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Field of the Invention 5 This invention relates in genefalf to
integrated circuits, especially to circuits having built-in test
circuitry and to a nethod for testing.

Background of the Invention 10 Tedting of integrated circuits
during manufacturing contributes significantly to the costs of such
circuits. Tests ensure that onlGIRGHELANDCEEST METHOBr e shipped. Tests
are performed on every circuit (routine tests) or on sel ected
circuits (sanple tests). For exanple, in a typical routine test,
input cells of circuits are tested. Hbldof¢ghenyenfignt js positive
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circuits (e.g. CMOS, TTL, ECL); are characterized anong ot her t hi ngs
by standardi zed | evels of input arBhckgropad ofthglmEstionConpati bility of signal
| evel s 20 anong different famlies is often required and routinely
tested. Devices belonging to a first famly (e.g., CMOS devices)
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Families of integrated circuits (e.g. CMOS, TTL, ECLY, are characterized among other
things by standardized levels of input and output signals. Compatibility of signal levels :

20  among different families is often required and routinely tested. Devices belonging to a first
family (e.g., CMOS devices) accommodate signals from devices of a second family (e.g.,
TTL devices) and vice versa. For example, CMOS devices properly read input signals
originating from TTL devices. |

There are many testing methods known in the art, such as boundary scan methods,

25  built-in self tests, and others. Depending on the complexity of the required tests, there are
testing costs related to additional silicon, to the testing time, to test equipment or to other
factors. This invention seeks to provide a test arrangement and a test method which
mitigates or avoids the above mentioned and other disadvantages. '

30 Brief Description of the Drawings

FIG. 1 is a simplified signal level diagram defining signal levels;
FIG. 2 is a simplified block diagram of a circuit according to the invention;
FIG. 3 is a simplified flow chart diagram of the test method according to the invention,;
35  FIGS. 4-6 are simplified circuit diagrams of the circuit of FIG. 2 in a preferred
embodiment of the invention, wherein

R R P eran

FIG. 4 shows a control circuit;



FI G 2is a sifiplified block diagramof a circuit according to the

i nvention; FIG 3 is asinplified flow chart diagram of the test

met hod accor di ng to the invention,; r 35 FIGS. 4-6 are sinplified
circuit diagranms of the circuit of FIG 2 in a preferred

enbodi nent of the invention, wherein -H G 4 shows a control circuit;
-2- FIG 5 shows a first |logic; and FIG 6 shows a second
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and 126. (Breshold 82 Qu%cwt 100 conprises a plurality of Ninput cells
130i (hereinafter cells 13 circuit 160 (dashed franme) and
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plurality of N signals and bus 146 (4 bits) are shown bolder than single-bit lines 116 and
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25 Circuit 100 comprises a plurality of N input cells 130, (hereinafter cells 130,), test
circuit 160 (dashed frame) and core 150. Test circuit 160 and core 150 are independent;

core 150 is not essential for the invention. Therefore, the invention is not limited to circuits
having a special function. Circuit 100 can be any integrated circuit, such as for example, a
signal processing circuit, a logic element, a microprocessor or any other circuit having a

30  plurality of inputs.

Cells 130, have inputs 131, for receiving first signals 70, (hereinafter In) and have
outputs 132, for providing second signals 90, (hereinafter S,). Although cells 130, are
illustrated here as input elements , the term 'cell' is indented to include other circuitry,
which provides second signals S;. A person of skill in the art will be able to apply the

35  present invention to other circuits having internal signal paths which can be considered as
outputs 132,. First signals In, have logical states represented by first level 71 and second
level 72; second signals S, have logical states represented by other levels which can be



signal processing circuit, a logic elenent, a mcroprocessor or any other
cifcuit having a 30 plurality of inputs. Cells 130, have
inputs 13l[err] for receiving first signals 70[err] (hereinafter In;) and
have outputs 132i for providing second signals 90, (hereinafter Si).
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140 provi des CberodifieCbyrfirstiogsu seqond &g EESPaCHEs)Y.c will be reterred to
by the term "select a logic". When testing is not required, control circuit 140 pulls lines

116 and 126 to such voltages that logic 110 and 120 do not consume power ("not select").

This can be accomplished by for example, pulling lines 116 and 126 to certain reference
30 voltages or making lines 116, 126 with ComH, ComL floating. This is an advantage of

the invention. When circuit 100 is tested in the manufacturing process, first logic 110 and

second logic 120 are selected. During normal operation of circuit 100 after successful
testing, first and second logic 110, 120 are simply disabled and do not consume power.
For further explanation, a first logical state of signals is abbreviated as logical "1" and
35  asecond logical state is abbreviated as logical "0". This assumptions are convenient for
explanation, but not essential for the present invention.



be nodified by first logic 110 and second |l ogic 120, respectively. That

w FFl be referred to by the term"select a |logic". Wen testing is not
required, control circuit 140 pulls lines 116 and 126 to such
voltages that logic 110 and 120 do not consunme power ("not select").
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20A and at threshold 81) is supplied to cells 130,. Second signals S, are generated. For properly
operating cells 130, all second signals S, are at logical "1". Otherwise, if at least one cell
30 130, does not operate properly, its second signal S, is at logical "0". In step 22, first logic
110 receives ComH="0" and second signals S;. In first logic 110, second signals S, are
disjunctive related. Signal ComH is modified as:
ComH=S§, ... OR §;OR ...OR S, 3
where the underscore of 'S' indicates logical negation. ComH="1" indicates test
35  result FAIL (block 23) so that test 20 can be aborted. In that case, ComH is alternated
(toggled). When all second signals S, are equal (e.g., $;=0), then ComH remains at "0"
and test 20 is continued (block 24). It is convenient to communicate the test result through



second test 20B shown dashed. First test 20A and second test 20B can be
pefformed in 25 either order. It is possible to abort testing and abort
test nmethod 20 as soon as test 20A or 20B results in FAILED.
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testing tigg is 2Q prlfeffed SHbSBmMEMGP theliftventidd RilPBE IS RA th ddhiéctidl vith FIGS.
4-6, As an example and not intended to be limiting, this embodiment was implemented in
CMOS-technology using P-channel and N-channel field effect transistors (P-FETs, N-
FETs). The FETs have a control electrode (gate G), a first current electrode (drain D) and
a second current electrode (source S). Since a FET is typically a symmetrical device, the
30  true designation of "source" and "drain" is only possible once a voltage is impressed on the
terminals, The designations of source and drain herein should be interpreted, therefore, in
the broadest sense. The term 'FET" is intended to include other devices having current and
control electrodes, such as for example, bipolar devices.
The terms 'first type' and 'second type' are intended to distinguish complementary
35 transistors of opposite conductivity. Preferably, transistors of the first type are P-FETs
and transistors of the second type are N-FETs. This is convenient, but not essential for the
present invention. Other configurations and manufacturing technologies can also be used,



As a person of skill in the art will understand, the application of test
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evel sel Ct Siandle gast b 060t Gl SErAL, FRSpRAr ol bR s coupedte
first result thedrain of first N-FET N1. The source of first N-FET N1 is coupled to second reference
terminal 32. The source of first P-FET P1 is coupled to first reference terminal 31. The
drain of first P-FET P1 is coupled to the source of third P-FET P3. The drains of third P-
30 FET P3 and fourth N-FET N4 are coupled together to second line 126 and to input 42A of
second inverter 42. The source of fourth N-FET N4 is coupled to second reference
terminal 32. Input 102 is coupled to the gates of first P-FET P1 and first N-FET N1.
Input 104 is coupled to the gates of third N-FET N3 and fourth P-FET P4 and to input 43A
of third inverter 43. Output 43B of third inverter 43 is coupled to the gates of fourth N-
35 FET N4 and third P-FET P3. Output 41B of first inverter 41 is coupled to output 108 and
output 42B of second inverter 42 is coupled to output 106.




signal 98 (hereinafter CH) and output 106 provides second result signal 96
(hereinafter C). | nputs 102 and 104 and outputs 106 and 108
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The test res s T 84 kel N1IRERN ofd iy PRRPPS BiFos s opyBIERED
via first form gneble aicuis 149 (dashed). dinable oircwait i 4Rdis controtled by test qnalslc gxgaal CH.
When fir 5t25| OENABLE. Méﬂ%&ﬁ?ﬁ réquited, thOYRRABLES at lbélcﬁlv'?r the3eRrd WIHET WY -
As Tt will be eéQJ IQI:IZ’P Sg are con uctxve F(?r fgr?t?erll %J(gsl!all?llng test method 20, in this description in
reference to the preferred embodiment, it is assumed that ENABLE is at logical "1", When
testing is not required, then ENABLE is set to logical "0". Nonconducting N-FET N3
prevents serially coupled N-FET N1 from pulling ComH to logical "0". Nonconducting P-
30  FET P3 prevents P-FET P1 from pulling ComL to logical "1". Conducting P-FET P4
pulls ComH to logical "1" and de-selects first logic 110. Conducting N-FET N4 pulls
ComL to logical "0" and de-selects thereby second logic 120.
FIG. 5 is a simplified circuit diagram of first logic 110 of circuit 100. First logic 110
comprises a plurality of N second P-FETs P2,. Preferably, P-FETs P2, have a higher
35 transconductance than first N-FET N1 of control circuit 140 (FIG. 4) to override N-FET
N1. This can be accomplished in several ways which are known to a person of skill in the

art. The gates of P-FETS P2, receive second signals S, (90,). The drains of P-FETs P2,



FIG 6, selected second logic 120 can pull ConlL to logical "0Q0". Si gnal Com_'

stays at | ogi cal "1" when all cells 130 operate properly. The test
result for second test 20B (FIG 3) is transmtted to output 106 via
second inverter 42. Inverter 42 provides second result signal Cerr].

When second logic 120 pulls ConlL to | ogicalg-"0", it overrides P-FET Pl1. 20
First inverter 41 and second inverter 42 are primarily provided to
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FIG 5is a circurt circult
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second reference term rirst logic 110 is
sel ect ed, t henthatfpses e@wtf,argmﬂos[tbmugk&@ﬁd&% epen if agatﬁ@ecmfes rpsegond f j st
ref erence g(prngl%}glllaﬁg gief "{'hat ConH changes to logical "1". Wen first Iogl c
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el ected than |in 1 erfloatl uII
first reference ti‘i‘erﬁuﬁ%ﬂonﬁteST ‘H“%‘ij& of the Preg"é?g e@omﬁﬁo"%%ﬂ %f
t hrough P- FETscifé2jte40 feceivey SELECT gdbgicale teindeENABLE at:'dhdFﬁstgmmmg that cells
| ogi cal "1".
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P- FET at es o err| receive second signals S[err]
(90[err]). Thelogical | qustﬂpgnEﬁsO nglgqtcp Signal ComL at second logic 120 1s floating., With

all second P-FETs P2, in first logic 110 receiving second signals S, at logical "1", P-FETs
P2, are non conductive. Signal ComH stays at logical "0". This means a positive test
result (PASSED) which is communicated trough first inverter 41 to output 108 as first

30 resultsignal C,.

In second test 20B (FIG. 3), a second pattern In, (i=1 to N) is applied such that all
second signals S, (i=1 to N) are at logical "0". First P-FET P1 and third P-FET P3 pull
ComL to first reference terminal 31 at logical "1". Second logic 120 is thereby selected.
ComH is floating. Second N-FETs N2, receive second signals S;="0" and stay non

35 conductive. Second inverter 42 receives ComL="1" and provides second result signal
C,="0" signifying a positive test resuit (PASSED).



are coupled to second line 126. Line 126 carries ConL. The sources of
N-FETs N2[err] are coupled to second reference termnal 32 at voltage
VSS ("0"). In FIG 6, second logic 120 15 is shown selected with line 126
being pulled down to first reference termnal 31 ("1"). When second
logic 120 is selected, then any second sign®% Sk="I" can pul | Iine 126 to
second reference term nal 32 so that ConlL changes to |OHI cal "0". Wen
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b resul t SII% In second test B
(FIG 3), a seé‘b‘?’rﬂp‘ﬁé ?é??FCP enfrpl gz 2?:(-0 N) is applied such that all
second signal s S[ &is dn 4dvahtagedoffthe presenamvérm@n athat tésDéirculti 166 t:aerd-'iEngﬁﬂedaﬁid]
third P-FET P3 rst een(%etermn
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second signa r t cells err

(ot thout 5 pr Botehs ot Egtrera s@RAtm P diseation,, “Support Contaer 0" a
firrst line 116 because second P-FET P2[err] receiving S[err]="0" pulls ConH
to logical "1". The detected error (FAILED) is communicated by first
result signal CHto output 108. As first test 20A failed, test 20 can
be aborted. For explanation, a continuation of test 20 is assunmed. In
second test 20B (FIG 3), first signals In[err] are at logical "0".
Defective cell 10 130[err] provides S[err]"=1 " instead of Serr]="0
Second N-FET N2[err] pulls second line 126 to




| ogi cal "0" and overrides first P-FET Pl. This detected error (FAILED) is

communi cat ed to output 106 as second control signal CL. I t
is an advantage of the present invention, that test circuit 160 can be
integrated with core 150 into a single integrated circuit. The

present invention provides short testing tife 15 for routi ne tests Test
patterns which have, pref erabl)i first S|?nal at equal_ | evel

g.
t hreshol ds 81, 8An regeing detailedesciintion of the prefsrerd embgdimeat, F‘Efﬁ@??eo‘ﬁasdﬂadéor e
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a part her eof
speci fic embodioktahe takﬁnmiaélnmﬁrrgesenswmth@wonayf the present invertipns mﬂséléed only

embodi ment  has,yageRppdRdeardisi@d. i n sufficient detail to enable those skilled

inthe art to practice the invention, and it is to be understood that
ot her enbodi nents may be utilized and that |ogical, nechanical and
el ectrical changes may be made w t hout departing fromthe spirit and
scope of the present invention. The foregoing detailed description is,

t her ef or e, not to be taken in a limting sense, and the scope of the
present inventions is defined only by the appended cl ai ns.

Cl ai s 1. Acircuit having a plurality of input cells and a test

circuit for testing the proper operation of said input cells,



5 " said circuit characterized in that said i an}t— ceI s
receive during testing of said circuit consecutively a ” mmﬁmuﬁ" a
second pattern of first signals, said pattern providing | ﬂdﬁ

cells receive first signals at a first threshdl d"andl at a
second threshol d, whereby properly -11- operating input cells
provide a plurality of second signals having equal |ogical 10

states with one of said patterns being ap(laind; in said test
circuit, a control circuit consecutively provides a first control signal to
a first logic and a second control signal to a second

| ogic; and 1. A circuit kaying spluselity of yopyt cedls per & testirguit fog esfiag the PFPELARSERLRY
said first logic QpehiPparidissecond | ogi ¢ and that any

second signal originating froma non-properly operating input 15

cel | change? sai ds?lfitc’é‘fu“cf@ﬁﬁa?t&{‘zeéli%%‘lp or said second control signal so
that a C: erUi td said input cells receivbﬂ\hiixlighleﬁingbééad ciedugt consecytivelyer firgt papemand ag

i nput ce i s detected. .. The circuit as descri in clai .
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first Logic and o opAsifhihSERRAAROTHARLLI ARG HeBAl hiting SatifEte
testing. 10 3. ¥hies sithonp of spid pritems bpiag applied] ai m 1, sai d control

circuit having a fij §a3d tebfiRhi€ RBnk & cibildéonsecntively pro#itids AfifsBEHAd] &iglagtoance
termnal, said contrql circuit corrpr|5|(§g a first transistor of a 25

first type and a fir&stiogigandasgeongreontral siggaldo pygrond 128G ansi st or havi ng

a first current said pluralitgfsdid d6nd AgrGo Rdatedby Qi fist logicradd By sdd second
control electrode, said first transi(gt.or

r of. .sai second type
having its first cur e Betept Seondrigtal freBivkome oy RoDEOI T B0Shg
current 15 el ectlt dodegescaidl st coutral aigdaloe said decord evndrol signad serthatd circaitd
its control electrodeg.t; A _ . I ! |, said first
transi stor of said fﬁ?‘ggggﬂy%ééspﬁnf\alhloﬁgpr?%egyfopérgt;{r@clﬂ rgﬁl?}séﬁégg@ode 30
coupled to a second line, its second current electrode to said first

reference |ine; fpdcitduft as described in©Rith 1 OWh&biAGhid @Efrd] GV prodidedad firsy €l
sel ect signal, said control circuit inr

n X sponse to said, . level .
sel ect signal al CEMFAsE0RANd s seogd coptey i3 ALY 4R BE festing, ofpepyisepakes said
ref erence ©er m ndirst control signalaind si8 eetofld bghtiohsipetd Ylostaigdssthaad firstlbgio bnd
signal at a first first line to

sai d second ref eI’S%ihggcioflgh?ﬁ%%%n%%‘ﬁg8%‘&%H“h’?%é§nt%i%%ig%y said first control

signal 35 at a second |ogical state. _ o
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first transistor and a thir

and a second reference terminal, said control circuit comprising a first transistor of a

25 first type and a first transistor of a second type, each transistor having a first current
electrode, a second current electrode, and a control electrode, said first transistor of said
second type having its first current electrode coupled to a first line and its second current
electrode coupled to said second reference terminal, and its control electrode receiving a
level select signal, said first transistor of said first type having its first current electrode

30 coupled to a second line, its second current electrode to said first reference line, and its
control electrode receiving said level select signal, said control circuit in response to said
level select signal alternatively pulling said second line to said first reference terminal
and providing thereby said second control signal at a first logical state and pulling said
first line to said second reference terminal and providing thereby said first control signal

35 at a second logical state.



transistor of a first type and a first transistor and a r of
a second type, said transistors having a fi rst , l!ﬁﬂm'

a second current el ectrode, and a control electfo

transistors of said first type being serially coupled with |ts first and
second current el ectrodes betwd&n a second line and a first
reference termnal, said transistors of sai d second type being

serially coupl&dheicirtuit 4ssiedribed inaaimslefnthet comprising a &irss trensistrsgnd a third
between a first |line an I | d
Cransistors bei ntéanglis% PE %ﬁrsg@g)? Qﬁjdc% ﬁl%f"{rﬁ{lﬁ?ortaﬁ& fﬂ}ﬂ% trans1stor ofI aysec&ﬁ t9pd, 84if

ve or simul
non- conduct i ve Iigansistors having a ﬁrstrcggpmmlmtr@@, a s¢cend C@Fﬁ‘ébﬂé‘i@d&rﬁéfi a§8§)‘fﬂll ed to

their control elg Lagdes, sai d flrst transi stors recel ving a |evel
sel ect signal at el r control el ectrodes, teéqr%gt ively
pul | i ng said secwittransisioroef saidifstiypedeing Sﬁ’éalb’cf’o%}?@l with its figst pRg serapteurent

t ﬁr m B al or dt 0 sai éle&toa@stbdt@éearaese@dﬁdmé laa.d\gaﬁrst Teeame tdrmﬁiay saldlmdnsmtm jofli ng
t here Yy sai econ r I,gnal. I Sa L
signal , respecti vetaid segand type being se ﬂlv @“P@ﬂi%f‘%é@?ﬁ%%‘a feﬁgééd a’ﬁeg)al m fies

furt her conpri si ngbedwéend firkt lineand b sécond referenckitersiinal,y pe and a
fourth tranS|stor .a.second, t. ' i sEtor ' nt
el ect rode, aichig gREGIGE phifp Smeftedulty SRMEARIR shitifafitbuRly hph Sbndiihive

sai d fourttDtransi mtrcspotnsfe te aitast ériabletsignal supplied to {heis Cb@ﬁﬂgleémﬂﬁp,ed withits
first and second cig el Rl ‘?scrgE?Qﬁg E;%El"g@ﬁ@t rlai iﬁﬁen’ doﬂﬁol@:‘f&tt@de%ofor

first reference?erm al tranS| or of said ebelng

coupled with its altematwelyw}hgg S%lﬁéFCQE‘tB‘i‘FcPréﬁlfirﬁéﬂth“%Foe‘@’fdrsﬁ r{:)fg{

second line and a gaaRARCLIEEAA ﬁf&@i%fercnce terminal @édﬂibdlﬁh],y, ﬂﬂd@r@dﬂngthﬁ&b@‘%&dmhen
testing is not require fourth ansb_P ors first

d
and second |ines t¥°8 ?P“FPt%gn ot sidbirscanirpl signal. r%spe‘ftlgafé(al d second

reference tgrm nal in response to a test enable signal supplied to
their control ctrodes lity
of i nput ¢ ell's aﬁl’f circyt ggs[ deétfr bé’ﬂ i clfug}l h?f &;g:'r‘lﬂ tsm@%\[fbxﬂ% RansRIoF of Q‘flgkﬂ’%@
operation of sai shd afoutth trehdistor (Ifalscbomésxpecsau ﬁnarlSISMS kseemm acfiirstoquirment electrode,
conpri sing: a second ?\JrIeIHE Sbctfodb St Q%Snthﬁr [E?Q@de chﬁrtﬁ eamislor s enae

term nal ; transis i rst a first_transistor

of a second t ypetypsbemg coupled thlhxtspfprgtraa;i,sqgsm@purg@é Elﬁﬁfqu%‘i’FéWEqI‘c?rfémo‘f“e% a
first typegga pl ﬂfs@iéfédndéfterﬁﬁ&ﬂ) %ﬂtdtfblﬂﬂﬁth'éﬂs@fo‘i oﬂ§a1d second type being &apldd s8hdrd
type, each trans%stor havi n aSyrrent el eig S%m??% SSUr rent

el ectrode, and alEbRdssFond LIF‘FtcS” tro o5 between a Secdn ?eaanfll g SISt or of
sai d second t ypetdnaitial gvhietein & einms avhen testmg is aberequitade said figirtadransistors pull said
sal d second ref ChE&& L85 Y lgll%‘Lé té)ts'ra}gé'lerét'r%igegg%frﬁﬂ&l of g@éﬁﬁd é%g&ld‘\tgfé@ngéjtehﬁmﬁlhe

first current 35 S second transistors sal d
first type at a irinesponkd toe, test emablersignat supplied to their contrelelgelpdasor of sal d
first typejsbaving its second current electrode coupled to said first
reference terni nal its first current el ectrocf coutgl ed to. the, fldjl
current el ect rédéé:lreqlt having a core, a plurality of input cells and a test c1rcu1t for testing the proper

operation of said input cells, said test circuit of said circuit comprising:

a first reference terminal and a second reference terminal;
a first transistor of a first type, a first transistor of a second type,

30 a plurality of second transistors of said first type, a plurality of second transistors of
said second type, each transistor having a first current electrode, a second current
electrode, and a control electrode,
said first transistor of said second type having its second current electrode coupled to
said second reference terminal, its first current electrode coupled to the first current

35 electrodes of said second transistors of said first type at a first line, said first
transistor of said first type having its second current electrode coupled to said first
reference terminal, its first current electrode coupled to the first current electrodes of



sai d second transistors of sald second type at a second |line, said second

transistors U “ﬂ”&'mfcmml t type having their second current
el ectrodes coupl ed t mr reference term nal,
said second transistors of ‘sald Second type having their second current

el ectrodes 5 coupled to said fird3 reference termnal,
said second transistors having their control electrodes coupled to said
i nput cells, said second teasiskofsi of said secand wecat zsecendkling, sayd sacondheansistnt r ol

el ectrodes a |evel ?5 ? F;I&Jre]gﬁ?ihgthersecccnflcu e%&eggﬂ{@mitg%iggm%%d level

sel ect signal sai § sal d secon
ref erence tern nalrefsienesiesminay st transi stor of said second type or said

second line is 10 gid second traﬁéi&tbx%d;f&é?d §e%bﬁh fybé BividShsir S&vefd befent Betudays sai d
first transistor of dfjr wher ei n any not
properly ogeratl ngj’opﬁf)‘iﬁoségl I8 ﬁ%geggetgmm@lf sai d second transistors to

pul | said |ines t caidisecondpaasiitershaing erireohtes] @leombdes coupled to sdid inpu€edlls/ CUi t
as described in cI al

f h h f df
type, 15 oAl P S e & el oo e frodss AT sTiet fenst s o1 or
of said first twﬂmrelmdspeamhgmn did level select signial saitkfirst line iopulled italsaidsonsd t ype,
each transistors qgféf gge érrfuln%lsof}'l sﬁfﬂ]rffrgtq}angktgfcf s%%eoo%d?@% oggftuﬂ s?cgng Pge_lxgl st or

current el ectrode,
of said filPst tprUHed/ﬁong@ﬁrst referenee terminglchyoaid firsttransistorofeaidifustdype, and

serially coupl ed tyhed &y hdt ?I‘op@ﬂf' op@ A HAnfie Eél?&‘hs&la‘ﬁf bf QiescOid BalsHiord tBSt

transi stor of saidﬁ aid third transistor of
said second type P& Sﬁghp?sstoﬁlper(g{pog%defg@e%tan@gglr ent eI ect r odes

serially coupled to said first and second current el ectrodes of said first
transi stor of

th t f
Chrd vt vy e thgrui & fescrPRER S iiither comprisne S B stSbrothftindyee, °©
first |indSand sahitd et of said ecvondtypea fodeh ransptedf baid Sisst dype :{rﬁita fourth

reference term Qﬁhsmtor of saxd] seco?ﬁ't f 9&&5&:{3 sé&@@%h‘%hg b ﬁ?sft c&r?%ng cI%gtgoo (3 %e\éﬁréd and

having its first current ectrode’ cou second’
sai d second curtcéﬁ?ntéleée?%@@wﬁple@emed%al d second reference

term nal, said tlﬁﬁi @arﬁﬁﬂfr Bpial@ﬁx%ﬁtty{)@ﬁlﬁﬁnﬁts 38t Ad Ts&!oﬁ&' %\'ﬂ?’ﬁ' él'e&{'&fes of said

second type and of ansi st or saij rst
receiving a testt l?PEP E‘? f%’St and second ¢ syt E‘S?ffqd6$ Oféa@cﬁrP‘dEPé@S‘@? OfSSéidd
third trarnei storﬁraftypbald f| rst type and of said fourth transi stor

of said second t said te enabl e nal, 94 in an. inverted
form SYRThiA e B SR et o T e s iR aceond Pl oSS
transi stors of §enlai|lyfcoupit:d toyspil firsteand Second currannﬂbﬂr[ﬂm aidsainl;ﬂrﬁt -teansistoedf daidel d

effect transistQgg eSaid transistors of said second type are

i npl emrent ed by N-cﬁan ef field effect transistors.
said fourth transistor of said first type having its first current electrode coupled to said

25 first line and said second current electrode coupled to said first reference terminal,
said fourth transistor of said second type having its first current electrode coupled to
said second line and said second current electrode coupled to said second reference
terminal,
said control electrodes of said third transistor of said second type and of said fourth

30 transistor of said first type receiving a test enable signal,
said control electrodes of said third transistor of said first type and of said fourth
transistor of said second type receiving said test enable signal 94 in an inverted form.

8. The circuit as described in claim 6 wherein said transistors of said first type are
35 implemented by P-channel field effect transistors and said transistors of said second
type are implemented by N-channel field effect transistors.



9. The circuit as-described in claim®6 further conprising—athtr

transi stor of said first type, athird transis of said second
type, a fourth transistor of said first type, and a four@"l!“”!{“m“uuﬂru”
transi stor of said second type, each transigstors having b

el ectrode, a second current el ecttdde, and a control el éctfode,

said transisto of . said first .type bein 5 . [ enment ed,. by. P- channel
field effect t4-aneriewa %ﬁﬂ%ﬁﬁlﬂhﬁﬁﬁf@%@%@mﬁ&itﬁﬁ%‘éﬁ@f of sald EfSttYP';»pe
bei ng i mpl ement egthixd tiingansrahidiseednd tafef & durthtRAnSseE 6fsaid first type, and &fjugth

third transistor,_of. said first e having jts first.and secon urrent

lectrodes —  ransisEE pfsaid SPond S et 0Sistrhavink i LuBiRFfrodd aeond

el ectrodes of satutreht alsdrotie,and a somtrol electsaiedsaid transistors dfisaidfirstyyye, being

said third 4ransj i A ' LSt

current el et oduictienttd 8% e BN AKBAGHoRn G h S0 R0 R

current el ect r od#pe bringimiplerngntesk byt N-gharingk fénld effecs wangistors, second type,

sai d fourth trangidhfi uhsistéd of shii e gt(p\émsx(iﬁgm Akt éﬁcﬁseaf:drfd%rrﬁlgre[e%%des

el ectrode coupled to said o rirTst 1 he and said _second current

el ectrode coupl egriglly eoypledste paid fipspand seprnd cuapnfickpsirodes of said first ansistar ofipaich

transi stor of safidtigpeond type having its first current el ectrode coupled

to said second |li.ne and,said,second current el ectrode coupled to

sai d secont r of ePEHER] transistor of Sgid seond [ype having 1s irshgad serpad cprenyiélectides

descri bed in cl aderinlfy éampledes saidfipt ari sacond culreitdlectrades iof said fisst tramistbriof said

type 20 ans%c&dttpi')éd transi stor of said second type, each transistors

having a first current™” el ectrode, a second current electrode, and

a control elect rsatfifourth transistor of sdid firshtypd haviegis Ststeursht entrddé covpledtty prid

having 1ts 111 S!hd1thc 588 00d schd EtenPliBGIdILEGT Ied to said first REGbALmARKP! ed tO
ectrodes of sal | of’ s

said first_and second current ele S al | rst transistor aid
first typeld 25 said foulyfrapsistoriof said saeendstype hoingsiss firsaespicelecipde ¢rapleddo i t s
first and secondsafdbet@idtlinglaB€ b4i@ER6nd current elect®8é Ecipledt 16 iPsREnd Rfetdcd first
and second current .el.ectrodes of said first transistor of said

second type, rmmal'sai d control electrodes of said third transistor of
said second type receiving a test enable signal, 30 sai d
control electr f ' b rd. t ' [ of i I I ype receivin
said test anapfts the BroditsdetchbbFind AR GHRL BlnpBht's byiilanlkBFof BN
circuit as2Mescrandedhirdhtransistonod sfid sechnd typereaeli wansigtass haying dfitst @meitst or  of

said first electrol¥.R&ecd cﬁn@rﬁ;éfe%ﬂgo&efm%}ﬂ&l &dcradd,d second type, each

o |
(%)
I

transi stors having a first current, ~ electrode, 'a second current
el ectrode, and aSaKighird ypnsisteraf sgd &irst type having its Hef ands sseandicurentielacedss of

said first type dasnily\éubled td bdidfirs sHd ROSndAEHteRIBoER WP bLI fitsOtr@iisthr of said
first type,

25 said third transistor of said second type having its first and second current electrodes
serially coupled to said first and second current electrodes of said first transistor of said
second type,
said control electrodes of said third transistor of said second type receiving a test enable
signal,

30 said control electrodes of said third transistor of said first type receiving said test enable
signal 94 in an inverted form.

11. The circuit as described in claim 6 further comprising a fourth transistor of said first
type and a fourth transistor of said second type, each transistors having a first current
35 electrode, a second current electrode, and a control electrode,
said fourth transistor of said first type having its first current electrode coupled to said
first line and said second current electrode coupled to said first reference terminal,



first line and said s ctrode coupl ed to s3iTgé iSHEET HAS BEEN
reference termnal, e’mﬂm‘ﬂ "m I,”mﬂsal d fourth transi stjor ofgma@ggecond
type having its fi rst currcent el ectrede coupled to L—sai-g-second
| ine and said second current el ectrode coupled to said second reference

term nal, said control el ectrodes-léf sai d fourth transistor gf
said fi rst type receiving a test enable I gnal , sai
control el ect r ogwif fonrtls tragsistes of s3id ﬁqcaﬁ%w@@ bavieg lt%@%'ﬁtpusfénwﬁp%@l@@dé@ vi ng
sai d test sa1d s‘é@&i@l' lﬁne%h&@&'ﬂi sécBn@éhrieﬂt’&éétx%@e &Ql?f&i to said secondeferéhcd®t hOd
uit correctly transfers

for testing if atg_ﬁura ity of input cells of a cir

first 10 8%s at first levels and second levels to second si gnal s,
said met hod conpsaidsdongol dlectrodes of said €durth@fansikteest shiddirstt@RTeiving a test enable
appl yi ng agl rst.pattern to said input cells, said first pattern having
first signdls at81 ‘her of said first levels or said second

l evel s, and pr owail qogtral dléctretesaxdnaid fourthitgunsibtot of saidfsecomt type receiving salir% festgi C,
said first |ogic | I nd signals fromsaid input cells,
wherein 15 edble an Bglslgg%ﬁlgh%d;tﬁa froma not properly operating input
cell toggles said flrst control signal; and applying a

second patternsa sahsh f&%&ngﬁhbﬁmﬁgbﬂnﬁﬁ%@{%@% & gb&k%ﬁ%pgus%éré fifst

signal s at Fevels as™a ﬁ | rst
pattern sti, an%gfﬁlsd‘\t/ﬁEfF angecspg levels to second sxg@@lﬁ,tqa@m@ @dmmnrtsm iBecond
| ogi ¢ whi ch rmnldimé;sora@t@bgqg@ﬁd signals fromsaid input 20 cells,

| | d
Sotong M ©! O upBiyiigl e ilteenBh SR nptie Sl oati bvivg B SE RIS SiBery o
test result when haftshiddivstievels oisgidaécond &evels andprévidiag € firsdtontrol ?1gna1 to aﬁﬁé s
ne co
Poogl as 0 onc08 fic SR AN tnolNGHnAlaid B3a FilsHapd Bid jpbR b wieeln

wher ei n sa15d fi r stangiseneat signal femi aindtipregierly operating inputeell togples sdid first carsiol
threshold of said ddiphadevel and wherein said first signals at said

second level are at_. a second threshold of said second |evel.
The net hod for tageltyi%gl sgeonditerniie spid mpet oeflpnsald seqead eatﬁﬁnahamgsﬁrsmmmw

field 30 aappbﬁte%vemds |a§pl§:dfm thRtappliy @ alfRstPaftdrh Slep BE PSR & SEcBhdal
and wherein alter nat {r(\)/lesgg{lalato a seg(;[nd Iil(_)glc which monitors said second signals from said input
20 cells, any second signals from a not properly operating input cell toggles said second
control signal,
thereby providing a positive test result when both control signals remain un-toggled or

providing a negative test result when at least one of said control signals toggles.

25  13. The method for testing as described in claim 12 wherein said first signals at said first
level are at a first threshold of said first level and wherein said first signals at said
second level are at a second threshold of said second level.

14. The method for testing as described in claim 12 wherein said first signals at said first
30 level have a voltage of substantially 2 volts and said first signals at said second level
have a voltage of substantially 0.8 volts.

15. The method for testing as described in claim 12 wherein said first signals at said first

level and at said second level have substantially voltages at the edges of a non-allowed
35 third level. o
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mia second line to a ?’ ﬂ[l\s

ond signals cont roI p'-“y\
tran5| stors parall e}__«c_otﬁ% weeﬁ-

Corornar g 11! @ﬂ Etyflm%m

second N-channel

said first line and said second reference term nal and a pl ural ity
of second P-channel field effect transistod6é- parallel coupled betwen said
35 second line and said first reference termnal , wherein said

second transi stboThke mathed fordentidg ot dascuibedhiam plagmil 2iwhereintsaidrfirstsiontralrsignghist hat

any second si gngo i Byea first transistor of a first type which first ling to.a fi
-16- ?ﬁ? 1unctylaa orllrlsnganlsﬁ ut ¢ lTSIt YBalses P u]hs t 1gssa}me it lert rFer%egce

pulled to said dewuml W’éﬁf@ﬁéﬁééﬂ“ loglc is fomteétbmpﬁf&llelc%’uﬁlﬁ‘é@ec%ﬁ @@é&ﬁfqu i ne

is pulled to saigcdidrfie mtzlea[eraceﬁu&mamsy@ﬁh second signals, L@}erem@mm&fcbﬂﬂcén%l
testing as\;descrl be wherei n

first si said. first
5 [ ovel i P g HOFSIAL PG seoony e IP Al Aepeganiddine to
signals at said sﬁﬁﬁﬂmefeieﬁ&eedermmal and wheRavRidasedddldliGgeisForniedidytpantleiobpled. 8
vol ts. as described in claim12 erein

st| ng
said first si gna?F%ongt a&%ﬁtafsf‘iqfé’gf““e‘\ |l evel and at said second | evel
have substantially voltages at the edges of a non-allowed 10 third

| evel . i/ TPJ fﬁ%thBE F&}%Luhg bs &e%éﬁﬂeﬁ% é‘lﬁléﬁj g?@h&@%% fir} lp%lﬂlhﬁ%l Jﬂ%%d"'her el A

said first contro rst transi stor of
first typelOanic Hrapmtpspldlma firgftling tmeﬁtst)re&rmqa @trmmek andevheeein alternativelyradirstial |

wherein said firchhndePgéla eff@ctft@ﬁdi@%& pitls R8¢cahd Bhe 16 AWBLRH rF8e R erntif1SAndt OF S
of a 15 second e é ?re control |l ed by said second si naI S,
@,%&e&pn signals

wherein sai d secHKlER contrg} 3piuyalifyof ﬁ?‘@@ﬁi Nechaprel feld;efiee
transi stor of satadsisteeqahllthdoapletbetvesidaldfint 1R Ca §tudi bddend Qfél\ence termmal and

secon 1l 1 enoe, Gk 8 e 358 GRS A 8 BRI 9B o5 cn B
15 second line and said first reference terminal , wherein said second transistors have a
higher transconductance than said first transistors so that any second signal from a
malfunctioning input cell causes that said first line is pulled to said second reference
terminal or that said second line is pulled to said first reference terminal.
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