WD 01/ 29569 PCT/ USOQO 40650 Descri ption APPARATUS AND METHOD FOR
PROGRAMVABLE ~PARAMETRI C TOGGLE TESTI NG OF DI G TAL CMOS Eﬁ.@.’é D %'OECHNI CAL -
FI ELD Y“%“%#@g%nt i nvention relates generally to the fF gy 8 gital CMOS
devi ces, and nore specifically to an apparatus and' nethod for verifying
electrical 10 paraneters of the 1/Odrivers of an integrated circuit.
BACKGROUND ART Wil e an integratedesceiptiqn C) may have been thoroughly
tested before being.assenbled onto a printed 15 circuit board, a board

| evel test is usually still needed to verify that the I C has not been

danaged_durin% assemmbmaAF?s gn@nmmFHcmyEemegppqamnyhsLeischaage.which
may destroy the : uf f er 0 0 | u . It is also
necessary to tesgaéﬁﬁkﬁégﬁoTQ Hﬁ@%&NkbC%ﬂ?ﬁﬁg%gha?ﬂbﬁekéﬁgre no shorts
or op@an circuits on the I1/0O pads. Typically, a single power bus provides
power to : e | drivers. It is thereforeinportant to 'test the
power distﬂd&ﬁﬁ%ﬁ#ﬂuﬁﬁé;Qrmadrivers to ensure 25 they perform adequately.
A paranetric test is Te predenieisaiEtidemdlatdKkigeheriadl va tdettdiar nati on.
In the par tric.test, electric, characterjstics.(e.d... _input and

out put . cur %%Pliﬁ’d:‘r éﬁt%’r‘ﬁ{:‘t ic&gs Ste %950 nor& Isg’eé:ﬂdfﬁ'cé%qiynﬂﬁ and

out put buf farY sappmatiuke i idtthod) e ivpherfyiolg @ lerdird oddvi ce, are tested.
Kno t hods of testing for ese failure general ly invalve.providing a
conpidk. + BAF RS 1 el T G oF GridttaRratss) ChpF e pads Lo
desired states for testing purposes. For exanple, it is known to 35

provi de a r ath through an integrated circuit WO 01/29569
PCTI USOQ 4 ROUND' ARY

While an integrated circuit (IC) may have been

thoroughly tested before being assembled onto a printed

15 circuit board, a board level test is usually still needed
to verify that the IC has not been damaged during
assembly, for example; by electrostatic discharge which
may destroy the driver (buffer) coupled to an
input/output pad. It is also necessary to test at the

20 board level to ensure that there are no shorts or open
circuits on the I/0 pads.

Typically, a single power bus provides power to
all of the 1/0 drivers. It is therefore important to
test the power distribution among the drivers to ensure-

25 they perform adequately. A parametric teét is an

' indispensable item in making such a determination. 1In
the parametric test, electric characteristics (e.g., o
input-and 6utput_qurrent characteristics) of'péfiphéial_liﬁ
cells such as input and output buffers, provided on the

30 periphery of a logic device, are tested.

Known methods of testing for these failufes
generally involve providing a complex, time consuming,
set of patterns to get the logic on the pads to desired
states for testing purposes. For example, it is known to

35 provide a serial scan path through an integrated circuit



-2 device for testing purposes. A carefully designed sequence of data is
“drivenyblyigesh the serial scan path to test |ogic funcPCOMIS00/40650Er
approaches require additional external pins to put the device in a test 5
node. This approach is wasteful of pinm2-since these tests typically

ei ther take place only during the manufacturing process and /or are
per f or med PRViEquERE| FeSBANAIRBFPOEES -t e BhFeFeEd 1dYs fesh@nasken devel oped

to addressgihienkasye gAtBoYRdarY vepARNGRRRR Ehel @edQWiICR NS gdittn fol | owi ng
structure: A'peripheral cell area of an IC chip includes nenory circuits

for use intotEsst daghccéunetiensto LtieghaPProREhesnFEIEF® 0 an externa

termnal. 15gi@BBRAY ekitethbl PiRsCRRNPEdN0 deRATR AN tdfsulting in a
shift register which serves as 15 a teSting structure.  Wth _such I C chips

mount 8d onm@depoalBisaappieachndl wastefyilyef Himsd Hinae 5hAsRy t he

testing SUENGHYr @ypEash 19l cilfiel:Calibplide il duirdpiy crrminal , a data
output termnal, and a tést control térmnal. The termnals of the IC

chi ps are PBRHEACEYTIBRPIESESs PaG doh RrfeFordermest infgtegyaiitliée in a

test is -serially inpdlinhrQUER NG L8R Julta iRy MRl ferpn | C  chip,
subjected to a serial shift "operation by a control signal, and serially

out put t hr 68YB1lPRedd&La addemss (tadd d@sug.n Fhibeundarsr sEFaabir

Writhen ingaRd ce?halst@theO o 1MW IR Ea @t & ﬁé}igsﬂaralw&ﬁ the
serial shift operation of the test data allows an .individual test for each
of the | C @regsofHeReJ&r ChigednEdadas FIPMAT0IPARAIE HFRTIASE sidan

S circuitry tieReeaseH RInMidtetPto of dimideviicr sl 3Q sdgni ficantly
such circuitry consunmes valuable silicon real estate. What is needed is a
vay to tesXtRENBlOtEIIERY - of eCHaPs YarC iiealifdaraF g SRAMeH a0
requiring e@p @thdreSirRAMamS inTheThift &Rt dr0 wHiRH A RASRANRI i C
15 - a testing structure. With such IC chips mounted on a
board, a functional test is performed by utilizing the
testing structure. Each of the IC chips has a data input
terminal, a data output terminal, and a test control
terminal. The terminals of the IC chips are connected so
20 as to perform a desired test. Data for use in a test is
serially input through the data input terminal of an IC
chip, subjected to a serial shift operation by a control
signal, and serially output through the data output
terminal. In this manner, data can be written in and
25 -read out from memory circuits. In other words, the
serial shift operation of the test data allows an
individual test for each of the IC chips. However,
devices which incorporate boundary scan circuitry
increase the unit cost of the device, and more
30 significantly such circuitry consumes valuable silicon
real estate.
What is needed is a way to test the I/O drivers
on IC pads at the board level without requiring complex
test patterns. There is a need to provide parametric

35 test within a few vectors on a tester. It is desirable
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35 test within a few vectors on a tester. It is desirable This Sheet Has
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to provi testing with a mninmal requirenent of IC*siticon.” There is
also a need to provide an 1/O pad testiBg scheme wi thout having to define
additional dedicated pins on the chip. 5 SUMVARY OF THE I NVENTION An | C
devi ce havi rep rerenede | suclkestesiying aphtih | 2 triniwd Lidesqebreménygi 6f faput and
out put driv : upl4 [ ' | ] a f,.the.inputs to
10 Fhe cor e%%%%&hndilg%&ec{%%%%c%ﬁ(%aZécg %%g%gw{’]hf/%agﬁdof t he

out put s froriesteingrecheng ovitthout diavirg toupefime cadditioyahnd sel ector

circuitry hat:?eciiéasﬁc?cf‘ .néfﬁgnﬁ% %Iﬁbﬁ?do?n out put. Each input to the

core logic 1s couple 0 its associated 15 coupling
circuit2 Each output fromthe core logic is coupled to the first input of

Its associ at r [ ' e coupling and selector circuitry are
ﬁﬂﬂﬁﬁi{“ A THE {lg\};h;ﬁ'r %&5‘

connected to forma sing chain, wherein the output of each coupling
circuit feeds into théArsedbmievigrithafik) Fncamherrooupestongi rcuit or a

coupl ed to 1Fe By | MIThAS oS St S e L R e g |
circuit. 25 RRIEREICRIAI QY GFsSHE DRANWNGS: Fearh oshdve npuies eto ed
ool Sihd Mord T dd SERRABCR IS L e B0 g, 2 1 @
schene for sech myf thee awmubtwdirom the core logic. Each of the
coupling circuitry and selector circuitry has first and
second inputs and an output. Each input to the core
logic is coupled to the first input of its associated
15 coupling circuit. Each output from the core logic is
coupled to the first input of its associated selector
circuit. The coupling and selector circuitry are
connected to form a single test chain, wherein the output
of each coupling circuit feeds into the second input of
20 another coupling circuit or a selector circuit, and
wherein the second input of each selector circuit is
coupled to the second input of another selector circuit

or a coupling circuit.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a preferred embodiment of the
circuitry in accordance with the invention.
Fig. 2 is a data register for setting the test
mode.
30 Fig. 3 shows an alternate scheme for setting
the test mode.
Fig. 4 shows an alternate scheme for coupling
the bidirectionals in the test chain.
Figs. 5 and 6 illustrate how the circuitry of
35 the invention is independent of the ordering of the I/O
| pads.



Fig. 4 shows an alternate schenme for coupling the bidirectionals in the
“test CRglnodgds. 5 and 6 illustrate how the circuitry pErusboadess i nvention
i s independent of the ordering of the /O pads. WO 01/29569 PCTI USOCQ 40650
-4 BEST MODE FOR CARRYI NG QUT THE | NVEMITON Referring to a preferred

enbodi nent _of the _invention schematically shown in Fig. 1, a digital

i nt egr at edBESFc MOPE( FOR FARRIINO AT FEE INVEN 1Q%i ¢ 100 5 having a

plurality of 1/0 linggreriGh¢fad A $rafliried idMBEdinetd anel dd (input-only
lines), "pure" outputs 182 and 184 (output-only lines), and
bi di r ect i oABRVENtELEh shematd agidivaIshaamsiint Fig- dsat HfIitdks, for exanple

an input linkRgllZedRriGiiH (1d)e deSA NG cibOilEdd!ta il e1d@idi neo 193.
Figure 1 shows "a secqond set of bidjrectional _lines 196 - 198. It should be

noted? of &8Yieg, a Rduradiigy Pf d/Rldnesym ijngidded idke Rt e of a

typical |CingeMisCa72aametival deipeonispalineHonsigirof swpu®dres2!/ O
i nes than a?g'shown Al so nat gﬁ%mn, bé? whi ch aréﬁﬁS under st ood to be

present, ar@dufi®d tiPutmits atioh Haswerand Ridliregtianaky) grea®i | i nes.

The i nput - @Algf eldtaDnbA? WL ilhd A £ U & I0inddPUodrd¥anRs1é bah T er s)
132 and 134 respectively, which in turn are coupled to i nput pads 112 and
114. The 2thpd{%|lﬁva'i s OMRPUnd iy kjd @@}m%mwweem@blei nputs of

roux'i® 162 1am@ heys .r esnefire/al Yshokfe HWdLERI et IPtb Sailbdclehd b4 are
coupled to _output drivers (buffers) 136 and 138 respectlvel%é%the out put s

of which afdn&supgidd 1 dHut pdit phrnlddPamred. ob dgirseespedt to

bi di rect i onaly | N6 ek -ard Faldderdtnr didig 192 Sa copples tacan input
driver 142, whose input i's coupled to a pad 116. The output Iine 194 is
coupl ed to A8V CR" anHARLUHF! AR G fwp)ly consist of many more

I/0 lines than are shown. Also not shown, but which are
15 understood to be present, are utility lines such as power
supply lines and ground lines.

The input-only lines 172 and 174 are coupled to
input drivers (buffers) 132 and 134 respectively, which
in turn are coupled to input pads 112 and 114. The

20 output-only lines 182 and 184 are coupled to the "O"
inputs of mux's 162 and 164 respectively. The outputs of
mux's 162 and 164 are coupled to output drivers (buffers)
136 and 138 respectively, the outputs of which are
coupled to output pads 120 and 122.

25 With respect to bidirectional line set 192 -
194, the input line 192 is coupled to an input driver
142, whose input is coupled to a pad 116. The output
line 194 is coupled to the "0" input of mux (selector)
152. The output of mux 152 is coupled to an output

30 driver 144, the output of which is also coupled to pad
116. The output enable line 193 is coupled to the "0"
input of mux 154, the output of which is coupled to the
output enable line of output buffer 144.

With respect to bidirectional line set 196 -

35 198, the input line 196 is coupled to an input driver



152. The out put of mux 152 is coupled to an output 30 driver 144, the

out put %Wﬁ'ﬁs&b is also coupled to pad 116. The out put e@aiiseokdsse 193 is
coupled to the "0" input of mux 154, the output of which is coupled to the
out put enable |ine of output buffer 14¢5ﬂNtk1respect to bidirectional |ine
set 196 - 35 198, the input line 196 is coupled to an input driver WO

01/ 29569 PC¥AESOTNa8e5enPuUL is6couRadsd tapat PRE dddpl edheo outpad 118. The

out put Ilnflﬁ8819§ Eguebﬁglea EBetBQ""bﬂpahpak 6Exm%§615Ehe TR put of nux
156 is coupled to an output driver 8, the “output of which is also

coupl ed to gaapgnaofTMExOmﬁéu@S5cena@eé tpnanigontpytc syived d8yhdhep"

I'nput of i %ﬁﬁt okhﬁhQthHE Qﬁs@hbegﬁﬂédCQprﬁé hthhewautBukp%&able line
of out ural it at are associ ated

with tge .ngn@béﬁ|91nﬁné§71¥§ gﬁup1¢d &Adthet R0"1 enpﬁé pﬁp@@Xlﬂﬁ@s 192 and

196 of bi-dipgchihepat bfnﬁh§@h51§9%OUpi%é @Bdt$%6out 98- efabllesth jpaput of
NAND gate 102 is cou to input line 172. Simlarly, a first input of

NAND gate 10% PgtEBEpgééfﬁé LABut |ine 174. First inputs of NAND gates 106

and 108 are respectlvglﬁlﬁggQEQQ 35 N@angggeglggg 193 pand k96 of the
bidirectionals. The outputs of each NAND gate is coupled to the in ut of

an adj acent agepeiatadswithetbat popust-ogavelines ld2capg dd 4 angd wd

i nput 5 gf gafﬁelQﬂguEhﬁlﬁHEpﬁ@zoﬁndgﬁbg é94bhndE¥EEth%n§QUEhﬁ@ ketd second
i nput of gate 2 he outgut of gate 106 is cougﬁe to a second

i nput of gal8210819MARRAGAPE 10898s 06u§P€étténPH§ oS NONE pAset 198f nux' s

162 and 16415F@Bﬁbiéagtéaﬁﬁ he 1NﬁuD19§te é@ﬁllaklganabelngnlh e its
output is also coupled P he second i nput of nux whil e the output 25

of NAND gat@flﬁéNpsgaFgo196uﬁﬁe§°PBlﬁﬁet§eéBRHtlﬁﬁﬂ? éP4 nuf11sé.
inputs of NAND gates 106 and 108 are respectively coupled

15 to input lines 192 and 196 of the bidirectionals.

The outputs of each NAND gate is coupled to the
input of an adjacent gate. Thus, the output of gate 102
is coupled to a second input of gate 104, the output of
gate 104 in turn is coupled to a second input of gate

20 106, and the output of gate 106 is coupled to a second
input of gate 108. NAND gate 108 is coupled to the
second inputs of mux's 162 and 164. Referring back to
NAND gate 104, it can be seen that its output is also
coupled to the second input of mux 152, while the output

25 of NAND gate 106 is also coupled to the second input of
mux 156. '

Completing the discussion of Fig. 1, each of
mux's 152 - 164 are controlled by a test control line T1.
In addition, the "1" inputs of mux's 154 and 158 are tied

30 to a second test control line T2.

The origins of test control signals T1 and T2
will now be discussed with reference to Fig. 2. An n-bit
register 200 is provided in the core logic 100 which is
accessed in a conventional manner by setting up its

35 address on address lines 206. Bit 0 and bit 1 of



Conpl eting the discussion of Fig. 1, each of nux's 152 - 164 are
-controlled a test control line Ti. |In addition, the y of nmux's
154 andvQ8n? %F% ti-ed 30 to a second test control line T2. C&{Hsedagﬁsgi ns of
test control signals Ti and T2 wll neé~be discussed with reference to
Fig. 2. An n-bit register 200 is provided in the core logic 100 which is
accessed irregmwrndmrmn‘e nﬁ&tbrtdnycaetttéhglimeﬂ'&%nddﬂless on address
i nes 206. Bit 0 .and

regi ster 200 SHEHHYE ¥o (]:'Jt.)rh?r *tsfl?n%% d31§6§?€spec$$éégé59?he bits

are set anctdrﬁwitmanbadmhem mmpbyv}eyntsem’aipgrampethel apbyopyiséeting up
515 BeconflaThel MR ok T a 08 cand Tefbied| b8 P82 80e iRk o ()
pin 2. FEE§H3¢¢mmﬁIEshémrbyméés@teamg 4 hehipgssiectafdspupinh@0@evi ce in
et ting oorftibi® e TP hs 248 fesCte o S §Rp 161 FReTReE paus
302 and 304tle erégrsitéo awmdohels SAL a@d16é41menonmalvepgratmagonbﬂets of
which are lines Ti T2.. A thir nput 6_1S 8doc§ I nput s
of the |atches. Theng%f%ﬂﬁén% g ﬁﬁgB "a % ?gg%f%%F%V omn by reset
pi ns 332 ansktling esmettolel ines f Tpaaksd 302, 1304hdﬁnandH666 atwocoﬁstructed
on S °2 Ak LBUP BAGE 36 9%enR 2554 S8 PO e PERBERER B AL, o
| evel s at p:al:i«S BE2p andi BBy, aﬂ]deaeﬁ'epﬁtsgoﬁadhseﬁ ape Mme_b Theaddta to
?:?Egirgigg hat sgﬁig?sng gﬁ§é$36§a aohﬁcg%oFE 6pﬁégsaégéF%ﬁherein
the I/ 0O patstecieés nedTher Labehpar 8izubhad sem1aﬁednesetaﬁeuLcasasaowﬁirectly
used to sety control LinessIL and 12, The .ccively. 1f pads 302, 304
15 and 306 are constructed on-chip as pull-down pads, the
pads need not be bonded to the chip package. Control
signals Tl and T2 are set by setting the desired logic
levels at pads 302 and 304, and asserting pad 306 to
latch the data to signal lines Tl and T2. The alternate
20 embodiment shown in Fig. 3 illustrates that signals T1
and ‘T2 can be produced in other ways, wherein the I/0
pads defined for the particular semiconductor device are
directly used to set control lines Tl and T2. The
embodiment of Fig. 2 is preferred for the fact that a
25 register access mechanism is typically a part of the
functionality of the core logic, and so the structure is
already in place for providing a means for producing
control signals T1 and T2.
Referring to Fig. 4, an alternative embodiment
30 for configuring the bidirectional line set in accordance
with the present invention is shown. Figure 4 shows a
portion of Fig. 1 pertaining to bidirectional 1line set
192 - 194, identifying common circuit elements by the
same reference numerals. Figure 4 includes an additional

35 mux (selector) 402. The "0" input of the mux is coupled



enbodiment of Fig. 2 is preferred for the fact that a 25 register access

mechani ' pically a part of the functionality of t gic; and -
ol | Ao

so the eis already in place for providing a neans or produci ng
control signals Ti and T2. Referring te7H g. 4, an alternative enbodi nent
30 for configuring the bidirectional |ine set in accordance wth the
present inventthe owvtpubwnf FANDrgaieshO6s whiper then"df' Ehgutloﬁertaining'

to bidirect i 1 - i denti fyi 5 ir |t ment s
by the | cantieapuk PEceEbes Bre” opfur 88"k pYERAAERITRAND) baNL] (BoETEY
(sel ector) glgown)The The sepectof ihputurfi theompkedsWoied/ 2656ke T2 :

PCT/ USOQ 40 th u f h@g hi | e, he "1 hnput . of
t he nmux rec%?@%s t%iﬂ%utewgy%g gh%rece Eﬁﬂ h%ggg 2Q%ng shoéﬁ}h The
sel ector |np@rkointh@cqndansetweuhtbhehenventibgnathEiaerangementhe

enbodi ment ghowa | Kk cord ent.i on,
the arrangenent s own8 ﬁ%ﬁ%i@ﬁ%tﬁ@ﬁﬁﬁ iF?é.sgg?gykégfégggggﬁegguse it
consunes Ie@@nsﬁme%ohesEa$lbscanere3heeehbbdLneﬁheoémbﬁdgmentreqU|res an

ol onal Big, HNecaapelleal! Lo Bla1 Tt TWARFEADtne 101 TREL ) BEUSS) O

will turn to he ope e CIrCUI R accordance with
t he presentFignvekndoes. nétist, nor nal operatlon of the device occurs ‘when

the T{gand T2 control n S e Nyt h p odi nent,,
this %% acconpl i shed %yémgi??%gsgﬁg ?gi%pg?ghrFétgh% %S Egg |§?o regi ster
200. In norbla¢ cbpevwitivigofioBiéeg. olt put atcordangd un’dhl’QBeoprehent :

b'd'reCt'O”fﬁ§?ﬁ£f ﬁouptffsﬂlanaymaf dperaPfod s ! ne Ok PiiLe JoLiEES 144 and

148 respective |n1 ar out put Ivers . are coupled to
output-onlywﬂﬁnlth%sTl8€ndnBZ18anVralnbkn351ﬁzeadda&6art§Men Ingghe testing

of the padspféfgffééﬁ%hbégfment, this is accomplished by writing the
15 appropriate bit values into register 200. 1In normal
operating mode, output lines 194 and 198 of the
bidirectionals are coupled via mux's 152 and 156 to.
output drivers 144 and 148 respectively. Similarly, -
output drivers 136 and 138 are coupled to output-only
20 lines 182 and 184 via mux's 162 and 164.
When toggle testing of the pads is desired, the
Tl and T2 control lines are set accordingly. There are
two test modes: In test mode 1, bidirectional pads 116
and 118 are programmed to function as input pads. This
25 is accomplished by asserting signal Tl and signal T2.
Asserting signal Tl has no effect on input drivers 132
and 134. However, output drivers 136 and 138 are cut off
from output lines 182 and 184 of the core logic 100, and
coupled to the "1" input of mux's 162 and 164
30 respectively. Output drivers 144 and 146 of the
bidirectionals are cut off from output lines 194 and 198,
and coupled to the "1" input of mux's 152 and 156.
Similarly, the output enable of drivers 144 and 148 are
coupled to the T2 signal line via mux's 154 and 158.

35 However, since T2 is deasserted in test mode 1, output



Ti and T2 control lines are set accordingly. There are two test nodes: In
“test 1hosddi di rectional pads 116 and 118 are prograpoavuseeddesect i on as
I nput pads This 25 is acconplished by asserting signal Ti and signal T2.
Asserting signal Ti has no effect on imhut drivers 132 and 134. However,
out put drivers 136 and 138 are cut off fron1output | ines 182 and 184 of
the core | 8&i¥ersol44n@nddfdd &Fa Fuirtated i npthe Ridisectienalsd 164 30

respecti velaye QnleRiéifodd nFitredNGsldmmitd i td<k rr@&lé opal s are cut off
fromoutput lines 194 and 198, —and coupled to the "1" Pgt of nux's 152

and 156. Sinilarly, ¥h&esth adeeah R drrestivhal JBEFI%an 434y 18 coupl ed

to the T2 sir@gn@rdgrzamdd t8€undtbibriitt Rdpdd Verthgsneg T2 is
deasserted in test node 1, output, WO 01/29569 PCT| USOQ 40650 -8 drivers

144 amd 14@cseapldished &y apienhing sthgnial sl aoﬁ% deps$28bt EP€onfi gured as
inputs in (Ggnade.l. THe t&HedO Y skt iegtdDnad] Prdshdd bbaged 118 are

programmed to functjon as out put pads. This is 5 acconplished by asserting
signal Ti &fFdakeskin dde dopedoing- TReassecking %&%%ﬁ%l%% R#Fnal Ti has

been descrinkeddded e feite @ halEiass Butpid deiwérd 21 @sand heqadded
ef fect of enabllng)output drlvers 144 and 148 of the bidirectionals via

the respectAivéhfpidipectiqpals e thR Lespreel® Bpbedir5o4tavfe 1"
i nputiy of meg.s Tk aﬂﬂia]tiﬁteﬂ iddsr£ase the o piksues HANRugases 104

and 106 respectlvely will be driven onto pads 116 and_ 118 via_ drivers 144

and 148. THe%idhd elc'iq'ori‘é} <hire Cat%rté?%r‘%}n‘fﬁh‘ﬁ R NPNR FaEpEt $98n test

node 2. 15 d2f aned rddsg v 1St e tdiei Padisonto B&E9r dagcend th the
i nvention beq%ns by selecthg the desired test node (test node 1, test

node 2) as i e4hend 1&g ngihe IR bEgce i PRaLPpRFRd to the
i nput  pad tﬂieﬁéﬁbﬁ@lﬁt&fficﬁﬂc&i\&isﬂ Sy s nidi gestl . mddielsz . al |

15 Parametric toggle testing of the pads in
accordance with the invention begins by selecting the
desired test mode (test mode 1, test mode 2) as discussed
above. Next, a single low pulse is applied to the input
pad at the top of the chain shown in Fig. 1. Thus, all

20 the input pads (including the bidirectionals if in test
mode 1) are asserted HI while the first input pad is
asserted LO. The pulse will propagate down the chain,
being delayed by each NAND gate along the way and
eventually reaching the output pads. This is repeated

25 for each input pad, wherein the low pulse is applied to
the next input pad. The result is that the switching
levels (v;, and v;,) of each input driver will be tested,
and the switching levels (v, and v,) of the output
drivers will be toggled.

30 From the foregoing, it is observed that the
test chain must begin with an input-only pad. Having an
output-only pad at the beginning of the chain, of course,
prevents parametric testing of that pad. Similarly,
having a bidirectional at the beginning of the chain

35 prevents testing of the bidirectional pad in the output



20 the input pads (including the bidirectionals if in test node 1) are

asserted H while the first input pad is asserted LO. T 1
propagaﬁ@)@%ﬁﬁ“&he chain, being delayed by each NAND gaF§T§$Q@§w¥$e way

and eventually reaching the output padsg-This is repeated 25 for each
I nput pad, wherein the low pulse is applied to the next input pad. The

T be T ou el ety WD) o DIRGYL Hen A O Nmdih Mgsd LG | ver
W e test.e . an S C n evel.s val an V.0 Q ne, _ou pU
drivers wi | LOREG RS ATSRF MARR e HOHSh A POTTLELE obdb S 1RE ¢ he

test chain mesistregint Wig placddpt -thid \erRRGb £ HE haih, Qidndlly aar pad at
the begn i g oTatlle AL ol LEOHT SE o BLRIETES PRI UE, oSl g, of Lha
preventss tedhenghafirn e th din etiputainlpagad) grieventputhadd gild 29560
T SO0 109905 ST (L S5S, 2h e IR AP S pod 1 e
on the end didirectiainal nateiprdveaits testing »intde eudl Wil eyt :
output-only gl TR 1P T WLl 30 AU ol . R pr vent
bi di r ect i onaltifad wardv.entrsi riaAshy,ng tofi & hetead that edle didmilkryt keugh
hat e ci (80 BAP P G AR RAE AREAL s Ao SRS AP Hier i ng of pa
g of pads
bet ween t he teagien nheaedimmiond s0fd the enai vf Bhes chadel. | THild ustrated
bi i rct 1 ondFEt dn Jd NSRrA B Al 4 AR 5o 3095 G- onl y
15 pads. It is also shtiwurdmats tanel @uishiotv dhlat s bde ineic tiavmliso be
arouped at Lhe B0 gle e U s B SRR bn f RO Qb RRd g !
15 pads. It is also shown that the output-only pads do not
have to be grouped at the end of the chain. Conversely,
the input-only pads do not have to be grouped at the
beginning of the chain. This freedom of ordering permits
the layout of the logic to be made without the artificial
20 constraints normally imposed by parametric testing
requirements. The I1/0's can be placed in any order that
is convenient for the layout of the functional blocks
comprising the core logic. The only requirement is that
the chain begins with an input-only pad and terminates in
25 an output-only pad. Even this constraint can be loosened
to allow bidirectionals to be located at the beginning or
end of the chain, keeping in mind that a bidirectional at
the beginning cannot be tested as an output and a
bidirectional at the end cannot be tested as an input.
30 Another advantage of the invention is that only
a few vectors are needed to fully test the switching
levels of all of the I/0 pads. In fact, only as many
vectors as there are input pads are required. Moreover,
both the input and the output drivers for the

35 bidirectional pads can be tested by this scheme. The use




beginning of the chain. This freedom of ordering pernmts the [ayout of the
| ogi ¢ twolser29ssde wi thout the artificial 20.constraints npc-mjshmuﬁsmosed by
parametric testing’ requirenents. The I/O s can be placed in any order that
is convenient for the layout of the fundfronal bl ocks conprising the core

|l ogic. The only requirenent is that the chain begins with an input-only
pad and t erff ndPeddfRessableodatat reqiytexd fory setiting d@sh antiradan be

| oosened tgighhow bidhhaCtOBRNS at@sbeHeOgRlcad fRlr tafafaﬁ%rm ey end of
the chain, keeping in mnd that a bidirectional at  the beginning cannot be

tested as aﬁoeﬁtB&PsaﬁHaﬁ UPH#?e@FP@ﬁMl%ﬁ:QQ@§W§%jW%%ﬂﬂh1QN§%k%ﬁQm as an
input. 30 Apghfeesagdyant ag‘ﬁeOfteTslﬁem'o'a\éerlts' %’él'e%tte@atsﬂiﬂlw 1Ry TN 45 91? or S
are needed to fully test the switching levels of all of “the 1/0 pa

fact, only 58 FBRyTregdstsrs as there are input pads are required. Nbreover
both the input and the output drivers for the 35 bidirectional pads can be
tested by this schene. The use WO 01/ 29569 PCT/ USQOQO 40650 -10 of an
addressabl e data register for setting test control signals Tl and T2
obviates the need for additional test node pins that woul d ot herw se
consune valuable silicon real estate. The test node is selected sinply by
witing 5 to the register. W 01/29569 PCT/ US0O0/ 40650 11 This Sheet Has
Been Replaced 111111121121211 ! I Il Cainms I~I11I1IE FLHE~10 F1HE ~I1E1HE~1 s 1.
A test circuit adapted for testing input and output circuitry of an
integrated circuit (1C, the IC5 conprising input-only lines, output-.only
lines and bidirectional line sets, each bidirectional line set conprising
an input line, an output |ine and an out put



enable line, the test circuit conprising: a plurality of first coupling
circuits, each 10 being associated with one of the input- onlg I|nes ‘each

first chﬂqfﬁF6|L£ULLJﬁnLng_LLL§L_and second i nputs andPC , the
first input of each first coupling circuj ? bei ng connegted 10 |ts )
associ at ed i nput - orithis Shdetiis Been®eplic@h i t Y Of first select r CIrCUItS edch”

15 bei ng associ at ed e output-only lines, ”mu"ﬂ"m t or
circuit having first lﬂ! ”,“wput S ?Q sout put and [m
adapted to selectively outpu '8 the first |npu or t*heSseeond
I nput, the first |nput of each first selector circuit being 20 connected

to its assochatedpOoubREt QBlyiili Q8a Pﬁea'%g%'%%%tagggﬁgg%gigﬁgfo@&%% .

circuits, each bel ng associated w f the
each second §éﬁsuiﬁgycpﬁcantlnéﬁgﬁgtﬁdrsﬂrgﬁdtsdd§ﬂd thepdCs and an out put,

the Tirst |nBdkpels3AGhinEaeIEnY QQHQE'”SuQPBQUbhl?ehQQ goaﬁgpted to the

i nput line of ITs assocl ted ifectional Iine seé urality of
second sel echédizpeEippgl dase SB@Smge§§§obﬂdﬂéscﬁﬂpnadnél@ﬁ Sled

b'd'reCt'OnanﬁbBﬁsiﬁg an 87BLS250R7 as'sa%ghtcu 164 bpladhN kit and

second 30 inputs a“control ut adapt ed ctively
coupl e the oGPBbﬂetélPﬁe thﬁs$e§ﬁp9ﬁr§n1¢hsom§§é§n@glnput the first input

of each second selectog h&%gl bgfnglggengghgqlhglEggcggkguteﬁcgg of its

associ at ed bldlrectlonal I ne se ect signal ne coupl ed
to thelocontb@lngnp§§0§ﬁ3§§dhwéththeefpfsthandnpétondlweﬂ905§p wech1/ 29569

This Sheet e BechoReplaged; PCTALSARLARESRLLE! Lk bbbl 2pblkll bhii 111

11111111 111111 [11 rcuits e coupling
and sel ect or 28 pREPVE ., the first input of each first coupllng circuit

being connected to its associated input-only line;
a plurality of first selector circuits, each

15 being associated with one of the output-only lines, each
first selector circuit having first and second inputs, an
output and a control input adapted to selectively couple
the output to the first input or the second input, the
first input of each first selector circuit being

20 connected to its associated output-only line;

a plurality of second coupling circuits, each
being associated with one of the bidirectional line sets,
each second coupling circuit having first and second
inputs and an output, the first input of each second

25 coupling circuit being connected to the input line of its
associated bidirectional line set; and

a plurality of second selector circuits, each
being associated with one of the bidirectional line sets,
each second selector circuit having first and second

30 inputs, an output and a control input adapted to
selectively couple the output to the first input or the
second input, the first input of each second selector
circuit being connected to the output line of its
associated bidirectional line set; and

35 a test select signal line coupled to the

control input of each of the first and second selector



arranged to forma single test chain, wherein a beginning circuit of the

t est chworiizessone Tbis Shdg ] ling 5 circuits, whergtchnisbgaress put s of
the first and secon rcuits each is coupled to the-second-i-nput
of one of the coup i r onel@- the sghector circuits, wherein

the second inputs of the first and second sel ector ci”ﬂullt Ij mmﬂllll)
coupled to the second 10 input of one of the coupling | @ rietiof
the selectoircuitsi;ts, and wherein an ending circuit of the test chain is
one of the first sel eghqr 'rcl;lui ts. §st circuit of. claiml

the ¢ uﬁﬁan?' Igg te ector ¢ ]
further including neans Por S &M gl hd e ds erctti ng a“f%‘b’r% state on the
test sel ecargsiaggald ftiond€or20 a3 sifiyd o ddstcigtaiint, ofhedesirma Yegimeing

i ncluding a L e r i n l.ural ity of .bits, first. of the bits
bei ng coupl é:g%%glltthgﬁlt Z%’t% écreél%\e{:cth‘s?%élﬁés 1905 St reebélﬁ%e TR K 9nd second
sel ect &r ci edoicud tar, e wiyparedine dhley owrtipghitrsy of dateurfiirdto drie skedend egi ster to

set or rese : . it ip the data reqister. 4. The test, circuit of
claim1l fur:cﬁlelﬁiiln?ﬁl?fd’f{lcgﬁaéy Slaudrilalll@'t fog’fpalteﬁf%'l ste eecsteocrorbcfrlcrtﬁ’?g,o ach
havi ng firsbneand $heombuplpngs ciamwitispuir ank @ ftdalte delexpedr adapt ed 30
to selectivel | e tRut to the, first input .or -.the second input,
each third g% g@?&%’ci‘";rh%%etng%:ﬁneg seézsosngcilé)tpzlc}:sw tghee fOJTr e%ea%$di rectional
| i ne sets, tkeond ssileofont cdfreddts tdaald iseleuipdredtitrec dilte bedawgnd connect ed

to thgpsoutp able |in fodls i ated 35 . bidirectional .line set, the
cont rgl0 [ npuliﬁjpgfr& %é"gr?nteh%rfg ths?elcébc cs‘)t(r?& rcclurlctu%é r?gr SoNnee etz‘}l? o the test
sel ect |ineselW®dbr2@56¢uits,| and-wHeCHilWSGH 406HG0C difrddiltd Idf ItHd - 13- }

ti Ms the testh (éhra(i i Fisf %rﬁtegf%rfea?}\g Or]g_rtasréesce[ rlq%rtt&erzteqi}g%‘%rc%s.. signal |ine

coupl ed to the second input

15 2. The test circuit of claim 1 further including means
for asserting and deasserting a logic state on the test

select signal line.

20 3. The test circuit of claim 1 further including a data
register having a plurality of bits, a first of the bits
being coupled to the test select signal line; whereby the
first and second selector circuits are operated by
writing a datum into the data register to set or reset

25 the first bit in the data register.

4. The test circuit of claim 1 further including a
plurality of third selector circuits, each having first
and second inputs, an output and a control input adapted

30 to selectively couple the output to the first input or
the second input, each third selector circuit being
associated with one of the bidirectional line sets, the
first input of each third selector circuit being
connected to the output enable line of its associated

35 bidirectional line set, the control input of each third

selector circuit being connected to the test select line;



5 5. The test cirecuitof claim4 further including first nmeans for |
asserting and deasserting.a-logic value on the test sel | i ne and’
second a@gnyzqse!f asH H Hgmﬁmserti ng a | ogic val u?%ﬁoﬁg@g%cond

test select signall NI AL MHitestyxircuit of claim4 further
including a data re&gi&tes hdvi fg. 1 plurality of bits, a first of the bits
bei ng coupled to the test select signal line, a second of 15 the bits being

coupl ed to tife seenNti06iit5eh@ethét Hebind | 16sevbied ebyst hee B&t€Ct OF

circuits are operated by mmltiqg a datuminto, the data register. to set or
reset the f§EalddngeGARPIRY LOIERPSIEATA rRPRE KL ecl offehg est
circuit of Amiph saMedtedy#sl he second input of the beginning circuit is
coupled to a power supply line. 25 8. A digital IC device having logic to
facilitate parametric testing of the I/O buffers thereof, the IC device
conpri g ng: s\ pl urd idesOfci Fiiit RAH S  Maekshan dinSludpi ly rect s enal
pads; a plurality of input buffers, each having an inhput term nal

connect ed t &R Jfox H’bssrerﬁiﬂtn%aﬂf@ seaerhidgra (RO 38 i Yhafhdads,

each furthere Vi vt Hidridil 1:{dT 410 ;seBonldlintealie efoHass Sieni dppl aced
~IETTul102 1T TETMITT WO 01/ 29569 PCT/ USOQ 40650 L M's - 14 a%l)éjqrtgllty of

first outputtnth FFaFEEr GRS 2 R Wi WitPuithersgsend dfe one of
the output gJ3afsml aagte further having an input term nal

10

6. The test circuit of claim 4 further including a data
register having a plurality of bits, a first of the bits
being coupled to the test select signal line, a second of
15 the bits being coupled to the second test select signal
line; whereby the selector circuits are operated by
writing a datum into the data register to set or reset

the first and second bits of the data register.

20
7. The test circuit of claim 1 wherein the second input
of the beginning circuit is coupled to a power supply
line.

25

8. A digital IC device having logic to facilitate
parametric testing of the I/0 buffers thereof, the IC
device comprising:

a plurality of input pads output pads and

30 bidirectional pads;

a plurality of input buffers, each having an
input terminal connected to one of the input pads or to
one of the bidirectional pads, each further having an

output terminal;

35
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a plurality of secend-output buffers, each 5 having an output term nal

“connec}.ed ne il gional pads, each furth fmaﬁ n i nput
term ngﬁml?}ﬁ an ;m‘mm“*“lﬁ\\“‘aﬁu‘m nal ; enabling neansei’g:oup 2’3&%52 t he
out put enable te StTOf asseérting-ijepabling signals on sel ected ones

10 of the second-output buffers; a core logic having a plurality of core
Il nputs, core outputs, each core input connected to the output termnal of

one of the input buffensiusapityabftyieét COuRbDEEreMs] SeagACh having a
15 first input, connected t0o one of fhe core inputs, urth aving a

eac r h
second i npltaEE AR SHIRAL temripal | §9npected obe oPnei P uFi"?, OBEBchavi ng
first and sReMd d4unitSdie AMOYH iy tan eagput UEéheinabavi ng a sel ector

i nput which controls whether_the first 20 or the secgnd i nput | s connected
to the output, the fi?sﬂlu¥?&&ﬁyoﬁ£e%%ﬁoggl%EFB?tcPng?FSCOHﬁE ed to one

of the conmwiHPUS, oltpuUtdthii]l ea6iinéep8@ctedohe bethaput tern nal
of one of the first, output buffers or one of the second output huffers;

and 25 cir RELERGHONSE BRI, ($REP aTWETRRY RA¥IRFRD 1PRBLESRRIRSYI ng an

out put ter gl axB\pesiederfbideretRriggl pr i nput of each of the selector
circuits; the coupling circuits and the selector circuits copnected to

forma single chain ofPRP}ingiReappecoppied 89 EhecanEPPh £RE8PERai n being a

coupling citethinalfefbashs§ef€ithy enablenghsignhesngnaseeketiar odlelsCui t,
wherein the outgut termnal of each coupling circuit is connected to the

secomP i npRE oFPeneeFRRd cCOUPPRRPRFFREPE or of one of the sel ector

circuits, wherein theasgspadibgpet habihgr &1 pahroliegchrsebeet ahpaitkGUit is
connected to the This Sheet Has Been Repl aced 11&11111 111111171 111 1111
O 01/29569p¢ﬁﬁ7qgﬁgyg@65®ach core input connected to the output

terminal of one of the input buffers;
a plurality of coupling circuits, each having a
15 first input connected to one of the core inputs, each
furfher having a second input and an output:

a plurality of selector circuits, each having
first and second inputs and an output, each further
having a selector input which controls whether the first

20 or the second input is connected to the output, the first
input of each selector circuit conﬂected to one of the
core outputs, the output of each connected to the input
terminal of one of the first output buffers or one of the
second output buffers; and

25 circuit means for asserting a selector signal,
the means having an output terminal connected to the
selector input of each of the selector circuits;

the coupling circuits and the selector circuits
connected to form a single chain of circuits, the first

30 circuit in the chain being a coupling circuit, the last
circuit in the chain being a selector circuit, wherein
the output terminal of each coupling circuit is connected
to the second input of another coupling circuit or of one
of the selector circuits, wherein the second input

35 terminal of each selector circuit is connected to the
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-15 second input of another selector circuit or of one of the coupling

circuita,‘ﬁnanghe | C device of claim8 wherein the circydyiRaadsso! S an
addressaé?e éia regi ster having at |east one bit that is coupled the

sel ector input of each of the selector €1%€uits. 10 10. The |IC device of
claim8 wherein the second input of the first circuit is connected to a
power supply line. 15 11. The I1C device of claim8 wherein the enabling
means conprsemsnd inpuial of yamdthent selettoescibregihabrngff pom otfth&heor e
each control_l.ine. havi _associ ated second selector circuit, each
second seleé?%kq§9 Lﬁ{gkggF%g first and second inputs, an output and a
selector 20 termnal; wherein the first input of each second sel ector
circuit is connected to one of the output enable lines, the selector
termnal is connected to the output of the circuit neans, and the output
is conrfecte®t o tTiee ol pdevieaabfeclaimi Bawhefebdnetbe chzcuétomeganst put

buffers; the 25 ] ga&'ci’%/é alb 5 L GEE inhi‘QEQQ ﬁg%ﬂg GET ¢dLL+MBARS K @
asserting a second Sselector  Signarl, € second CIfcUl't” neans having an
out put couplttiat ois heospreddthepselettorathpetcofideseheofotheircuit. 11 |

[Ils ~h~ull 10001 LTLEL 11 Il * ¢ L Ms This Sheet Has Been Repl aced |
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10
10. The IC device of claim 8 wherein the second input of

the first circuit is connected to a power supply line.

15 11. The IC device of claim 8 wherein the enabling means
comprises a plurality of control lines originating from
the core, each control line having an associated second
selector circuit, each second selector circuit having:
first and second inputs, an output and a selector

20 terminal; wherein the first input of each second selector
circuit is connected to one of the output enable lines,
the selector terminal is connected to the output of the
circuit means, and the output is connected to the output
enable terminal of one of the second output buffers; the

25 IC device further including second circuit means for
asserting a second selector signal, the second circuit
means having an output coupled to the second input of

each second selector circuit.
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