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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 Biose partihilarc doféguveny ifom grdwowsbeoace tdeghgteer data to
be captured in parallel and 1 2 6 JAN 2005 shifted serially between storage

el enents igouritRargeeantesi ster. A detailed

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



di scussion of boundary scan testing and scan registers is provided in "The
Boundar y- Scan Handbook" by Kenneth P. Parker (Kl uwer Academ c Publishers,
2d edition) and "Agilent 3070 Fam |y Boundary-Scan 5 Fundanent@lgsjlﬂp%
Opt 210 (E3795C)" (Agiient Technol ogies), both of which are also
incorporated by reference here in their entirety. Testing systens that use
boundary scan technology in order to facilitate integrated circuit

testing, boRiftadisesialiybetween storags eemertsch the stangegisteral & detailed

commerci ally-avai l.able froma variety of vendors including Agiient 10

Technol ogi eciiion oPBbEhiiAry 40 festifPERd! bl befllerd 8 _rbgﬁéﬁ% gRENO) 09l es

B. V., CGoepel Electronics; Teredyne ; Ager e“Syst ens; t'sys
Intellitec ; ugen ,S0f re., an t hers. sho in FIG 1, the
basi c ar chlg?g@ﬁﬁyés% %Hﬂggﬂéﬁﬁ E‘&”HS&hga%rk%&ﬁJW@ﬁ%@emsc provi ded on
an integrated circuit 100 (or other device) by four 15 (or, optionally,
five) packBgklishiers 2dediting) and “Agient@ydsEamily Bqurbapy Scafihe TAP i s used
for conmmuni cating with on-chip, boundary scan logic using a testing unit
(such as A@zﬁ@?ﬁeﬂmﬁﬂqlzggne@bt_21’3@?@smmﬁf@iehﬁ&ﬁr?dib%ie%%%&othﬁStle”)z or
. e logic

ot her device, to send and receive various signals via th

cont rol 1 er Voot S feblRrefy b LePRich e f e anbrihus T watB8k (o).

Test Mdde Select ("TMS'), and optional Test Reset ("TRST" ) pins. The

remai ni ng SYSHYN3 Mgt amesbeupdasy ssantesknalagnin ardertorfagiliiatel integtat@dt a Out

("TDO"), are used for serially :

‘_ ) circuit testing, board testing, and/or system level testing are aiso
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



shifting data into and out of registers as discussed below. The registers
in the boundary scan logic include at |east two data registegfe("ﬁﬁgﬁ[gnd
an instruction register ("IR'). The "boundary (data) 5 register’ f q a
scan register that is used to control and observe activities on the input
and output pins of the integrated circuit 100 or other device. The boundary
register 102 is fornmed by "boundary register cells" 104 di sposed between

each of thdwpdting,negss Deds Imd DifjeanchTesnabtd Ogt ¢ TINE")pkrd heed fbegsaiRd
circuit 100 (but not the TAP pins). Each cell typically includes a shift

register 1%h:fﬁﬁ<¥>ﬁafaemtélaheofdtejpré@gte@s éro?éré[ﬂse dupdahe” flip-flop or |atch.

The serial inpu and outputs f eac are connéected to forma serial

hift path, : th h the. bound II's 104. F
nput pins’ 106A 156 AEEP 4ot BoubOeR: i CamClise SukaRl 610 Bt and

outputs of the boundary register 102 are connected to the device pin and
syst em ci r cegisteys (‘DD eodiareingtruption tegister (R )pi Tise 106 ddrpqaatgssi gnnent s
ar e reversed. The second data register in the boundary scan logic is the

" bypasss T eglistoe 102 2 e réiBRY Shatag usbRio bbARS AR ey R RliLe ShI Tt

path through the integrated circuit that can be use ortéen e length

of the sys t o] ar n chai n s described in_nore
detail bel é\ﬁvrﬁ\}\ne ?’ﬁﬁnf@% J’“ﬁéghﬁpg ‘#q@e ﬁée d@"ﬁ%ﬁﬂ@@ E@r BR¥iCRucthan
register (" 114 defines the node in WhICh the data registers operate.
Simlar to P%’%d%l'atragisé%ﬂ@?ehssfﬂﬂrm@d@yd bowndanhregistet cells”i 4 disposed

. ﬁ\) 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]



register 114 also includes cells with a shift register "capture" flip-flop

and a parallel "update" flip-flop or latch. Once the instructi rﬁ(rifﬂy]m
is connected 5 between TDI and TDO the shift register portion Rolds’

instruction bits noving through the register while the output |atches hold
the "active" instruction in place while any shifting is done (in order to
prevent "shift ripple"). The active instruction is then decoded and used
to set the operld ipsttclindeegibier IR st14defnks the fhoaedatwhicl#iadeegi st er
is placed 10 between TDO.and TDI. As nentioned above, the Boundary-Scan

Standard akegisrt eperdtBe SiffiaR (@ aid fatklScRicrtu] 14 BhE 1124 BA Bl fprou ts

100, and/or other devices having the ary scan archite own in
FIG 1, to [ d_toget her nd.with other devices that do not include
t he boundaF%/)&%ﬂg;ﬁl@raé%ﬁ’?‘E‘%‘t"ﬁ?secé ‘fggl)a g?“qtrﬁg'sg%}'sF@Pﬁqr%vfép?ﬂ%@n@ﬁarrpI e, as
illustrated by the system 200 shown in FIG 2, the TDI pin (FIG 1) of

each of t heakighaidateclin-finp oclatch.20nce ke inBetionGegmtetr i2 Bdnneciddnked to
the TDO pin (FIG 1) of the preceding device in the scan path chain 210.

The TDI5 pi beiwed B0l hatTHIEY titesRRGeglstErSb oSN RoRR hdl ihePWic gpal from
the testing unit (not shown), or ot hgr 20 device, whi é%’(ﬁ%ﬁtwgﬁn of the

| ast devic j ' rqyide out pu igpal. to the testing
unit or ot ﬁ]g% ?rggei\/rfl?%fégﬁg? %@5‘%&%&3“&%%%%?%33&0;@ g‘%i%ﬁj‘ﬁ@m 300 for the
TAP contro] ler (or "controller") 118 shown in FIG 1 according to the
Boundary SPgHUSHeminpl@ce whila any shifiingis dane (in order o 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.



the sixteen states of the controller 118 is |abeled with a nane, and the
between states is showmn with a 0 or 1 to indicate the lLogicpaVv
the TIVIS 5 signal that nust be set before the rising edge of l‘zﬁ% %}éﬁf?%
("clock™) pulse in order to cause the transition the controller to the
next state. The TEST- LOG C- RESET state is entered on power-up of the
device 100 (FIG 1) and disables the boundary scan control |ogic so that
the integrated dilGecGiis a dateodingram &0 foe thevl AP epdraites (anfauaitiofler"yHd 8
RUN- TEST/ | DLE state is then entered 10 when TIVIS is (a logical) |ow and

the controlghgiwnlihd1GeMBddESrdiRg i itise Borh@apsSchR® ™addard. MhFic, 4, @Mchlbe
remai ni ng states are arranged in two vertical colums with the data col um

(on the left) refer i n he da reagisters ("DR'),, 102 and the

i nstructi or‘;h%g'lx %%ﬁeet ﬁfetlh?i c&)&@oﬂ%?iﬁg@%@efﬂrgﬁ g H@F\%’J@ﬂ otrt?eraer&i ster
("IR") 114. 15 Wen the TAP controller 118 is in the RUN-TESTADLE state and
TVMS goes [behveen petedin showrewitbrit Bras 't indingdicaiecihepRastsaluet ofttbeoMBhe next
(rising edge of TCK) clock pulse. This is a tenporary controller state that

> exi sed siyhal (reatneust bd Setneiedomenisil§édbt oflive Reixs TOK (elorwopuisge next
rising

“for the sclcash o Fabe P uSbAef iy Bpndir © RETRISHE e TR ' Rl G

during the SELECT-DR-SCAN state, then, on the_ next clock (pul se

arc

S

cont r ol | er LOFIGIBESET plde imentered pnqroyer-ymot e dedee JO0;

10

15

20

edge of TCK) clock pulse, then the controller 118 goes into the

FG. 1) a%ge
disables the boundary scan controi logic so that the integrated circuit,. or other
device, will opérate normally. The RUN-TEST/IDLE state is then entered_
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.

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-
DR state in the data column, and a scan sequence is initiated for the selected

test data register.



colum, SELECT-1R-SCAN. This is also a tenporary state where a decision IS
made whether to either continue in the instruction colum or 0
controller by returning to the TEST-LOG U RESET state. if TIVI |s heﬁg $0W
during the SELECT-1R-SCAN state, then the controller 118 noves into the
CAPTURE- | R state on the next clock pulse and a scan sequence is initiated

for the instruction register 114. I\/bre&rEpem fically, during the CAPTURE-IR
state, the shiftf T istkapt high during dre SELEHSTORSGGAN state; éyers toay thiel 4
parallel |oads a pattern of fixed logic values on the rising edge of TCK

The TAP comexbtibek plls®, the Bosirbiar 1 EhhRIes ibftetheHIrETsthiR Hﬁqfeem'stfru&m I's
low, or the EXIT.-IR state if TM5S is high. In the SH FT-1R state, the

pat tern i o SR SEbRG TSRS Rans © T RIEEhddly SRk RS Smetie€ h

edge of each clock pulse while TM5S is |ow, Sinultaneously, new instruction
bits are sk Tegg Vﬂ'ﬂﬁthﬁf iq giEhemeantineie i the destetadion columnrreeetithel ng t he
falling edge of each clock pulse. The EXIT-IR state is then entered when

TVS goe% hcg'r'ltra.iai bysregiimmirtgy toathet TESTHeOCRESETEiaR. | ©MiviStaheid iBwwhi ch a
decision is made whether to enter the PAUSE-1R or 20 UPDATE-IR state. 6 2 6

AN, 2005, | Bullg uRASBER Y ka8 Gand ]t L O Gt A BUSyBoh 1110

of the instruttion reglster enporari ly in

order to e slower speed of other test equipnent. The
control | er Ewgalh state on the next clock puise and a scan seqczjen%e 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.



remajns in this state while TMS is |ow and then -noves to EXIT2-1R on the 5
- next rising edge of TCK when TMS hi gh. EXI T24R i s anot her tenir)%r e\a]%
controller state for determ ning whether to return to.the SH F#% FR @95
or nove on to the UPDATE-IR state. In the UPDATE-IR state, the instruction
that was previously shifted into the instruction register 114 is | atched,
on the failing ed g f TCK, into the _hold 10 portion of the instruction
regi ster. Once tllﬁ‘g ﬁg:’vfl\lijﬁgffﬁj%ttait%ﬁhﬁé]_sA%éﬁﬁtrP rchigallows the sbifing phibe
"current instruction” and sets a new operational node. From this state,

t he cont rolihstrudiis registehttd émbertetiperSty BEReDRSRANyIt ardeifo TMS i s hi gh,
or the RUN-TEST/IDLE state if TMS is |ow. The remaining states for the

data regi st ! radh RekABL i i ster
col U, For S I R S IENE THE coRfiker 1£9

(sonmetinmes referred, to as "vectgr. .data) i, |atched on.{ | 11 edge of
TOR 1 om (RETS 1y ICyRlk BTG A0S ih PV ARKTNER MtNGRCLE 61 211 P dRBet eq dat a
register that is set by the current instruction. The BYPASS instruction
(all 1 §imehespg edga pUECKonherdiMde digh. pEXEBES- R ie asbtigrdetnipordnypass dat a
register 112 between TDI and TDO in order to provide a short path through
the conponehtrolBestate fdy dANMAIRHY WHEESF th PSRN ES HRNSENFTIRSstRRL Ipr n t hat

is left to the circuit designer), on the other hand, targets the boundary

regi ster 1%0\%%%??%%'9{%@%@%3%3%} hat, during the SH FT-DR state,

vector data is S si ng edge of

>

in the UPDATE-IR state, the instruction that was previously 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

~J



TCK) ,and out (on the falling edge of TCK) of the boundary registers 102
Wwhile 5 TMB remains |ow. The new data is ti yen | atched into thSOMI ﬁé%
outputs of the boundary register 102 on the failing edge of TCKd 3 e
UPDATE-DR state. 2. Ground Bounce During Boundary Scan Certain boundary
scan tests are known to be particularly susceptible to 10 ground bounce,
as discussed in "ln-Crcuit Boundary Scan Connection Test Ground Bounce: A
Case Study HhIPREVRSItUGANdWithrapattery beéit left tatthe mircuNeleSnars tor2 20

Synposi um by Raynond Bal zer and Philip King; "Gound Bounce Basics and

Best Pract iotieer"hand, Biigetdiretbaiddrabbgisterom sk hasin THEERRCHDG &Sinand U. S.
Pat ent Nos. 6,000,050 and 6, 243,843; all of which 15 are incorporated by

nce e | tixet neral..ter round bounce is a
transi ont Voo ST LRSI EL Vaelh B R uhE T Lo A BB ST 1t o
parts of a_circuit. This typically occurs when current through an '

i npedance (piand Pyt (oaribe ifalling esigeelakfeihef theshaundary yepisterse Qowaile
di stribution pathway creates a voltage drop across internal circuit nodes

that 205 ar ¥MSipzraaies low. MEheen¢welzanethel hagraiaks thd ?Mﬁii@ﬁbhbﬁut@%‘f’"er or
ground). For board testing, this voltage differential usually arises

b th : j r.Lest.
ovever, o Sueh stk (Sl (R tn B AMQbauaLr FoK HlBnd e LRoRTERRET o
system | evega testing. Ground bounce can be minimzed through proper

i nt egr at edS@§-cui t

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



,design, board l-ayout, and tester to board/system connections. There are
also 5 other approaches brat attenpt to nmitigate the effects of @rHAMPE5
bounce once they occur. These |l atter approaches typically alter the
boundary scan test pattern in an attenpt to mnimze or optim ze

simul taneous pin transitions by 1) arranging the timng of when it occurs
to be at a "safe" point in the test sequence; 2) using the TAP state

di agr am t o SYsigp gFUEband 8¢ devige wlerdestt &loweve) gwundouhee trest alsbxt ur e
in such a way that the ground bounce is mnimzed for the TCK, TMs and

TRST pi ns; oaogr diring IMEegraits® Birc Ot 8@, dravystarh fovad), tEskingo mask the ground
bounce. G ound bounce typically manifested itself as a superinposed vol tage

fluctuation in i I i et | pes be neasured using conventional
15 techni ques. ﬁépﬁ@@ﬁ@%j{hﬁ@é‘@ﬁ%@% fﬁ’EQPﬂHBP%W? ai%fgplgf,:l{jg enough
to inject a new clock cycle, then the bounce can cause | oss of

synchr oni zEe$i8R. RPEF layeut, ansdestar to Apasdisysiem epnrectianss hovereiarcli® 1.

| nductive ground bounce is particularly problematic in this regard due to

the curf enttrenzgesoatiaat @i atienipitgenitigaeane effectd bl gfounthBRafeSdide
simul taneously and is expected to 20 occur nost often on the failing edge

par i cul ar YRR, TTes? teltoraptioet ies BniGhly 91 oy pgahbiedeefoge

singl e boundary scan test operation will often have many such UPDATE
event s andp%@?%égﬂhaﬁ%@pbﬁbwrﬂ'm@. PESPHBIZYPIFN@NEEUREEN transilisns iyunce
that causes an .extra TCK pul se during an UPDATE" o
~ 1) arranging the timing of when it occurs to be at a “safe” point in the test
J sequence; 2} using the TAP state diagram to trap the controller 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 synchronizatioh 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



state can be recogni zed, under certain conditions, by exam ning the target
5 bits that are shifted and nothing an instruction register cagtLPJrgAN Ztﬂﬁs
pattern, rather than the normally expected target bit pattern. "Under o r
conditions, ground bounce can also be inferred froma disabling of the TDO
pin during a shift state. Yet another ground bounce detection schene is
discussed in U.S. Patent No. 6,243, 843. However, when inproper boundary
scan test reSUFES Moder & dinglaibeeadasy geaduREtRemRECHWIbPBRN iNaveonanyf t en
presuned to be one of many possible causes and the test is sinply rerun

whi | e i npl ewentUPOATE evgnisiadd korneepoadingr eRsiramiteg fori grothdBowsedr se, i f
ground bounce is anticipated, then a ground bounce suppression algorithm

may be applied dhonhinehifd Sludeit B3t THK R LAMEILHABhagEoUN

bounce suppression algorithminvolves i ng ore ailing
edge of TCK while in the UPDATE-DR and/or UPDATE-IR states. A spurious TCK
pul'se at t FEaE QBN BRyresegpizer. yoder GRTiaintRadiiise by freninmyg thertaeeel r ol | er
to go into the RUNN-TEST/I DLE state where it will renmain, during any

furt her 5gr gitsdhdimrechitedace dotihg@k ipetraelion 2istet ickpive pattemdathégh.

After waiting a suitable period of tine (Le., nunber of «clock pulses) for

the effect g4 B@Marﬁ%ﬁuée@%%ﬁﬁﬁé‘%t EgtteiréSpﬂaéﬁotﬁé?%ohﬁﬁhosrﬂs?gfo&d] AN

2005 can t hen be conti e safre I nput sequence. a ground
UPDATE st at8dioakan A pe Hema i & ettt PO DB ading o fhpped- in
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., nu‘mber of

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

10



the RUN-TEST/IDLE state until the effects of the ground bounce on TCK 5
have di ssi pated and the test can be continued. However, this ”ZFB WAN 2&@
be successful if the ground bounce also causes the TMS |line to appear tO
the controller 118 as a logical | at the tine of the spurious clock
signal. In that case, the TAP controller 118 will nove to another state
where it will not be trapped, regardl ess of whether TM5 is kept 10 | ow.
Fur t her nor esantthenitrpooniinuedoatth dne sapguiepoksedznosasT applif @drowund he TAP

pi ns when TMS noved high is unlikely to be synchronized with, or

appr opri at §ounk indfiges Frﬁﬂt?pié’fc!ddﬂgf)&\fﬁs&gﬁqg%géggigﬂﬂq@ﬂgﬁ“eﬁgﬂgr ound

bounce when the test continues. acks of
such conventdoQn roach re addressed here b ovi di a nef hod,

appar at us, 4%@1‘\% él%gesdé‘t"é‘e@wgdﬁlhe?qd)L’W'%E@WQFPH%‘Y? f%ﬁ?@(ilﬁﬂﬁ’@p@ggnlfb during
boundary scan testing, including, but not limted to, during integrated

circuit tedhé RyNDID I/IDbEtstatg unti dhe effegistefithe lgroend begncagn TR
t echnol ogy described here generally relates to 20 operationally

transi t 5 oningge aiidaphictiCaas e st caQer riduetir om any of at least three, or
at least four, undeterm ned controller states induced by the ground Il 2 6

undetermi ned  cSHEYTel S iapati iRy hesErashEl e GRTHLOGH B a58nsi st ng
of an UPDATE state, a RUN-TEST/IDLE state, a SELECT-DR- SCAN state, and a
causes the TMS line to appear to the controller 118 as a logical 1 at the time
j 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

11



CAPTURE-DR state. The determ ned controller state may be UPDATE-DR 5 The

description also relates to operationally transitioning the Tﬁzt @2’}9\@%05
Port controller froman undeterm ned data state to a determ é} '

state. For exanple, the data state transitioning nay begin when the Test
Access Port controller when the controller has reached determ ned
controller state. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS Vari ous aspects of
t he i nvent i loouniel o andetcmmimkesscontbaidr sidth. el exanyde, the uietbohirad ng
figures ("FIGS.") which are not necessarily drawn to scale, but wuse the

same ref erecsmrd‘sefrgfa@éérﬁag 6@§é@8@ﬁr&rﬂ&h§§?8ﬂ}9 gpgalr%gfr#;%f athJ@gﬁbﬂgt each

of the several views 1is a sche of one enbodi ment of

aboa mont SRt AR DG HEESIOLE SalhaesFLECT Ly SCAN SRPUNGE soveral |

boundary scan _devices according to FIG 1. 20 FIG. 3 is a state diagram
for the TAFCABRURE-DR sktewlherdatérmidedicoatroller stz miay he UPBATENDROO5 FI G
4 is the state diagramof FIG 3 illustrating a group of three

undet er iy ”%é@@édrﬁitﬂoﬂralﬁ Adigfes DR Atidhaig R HEHANNG $Se Fekt J’l&c@sé P’E‘i?is' tion
from an UPDATE st ate. . 5A-5F show the state di agramof FIG
controller con%ﬁé}; frglqw an undetermined data state to a determined data state. For

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.

12



for recovering fromany of the group of three undeterm ned controller
states shown in FIG 4. FIG 6 is the state diagramof FIG 3 illustrating
a group of four undeterm ned controller states induced by grozrbd J}@&l%e
during a transition froman UPDATE state. FIG 7A-7J show the sta 5
diagramof FIG 3 with controller transitions for recovering fromany of
the group of four undetermned controller states shown in FIG 6. FIG 8
shows the sEieetis thp statediagam of Filts cidusiratinga groupset thsae 1 or
recovering froman undeterm ned data state after arriving at a determ ned

cont  olihetesirahecl CORTAILERRESHRTDR OBy Gioline IRRFTITAGINGIEEBRORLRS I Go.

4-7 are copies of the state diagram shown in G 3 for a TAP controller

i ncl udg tw ifd.ted to, the controller 118 shown in FIG 1 and the
contrg‘ﬁ&}@HﬁE@%‘Tﬁéfa%t shown in FIG 2. In FIGs. 4-7, the bold lines

i ndicate the current state bei n? transitioned fromand the corresponding
val ue 13 2 BIGaNAddSshowitie state diagramnabFiG o8 wiltheopirolier transitiong i n

these figures further indicates the various possibl e underdeterm ned

cont r ofdreecEVéfing fldianyPorf thaVGroRRess thi 88 R tENM R cdl CortFoIRGIWISRs FOr

exanpl e, the cross-hatching showmm'in FIG 4 illustrates that a ground
bounce occur.rg:r]%oqltjri ng one of the UPDATE-DR or 5 UPDATE-IR "UPDATE" states
can in%hu?:‘@nt'ﬂ ntroller 118 into one of three

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



undeterm ned states including either of the UPDATE states, RUN- TEST/ | DLE,
and SELECT-DR-SCAN. In general terns, FIG 4 illustrates so-caluggd\j N opnz
"unstabl e" (or non- repeatable), uniformground bounce that ca £ 2005
spurious voltage in the 10 signals being applied to the TCK and/or TMS
pin(s). Unstable bounce wll only sonetinmes transition the TAP controller
away from an update state. Thus, one of the UPDATE-DR state or the
UPDATE- | R stfatM§ Tos thenthositidni i het ¢resgphatghing in tiese figutes émnhfhmeiddbiaaégs

i nduced by a ground bounce that are shown in FIG 4. The term"uniforni is

used here tigengir@Usipdsaitie Tuh@e?dété#hthéﬁ domtrblief Q@t@@ﬂ{ﬂ%é(y ﬁéﬁ‘é‘ et

respondi ng substantially identically. However, di scussed bel ow, these

same principles al so tQ_non-u form und bounce.

rethods. dedhrfeediB et hifllRe nsdaade bl GPSs RAHES shoum 0 G abi e,
or repeatable, forns of ground bounce and are thus generally applicable.
20 More spébiiiﬂstfatasﬁhata@round bousece gcegrriagsiuring oo oithe DPRA TR ar a

si ngl e bounce of TCK, or a single bounce of TCK and a single bounce of 14 6

JAN 2005 TINPSATEMRICEPUATE: TAR R0 BLee tHd BohitbRerones Pho bhe drhﬁf‘ée
undeterm ned states shown with cross-hatching (where UPDATE-DR and

al so ar 1 verneiiBeg e Re TR RE PR FEM PEIAT St g O o T ™

circunstances. The term5 "undeterm ned state"” is used here to refer to the

fact that tieSGHALE. BRASEIECT-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



i nduced by the ground bounce. will not necessarily be synchronized with the
expected state of the controller and/or the input signals beigg5 Mig to
the Test Access Port for the expected controller state. For ®Xa 2&' a
si ngl e bounce occurs on TIMS or TCK that does not 10 induce a transition
fromone of the UPDATE states, then the TAP controller 118 will not be
detrinentally affected and will remain synchronized with the signals being

appl i ed to TN, rdicesdbesAPepntroiier 1 Heirde lope dfdhd thide Thagteringneckept | ow,
and the ground bounce i nduces an extra pulse on TCK, then the controller

118 will treaedd shiwe ¥ithyerb8é-Patdhin RMhdRSIPDATE PRigd SPOA B AN aref 15
TIVISis lowduring a first spurious TCK pul se and then TCK is high

(perhaps due to.the .around for a.-second spurjqus T ul se hen
the oot r orieq iefeerE BaldrPATE Saiel) T BRA-SBHECH B R o
Consequent |y, s%gggls may then be applied to the TAP under the m staken

assunpti on AP edgstatermiaed sider sius: fol othphcireumatancesr i TateeteDPDATE st at e
20 when, in fact, it is in one of the undeterm ned states. 15 2 6 JAN 2005

FI GS. 54 SPunsietdritingd stetetisagikamert 16Ir&fer 3o toe SMha0Mer thteethat g ansi tions
for recovering fromany of the three undeterm ned states induced by ground

conti nuee 1 BORERBYEhT SEPAREOATEL I et TheesSart e Bradirg e i B

bounce. ConSequentIt\/, if the controller 118 had renmi ned properly
- synchr oni zeRkPestedstatphtne exdtmliepppaiorthe ivpf donalsdeing apghed i the

, j 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 detriméntally 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 appropriate UPDATE state

20  when, in fact, it is in one of the undeterminéd states.
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bounce, then holding TM5 | ow on the next true TCK pulse wll transition the
‘control ler 118 into the RUN-TEST/IDLE state as if the ground bouhteJANd2885t
occurred. Simlarly, if the controller 118 was induced by the ground bounce
10 into the RUN-TEST/I DLE, then holding TMS | ow on the next TCK pulse wl|
trap the controller 118 in the RUN- TEST/ | DLE state as |long as TMS :

continues to bv\/(g}&éaréd’rg n UPDATE st at d t he RUN- TEST/ | DLE state
are the only t Brusehgctiaien? RGeSt t - eriashaMecerrallefier ed, t hen

hol ding TMS I ow on 15 the next TCK pul se after the ground bounce w Il have
ef f ecti vel yransiippsdot recaverningdtdreeni ks the tintee RUIBESTHRHR Bt intiecedi ni | ar
to the conventional ground bounce suppression al gorithmdi scussed above.

However, i@ggggaaﬁa%unbe SAEH Wn%ﬁfH cf%b%rﬁétﬁgﬁ@ ifh 'rﬂ?erﬁcgﬂm Egchni que

descri bed al so acc unts or t he ground bounce’ may have

alternativ |nd ced t he LECT- ate t hown wi th

cross- hatc HIEI‘?? ohe Fﬁdsﬁ%gnggRﬂegf'\lgpkﬁagle T}F}ﬁo‘f"ﬁ'&& t?"3tﬂ'é’f=fnfjnduced by
ground bounce to SELECT-DR 16 2 6 JAN 2005 SCAN, then continuing to hold
TVB | owdb wi bbuteaniansequehtly,gbifter ontesliar it hadbrenCAPTUREcPR Bt at e as shown
in FIG 5A. After the possible transitions shown in FIG 5A, the controller

isin ei tQ?ﬁcHrBﬁnzBHNnTﬁ@UF”@AEESEDRt& OPDIATE(RBIBETR 15 g&ﬁ.rﬁhom with 5

bol df ace type in FI G B. However, which of these two cont er states

Lhat the BIKES!heh hoh%ngsrmstgv%'arme“né tile TERPISE illtBRE oA TnE Ut e

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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5B, holding TMS high on the next clock pulse will transition the controller
118 fromone of the resulting two candidate states fromFI G 5Af ”mf O%e
controller 118 is transitioned fromeither the RUN-TESTI | DLE state in g
SELECT- DR- SCAN, or fromthe CAPTURE-DR state into EXITI -DRin FIG 5B.
Turning to FIG 5C, TM5is held I ow on the next clock signal and the
controller 118 is transitioned either from SELECT- DR- SCAN t o CAPTURE- DR,

or from EX $CADRthen PonBEHDRIC Neld TMaslogheilintramsifibiGtha Bonfider iatdlthehel d
high on the next clock pulse and the controller 118 is transitioned either

f r om CAPTUREAPRURE DR §at&Bs¥holwrPim FlJSx DR to EXIT2-DR Turning to FIG
5E, the controller 118 is now in either the EXIT1-DR state or the EX T2-DR

candi dat e po GParEPa g sita? solFiRc R B earoke e Fic sE

hol ding TMS high on the next clock signal will result in the controller
transi ti oni¢ither he¢ BMN-TEST/PIFAstato @8 the CAR EURERPRosiate sbowRDWtiE- DR st at e

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

known, @& “stgikaitssin Fi® 38 HBRATer %achetgaﬁéé@m%n%nérhs@ieé hﬁt
y

undeterm ned states shown with cross-hat chi ng in FIG was actu

| nduced by tbQ%PQ{rBHM ﬁ%ﬁr‘%&ua@ R 8 stif Orabtdr iR °" sf'urt 4P LhaLR i AR hod of

operationally Transit

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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a Test Access Port controller fromany of the three undeterm gg ‘c{gﬂt%ﬂggl er
states shown in FIG 4 to the determned state shown in FIG . The terma
operationally transitioning"” is used here to convey that the controller 118
has not been reset during any of the transitions. The three undeterm ned 10
controller states in FIG 4 are an UPDATE state (UPDATE-DR or UPDATE- IR
RUN- TESTI | DLE, or SELECT-DR- SCAN, while the determ ned controller state
shown i n FI@NVERIing oopiiaa ERATEHIRcdaler shaven inEEGwalk. épéniatpiointatiey
transitioned in FIGs. 5A-5F by providing a TMS i nput signal having the

fol I owi ng hidtudlaithter oF thelconteNBPRHIWE dreBbRInhed,? % BE LFEIDATEODRTCK
pul ses: 15 low, high, low, high, and high. The ground bounce recovery

met hod sho i ) [ i t.hr.ou t he PTURE- state (in
e 5B oreanig o e HREela g SRY SRok v i e rheonieanon! 1
portion of the boundary register 102 shown in the scan path 110 in FIG 1,
or correspdith Agvdoarbially induses By the arrundpRURG® in 20 the scan path 210
shown in FIG 2. Thus, the data in the boundary register(s) 102 will be

updat ed5 and usUdBY SphaRghdrefdiy kiogirdteea arithbd of bpeARibHBRy BBniicdiry ' JAN
2005 state shown in FIG 5B or 5D. Only in rare cases will this captured

hown i n Pl EEogictp R BRI qH dpBihhE iR R ARk ARl Sl “Slen

as by desi %’l of  the _boundarty Scan cel| type, then the recovery nethod
shown i n FP&Eges spgwn 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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-0 -wil'l be successful. However, it is nore likely that the serial vector
data will have to be re-shifted at sonetine during the ground bounce
recovery so that the UPDATE-DR state does not result in the Z%pyAN 2005
changing to the newy captured, and unwanted, values. 10 In der to
address the problem of capturing new values (in FIGS., 5B or 5D) which are
then updated (in FIG SB; the transitions in FIGS. 5A-5F may be

suppl enent edatg shewh Bubke iR af SPedgnivhn daghcasns \SiHl this eaptyred datanbewhi ch
the correct vector data is subsequently re-shifted into the boundary

r egi st er ( s)thé Bagwans paishatehtied(drBg the sSYhcRidhitéd GPRATEEDRI QafoshdwHI Ng
with 15 the test. However, as described below, FIGS. 7A-7J illustrate an

i mproved %ﬁtF (t%f gEecovery transitions that automatically provided the
necessary s ifl ing” and al so account for an additional undeterm ned state
shown -in FIG 6 _that may be induced by ground bounce. FIG 6 is
substantial |y tHbiltéakrows thatthege cgﬁl@@ﬁaﬂpﬁawll OCEUF tSHEh 3R0bY Aepignesf t he
CAPTURE- DR state as anot her undeterm ned candi date state that may have

been i nducdie bpugdagnstaroraicypehtten (FdBetsvérglrmethod shovimdn FEGS. BAIFN 2005
and UPDATE state. For exanple, this situation m ght occur when the system

experi encesgy,; SQQ.F fidd s j Kol only

the first ﬁ%’ﬂﬁ%e 0 8%@”@?@%?%'%%@%@%@% ggﬁ?llc\g&?tﬁﬁh%ﬂgdw@t at es
hown wi t h bol df ace. . ein FLG 7A, TNS continues to be held | ow on the
f\ext C\|M0Ck Wﬁgg%@, {eésﬁjthgg 3t sometime gurmgt e groun'd ounce recovery so that

the UPDATE-DR state does not result in the output changing to the newly

= captured, and unwanted, 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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rising edge of TCK) so that the TAP controller 118 transitions to one of
the candidate states shown in FIG 7B. Wen conpared to FI G 8BJAN 280578
illustrates that the controller 118 may be in one additional undeterm ned
state, SH FT-DR At this point, the controller transitions show in FIG
7B al so 10 diverge fromthe transitions shown in FIG 58. In particular,
TMS continues to be held | ow during the transition shown in FIG 7B. The
control | er ANBUPHATE staleoFer examie, biesitualionraight qosar vihtesy thefsystem

candi date states RUN- TEST/IDLE or SHIFT-DR illustrated in FIG 7C. In FIG

7C, TMB corgxpetiencé®iwe bbahdes ow TOK vethiDMS Boaheinpded Migidal 116n bh%
appropriate vector data. If the controller 118 is actually in the RUN

TEST/ | DLE j ta will have no effect. Alternatively, if the
controll er%‘&%@?‘oftsﬁcrygﬁﬁa%ﬁm&?‘n the SH FT-DR state, the proper data will be

| oaded into the boupdary register(s) 102, Moving on to FIG_ 7D, at the end
of the input dat agg@‘é’ﬁ@é’?e Pran bo?@c%meﬁisgﬁtﬁsrﬁwwlmd’@ﬁ@@@ition
the controller 118 fromthe RUN-TEST/IDLE or SH FT-DR state: Then, TMS is
hel d | o f dype reFHEeXTA I TMSctatihues!ts e 28d206 2088 divtispoigegdges of
TCK) as shown in FIGS. 7E and 7F until the controller arrives at one of

L1 TARPAGP PR SR L TAR Bt Bt orlB 4 BRI Lo

et of LakoRiERIR: shhuhS FRTYEC hRbalmbites ot b G ot

ﬂ) 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 to
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



boundary registers 102. If, on the other hand, the controller 118 is
actually in the PAUSE-DR state, the data w II al ready have beelz g oa, %
during SHHFT- DRin FIG 7C and will not be affected. After the approp gﬁe
nunber of clock pulses for shifting the data in 10 FIG 7G TIVIS is noved
high in FIG 7H for two additional clock cycles! (rising edges of TCK),
whi ch cause(s t he ontr | ler to transition throug7h either of the two

candi date stRIECCHINA TQ*@P@SWM FIG2offy engi iguniidhetaeatipdcearivesd
UPDATE-DR state shown in FIG 7J. At this point the actual state of the
control | er atorneohihe o Laledidaim stetbs' showhs EPRATE: DR regar dl ess of which
15 of the four undeterm ned states shown with cross-hatching in FIG 4 was

actual |l y i nduced met hod
shown i b FIGS. TR ??%‘“%”%5%2%%%32? R KB aeh e B Bl s

5A-5F in that .a controller 8 nsitions through the

CAPTURE. DR SRIES" téﬁ @Of aRAropeRAt @@upfp@rpigﬁcgatgs% i &%PPFB@"%M& ng the
next set of clock pulses (FIG 7C and 7G. Consequently, the appropriate

vect or dat anvhé ISHIE TFHBRd=ddtd, themtheboomeardata 3&gleficd Wl BO0Saded)irsd ¢fiés) 102
before arriving at the determ ned UPDATE-DR state (FIG 7J). At that

point, if tﬁlﬁjrﬁfawl?@%@féb@th@ﬁ OMThEQtAEY hafd “%ﬁé%nh%ﬁeralljfs‘i’se%ibtﬁ‘éﬁ by the

boundary scan chain 210 (FIG , then the systemis conp ete overed
o o PRTSERH Bk o hon EF S Lpjgoroun
- 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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210 is not uniformy affected, the recovery nmethod shown in FIGS. 7A-7J may
be difficult to inplenent because the entire boundary scan chai nZ/\BIUANo?UGS
necessarily be in the sane state when the vector data is being shifted in.

For example, if the entire chain 210 (FIG 2) is not in the SH FT-DR state
shown in FIGS. 7C and 7G then sone of the data will not get shifted into
the appropriate target |ocations. Consequentl after a non-uniform ground

bounceragistesis) d 03 befose artiviag atithsi detenmingdWPDATE-DR state {|Gt Fd).ent i re
boundary scan chain will not be fully re-initialized to the desired data

val uespg ggﬁ\rmiﬁf, % thie d#%%ﬂd Bﬁ‘ﬁ’né’é’gégelﬁﬂﬁﬁrﬁlgaﬁ@@fé? p%@ally%dornoﬂh'em

associ at non- uni form ground bounce. First, I nt parts of the
bound sgan chain 210 I 2 e t accessible, then the nethods shown
o cRSusiERiScaniChaa10 sF1G R dbSndhe sHStais RomRIGhY sPReYEEtht o rmy be
suppl emented with the nmethod shown in FIG 8 for achieving a determ ned

dat a saad ecatiy tépBocded thénd ABxt pattrafithertés). are operationally transitioned
from a determ ned controller state, but undeterm ned data state, to the

det er mi ned ; e ) 2 b JAN
2005 speci f[lz@gﬁ{)@q}r{dﬁrpﬁgﬁ%@e&gg"lE‘I“g[ﬁﬂéﬁiﬂgg?ﬂg\hﬁb?)%jﬁh‘laa{ y@{éﬁaﬁ%% "ﬁf t he
Seri al fﬁta w Il again be shifted into the boundary scan system At that
poi nt , 214és BAt HpHoMBl atiectedu the pecovery roathast shawndndtléaS Hvd kmaydat a
shoul d have properly re- initialized all of the elenments of the boundary

chai n. bé Wdiffibaltltd imbtemeat betadsé the lehlire 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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"ha"Mlast transition from"'M-DR to UPDATI E-DR may al so take ot her

pat hs, such as paths that pass through PAUSE- DR and/ or EXI T2-DR lé:nlbf
possi bl e that additional ground bounce rmay be experienced at the2 N)fZDDE
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
t o i nt er nedsracHigadyndyring then8 iR sjate cdrowrhim I 1) alltdfene seeakdata
intermediate points may be used as serial data inputs for the

re-in-itialwilaigemm bBredeRssintd thé Beuhahiedc a h?ﬁgﬁ@ét é?iﬁ'tr;;téete%ﬁ e

separate elenents in the boundary scan chai be altered

intelligently. | 15 onl ta that | § necessary to injtialize a
part1 cul'ar GEU7 SOU PEBLE wpisprna sl By e deia bRk e PRESirer he

devi ces have_unequal -nunbers of cells in their boundary registers, then
that aspectinigplizatbal e therglements ¢f e bayndanyothaird itsshoetd alsioftie ngted | |

occur sinmultaneously for all the devices. For exanple, unequal nunbers of

boundar § cehbisthedgsbisaasitonroAREXGT RDR G DFIIATE- DRI AP hiscakk ML, data for

the shorter registers in order to equalize the nunber” of inputs for all

used 11 oni ke svera panerfidh Bl hho g PALS S Bty e RERBRY . * °°

electrically accessible. in that case, the method shown in FIG 8 could be
used al ong wi t h 'kiSRassitle daataaditional grewrd Poungs mey be expetiencethatthecan
chain 210, simultaneously. This data
) end of the process shown in FIGs. 5F and 7J or the end of the process shown
- 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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5 coul d al so be padded based upon the difference between the sha}rgeﬁst gnzd
| ongest boundary regi sters between the TDI input points, or bet t‘lﬁ 085
|l ast TDI input and the final TDO output. Mreover, internedi ate access nay
be designed into the device under test so as to assure sone mninum | evel
of recovery and/or to keep ground bounce |evels bel ow sone threshol d

w thout 10 excessively increasing the conplexity of the test. It should be
enphasi zed that $ueh srrualdiiprintt recdesyrmbtibdabayais@be usearif by &g Gy
"preferred"” enbodi ments, are nerely exanples of various inplenentations

that have h@ennieheliRité Boltis BehfodH XiEss %ri%ﬁﬁw#%@%@ﬂ%r& ﬁ)atvar i ous

aspects of the invention. One of ordinary s al ter

t hese enbodi_nen i t.hout, subst iall eparting fromscope of protection
defi ned Sofdg{%,@5!\ﬂgzhﬁglb%wn%E@Tﬁgpﬁ@b(gpsgﬂ@?qw WihiaRpidngidaia ai4 2 6
JAN 2005 CLAIM5S 1 1. A nethod of recovering from ground bounce during a

boundary 2 V@kighstid¥ning il dhenkaurstarg sopn ichaimg2 1 hesiswitpnebusiperrtis ead | y
transitioning a 3 Test Access Port controller fromany of at |east three.

undet er §i neBukbakbdd Sadded ﬁés"écﬁﬁq_brﬁ‘ﬂﬁgﬁﬁfel?é’né@ﬁeﬂrﬁé’éii"ﬂi W%tﬁeofei 1 the

determ ned controller state. 1 2 The nethod recited in claim
at least t 1 troll.er ates, are,selected fromthe group
consi sti ng%’f&a&h bggﬂ%gA%%S%ﬁﬁgé}wggﬁﬂﬁf TP ROIBES, 05 Pelween terlast. sCAN
st at e, and_r% .4 CAPTURE- DR st at e.
I input and the final TDO output. Moreover, intermediate access may be
\) designed into the device under test so as to assure some minimum level of
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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.1 3.. The nethod recited in claim2 wherein the at |east three 2

undeterm ned controller states are selected fromthe group consisting of an
3 UPDATE state, a RUN-TEST/IDLE state, and a SELECT- DR- SCAN St‘ﬁg'JANA?é)@
The nethod recited in claim1l wherein the determ ned controller 2 stat 53
UPDATE-DR 1 5. The nmethod recited in claim1 wherein the at |east three 2
undeterm ned control ler states includes four undeterm ned states sel ected
25 2 6 JAN 2005 3 fromthe group consisting of an UPDATE state, a

RUN- TEST/ | DLE state, a 4 SELECT-DR-SCAN state, and a CAPTURE-DR state. 1
6. The method recited in claim1, wherein the controller i transitioning
step further conprises the step QFA'}M%vi ding a | ow Test Mdde 3 Sel ect input
to the TAP cantroller prior to a falling edge. of a clock signal while 4 in
an UPDATE state. 7. The nethod recited in claim®6 wherein the controller 2

transitioning step further conprises the ep_ of iai he Test Access
Port 13 contrdl|erA Weﬂwda{’fwew&f@"?s@'ioé'ﬁgE’PWbﬁ?tdLﬁé@}ér?g’hﬁ%e&f ol l owi ng bit

pattern for a 4 consecutive series of rising e s_of. k pul ses: a
pl ur alzi t poa tasbwaid metad camprsing Hesiens °8?f338’i}€g',9%ﬁ[‘ég)'{%?"q'lr‘ﬁogéh. i 8. The

method recited in claim6 wherein the cqontrol lLer, 2. LLhQni ng step
further Jespheasss F‘Pﬁém@i“é'ﬁfﬁ?m&\“éf\?& g 'ﬁ@sqﬁ{geﬁtgg‘?temééeags olrktgrn 3 with a Test

Mode Sel ect input having the foll ow ng. bit f a
- 4 states inguced by the gground bounce to a ogetermme%aéoﬁwﬁ'{)ﬁbr stite.

) 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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4 consecutive series of clock rising edges of pul ses: |ow, high, |ow high,
high. 1 9. A boundary scan apparatus wi th ground bounce recoverability 2

conprising: 3 at |east one Test Access Port controller; and 26 ?@ﬁ rrg
for operationally transitioning the Test Access Port controlle row ﬁﬁ)’s

of at |east three undeterm ned controller states induced by the ground
bounce to a determ ned controller state. 1 10. The apparatus recited in
claim9 wherein the controller state 2 transitioning neans conpri ses means
for providing the Test Access Port 3 controller with a | ow Test Mde Sel ect

input prior to a falling. edge Roicy 1t8tel & an update
state.31 fram th%ma{aﬁa?%{@wg °?8E?’ftpgc?|“?n&%?a? %U?O V\heﬂrng_i@n'tt he determined 2

controller state | ATE- lRe sweakAat us recited in claimll

wher ei f tﬁ%‘-%@ﬂ%‘gp&&%&t@ %anééfgyﬁi%n% control l er states are sel ected
fromthe 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 wherei gpéﬁﬁt@gr{éﬁ%@.ﬁn Elgfnf?,avﬁhé}gﬂqﬁ@édﬁmﬂg control ler states are

sel ectkd from%he ing o

2 transitioning step further comprises the step of providing a low Te_ast Mode
Select iﬁput to the TAP controller prior to a falling edge of a clock signat while

o
3

4 in an UPDATE state.

L 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.

1 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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3 UPDATE state, a RUN-TEST/IDLE state, and SELECT-DR- SCAN state. 27 2 6 JAN
2005 1 14. The apparatus recited in claim 12 wherein the at least three 2

undeterm ned controller states are four undeterm ned controll gr %‘ tes 3
selected fromthe group consisting of an UPDATE state, a RUN %E% %LEQUS' 4
state, a SELECT-DR-SCAN state, and a CAPTURE-DR state: 1 15. The apparatus
recited in claim14 wherein the controller state 2 transitioning neans
conprises neans for providing the Test Access Port 3 controller with a Test
Mode Sel ect input having the followng bit pattern for a 4 consecutive

seri es,of 1ising ehlas. B oS AR hIRSIorihgRh TR Ao phpus. i g, 2 s

pl uralf‘ty of - | ows, apparatus recited in claim13

wherein the,c kL -ani Thdicegsyneans for
provi d? ngc‘i’r}%r ﬂ%@% h@f:%f:a?sﬁ%gtr%r%%ﬁ%érggﬁfg??nﬂwﬁ ggtggye@(t! i nptsjt havi ng t he

foll O\r/]\% Sgthg:gt&/m}#oghge {?%%&Qﬁﬁ%%&dﬁ"é}%%&es of rising edges clock pul ses:

| ow, oundary scan apparatus w th ground bounce
recoverability, 2conprising: 3an in-circuit tester configured to provide a
Test Access Port 4controller with a | ow Test Mode Sel ect input prior to a

transition frog anrgupgdalssti€d infdiim 9 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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28 2.6 JAN 2005 '6 said in-circuit tester further configured to
operationally transition 7 the Test Access Port controller fr any of at

| east four undeterm ned 8 controller states induced by the gro%ﬂ% %%Nrﬁﬂ%to
an UPDATE-DR state. 1 18. The apparatus recited in claim 17 wherein the at
| east four z undeterm ned controller states are selected fromthe group
consisting of an 3 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

wth a Test 3 Mpderg %las[%rai!ugpé&tea LiBih ¢T\ﬁhér@ih|tm\bﬂeaélitﬁrepattern for a

consec&tlve serires 0 rising e ges of clock pulses: a plurality of Iows,

high, %e%HnX?:ﬁéon QNS st Idte fé.lrmngeterrﬁmg@coﬁﬂ‘wemﬁt@é atus recited in

claim 8 In-circuit tester is 2 further configured to provided

the Test @%&?Eéﬁgf?ﬁﬁeﬁ chllléiﬁfng"édfrah UPDKETH stateMp REINSEESTADLEIpUt  havi ng the

fol | ow ng pattern a conSecutive series of 4 rising edges of clock

pul Sesg. 131%”5 B IRETOHRISEN sBtedBnd 8 CARTURE-DR stdtel ows, high, s high. 29 26

JAN200 € 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 state to a determ ned data
state. 15.  The apparatus recited in claim 14 wherein the controller 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

"4~ consecutive series of rising edges of clack 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 F’ort
4 controller with a low Test Mode Select input prior to a transition from an

s update state; and
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22. The apparatus recited in claim21l wherein said data state 2 transition
begi ns when the Test Access Port controller has reached the 3 UPDATE-DR
state. 23. The apparatus recited in claim17 wherein the Test AdCefyy ﬁ%ﬁ

2 controller is one of a plurality of controllers in a boundary scan C

1 24. The apparatus recited in claim20 wherein the Test Access Port
controller is one of a plurality of controllers in a boundary scan chaln.
25.. The apparatus recited in claim21 wherein the Test Access Port 2
controller is one of a plurality of controllers in a boundary scan chain. 1

26. The apparatus gggiil-Sfbuitfestérdiimc? 2oMiare 18 opbetidiesly trhositss Port 2
controller is one of a plurality of controllers in a boundary scan chai n.

30 ABgTRﬁgFl'eg:Accgég Pah2EhESHdRFom By IPARYast NN uiistenGREIUND BOUNCE RECOVERY

A system recovering fromground bounce during a boundary scan test is

di scl oged, 6r?n%'iieﬂ&%ymc&pwmblgmmulbwumeamsntummmélfelet Access Port
controller (118) fromany of at |east three undeterm ned controller states

i nduced by the ground bounce to a determ ned controller state. The
undeterm ned controller states may be selected from an UPDATE state, a

RUN- TEST/ | DLE gt at ¢he apirkiaSTediBd hlAdinst7aliesreintiss at Q8 TAIRE- DR
| 2 undetermined 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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state (FIGS 4 and 6). The determn
: ( ed controller state can b
DR (FIGS 5F and 7J). Once in the determ ned controller statg, t?ﬁeu'??sa‘;rE"

Access Port controller (118) ma [
( y al so be operational It 4
undeterm ned data state to a determ ned dafa state (::?/Gt g;alnthS Oj]ﬁﬁzlbﬁsom "

1 21. The apparatus recited in claim 17 wherein the in-circuit tester is

2 further configured to operationally transition the Test Access Port controller

3 from an undetermined data state to a determined data state.

92 The apparatus recited in claim 21 wherein said data state

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

3 UPDATE-DR state.

1 - 23, Theapparatus 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 controllers 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

26. The apparatus recited in claim 22 wherein the Test Access Port
+F

g - -
5 controller is one of a plurality of controllers in a bouidary scan chain.
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