parallel outputs of the targeted data register
that is set by the current instruction. The BYPASS instruction (all 1s in the

20  instruction register) places the single-bit bypass data register 112 between

1Dl and TDO in order to provide a short path through the component. The

~]



20 instruction register) places the single-bit bypass data register 112
between TDI and TDO in order to provide a short path through t?eEt N
conponent. The 7 2 6 JAN 2005 EXTEST instruction (with a patter Hjﬁ 2@85
|l eft to the circuit designer), on the other hand, targets the boundary
regi ster 102 between TDI and TDO so that, during the SHI FT-DR state,
vector data is shifted in (on the rising edge of TCK) and out (on the
falling eddgeXtESTdrgtrustiopHwithaupatiesn ihedisiedirte the Tinehitidesigriv oretha ns | ow.
The new data is ti yen latched into the parallel outputs of the boundary

register 1wmamtér§btémt@@lwawréf@létéiurdmﬁemwﬁﬁéﬁd%o%&f t 2.

G ound Bounce During Boundary Scan Certain boundary scan tests are khown to

be parti cular: i round hounce, ,as.di scussed in

"I n-Grcui tﬁﬁhéﬁﬁgﬁﬂ@éﬁh%&%‘%&%&@ﬁ d%g%{s a@#@ﬁﬁa(%mﬁ:@?mﬂ Ot udy In
Preventi on wr es," presented at the NepConWest 2000 Synposi um by Raynond
Bal zer and TRfihans wtn(g,n thesfalling edeewrickCighef the boundy re@istarsi 102 whiy Phi |
King avail able from Agilent Technologies; and U S. Patent Nos. 6,000, 050

and 6, 243, SMS rahbinsflowhiTie Aéwalata interpaiaietinky tiepararr8ultisot N their
entirety. In general ternms, ground bounce is a transient voltage

Thi s typi ool 5o et SogRR 108 OTHE FIFE BbAR T chtRe ¢ LT OR he

i nduct ance tand/ or resistance) in the power
state.

2. Ground Bounce During Boundary Scan
Certain boundary scan tests are known to be particularly susceptible to
10 ground bounce, as discussed in “In-Circuit Boundary Scan Connection Test
Ground Bounce: A Case Study In Prevention & CUres,”lpresente‘d at t;h_e'
NepConWest 2000 Symposium by Raymond Balzer and Philip King; “Ground
Bounce Basics and Best Practice,” by Phil King available from Agilent
- Technologies; and U.S. Patent Nos. 6,000,050 and 6,243,843: all of which
15 are incofporated by reference here in their entirety. In general terms, ground
bounce is a transient voltage difference between the ground reference points
in two parts of a circuit. This typically occurs when current through an
impedance (typically, and inductance and/or resistance) in the power
distribution pathway creates a voitage drop across internal circuit nodes that
20 are supposed to have the same voltage value (typically, power or ground).

For board testing, this voltage differential usually arises between the test



Jdistribution pathway creates a voltage drop across internal circuit nodes
that 20 are supposed to have the same voltage value (typically, 2ddwil @685
ground). For board testing, this voltage differential usually arises
between the test 8 2 6 JAN 2005 system ground and the devi ce under test.
However, ground bounce may al so occur during integrated circuit |level, or
system | evel, testing. G ound bounce can be minim zed through proper

i nt egr at ed S¥$iesu grounteand ihe device ungesdest. drieweest, ground boandé syest also
connections. There are also 5 other approaches brat attenpt to mtigate

the effect scolir gutnythibgremse cRocieidee brasetsm Idhasestiagt er approaches
typically alter the boundary scan test pattern in an attenpt to mnimze

or optimze si ' r (.1 1) arrangin he tinj ng of
when it occur sn%bgﬁgg{%iggbs%g}'eggmﬁlﬁﬁgﬁg%Wrﬁgg%‘gf)pe'égﬁ%éﬁ@c%u%si ng the
TAP state diagramto trap the controller at one state; 10 3) wiring the
test fixtufesion. Baerd Ryasy anddestaido fosidsysiemm sennectians.. nThare dreralsa he
TCK, TMs and TRST pins; and 4) using a controlled slewrate on TCK to mask

the gr dundothenaEpprodtimsithabattanpt ty piitghlethewsfidces bEgrdunsbdurit® énee
superinposed voltage fluctuation in a signal which can sonetines be

11 uct uat 1 oo G2y dMesBEer dphrfeos Mol anch ik oL 08 ke Kt otnce.

can cause | oss of synchronization with the expected TAP controller state
shown in FP erp_m@%g@emgtcbpwﬁaz%gﬁﬁ@gm[@ simultaneous pin transitions by

1) arrénging the timing of when it occurs to be at a “safe” point in the test
sequence; 2} using the TAP state diégram to trap the coniroller at one state;
10 3) wiring the test fixture in such a way that the ground bounce is minimized for
the TCK, TMS and TRST pins; and 4) using a controlled slew rate on TCK to
mask the ground bounce.
Ground bounce typically manifested itself as a superimposed voltage
fluctuation in a signal which can sometimes be measured using conventional
15 techniques. If that signal is TCK, and the fluctuation is-large énough to inject
a new clock cycle, then the bounce can cause loss of synchronization with the
expected TAP controller state shown in FIG. 1. Inductive ground bounce is -
particularly problematic in this regard due to the current surges created as
large numbers of drivers chaﬁge state simultaneously and is expected to
20  occur most often on the falling edge of TCK while in either of the UPDATE-IR

or UPDATE-DR ("UPDATE") states, particularly when in, or going out of, the



particularly problematic in this regard due to the current surges created
as |arge nunbers of drivers change state sinultaneously and ig $xp§;qtﬁg5to
20 occur nost often on the failing edge of TCK while in either of the
UPDATE-I R or UPDATE-DR ("UPDATE"') states, particularly when in, or going
out of, the 9 2 6 JAN 2005 EXTEST node. A single boundary scan test
operation will often have many such UPDATE events and correspondi ng

oppor t uni t iESTEST raedrind Loe@ladwundasfgeh &R GPerabion willeBen avexneay TCK

pul se during an UPDATE state can be recogni zed, under certain conditions,

by exam ni ngchhéPDATGedvends bhtl Sotleaboadimgsdpidrthiaes forairbung byuricast ruction
regi ster capture pattern, rather than the nornmally expected target bit

paltern, er, SO oasca R BRYTSR ED By B8 pteed 1o @

di sabling of th aring a s bounce
detection schene is discussed in U S. ,  Patent No. 6,243,843. However, when
i nproper  b&tAB&RP B EGFOgRFRy HBHEE SeTIRINFODCHIANS. RYEXANIGINSLHE teoarice
problemis nore often presuned to be one of many possible causes and the
test is5sifgibyhaterershited and mplingeant ineguciion grgisted chptineeaitgrny griséon
algorithm O course, if ground bounce is anticipated, then a ground

bounee enBAs Ry inane b8 aRBer, Lnast Bier il HR et 1

Low before t b L A B Heabd Famn Mk Soliny SPfhe FE0 Sinturing a shift
state. Yet another ground bounce detection scheme is discussed in U.S.
Patent No. 6,243,843. However, when improper boundary scan test results

10  are obtained, a ground bounce problem is more often presumed to be one of
many possible causes and the test is simply rerun while implementing a
ground bounce suppression algorithm. Of course, if ground bounce is
anticipated, then a ground bounce suppression algorithm may be applied
from the start of the test.

15 One conventional ground bounce suppression algorithm involves
holding TMS low before the falling edge of TCK while in the UPDATE-DR
and/or UPDATE-IR states. A spurious TCK pulse at the falling edge of TCK
will therefore cause the TAP controller to go into the RUN-TEST/IDLE state

‘where it will remain, during any further ground-bounce-induced clock pulses,

20 until TMS is made high. After waiting a suitable period of time (i.e., number of

clock pulses) for the effects of any such ground bounce to dissipate, the test

10



and/ or UPDATE-1R states. A spurious TCK pulse at the falling edge of TCK

w Il therefore cause the TAP controller to go into the RUN TEST IgDL‘ﬁf@tzg%e
where it will remain, during any further ground-bounce-induced €l ock

pul ses, 20 until TMS is made high. After waiting a suitable period of tine
(Le., nunber of clock pulses) for the effects of any such ground bounce to
di ssipate, the test 10 2 6 JAN 2005 can then be continued with the sane

i nput sequedethemes continuedwiitide shoenioput segwerscemiT gl ita growkd pul ses
during the transition fromone of the UPDATE states, and TM5 is held | aw,

the cont r oldceinob18uGast REE BRREEILE: bl b IRSEN Rk Bhet it 1| the

effects of the ground boun I ssI pated and e test can be
conti nued. his tr will not successf i f the_ground. bounce
S50 "oausePBRLErstates modt b ed By, e SOOREREE 115 Canpeaseredgital | at
the time of the spurious clock signal. In that case, the TAP controller

118 wi ||  mihve RWN-TEST ek Esstatecunifi éne effects ofl tha @robed boappedn T@gar dl ess of
whether TMS is kept 10 I ow. Furthernore, the input bit pattern seguence

that was apphkefsdifatettand\the RishsamipecolvRueBved high is unlikely to be
synchroni zed with, or appropriate for, the state of the TAP controller

e Y e SRR Dk B8 BB S A ek T
causes the TMS line to appear to the controller 118 as a logical 1 at the time
of the spurious clock signal. In that case, the TAP controller 118 will move to
another state where it will not be trapped, regardless of whether TMS is kept

10 low. Furthermore, the input bit pattern sequénce that was applied to the TAP
pins when TMS moved high is unlikely to be synchronized with, or appropriate
fér, the state of the TAP controller induced by the ground bounce when the
test continues.

SUMMARY

15 These and other drawbacks of such conventional approaches are

) addressed here by providing a method, apparatus, logic, and data signal for
recovering from ground bounce during boundary scan testing, including, but
not limited to, during integrated circuit testing, board testing, and/or system
ievei testing. The technology described here generally relates to

20  operationally transitioning a Test Access Port controller from any of at least

three, or at least four, undetermined controller states induced by the ground
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.addressed here by providing a nethod, apparatus, |ogic, and data signal for

recovering from ground bounce during boundary scan testing, d t
not limted to, during integrated circuit testing, board testlzy‘}ﬁr}g?%@u

system |evel testing. The technol ogy described here.generally relates to
20 operationally transitioning a Test Access Port controller fromany of at
| east three, or at least four, undeterm ned controller states induced by

t he ground bhdurZesoANe20Mindiboomien!ieo statdetrer mxaethie otfer ohdetersiratde.  For
exanpl e, the undeternined -controller states may be selected fromthe group

consi sting éﬁntﬁﬂepgﬁ?é-ﬁmax@é 8eledtddhbRERE/dr Ec%h@fs’ﬁ Ebf%’ﬁ'—@ﬁbﬂ% SCAN

state, and a CAPTURE ate The determ™e contro er state may be

Lhe Test ACTEES RPN TEBRBLE SRt FoRELh e S aat I & ar e 1o 2

determ ned data state. For exarrpl e, the data state transitioning may begin
when t he TeSAPAtEYsDRPsiate. dortdadéirainediventrolier state may ke URRBATEADRed
determ ned controller state. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Vari ous

aspect s sof Tﬁl@aé&)ﬁ‘?ﬁbh%s@&étété&qw cﬁ%ré’iﬁﬁdﬂyti%émdmn@ ?iﬁ@"'%@?ﬁccé@s =0

follow ng figure whi ch are not necessarl drawn to scal e, but

thr oughout CUVRIeE FRRERT LG T 462 dAE & £ 86l¢ cS R bR G F 8 am of
one enbodi nent of a conventi onal
example, the data state transitioning may begin when the Test Access Port

- controlier when the controller has reached determined controller staie.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Various aspects of the invention will now be described with reference
to the following figures (“FiGs.”) which are not necessarily drawn to scale, but
use the same reference numerals to designate corresponding parts
throughout each of the several views.
15 FiG. 1 is a schematic diagram of one embodiment of a con\)entionai
) boundary scan device.
FIG. 2 is a schematic diagram of one embodiment of a conventional
boundary scan sysiem in-cluding several boundary scan devices according to
FIG. 1.
20 FIG. 3 is a state diagram for the TAP controlier shown in the device of

FIG. 1.
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boundary scan device. FIG 2 is a schematic diagram of one enbodi nent of a
conventional boundary scan systemincluding several boundary scan devi ces
accordingto FIG 1. 20 FIG 3 is a state diagramfor the TA n Il er
shown in the device of FIG 1. 12 2 6 JAN 2005 FIG 4 is thepggtjgrﬁiﬁ@ram
of FIG 3 illustrating a group of three undeterm ned controller states

I nduced by Eground bounce during a transition _froman UPDATE state. FIGs.

5A- 5F show El{a 4isithe gtadg diagam of E1Gs 3alustrating cogrosp oF Bweeti ons  for
recovering fromany of the group of three undeterm ned controller states

shown undélebmided icoftroflet stdtae ind@ted Byagoamidouride ddring lafhnsitiony a group
of four undeterm ned controller stateS 1nduced by ground bounce during a

transigj fir ATE state. FIG 7A-7J show the state diagramof FIG
3 wit hﬁéﬁﬂ?pol‘lulggﬁa@% gﬁ’gﬁt ions for recovering fromany of the group of four
undeterm ned controller states shown in FIG 6. FIG 8 shows the state
di agram of FI@s. FAGR shewrthestate diagiag of bHs. Bavith coptiolier irgnsitiomsan
undeterm ned data state after arriving at a determ ned
for recovering from any of the group of three undetermined controller states
shown in FIG. 4.
FIG. 6 is the state diagram of FIG. 3 illustrating a group of four
undetermined controller states induced by ground bounce during a transition
from an UPDATE state.
FIG. 7A-7J show the state diagram of FIG. 3 with controlier transitions
for recovering from any of the group of four undetermined controller states
shown in FIG. 6.
FIG. 8 shows the state diagram of FIG. 3 with controller transitions for

recovering from an undetermined data state after arriving at a determined

controller state.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIGs. 4-7 are copies of the state diagram shown in FIG. 3 for a TAP
controller including, but not limited to, the controller 118 shown in FIG. 1 and
the controllers which are not shown in FIG. 2. In FIGs. 4-7, the bold lines

indicate the current state being transitioned from and the corresponding value

13



controll er state. DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS FI Gs.
4-7 are copies of the state diagramshown in FIG 3 for a TAP C2$m§ép
including, but not limted to, the controller 118 shown in FIG e
controllers which are not showmn in FIG 2. In FIGs. 4-7, the bold lines

I ndicate the current state being transitioned fromand the correspondi ng
value 13 2 6 JAN 2065 of TMS for the transition. The cross-hatching in

t hese fi gur@sT¥Griohéhe tradsiianed het tross-aiahisg frotwisel figuras durteereindioates
controller states that nay have been induced by a ground bounce. For

exanpl e, t Wﬁe@a@@%s"ﬁis%mlé‘@nﬁEﬁifélel*rﬁmgbcéontrﬂalléll &ﬂé?éé ﬁ‘?a@%éiygﬁéV%B%% und

bounce occurring during one of the TE- DR or UPDATE- states
can induce ;the coptroller 118 in one of th ee d stat

hel udi ng. Mo By erethekhied: FdSarne {Fésﬁ’P Yt SBEnEGR TR soan
In general ternms, FIG 4 illustrates so-called "unstable" (or non-

repeat abl e)4 liiuﬁtratasﬁhgt 8 @nauPd bevBCce RecUTRgsEyIng epeiof hsUPRIABIGEOR MMt he
10 signals being applied to the TCK and/ or TMS pin(s). Unstabl e bounce will

onl'y soset i{iBBATERR FUPDATHTEIZRE &ANHHOLE She a¥Riolidrom Rimid Rt iRt €
Thus, one of the UPDATE-DR state or the UPDATE-IR states is included in

LD 2 0uP kS B ThFEB T o SMEBBATE BiggRuRlgource, fhet e
CHreuntry M or/bLE, and SELECT-DR-SCAN.
) in general terms, FIG. 4 illustrates so-called “unstable” (or noln—
repeatable), uniform ground bounce that causes a spurious voltage in the
10  signals being applied to the TCK and/or TMS pin(s). Unstable bounce will
only sometimes transition the TAP controlier away from an update state.
Thus, one of the UPDATE-DR state or the UPDATE-IR states is inciuded in
the group of three undetermined states induced by a ground bounce that are
shown in FIG. 4. The term “uniform” is used here to refer to all the circuitry in
15 the boundary-scan test responding substantially identically. However, as
) discussed below, these same principles may also be applied to non-uniform
ground bounce. The methods described here for unstable bounce can also be -
applied to stable, or repeatable, forms of ground bounce and are thus
generaily applicable.

20 More specifically, FIG. 4 iliustrates a situation where no bounce, a

single bounce of TCK, or a single bounce of TCK and a single bounce of

14



15 the boundary-scan test responding substantially identically. However,

di scussed bel ow, these sane principles may al so be applied to rcbon/@r &0%[)
ground bounce. The nethods descri bed here for unstabl e bounce r‘\j Sope
applied to stable, or repeatable, fornms of ground bounce and are thus
generally applicable. 20 More specifically, FIG 4 illustrates a situation
where no bounce, a single bounce of TCK, or a single bounce of TCK and a
singl e bount¥Sofindures thaN A osntroNars] 18 ioces oftbe Treccondetsrmied. 18 i nt o
one of the three undeterm ned states shown wi th cross-hatching (where

UPDATE- DR aggitddEMohim WithadrBss-hattHing (WRs! DeD AsE IR YRRATEDR 6% ard Ne

controller 118 may al so arrive at one of these undeterm ned states due to

other circu n The ter ed st at used here.to refer
Lo the 't act Sauipd dpaetbptas SPTPDATE Akt oohEd rol FRMESCAIES arals At not
necessarily be s%/nchronl zed with the expected state of the controller
and/ or t he 9naf thasgrmdeteraningd shes siwet lo ather cirewmsiancess e terfror t he
expected controller state. For exanple, if a single bounce occurs on TIMS

as

or TCK that“uddeterfidted $RtéNdusedahdreanskldren the GBtangt Ok b WEPATE st at es,

then the TAP controller 118 will not be detrinmentally affected and w ||

Part. o 1 HAEERERY ”%EPOWW%“ %Ff‘@e‘%%&ﬁ’vai%swﬁ%* RS

i nduces an extraéoul se on TCK, then
expected state of the controller andlor the input signals being applied to the

Test Access Port for the expected controller state.
For example, if a singie bounce occurs on TMS or TCK that does not

10 induce a transition from one of the UPDATE states, then the TAP controlier

118 will not be detrimentally affected and will remain synchronized with the

signals being applied to the Test Access Port. On the other hand, if TMS is

kept low, and the ground bounce induces an extra pulse on TCK, then the

controller 118 will transition early into the RUN-TEST/IDLE state. Similarly, if
15 TMS is low during a first spurious TCK pulse and then TCK is high (perhaps
5 due to the ground bounce) for a second spurious TCK pulse, then the
controller 118 will transition early to the SELECT-DR-SCAN state.
Consequently, signals may then be applied to the TAP under the mistaken
assumption that the controller 118 is still in the apprepriate UPDATE state

20  when, in fact, it is in one of the undetermined states.

15



controller 118 will transition early into the RUN-TEST/|IDLE state.

Simlarty, if 15 TIVISis lowduring a first spurious TCK pul se ZBdJhiez{il5
TCK is high (perhaps due to the ground bounce) for a second spurious TCK
pul se, then the controller 118 will transition early to the SELECT- DR- SCAN
state. Consequently, signals may then be appl led to the TAP under the

m st aken assu Laon th the controller Is still in the appropriate
UPDATE st at e 2%&&15&'& Uy the E‘tta’iesdlﬁﬁf%ﬁ &%cﬁ'ét ROFHO¥ 6O states. 15
2 6 JAN 2005 FIGS. 5A-5F use the state diagramof FIG 3 to show controller
t ransi t i ondrahsitionsdor exdavgrihgdromm@anyadf tha dhitler wedeterninednitakd istates

I nduced by ground bounce (and shown with cross-hatching) in FIG 4. In

FIG 5A, Eg@r.;seﬁa 'b%ﬁ%e Qné%th‘\JnC\Niﬂ?Wrcﬂ% ﬁé‘t‘éh tin & Cg tYhe, 5Rl 1 ow ng

t he ground ounce. equent contr Ier had reéenai ned

properly hro |zed PDATE:- DR o uP state after the ground
Dounce. t halhpaGSissDe iR [P RE THee Pizek e aliGuMa e GTPHRG & 1 on t he
controller 118 into the RUN-TEST/IDLE state as if the ground bounce had not

occurrell. Bpuntar Cpnsefuehtly,dbiier conteller 19 8viesd rardaiced dsppétte ground bounce
10 into the RUN-TEST/I DLE, then holding TM5S | ow on the next TCK pulse wil|

trap the cgyﬁémbh%d%&he mpmﬁTELURT&SI#bDI:r@m At Aitdr MG gRSundS
continues to be held | ow an UPDATE state and the RUN- ngél'v | DLE state
are the Onb%unce then hoiding TMS low on the next true TCK pulse will transition the
controller 118 into the RUN-TEST/IDLE state as if the ground bounce had not
) occurred. Similarly, if the controller 118 was induced by the ground bounce
10 into the RUN-TEST/IDLE, then holding TMS low on the next lTCK puise will
trap the con‘troller 118 in the RUN-TEST/IDLE state as long as TMS
continues fo be held low.
If an UPDATE state and the RUN-TEST/IDLE state are the only two
candidate undetermined states that are considered, then holding TMS low on
15 the next TCK pulse after the ground bounce will have eﬁectiyely trapped' the
controller 118 in the RUN-TEST/IDLE state, similar to the conventional
ground bounce suppression algorithm discussed above. However, in contrast
to conventional approaches, the recovery technique described here also
accounts for the fact that the ground bounce may have alternatively induced

20 the SELECT-DR-SCAN state that is shown with cross-hatching in FIG. 4. If

the controller has, in fact, been induced by ground bounce to SELECT-DR-
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candij date undeterm ned states that are considered, then holding TM5 | ow on
15 the next TCK pul se after the ground bounce will have effecti2¢ yJAMgﬁ@fd
the controller 118 in the RUN-TEST/IDLE state, simlar to the conventi
ground bounce suppression algorithmdi scussed above. However, in contrast
to conventional approaches, the recovery techni que described here al so
accounts for the fact that the ground bounce may have alternatively induced
20 t he SELESCADRisEANOBIRItiRG thadid EVShiownwill trénsitios shdaboholey into FeG. . 4.

If the controller has, in fact, been induced by ground bounce to SELECT-DR

16 2 6 JAN 2RPTUGANR thRaA a8 YHowHInEIG sdold TMS [ow will transition the
controller into the CAPTURE-DR state as shown in FIG 5A. After the

possi bl e transitj shown..in, FIG,. 5A .the c I is in_ ejther the
PO TesT 1 e s AR R M sasoRR s A A he BniBiies g type in
FIG 5B. However, which of these two controller states that the controller

118 is act (@ithey the\ RUN-JES /IR stase or teel CARTURE-RE stateshoimn WiiG. 5B,
hol di ng TM5S high on the next clock pulse will transition the controller 118

from ong ofpdififaceagpe i PES.13W FRAMEAlWhithalfeBedd 8 TbroRér sthdsihdihe
controller 118 is transitioned fromeither the RUN-TESTII DLE state into 10

SEL T o a8 WS T o, B e e
5B, holding TMS high on the next clock pulse will transition the controlier 118
from one of the resulting two candidate states from FIG. 5A. Thus, the
controiler 118 is transitioned from either the RUN-TEST/IDLE state into

10 _' SELECT-DR-SCAN, or from the CAPTURE-DR state into EXIT1-DR ifi FIG.
5B.

Turning to FIG. 5C, TMS is held iow on the next clock signal and the
. controller 118 is transitioned either from SELECT-DR-SCAN to CAPTURE-
DR, or from EXIT1-DR to PAUSE-DR. Next, as shown in FIG. 5D, TMS is

I5  held high on the next clock pulse and the controller 118 is transitioned either
from CAPTURE-DR to EXIT1-DR or from PAUSE-DR to EXIT2-DR. Turning
to FIG. 5SE, the controlier 118 is now in either the EXIT1-DR state or the
EXIT2-DR state.

However, regardiess of which of the two undetermined, or “candidate,”

20  states is the actual state of the controlier 118 FIG. 5E, holding TMS high on

the next clock signal will result in the controller transitioning to (and
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controller 118 is transitioned either from SELECT-DR-SCAN to %Tg)ﬁﬁ%ﬂgg
or fromEXITI-DR to PAUSE-DR. Next, as shown in FIG 5D, TM5 i's 1 e

hi gh on the next clock pulse and the controller 118 is transitioned either
from CAPTURE-DR to EXIT1-DR or from PAUSE-DR to EXIT2-DR. Turning to FIG
5E, the controller 118 is nowin either the EXIT1-DR state or the EXIT2-DR

state. However, regardless of which of the two undeterm ned, or
" candi dat e, convetgisg &g he YRMBTEDRatatst shawnin FHE. Bonét dhiseoirtltherl G 5E,
hol ding TM5 high on the next clock signal will result in the controller

transiti onigiguilatarnst thé cdnbroléNsAHSwr, GOB¥RIrEIiINEd 0f0 bENEPHRPATERDR state

showmn in FIG 5F. At this point, the actual state of the controller is

andet e m ndBoEITRCEhiah oGt YEPLaTite ¢ REAGS ShBRR Bn SRiich o ny

I nduced by the ground bounce. FIG S. 5A-5F therefore illustrate a nmethod of
oper at i onalfil(. frwas aefuaHy teducedriay thengiaeel reuncesont rol | er from any of the
t hree undeterm ned controller states shown in FIG 4 to the determ ned

state sBown in FIGS. PA-5FiRetefom Huspatead mpiiabd vf bpansidnafp in@sitonirs ed
here to convey that the controller 118 has not been reset during any of the

bE?ﬁ'Et Is? 2?‘?%%%&%@%?8%%% JanycmEé %,leeer uﬁé&%ﬁﬁir{e@i fdn%‘oilér are an

states shown in FIG. 4 to the determined state shown in FiG. 5F. The term

= “.operationaﬂy transitioning” is used here to convey that the controller 118 has
not been reset during any of the transitions. The three undetermined

10 controller states in FIG. 4 are an UPDATE state (UPDATE-DR or UPDATE-
IR) RUN-TEST/AIDLE, or SELECT-DR-SCAN, while the determined controlier
state shown in FiG. 5F is UPDATE-DR. The controller 118 was operationally
transitioned in FIGs. 5A-5F by providing a TMS input signal having the
following bit pattern for a consecutive series of rising edges of TCK pulses:

15  low, high, low, high, and high.

) The ground bounce recovery method shown in FIGS. 5A-5F transitions
through the CAPTURE-DR state (in FIGs. 5B or 5D) during which time data is
para]!el;loaded into the shift portion of the boundary register 102 shown in the
scan path 110 in FIG. 1, or corresponding boundary registers (not labeled) in

20  the scan path 210 shown in FIG. 2 Thus, the data in the boundary register(s)

102 will be updated, and usually changed, during the pertinent CAPTURE-DR
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IR RUN-TESTI | DLE, or SELECT-DR-SCAN, while the determ ned controller
state shown in FIG 5F is UPDATE-DR The controller 118 was operationally
transitioned in FIGs. 5A-5F by providing a TM5 i nput signal h thgAN@BS
following bit pattern for a consecutive series of rising edges of TCK

pul ses: 15 low, high, low, high, and high. The ground bounce recovery

met hod shown in FIGS, 5A-5F transitions through the CAPTURE-DR state (in
FI Gs. 5B orstatg)shawn gk ishiSEhor Pie @alvdnirare grgas Wil thisoeriddrechtlata be shift
portion of the boundary register 102 shown in the scan path 110 in FIG 1,

or correspahdisagndas nearivtaneiedsd gy theaynchisizsd UPDADELDR &aansialh 210
shown in FIG 2. Thus, the data in the boundary register(s) 102 will be

updat ed, ar]ﬁl thuéugl:l y changed, during the pertinent CAPTURE-DR 18 2 6 'JAN
2005 state shown 1h FIG 5B or 5D. Only in rare cases will this captured
data be the sane, as was intended during the synchronized UPDATE: DR state
shown in FI G dHtigknown fhatithess ciramstanses Wil oegHE seisbaas by desigacer , such
as by design of the boundary Scan cell type, then the recovery nethod

shown i 8 FIt@SbobAB4ry stanvngdll type, Sisecihestubveryionetted, stidw $n FIB8. BAKSFY t hat
the serial vector data will have to be re-shifted at sonetime during the

Sk coutB SRR bR e e AT RN Sefleripglcasul 0 e
have to be re-shifted at sometime during the ground bounce recovefy so that
the UPDATE-DR state does not result in the output changing td the newly
captured, and unwanied, values.

10 in order to address the problem of capturing new values (in FIGS. 5B
or 5D} which are then updated (in FIG. 5F), the transitions in FIGS. 5A-5F
may be supplemented with a subsequent -loop through the SHIFT-DR state in
which the borrect vector data is subsequently re-shifted into the boundary
register(s) in scan paths 110 (FIG. 1} or 210 (FIG. 2) before continuing with

15 the test. However, as described below, FIGS. 7A-7J illustrate an improved
set of recovery transitions that automatically provided the necessary shifting
and also account for an additional undetermined state shown .in FIG. 6 that
may be induced by ground bounce.

FIG. 6 is substantially the same as FIG. 4, except that it further

20  inciudes the CAPTURE-DR state as another undetermined candidate state

that may have been induced by ground bounce while TMS is held low during
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10 In order to address the problem of capturing new values (in FIGS., 5B
or 5D) which are then updated (in FIG 5F), the transitions ingFUAS. 2805 5F
may be suppl enented with a subsequent |oop through the SH FT-DR state in
whi ch the correct vector data is subsequently re-shifted into the boundary
register(s) in scan paths 110 (FIG 1) or 210 (FIG 2) before continuing
with 15 the test. However, as described below, FIGS. 7A-7J illustrate an

i nproved <8t UPDAde Staty. Foaexampiesthissituationomiaht csicuy whesvtheerysteve
necessary shifting and also account for an additional undeterm ned state

shown -in FExperiéntéatwo BYnbes bndCKAvith T Bodndiage e logidal 16on 8nly
substantially the sane as FIG 4, except that it further 20 includes the

CAPTURE- DR undeterm ned candi date state that nmay have .
been inducgﬁéﬁbﬁg@ﬁgqﬁmﬁé while TM5 is held low during 19 2 6 JAN 2005

and UPDATE state,, For exaﬁ?l e, this situation m ght occur when the system
experi ences two HaUREeWItdherground Roungs sluser fiaies shaveymithl baldiaseon y

the first bounce of TCK. Starting with the ground bounce induced states
shown w6t h tyme of BER 74, Thifecontinkke.to b8 hdVEowan thauesxitwodleptigedieQw on t he
next clock pulse (i.e., rising edge of TCK) so that the TAP controller 118

Lo Qs B8 f TN PRI ARG UL g W corper e
addi tional c%g ledta?é glaqggsﬁcta\%eih FIG. 7B. When compared to FIG. 5B, FIG. 7B

illustrates that the cdntroller 118 may be in one additional undetermined state,

SHlFT-DR. At this point, the controller transitions shown in FIG. 7B also
10  diverge from the transitions shown in FIG. 5B. In particular, TMS continues o

be held low during the transition shown in FIG. 7B. The controifler 118 is

therefore transitioned to one or the other of the candidate states RUN-

TEST/IDLE or SHIFT-DR illustrated in FIG. 7C.

- In FIG. 7C, TMS continues to be held low while TDI is provided with

15  the appropriate vector data. If the controller 118 is actually in the RUN-

TEST/IDLE state, this new data will have no effect. Alternatively, if the

controller 118 is actually in the SHIFT-DR state, the proper data will be
loaded into the boundary register(s) 102.
Moving on to FIG. 7D, at the end of the input data sequence, TMS is
20  moved high in order to transition the controller 118 from the RUN-TEST/IDLE

or SHIFT-DR state. Then, TMS is held low for the next two clock pulses

20



SH FT-DR At this point, the controller transitions shown in FIG 7B al so
10 diverge fromthe transitions showmn in FIG 58. In parti cul arg g’l\@w 2005
.continues to be held low during the transition shown in FIG 7B. Tt
controller 118 is therefore transitioned to one or the other of the

candi date states RUN- TEST/IDLE or SHI FT-DR i | lustrated in FIG 7?}: In FIG
7C, TVMS congjnues to be_held |ow while T provided with 15 the
appropri at e{r\ﬁ&ﬁ 8?]9%%9&-@9 AsrRh QRN Biq%r'rﬁﬁgd iJ Hetithe|spritielieharrives
TEST/ I DLE state, this new data will have no effect. Alternatively, if the
control | er atidhe of et wad tyndidatehstatid FHoRIrsFEG.€7Gt he proper data will be

| oaded into the boundary register(s) 102. Moving on to FIG 7D, at the end

of the input dat rngg sition

t he contrgl | er 1%8p$?g$n§t e R%&dl-%%?ﬁ%%\{zgg%%N 0?%59? ?é%%dﬂ TI\/]ES S
hel d | for the n ul ses ri sing edges o
He heshoARPIEG Bl fof e hBRmEH Mitis of SRtk Iens o ihe sontralelgRe of
the two candi date states shown in FIG 7G In FIG 7G TM5 is held | ow

whi | e t Be iinge Sk -BBpiste; ¢hérs tregadmectalgib iseduencd Bl bercaded miptiopri at e
nunber of clock pulses. If the controller is in -the S11-111FT-DR stat,

then the cHdipfla c | ﬁéﬁ'dj sters
102. If, i fﬂ%@sﬁﬁgggt ﬁfewé’otﬁte 3% %P 118th|€tscggytag%r JPW@Q&Y’ W%‘AUSE—DR

state, the tggtﬁl\_’l\@g ﬁl gf%d)fhe Atk wel‘Farn][reaoaa d}'neéjvedl%'éérq] ﬁ)ad’gdl: cTurmg SHIFT-

DR in FIG. 7C and will not be affected.
After the appropriate number of clock pulses for shifting the data in
10 FIG. 7G, TMS is moved high in FIG. 7H for two additional clock cycles (rising

edges of TCK), which causes the controller to transition through either of the
two candidate states shown in FIG. 71 until converging upon the determined
UPDATE-DR state shown in FIG. 7J. At this point the actual state of the
controller is known, or “determined,” o be Ul':’DATE-DR regardless of which

- 15  ofthe four undetermihed states shown with cross-hatching in FIG. 4 was

“actually iﬁduced by the ground bounce.

The ground bounce recovery method shown in FIGS. 7A-7J is an
irhprovement over the methdd sh.own in FIGS. 5A-5F in that any time the
controller 118 transitions through the CAPTURE-DR state (FIGS. 7B and 7F)

20 the test data is reshifted during the next set of clock pulses (FIG. 7C and 7G).

Consequently, the appropriate vector data wil be loaded in the boundary
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DRin FIG 7C and will not be affected. After the appropriate nunber of
clock pulses for shifting the data in 10 FIG 7G TIVIS is rmved216gUA'Nn2005
FIG 7H for two additional clock cycles! (rising edges of TCK), which
causes the controller to transition through either of the two candidate
states shown in FIG 71 until converging upon the determ ned UPDATE-DR
state shown in FIG 7J. At this point the actual state of the controller

i s knokegister(s) déiZbefore dirriving altherdtermbred SRIDATESPDRostatai(EHG18Jpf t he
four undeterm ned states shown with cross-hatching in FIG 4 was actually

I nduce t A fRRIHE 1 i Wn in

FI GS. gkh%t étgngrllﬂlhl roven@%ﬁg‘ggrggmfbéewggggﬁﬁpmﬂ?ﬁnIQI%(?E%I - I n that
any ti the contrplle rapsj tiqns through the PTURE- DR st at e

(F oo Buhdary Sean s6aine1d 161G 2 3hen ThE SPtaTads sommlgtain somaverctbr. of
clock pulses (FIG 7C and 7G. Consequently, the appropriate vector data
wi | | band caddy to proteed o titanext partofdhéAlsR005 regi ster(s) 102 before
arriving at the determ ned UPDATE-DR state (FIG 7J). At that point, if

the oround peuRGE NLIAR hohbEChERr: s Bhly €A BB RchhEhaigUndary

scan chain € systemis conp overed "and ready
to pro d to the next part of the test. For non-uniform ground bounce,
Zh 7

wher e IeRot HRifgBNRIGCtedathe FRgevery roethodhshowhiindilS: dhflabad, the
recovery nethod shown in FIGS. 7A-7J may

be difficult to implement because the entire boundary scan chain will not
necessarily be in the same state when the vector data is being shifted in. For
example, if the entire chain 210 (FIG. 2) is not in the SHIFT-DR state shown in
FIGS. 7C and 7G, then some of the data will not get shifted into the
appropriate target locations. Consequently, after a non-uniform ground
bounce followed by the state transitions shown in FIGs. 7A-7J, the entire
boundary scan chain will not be fully re-initialized to the desired data values.
There are at least two approaches to addressing these problems
associated with nhon-uniform ground bounce. First, if internal parts of the
boundary scan chain 210 (FIG. 2) are not accessible, then the methods shown
in FIGS. 5A-5F and 7A-7J for achieving a determined controller state may be
supplemented with the method shown in FIG. 8 for achieving a determined
data state. In FIG. 8, the TAP controlier(s) are operationally transitioned from
a determined controller state, but undetermined data state, to the determined

controller state and a determined data state. More
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be difficult to inplenent because the entire boundary scan chain will not
necessarily be in the sane state when the vector data is being sngétD%&i I n.
For example, if the entire chain 210 (FIG 2) is not in the SHI '&TZ&O&
shown in FIGS. 7C and 7G then sone of the data will not get shifted into
the appropriate target |ocations. Consequently, after a non-uniform ground
bounce followed by the state transitions shown in FIGs. 7A-7J, the entire
boundary sceecHicglly. diting Hea SHBFTUDR state-showr il FiR 8, tall dftike desibr est=dat a

val ues. There are at |east two approaches to addressing these probl ens

> el - - £ nal s of th
associ at ed wilityyane BeMikad mt@rn%lﬁauhea@%anﬂéyssz%@[ g-’,\t tpﬁ%e BOME thBnte 2 the

boundary scan chain 210 (FIG 2) are not acc e menhods shown
in FIGS. 5 k= - 7 or..achi eving.a determned,controller state my be
suppl enent Q%%\m S ﬁgy@%&k %(‘J’ﬁ"@ﬁg\ﬁeﬁ\f? ﬁg‘%? énd8t%1e£aqééﬁpé hRVePeRaeEsy fened

data state. In FIG 8, the TAP controller(s) are operationally transitioned

from a detifiglizrdiat ehtherlesments of éhe boundayethaimi Heshodid alssttad aotedo t he
determned controller state and a determ ned data state. Mire 22 2 b JAN

2005 spéci fthahkeylastivahsiton ronSENMFT BIR % AFDATBYDRIRafho BkeHthe! the
Serial data w Il again be shifted into the boundary scan system At that

Choul 4 havd s FrRRrSitdt derSuiitufh PO DR R SGAPR boundar y
chain. It shoul ﬁit i%lg;soossliobele rt]f?étegddl?titlfnal_i%q%ound bounce may be experienced at the
) end of the process shown in FIGs. 5F and 7J or the end of the process shown
h in FIG. 8. The boundary scan test couid then be modified so that ény further
10 ground bounce is uniform. Alternatively, if there is electrical access to
intermediate points of the boundary scan chain 210, then these intermediate
points may be used as serial data inputs for the re-initialization process.
In the latter case, the TDI inputs to the separate elements in the
boundary scan chain 210 (FIG. 2) may be altered intelligently. For example,
15  only data that is necessary to initialize a particular device will be applied to
- ) ‘ the TDI pin of that device. If the devices have unequal numbers of cells in
their boundary registers, then that aspect of the test must also be
accommodated since shifting will occur simultaneously for all the devices.
For example, unequal numbers of boundary cells may be accommodated by

20 padding the initial input data for the shorter registers in order to equalize the

number of inputs for all devices.
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"ha"Mlast transition from"'M-DR to UPDATI E-DR may al so take otzlhsr
paths, such as paths that pass through PAUSE-DR and/or EXI T2-DR VAN 2005
possi bl e that additional ground bounce may be experienced at the end of

t he process shown in FIGs. 5F and 7J or the end of the process shown in
FIG 8. The boundary scan test could then be nodified so that any further
10 ground bounce is uniform Alternatively, if there is electrical access

to internediate Pathagnuiti-ndiet reooverymetmanmehaiiso Bémseﬁhﬁﬁntﬁ@‘ﬁﬁe of
intermedi ate points may be used as serial data inputs for the

re-in-itialthgatiedNelli=A6 pomis bBny T: S

separate el enents |en thg b?)undatJquf/h gg\tgtﬁééﬁg?%%ﬁ%ﬁgl%cefg%% "ﬁ)gvﬁl tered
intelligent t hat necessary to initialize a
particul ar éa%\?r E‘Oe TG n‘g%h%‘ml”? Eﬁﬁnt%c {S‘a%iisﬁﬁ ﬁ?Qﬂg wiBrarpingdata@tt he

devi ces have une -nunbers of cells in their boundary registers, then

that as pectVaﬁpuﬁﬁ'@ltmﬁs imihet beunsarp scamcbeimdtiytsichuitanesuslpi fTHigdatd | |
occur sinultaneousty for all the devices. For exanple, unequal nunber s of

boundar § cejoliki ity Deepaasabadal el BirRASS Boblitor fid Libnddily data for

the shorter registers in order to equalize the er o |np or all

used i1 oni OB derentiddieeh (8 S, e 2128

el ectri cal Ll%baccesm ble. in that case, the method shown in FIG 8 could be
used al ong !tlrpptgiﬂj] hegding TR Qeutput. Moreover, intermediate access may be

\) designed into the device under test so as to assure some minimum level of
o recovery and/or to keep ground bounce levels below some threshold without
10 excessively increasing the complexity of the test.
it should be emphasized that the embodiments described above, and
particularly any “preferred” embodiments, are merely examples of various
implementations that have been set forth here to provide a clear
understanding of various aspects of the invention. One of ordinary skill will be

15 able to alter these embodiments without substantially departing from scope of

) protection defined solely by the proper construction of the following claims.
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.various TDI pins in the boundary scan chain 210, sinultaneously. This data
5 coul d al so be padded based upon the difference between the shortest and

| ongest -boundary registers between the TDl input points, or bet%b@“JAN?m
last TDI input and the final TDO output. Mreover, internedi ate acces ﬁ%y
be designed into the device under test so as to assure sone m ni mum | evel
of recovery and/or to keep ground bounce |evels bel ow sone threshold

wi thout 10 excessively increasing the conplexity of the test. It should be
enphasi zed that the enbodi nents descri bed above, and particularly any
"preferred" enbodi ments, are nerely exanples of various inplenentations

t hat have been set forth here tocbx de a clear understanding of various
aspects of the invention. One of ordinary skill will be 15 able to alter

t hese enbodi nents w thout substantially departing from scope of protection
defined solely by the proper construction of the, f.oll qw laims. 24 2 6
JAN 2005 CLAI B 1 &memcadafFRY@V%*T“Qrf&E%QQFPﬂ§°‘f’?°8rﬂ“8Eé30"3%@%% ce during a
boundary 2 scan test, said nethod conprising the.st perationally
transizt i eoamipsh saidraethodeeeprsinging Sﬁ%prﬂfPSP!iag?“%}ﬁ}’ gﬁpgﬁ?{nq%gr 8at | east three
undeterm ned controller 4 states induc by th . etoa
determiné@Sb@ﬁwﬁéPPéP°§W§FéﬂmTE@Y?ﬁ@ﬂﬁﬁgﬂgﬂgP@%ﬁ?@@agﬁg%'gﬁ%fl wherein the

2E)n|s iegts |t ﬁg;%se gggce%ngyet;}g rgzr'gurr]\g%oﬁr%g t%%\l clieef‘érmslge%t Soudhi& shbected fromthe group

D 1 - 2 The method recited in claim 1 wherein the at least three
2 uﬁdetermined controller states are selected from the group consisting of an

s UPDATE state, a RUN-TEST/IDLE state, a SELECT-DR-SCAN state, and a

4 CAPTURE-DR state.

1 3. The method recited in claim 2 wherein the at least three
2 undetermined controller states are selected from the group consisting of an

3 -UPDATE state, a RUN-TESTIIDLE state, and a SELECT-DR-SCAN state.

. ) 1 | 4. The method recited in claim 1 wherein the determined controller

2 state is UPDATE-DR

1 5. The method recited in claim 1 wherein the at least three

>  undetermined controller states includes four undetermined states selected
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3 UPDATE state, a RUN-TEST/ | DLE state, a SELECT-DR-SCAN state, and a 4
CAPTURE-DR state. 1 3. The nethod recited in claim2 wherein the at | east
three 2 undeterm ned controller states are selected fromthe 9r oYL JAN -
consisting of an 3 UPDATE state, a RUN-TEST/IDLE state, and a 2005
SELECT-DR-SCAN state. 1 4. The nethod recited in claim1l wherein the
determ ned controller 2 state is UPDATE-DR 1 5. The nethod recited in
claim1l wherein the at | east three 2 undeterm ned controller states

i ncl udes -four undeterm ned states selected 25 2 6 JAN 2005 3 fromthe group

consi sting of an UPDATE state T, Ersé HimLE &ateda SELECT- DR- SCAN
st at e, 3anti°® f@m&@ﬁ%‘@?&%éf‘ U%nglﬁl%%g‘réaﬁ%d recited in claim1, wherein

the controller i tr jti.onin bRt oNpri ses the step of providing
a |l ow Tes§5%9£‘%§§3§c§%atfen?m€a ?%‘S{?HBET%\% (?ont roller prior to a falling
edge. of a clock signal while 4 in an UPDATE state. 7. The nethod recited
in claim6 wherein the controller 2 transitioning step further conprises

the step of*provi dﬂ%ﬁ@%ﬁ?@*ﬁd@&%ﬁLEWrein@h@@&Wé‘* er with a Test Mde

Sel ectli nput Bavi n attern for a 4 consecutive series of

11 Ng o0 el RS AR oo RePl R drprlhahaton Teaioce s pl ural ity of

Select iﬁput to the TAP controller prior to a falling edge of a clock signat while

[F3]

4 in an UPDATE state.

7. The method recited in claim 6 wherein the controller
2 transitioning step further comprises the step of providing the Test Access Port
3 controller with a Test Mode Select input having the following bit pattern for a

| 4 consecutive series of rising edges of clock puises: a plurality of lows, hi.gh, a

5 plurality of lows, high, high.

i 8. The method recited in claim 6 wherein the controlier

2 transitioning step further comprises the step of providing the Test Access Port
3 with a Test Mode Select input having the following bit pattern for a

4 consecutive series of clock rising edges of pulses: low, high, low, high, high.

i 0. A boundary scan apparatus with ground bounce recoverability

2 comprising:

i at least one Test Access Port controller; and
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I 8. The method recited in claim6 wherein the controller 2 transitioning
step further conprises the step of providing the Test Access Port 3 with a
Test Mode Sel ect input having the following bit pattern for an4.cC ﬁecuti‘ve
series of clock rising edges of pulses: |ow, high, |ow, high, gﬁr&] 2086 A
boundary scan apparatus with ground bounce recoverability 2 conprising: 3
at | east one Test Access Port controller; and 26 4 5 6 nmeans for
operationally transitioning the Test Access Port controller fromany of at
| east three undeterm ned controller states induced by the ground bounce to

a determned contr glhgl ro5 bBbetiohi fandiihiftRRE Télttdbeepoed [N claim 9

wherei fi the contro ansitioning neans conpri ses neans for

provi d| ng(éc%nqc?)gg}gf?% ﬁ%f&sai legagf thr &%}errﬂweﬁrcomrﬁlﬁr tatc@indiRl bybde Sel ect

i nput ﬁri ng edge of a cloc 4 signal while in an update

state. 1 tj’l%'sgtrc-)r\{h% %H%p%;#ﬁe_téﬁ%é‘?%d&"&@é@ 10 wherein the determ ned 2

controf | e ate 1s 12. The apparatus recited in claim11l
wherein the at |east three 2 undeterm ned controller states are sel ected
fromthe group consisting of an

1 ~40. The apparatus recited in claim 8 wherein the controller state

2 ftransitioning means comprises means for providing the Test Access Port
controller with a low Test Mode Select input prior to a falling edge of a clock

- a
2

j 4 . signal while in an update state.

1 ' 11.  The apparatus recited in claim 10 wherein the determined

2 controller state is UPDATE-DR.

1 12.  The apparatus recited in claim 11 wherein the at least three
| 2 undetermined controller states are selected from the group consisting of an

3 UPDATE state, a RUN-TEST/IDLE state, a SELECT-DR-SCAN state, and

4 CAPTURE-DR state.

1 13.  The apparatus recited in claim 12 wherein the at least three -
2 undetermined controller states are selected from the group consisting of an

3 UPDATE state, a RUN-TEST/IDLE state, and SELECT-DR-SCAN state.
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3 UPDATE state, a RUN-TEST/IDLE state, a SELECT- DR- SCAN st at e,

CAPTURE- DR state. 1 13. The apparatus recited in claim 12 wher oo hg at

| east three 2 undeterm ned controller states are selected fro 45: @W(ﬁﬂﬁS
consisting of an 3 UPDATE state, a RUN-TEST/IDLE state, and SELECT- DR- SCAN
state. 27 2 6 JAN 2005 1 14. The apparatus recited in claim12 wherein the
at least three 2 undeterm ned controller states are four undeterm ned
controller states 3 selected fromthe group consisting of an UPDATE state

a RUN-TEST/IDLE '4 state, a SELECT-DR- SCAN state, and a CAPTURE- DR state;

1 15. The app t“%hé%ﬁ%&r&ﬁs it H H?l%%ﬁ‘é@hﬂhébﬂeﬁﬂ%é@“er state 2

transi tioni ng ans conprises neans provi ding the Test Access Port 3

cont 1 o} | el iyl fifed ERrold denciehBtbur ABLietiRYd Bantidhier Suslekowl ng bi t pattern

for a ‘4 dENSECUTTVE series of risi ng edges of clock pulses: a plurality of

Lows, i Ofye@oq frofl tHE o'u Yofiistlng ¥ an UFDATENGtSlR, 4 RUN-TEB®/IRPar at us recited
Sedle Per

in clal’m ere| nt ontrol state 2 transitioning neans conpri ses

itorin Jorg tgfe\r[n eri%'l{lgﬂ _STOS sARE 858 aRMHTURE-DR3tAeTest Mode Sel ect input
aving th ofI"™owing bit pattern for consecutive 4series of rising edges

cl ock pul ses: low, high, [ow, high, high.
1 15.  The apparatus recited in claim 14 wherein the controlier state
2 transitioning means comprises means for providing the Test Access Port
j 3A controller with a Test Mode Select input having the following bit pattern fora
e ccﬁsecqtive series of rising edges of clock pulses: a plurality of lows, high, a

5 plurality of lows, high, high.

1 16. The apparatus recited in claim 13 wherein the controiler state
2 transitioning means comprises means for providing the Test Access Port with
3 a Test Mode Select input having the fo_llowing bit pattern for consecutive

4 series of rising edges clock pulses: low, high, tow, high, high.

1 17. A boundary scan apparatus with ground bounce recoverability,

2 comprising:

an in-circuit tester conﬁguréd to provide a Test Access Port
4 controller with a low Test Mode Select input prior to a transition from an

s update state; and

28



17. A boundary scan apparatus w th ground bounce recoverability,
2conprising: 3an in-circuit tester configured to provide a Test Access Port

4controller with a |ow Test Mde Sel ect input prior to a transgtg Qu Rge an
supdate state; and 28 2 6 JAN 2005 '6 said in-circuit tester further -
configured to operationally transition 7 the Test Access Port controller
fromany of at |east four undetermned 8 controller states induced by the
ground bounce to an UPDATE-DR state. 1 18. The apparatus recited in claim
17 wherein the at |least four z undeterm ned controller states are selected

fromthe group Conghlatlﬁ-ﬂi&uﬁfles?é}fur%éﬂeaﬁﬁﬁreﬁttabﬁeraERbNIITIﬁSiEéItmLE
SELECT- DR- SCAN, and CAPTURE . The apparatus recited in claim17

whereip t iforic@tdller F6m ahylotatiBast i@ nhigemedded o provi ded the Test
AccessPPo{rh?té(%Flglrﬁ#Fer with a Test § Mode Sel ect input having the follow ng

bit pajte 3 étate@mséﬂb e GRS DoRRce 1 ani UPDYTEOFestatlef ¢l ock pul ses: a
pl urallgty&(;hfﬂfoﬁ \ hi gh, a%l ur%glilty of lows, high, 5 high. t 20. The

appar at us reC|ted in claim18 wherein the in-circuit tester is 2 further
configured to provided the Test Access Port controller with a Test 3 Mde

Sel ect i nput h@vi ngné BEpaerlUs et irbélaimpERt Wiesreinfties atdeasifewrcut i ve series of
4 rIS|ng edges of clock pulses: a plurality of lows, high, a plurality of
| ows, §i ghhdetermined controller states are selected from the group consisting of an

»  UPDATE state, RUN-TEST/IDLE, SELECT-DR-SCAN, and CAPTURE-DR.

1 19.  The apparatus recited in claim 17 wherein the in-circuit tester is
2 further configured to provided the Test Access Port controller with a Test

3 Maode Select input having the following bit pattern for a consecutive series of
4 rising-edges d.f clock pulses: a plurality of lows, high, a _plurality of lows, high,

5 high..

1 20. The apparatus recited in claim 18 wherein the in-circuit tester is
2 further configured to provided the Test Access Port controller with a Test
3 Mode Select input having the following bit pattem for a consecutive series of

: ) 4 rising edges of clock pulses: a plurality of lows, high, a plurality of lows, high,

5 high.
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s high. 29 26 JAN2005 1 21. The apparatus recited in claim17 wherein the
in-circuit tester is 2 further configured to operationally transition the
Test Access Port controller 3 froman undeterm ned data stat 2v§10
determned data state. 22. The apparatus recited in claim21 e‘;@\,rgﬂ%i
data state 2 transition begins when the Test Access Port controller has
reached the 3 UPDATE-DR state. 23. The apparatus recited in claim17
wherein the Test Access Port 2 controller is one of a plurality of
controllers in a boundary scan chain. 1 24. The apparatus recited in claim

20 wherein the Test Access, Port. ’ | il Ogreaft testeplisir al i ty of
controllers inth bJﬂﬁ@BP?faE‘ééﬁc'tgﬁ%j &gl%glo“’hﬁélg tg%glar atus recited in claim

21 wherein the Test Access L& AdcBsPPet edntlld ural ity of
cont r okl ef@*ﬁeﬁc%fﬁﬁ[?ﬁ&%P9er§ %r?’ia 'Xﬁé?%mthgg The apparatus recited in claim
22 wherein the Test Acces

|k dtoteOne of a plurality of
cont r oBl efrem 3p undeiim a&%%%{ectﬂéo%wg%&hABgTRACT OF THE DI SCLOSURE

BOUNDARY . SCAN W TH GROUND BOUNCE RECOVERY

1 92 The apparatus recited in claim 21 wherein said data state

o transition begins when the Test Access Port controller has reached the

3 UPDATE-DR state.

| 1 23 .The apparatus recited in claim 17 wherein the Test Access Port

»  controller is one of a plurality of controllers in a boundary scan chain.’
1 24. The apparatus recited in claim 20 wherein the Test Access Port

2 controller is one of a plurality of controliers in a boundary scan chain.

1 5. The apparatus recited in claim 21 wherein the Test Access Port

»  controller is one of a plurality of controllers in a boundary scan chain.

9

1 26. The apparatus recited in claim 22 wherein the Test Access Port
t}'

5 controller is one of a plurality of controllers in a bou:?dary scan chain.
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A system for recovering fromground bounce during a boundary scan test is
di scl osed that includes operationally transitioning a Test Aczgsa ﬁoﬁﬂ
controller (118) fromany of at |east three undeterm ned cont¥ 8l é at es
i nduced by the ground bounce to a determ ned controller state. The
undet er m ned, . SciByd sel ected from an UPDATE state, a
RUN- TEST/ | D , —DR=SEAN state, and a CAPTURE-DR state (FIGS
4 and 6). The determined controller state can be the UPDATE-- DR (FI GS 5F
and 7J). Ond®UNDARe S§éNe WiiTHeBREOENPr BPPEEESREEEVERKe Test Access Port
controller (118) may al so be operationally transitioned from an

undeterm ned data state to a determ ned data state (FIG 8).

A system for recovering from gfound bounce during a boundary scan
test is disclosed that includes operationally transitioning a Test Access Port
controller (118) from any of at least three undetermined controller states

5  induced by the ground bounce to a determined controller state. The
undetermined controfler states may be selected from an UPDATE state, a
- RUN-TEST/IDLE state, a SELECT-DR-SCAN state, and a CAPTURE-DR
state (FIGS 4 and 6). The determined controller state can be the UPDATE-
DR (FIGS 5F and 7J). Once in the determined controlier state, the Test
10  Access Port controller (118) may also be operationally transitioned from an

undetermined data state to a determined data state (FIG 8).

FIG. 4
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