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TECHNICAL FIELD *159159*
The present invention relates to a method for
identifying a semiconductor integrated circuit device,

a method for manufacturing a semiconductor integrated

5 circuit device, a semiconductor integrated circuit
device and a semiconductor chip, and mainly relates to
the technology for assigning identification information
unique to semiconductor integrated circuit devices or
semiconductor chips to identify individual semiconduc-

10 tor integrated circuit devices or semiconductor chips.

BACKGROUND ART
A semiconductor integrated circuit device can

be utilized in a variety of desired manners based on
identification information unique thereto, if such

15 identification information is assigned. If unique
identification information can be set to semiconductor
integrated circuit devices on a one-~by-one basis, a
novel manufacturing method and product management

technique, demonstrated by the inventors, can be




5 circuit device, a sem conductor integrated circuit device and a
m ductor chip, and mainly relates to the technol ogy for assigning
I'dentTtication information unique to sem conductor integrated circuit
devi ces or sem conductor chips to identify individual sem conduc 10 for
integrated circuit devices or sem conductor chips. BACKGROUND ART A
sem conductor integrated circuit device can be utilized in a variety of
desired nmanners based on identification information unique thereto, if such
15 identi fi cREPEACEA ONREE ¢S 1tddsizpten 191 dfiquenieehtiderbifon
i nformati on can be set to sem conductor integrated circuit devices on a
one- by- one b&3tdOona iRPEMmakd i adSurdaiy MO 3RE product management
t echni que, denonstrated by the inventors, can be 2 praovided under the
utilization of the uni Y8 Ged@icATTVH T Mlordhet F3AE %‘%c 3tribed | ater.
Wien a fault occurs at a staggﬁfuch as, anc?ctual use st

|

f. .
sem conduct of CrHEégHEEe§ tEi%Fc it % SFEATE! %%ﬁﬁ%ﬂ%??ﬁﬁﬁﬁ%%?S%%g?%hft i's

readily pursyed.if unique_identif.ication inf.ornmation n be retrieved from
the senic nd§8¥6Fern?8338F5d%ﬁ%ﬁﬁﬂ% Qﬂﬁﬂéﬁyfﬁ%ﬁseﬁgﬁnﬁeg %F%%%%%oﬁguctor

maker can acﬂg;ﬁi_éﬁei %%E‘E%ii%%t%%h ﬁﬁ&%mf@ﬁ Yrd EP{é‘QreémPP%rﬂCt uring

line, 10 manu turing I'ot, testin story, design infornmation and the

li ke based oppbhgewRapEden! iificaliand M0/ dBtd Qe wfcd he sepi conduct or
integrated circuit device. This facilitates the pursuit of factors which

cause the fadkbnand,CaURLAiFRATHED 1 Ghes 1t akan sldythes efof o rofdiei smr ki ng
based on an ink printing nethod or a | aser inpressing nethod given to a

package, whi ghchorgs tpar inadfufademicondiningr natetyated rog rciné, devi ce, can
be regarded as one type of identification 20 information. Wile this type
of marki b maenbyaconpringed od ,preedudingridied tarayre dfs idre Sefv comdieh or
integrated circuit device, the product nodel nanme may be acconpanied by a
code represeandt itbr ofi kehbasmdufomc ttdvd ni it@ren islerht asi gatakon week and t he

i ke. 25 However, with this type of marking representation, it is difficult
to set uni quénfaERaiticgariforienfSOMRITH 3PS et CIHRIIDrc I i eht at ed

circuit devices on a oneby-one _hasis, ich can be nuf actured | | arge
device. Th?syfacifitates the pursuit g¥i actors &kiéh 9

cause the fault and countermeasures to be taken
15 therefor.

The marking based on an ink printing method
or a laser impressing method given to a package, which
forms part of a semiconductor integrated circuit
device, can be regarded as one type of identification

20 information. While this type of marking mainly
comprises a product model name of the semiconductor
integrated circuit device, the product model name may
be accompanied by a code representation of the
manufacturing term such as year, week and the like.

25 However, with this type of marking representation, it
is difficult to set unique identification information
to semiconductor integrated circuit devices on a one-

by-one basis, which can be manufactured in large




3 quantity or manufactured over a long termas industrial products, due to
e s.>rtage of the anobunt of information which can be represented thereby.
I't can be assunmed to set a programmable 5 el enment such as a fuse elenent to
a sem conductor chip which fornms part of a sem conductor integrated circuit
device and to give unique identification information inherent to the
programmabl e el enent. However, if the ofiginal seniconductor integrated
circuit device does 10 not need a programelenment, this type of assunable
t echni que woGUENFiidad\Pe teRFebilast S e sV el corPiE alt M ndhiuF 2@ L 8EF R Lpr ocess
and an increased cost of the j sem conductor_integrated circuit device due

to the requi PEPSWCTSor BIF ddtithordloTRaff £ urFh PR et fot 1BIPRBa -
rogranmabl e el enent,. _The nuf act uri n ocess wWll be free from

gdd?tional c&ﬁﬁpi&§H951qqgﬁhﬁe%ﬁﬁﬁ?ﬁﬁﬁkégcfh??ﬁ%brated circuit device

originally has a progr bl e .el enent. en in this case n, addi ti onal or

m)ldlg:‘l ed %lan_uf act 5ri gg }sE{ ecr?r} sb%eaesdselﬁnef%\r/tcéosl%& i :%ﬁo%ﬂ?mfgblr%colgn: tion

| nformatien iLhta.the RIIRAMAY & Ll oM, 14} & Kigw Lacholaye Lefgrred to

as "silicon signature,” a produc nane or unique informatron is

written into g semeopductor, gy egraked ldeuldy 2By deyi gan such;a manner

that they can be electri y read out. However, I's”type of technique
requires an agdiitld-ongly ¥o npdid g Januf ot e step foFompating the
information, as is the case with the foregoing. 4 The inventors were

inforned, thriouahent itRveasid gatdunaidiele tdiendesentudwyest | onf hee been
made, that inventions described in JP-A-6-196435, JP-A 10-055939,

JP- A-11- 2142841 gi A Ee3dxaiuatul JiRrtAegita 5D 238r @xitstadslv ase rébased to the

present invention, |ater described. Either of the inventions described in

t he of fi di0al nddc et s iraecoyre ekt rdugis revee ektassweanfact uring step

for witing unique identifica tion information into each chip. However,

t hese technique would disadvantageously cause a complicated
manufacturing process and an increased cost of the
semiconductor integrated circuit device due to the
requirement for an additional manufacturing step for

15 the programmable element. The manufacturing process
will be free from additional complication if the
semiconductor integrated circuit device originally has
a programmable element. Even in this case, an
additional or modified manufacturing step is needed for

20 writing unique recognition information into the
programmable element.

In a know technique referred to as "silicon
signature," a product model name or unique information
is written into a semiconductor integrated circuit

25 device in such a manner that they can be electrically
read out. However, this type of technique requires an

additional or modified manufacturing step for writing

the information, as is the case with the foregoing.




!

10 official docunents are not recognized to include any description rel ated

a.zt hod for identifying a sem conductor integrated circuit device which
oes not particularly require an additional or a nodified manufacturing
step as the present invention, later 15 described. It is therefore an
object of the present i i invention to provide a sem conductor integrated
circuit device or a sem conductor chip4which can be individually identified
in a sinple configuration, and a nethod 20 for identifying a sem conductor
integrated circuit devilbe énverdemscomdicctiorfamgd, 1thiaighdamer obj ect of
the present invention to provide a sem conductor integrated circuit device
whi ch is capabvessfiopgésti BteF ithd BIREAN s et CdHdiRdt drad MR ated circuit
25 devi ces or sem conductor chips with a high reliability, It is a further
obj ect of thBafEesEREL AREROItIRSO %S&Ald?eeﬂg lrfatq%-r{*aﬁ‘nleﬁlﬁrﬂa%ﬁrr ofP-A-

renuf actur| 1902 SETLGOTdUCt oL | DOl et sl oyl sl e The apoye and
sprarent LTogLpis deseuial o ol the preclieal o and L, acgomparyi ng
g0 0520, | 1, L0L3 BRULLSRHLON BRI o1 PR RIS (g1 0
the official documents is recognized to require an
extra manufacturing step for writing unique identifica-
tion information into each chip. However, these
10 official documents are not recognized to include any
description related to a method for identifying a
semiconductor integrated circuit device which does not
particularly require an additional or a modified
manufacturing step as the present invention, later
15 described.

It is therefore an object of the present
invention to provide a semiconductor integrated circuit
device or a semiconductor chip which can be individual-
ly identified in a simple configuration, and a method

20 for identifying a semiconductor integrated circuit
device or a semiconductor chip. It is another object
of the present invention to provide a semiconductor
integrated circuit device which is capable of
identifying individual semiconductor integrated circuit

25 devices or semiconductor chips with a high reliability.
It is a further object of the present invention to

provide a rational method for manufacturing a

semiconductor integrated circuit device. The above and




ocegs of sem conductor integrated circuit devices, a plurality of
aient ication elenents having the sane 10 arrangenent are forned and the
rel ation of magnitude in a physical anmount corresponding to variations in
the process of the plurality of identification elenents is enployed as the
basis for identification information unique to the sem conductor integrated
circuit device. 15 BRI EF DESCRI PTION OFF THE DRAWNGS Fig. 1 is a basic
circuit diagramillustrating one enbodi ment of an identification nunber
generator ci 8L KRB HPRS BPEehr eR_RUrPRvEAt EBR; PFR§ENE i s a basic
circuit diagram 20 jillustrating another enbodi nent of the identification
nunber genenﬁﬂYeQE%QﬁquLﬁ Yy FRPERE pr £EeRt CRAVERPFEAPLEPE. ©F is a
basic circuit dl%%¥%%1¢||USIratln nother enbodi nent, of ,the identification

25 nunber gerdfat TR YA i Y t AT HEP PP ESBAL IFAYEREPoN: 6 Fig. 4

is a diagram for describing the operation of the identification nunber
generator circuit of Fig. 3; Fig. 5is a basic circuit diagramb5

iIIustratinglfrgg §ﬁ?6¥“fﬁﬁ“ jdentification nunber generator
circuit accor |néﬁggjt e presen%ﬁ?%%en $on Fig. 6 is an equivalent circuit
di agram fay describi ng ghe-cidould; $ds the @H@O%%9§H£18BSFHQSC§OSé Fig. 7

is acircuit diagramillustrating a specific enbodi nent corresponding to

the enbodi mentn afnid Gpptiddiod dfe aofiérfng §bartifes Qﬁsgﬁmbﬂg Lhe
operation of the circuit in the enbodinment of Fig. 7; 15 Fig. 9 is a

di agram f or desidrdwd ng sge-operatipn i dhereereni & mantheceabedyment of
Fig. 7; Fig. 10 is an exenplary nodification
process of semiconductor integrated circuit devices, a
plurality of identification elements having the same
10 arrangement are formed and the relation of magnitude in
a physical amount corresponding to variations in the
process of the plurality of identification elements is

employed as the basis for identification information

unique to the semiconductor integrated circuit device.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a basic circuit diagram
illustrating one embodiment of an identification number
generator circuit according to the present invention;
Fig. 2 is a basic circuit diagram
20 illustrating another embodiment of the identification
number generator circuit according to the present
invention;
Fig. 3 is a basic circuit diagram
illustrating another embodiment of the identification
25 number generator circuit according to the present

invention;




illustrating one enbodinent of a unit circuit which conprises a CMOS

verl@r circuit and switch MOSFETs 20 which are the core of the
identification nunber generator circuit according to the present invention;
Fig. 11 is an exenplary nodification illustrating another enbodi ment of the
unit circuit which conprises a CMOS inverter circuit and switch 25 MOSFETs
which are the core of the identificati dn nunber generator circuit according
to the present invention; Fig. 12 is an exenplary nodification illustrating
anot her enbodi ment of tHH& .urfi tigig difagram 7o ¢pseoipiigesna CMOS inverter
circuit and swtch MOSFETs which are the core of the identification nunber
generat or ci PEGIHRtE o di 1dia o dHE Priesntod MEMRebnIeTPE2Le3 is an
exenplary nodification 5 jillustrating another enbodi nent of the unit
circuit whi ckiEEMaS S Fal%lv&@' inverter circuit and sw tch MOSFETs which
are the core of the ideE%tifi ation nunber generator_circuit according to

the present invention; ‘Bi%Y. 143 ¢ aﬁ?se]ﬁn%]t Y o t#9c3:ion 10 illustrating
anot her eﬁboql%%ttr%%t heta.lljngo't-:[ il recm%édj;’x\?ér@ &P%é f:ﬁéer.?t C%/[)S#Jgé{qir E)ﬁr

. . 1 C
circuit and swtchl ich are e core o & gent T

nunmber generglltu&?)ecti rg%qlietfgacﬁ%orcdiirr&itto at&eot %rgeggn%ggﬁ{ﬁgélfg%?ngi g. 15 is an

exenpl ary no cati‘on ustrating ano t the unit
circuit whichcempriises a CMOS inverter circuit and switch MOSFETs which
are the core of the identification nunber generator circuit according to

the present invention; mfHig. 6l6id Sarf &duiGrd terth ag odit | wsd§Bdmngopne 20
enbodi nent of a CMOS inverter circuit used in the identification nunber

generat or ci deuiclriadeer dinyg dirduie pireseiy dnibvediiment &Hforids §s a circuit
diagramillustrating anot her enbodi ment of the identification nunber 25
generatonOcircuit accorfdiong t a4 ke qureseint diagerdm ol lustrating a

specific embodiment corresponding to the embodiment of

Fig. 5;

Fig. 8 1s a timing chart for describing the
operation of the circuit in the embodiment of Fig. 7;

15 Fig. 9 is a diagram for describing the
operation of the circuit in the embodiment of Fig. 7;

Fig. 10 is an exemplary modification
illustrating one embodiment of a unit circuit which
comprises a CMOS inverter circuit and switch MOSFETs

20 which are the core of the identification number
generator circuit according to the present invention;

Fig. 11 is an exemplary modification
illustrating another embodiment of the unit circuit
which comprises a CMOS inverter circuit and switch

25 MOSFETs which are the core of the identification number
generator circuit according to the present invention;

Fig. 12 is an exemplary modification

illustrating another embodiment of the unit circuit




Fig. 18 is a waveformchart for describing the operation of the circuit in

e Oodi ment illustrated in Fig. 17; 8 Fig. 19 is a block diagram
illustrating anot her enbodi nent of the identification nunber generator
circuit according to the present invention; i Fig. 20 is a block diagram

illustrating 5 another enbodi nent of the identification nunber | generator
circuit according to the present invention; Fig. 21 is a general block
diagrami illustrating one enbodi nent of a seniconductor integrated circuit

devi ce accor #'G Nt EHRE 15iess ehiCM i et i o, CAr|ig: ad i awhikClel enent
ciroui 1 dovi BOSRETS G G e 65U qinvaif (e S FrELi0n RaTeRE
24 15 a bl ocReGEAGFalh T e A SHE bt AL AT TP ER e SR bsent
venty o |3, anel e e it S SBo R B SR e
device WSCh PTOLRACG e SO INIDST; SHETRIAL Slad sevor i ng
expl ai ni ng agnalgorickpPifs idemdd Ve Ak defdfiCand switch
MOSFETs which are the core of the identification number
generator circuit according to the present invention;
Fig. 14 is an exemplary modification
10 1illustrating another embodiment of the unit circuit
which comprises a CMOS inverter circuit and switch
MOSFETs which are the core of the identification number
generator circuit according to the present invention;
Fig. 15 is an exemplary modification
15 1illustrating another embodiment of the unit circuit
which comprises a CMOS inverter circuit and switch
MOSFETs which are the core of the identification number
generator circuit according to the present invention;
Fig. 16 is a circuit diagram illustrating one
20 embodiment of a CMOS inverter circuit used in the
identification number generator circuit according to
the present invention;
Fig. 17 is a circuit diagram illustrating
another embodiment of the identification number
25 generator circult according to the present invention;
Fig. 18 is a waveform chart for describing

the operation of the circuit in the embodiment

illustrated in Fig. 17;




i on nunber according to the present invention; Fig. 27 is an explanatory
6agr’nfor 9 explaining an algorithmfor identifying an identifica tion
nunber according to the present invention; i Fig. 28 is a schematic di agram
illustrating one enbodi ment of a nethod of registering a matching 5
algorithmin a systemfor identifying a sem conductor integrated circuit
devi ce according to the present inventifn; Fig. 29 is a schematic di agram
illustrating one enbodi nent of the method of registering a matching 10
al gorithmin the systefmifr §%drt iF \iirfla S cahdubt et iatby¥ated circuit

device according to the present invention; Fig. 30 is an explanatory
di agr am shomﬁaﬁl&%é‘ﬁreﬁgﬁﬂd&ﬂ?%%r‘ﬁ?o&drﬁé} G I BYRRYoi ng Fig. 29; 15

Fig. 31 I tory di, howi i t hod_wh i
the order of SPOGIEAI T KrasHOI VTS 1t B N FHVETE er el TREI P Fi g. 32

is an explanatory di agram show.ng a,conpari.son net| n_using the order
of logical 20 threshol (ﬁ\%l L}cebs 115?1 r?glog\qffﬁhia it el:]lojgl’lls\’r,\é(;%ll%l;n%i g. 33 is a

sehemt i ¢ sdi aeamel Lisiatile e sbadidimnte olu & semganductor Tnt egrated

circuit device to whi e present 1 nvention Is ap iIg. 34 is a

i ch the pr ST et Lo TS SR eas M. 3 e bl ook O aar i
illustrating one enbodiFignt xaf & dedjsrired WRFAM Y MmN the foregoing i
illustrating one embodiment of a semiconductor
integrated circuit device according to the present

10 invention;

Fig. 22 is an element layout diagram
illustrating one embodiment of the semiconductor
integrated circuit device according to the present
invention;

15 Fig. 23 is an equivalent circuit diagram
corresponding to the foregoing Fig. 22;

Fig. 24 is a block diagram illustrating one
embodiment in which the present invention is applied to
dynamic RAM;

20 Fig. 25 is a general schematic diagram
illustrating one embodiment of a semiconductor
integrated circuit device which employs the
identification number generator circuit according to
the present invention:

25 Fig. 26 is an explanatory diagram for
explaining an algorithm for identifying an identifica-
tion number according to the present invention;

Fig. 27 i1s an explanatory diagram for




10 Fig. 34; Fig. 36 is a schematic diagramfor describing i a manufacturing
ep one enbodi nent of a sem conduc for integrated circuit device which

I's nounted with the 5 identification nunber generator circuit according to

this application; Fig. 37 is a schematic diagramfor describing a

manuf acturing step of one enbodi nent when a sem conductor integrated

circuit device mounted with 10 the iden?ification nunber generator circuit

according to this application is assenbled into a circuit nounting board,

Fig. 38 is assthendating diagr &R brheser | bilagt af vhndf aet Ueppgifiep —of

anot her enbodi nent of the 15 sem conductor integrated circuit device which

nount ed wit h B¥R0 iTHEHSY 2R eH PUnbertRRRFaESPt ciP¥BNELGBCOrding to this

application; Fig. 39 is_a block diagramil]ustrating an_exenpl ary

appl i cation specific LSt%hich 1% Provieit 2 %%%rglﬂelﬂl‘éﬁﬁf?itééﬂi on

nunber generator circuit according to the_present invention; Fi.g. 40 is a
ciur cui tgdi agrd iefnlfkl%‘fllrl%?riafngo rf5I1 éﬁ%%}b‘?‘ﬁm?ﬁ p’?‘ﬁnghﬁ%’lﬁl%%r?:a‘f‘?gﬁgllﬁﬂ I og: cal

t hr eshol d valal{Le oorfitt Qne iCrZIIVIZ)S SI nsvteerte% acg I‘dti____]l:l tr? tgesgresent 2% i nvention
i s appli ed t & EFandt HurbeiY generator; Fi g. #1°7s%a BheRREIET8Fagr am f or
describing an &x taéc%/ é&%ﬁc@ftad P 1 HEOLLE | €ALLON AUNDEL < ggper at or
circuit for purposes of reducing fraudul ent

invention;

Fig. 29 is a schematic diagram illustrating

one embodiment of the method of registering a matching

10 algorithm in the system for identifying a semiconductor
integrated circuit device according to the present
invention;

Fig. 30 is an explanatory diagram showing an
exemplary comparison method in the foregoing Fig. 29;

15 Fig. 31 is an explanatory diagram showing a
comparison method when using the order of logical
threshold values in a CMOS inverter circuit;

Fig. 32 is an explanatory diagram showing a
comparison method when using the order of logical

20 threshold values in the CMOS inverter circuit:

Fig. 33 is a schematic diagram illustrating
one embodiment of a semiconductor integrated circuit
device to which the present invention is applied;

Fig. 34 is a block diagram illustrating one

25 embodiment of a multi-chip module to which the present
invention is applied;

Fig. 35 is a block diagram illustrating one

embodiment of a dedicated program chip in the foregoing



1 actions and a variety of troubles in an inter | enterprise electronic
‘rt ocurenent market; Fig. 42 is a basic circuit diagramillustrating
anot her enbodi nent of the identification 5 nunber generator circuit
according to the present invention; Fig. 43 is a basic circuit diagram
illustrating another enbodi nent of the identification nunber generator
circuit according to the present 10 in¥€ntion; Fig. 44 is a basic circuit
diagramillustrating another enbodi nent of the identification nunber
generator ci Fédi-t 34¢cording to the present invention; 15 Fig. 45 is a
specific circuit diagramillustrating one enbodinment of the identification
nunber generator circuift%accdr dithg tFhee re ERITHY T FeSFFHP1as is a
specific circuit diagram,20 illustrating a further enbodi ment of the
i dentificati 8nmﬁGH€€%t§€ﬁélrgats&repci A LRGP % e Prekerrdtfvent i on;
Fig. 47 is a_tim,ng di agram f.or descrihing the operation of the circuit in
t he enbodi ner%?roflngieaf:agg%4§;lrﬁugl. "Fsceg RUETIES d‘il%}br}%'?ﬁtl it Rt FB%i ng
anot her egbodi . Of uni [ it ed in the enbodi nent of the
Foregor ngor gooas c2at 8 bl dhle it s R A 19 &
further embodigent 0f jthe jidentification nunber generator circuit according
to the present invention; Fig. 50 is a circuit diagramillustrating a 5

further embodi ment of the i dentisf iaCaldmAUDES QENEYT At Y &ég&g{%iﬁ?cordi ng
us

to the present invention; Fig. 51 is a circuit |ayout diagrami rating
one enbodi neat mahuagelireé agdeedr JiNte@ @b Lt twilgviL£e or a

sem conductor chip to 10 which the present invention is applied; Fig. 52 is
a bl ock di agsamiicbhdsttati ngtagstardardd rendiadidentceofmdiiecdd Qroeh | ;
10 the identification number generator circuit according
to this application is assembled into a circuit
mounting board;

Fig. 38 is a schematic diagram for describing
a manufacturing step of another embodiment of the

15 semiconductor integrated circuit device which mounted
with the identification number generator circuit
according to this application;

Fig. 39 is a block diagram illustrating an
exemplary application specific LSI which is provided

20 with the identification number generator circuit
according to the present invention;

Fig. 40 is a circuit diagram illustrating an
embodiment in which variations in logical threshold
value of the CMOS inverter according to the present

25 invention is applied to a random number generator;
Fig. 41 is a schematic diagram for describing

an exemplary use of a chip identification number

generator circuit for purposes of reducing fraudulent




Fig. 53 is a circuit layout diagramillustrati ng one enbodi nent of an I/0
.II .ovi ded in 15 a sem conductor integrated circuit device or a

sem conductor chip according to the present invention; Fig. 54 is a circuit
diagramillustrating one enbodi nent of an output buffer circuit which is
provided in a sem conductor integrated circuit device 20 or a sem conductor
chip according to the present inventioal Fig. 55 is a circuit diagram
illustrating another enbodi ment of an output buffer circuit which is

provi ded i n @&eftorriittdrvamedgl fedteorkeles HevakelR2Bedr a seni conduct or
chip according to the present invention; Fig. 56 is a general schematic

di agram i | | uSYRERY Bh & o HeEntPDFC PERALEIRBLELBRIKCLA3 i nt egr at ed
circuit device accordiﬁ%_to gﬁgresent,invention; Fig. 57 is a block
diagramillustrating orfe-&ntodinert RASLE kT eUITAE REF M or the

sem conduct or, integrated circuit device according to the_present

i nventi on; Hﬁ£i9§}§%i¥PQNﬁﬂﬁﬁﬁ§§:?ﬁhﬁﬁ%ﬂﬁ$%ro%e§%$ib&ﬁﬁ@bﬁgcéﬁﬁBBinent of
an operation of .seri gl utputting .an identification nunber,. maki ng use of
a shifti ngsold&é%@eerer;tqaeor!nélroocOalpbcolu]!n art§ a}séc%%réle%? s?%r&(l)? Ph2Se8H conduct or

integrated cijncuit. dgyi ce according to the present invention; Fig. 59 is a
schemati c diagranﬁ%or descri bi ng anot her enbodi nent of the operation of

serially 15 outputting ny identid icatd on neiber; ¢ ngkipgapse of the shift
operation of the boundary scan register of the sem conductor integrated

circuit devige laepaiaiing tahdte Prageidindwent f oftie F@en€0risatisphematic
di agram for describing 20 anot her enbodi nent of the operation of serially

out putti ng amuntbent iddreaddtyr et reddowduse ©d ehshpfésagroperati on of
a boundary scan regi ster of the sem conductor integrated circuit device
accordi nd & o inveergriesent i nvention; 25 Fig. 61 is a schematic diagram for
descri bi ng anot her enbodi nent of the operation of serially
Fig. 44 is a basic circuit diagram
illustrating another embodiment of the identification
number generator circuit according to the present
invention;
15 Fig. 45 is a specific circuit diagram
illustrating one embodiment of the identification
number generator circuit according to the present
invention;
Fig. 46 is a specific circuit diagram
20 illustrating a further embodiment of the identification
number generator circuit according to the present
invention;
Fig. 47 is a timing diagram for describing
the operation of the circuit in the embodiment of Fig.
25 46;
Fig. 48 is a circuit diagram illustrating

another embodiment of the unit circuit used in the

embodiment of the foregoing Fig. 46;



tputting an identification nunber, making use of the shift operation of
ge t.ndary scan regi ster of the 14 sem conductor integrated circuit
devi ce according to the present invention; Fig. 62 is a circuit diagram
illustrating a further enbodi nent of the identification nunber 5 generator
circuit according to the present invention; Fig. 63 is an expl anatory
di agram of an identification nunber ac@d@rding to the present invention;
Fig. 64 is an explanatory diagramof the 10 identification nunber according
to the present inventidrit9-Fi4f 165 4 scirdybw ¢hagrar ol Hestrabing ene
enbodi nent of_ a fast identification nunper matching (searching) algorithm

for an ident FPFEASToRTMRAERIT Ff Jetferkdent bii ekl orienembeat i on nunber
generator circuit gccordi ng to the]{) esent invention, Fig. 66 is a
schematic di 3FPEHEECT E&FMHINGID EnfddiReRrSIeH: (iRt PR/ 67 is a
flow chart illustrati n%,.one %0 .enmbodi nment. of a net hod for designing
circuits for a seni condd@ orcHi% A e st cast t et Eehiigi @at i on
nunber geger P(}rt GlLr et cor.di to th resent._invention; Fig. 68 is a
flow chart i ? GSEFat i%ﬁr‘llgogﬁgne é)%dccﬂenelncfergtrl%%ttlh% YEO%esi gni ng an LS|
whi ch has thgeluirbtoin Jidentiid icatd.an Ppmher gensralgr: el reuit; agcording to
the present invention; !
Fig. 51 is a circuit layout diagram
illustrating one embodiment of a semiconductor
integrated circuit device or a semiconductor chip to
10 which the present invention is applied;
Fig. 52 is a block diagram illustrating a
standard embodiment of the I/0 cell;
Fig. 53 is a circuit layout diagram
illustrating one embodiment of an I/0 cell provided in
15 a semiconductor integrated circuit device or a
semiconductor chip according to the present invention;
Fig. 54 is a circuit diagram illustrating one
embodiment of an output buffer circuit which is
provided in a semiconductor integrated circuit device
20 or a semiconductor chip according to the present
invention;
Fig. 55 is a circuit diagram illustrating
another embodiment of an output buffer circuit which is
provided in a semiconductor integrated circuit device
25 or a semiconductor chip according to the present
invention;

Fig. 56 is a general schematic diagram

illustrating one embodiment of a semiconductor



Fig. 69 illustrates a flow chart of one 15 enbodi nent of a nethod for
nuf.turi ng a sem conductor integrated circuit device which uses a

sem conductor chip with a built-in identification | nunber generator

circuit according to the present 5 invention; Fig. 70 is a flow chart

illustrating one enbodi nent of a process of assenbling a sem conductor

integrated circuit device which uses alsem conductor chip nounted with the

identification nunber generator 10 circuit according to the present

i nvention; Filgiteprated Stk | €2 ayranrprdiBgr hei RgconsEcEABEdi nent of a

met hod of reducing the nunber of bits of the identification nunber

gener at or ciﬂﬂﬁqékﬁﬁﬁﬁding to the present invention; 15 Fig. 72 is a

schematic diagramillustrati one enﬁodi nt of a,method of reducing the
nunber of bits of the i'déhtit{ ch?idrPRinber gehdFatorUeFFehit9al86rding to

th (O ion: Fig. 73 | c.di for d i_bi 20
Lost I ng. mot nG IR (97 F6AHE" | BT T at Foh- RORDEFSbBRBRFGAZOrr oul ¢
ted int j A i nt d_ ci | L deyi ' to th

oresent | ment oLy ST S COhanat T bt For (ACLEPPBRRG 25 the

testing methad mhjchtilizes the identification nunber generator circuit
nmounted in the sem conductor integrated circuit device according to the

present invention; Jﬁﬁl{l %8 Dsis §c1§&ﬁ§fr§éi&iggegﬁaﬁbioa&%%&%ﬂg a

met hod for managing correlation of characteristic™i data for each

SeniCondUCtObdéﬂthdﬁﬁﬁéﬂttéﬁtaﬁtéﬁbr£@$éﬂgo§5§e@ialD? bﬁ@ﬁﬁtﬁ&ﬁ tiQn )
nunber generator 5 circuit nmounted in the sem conductor integrated circuit
devi ce accor dimdg dentifel qurteisentnunbyvent imking use of a shifting
10 operation of a boundary scan register of the
semiconductor integrated circuit device according to
the present invention;
Fig. 59 is a schematic diagram for describing
another embodiment of the operation of serially
15 outputting an identification number, making use of the
shift operation of the boundary scan register of the
semiconductor integrated circuit device according to
the present invention;
Fig. 60 is a schematic diagram for describing
20 another embodiment of the operation of serially
outputting an identification number, making use of a
shifting operation of a boundary scan register of the
semiconductor integrated circuit device according to
the present invention:;
25 Fig. 61 is a schematic diagram for describing
another embodiment of the operation of serially
outputting an identification number, making use of the

shift operation of the boundary scan register of the




Fig. 76 is a schematic diagramfor describing a nethod for automatically
na’g wafers in a pre process, making use of the identification nunber
10 generator circuit nmounted in the sem conductor integrated circuit device

according to the present invention; Fig. 77 is a schematic diagramfor
describing a nethod of storing and searching an identification 15 nunber of
the identification nunber generator citéuit nounted in the sem conductor
integrated circuit device according to the present invention, Fig. 78 is a
schemati ¢ di &§P&FPREMCHOTC HMBiSH adifst el @iddhpiey bte t3ecomdhod P storing
and searching. 20 an identification nunber of the identification nunber
generator ci %E‘ﬁi PrREGRTted TV Y ™HESeni conduct or integrated circuit device

according to the present invention; Fig. .79 |s a schematic di agram
illustrating 25 one entr]il&(?i'rré o5 aa‘ﬁé%ﬁ’dd:f AGTRIBVET IR B2 SERY cdnduct or
integrated ciircuit device, nmakin e af , the identification nunber
generator ci rfblﬁ:tj egcgglkp&d&aletng to%e%%‘reesledfﬁnrﬁlﬁ‘i/]ecfﬁ%?ﬂ numkieir Fig. 80 is a
| ayout di agr il rati .QN i t a sem canduct or. i nt egrated
circuit dgvi ?gh\?klag%&i g:t‘Lr%glr#e i t%ltn{%rﬁodgrﬂel‘ fﬁlgé;%elrg@n lnrhv%et%l%%her at or

circuit according to the present iV it K Hifleds S prartially
enl arged | ayout
identification number according to the present
invention;

Fig. 64 is an explanatory diagram of the

10 identification number according to the present
invention;

Fig. 65 is a flow chart for describing one
embodiment of a fast identification number matching
(searching) algorithm for an identification number

15 generated by the identification number generator
circuit according to the present invention;

Fig. 66 is a schematic diagram corresponding
to the embodiment of Fig. 65;

Fig. 67 is a flow chart illustrating one

20 embodiment of a method for designing circuits for a
semiconductor chip which incorporates the
identification number generator circuit according to
the present invention;

Fig. 68 is a flow chart illustrating one

25 embodiment of a method for designing an LSI which has
the built-in identification number generator circuit

according to the present invention;

Fig. 69 illustrates a flow chart of one




di agram of the layout diagramin Fig. 80; Fig. 82 is a |layout diagram
I u’ati ng anot her enbodi nent of the sem conductor integrated circuit
evice which is mounted with the identification 10 nunber generator circuit
according to the present invention; Fig. 83 is a circuit diagram
corresponding to the layout in Fig. 81; Fig. 84 is a schematic diagram
illustrating a 15 further enbodi nent ofl5t he sem conductor integrated
circuit device which conprises the identification nunber generator circuit
accor di ng t o amgimeEntod nrvameilopd oy masufgchupangially plan pattern
di agram 20 of a sem conductor integrated circuit device which fornms part of
t he enbodi nereITEIPICHE FMigeoBsied ahbthet pavifal vpiphanspat eern
di agram of the sem conductor jntegrated circuit device which fornms part of
the embodi mefeMIFFPCAE FheP I61Hr 2 BILis—dncidenrifgragiamill ustrating
one enbodi ment of the sem conductor, integrated ci rculiat devi ce _whi ch
conpri ses thélqﬂ&aﬁrﬁiqeirbea"tal%cff nuhbertt Jenetatdy tPrtlftPEEESFHI ng to the
present invent ivon.t .io .1 18 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON For
di scussi ng’ t hé' rﬁ‘r}eslerﬂ’ invention in
Fig. 70 is a flow chart illustrating one
embodiment of a process of assembling a semiconductor
integrated circuit device which uses a semiconductor
chip mounted with the identification number generator
10 <circuit according to the present invention;
Fig. 71 is a schematic diagram illustrating
one embodiment of a method of reducing the number of
bits of the identification number generator circuit
according to the present invention;
15 Fig. 72 is a schematic diagram illustrating
one embodiment of a method of reducing the number of
bits of the identification number generator circuit
according to the present invention;
Fig. 73 is a schematic diagram for describing
20 a testing method which utilizes the identification
number generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention;
Fig. 74 is a schematic diagram for describing
25 the testing method which utilizes the identification
number generator circuit mounted in the semiconductor

integrated circuit device according to the present

invention;




reater detail, the invention wll be described with reference to the
acor’nyi ng drawings. 5 Fig. 1 illustrates a basic circuit diagram of one
enbodi ment of an identification nunber generator circuit according to the
present invention. CMOS inverter circuits INV1 to INV4 are configured to
have the sanme characteristics as one another within an 10 actually
control | abl e range on the design and mafufacturing of a sem conductor
integrated circuit device. A specific configuration suitable for the
present invention in orfdél- t® provd CRePR bt @l #E§96Rm| AoEr €BESTWPERTt he
sane characteristics as one another 15 wl|l be better understood with
reference tod RGN FODMANRE NS G LT bt tHer ebnChahareesr8E18 t echni que

for providing the same characteristics as one another wil|l be generally
descri bed belgWw? |frs?raed\¢&%%% U UFRIP 11 S20RdEPEE0BHCED that its

P hannel | NOERET TG0 04 i S CERET R BBRDY | €5 P RELCAES | nver ter
channel MOSFET % cifa . wer
The same charaeC e st 465 S ARt o et QR ER 87 o

same ratio wg5¢ybéiégyyygﬂq%y%%#ﬁ%%f(:ég@@@nﬂgé Jength L but have

different sizes. However, e on the electric characteristics due

to variations in i 1%isem7ondic Wcldhoof atetaghakuEdr dg¥seespdHgi Ny the
manuf acturing is different for elenents of different sizes. In the

enbodi ment, pref@had ort kergdni@lddyl p rdndM¥yy i vestersnl MMdréo INV4 are
each inplenented by elenents, formng parts of the respective CMOS
i nverter, whipchhdesse trlekisanmesst rafcttilree iadeht el sateosi Zemlasrone anot her.
It goes without saying that these el enents are manufactured in accordance
with thelO0 generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention;
Fig. 77 is a schematic diagram for describing
a method of storing and searching an identification
15 number of the identification number generator circuit
mounted in the semiconductor integrated circuit device
according to the present invention;
Fig. 78 is a schematic diagram for describing
another example of the method of storing and searching
20 an identification number of the identification number
generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention;
Fig. 79 is a schematic diagram illustrating
25 one embodiment of a method for recovering a
semiconductor integrated circuit device, making use of

the identification number generator circuit according

to the present invention;



10 characteristics of sem conductor integrated circuit devices which are
nuf@etured in batches under the sanme process. In this way, the plurality
of inverters INV1 to INV4 uniformly suffer fromthe influence due to
manuf acturing variations such as 15 variations in machining dinmensions
during the manufacturing of sem conductor integrated circuit devices,
variations in thicknesses of various | ayers, variations in inpurity
concentrations, and the like. In the CMOS inverter circuit which has short
20 circuited input and Egtpft0 alss i3 | ket ediaqrdn gl liushrabingupneol t age
reaches a logical threshold value voltage. Wien all the CMOS inverter
circui ts havE"CSPMENd Wi e SMCAIBGYGE EharderkPf sEiEsuithdevége
inverter circuiits IINV1 to I NV4 have an equal,K potential 25 at a
short-circuiﬁé&cﬁbéé.nFBHEﬁ%@,W% ChS %é%@ CRohd t FOAPSENd in an act ual

sem conduct or_ devi ¢ce, sl.ight. differences ,in the characteristics result in a

difference i 7He PFtemtiBi st 35 /Ut BhorEC YBVERFENfed nodes
of the regpective inverd, jrcyits : i , ogi cal
threshold%value voltagggﬁ*t%ﬁhé' éié%géhééﬁgféﬁg3r?%% %% ?%%ions in5 the
| ogical thre I I W t (OS 4 r Cchicuigs.are dom nated by
vari ations iﬁﬁ% eakgégfﬁg%§H2§%1 ché¥§%§%$?§%i%£§'ﬁégb, the cause for the
variations in the MOS tiansigt ors charard&f i $td §sakal Pest her gaye width of

the MOS transistor, the film 10 thickness of a gate insulating film a
conduction another embodiment of the semiconductor integrated
circuit device which is mounted with the identification
10 number generator circuit according to the present
invention;

Fig. 83 is a circuit diagram corresponding to
the layout in Fig. 81;

Fig. 84 is a schematic diagram illustrating a

15 further embodiment of the semiconductor integrated
circuit device which comprises the identification
number generator circuit according to the present
invention;

Fig. 85 is a partially plan pattern diagram

20 of a semiconductor integrated circuit device which
forms part of the embodiment in Fig. 84;

Fig. 86 is another partially plan pattern
diagram of the semicoﬁductor integrated circuit device
which forms part of the embodiment in Fig. 84; and

25 Fig. 87 is a circuit diagram illustrating one
embodiment of the semiconductor integrated circuit

device which comprises the identification number

generator circuit according to the present invention.



determ nant inpurity concentration, its distribution, and the |Iike. These
ri a.ons can be classified into a nacroscopi c aspect and a m croscopic
aspect. The nacroscopi c aspect includes variations in the gate 15 width
anong a plurality of wafers in the sanme lot. The invention of this
application mainly utilizes the variations in the m croscopic aspect, and
uses variations anong el enents which at8 disposed in relatively close
proximty to_one another. This is 20 because such m croscopic variations
are obser vedB&STr ¥RPENIEPRy ARt iV el BHEntNVENTEMYed in rel atively cl ose
proximty to one another. Specifically, variations in the |ogical threshold
val ue in the inverter COfcHUSEUNEAG FhanwESsetth Myentieaninl so be
t hought to be random, The wvariations in the | ogical threshold val ue
constitute tAESBASEs 9634 tgolthG FRUMIAPT MotV e "8G5 A g VER i ations in
a characteristic feature ssessed by a_ 21 sem conductor el ement as
uni que i dent FFFEAELER it %?‘r?ataicﬁ‘ﬂmp 1Y iR Prbl em to be solved by this
applicatign. When CMOS .nverter, .circuits are used, variations occurring in
the | ogi cgl t hreshol d \glal:&tJe lcgr%l‘élsﬁzerartéegsaradgb s the S oc?l%?‘—i‘%t? ns
possessed byoan BRaRARlMOS A LANSIRLAn And Ml 3hians. ﬁﬁe%fasteodr by a P
channel MOS transistor, wherein a w de variation range rmtis an
i dentificatienrpurbercebriident il Gald rdsaar matiQn £ be rated in an
effective manner. 10 In the énbodinent illustrated in Fig. [, the order of
magni t ude i sifeteesirned rban tisheNvagitealr v eshol &l igs Pl & hesfour
inverter circuits INV1 to INv4. Specifically, voltages at the
short-circui thd sapst tadtrpdt erdades dsn aishencespeaiiare WwGMES i nerter 15
circuits INV1 to INv4 (corresponding to the |ogical threshold value) are
sel ect ed1Py actwhith endtsedlebtlicaldaygienput ttéed tdesamyraraldg/ di gi t al
converter ADC. A quantized neasurenent (digital signal) is stored in a
regi ster forM@BRPAFtRg§inAecfngnisendechyugt2d dindietca teshperatwirt or t he
i ke, not shown, In other words, the digitized |ogical threshold val ues of
the four CMBEVhGBrtef EPPEGIELS CRULICHTRINAD $tditedlien fate theyi ster, are

conpared by a . . . .
al y present inventlon in order to provide a plurality of

inverters with the same characteristics as one another
15 will be better understood with reference to later Fig.
22 and description thereon. Therefore, a technique for
providing the same characteristics as one another will
be generally described below.
In a CMOS inverter circuit, it is understood
20 that its characteristics are generally determined by
the relative conductance of a P-channel MOSFET and an
N-channel MOSFET which comprise the CMOS inverter
circuit. In this respect, it can be understood that
CMOS inverters having the same characteristics can be
25 implemented by MOSFETs which have the same ratio W/L of
a channel width W to a channel length L but have
different sizes. However, the influence on the

electric characteristics due to variations in



conparator or the like with respect to the magnitude, 25 and are arranged

a’scendi ng order or an ascendi ng order. Wen a sem conductor
Integrated circuit device forned with the identification nunber generator
circuit is mounted with a processor such as CPU, this may be 22 used for
t he conpari son of magnitude in software. For exanple, digital values are
stored corresponding to numbers 1 to 4l@ssigned to the CMOS inverter
circuits INV1 to INv4, and the order is 5 deternined through the conparison
of nagnltudeseméﬁoéﬁaﬁﬁpé isfeyraded Tixrapiy @aiide /YOI e mation is
t hen generated based on the order of 1-3-2-4. Fig. 2 illustrates a basic
circuit d|agWéﬁPéﬁcéﬁéﬂHSrlénﬁé&ﬂ%ﬁﬂnQﬁquu?%Qﬂﬁﬁq%|Q§H4%ﬁf¢ﬂﬁ%%r 10
generator circuit according to the present invention. In this enbodinent,
an anal og cofp&FfFator COW is enployed. In this enmbodi ment, a voltage

corresponding to the I i t hr eshol d val ue of ch of th i nverter
circuits INVL to | Nv4 g gg‘&u éjﬁnﬂfns}:umﬂq rf?ﬁﬁﬁf tHE SR%IL{ g

conpari sop W eteren e po i al he conpanat.or

reference voP%aSQOESlEHSﬁéeéS %gﬁe%s %gtf a%%té%i &Wgﬁﬁﬁqusét%¥ed in a

regi ster Mhegl%mﬁgggarE?QHﬁE%Z§EEt%f %'%pqgggﬂgﬁ% nagnltUdfroma | ow

|l evel to a hrg evel conparln es of the

| ogi cal threghoLdeyal ugs ieh Hagd ISR i o tihd NV toard\VA.
Specifically, the Togical threshold value is regarded as being snall est

when the out piteSkgnaheobinbi® ctanPakal@e ChangrRmd rpithe drw leyedeto the
high level 25 wth the | owest reference voltage. The identification nunber

geneat or cirelehsnkkl ugkr abed farthirgst ih avdcdd=amd et ridd ts such as the
hi gh resol uti on anal og/ di gital converter ACD,

10 characteristics of semiconductor integrated circuit
devices which are manufactured in batches under the
same process. In this way, the plurality of CMOS
inverters INV1 to INV4 uniformly suffer from the
influence due to manufacturing variations such as

15 wvariations in machining dimensions during the
manufacturing of semiconductor integrated circuit
devices, variations in thicknesses of various layers,
variations in impurity concentrations, and the like.

In the CMOS inverter circuit which has short-

20 circuited input and output as illustrated in Fig. 1, an
output voltage reaches a logical threshold value
voltage. When all the CMOS inverter circuits have
completely the same electric characteristics, the four
inverter circuits INV1 to INV4 have an equal potential

25 at a short-circuited node. However, this is an ideal
condition, and in an actual semiconductor device,

slight differences in the characteristics result in a

difference in the potential at the input/output short-



23 conparator COWP, step voltage generator, and the like, i.e., those

rc s which do not appear in digital circuits or logical circuits. Fig.

illustrates a basic circuit diagram of 5 another enbodi ment of the
i dentification nunber generator circuit according to the present invention.
Thi s enbodi nment takes into account to readily inplenment a formwhich may
utilize a type of cell that substantiakOy conprises a digital circuit or a
| ogical 10 circuit. In this enbodi ment, |ogical threshold values of the
four OMOS i nfemcarl tad aiades INVIthe T9RREGE Bve oY RIEEEE wBl Byui e f or
conpari son b% the conpar ator COWP. The | ogical threshold val ues of these

F

CMOS i nverte (Yi r&ﬂ VNV 1% 1 NV a¥ 9 Eombaf REE SO UAALYS robin (I eague

t our nanent). 4 is a diagramfor describing the operation of the
|dent|f|cat|89 r generator circuit in Fig. 3, showi ng an exenplary

result of the round ro n conpari s nd are, so,to 20
speak, match tables inditcdidh ?(PQ&%&??éi%téé .e€%$y$%%%a5$°§ﬁA%Ehes YLl to

Y2 and smnth%% ?#g&% §4t\gﬁgﬁ%l éﬁﬁgxﬂn;§é dglt%§$génto the figure

when a p05|t|ve Feve resu IS pres Yy~ st ?lng t he

potential at {:%r%tﬂﬂrtts %'rfec‘&otfr&qqapcoé%? tﬁ{/ Ao U5 dhvert eEhg%ﬁé reuit sel ected

by a switch connected to a non inverting 1nput termn of the
conpar at or - COMBnfs rl%motrh%h%qta%ﬂéﬁs@itc@ swéowwé&aﬂs@@@r%éhe CMOS

inverter circuit (i.e., the logical threshold 24 val ue voltage) selected
by a switch g¥kricenreet et tt®ed MOS transistor characteristics can be
the gate width of the MOS transistor, the film
10 thickness of a gate insulating film, a conduction
determinant impurity concentration, its distribution,
and the like. These variations can be classified into
a macroscopic aspect and a microscopic aspect. The
macroscopic aspect includes variations in the gate
15 width among a plurality of wafers in the same lot.

The invention of this application mainly
utilizes the variations in the microscopic aspect, and
uses variations among elements which are disposed in
relatively close proximity to one another. This is

20 Dbecause such microscopic variations are observed as
randomly generated in elements arranged in relatively
close proximity to one another.

Specifically, variations in the logical
threshold value in the inverter circuits INV1 to INV4

25 1n Fig. 1 can also be thought to be random. The
variations in the logical threshold value constitute

the basis of a solution which involves "extracting

variations in a characteristic feature possessed by a



non-inverting input termnal (+) of the conparator COW, while a synmbol "-" |
w@ten when a negative | (lowlevel) result is presented. "*" indicates |

a selt 5 match (no match) and therefore is invalid. Referring to Fig. 4(A), |

Y1l has three "+", i.e., a clean score. Then, Y2 has two "+"; Y3 has one;

and Y4 has zero (conplete defeat). Specifically, since the |ogical

t hreshol d values (VLT) of the CMOS invé@dter 10 circuits can be deterni ned

in magnitude with the nunber_ of "+," they are in the order of VLTl (Il ogical
t hreshol d valsg&igiondyefor aiement \AT3uniqasidengliicagiigRows anot her
exanple. It is assuned herein that a paren{ di fferences exist amng 15 the

|

| ogi cal t hr eSFAFRAHIREY of VA res pe RFRLEMOL i RS ePPer e P¥ufFids
Speci fically, t.ual, . dt i ke i | ve, d tch d
conpet i tors RERHIE AT Sand MO0 W HaC S i S hEE CREPSUPBRr esent ed by
(_). Wen ther%,i such a draw{natch éhg, gliang Y2 ZQha£$ at t he same
rank, while Y3 &ﬁ%L? €At | the san% I HRk, ?%F??na o] %%FSbFlsh t he

d ' oA ile-t ' j de_16
i mes | n thi & oo 4 80 A Fr (ErEePRRiL 300, L08R b BRR’ ound

robin is n(nchfg W tbSU Fdife < 25 S&;éh@érﬁﬁ%zké;?ﬁo@élsgsdaﬁguél by.

sufficient. The enbodinent of Fig. 3 Is conpose one conparator and two

sel ector CircWadrhdin Mdd &l @id vl o8] PhEr&ont i oML aL | 98y B8t COAPARARGeW th the
enbodi nment s 25 of Figs. 1 and 2. However, since the identification

nunber gener gledmiGig QA ti e 0¥iscd hieos onpasat osr COMMt i phtgbibs an anal og
circuit, it may encounter difficulties in the formation in a sem conductor
5 i ntegrat ed icifrccuidt idevitce scderasrat gat tn ain agyf fadt 1 ogi ;aASEE. Fig. 5
illustrates a basic circuit diagram of another enbodi nent of the
identifidd&tion nunber dendrtst mmizddigwnt ackbesii ngted theFpgesént thaventi on
order of magnitude is determined for the logical
threshold values of the four inverter circuits INV1 to
INV4. Specifically, voltages at the short-circuited
input/output nodes in the respective CMOS inverter
15 circuits INV1 to INV4 (corresponding to the logical
threshold value) are selected by a switch and
sequentially inputted to an analog/digital converter
ADC. A quantized measurement (digital signal) is
stored in a register for comparing the magnitude by a
20 digital comparator or the like, not shown.
In other words, the digitized logical
threshold values of the four CMOS inverter circuits
INV1 to INV4, stored in the register, are compared by a
comparator or the like with respect to the magnitude,
25 and are arranged in a descending order or an ascending
order. When a semiconductor integrated circuit device

formed with the identification number generator circuit

is mounted with a processor such as CPU, this may be



10 Thi s enbodi nent does not enploy any analog circuit as in the enbodi nents
' Fi.. 1 to 3, but represents a basic circuit conposed only of a CMOS
logic circuit and a MOSFET switch. Al the CMOS inverter circuits INV1 to
INV4 15 in Fig. 5 have the sane size. Each of the CMOS inverter circuits
INV1I to INV3 is provided with four switches. Switches A (Al to A4) and B
(Bl to B4) are sinultaneously opened add closed in association with each
other. Likew se, switches C (Cl to C4) and D (D 20 to D4) are al so opened
and cl osed i MeRd G ativh PEPRrigeRhCbtheINIFIge &0 PPEEYRECes an

equi val ent circuit corresponding to open/close states of the switches for
describing the circuit T9F t$%2Bbodi APt tot ERGUSE. 2FR 35CFEPF. 5, switches

Al, Bl, C2, D2 | osed (on-state). The switch.Bl short-circuits th
nput ] out put G (TRCHRT rvrtehoets ot 1o WSS dneEneouBieaghoR the

hort-ci i t.ed de is. | 26 thr h th itch
shorL- oL cut Lt davey 3, JUPRLL e 7, CTEN, BRISLF (RGN Lhe cuito
i t j i i i ; d - t t he CMOS
nverter ool N2 SEaUoR the SHAED: S abdl b DB ol e VS

D2. Anpl i T ere IOl TS Pl angl AMP2, ar ¢I&9$%€9§§g%%4%r59‘5%w

circuits which are congruent in shape with I'n the equival ent

circuit of Fijg ther hforddbie@nsh Q4 Py Phet HEQEMOSEi NugLbey circuit | NV

are 10 short-circuited by the switch Bl which is turned on, and the

potential at the commorrinpdez PiBusat@tes Oatbgsi ogtbcabut br ashgkdmvalrue of
the CMOS inverter circuit INV1 by the action of the switch Al which is

turned on. Thewdulmy dndoddiendMOS £ nvies t bdest £ EiicatidW2nimbéb connected to
t he common node P through the switch C2 which is turned on. If the CMOS

i nverter 1dl r @enerd il andcyNV2 teved coppt et ehy phessaheisbentipoal
characteristics, the potential at the common node PP connected to the

out put of thdrCNKbS § rRAdkNREclAl 20 lpw2cempgunalor oCPKBt 18t t he conmon
node P. Simlarly, the anplifjer circuits AMP1 and AMP2 al so have the sane
potential at SRIAHEHodeld? FH DIFHRYOFITERE - t eV P hpATF 0TGP PEESPBRALRE f our

25 [nver ter G QS TMCS OGS (i €14 ot GRSh SenbRFi OROSand in an
fgtsﬂf"t isﬁm;jfﬁ?ng%génoerr Wl iﬁé'ﬁ?&‘% 9{5fII@\V/E”JEESSéﬁuéﬁ'gigfi{(a%s&%hcs
potentials at the respective nodes. [
15 by the switch for comparison with a reference potential
of the comparator COMP. This reference voltage 1is
changed in steps, and a detected level is stored in a
register when a comparison result of the comparator
changes from a low level to a high level, followed by
20 comparing the magnitudes of the logical threshold
values of the CMOS inverter circuits INV1 to INV4.
Specifically, the logical threshold value is regarded
as being smallest when the output signal of the
comparator changes from the low level to the high level
25 with the lowest reference voltage.
The identification number geneator circuits

illustrated in Figs. 1 and 2 require circuits such as

the high resolution analog/digital converter ACD,



27 | For example, when the |logical threshold value I VLT1 of the CMOS
.ver‘r circuit 1INVl and the |ogical threshold value VLT2 of the CMOS
inverter circuit INV2 are in a relationship represented by VLTI<VLT2, the 5
potential at the common node PP is higher than the potential at the comon
node P. Conversely, when VLT1>VLT2, the potential at the common node PP is
| ower than the potential at the commonZ2dode P. The CMOS inverter circuit,
which is a high 10 gain jnverting anplifier, has a gain which varies
dependi ng on CPA®3GFECEt iR Epoi HEP ANeba AR AT RT pravd delee whekean i nput
General |y, ¢ fhe CoB RARPorE e T Fs A G e T 5 GHITCFh & 1 ange of
nerally, e
several tens to %QE hundred.&%ggs.near.the | ogi cal threshold val ue thereof.
Therefore, tR& TS Efce Wit tifd i Syi cal threshol d val ues of the CMOS
inverter circuits INVI and INV2.n Fig. 6 is anplified b he CMOS iLnverter
' 20 circuit INV2 at tf@%at%%zls uasgter.aq":ﬂepsecaf fsblacsaﬁ y?l]f%%l%/o%)r%%ﬁfalflh?%shgl d
val ue vol tag ra : f jsnverter ci it is conpared in
ﬁagnitude%mﬁ?Hg?ﬁgrl%ggggﬁﬁ%ﬁﬁééﬁ%ﬁﬁﬁaa ue1$@¥(%%&}%ﬂ 4#@?%%¢er CMOS
I nverter C'rﬁghérbE%%lkdf%%f%'%?&H %QJQ%%fgﬁﬁggﬂﬁi ggn%w%ggq. The

anplification is also nade by the anpliTier so t hat

the differenggibetwpeaitked e@iked iMreshildiMaluesofqing N Sner8
inverter circuits INV1 and INV2 is anplified by a factor ‘of several tens of

t housands of at ifsem by itche m@MOQtiNvesd er dyWé andanpliddersebdeamts AVPL,
AMP2. Finally, a CMOS supply voltage anplitude signal can be 5 generated at
a node Q Spediefligakloypprtilsesr esulitgidfala cdonpard son of lawigrd T ude bet ween t he
| ogical threshold values of the two CMOS inverter circuits INV1 and | NV2
10 circuit. In this embodiment, logical threshold wvalues
of the four CMOS inverter circuits INV1 to INV4 are
combined two by two for comparison by the comparator
COMP. The logical threshold values of these CMOS
inverter circuits INV1 to INV4 are compared in round
15 robin (league tournament).
Fig. 4 is a diagram for describing the
operation of the identification number generator
circuit in Fig. 3, showing an exemplary result of the
round robin comparison. Figs. 4(A) and (B) are, so to
20 speak, match tables indicating to make on-state every
one of switches Y1 to Y2 and switches X1 to X4, wherein
a symbol "+" is written into the figure when a positive
(high level) result is presented by subtracting the
potential at a short-circuited node of a CMOS inverter
25 circuit selected by a switch (X) connected to a non-
inverting input terminal (-) of the comparator COMP

from the potential at a short-circuited node of the

CMOS inverter circuit (i.e., the logical threshold



a positive

or negative sign) can be detected by the CMOS anplitude signal

B hangi ng a conbi nati on of opened and closed switches as in Fig. 6,
all the CMOS inverter circuits INV1 to INv4 can be readily conpared to

provi de the
embodi nent i
CMCS i nverte
circuits and

determ natio

not required,
configuratio
circuits, is
partlcular dif
sem condugt o
ASIC. Fig

result as shown in Fig. 4(A). In this way, the circuit
S suitable for a 15 conparison of |ogical threshold va

in this
ues of

r circuits. Specifically, ®#th a conbination of CMOS inverter
switches, a S|ngle CMOS i nverter C|rcuit can be used as a
source of th&ald§ valEwehreslrtited e vonibge, (bt cannpetededicas a
ncircuit for determning a |ogical threshold value voltage
gener at ed by “RGHASICIENAY i R dre iR t [*50°% halte afoBREFAteBnparator is

Ki t f tl lify th t 25
el B RO, L0 m AL PARL N SR LY e g Tt
I't, b mh h f ] t
Y e NOSRTR T PR oL St 1 1 ST 201 s PO

Ol thH)CUaHd et 85 Ay gptg array and a

rates circult diragram of a Sspecific enbodi nent

| ogi c

correspondlng to the eq&gﬁg Mg Ao 5 I\5%:)94@1&\/1:!2 o1 qy%§}%§|§gteL"0|rCU|ts

INV1 to | NV4

and anplifier CIrCUItS Al invertef c

rcults

in congruent jshape.s I ddi Ss&wodi meidn, N £hannel ,MOBFETsy arg; 4sgdeas the

af orementioned switches. Then, a blnary counter and a decoder are
and Y4 has zero (complete defeat). Specifically, since

10

15

20

25

the logical threshold values (VLT) of the CMOS inverter

circuits can be determined in magnitude with the number

of "+," they are in the order of VLTl (logical
threshold value of INV1) - VLT2 - VLT3 - VLT4.

Fig. 4(B) shows another example. It is
assumed herein that apparent differences exist among
the logical threshold values of the respective CMOS
inverter circuits. Specifically, actual games and the
like involve draw matches and competitors having the
same number of wins. A draw match is represented by
(=). When there is such a draw match (=), Y1 and Y2
are at the same rank, while Y3 and Y4 are also at the
same rank, failing to establish the order as mentioned
above. Also, while the comparison (game) is made 16
times in this embodiment, the minimum number of games
with n teams in round robin is n(n-1)/2 with suffice,
so that six times may be actually sufficient.

The embodiment of Fig. 3 is composed of one
comparator and two selector circuits in a relatively

simple configuration as compared with the embodiments



10 provided for form ng control signals Y1 to Y4 and X1 to X4 for these
‘itc.s. The CMOS inverter circuit INV1 is taken as an exanple in the

foll om ng description. The control signal Xl is supplied to the gate of a
switch MOSFET 15 which short-circuits the input and output of the CMOS
inverter circuit INVl, and a switch MOSFET whi ch connects the common node P
to the input. The control signal Y1 is28upplied to the gate of a swtch
MOSFET whi ch connects the input of the CMOS inverter circuit 20 INV1 to the
comon node Pfadd %S -svi taHf MoSFEICWRTRR coRveRtshe hedentpliicebiPhe conmon

node PP. Likew se, in the respective CMOS inverter circuits INvV2 to | NV4,

t he control ﬁ‘ﬂf%rs IR G BRE A Toht r P57 ¥hatse Yoo %At aF eCe¥Rnect ed to
t he gates of the, carresponding 25 swtch MOSFETs, respectively. The binary
counter is a'l H?é}#sc&jﬁtaé}ajh‘g%iw%mt& at® d’Faﬁf'o‘%ﬁc‘Bli“FE?rV\hi ch is reset by
a reset signa. S and counts_ .t he. nunber of, pul ses in a clock signal 30
CLK supplied lhfel%l_:‘rlectugl. “The lcflectohaeerfcfrol?antslcfrhel 0 t?%ml%?%%‘é?gopl to Y4

correspongs t I r..t hi t f t p r t he control
T onal & XI t & KR o e gan g 15 Pre e 2 D e P R e
output. Fig. 18 5howss timng chart for describing the operation of the

circuit in theenbodi nent of Fig. 7. The reset signal RES is for

initializing the binaryicpurg eri1ddreatddes vl Pt of rther bipagyagoynter is
all 10 "1" during a reset (RES="H') and imredi ately after the reset.

Therefore, Xéanantthe¥ s> dCidMe oM e Dddmpid £ Ddat hien deemsler . The binary
counter advances (+1) at the tine the clock CLK first rises after the reset
i s rel eased, genearatont ke rautiputa ahmndjesy tto alie "Présdibt Thevefivten. t he
control signals XI and Y1 are active in the output of the decoder.
10 This embodiment does not employ any analog circuit as
in the embodiments of Figs. 1 to 3, but represents a
basic circuit composed only of a CMOS logic circuit and
a MOSFET switch.
All the CMOS inverter circuits INV1 to INV4
15 in Fig. 5 have the same size. Each of the CMOS
inverter circuits INV1 to INV3 is provided with four
switches. Switches A (Al to A4) and B (Bl to B4) are
simultaneously opened and closed in associlation with
each other. Likewise, switches C (Cl to C4) and D (D1
20 to D4) are also opened and closed in association with
each other.

Fig. 6 illustrates an equivalent circuit
corresponding to open/close states of the switches for
describing the circuit in the embodiment of Fig. 5. 1In

25 Fig. 5, switches Al, Bl, C2, D2 are closed (on-state).
The switch Bl short-circuits the input/output of the

CMOS inverter circuit INV1, and the voltage at the

short-circuited node is supplied to a common node P



e t@i ng at which the clock signal CLK rises, causing the decoder to 20
advanCe as shown in Fig. 8. O course, it goes wthout saying that the
out put of the binary counter again returns to all "0" when the cl ock signal
CLK rises 17 times. However, since necessary information can be retrieved
up to 16 operations in this enbodi nent 26t he 25 cl ock operations are not
needed at the 17th time onward. After the reset is released, the binary
count er advardeeuahs tdeurty igFlogel at i dreekemt id heat hehe @amseockodegnal CLK
rises, and information bl to bl6 delivered at an output node OUT each tine
is as shown ifn i gPrd.less teddis betPdbovie, ERHECHPT f BrepEechetieenithe
| ogi cal threshold values of the CMXS inverter 5 circuits is anplified by

the anplifielNid GRRCUGAVPIE AL Chyrfed » P Rl PevRES 9?5 Bhe pelPed at the
ot hut 1 er i v B0F e T RO SHrP i Te 16 CoRTPR S oHE nBE chee i n
LT e 2e EEd e e R R A AP st b s AT nfiong & he
TAVA to @ nva e ark S R s R, RV R g hed

particul ar | evely, Jui@h ilevel, o Jow | anel .« asihwf er described. Numbers 1 to

4 assigned to the four CMOS Inverter circuits are replaced with 2-bit

infornmation pieces which car kepardanged dn-dde: descengi ng, ofger, 20 for
exanple, as 1-2-3-4, so that resulting identifica

input and output of the CMOS inverter circuit INV1 are

Subse&ently, the output of the binary counter repeatedly advances (+1) at

10 short-circuited by the switch Bl which is turned on,
and the potential at the common node P is equal to the
logical threshold value of the CMOS inverter circuit
INV]1 by the action of the switch Al which is turned on.
The input to the CMOS inverter circuit INV2 is

15 connected to the common node P through the switch C2
which is turned on. TIf the CMOS inverter circuits INV1
and INV2 have completely the same electrical
characteristics, the potential at the common node PP
connected to the output of the CMOS inverter circuit

20 INVZ2 is qual to that at the common node P. Similarly,
the amplifier circuits AMPl and AMP2 also have the same
potential at output nodes. In other words, the
input/outputs of the four inverters are all equal to
the logical threshold value voltage of the CMOS

25 inverter circuit INV1. However, this is an ideal
condition, and in an actual semiconductor device,
slight differences in the characteristics result in

different potentials at the respective nodes.



tion informati on can be conpressed to one half, as 2x4=8 bits. Fig. 10
Ius.at es an exenpl ary nodification of one enbodinent of a unit circuit
ich conprises a 25 CMOS inverter circuit and switch MOSFETs that are the

core of the identification nunber generator circuit according to the

present invention. In the circuit of Fig. 10, each of the four switch

MOSFETs (Ato D) in 32 Fig. 5 is congdsed of a CMOS pair. Specifically,

an Nchannel MOSFET and a P-channel MOSFET are connected in parallel, and l
conplinentary signals XUnE3emRre Ut iEee tbeeher+ fareshotdsBedtpvely. 5

When the CMOS switches are used in this manner,_a vol tage signal
transmtted t%ﬂ@?t SMATH-MBEESRs Fermott 1 I eﬂn%yt?ﬁeg?ﬂﬁéél%ol d

val ue volta , S0 that this | ffective for a circuit which operates at a
| ow vol tage?%@ﬁgﬁ% V\?&‘{eaé}eﬁ%ef? rtekh%ec%cé weeHei8e 5 %Juf)f)'il&tvgNY ge or a
round potential .of the .cir.cuit .and the |ogical, tht I al vol t age, or

g d:Jf f elroenti & o't fgeret}ea[%oe Skﬁ?e %%Pplbﬁ/er\%to ?a%’é%ﬁ?ﬁ%%?buﬁﬁepot en'?i al

of the cirecuit .a.val.t t t £ n PP is

smal | er thSan ptoﬁ%%%aatlh%écsﬁ%%d é\?)a uoerp\%if) ag%jo Qt Q%%P%QR@%T. Fig. 11

illustrates apexgnphayt mdi fdeatdomhfe anot hesnfobod] penfL of the unit
circuit which conprises a CMOS inverter circuit and swtch MOSFETs which

are the cor evefribhe ridentid igsldrn NUhert 20 GonRsalsasi PEULS p6EaEding to
the present invention. | The circuit in Fig. 11 changes the position of the
N channel switthelh MBSFRbostch Isuaplties ddignsromade n@de P with the

i nput/output short-circuit potential of the CMOS inverter circuit. In other
wor ds, the output sideT2e advdhe MG dmvweri@ric) reuidh i £hhigh
short-circuited
10 gain inverting amplifier, has a gain which varies
depending on the operation point. A maximum gain is
provided when an input potential is near the logical
threshold value of the CMOS inverter circuit.
Generally, the CMOS inverter circuit has an inverting
15 gain in a range of several tens to one hundred times
near the logical threshold value thereof.
Therefore, the difference between the logical
threshold values of the CMOS inverter circuits INV1 and
INV2 in Fig. 6 is amplified by the CMOS inverter
20 circuit INV2 at the later stage. Specifically, the
logical threshold value voltage generated by the former
CMOS inverter circuit is compared in magnitude with the
logical threshold value voltage of the later CMOS
inverter circuit itself, as a reference voltage, and
25 amplified.
The amplification is also made by the

amplifier circuits AMPZ2, AMP3, so that the difference

between the logical threshold values of the CMOS



bet ween the input and output, is connected to the cormon node P . Fig. 12

| u ates an exenplary nodification 33 of anot her enbodi nent of the
unit Circuit which conprises a CMOS inverter circuit and swi tch MOSFETs
which are the core of the identification nunber generator circuit according
to the present invention. 5 The circuit of Fig. 12 conprises two P-channel
MOSFETs whi ch are connected in series B8 ween the input of the CMOS
inverter circuit and a supply voltage term nal. These_ P-channel MOSFETs are

suppl i ed wi t HFIYEE&EY Gl SSWL e IR ght P+ eEhedt PYefy. In this 10

enbodi nent , en the CMOS inverter circuit is not selected, i when
first%%&‘f £

nei ther the $8EQE G SYFEHA X 4iIHS W FIREBLT { hnes c}hﬁnhg?, MOSFET i s

d he i h i ' Lgh | I
Such as a Ut ORI o BrevERt Fhrouth Geeut et h « BPerns ©°
. ¢ . i1 Specifi I . ) . .
: gv](calr o:'[i (r:1|gr %gllnraelsl I"?%Ingdﬂl in% eyrur%m]a?‘églg%fi@n%%P{':%\%Q%a%sg aai Pégé;g%h%{];ﬁ' t

current tq flg%%t}eattv&eﬁtf r}ieTA%Q@ _neE%%FﬁT?Q%- gnpgéu{_\/psggT of the

CMOS i nverter circu hus, the nne ETs are provi ed to

prevent the Uy pugh Ly (entnadi Ghudd dddiisds alies exenplarynipghbigati on of

anot her enbo nt of the unit circuit which conprises a CMOS i nverter
circuit and spditEy MOREES WY M@ e rdke fther Cofec@f t § henvdeahdf igabi on
nunber generator circuit according to the present invention. In the circuit
of Fig. 13, the mwitch MIFhEsyatrierehainged dawmé hte Nehiaadeby MOBEETS as in
the foregoing enbodinent to P 34 channel MOSFETs, and the input of the
CMOS i nvert elCMOS il ditsudd anipedcalt.o a | ow | evel by an N-channel MOSFET when
it is placed in an inactive state. In this event, selection signals applied
to the gdtles of the N By ildmradingOSFERNRIRat Ivereedreypdl anX/ and Y/ .

Fig. 14 illustrates an exenplary nodification illustrating another

enbodi nent ofcligedifinitahasuias wHl i Tonpr i ks BhONE¥O$ nieYeEESEircuit and
switch MOSFETs which are the core of the identjfication nunber 10 generator

circuit accordittditte tH¥ prieseMtVy RAhtTonEe CiTewRIret BPg. 14

COMpPrises tW%J%éﬁ&%”?ﬂe'%%%ﬁigsas shown in Fig. 4(A). In this way,

the circuit in this embodiment is suitable for a
15 comparison of logical threshold values of CMOS inverter
circuits.

Specifically, with a combination of CMOS
inverter circuits and switches, a single CMOS inverter
circuit can be used as a source of the logical

20 threshold value voltage, or can be used as a determina-
tion circuit for determining a logical threshold wvalue
voltage generated by another CMOS inverter circuit, so
that an extra comparator is not required, making it
possible to significantly simplify the circuit

25 configuration. Moreover, since the entirety, including
the CMOS inverter circuits, is built by MOSFETs which
perform switching operations, no particular

difficulties will be experienced when mounted in a



connected in series between the input of the CMOS inverter circuit and the !
ou potential of the circuit for preventing the commopn node PP from i
being 15 indefinite at the aforenentioned self match (no match), i.e., the |
out put from being instable whether it beconmes "H' or "L," and the input of
the CMOS inverter circuit is clanped to a |l ow | evel. These N- channel
MOSFETs are supplied with 20 selection28ignals X and Y at the gates, |
respectively. In this way, the selection signals X, Y are at high |evel |
during a sel SOFECNAYGHP R M ieHiated shppriedari®e t heclyrddnd gatential of
the circuit. A short circuit switch provided between the input and out put
of 25 the CMASLAVWEER citLhF tA3C conprised of a series circuit of an *
N- channel MOSFET whi ch g,ecei ves the sel ection, signal X and a P-channel |
MOSFET whi ch receives the sel é@t]i%t%?b%%lafl’f% thidta@iameRE 2 35 i nput :
and output are nat..short-circuited durin tch, an h_l evel

. sel f .a hi
can be. but pUCTET T GSRSTT T & O W DHE | 6t Tt e BunBRrBEPS ¢ he
nput . S0, e iU > SHARE, 40 2 N Ghd el iy A5 gy suBRlY ©

vol tage, as isthe case W upon non-sel ecti on.

Fig. 15 i |1 ustiates an exelplay vavdl fnad |00 | hhstaghpgeanot her

enbodi nent of e unit circuit which conprises a CMOS I nverter circuit and

switch 10 MOBRETRS: WY clh afdhdMeerorsnie ! herh demt & fémabd oReRUORL gener at or
circuit according to the present invention. In the circuit of Fig. 15, the

i nput of the EMIRdINWISFATLidKdlidsd® £4 afmpedh fOr amdghoheael for
preventing the comon node PP from being indefinite at 15 the

af or enent i onediiselHe sat adhdmo arddiotyry iceuntdéhearodit pudedodar berag i nstabl e
whet her it becones "H' or "L," and the input of the CMOS inverter circuit
is clanpéd t pravigded dost .fdminmgrarorerrsl nfigrale Yheté of €gandgylf bp
preventing short-circuit between the 20 input and output during the self
mat ch, the sBdrtfein diassvividithias conprised of a series circuit of an

N- channel MOSFET and a P-channel MOSFET, as is, the case with the enbodi nent
of Fig. 14. The object Hfd Y26 WRoi Gt Figish INVL 1s taken as an

example in the following description. The control
signal X1 is supplied to the gate of a switch MOSFET

15 which short-circuits the input and output of the CMOS
inverter circuit INV1, and a switch MOSFET which
connects the common node P to the input. The control
signal Y1 is supplied to the gate of a switch MOSFET
which connects the input of the CMOS inverter circuilt

20 INV1 to the common node P and a switch MOSFET which
connects the output to the common node PP. Likewise,
in the respective CMOS inverter circuits INV2 to INV4,
the control signals X2 to X4 and control signals Y2 to
Y4 are connected to the gates of the corresponding

25 switch MOSFETs, respectively.

The binary counter is a binary counter having

a total of four bits, which is reset by a reset signal

RES and counts the number of pulses in a clock signal



25 indefinite level at the common node PP will be described later in

t ai The respective exenplary nodifications illustrated in Figs. 10 to
15 may be inplenented in conbination. For exanple, the N channel 36
switch MOSFETs in Fig. 14 may be replaced with a CMOS pair. In the
enbodi nents of Figs. 14 and 15, the self match (*) fields in Fig. 9 can be
utilized to 5 enbed fixed information.30nherently, the self match field is
indefinite, strictly speaking, this is the result of a conparison between
the | ogi cal Chfesheird ipsl dde 15t ac T MR ¢ eRRF t B TRT rels t CARBradpl i fi er
circuit AMP, so that the identification ability wll 10 not be degraded

even if infoffied® it (M &% iSO e usEeF ob WA Bt EFePEnt
FETs in series co ion are cl anped

pur pose. \Wen the added N-cha |  MOS ne

Do The. or ound Hite MitRty, Aehh Wt By S ol P Shdta5tdthe tnbats
of the CMOS inverter %F circu%%f LNVl - I NV4 can be bH?sed to_a | ow | evel
or a high | eVEFIERETE G Bit 1S IR LGT +HE ot putOF or'¢ he®%eF f nat ch

field. In5re%%Q§ years, the sem conductor integrated circuit device
technol ogy i s under progress for 20 nmounting bare chips on a substrate

referred to as a buil dgyp suypsty, s?eWMEHfﬂé‘5ﬂ$f¥”?§&F%§?%¥ibPﬁga shi pnent
n

date cannot be identified fromthe appearance, so that there is

i ncr easi ngly thiegljased ifer dMserd idig&uni ghiec gt d afehdent i fygng the
product 25 or shipnent date. Specifically, in SystemOn Chip (SOC) as |ater

descri bed, indi vitdealrepeadusigrmnagerend fecoies: 10 £ash Nghy biRgryant, as
to what is nounted on a base chip, which types of individual chips are 37
counter. Here, the output of the binary counter is all
10 "1™ during a reset (RES="H") and immediately after the
reset. Therefore, X4 and Y4 are active in the output
of the decoder. The binary counter advances (+1) at
the time the clock CLK first rises after the reset is
released, so that the output changes to all "0."
15 Therefore, the control signals X1 and Y1l are active in
the output of the decoder.

Subsequently, the output of the binary
counter repeatedly advances (+1) at the timing at which
the clock signal CLK rises, causing the decoder to

20 advance as shown in Fig. 8. Of course, it goes without
saying that the output of the binary counter again
returns to all "0O" when the clock signal CLK rises 17
times. However, since necessary information can be
retrieved up to 16 operations in this embodiment, the

25 <clock operations are not needed at the 17th time
onward.

After the reset is released, the binary

counter advances its counting operation each time the



conbi ned, which chips should be conbined, and the |like. Therefore, the

.si nt of the unique nunber is advantageous. Fig. 16 illustrates a ;
clrcult diagram5 illustrating one enbodi ment of a CMOS inverter circuit !
used in the identification nunber generator circuit according to the ‘
present invention. Cenerally, a CMOS inverter circuit conprises a P-channel
MOSFET and an Nchannel MOSFET arranged3iln series between a supply 10

vol tage and a ground potential of the circuit, their gates are connected in
conmon for use K an-gputCLEangl $¢ei rand al nEoaret tonneét ed Phbconmon for
use as an output. The CMOS inverter circuits INV1 to INV4 and anplifier ;
circuits AVPHEIAVEX§h atheaaf ot Bheht RodROUS eadddr keat $scaf Bhowach |
conprised of twy MOSFETs as escribq& above. In contrast, in this |

enbodi ment, aTCNES i mrer tF CTTCLHPCT s2eonpr i SR8 Bt FERBSPCBNRRREESROSFETS
and 10, N Chaguel BRI 1 MEheInSl MESFEIS 20 arg gennected [0
Che. Suppl 5 VOTSOR Sh b BOr L STk RAL L0 rURY 5F GOt FOEF AL Forithe.

ol | conductance. Dectt] cal Ty BNRHEE eny IR e ot e ReehERnel
MOSFETs i s sggﬂ%&ﬁgyaﬁﬁgﬁIvﬁwgyhvﬁﬁgggbﬂlgggeugm-(gg&s%gggf) ef the

P- channel 38 MOSFETs. Apparently, since a constant voltage can flowinto
the N-channelou¥pbiteEsl dtheddrashold vadmenyol d@geshef vhegtwo N-channel

MOSFETs predom nantly act on the | ogical threshold voltage of the CMOS
inverter. 5 MLTx<® way, the logical threshold value of the CMOS
10 Thus, the results of matches in round robin
among the four CMOS inverter circuits INV1 to INV4 can
be utilized as they are as the identification signals
bl to bl6é. Among the results bl to bl6 in the round
robin of the four CMOS inverter circuits INV1 to INV4,
15 those of self matches may be previously set to a
particular level, high level or low level, as later
described. Numbers 1 to 4 assigned to the four CMOS
inverter circuits are replaced with 2-bit information
pieces which can be arranged in the descending order,
20 for example, as 1-2-3-4, so that resulting identifica-
tion information can be compressed to one half, as
2x4=8 bits.
Fig. 10 illustrates an exemplary modification
of one embodiment of a unit circuit which comprises a
25 CMOS inverter circuit and switch MOSFETs that are the
core of the identification number generator circuit

according to the present invention. 1In the circuit of

Fig. 10, each of the four switch MOSFETs (A to D) in



.ppl voltage. Wth the P-channel MOSFETs operated as sinple high

resi stance el enments and the N-channel MOSFETS 10 having the threshold val ue
vol t ages predomi nantly acting on the |logical threshold value, the resulting
configuration is advantageously |ess prone to the influence of deteriorated

el ement characteristics (NBTI), later d&scribed. 15 As will be later

descri bed, when an identifi cation nunber generator circuit is conprised of

a gate array Fid-cRardfelCmpsrERs @hd FENGRnpel r MOSPETS1 fhgeliyxedneNement !
sizes, so that a plurality of MOSFETs may be conbi ned as nentioned above to !
equivalentIyQ&Q§HQ%3MﬁﬁEﬁ&ﬁ§GQH%HR‘?QﬂW%ﬁ%fM@%%EEI@ﬁ%n@ogﬂﬁétéﬂ AR

N-channel MOSFET to the el enment. size of a P-channel MOSFET to set a | ogica
threshol d valPdé& addiSles FO0i TRPR NI A L 19771 51 K udbfafés@BScir cui t

di agram of anot her, ephodi nent of_the identification nunber 25 generator
circuit accorrditkg 1S t ea45%&ﬁﬂﬁaﬁ?ﬁﬂﬂﬁ?§ﬁﬁc%%Y§ ¥nbodi ment illustrates a

circuit fqor fixing a pontion . of i dentification nunber to an arbitrary
E et ? i AL LA S o P in St

nunber inTaddition to unction'so enerating a
random i dent i_f.i i 0 |, i I | rated | n_Fi 7, 24
di fferent idgﬁgﬁ%%%a%igwqﬁ? iﬂ%}%gﬁLgg%&%égﬁﬁ%%.é#ﬁéuﬁ%ng%% %gig?h

i nformation Ridsgrafe 116 Rid S i dididig die @ﬁfésmi&hvélgéswa%ta csefly

describing the circuit in this enbodi'ment, the output node (c n node) P

of the CMOS isRvem@r tBilCuid Hrawt Ble ter fd retfrstageyhnch hgpafgregentioned
Fig. 6 is forcedly fixed to an arbitrary value. In this event, the first

stage and seea@n@ dlcag&oltage, wherein a voltage difference between

|
inverter circuit is less prone to the influence of fluctuations in the i
|
|

10 a supply voltage or a ground potential of the circuit
and the logical threshold value voltage, or a
differential voltage between the supply voltage or the
ground potential of the circuit and a voltage to be
outputted to the common node PP is smaller than the

15 threshold wvalue voltage of the switch MOSFET.

Fig. 11 illustrates an exemplary modification
of another embodiment of the unit circuit which
comprises a CMOS inverter circuit and switch MOSFETs
which are the core of the identification number

20 generator circuit according to the present invention.
The circuit in Fig. 11 changes the position of the N-
channel switch MOSFET which supplies the common node P
with the input/output short-circuit potential of the
CMOS inverter circuit. 1In other words, the output side

25 of the CMOS inverter circuit, which is short-circuited
between the input and output, is connected to the
common node P.

Fig. 12 illustrates an exemplary modification



10 cannot be changed in the order. In the circuit of this enbodi nent, from
gagguit in the enbodi nent of Fig. 7, an output node corresponding to

t he inverter circuit INV1 is clanped to "H' (=VvDD) by MOSFET QL1, and

an out put node 15 corresponding to the CMOS inverter circuit INV2 is

clanped to "L" (=VSS) by MOSFET 21. Since the MOSFETs QL1 and Q12 for

formng the thus clanped |levels "H' and3"L" are not inputs to the comon

node P, decode signals Y1 and Y2 are not needed. For this reason, the

bi nary 20 co@it énodiecuismiqod it deld e ainir eel beeitontigorati on, and the

decoder circuit faornms output signals as Y3, Y4. Fig. 18 illustrates a

maveforn1chaFPmP6FS&€S@HdQQﬁ;%qﬁ?ﬁﬁﬁﬁzﬁﬁﬁﬁPkﬁ e Vieeh tMPRFERS 25

clage and twi"OpTt GHE. 414 6 S Und- R AL et A9 (GEBPSDY ofght

nf ormat i on HELETAFE Lo e 11 S-G9 THIS Ghiu fers e dut PRCSSFGPRr s bl to

represent t he FeSHFE de %o VA A SR 0NEH TRrREROTH YaTGBLS o cvos
i ferent i voa husber Soung S diT Ferent 1andera dart |16t 1 oh Fivber s at

maxi mum I n agbdal nyeeretheifixgd sect iaor!slﬁiﬂj mf@qéﬂﬁﬁ%ﬂ be a
all on ma

conbi nation of arbitrary sizes. A 10 possible applic y be such that

the fixed sechegs Préheahes MOPFEHUCta GOdRprANGd he tranglor secdh on
i ndi cates a sanple nunber. A fixed identification nunber may be inserted

into an infosigheds Bit YSequenee gatessveareaaipenitiare et hotls. t g exanpl e,
there are the 15 nethod of replacing the self match field, the nethod of
10 embodiment, when the CMOS inverter circuit is not
selected, i.e., when neither the selection signal X nor
Y is activated, the P-channel MOSFET is turned on to
clamp the input of the CMOS inverter circuit at a high
level such as a supply voltage to prevent a through
15 current in the CMOS inverter circuit. Specifically,
when the input of the CMOS inverter circuit is
floating, a resulting intermediate potential can cause
a large through current to flow between the N-channel
MOSFET and P-channel MOSFET of the CMOS inverter
20 circuit. Thus, the P-channel MOSFETs are provided to
prevent the through current.
Fig. 13 illustrates exemplary modification of
another embodiment of the unit circuit which comprises
a CMOS inverter circuit and switch MOSFETs which are
25 the core of the identification number generator circuit
according to the present invention. In the circuit of

Fig. 13, the switch MOSFETs are changed from the N-

channel MOSFETs as in the foregoing embodiment to P-



repl aci ng one of repeated nmatches (conparison of changed first and second
ag@, as described in connection with Figs. 14, 15. For actually

i npl enenting these circuits, a problemarises in that which part 20 of a

regi stration and matching systemis burdened with the function, not only

the circuit for generating identification nunbers. However, in the overall

system the registration and matching Bénctions are likely to be mainly

i npl emented by conputer software, 25 so that advanced functions can be

relatively r é%‘d"inlny? i MBI e RO t1e 1RY Y (3 riat@<CMOD| beke BEagr am

illustrating another .enbadi nenf of the identification 41 nunber generator

circuit accofdiffgito 1thé 59 et ot Vel 1%i TN THR2_RBEd val ue

determ natio it, substantially represented by blocks in Fig. 19, is
operated by §10§§’|Ettr g e\?Z,&\MﬁsctP%yascq It i 15 Ow & o sE abi ngEH-}S

d f I i i h in Fig 19 d d i bed.
ouput L o¢ v aachoen SURRLY el Shown 4o 19, a0 et deger be
circuit ag it15,93L8 MogRerd 'a"\il_“ec‘l%fegzlt i allosa‘%{)"%r{@af'?. to supply an

operating 10 current to four hann s serialTy conhected in diode

configuration which actpigs vol t;age, e &t ofy & {Sry b d N S Y on @

constant voltage V1 is forned corresponding to a const'ant voltage

(threshol d vahuestehtage) RRIOMEN diikd dateh @k s e of dhe-hkgchannel 15
MOSFETs in series connection, and is supplied as an operating current V2

for the |ogi eakchhreshalidesalaueMbat ermidiatd on: iwddi & raughvithen gat e and
source of the N-channel MOSFET. The vol tage supplied to such a | ogical

t hreshol d vaMOSFEDIst ahe cthetaerarithat icoreunift titse 2M aredief iconsi @ntnuise &
result, the logical threshold values of the CMOS inverter circuits INV1 to
| N\V4 andlfhegkhreasrs Icdgsudftf ectoed diynd [agctahat iporesseant tiveresupipbly. vol t age
VDD. In this way, a nore stable operation can be expected for determ ning
the | ogi cal Phet RLESHAILd Ofafdg.- 14 comprises two N-channel MOSFETs

connected in series between the input of the CMOS
inverter circuit and the ground potential of the
circuit for preventing the common node PP from being

15 indefinite at the aforementioned self match (no match),
i.e., the output from being instable whether it becomes
"H" or "L," and the input of the CMOS inverter circuit
is clamped to a low level.

These N-channel MOSFETs are supplied with

20 selection signals X and Y at the gates, respectively.
In this way, the selection signals X, Y are at high
level during a self match, and the input is supplied
with the ground potential of the circuit. A short-
circuit switch provided between the input and output of

25 the CMOS inverter circuit is comprised of a series
circuit of an N-channel MOSFET which receives the
selection signal X and a P-channel MOSFET which

receives the selection signal Y. 1In this way, the



In the invention of this application, it is not essential to provide a [

.nst.t operating voltage to the logical threshold value determ nation I

unit as 42 descri bed above. Specifically, the invention of this '

application does not enploy the absolute values of the |ogical threshold

val ue voltages of a plurality of CMOS inverter circuits, but sets an

identification nunber 5 corresponding & a difference between the | ogical

t hreshol d value voltages of the individual CMOS circuits. Since the

f1 uct uat i ons IPYheT g §PWol 38Rt nFraFFycarFettedt ABCLBYi BaFethreshol d |
inverter circuits, the relation 10 of

val ue vol tages of the respective CIVPS

magni t ude vmgln}atrﬁf’t' t?éleag ¥R aARYS cFangRe. CRFBUC E8¢ B OF FFRRPREEBY a
specific circuit for_ preventin i ng changes . of FET. The threshol d

VT ue vol ¢ agd e BT S oY SHRRCTRdory Fict IBRE: duBLEd"an
electric field str i ch depends 15 on an,electric fiel trength and
t enperat ure. AT tlinioasca\rl}qu,Cmaal%ﬁ%%oﬁ%n%n}?%%?e%gg Et%uég T{%‘I‘g %Rﬁaggl ve Bi as

Tenper at ur:e l%sltr*‘gﬂgjel,i tay% irse_ng_ar{&a(pé%/ gp r§héne£58g%ﬁ§%hgﬁfggrée%ten used

as count erneasu tothis is a ne of applying a 0 to the
gate of the PMJS Qln-Qfe1an.d Mended time. In this enbodinment, the ground
potential VSS'of the circuit of the l|ogical threshold value determ nation

unit is supplied from tmeq.l\kwainrms&\@fég,a@ngxérhslmpa:ﬂagifm&hi s
p

turned on by a power supply control 25 signal PON at high level in a
| ogi cal threshdudtvaltiedeireitidr NgnioReaéh©no £ ot lselpphyt t Berguound

potential VSS of the circuit. Then, except for the | ogical threshold val ue
determ ni ng oercat icomp it peneIMGUpptyertdld contudt sngnaviPEN i s brought
to lowlevel to turn off the N-channel MOSFET and to turn on the P-channel
MOSFET t & Osup9ISyFETse whiph! yanal thyecMBD ¢ the flounhdf poaehonahuwbde of the
circuit as well. Then, the P 5 channel MOSFET is applied with a fixed gate
vol tage at tRENFAEE Ao FUPPIAL tFIRCIUPPLY Vol EagePVBERNT niRheBthaY; t he
P- channel MOSFET i s equi-potenti al, eé]lual to, the suPpI% voltage VDD, at all
of the gate, ldr&i? e dHd Stibsttat et e nkmriet ) Ot t Wie ebYO™i ni mi zi ng 10
fluctuations g the | ogical; ¢ hyeshold value due,to paing ghanges of the
preventing the common node PP from being indefinite at
15 the aforementioned self match (no match), i.e., the
output from being instable whether it becomes "H" or
"L," and the input of the CMOS inverter circuit is
clamped to a low level. 1In a manner similar to the
foregoing, for preventing short-circuit between the
20 input and output during the self match, the short-
circuit switch is comprised of a series circuit of an
N-channel MOSFET and a P-channel MOSFET, as is the case
with the embodiment of Fig. 14.
The object and effect of avoiding an
25 1indefinite level at the common node PP will be
described later in detail. The respective exemplary

modifications illustrated in Figs. 10 to 15 may be

implemented in combination. For example, the N-channel



Fig. 20 illustrates a circuit diagram of another enbodi nent of the

nt@mi cati on nunber generator circuit according to the present invention.
15 Inthe circuit of this enbodinment, a series circuit of P-channel MOSFET =
is provided at the input of each CMOS inverter circuit INV1 to INVW4 to |
m nimze fluctuations in the |logical threshold value due to aging changes
of the MOSFETs. At a reset, at which a3$ignal RES/ is set 20 to | ow | evel,
the inputs of the CMOS |nverter circuits INV1 to INv4 are clanped to the
suppl y vol t age/lShedidIas yin Wi the sagnke Reslaged| githegelMPBogi cal
zero), output signals of AND gate circuits, which receive count outputs BO
to B3 of a 2®ditrary counter circuit, are all set to hi gh level (Il ogical
one). As a result, all of output S|gnals Y1 to Y4 and X1 to X4 of NOR gate
circuits, which for m pérr’t Shi %“%%HE%‘F TiPEU 195t rahsPRfoh t ot 6w | evel

44 (lo ical Z€er.o t he channel FETs i n ser onnecti on
arrgnggd bet {}g) jil?}]f elq4g s WIHB% f@?chPcui ts | NV

to INV4 and t S oIt eVDDtot rn on her |n hemto the
5 supply \?’ouag) &prol |s vvay,maf%leonsupp Iyl/h% %‘{ |§e uprf)lfl &d to the

f th h CMOS
igﬁt/g?tgr E)I (racwtrsbalq@l d@ﬁ}}%u%%&f?p%%?k% t k|1£rr§rs1%)§c£héeP-channel
10 MOSFET, Wl}levsmllts RN ¥k D5 4 118 St SRk BE@M@% &Qw tﬁyggho%arms t he

inputs of the anplifier circuits AMP1 and AMP2 t he supply voltage VDD,

to supply themeldags \WldRgamdd thies gadesc of clbt €hanaelnpBEELs which form
parts of the anplifier circuits. 15 Alternatively, the selection signals Y1

to Y4 may be cdkkdiw meb,0nsd cdinghd hed omPicahpeh Qodei Pyteithe supply
voltage. In any case, an action nay be taken to control the gate voltages
of the Pithammel HdOSHEIEksaddd dvdrorinf patfermdtide GMOShisveised tsrcuits
ignored or used for a different purpose. When the
added N-channel MOSFETs in series connection are
clamped to the ground potential or supply voltage as in
Figs. 14 and 15, the inputs of the CMOS inverter
15 circuits INV1 - INV4 can be biased to a low level or a
high level side to arbitrarily set the output for the
self match field.
In recent years, the semiconductor integrated
circuit device techneclogy is under progress for
20 mounting bare chips on a substrate referred to as a
build-up substrate, wherein either a product or a
shipment date cannot be identified from the appearance,
so that there is an increasingly high need for
inserting a unique number for identifying the product
25 or shipment date. Specifically, in System On Chip
(SOC) as later described, individual product management

becomes increasingly important, as to what is mounted

on a base chip, which types of individual chips are



INV1 to INV4 and anplifier circuits AMP1, AMP2 in this manner, or to
Iy‘hut of f the power supply to the identification nunber generator |
circuit. However, in the nethod of fully shutting off the power supply, it |
is necessary to take into consideration the electric 25 separation of the
el ement regions, in which the MOSFETs that formparts of the identification
nunber generator circuit are forned, fBdmother circuits. Specifically,
this is because, .even if the power supply is shut off, 45 a constant
vol tage al waySTRipis d%kblq}héhskﬂ)%tsrl'éﬂ%l%ak%% tRahnef) ardMIsEEFiks -not :
desirabl e fr%@'VigﬁﬁfOi of the de ragﬁgion in the el enment | t
characteristi € e Othé® HHg" AR BELE SHYEPHL t BS5 such NBTI,
a problen1arg%%%n%n a Qg;nal reliability guarantee. Specifically, the
provi sion of "a feans Fbr'circunventing a stress as nentioned above disabl es
screeni ng of process def.ect i.ch.i,s performed in.a sp-called burn-in
step. Wiile there is n§ﬁ§§n§é$§#%u§ﬁf%ﬁﬁfsﬁxﬁ%?%HlErll%@?%%it is extrenely
smal | er than;t (W e Idmpe Vi e. r in_mnd those
applicatignsl&E?éﬁgﬁgeggkﬁkmgé%éenlﬁ%gu$ﬁx¢%?éﬁgg%ﬁg%gagﬁgﬁeé+gcﬁ% vi ded
for arb'trarh%édr%he%%bﬂgd%dﬁ%¥¥cé¥iéﬁf%ﬁ%ﬂé{?%ed 4de- by pz i step or the
like. 15 OF course, it is well contenplated that the stress causes an
identificati agcautiey te fdnectdiaisantHowemaitich fi nednddenty ficati9g nunber
can be retrieved after the burn-in step for re-registration in a database,
and even | ar gavelrtietruatiirend ti reonper iisdents fi-catdrote 2Qasederaexest soal |
i nfl uence because lots treated in the burn-in step are limted in size in a
range of sevehahnhdn¥OEAETt @ rsevereal irhcusards bdtiveer?la iddpisiyates a
general bl ock di agram of one enbodi ment of a sem conductor integrated
circuit 28 d&gil&agacenddingrooncheofeeddmtl iafventd onirclhits, ertbett nent is
directed to a Eomer control for a system LSl which is nounted with the
identificati BACRENBEF GEREFALEL dily G@MMosf &y i@ cat idlgreutTthiandyst em
LS 46 enp#ﬁés téo different types of power supplies VDDl and VDD2 by way
of exanpl e. LE dBREHPRC AP0 OREREE Ay die SO i HUUIUS T éeidfes the power

supply from Ln operation. .5 Here, "i.n operatiqQn" refers to a tine
period for m%?%%ugﬁ iggﬁtFkﬁgaﬁpgﬁrﬁﬁﬁbgﬁﬁ??%iﬁnfﬁgh % HeHAE to an

i dentificatigp,nueber pead teduasbifr amsbhq L9, Circyil qain unit 1. In

ot her states, ?he power supply is shut of f.” ASigna fOr cont ro ling the
power suppl YehBodih8nPOWehnSURPLY eORLIR) 1$gndr WAL dsFrmplied to a
power supply control circuit. The power supply control circuit 1s conposed
of an N-chanaekcMBGEETaBBgea Pchannel MOSFET whi ch recei ve the power supply
control signal at the gate. \Wen the power supply control 15 signal is at
hi gh | evel, the power 3uppbytetsthe indehtiisf ietdldddmentyber qyeyserator circuit
is clanped to VSS, and an identification nunber output signal is clanped at
| ow | evel . WheWerher pehsrusippby cooptriskdsiogndiwa P-athanow ll MeSEEThe
identification nunber 20 generator circuit is supplied with VDD . Circuits
i ncluded in #Re FYPulrrheBacldMREFETEat | dhentivise N-garernstloMOSEENE t ar e,
for exanyée the | ogical threshold value determ nation circuit for CMOS

i nver ter=¢i retift SOMBPRAPY LBUREER LERdPEEWEESr 2TWIRLER 4r & SFHEMR 125 in Fig.
20, wherein the binggﬁngoun%gk agg decoder ng% be ,i ncl,uded i.n the LSI
circuit main uni ¢ 41 F'g. P2 !Fﬁu_tpgfé 8% §n€ﬁFCF&§0uthﬂ§br of
el ements in ppe sobpdiHEN wWBEERS 8 8ULLARLE QM it ®eries between
the supply voltage and output terminal.
In this configuration, the N-channel MOSFETs
25 have large conductance, whereas P-channel MOSFETs have
small conductance. Specifically, a current flowing
into the N-channel MOSFETs is set by the small

conductance (large on-resistance) of the P-channel



47 sem conductor integrated circuit device according to the present

ve on. Though the illustrated configuration is not particularly
litmted, the |ayout nay be understood to be an exanple suitable for a so 5
call ed master-slice sem conductor integrated circuit device. For the ease

of understanding, Fig. 22 only illustrates a plane pattern of active
regi ons which conprise MOS transistors3gand a wiring |layer pattern such as
nmetal wiring |ayers are omtted fromthe 10 illustration. The essence of

t he techni quéOMEET sbe wgdanardenst coihde am ddresfact thhtagwenasu€boa pl ane
pattern predom nantly affects the circuit characteristics which should be
provi ded in théoMbbet Nenpdiaginsyls MAFRET s sthed fetteshdibd cva twe t
characteristics which 15 should be provided in wires such as nmetal wres.
The basi ¢ deViééagiesuSfurtds ttals N-utharie ks TFitir oedomirgrat wdactr cui t
device is not dlrectly related to the present i nvention, so that detailed
description PRelt86n Liogigst r?é’d’(—? }F&ﬁe\}@r tags L ey LS ghmer BEEY -

descri bed_as _f ol eC| I 1.y, m conduct or device used herein is
made of N°typ@ §kﬁ§l§ (iﬂq QQﬁlt DAL R HE e vF | Ehe RS and a
P-type well re |0@eare .0 t he surfacqﬁgf thgﬂﬁgglconduc or substrate
by a 25 | ocal'Z&d i ﬁpﬁﬁltf‘lnﬁfb&ﬁﬁﬁ(ﬂFQQ% £ penthgTs formed for

defi ni ng an_?ghl¥%a%g%h%nlln @ﬁ§§%l bF f#é%QSInSU|atlng filmwhich my be

made of a silicon oxide film ‘ur f ace of the 48

seni conduct or substrat g, randa gate syl %}ds’m%'qé rdegééaéeoci ned on.ghe

surface of the N-type well region an 1'on, which are éxposed

through the ﬁﬁgﬂl REsiBY ad R Iellce%nttb,erarﬁ t%l miﬁa&{bm&&@ﬁbﬁ the 5 like.
A gate el ectrode | ayer, which nay be nade of

10 having the threshold value voltages predominantly
acting on the logical threshold value, the resulting
configuration is advantageously less prone to the
influence of deteriorated element characteristics
(NBTI), later described.

15 As will be later described, when an identifi-
cation number generator circuit is comprised of a gate
array, N-channel MOSFETs and P-channel MOSFETs have
fixed element sizes, so that a plurality of MOSFETs may
be combined as mentioned above to equivalently provide

20 a different ratio of the element size of an N-channel
MOSFET to the element size of a P-channel MOSFET to set
a logical threshold value corresponding thereto.

Fig. 17 illustrates a circuit diagram of
another embodiment of the identification number

25 generator circuit according to the present invention.
This embodiment illustrates a circuit for fixing a
portion of an identification number to an arbitrary

number in addition to the function so far described for



elc'nsul ating film A P-type inpurity is introduced using the gate
el ectrode |l ayer and field insulating filmas substantial inpurity 10

s)l ycrystalline silicon |ayer,

i ntroduci ng masks to form P-type sem conductor regions on the surface of
region for providing a source region and a drain region of
ransistor. Simlarly,3an N-type inpurity is introduced

the N-type well

a P-channe

MOS t

is selected on the gate insulating filmand

using the gate el ectrode |layer and field 15 insulating filmas substanti al
i mpurity intgedecabgnmasksanaoa sidentarf imaririem tronfterm N-Xrypeheaeni conduct or

regions on the surface of the P-type well region for providing a source

regi on and aedbadameagi éa lostal tRchdmdliavos t iZdnglisifmremhi s basi ¢ devi ce

structure is 20 forned with desired wiring | ayers by known wiring |ayer

fornmi ng techihflgoéiingatiasn aUMRGIsaFen mﬁaﬁ@naé@%i qudie |iher @D a

relatively s

mal |
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unit 25 regi BRAIPEMARdENUBLISE LRE rd Rlibvelpdmding jhe SArtlifamateyuar e
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t be changed in the order.

In the circuit of this embodiment, from the
it in the embodiment of Fig. 7, an output node
sponding to the CMOS inverter circuit INV1 is
ed to "H" (=VDD) by MOSFET Q11, and an output nocde
sponding to the CMOS inverter circuit INV2 is
ed to "L" (=VSS) by MOSFET Q21. Since the MOSFETs
nd Q12 for forming the thus clamped levels "H" and
re not inputs to the common node P, decode signals
d Y2 are not needed. For this reason, the binary

er circuit is provided in a three-bit configura-

and the decoder circuit forms output signals as
4.

Fig. 18 illustrates a waveform chart for
ibing the operation of the circuit in the

iment illustrated in Fig. 17. There are four
ns at the first stage and two options at the
d stage, so that a total of eight different

ts can be provided. In other words, the number of



In Fig. 22, a plurality of unit regions for N-channel MOS transistors, and
pl lity of unit regions for P-channel MOS transistors are arranged in
15 colums as illustrated. In the colum conprised of four unit regions for

P-channel MOS transistors, |located at the highest position (hereinafter
referred to as the "first region colum"), the respective unit regions are
configured to have the sane plane 20 déoensi ons and the sane extension
direction as one another. Likew se, the respective unit regions in the

col um conprisédrofhtiionr birist aregiedrghtf drité.chalmeih MOSEnbrehisnanor s | ocat ed
i mredi ately below the first colum are configured to have the sane pl ane

di mensi ons andtRBtt kegsadks &t éresibdn rdiasesatt oP ds 'dhe' ahbt’hetl” T first
regi on colum_and second region colum are provided to create an inverter
and a swit chabbstipgasi sffoe comderied tiveré Pl SRFREPT Zhe repult
Simlarly, a third region colum and a fourth HH%;on col um are rovided to

create an X-Hé@o&@rvéﬁﬂﬁthﬁFIéna'99%9?% ISP ot Ut R £5i regi on
colum are provided to.create ggr-dec er it. 5 The, entiret of the first
regi on co unﬁnYSrgﬁ%tﬁlF8§95ﬁ 4T °Fi 15? Im3nti¥h is conprised
of four unit regqgions des t etltlon n|t

Speci fical l y; 9°y 5FEFaPP§9’ %f'lobgg‘lf?% St % Ei% qﬂcb "2 are arranged
side by 10 s e._l al. Ej ce with a
circuit scalégﬁgggghgc ?g§§ ﬁgkgﬁ lclﬁ(§hfﬁébcon |gu?%?|on the first

region colums in differenthasi qlseepectﬂet 'ﬂ@céx‘:f"ée%@lcﬁ? M%éﬁ&glﬁ a single
colum (also referred fo as the "gl dbal region col urm™) the 15 entire
| ayout. Sim kakkYont Benseeord coHiMRE i3 of arbitrary sizes. A
10 possible application may be such that the fixed section
indicates a product code, and the random section
indicates a sample number. A fixed identification
number may be inserted into an information bit sequence
in several other methods. For example, there are the
15 method of replacing the self match field, the method of
replacing one of repeated matches (comparison of
changed first and second stages), as described in
connection with Figs. 14, 15. For actually implement-
ing these circuits, a problem arises in that which part
20 of a registration and matching system is burdened with
the function, not only the circuit for generating
identification numbers. However, in the overall
system, the registration and matching functions are
likely to be mainly implemented by computer software,
25 so that advanced functions can be relatively readily
implemented.

Fig. 19 illustrates a block diagram

illustrating another embodiment of the identification



ward constitute global region colums, respectively. The layout in Fig.
3 ar&t he repeated | ayout as nentioned above provide an exanple suitable
for formng identification information of the present 20 invention. |nstead
of the layout in Fig. 22, if a plurality of unit regions which should nmake
up the sane region colum are disposed across el enent regions or the |ike
whi ch make up other circuits and therefidare are 25 spaced by a rel atively
| arge di stance from one another, the following difficulties may ari se.
Speci fi cal | y nugbsinyggnang tefr ynitcuidyi arsosdgng ficarité yosaséet fromthe
i nfluence exerted by macroscopic fluctuations in 51 pattern di nensions as
based on fl| uéfWRHTGPS i n gl lurtinge Sonidl tvanse ofetéemseat tonduct or
integrated circuit device, or macroscopic fluctuations such as distorted
patterns, reStirngudstantdisdtliv aspmqaitgrd diy flekasies im Powt et B, shape
Since a nechani cal stresiﬁgpplie to a _sem conductor chi mounting the

sem conduct orlscf?ipﬁ_r@grﬁddi fér 1 %ﬁ‘i?né’?si e i alrﬁ)tlﬁé]ra%f‘_fgﬁ!é kewi conduc
St esses’ fhi BT SAEIRES D & YRR Tt GrEFT GEGHE T 4P Wi GhE Tt anot her . A
by ough the STPRG £ Biga LonATe e TROPesl Tty of uni ¢ regi one. The
thickness of the gate %Eeb&%&%@ﬁh@%'E'#Déﬁgﬁﬁ%fﬂﬁﬁéé%f”&%%ﬁié&‘&I%%
a ground potential of the circuit at its gate at all
time operates as a loading means to supply an operating
10 current to four N-channel MOSFETs serially connected in
diode configuration which act as voltage regulator
elements. In this way, a constant voltage V1 is formed
corresponding to a constant voltage (threshold value
voltage) between the gate and source of the N-channel
15 MOSFETs in series connection, and is supplied as an
operating current V2 for the logical threshold value
determination unit through the gate and source of the
N-channel MOSFET. The voltage supplied to such a
logical threshold value voltage determination unit is
20 made constant. As a result, the logical threshold
values of the CMOS inverter circuits INV1 to INV4 and
the like are less affected by fluctuations in the
supply voltage VDD. 1In this way, a more stable
operation can be expected for determining the logical
25 threshold value.
In the invention of this application, it is

not essential to provide a constant operating voltage

to the logical threshold value determination unit as



cgncentration of introduced inpurities can be relatively increased due to
‘ p ality of unit regions which are relatively distanced from one
another. 20 In the layout of Fig. 22, a plurality of unit regions bel ongi ng
to the sanme region colum are disposed in relatively close proximty, and
have the sane size and the sane direction as one another, so that they are
| ess susceptible to the influence exer#u@d 25 by relative pattern

di mensions, distorted patterns, nechanical stress, operating tenperature,
filmthicknesesanidehmbity. cofrentfacabhy, absenkenvénbeédnabévenis 52 A
so-cal | ed phase shift mask technique is understood to be an effective

t echni que forPBRMIGUQYIdRE iU emebeporeat sbsalnes watuéheoki kae whi ch
make up a semiconductor integrated circuit 5 device, to a so-called
sub-micron | Lcaly thrashe Ishagel whi el hagks t @ hmi glrera hipat 0 6r AMOSN
suffer from as E%ﬁ%%ﬁ or distortions such as a difference in shape in the

left and rig TR it Y 138 be Forifent dhkcabievenumbski ght

change in5ph%%%f%éffer nce .of 10 light for exposing a photosensitive
material Payer Wi GPI% 1% & PiRadetieRn dputoakcah Fig. 22 can

it T egi ond Ve TR USdE B (He e i orted et hEsant. 15 The
i nfluence exentedky thecrystal i ent ati.on dependance of. the carrier
mobility in the semcon ulgltc)(ger ,t@}eogjre]t%ée%&vﬁjt%nst ch g:lqﬁ STEIRY i Yeltage

confi guratiogiimlibhe f QrregQiing p Nt £f- Vi canno reated lightly for
t he present inventiog whi ch 20 utilf eézﬁhgﬂﬁ¥%rosé%ﬁggi% é%%é%%ﬁ?%tics as

menti oned abeyethken rbleclayawt MosFiiGivedded e ME 24 ansst elgnging to
the first region colum and the MOS transiestors be orfgir%lgét%?%%éggcond

regi on cdPumfameghieader emltiheodi iersarea dindda chalagferistics due to 25
the crystal orientation dependency because all of a plurality of gate

el ectrode layers form Bggpadtd (8 tiHd ufsitrsitasegi eipeedlfim @rneuymderdp t he
sane orientation and in the sane pattern as one another, and all of a 53
plurality of Pgaven&rest redagl apengefoodi MYSFAT. ofTHehehyectnd.d egi on col um
are also made in the_sane orientation and in the sane pattern as one
another. It WREPepECLREERsPEod MPSMtrRaSistegoimay tmatesirably

fluctuate due to an electric field stress which depends

15 on an electric field strength and temperature.
Particularly, a phenomenon referred to as NBTI
(Negative Bias Temperature Instability) remarkably
appears in P-channel MOSFET. Often used as counter-
measures to this is a method of applying a high voltage

20 to the gate of the PMOS out of an intended time. In
this embodiment, the ground potential VSS of the
circuit of the logical threshold value determination
unit is supplied from the N-channel MOSFET, and the N-
channel MOSFET is turned on by a power supply control

25 signal PON at high level in a logical threshold value
determining operation to supply the ground potential
VSS of the circuit. Then, except for the logical

threshold value determining operation, the power supply



the |ayout of Fig. 22 is made in consideration of a significant reduction

th croscopic variations or deviations in characteristics as nentioned
above fromthe viewpoi nt of designing and manufacturing of the
sem conductor integrated circuit device and in 10 consideration of
appropriate utilization of the mcroscopic variations as nmentioned above.
When a need exists for nore fully elim4sating the deviations in electric
characteristics of the MOS transistors created in the layout of Fig. 22, a
dummy 15 regi¢thieanl beigeal f BPNsbbvbngughtehd ébledevefl thetaver alfif array
conprised of a plurality of the basic repetition units of Fig. 22. The
dunmy regi on §&€ gloshaeiet MABRET t Ardehdstofnt he ther 8-khannay conpar abl e
to the interior of the overall array on the 20 | ayout, and is conprised of
at least a plMFHET E/FSURRLY relyf opdraiyt Heleade VADt he bhei grrepetiti on

units. Wen this type of. du region i s not set, a machined shape of such
ends can be éFFﬁ?F%HEHéﬁﬁﬂﬁﬂgg TR t PTG OHE | §ir Eidn olbsndethRePends in the

overall 25 ar n ends_and, t he remai ning portions can be applied
in differg%t(%gﬁﬁgﬁgqﬁ?#ﬁgg FOrdPWhrdn"thh affiéedt patel Baehege at

h teristi duced b ' duct
Cubstrate and The Bt AT i TREEY (e b7 F allot hoPBof AThey can be
fact f j | atd i h ' h teristics. Wen th
dummy T Qi on o3 ment aned dnove TR Ret F redvhce e NG A ckiRal che o

deviations | mre (el LGIdIG fhams,! efd stipsoprenl Wdve el hpl pated. The
1 C

dummy regi on can be provided as a region Isn utiTrzed as a circuit

or as a regi epurere mﬁdlﬂhﬁgﬂkgtéﬂ(éﬂgﬁngwjghtggggbngﬁiﬁfﬂyé{f attention to
the deviations in the electric characteristics. 10 %lg. 23 iTTUstrates an

equi val ed cifilewitiadiiagrsanrc afeesipanididlg €1ord$teo f Or-LI0IO04EE Gr622. I n Fi gs.
22 and 23, the term nal nanes and el enent nunbers are correspondi ng.

However, det adliggofchiangedecddatheuMASEE®s not il lustrated because there are
no 15 particular restrictions except that it is disposed bel ow (or above)
the CMOS | ogi cal thresHdidd vdl vd ldstterttdrs ¢ reuiduitWbied e basi ¢
repetition units as in Fig. 22 are disposed in parallel, CMOS inverter
circuits forABGEELeFBROREE SN HHattdtr tifersHdplcatmidorpumirenundi ng

envi ronnent sanme ci,rcuits adjacent thereto. In an | ayout schene

ith_th
ot her than agggféaggFa%l§€HéﬁeFQHﬂfqﬁﬂﬁ(FQWﬁﬂﬁiRQQﬁ?QHﬂ%%Nqﬁﬁﬂ%%-Iaid out

such thatczth C@g@ i.n .er circuits are,.congruent. Wien the circuit is
bui | t usitiﬁg gach gatcé¥gﬁlﬁgy§f\fl tt%lel52§m§)rﬁ)ddﬁi t 4 PHEYS 55l beLhppl i ed,

ot 1 Coe-KRGkRLLODBoke: 18 LIS e M AOE e die
reduci ng theihfklkdeRCeircuit INV1 to INVV4 to minimize fluctuations
in the logical threshold value due to aging changes of
the MOSFETs. At a reset, at which a signal RES/ is set
20 to low level, the inputs of the CMOS inverter circuits
INV1 to INV4 are clamped to the supply voltage.
Specifically, with the signal RES/ at low
level (logical zero), output signals of AND gate
circuits, which receive count outputs BO to B3 of a
25 binary counter circuit, are all set to high level
(logical one). As a result, all of output signals Y1

to Y4 and X1 to X4 of NOR gate circuits, which form

parts of a decoder circuit, transition to low level



of variations in the supply voltage. Fig. 24 illustrates a bl ock di agram
ion nbodi mrent when the present invention is applied to a dynam ¢ RAM
(random access nenory, hereinafter sinply 5 referred to as the "DRAM'). In
this enbodi nent, the binary counter and decoder are renoved fromthe
identification nunber generator circuit illustrated in Fig. 20 or the I|ike.
I nstead of these counter and decoder, a4row address signal and a col umm
address 10 signal of a DRAM which is nmounted with the same, are supplied
with the signdiagixXalndzeso f oremds yg ttree decodefine f oMOgFEESt 1 HS8e@S 0@
sel ection signal for the logical threshold value determ nation circuit of
the CMOS i nvéf e G IQuidrragedidmivéeatiion mpbes ceathd5ravgdeci-s set for
the DRAM a start signal is generated by a circuit DFT, and address signals
X and Y are $dp[ i roa e outisieel forINWe tealiV4 oandt phé anpply
identification_nunber_ generated by the identification nunber generator
circuit throdgHta98 Nﬁﬂ} [FSutBUR 200 citharebwarel 2w @i them nso etldeof a
sel ecti onsoperati on of the nenory array. In this event, since the address
si gnal s X and¥Pdan V0d A%t i A st Bat-ar§horseply i vebtage oY Bt Len i n

the sel f mat imel al gne can be s ified for reading. Alternatively,
the order i ngggfpv%ﬁie%ﬁ ttoh%haedélqr‘_"er%sesS ﬁfgsf%es e hridos t'eli¢lay be

entered as a e h a rticular can output a fixed signal
cor r espondi ncjzjfgtgcf)El Pﬁglé(séelotffh%gqtecﬁ%(;%‘rpetcﬂtéwiedecﬁ{z%e% iR GO numbETEttS 56 This

configuratiomyganche rapplied as well to sem conductor integrated circuit
devi ces other than DRAM such as other sem conductor nenory devices such as

another static RAM fl ashtERROMiand ntihe diiregy i enaﬁ,lS tq;féu £m,cropropcessor)
us

having address termnals, and the like. Fig. 25 I rat es general

schemat i £0di HQSAATOf waneherBodLFBRY Bfh ySeMCdWGlioRAI egr atad circuit
devi ce which enploys the identification nunber 10 generator circuit

accordi ng tolehelpredenpsi nkentinpntsThe esserbipdli MAWPRSE Qfitaspy ng an
identification nunber to a sem conductor integrated circuit device is to
give a uni quenduiYB? te &hehsusplyWiblleagenibider itng supidlad umy use a | aser

fuse, a flash (FLASH) nenory or
voltage voltage to the gates of P-channel MOSFETs which

form parts of the amplifier circuits.

15 Alternatively, the selection signals Y1 to Y4
may be all turned on to clamp the common input node P
to the supply voltage. 1In any case, an action may be
taken to control the gate voltages of the P-channel
MOSFETs which form parts of the CMOS inverter circuits

20 INV1 to INV4 and amplifier circuits AMP1, AMP2 in this
manner, or to fully shut off the power supply to the
identification number generator circuit. However, in
the method of fully shutting off the power supply, it
is necessary to take into consideration the electric

25 separation of the element regions, in which the MOSFETs
that form parts of the identification number generator
circuit are formed, from other circuits. Specifically,

this is because, even if the power supply is shut off,



Hitr1 | i ke, a special process or programstep and the |like are required.
th enbodi nent, an identification nunber generated by the

i dentification nunber generator circuit of this application in a wafer
state is read by 20 a tester for registration in relation to a variety of
data and the like in a workstation. After each LSl is finished into a
product and nmounted in an el ectronic dagi ce such as a personal conputer PC
and the like, the identification nunmber is read fromthe LSI. The 25
identificaticéh dndent el tagdislwayne asphbédevsutied &@b@@ﬂ@tétnge”atCh
because even the same LSl differs in an operating environnment and condition
fromthe regi&heamiedn GimdlOHER Vs ,not desi bebbstirahedién peint5s£t he
same or not fromthe degree of discrepancy in identification nunber.

Descri ption Wi® d585 ish drethe ralenenn chaordtémisoics he
identification systemin this 5 application. The identification nunber in
this enbodi ment indi catt®s e Giheer hemdragriaudet dnthen | byipaidt hoeshol d
val ues of5a %h inverter circuits. A circuit having four CMOS

e ALy, of it ha
inverter &ircUit's as tirn 3 K& RISy GG Sbidti e rial cerkatell b5t 20 one unit.
For exanpl e, I re 2 0ssi.bl e .orders (the nunber of pernutations)
4P4=4] :4x3x2>%%ggiﬁft%fe "t h‘eépféoc %Iclzﬁa%‘t e g’RPa‘H?e“sorbeJ‘% e BARS RS

i nverter cirgui i.n that. there .are units, if the |logica

t hr eshol d va%gggﬁgﬁ?g?&% %g\r%l oslr%i vV Vary: lﬁé‘eﬁh\é‘%w 13343 S omos

inverter cirgdirbanhag bhe s r der- Wi, t.h g .probability of approximtely
420 (212324} B RS G eB T ounen SRl “?lsl%(’:holéﬁsr REEFGeS gt Vo8

inverter cireygitallbhep@raren8st4d. 32630 N3kl q orders, Wen there are
50 such units, one set or nore of those having the sane ordger exist with a

probabi | 10y bheappadxi o@t ehy achbai-GéO%;@xA&&Q§?<smalfér4Q%%ﬁ)Gﬁg§205o)-
In a unit conprised of 16 CMOS inverter 25 circuits, possible conbinations
anount to 16¢ERi0OELSI, Astsabbplthbepeasmitabilens Obekf 1% @i LKt raordi nary
nunber, neani ng that when the |ogical threshold values of the CM3S inverter
circuits rantas§ sEPyicehépas wb8chandky ekiestscirkesdnghi chirarg iy the same
arrangenent. Actually, when there are 1,000,000 units, it is estimated that
one set or nofelbf nNPPLe| ~StREC¥ARERJOLGET ashilsrawiitlly aepralsabid iZy of at

| east 5 0 or_Jess _
reset or a power-off in the burn-in step or the like.

15 Of course, it is well contemplated that the
stress causes an identification number to fluctuate.
However, a final identification number can be retrieved
after the burn-in step for re~-registration in a data-
base, and even large fluctuations in the identification

20 number exert small influence because lots treated in
the burn-in step are limited in size in a range of
several hundreds to several thousands.

Fig. 21 illustrates a general block diagram
of one embodiment of a semiconductor integrated circuit

25 device according to the present invention. This
embodiment is directed to a power control for a system
LSI which is mounted with the identification number

generator circuit of this application. This system LSI



(at a rough estimate because a strict calculation is difficult due to a
ge‘unber of digits). In other words, there is one set per 20,000, 000
units when roughly speaking. It is contenplated fromsuch cal cul ati ons t hat

approximately 16 CMOS inverter 10 circuits are required in one unit for
conpleting a practical identification nunber. Therefore, the foll ow ng
description will be nade on a unit conpei sed of 16 CMOS inverters, given as
an exanple. Wen 16 CMOS inverter circuits in one unit 15 are inpl enented
as in Fig. 7empdwyd rtolsi rlidoepeertsarypesuf sp@mennsuppel 266 Vol udhag
self-matches. In the follow ng, one conparison result output is referred to
as "one bit. VDBgby2@ays athexmytlesi npl e exanpl e in which 20 the |ogi cal
threshol d values of 16 CMOS inverter circuits are arranged in seguence as
VLTQI>VLTQ> ... >VLTQESe Fidgntazfjcatdmexumber igemtiatot heitogital

t hreshol d val ues .of CMOS inverter circuits are at 25 random "1" indicates
that the secERESEVES ithFePOseTiSURRLY Haema VYRR clt epeeshibn. val ue hi gher
than that _of the first one, "0" indicates that the second CM3S inverter
circuit hds BeFGgi cal CREESHIR VATt @ BINq Hr k9t TQF WihECH r st

one, and "*" annq_l %agic ? ze f mat h ox indefinite., As can be seen in the
two exanpl es 2 birECpAt tarAS 10 ﬁ‘ﬁ“ ST tite SGYT HY s Jc‘brlPee%FﬁR)'h?ﬁ NP t¥Figs. 26

and 27 changgdgm&ﬁ%%%n RALES B2 denending on how the Logical threshol d

val ues of th rter circuits are % of the

bi t pattern ghibhgnaut put GUT anche i ent | figatign nurhen ean, bg, deemed to

be the nost sinple manner. The nunber of Bits o
off. A signal for controlling the power supply is a

10 power supply control signal which is applied to a power
supply control circuit. The power supply control
circuit is composed of an N-channel MOSFET and a P-
channel MOSFET which receive the power supply control
signal at the gate. When the power supply control

15 signal is at high level, the power supply of the
identification number generator circuit is clamped to
V5SS, and an identification number output signal is
clamped at low level. When the power supply control
signal is at low level, the identification number

20 generator circuit is supplied with VDDl. Circuits
included in the illustrated identification number
generator circuit are, for example, the logical
threshold value determination circuit for CMOS inverter
circuits, binary counter, and decoder, which are shown

25 in Fig. 20, wherein the binary counter and decoder may
be included in the LSI circuit main unit 1.

Fig. 22 illustrates an element layout diagram

of elements in one embodiment which is suitable for the



O ration nunber information in this nethod, i.e., data amount is 256 bits.

e t. pattern is nothing but a so-called match result table itself. On
the other hand, the concept which underlies this application is the order
15 of magnitude of logical threshold values of a plurality of CMOS inverter
circuits. It is contenplated that the data anmount of information to be
handl ed can be reduced if information on the order of nagnitude al one can
be retrieved fromthe match result table. 20 Figs. 26 and 27 show on the
| ower side asemicghtiustde totebrauebers rofuitl'egrce0'adavndiengrerdi cal
direction and horizontal direction except for the selfmatch fields. For
exanpl e, | ookhagraesentalisventioh.onThheghowée dildestofatRidys. 26 and 27,
the order of the 25 magnitude of nunber corresponds to the order -of the
magni t ude of CPRE1OBEREAPNt hEeBRE| Bavaligelacdnparied tesl,a theaduieyaitt ch of
sports such as foot ball or baseball, this is the same as a stronger team
having a | ar§aY PeeonABKBEPCEf tRi RS. 28pBERMRY CWSHH tERE OIS in\E T er
circuits, _as a righer Iogic?t t hreshol d value has a | arger nunmber of "1."
Si nce the® nufdetrediPAPhetoritAE BERAFCRARGEPTs 1ot e9rated &iSitent to the
rank, the to&al.nunbe& of 1" can bg usgd tg rﬁprese . the order of
magni t ude of SEheSFogi baF FAFeSAGFd°Vallies *5f 2PHa™ vert & reuits. O
course, no c ' siLc c % iLf .t tal nu r.,of "0" is
used or a to?gpggbkéagge% %#gxf"%gﬁ%gﬁg %% ?ﬁéaﬁgr%%8%9§% g??éb ion is

used. Wih thenyseoofubll 5 orthodo Lhedata aTRURG oy Qrmald.n bit can

be reduced. Since eac I nverter C|rCU|t.can ave-an . ch can be
represented HycR QMigtalr @M-Onb0139erboHkebbhs t@bdlF ropf @amt i on amount

are required in binary notation.

10 4dillustration. The essence of the technique will be
well understood from the fact that even such a plane
pattern predominantly affects the circuit characteris-
tics which should be provided in the MOS transistors,
but less affects the circuit characteristics which

15 should be provided in wires such as metal wires.

The basic device structure itself of the
semiconductor integrated circuit device is not directly
related to the present invention, so that detailed
description thereon is not made. However, this may be

20 generally described as follows.

Specifically, a semiconductor device used
herein is made of N-type single crystal silicon, and an
N-type well region and a P-type well region are formed
on the surface of the semiconductor substrate by a

25 localized impurity introduction technique. An opening
is formed for defining an active region in a so-called
field insulating film which may be made of a silicon

oxide film, disposed on the surface of the



ince there are 16 CMOS inverters, a total of 64 bits (=4x16) are required.
ico’ared with the foregoing conparison result (match result) table, the
data amount can be reduced by a factor of four from256 bits to 64 20 bits.
VWhile one unit is herein conprised of 16 CMOS inverter circuits, this
effect is increased as the nunber of CMOS inverter circuits is |larger. For
exanple, with one unit conprised of 3248MOS inverter 25 circuits, the
conparison result table requires 1024 bits, whereas when the order is used,
the nunber ofsepiitcpridigteiucstbsordtd, baind {5x32¢ bysaléathor folm64is. St at ed
anot her way, al though the conparison results are 61 i ncreased by a factor
of four (=10Z4%6) on Hilte it hace eeflicee t-aype neebhseepyon &adt & of 2.5
(=160/64) with the order-based information. This is advantageous in that
the identifi caP%NSystEdifihagdsieh |a8s expeerd Stfodal athand a processing
time spent for matching can be reduced. Figs. 28 and 29 each illustrate a
schematic di &R SiYe Serboldi FRvht t R T8 hel i Fep Bl Qo rne Hpwd nor hghe

identificatiaon,systemfqr the sem conductor 10 integrated circuit device
accor di ng%to ‘pr 2\5&‘#% rﬁr}e‘?ﬁﬁﬁﬂffe Y& e FhiTon pe meiei Afndde on a
met hod usi ng j r.esul t.ji.nformation of the |ogical threshold val ues
of CMOS i nverpg)g:y%gﬁ}rsts:%qtlsl, % Frethod" Eﬁﬁf\egr’t he® o?%]eﬁcg?gn%r@nﬁ%d‘éaB? | ogi cal
15 threshol d.yal S, [ i, ; ig. 28 illustrates a
registration lyn%t%%%.m?l)ﬂ%%ﬁ%ﬁ fclo%rrpogFiﬁ{s%lnlJrﬂe%tﬁ!‘%?b_r%t%?ﬁy?%r t he

| ogical. thr eshohd 13 ugs 16l b DG HETLY EleuisdsodeatfLom the

identification nunbér 20 generator circ e conparison teésult

i nformation asdr egiesieried iR @hg danti fd£ahinn Jumber 4 nt | edger and
assi gned a managenent nunber for relating to a database which stores

i nformatilon suchoasicieas waekent: 2F et @-anghd i dehdd o d Nee guighgr  of
registrations is increnented by one. Wiile it is herein assuned that a

new y regi st enedhiedentrifbiceatofort heunberydes wedll tdeeyisairefor G2rasidhwge
previously registered at all tines, it is effective to add a procedure for
confirm ng addspMirest r6gion rag st aited ronegimh geher &-igtgprsoae MOSr m upon
new registration. 5 Fig. 29 illustrates a matching nethod. This systemis
char act er i ze@TBYS&PIEEFI- ng SEFdd AT -0fd iNT GYdRentimausittivont shunber due to a

difference in_environ .
1n%roduced using the gate electrode layer and field

15 insulating film as substantial impurity introducing
masks in a similar manner to form N-type semiconductor
regions on the surface of the P-type well region for
providing a source region and a drain region of an N-
channel MOS transistor. This basic device structure is

20 formed with desired wiring layers by known wiring layer
forming technique and insulating layer forming
technique.

In Fig. 22, a relatively small substantially
square pattern defines an active region. One unit

25 region is made up of the relatively small substantially
square pattern and two elongated patterns in parallel
with each other which are drawn to overlap the square

pattern to mean gate electrode layers, respectively.



nt and conditions between a registration instance and a matching

ta‘e. 10 (1) 256-bit conparison result information for the | ogical
t hreshol d values of the CMOS inverter circuits is read fromthe
i dentification nunber generator circuit. (2) Registered identification
nunbers are 15 sequentially retrieved fromthe nmanagenent |edger. (3) The
registered identification nunbers are gonpared with an identified nunber. A
conpari son method will be later described. (4) The one having the snall est
di fference 2@cetweawle,r egivstidr ecbgidentid incadd arp nufrberr@ng: 1 el iy denti fi ed
nunber is selected as a matching candidate. By repeating (2) to (4), the
one finally R&@ilAgsaheremplaitéstrndiddfsdtamredfataldn tuppeegr sqlet ednddent i fi ca
tion nunbers is selected as the nost probable identical 25 candidate. Fig.
30 illustrat 88 aheefpPaAatorycdiladedind orltin ssxdrplarBP cdpali samd met hod i n
Fig. 29. The idenéified nunber is shown by extracting 24 bits or a 63
portion of th&°256°pPftEGnPALitesHs eddiah G ras tihe dwriila the eshol d
val ues of _.t he CMOS in¥%rter cirﬁugt . ldentification nunbers 1 to 5 are
regi stered i d9HEFFi BAEFEA nERe §.e§ﬁ§béﬁiﬁbﬁmmﬂﬂéﬁr¥Q4nHﬁQﬁe portions 5
di fferent frggg%@g thf of the identified nunber. A total nunber of unmatch
bits is shown~a ﬁe i&ht end. As described in connection with Fig. 8,

since the "0" and "1" QHEBUtoBQtB%EQ%eoﬁﬁéﬂgﬁf3%?%%{é$$g5gﬂﬂggggg{ernined

generator circuit are unrqle to respect

whet her or ng@sagrgggggggggag'ogygg QBlﬁ%iogﬁﬁﬁgtéi J é{g}i§¥na uni t

fromthe proportion of the nu matching bits i ¢h na $'he

pattern. Wikgdt Bemi depbibteat ragipuabet hene iss @ Jene examle for
description, the 15 identification nunber 5 has the nunber of unmatch bits

10 formed on the surface of the active region in self

alignment to the two gate electrodes.
In Fig. 22, a plurality of unit regions for

N-channel MOS transistors, and a plurality of unit
regions for P-channel MOS transistors are arranged in

15 columns as illustrated. In the column comprised of
four unit regions for P-channel MOS transistors,
located at the highest position (hereinafter referred
to as the "first region column"), the respective unit
regions are configured to have the same plane

20 dimensions and the same extension direction as one
another. Likewise, the respective unit regions in the
column comprised of four unit regions for N-channel MOS
transistors located immediately below the first column
are configured to have the same plane dimensions and

25 the same extension direction as one another. The first
region column and second region column are provided to
create an inverter and a switch MOS transistor

connected thereto as in Fig. 20.



ual to one, and the remai nders have the nunber of unmatch bits in a range |
5 ‘ 17, making it apparent that the identification nunber 5 has a i

mar kedly high matching ratio. Therefore, the identification nunber 5 20 can

be selected as the nost probabl e candidate. Figs. 31 and 32 show

expl anatory di agrans of an exenplary identification nunber conparison

met hod using the order of |ogical thresbold values of CMOS inverter

circuits. Fig. 31 is shown in a tabular form 25 while Fig. 32 is shown in

a graphi c representati grimilltanly assurteidrderajion foslshnphhflybngotire h

description, that the order of elenments of identified nunbers, i.e., the

arrangenent &roied |codivew ate extwlided|tesciodatdean $4dEMSBernuaiter

circuits is the sane order as elenent nunbers. The identification nunber 1

i s such that "Hd Selfe it myitsEio gl astthnyes bt erewt dneachunhher, and

the remainders are matching. In conparison with 5 the identified nunbers, a

total of abs@fft ETPYHGES P dirsiedfces Lrdaradrhbraekt- is two. The

identification nunber % has a,randon1orq%£,,a total distance of order equal

to 66, and its average ‘CGuUAN T AN ST S d s texirii ey Gl wenokoa total of

t he di stances.of ., this .10 order is 85.in theor nd 5.3 on average, the
identifi cat ;gcl)%trl?urjf‘ggrlof Faving tlﬁle%tl@t'aljbdf %’arfgl o‘?fgt"g?ﬂc b? the order
equal to 2 a ; r al . t. 5 can .be said to be highly likely to
be the sane. E}IE!Irtllg(F)}tl%l\ér‘él \%greg? lff (l)lrnlgcl %oe g ¥ uct Lfgﬁ]o?%atr%gi%l%n?i fication 15

nunbers due bgsacd&EE%QQQQ%ni%ng%xir@g$§gyff%aﬁﬁ§§“g§§§8ﬂ§aPe yeep the

regi stration instance and matching in ce, t em set ettt he one

edistra o mat ¢t ance, LS SI%
aving the spakhestebatakioh %&%rse%n%'zlgs. of2 ifden dﬁfﬁ?gd{al%'e@ﬁ{i% %ﬁe

regi stered identification nunbers as a mat chi ng can

identifitatiendeuthethd ilatEirgs. d3keandod2.irt ha or der of ihe chgpeot nunber
1 deviates by five steps. The el enent nunbers 2 to 6 deviate by one step,
and the ot hewsttewi atechytzecalst ¢p. bA tetdlevaral 25 auardigey ofo theis

di stances of order are 10 and 0.625, respectively. As |long as these val ues
are concer nedPnthapracéosuf thei éatlsy Irewdont lvarl vexyredired Mafarssnt so that it
is highly likely to be a matching candi date. 65 However, a deviation of
the order byPRpYE §?§5§thOflhénéI%énéﬁﬁOn@@@értiI—Ui@ desipw e delunrarel y
encount ered ghgnorren n. If there were one which indicates an order distance
equi val ent t 620FCsFFERFF§ 5Pgaf £Ran "grePsLi destion calivem Nuridert!® it is

effectivecto d_a Xi m di,sparity of the order. di stance of each el enent
to det er?r?na?ﬁgﬁr%rl ?g?}r}g'i nbﬁg‘ag?rgg’c&hﬁ PReME e cz?iﬁﬂ”a’? éh%entity. A
specific ex f criteria st "th rder di stance of each

el ement is ?%%%}:8185{9%%%%% gﬁggéér gﬁgggﬁhicgﬁius nast’esre'sfetcoq:tjé’ie * or der

di stances is 16 or |esgne fatuak @5i%gblaz@iBkért%%P%@@égléa1f{y% t
characteristics of the identification nunber generator circult nd a system
to which theapresedioh8desbbo8 psoaRBki 8d. example suitable for
forming identification information of the present
20 invention.

Instead of the layout in Fig. 22, if a
plurality of unit regions which should make up the same
region column are disposed across element regions or
the like which make up other circuits and therefore are

25 spaced by a relatively large distance from one another,
the following difficulties may arise. Specifically, a

plurality of unit regions significantly suffer from the

influence exerted by macroscopic fluctuations in



Figs. 31 and 32 illustrate when the nunber of elenents for the

nt@@i cati on nunber, i.e., the nunber of CMOS inverter circuits is 16.
There can be sone cases where the nunber of elenents for the identification
nunber is increased for such a reason as 20 satisfying a higher
capabilities of identification. For this purpose, a nethod of expanding the
configuration as illustrated in Fig. 281 for exanple, is one of the nost
sinpl e methods. An increase in the nunber of elenments in the configuration
of Fig. 20 carther2b dotarsiethdyasabtdsead MBSl uovest esssand switch MOSFETs
corresponding to the nunber, setting the nunber of counter bits
cor r espondi n§an faed unimge rcorathick isets i ) the skecbdendudnother alternative
met hod for increasing 66 the nunber of elenents may involve disposing a
plurality of lNd&sthefieshtdisr rHunstavigeherat onaciosudp sc nl ntyuaotpnissed, for
exanple, of 16 CMOS inverters in the same sem conductor integrated circuit
devi ce. 5 Af S&CRIEIS Peisd® BhesnRaid 3ims priveskt inenicondoet at i val ggr at ed
circuit d%viges LSl s gre subjected to a probe test in a wafer state, a
screeni ng>t estrEf SFAEKEGEF StaRAt b tHRe ke to detect faults. For

menories, logic LSIs i.ch m xedly include 10 relatively |arge scal ed
nenories, and the |i k\gglg% ac&ﬁ%k?“ﬁédﬁno%?ﬁ%ﬁsr e?@ﬂ}rja?gt‘é%h%i que has been

i ntroduced f ituting.spare nenory. cells for defective nenpry cells
which are degégﬁggﬁﬁﬁkﬁﬁg %P& ekpbngqﬁﬁqgtWRFrﬁ?W%ﬁQﬂ Yt PonchhP gher

speed and 15-higher sper f 552%% gqt%pqx;gﬁﬁﬂhugpqgeﬁ%ductor.gro essi ng

t echnol ogi es, a nunber o ective products are et T - hal

screening stepr Margover i ] t i CJ j t .devices
r govel pl%r@qgtﬁz?@ﬁm@ %L?Clhd}{dsgg:reag{ i%\iee ézggﬂdiéd

LSIs are nore and nore increased’in scal e, evi ces

det ect ed1af t i thheethaUiaGl ULILREG SRRCEHS Y & LD RIM] 116G, RRCcApSe they
causes a higher cost. Thus, there is an increasing need for &dgain

recovering défiétes depmcbed unipr edudis afd emcassanbl v Hye exanpl e, giving
a nenory as an exanple, chips 25 damaged by the burn-in step and the |ike

are col | ect edpesntiidet eeinpeabédrei tsused bied ipowdef eatdple; chifsergr € agai n
recovered with renaining sEare menory cells. Specifically considering the
second recovét§wing7theeranqtibe chachdkt itswmotepmésentmatiinvectreet hods ar e

cont enpl at ed Lor ﬁhe recovery technique. A first nethod involves giving an
i ndependent Rultberit8 8AcHRLS TE§iRRRage TALL thdcdness iaff dheatdadre i n a

umber 50 extTASEBH-TP Rt AnnEREr § GRPBLer Geavary Jnfdemat i on col | ected ih
(e P 00e 34y 4 FEckLERLCEOYRILEARTLA TRIRDSIRAL, carpyier. and unused
relatively increased due to the plurality of unit
regions which are relatively distanced from one
another.
20 In the layout of Fig. 22, a plurality of unit
regions belonging to the same region column are
disposed in relatively close proximity, and have the
same size and the same direction as one another, so
that they are less susceptible to the influence exerted
25 by relative pattern dimensions, distorted patterns,
mechanical stress, operating temperature, film
thickness, and impurity concentrations, as mentioned

above.



second recovery. A second schene involves extracting the first recovery
a‘or ion frommenory chips each tinme the second recovery is carried out.
This enploys a technique referred to as a so-called address roll call. 15
The follow ng techniques are required for applying these second recovery
techniques. In the first schenme, an independent nunber nust be given to
each nmenory chip. This can be inplenmented by programm ng an identification
nunber upon a recovery 20 perfornmed after a probe test. In addition, in
both the first and secédncdcscldnes] phases steckssaayktoeconiqis a8
el ectrically programmabl e el ement upon second recovery. Wile the
el ectrical | yUpEegrdarsbite deermente ifgcibierraditetiyae foesent by fusing
polysilicon with a 25 current, breaking an insulating filmwth a high
electric fieldR1G4UAG 24 O ASH GveforgpmaaiEntfe |Wkess aand ofhe hehkean produce
side effects Eucg as an _increased nunber of steps, the reliability of the
programm ng "P88NeF@kEntP &n SCHECORSRIE 558t i pHer A a e d ced ¥euitand the i ke.
Bot h the EorgggLng s%henes inVﬁIve nouynting any programm ng el enment in an
LSl body. >Th&SV ATEnt &Ps 35 SGF rite it TG i 1Rext i gatedS¥ch hird schene

for dividing rties _into separate chips from another_angle. This
third scherrepagtgtgufggsﬁ;thgltasg %ee&%@&qél&’praoép&tstesﬁﬂ 8l S4ore priveeRmi ng can
be applied t i-cat.ed jpr.agr i ng Lp.. Even,this third scheme 10 stil
has t he fo||§$u9ﬁ§@§?§b|5§n€3%%§%% S 4 PRt G R@sponded

to the dedi cahednar 9gkRELRATGBHRS 1209y dar aﬁﬁsgéélﬁ%gl Ho s NG LI S

problem taking a multi-chip nodul e as an exa e nuf P 15

modul e, bot hagbi ps axenf knahkynasserbled iinntp@la%éidlgﬂlieerse%{giwumor
e C

integrated circuit device on a nodul e substrate. However, t onbi nati on

must be 30ritiyltminagedpustihy eaphotbispriss tassemed-int o 4he modul e, It
is not easy to build an LSI manufacturing line which 20 realizes this. It

i s thereforevionhehpl daedrt usadskgnaamaisttent iThiec dfalye thwbem t@n LS|
body, read the identification nunber of the LSI body which is nmounted on
t he modul e s¢bsErht sufandipnodranednter seviien ecorlesyaridi ng to the LSl body
into a dedicated 25 programm ng chip. Wen a technique of cutting with a
| aser irradi EFRYCHBYIEBICEoPLeRaRpIEALLE YUSED Uas ta NedgneEvieR net hod,
such a | aser irradigtion gutting 69 ,
such "a type of distdrted pattern is present.
15 The influence exerted by the crystal
orientation dependance of the carrier mobility in the
semiconductor, together with the difference in
configuration in the foregoing point of view, cannot be
treated lightly for the present invention which
20 utilizes the microscopic characteristics as mentioned
above. 1In the layout of Fig. 22, the MOS transistors
belonging to the first region column and the MOS
transistors belonging to the second region column are
free from the difference in the characteristics due to
25 the crystal orientation dependency because all of a
plurality of gate electrode layers forming part of the

first region column are made in the same orientation

and in the same pattern as one another, and all of a



device can cut a fuse of a chip in a wafer state, but experiences

fi@ties in cutting a chip on a package or a nodule. This is because an
al i gnnment of fuse coordinates of a chip on a package or a nodule to a 5
| aser beamis technically difficult, and even if it is achieved, the
alignment is required for each chip, resulting in an extrenely | ow
t hroughput. Essentially, a problemexiss in howto read the identification
information of the LSI body before irradiation of 10 |aser. For this
reason, the dedirsdtidd priogramriaecthipde sléyarsefotmian phect bifcahe
progranmm ng schenme which can continuously execute a read-out of the
i denti fi cati G®aRREherewifon o L\8in by ahso anadegiantbe saeesane device. 15
Thus, a realistic formof the third nethod is "to nount an LSI body
acconpani ed By i&taddn fanchtinithrindte st tevedi sated progham.chi p havi ng
an el ectrical programmng el enent on a nufti-chip nodule and program"™
However, the third schéife Wisl lalk® wriess e sheemorhe eferagoébasthaitnt s,
and is not5 al \r(r\]/ays_L t he best optiaon in the LSl production activities, for
exanpl e, iPn View G WMre Lot Ind 4 et § dMide 117 eprsbieraklennstraints is the
use of a mul tsiic?mii%iré”%'%' e %ﬁ’ogt prem se. Howeveré it.,is further 25
unreal i stic CGIRMHIGT R mstHEd S cohbiHt AP TR SRS WTEREF98nCA
substrate, far e, it jng..a mufti-chip. nodul e. A second
constraint i getvﬁ)é%g%é%i rl\eﬁnecrrh%%af&sé%%ﬁggépr@é&@%%@e%%%v%ngwfg an
el ectric pro ; ‘0 ) | ! . dedi
pr ogramm ng gﬁi%wl%gvﬁéggn%{%@aﬂg%ﬁys Ilc%;h? us%&%%ﬂil—#ﬁ?n@%y FRAM and
the |ike. Eagbmokohbese sl & deQUid 855 SRS Ale PIRSEssEs, has a
peripheral circuit in large scale, and is seem ngly problematic in the
reliabil L0y. cAssddegladtiiorelof iapgrdegsime sahiene, adieh seffiegs [ ess from
these problens, there is a programm ng schene which uses a | aser cut netal
fuse, howevemicirbscapiat vEQ il isaisd 450 e tCisipsad iddevan th the third schene,
as nmentioned above. A third problemis the programm ng (marking) of an
identification nunber Winea anneSid lsothstsTHier progy aimilg <l soimsguhges a
| aser fuse and an 15 el ectrical programelenment. However, if a simlar
process i s adf88doeyiekdons o asien @ Ko\ iR idddi enteld Hhrodid chip is
separately provided, the advantage of a reduced cost of the LSI body is
mtigated. THG8DStELEGPy ETERESE %%mh@nsl,ax% 2 ifdeht 144 cat i SHRunber

generator .cirgcui.t _which uses variatiaons in |oqgical reshol d val ues of CMOS
i nverter I':L(S:i rg(élgtlgni gaélxtbreer?éelty%rl?éfefslﬂ .Vlﬁgg.aré%ricfilelé{]er%tt e%tl dR%hemati ¢

di agram of o di f ! ctor_int.egrat circuit 25 device
to which theggreggggt aﬁ%&n?ioén%rﬁggggpri?éd.tpqﬁﬂragtl%a%pfo hee tbea}s?l?s conduct ed
for the LSl begyeikAchhimievents rify.faul ts are detaeted; or; exanple, in a

menory nounted in the LSI, recovery information Is

provided to make the ends of the overall array
comparable to the interior of the overall array on the

20 layout, and is comprised of at least a plurality of
unit regions at the ends in the basic repetition units.

When this type of dummy region is not set, a

machined shape of such ends can be affected depending
on the configuration outside the ends in the overall

25 array, and such ends and the remaining portions can be
applied in different manners with a force which can

affect the element characteristics, such as a stress

produced between the semiconductor substrate and the



71 created for replacing the defective nenory with a spare nenory cell. For
.r gener al - purpose nenories and the like, a |aser recovery is perforned
subsequent |y, whereas in the sem conductor integrated circuit device 5 of
this enbodinment, the LSI body is diced as it is and assenbl ed. Further,
fault information subsequently detected in such steps as agi ng, screening
and the like is added to the recovery gaformation at the probe test. The
final recovery information is witten into the 10 dedi cated programmi ng
chip. The LSknbodytdnd dedincatred hy cgraiaodhi thereo fisedThay coati bati on as a
multi-chip nodule. Fig. 34 illustrates a bl ock diagram of one enbodi nent of
the mul ti-chifpctrodsl eft cansiicty tihe e prasients i verlté onléstappl i ed. Data is
serially comuni cat ed between the LSI body and dedi cated program chip

t hrough a dathagrchemgstdost.r olWhsn dilia dumgy nedg e shs et Boredck. I n
other words, an identification nunber generated in the identification 20
nunber gener abevecilscgiet ofthehdEaslotsoBL i BUF BT Ere cde Tt hengedncat ed
program chip through the data exchange control circuit. The dedicated

progr am chi pth8l &35 tErGr Shamp Fe TietiitT ont huhbe? 5L RRMRR f i cati on
nunbers) 25 correspondig% to one unit and their defect recovery information
in one-to-one correspond&nCHMY g dmfidy MaRECOHEYRS cat keI pPBgr am
chip registerE.i entifi atioq:nu ers transferred thereto fron1£he LSl body
72 through t K865t d5eREharde '¢&mT 81° @ rddfi T i htF &1 i Hem 172 d" Rbimber

regi ster thr h er.,. t ¢chi.ng. cjrcui o] es. S .jdentified
nunber with gé%ﬁgge%ggg%déﬁf@¥¥§hgpgﬁgkC%%ﬁ%é%%giﬁ? %ﬁ%r%%ggﬁg%%g data for
mat chi ng. Thi chi rat i t ] i O ile allow ng
fluctuati onslti%nlg?%eﬁlte??iaggﬁin%n lﬁﬂﬁ?ﬁ%%@aﬂﬂ%%%e%é envi r onnment
and condiipi on between trhe red stinatdtsddstancaynand rat€hd ng-dnst ance in 10
accordance with the algorithmillustrated in Figs. 30 and 31. As a matching
candi date nuahagrks deltreelpdndiey HercHatfoidydiey pragr aran ngrgata is read
to a data read circuit. Then, reverse to the identification nunber, the
recovery infodmati @2 andt 28ns fudrer ek fmriora 11l Shaness deetl calt ko ogumivechi p to
the LSI body through the data exchange control circuit. This recovery

i nf ormati on Bsesepirglesptongdmng .| elHanswaart etk tnidl hed @ e tdrcedr @ regi ster

for use in the defect recovery. Since the dedicated program chi p has defect
unit are not illustrated because there are no

15 particular restrictions except that it is disposed
below (or above) the CMOS logical threshold wvalue
detector circuit. When the basic repetition units as
in Fig. 22 are disposed in parallel, CMOS inverter
clircuits formed of elements can match the shape and

20 surrounding environment with the same circuits adjacent
thereto. In an layout scheme other than a gate array
scheme, the basic repetition units may be laid out such
that the CMOS inverter circuits are congruent. When
the circuit is built using such gate arrays, the

25 embodiment in Fig. 16 may be applied, in which case
variations in the threshold value voltage of the N-
channel MOSFET can be predominantly reflected to the

logical threshold wvalue, while reducing the influence



20 recovery information for a plurality of chips corresponding to one unit,
e t’e of dedicated programchip is fornmed for a plurality of LSl bodies
or one unit, and is commonly conbi ned for use. For this reason, it is not
necessary to manufacture, nmanage 25 and assenble the LSI bodies and
dedi cated program chips in a one-to-one correspondence. Fig. 35 illustrates
a bl ock di agram of one enbodi nent of the dedi cated program chi p. Though not
73 particularly limted, the dedicated programchip is conposed of an
identificatiof marbert idecoder tdia cuignlya wnattcdgerg circuit, a circuit for
readi ng programm ng data and data, and the like. The registered 5
identification nunber &nhd .-ré&d stldrusdatates e riep sk el salgbym sef eenével y
cutting fuses with irradiation of laser. In the matching circuit,
cor r espondi ngmbedinendetwéyem ridxs dredeyur itenti ¢ gbs P hird 349 an
absol ute val ue of a subtraction result using a subtractor is 10 conpared
with an uppefYPPRiC FAMid HaRoeT GARESR dIeMORyr RRERErdFHeeansHMPENati on. A
conparator. 2 caonpares a cumul ative distance outputted fromthe accunul at or

Wi th ref ePen€€ifs T8N AP AFIENE di stander wFePed ¥neRquertfal | y
| d, . t chi i date, 15 nb i tted f 1toND
L Ret or m nat PARAGHT SO G e SHAGE T 1 T EHAT T S0 2% on of gnal -

Regi ster datg s seligated by, this mbehing candidaie puber and,transerred
ad “ci e gata g

to the data Fé circuit ead circui 'S designe 0 have an ECC

function 20 ggilé;r_orzocgrrr e¢ld ng eu.nctf'rg&) ad s ﬂ}}@érr%xu the rglgability of

data. Fig. 3 'l ustrates a schematic diagram o acturing steps (1) to

(13) in one gabediient, 1Kf ldREdD A BoufRld e PARt -RiQLess. of a
sem con 25 ductor integrated circuit device which is nmounted with the

identifigati gagnunber gemyrdt,OfwrGidrtuid maaoddl ngi ¢ i Ssamd) i gasion. In
this enbodinent, it is assuned that the LSI body is a |arge scaled system
LSl which  3bpedipd sdsha thiextadgmadfs DRAMEAN, SRAMednsly tttes dedi cat ed
programchip is inplenmented by |aser cut netal fuses. In the follow ng, the
fl ow of manuflactdeirng fotreps neidtl Use desor ideleali tdn refgnahceot otlég. 36. 5
(1) The LSI body is tested by a probe tester. An identification nunber in
the LSl is tAagifedr édreshe Udodie loenplatartigydiint it defebtive
CMOS inverter circuit. An identification number read
15 mode is set for the DRAM, a start signal is generated
by a circuit DFT, and address signals X and Y are
supplied from the outside for the read, to output an
identification number generated by the identification
number generator circuit through an input/output
20 circuit and a DQ pin, instead of a selection operation
of the memory array. In this event, since the address
signals X and Y can be input in an arbitrary order,
fixed information in the self match fields alone can be
specified for reading. Alternatively, the order in
25 which the address signals X and Y are inputted may be
entered as a code, such that a particular one can

output a fixed signal corresponding to the self match

or the identification number.



menory cell recovery information, an internal power supply circuit trinmng
tti@ay, a delay circuit 10 setting and the like in the DRAM and SRAM The
ost conputer stores the information sent thereto in a database in
conjunction with other manufacturing managenent information. (2) An LS
body wafer is diced. 15 (3) The LSI body alone is prelimnarily nounted on
a nufti-chip nodul e substrate. Wiile tdwre is one LSI body in Fig. 36,
there can be a plurality of LSI bodies. (4) The identification nunber is
read from 20 the LSl b@dysbyoafigueeniiog toest ére apdlsend a0 wdiel host
conputer. The host conputer recognizes the LSI body fromthe identification
nunber, and semnicasdipforminitegra¢edssamryuid ey liaedi witdead UfSIn body to the
tester. The necessary information refers to the defective 25 nmenory cel
recovery i nfBRAM:ii 8HChL8F BEaY L gemiichneiator Mereyivatdeon Gatd S | i ke
whi ch are managed by the host conputer in the database. This is referred to
as the "LSI %o@npéé%t etataforilri dhashTHEROY eddl idie 17A5q &3t ¥ stores
the LSI body register information in a recovery address register of a
recovery eir€hVt (PACERBTPSPESERdY PAVANT €4%ES Sexsiflida lfef &0t Vi Srenory
cell recovery,information, and stores the LSl body register 5 information
in a trinninélkﬁrue setting register in an internal circuit if it is an
i nternal power supply circui,t tri,mmng.setting. The screening, .tester
conducts a fast operat%%ﬁ'tggtl&%ﬁsgﬁ%tﬁgkgeﬂhfgﬁ Sannot ﬁ?(ﬂﬁﬁﬁ%ﬁpby 10
the probe tesk, oAbl EhiSaLibngd bBe al3krbadiAeais! G ddifirimn I c e

screening tester also transters fault 1 nfornmation on those which are

addi tional l'yqdet ect gdian Eaghbyst @nthe Jaast FGRARUIRS nulfiR host conput er
anal yzes the fault information sent thereto together 15 with coll ected

information §endekbenm Berwhiethatceirdiay & osetene feeeamerihwintibadj ust nent
can be nmade, and again stores the information in the database.

The essential purpose of assigning an identification

number to a semiconductor integrated circuit device is

to give a unique number to each LSI. While a numbering

method may use a laser fuse, a flash (FLASH) memory or

15 the like, a special process or program step and the

like are required.

In this embodiment, an identification number
generated by the identification number generator
circuit of this application in a wafer state is read by

20 a tester for registration in relation to a variety of
data and the like in a workstation. After each LSI is
finished into a product and mounted in an electronic
device such as a personal computer PC and the like, the
identification number is read from the LSI. The

25 identification number read a this time is not ensured
to completely match because even the same LSI differs

in an operating environment and condition from the

registration time. However, it can be estimated to be



5) The register informati on necessary to the LSI body is programred into
i cated program 20 chi p. Further, manufacturing managenment

i nformation, custoner information, cipher, function information and the

| i ke are progranmed, if necessary. The dedi cated program chip can store
therein information on a plurality of LSI bodies. For exanple, assum ng
that 25 the dedicated program chip hassa capacity of storing information on
100 LSI bodies, a laser cutter receives identification nunbers and register
i nformati on dfhelaneSlobadhest foronthdeddpsee cofipdi ecrepadcpr dgrans t he 76
sanme regi ster information of the 100 LSI bodies into all of 100 dedi cated
progr am chi ps dsaged igrattihe rmegddared i nfornmation. Here, an estimation is
made for a fuse 5 cutting time for the dedicated program chip. Assum ng for
exanpl e that the nunberlPesfchintsidmrwpbkbdranmidey pera [Sptepdynasipno00 bits,
and one dedi cated programchip can store (register) information for 100 LSI
bodi es, one dddiEtEd FrUyrtdi cHig ekl FPOLYD0S (100X 100}11D fuses. Since
the recent. | aser. cutter has_the abil]j of , 5,000 pul ses or nore per second,

100, 000 f seSPEAT BeE1AR- i M botHeDo sheant? FuBber i bRkSdedi cat ed

hi p. 2,000 nds, (33 m nut ken f 100.chjps. Al'so, th
fedi cat ed pf GEFRRAIGIT HEEIT o Do oto of ditar boAT| PhotBbs for the
fuses, assumng that Qe duse, NAs a.oizp ofc Lo sapay e Bl ggns, and
approxi matel y three square mllineters, |nc?udfng periphéralr circuits and

pads. (6) A Hrn%ertteerstciirscﬁq{Ed.UCt%dc{Péu{@n@ v 95 26, L ASElio§ Ui nJELEEL! Ve

chips. In sone cases, a step nay be added before the nmain process for

deposi ting a ArRLAGd W& fid MHOrs PF Y SChd "B &lthént Al s esbudaba Rattern is
received fromthe host conputer. Here, since |laser cut defective chips can

be produged, oR¥ eind% .t ha Ak L s, startdl Hee pr popasEErE1E NotHerkor egoi ng
step (5). This nunber is adjusted by results of yield rate. Here, if the

dedi cat ed praghamrohibes arfe geassutdaionde 45 =bbdi e3x28L+pl uSoLt Sthbodi es
are recovered
logical threshold values of the four CMOS inverter
circuits. Assuming now that there are two units, 1if
the logical threshold values completely randomly vary,
15 the two units of CMOS inverter circuits has the same
order with a probability of approximately 4.2 % (=1-
23/24).
Otherwise, when one unit is comprised of
eight CMOS inverter circuits, there are 8!=40, 320

20 possible orders. When there are 50 such units, one set

or more of those having the same order exist with a

oe

probability of approximately 3 (=1-(40320x40319x ...
x 40271)/4032050) .
In a unit comprised of 16 CMOS inverter
25 <circuits, possible combinations amount to 16!=2.09E13.
As such, the permutations of 16 is an extraordinary

number, meaning that when the logical threshold wvalues

of the CMOS inverter circuits randomly vary, there



77 and m xed into another group. Conversely, surplus dedicated program
i[x‘.if any, are discarded. Though a danage is caused in any case, this
I's nore econom cal than di scarding expensive LSI bodies. 5 (7) The
dedi cated program chi ps are diced. Fromdiced chips, 100 chips and a
mar gi n, whi ch have been programmed with the sane information in the step
(6), are picked up and collected into smgroup (lot) which corresponds to
the LSI bodies. 10 (8) A dedicated programchip is nmounted in a nmulti-chip
nmodul e packaberdlp tRistetéose whecyr emps inothes pendec nimrndmneaiteps (4) and
(6) must be conbi ned. However, since the individual LSI bodies need not be
correspondedhoheatdvenehes thergedircatled O d§lamnciisps,it15 o significant
change in steps is needed as conpared with the conventional assenbling
steps. Wil eePhinptsderrbadi ABARL SeEoMpl BRE ceRdapSiltat ildh e &@is ng i s not
performed in consideration of a subsequent separation step (10) in this
assenbl i ng sPEPST BKé&SHr WdERt 220 PREEALILGN P A%t LeéSdssard I8F 18T ed to

this method. (9) Conpleted nufti-chip nodules gre finally tested for
screeningg Tﬁétd@ngBEBdeﬁFéﬂﬁéﬁlgﬁFﬁuESn?aFﬁ§1€Fe@%;ﬁﬁ%ﬁtV%%dV%ry

i nf ti f 100, chi,ps. \When.the LS d hoard i tivated, dat
i ormat Lo Lke00,ehipe, e, Lhecl Slabady an A Roans | 3 sctiyated. data
Sp C|f|caIIyWo£g§ i gg&éf%ga%hgnaggrgg%eg% %%6to%b°@dHQ% %%knpody to the

dedi cat ed progranf chip, a programchip Conpares the sent

78 identificg&hgﬂégugpggkwh h !q%nggfkgggkgglgg 'S5t Qqed therein to

identify the LS dy nount €éd in the nodu sends necessary register

information sychuagti8ravVenYti BhprBRi ARt tize chBls hedertBie LSl body 5
perfornms internal initial settings based on the register information sent

thereto.1@ubseguentkyara tefakirta8stini sneondi¢edorlhose ldtiicly pass the final

test are conveyed to the next encapsul ation step, while those which fai

the final testaatécadnydgedifacatibnsepabatri.onTaker foard siheul t aneously,

fault information is sent to the host conputer to anal yze whet her or not

t he def ecti vEobhewingndbecrépydébedwill0peMydadeesnwai cinifavenpasised t he

final test are encapsul ated or capped for shipnent. 15 (11) The dedi cated

program chi psfaté F¥RBVEBVEEERFFecPélabl @SpradeeedPdict-hin the fail ed

products. (12) The rec clablg Eroducts are recovered and collected in a new
e

quantity unit. (13) ThBDPBcoGerBHSr dBYEFABI e Cprodddsts 1& 150 Wydi n

SUbJeCte95t0a£Qei%B ggghggdtggtinl%i%hl%,e¥%ﬂ%d—robin comparison

results amount to 256 including self-matches. 1In the
following, one comparison result output is referred to
as "one bit."
Fig. 26 is the most simple example in which
20 the logical threshold values of 16 CMOS inverter
circuits are arranged in sequence as VLTQLI>VLTQ2> ...
>VLTQl6.
Fig. 27 is an example in which the logical
threshold values of CMOS inverter circuits are at
25 random. "1" indicates that the second CMOS inverter
circuit has a logical threshold value higher than that
of the first one, "0" indicates that the second CMOS

inverter circuit has a logical threshold value lower



the identification nunber is read fromthe LSI body to retrieve past probe
’st formation, screening test information, final screening test

I nformation corresponding thereto fromthe host conmputer. Al so, 25 though
not shown, dedicated program chips are created for the new recycl abl e
products, in a manner simlar to non-recycled products, to advance simlar
steps. As the dedicated programchip, % can be replaced wth one 79
based on an electrically progranmmable elenment. In this event, the nunber of
steps can bethedutedt Bifg.th&7 fiildsustorat,esaral Sttenatd icatieagransel £-

manuf acturing steps (1) to (15) in one enbodi nrent when 5 a sem conduct or

i nt egrat ed cmetoht odevinde frimuirteed Wit keatrhéod derwtn fliircdtieortwunber gener at or
circuit according to this application is assenbled into a circuit nounting
board. (1) ThsanbSlebeodpiics pegdteadshyeta Piloleed the esitreruitn i dentification
nunber in the LSI is transferred to a host conputer together wth defective
menory cel |l EEESPEPYNHANGr vt iFGWS -aR b @&t Fal Powsre SuppInhetigluit tri mming

setting, a del a'yb circuit setting and the like in _the DRAM and SRAM The
host 15 cenpBeEFeEnEr 88PERELINGT A& ort NSe O dirdr e ttd 4i8she IhtEHIRS i n

conjunction with_other manufacturing managenent informatign. (2) An LS
body wafer i9fdFREdCMPS) 1PNETLESE 53 s adeni e o 4 a%kage. (4)

Th 4) | Ei 36...(5 h 5) .. Fig., 36. (6
The same a6 SHeB L8 N 01,98 TIE Sa 45 SpLSLdn Hado (0

I -6 1d h Sl__bodj i il h
group (1o1), g5etotcestonding b the b boligsd b A gt i ar 10 the

and a dedica 0 hi prp 8 id G ﬂqé nt i ng board.
In this even%?ﬂaggu%éﬁgg?r'esggr?dglaﬁ%t%@Lefro;bq%f;)%gﬁ&q{(eg%laﬁtunst e conbi ned.

However, 18i negtibg haflb¥rddalrokalkthed e% ReQd nRit ke, Ccarresponiead
one-to-one to the dedicated 5 program chips, no significant change in steps
i s not neededmasneofpared wiitls.t he conventi onal assenbling steps.
The bit pattern is nothing but a so-called
match result table itself. On the other hand, the
concept which underlies this application is the order

15 of magnitude of logical threshold values of a plurality
of CMOS inverter circuits. It is contemplated that the
data amount of information to be handled can be reduced
if information on the order of magnitude alone can be
retrieved from the match result table.

20 Figs. 26 and 27 show on the lower side and
right side total numbers of "1" or "O" in the vertical
direction and horizontal direction except for the self-~
match fields. For example, looking at totals of "1" on
the lower sides of Figs. 26 and 27, the order of the

25 magnitude of number corresponds to the order of the
magnitude of the logical threshold value. Compared to

a league match of sports such as foot ball or baseball,

this is the same as a stronger team having a larger



9) The chips on the conpleted board are tested. Wien the LSI body on the

ar s activated, 10 data is exchanged between the LSI body and dedi cated
programchip. If any fault is confirnmed in the LSI body or dedicated
program chip in course of the nounting on the board, the board is sent to a
separation step, and sinultaneously, fault information 15 is sent to the
host conputer to analyze whether it isetecyclable. (10) Boards which pass
the test are shipped. (11) The dedi cated programchip are renoved from
recycl abl e boambdsrwotfhiwinkai | geladdmds wi2th (th@) CMGS riecyecttadrt e boards are
recovered and collected into a new quantity unit. (13) Dedicated program
chi ps are createditer thear adghered agesyrdl dfine shodrdts7a e ad rent regi ster
information includes a nounting test result in addition 25 to the previous
regi ster infépraeronumpes) ofhél-écovered boards are again returned to the
nmounting step, where the LSl body is nounted on a mounting board together
with the dedicated pro§i8ff t8E ORI &ft adndt it &g D2 arithRMSequent | y
go through simlar steps.

be under sPoofft _Hét" ﬂ%egg%%éi?%‘%t r%)l g:rﬁ‘(?;[/vr%aﬁlté‘re'gi %3?535%%“&%%0‘%%79?1[]%;%
Y vary depepd ngron-predicts Lo e, e Prese dmeniian e gppl fed,
0 20ram o PR BEENEL0 BLBURLH) 0, Ml B NGRS Aot 10 of &
circuits. Of course, no change is basically caused
even if the total number of "0" is used or a total
10 number of "1" or "0" in the horizontal direction is
used. With the use of this method, the data amount of
information bit can be reduced. Since each CMOS
inverter circuit can have an order which can be
represented by a number from 0 to 15, four bits of
15 information amount are required in binary notation.
Since there are 16 CMOS inverters, a total of 64 bits
(=4x16) are required. As compared with the foregoing
comparison result (match result) table, the data amount
can be reduced by a factor of four from 256 bits to 64
20 bits.
While one unit is herein comprised of 16 CMOS
inverter circuits, this effect is increased as the
number of CMOS inverter circuits is larger. For
example, with one unit comprised of 32 CMOS inverter
25 circuits, the comparison result table requires 1024
bits, whereas when the order is used, the number of

bits is reduced to 160 bits (5x32) by a factor of 6.5.

Stated another way, although the comparison results are



unted with the identification nunber generator circuit according to this
Ii.tion. (1) The LSI body is tested by a probe tester. An
identification nunber in the LSI is 15 transferred to a host conputer
together with defective nmenory cell recovery information, an internal power
supply circuit trimmng setting, a delay circuit setting and the like in
t he DRAM and SRAM The host conputer stares the information sent thereto in
a 20 database in conjunction with other manufacturing nmanagenent
i nformation. i@readedl ody feaftarr it dioed, (aht24 20vker abheschapsbar e
pi cked up. (3) The LSI body is prelimnary assenbled 25 into a baby board.
(4) After the&ssbisedhdar @ sinasasl Bora defeles vef adskenbEy6and4t he |i ke,
aging is perforned. In this event, the identification nunber is read from
82 the chip & théRaiF dseamkseshd ol icmat al b? r ks podvangagecsach chip
is retrieved . fromthe host conputer and stored in the chip on the board.
(5) ScreeningH FEHIGn YN TRNA9ES pHdyess #BABRED from

£hedr 1
br ogr am ddv, €& 878 cIPEuR GRS G DOtE SRR HRoUSTS 0t iH TR LSl
be reduced.

Figs. 28 and 29 each illustrate a schematic
diagram of one embodiment of a matching algorithm in
the identification system for the semiconductor

10 integrated circuit device according to the present
invention. While description is herein made on a
method using comparison result information of the
logical threshold values of CMOS inverter circuits, a
method using the order of magnitude of logical

15 threshold values is identical in general flow.

Fig. 28 illustrates a registration method.

(1) 256-bit comparison result information
for the logical threshold values of the CMOS inverter
circuits is read from the identification number

20 generator circuit.

{2) The comparison result information is
registered in an identification number management
ledger and assigned a management number for relating to
a database which stores information such as measurement

25 data and the like.

(3) The number of registrations is

incremented by one. While it is herein assumed that a

newly registered identification number is not the same



10 body. (9) The identification nunber is retrieved fromthe LSl body. (10)

ho conputer in a nmaker is accessed through a communication line to
recei ve data 15 corresponding to the nounted LSl body. The data is
transferred to the programdevice for storing the data therein. Rather than
usi ng the comunication line, electronic nedia such as CD-ROM for exanple,
may be used for distribution. 20 (11) # nal boards are screened by a
tester. In the nethod of manufacturing a sem conductor integrated circuit
device in eagh bhothepfervegusny ergdditeerds at( Bl 1Sitioest,he tcdri nat i ons of
the LSI bodies 25 and dedi cated program chips are equal to the nunber of
LSI bodi es reffsceivd tn eHd depiroaedurpr dgramonifiipsiingne- tiecaranagenent
is not required, the productivity is inproved, and m nor nodifications are
only needed thon g8 esUsstAgepr e86c Bnen IEASITRItLNGS so®) alasar unpan f uses can
be used for the dedicated programchip. The nmetal fuse is advantageous over
ot her el ect ri@%l F§9ppbgRrhARRbI e el ements in that 5 it involves few

nodi fications to a standard g ocess, facilitates nodifjcations to a
desi gn i n°accordance wft#- tﬂé Eé PEEE&EPoAs "B THEILEP TGSy, i %loes not

depend on t he GENEr L1 9N, 0LRLOSERY YPUNNLGALLOR LR Stgndar d

identification number due to a difference in environ-
ment and conditions between a registration instance and
a matching instance.

10 (1) 256-bit comparison result information
for the logical threshold values of the CMOS inverter
circuits is read from the identification number
generator circuit.

(2) Registered identification numbers are

15 sequentially retrieved from the management ledger.

(3) The registered identification numbers
are compared with an identified number. A comparison
method will be later described.

(4) The one having the smallest difference

20 Dbetween a registered identification number and the
identified number is selected as a matching candidate.
By repeating (2) to (4), the one finally having the
smallest difference of all the registered identifica-
tion numbers is selected as the most probable identical

25 candidate.

Fig. 30 illustrates an explanatory diagram
for an exemplary comparison method in Fig. 29. The

identified number is shown by extracting 24 bits or a



10 formation of final wiring |layers and a passivation step. (3) Since the
.gi ‘rs in the LSI body can be inplenented by latch circuits, it has a
smal ler area to reduce the chip size of the LSl body. 15 (4) Wen a chip
identification nunber generator circuit is mounted in the LSI body, it is
not necessary to add a programmabl e el ement process to the chip body. (5)
The dedi cated program chip can be 20 repl aced (repaired). Wien the LSI body
nmust be nodified or experiences a problemafter it has been nmounted on a
nodul e or a boatdont bifs than 2156 -tdme ccomgar iporr e aci ngutrudedf cahed
programchip with a chip which has nodified contents of the program 25 (6)
The exchangelofyiicaflotimgeistie ldevedred atf tte KIS commnterr cahrdbeiteal i zed
using a network to use a renote manufacturing factory, thereby permtting
econoni cal plegusiiféasagéonvinumesrs 184 oFiyy.af) s it stri eht~i n whi ch
variations in |ogical threshold values of, CMOS inverters is applied to a
random nunbefFa§éRer RLBPSLAN afPridest POT e fitt USim &9 PIGLomd will be
used in 5 _description %s a nore specific embodinment. This LSI is_for
t

control |iRg SiE&FrRBbot IOFoyoRdtS Qr iRt 1IN SR Tias] SWPshe rfar ket
articularly _robots rai sed_as pets, have unifqrm characters, ypon shi pnment
1I‘Or omI t ﬁe faXFBEf_”gs _nupﬁ:%vglf, upgﬁagcﬁgkibﬁ\ést ﬁesl rsg‘n?d”fns % ?Lh earrjt‘%&loe%%lt 5al
living creatures and aﬂis”%le’%’crti@% c%% r vii q’lquV%H[ Il“l' nheyent. or genetic
characteristics such as sex, i.¢€e., mqglye orn%fcerreﬂ e, t errper%', ’heSlc%%%ci ty

‘;?; nggg?;i ‘Bge by nWay, 4Ot 1 @X ARG ?%ttt*é?c%sp.‘gfch:?%eri é’%‘f&ﬁ"?{‘aéﬂﬂlmbms
ged to concelve a great affection for themas l1vi ng
creatures. FhmpdQ gbheshiakesithe sl Sil@iLidEWdspective
10 wunits, it can be determined whether or not an
identification number is outputted from the same unit
from the proportion of the number of matching bits
which make up the pattern. While the identification
number here is a mere example for description, the
15 identification number 5 has the number of unmatch bits
equal to one, and the remainders have the number of
unmatch bits in a range of 5 to 17, making it apparent
that the identification number 5 has a markedly high
matching ratio. Therefore, the identification number 5
20 can be selected as the most probable candidate.

Figs. 31 and 32 show explanatory diagrams of
an exemplary identification number comparison method
using the order of logical threshold values of CMOS
inverter circuits. Fig. 31 is shown in a tabular form,

25 while Fig. 32 is shown in a graphic representation. It
is assumed herein, for simplifying the description,
that the order of elements of identified numbers, i.e.,

the arrangement of the logical threshold values of the



for providing a dedicated LSI with inherent characteristics when LSIs are
nu,tured W t hout programs. This outputs a 4-bit random nunber in binary
0 notation, and an output value of each bit is randomy generated from one
LSI to another. For exanple, DO determ nes whether the robot is nale or
femal e. D1 determ nes tenpers, and D2 and D3 determ ne the dependency on
the owner in four stages. Wiile two 2%4ypes of circuit schemes are shown
for DO and D1, D2 and D3, they are basically identical in that a difference
in |ogical t¢M@Shohdevatuechetween taotGhD5amaverters aiss edetneadt ed. 85 A
robot can be provided with such inherent personality in other nethods. For
exanpl e, thisungepossi Bhe bgenhahgragipar apmbersli asasuoht thlatprtdgr am from
one robot to another. However, the owners cannot 5 deny a feeling that the
robots are ptbyrantredupherandfacduPi AhanaRepPdace. ¥ithcpaghe@thgrhumans. The
met hod shown in this enbodi nent can inprove the value of a product because
i ndi vi dual pERrdoRaEi FoeARABEScarerBRLEDERIby LReCRERBELRRS We k¥ act ur ed
sonet hing li ke so-called_"Providence of

it, th 0 Ki th f |
Cou. B 4| Toett of e aohunRerar 8 BPLA ARt eRben Lo EnErAE SuBye o o
hi identifi ti t i it f .of reduci
fraudul ont 15 SEPTORE GhdC8TharFattSof ot FBAbI caPPn GRREE6LEAGHCR part
t i . i d C i d f
Dot or oo JTRLkEL SuRh - COTPARLER. oPATLEORILELET LPLERALPREC LM A | uit

as describegrﬁggﬁetoT@g,fgﬁ&ogysogvgpaggkgagﬁglkgcgglghipsﬁgggtggjcation

nunber s of i pped products. Since’the ip rdentification nunbers are

random they.gs&c€04 " ¢sPeRAgE £0rLBk1 MBRAGREERE sBHABBES owhicgh sar e
conveni ent for managenment. The chip identification nunber is further

related 1@ ao2fevarsesy oh PRBAGENEBAH HDBOpABLERagE)r tE¥aARBkeL idi-
production |line nanme, a manufactured date, and the |like. For a direct

delivery to @atist onenbdra$ having6tlé)totaFi gf 4he dhbormmekisomfsuch as a
nunber of a unit (box or the |ike) which pack products, a custoner nunber,
| edger dat a,tlmmdotrdier| ¢®eal staddedndoannaugenent eanédr fat Ped2ibn candat abase.
The custonmer A 5 who has recei ved products, reads chip identification
nunbers fromR@l $21%| 5o opeshhphed Lsk8luuEPngeahhacéaptancént e§herNext, the

custoner A accesses the 9ftabase ?f t he maker .t hrough_ a network, for
exanpl e, the"?Fter nEeT of L AEINFKEIUFhBAELCRBNER AJRBFFEé&FasiPRe

15 numbers due to a difference in environment and
conditions between the registration instance and
matching instance, this system selects the one having
the smallest total of discrepancies of identified
numbers to registered identification numbers as a

20 matching candidate.

In the identification number 3 in Figs. 31
and 32, the order of the element number 1 deviates by
five steps. The element numbers 2 to 6 deviate by one
step, and the others deviate by zero step. A total and

25 average of the distances of order are 10 and 0.625,
respectively. As long as these values are concerned,
they are sufficiently lower than expected values, so

that it is highly likely to be a matching candidate.



10 chip identification nunbers of LSIs included in the received unit from
e abase for conparison with the identification nunbers read fromthe
received LSIs. If the retrieved identification nunbers nmatch the read
identification nunbers, it can be confirned that the 15 delivery of the
products is correct. Waile this approach can be applied to general - purpose
products and custoner-based custom proghicts, it is particularly effective
with the custom products. Assume in Fig. 41 that a broker (dealer) 20
i ntervenes. Hbeesbrpnentefiemibheoffather pridert by famve asedse iabdtes
Generally, a primary broker who has received a package does not open the
package, buterefenrensesbehelunbt degnmpdr tboba semeae lof entveurdicared and
sinultaneouslz, registers_information on the next 25 delivery destination
and the |ikePhFuenpeen.a $écbRBALYVaNE @nehivhdchr dadigadles fracirdsy a
simlar manner. A final custoner reads identification nunbers of LSIs from
the recei veddLSF3NTR adHaNALRNS| &P 8F €619hgivt He rEsreddiang th® for
reference_to, the database in tge ker. The fallow ng effects are expected
by buil di ng tH&"Fbf 2GBFRG sPER ﬁanl)1N|%§u6f§FC&éW@v§Pe@C5¥Gﬁucts can be 5

Fepl acement At OECR BROGAEY SO TAREC RECFFKEL (o] ReSH 63657, Gar e
products or used.10-pIOdUELS BYEELYEN, £aD BE PLovented o 4),4 di stribution
oute can be confrrned. Fig. iIrrrustrates a diagrammatic plan view of

another enbodkaepk ! 18eeqL5onductgech i e0kabediel Leuih ewliae Accor di ng

to the present nvention. 15 I's a diagranmatic plan view of the

sem conduct of si pbeghat ednhei beHkl deviaachkr em whiceh ca chRR tPAld ity fr a resin
encapsul ator is renoved, which is applied to a sem conductor device

referredipo assam dPa(Moktensbi phpaskagarekype. thtallhe tM2datpe 20

sem conduct or device of this enbodi nent, two sem conductor chips are
stacked and asseahtes igtbcaosi hgke.packagealAnmigetchamdid fgem conduct or
integrated circuit device 10 is used as a base chip which serves as the LS
body in Fi gsdeg8ndBdgaod the thkeacThenstans25fovéel yidegtsdricadnduct or chip
20 is used as the dedicated programchip. A QFP type seni conductor device
30A in this RAWHREFnBRRCHASOrWE1EEHILEORBACROFYStem to which the

present invention is applied.

15 Figs. 31 and 32 illustrate when the number of
elements for the identification number, i.e., the
number of CMOS inverter circuits is 16. There can be
some cases where the number of elements for the
identification number is increased for such a reason as

20 satisfying a higher capabilities of identification.

For this purpose, a method of expanding the configura-
tion as illustrated in Fig. 20, for example, is one of
the most simple methods. An increase in the number of
elements in the configuration of Fig. 20 can be

25 achieved by setting CMOS inverters and switch MOSFETs
corresponding to the number, setting the number of
counter bits corresponding to the number, and setting

the decoder. Another alternative method for increasing



chi ps (LSI body 10, dedicated program chip) stacked one 88 on the other,
d two sem conductor chips are encapsul ated by a single resin
encapsul ator 17. The LSI body 10 and dedi cated programchip 20 are forned
in different plane sizes (outer dinmensions), 5 and their respective pl ane
shapes are forned in a square shape. In this enbodi nent, the plane shape of
the LSI body 10 is formed, for exanplegein a rectangle of 4.05 [mm] x 4.15
[mM], while the plane shape of the dedicated programchip 20 is formed, for
exanpl e, i n ah&Onnebeangfeedbménts9 raynijinwvolva3 dimPgosinkheaa LSI body 10 and
dedi cated program chip 20 each conprise a sem conductor substrate made, for
exanpl e, of silnghéityysfalidshktidaratd omiinuimbeay @rensimatny |@yeruiiayi ng
insulating layers and wiring |ayers 15 stacked in a plurality of stages on
a circuit foradnlgnceupfasedef foke exampdendadt dio SMBSH riatvertaus alwur f ace
protection film (final protection film formed to cover the nufti-Ilayer
wiring |ayertheuraBe geRiFenpHcLermititesrafetacd rcod eV 20 surface) 10R
and a back surface (the _other pmain surface) of the LSI body 10 opposing

each othef, a pluralit§EberpaRdINGrFIILTPT &P€ PEETEFGTSShe circuit
f ti f 10A. . The. | it f. b i d f d th
ol on bubaes don e Buca iy ol bond g pads s areoed o e

The t opnost ring. layer is_caovered wth the rface protection filmformed
t her eon, andSFR%egE?sacg %rgfggﬁioﬁs$1ﬁ%\ﬁswﬁ§%§é5 WTH Bordig 'bpshi ngs

for exposin r o] b i 11. acircuit
forna??onlng%g§e§¥oégﬁﬁgrﬁ§§8r%S%g%’Zgﬁgg%%eg%g§§k¥§h?#%§%ﬂithelotﬁ;r mai n

surface) of the)dedi cabedypregrag), chiohi20 18RROYNNZHLRGR <3119t Nelol e
plurality of bonding pads 21 are forméd on the circuit formation surface

20A. The1pl ural htyvelyboadyagspaded2heabe iker, MegOR Hehq itkepMasts oM ring
| ayer in the multi-layer wring | ayer of the dedicated programchip 20. The

topnost wiriaglleyeretisndaveyedeh@dwallh tebandyukataspeteacti on fil m forned
t hereon, and the surface protection filmis fornmed wth bondi ng openi ngs
for exposi nginheogucédcéonf sthetbondiing padse2hentry lberidisngopads 11 of the
LSI body 10 and 15 the bondi ng gads 21 of the dedicated programchip have a
pl ane shape f#of@ediva mewqudr 6cdils6FhLgh] axeesettertedhy mdyrcofotapl e. A
plurality of bondin _Eads 11 of .the LSI body 110 are arranged al ong four
si des of thetf§$'boﬁ§ h the miniaturization, higher speed and
15 higher performance in the recent semiconductor
processing technologies, a number of defective products
are detected in a final screening step. Moreover,
since semiconductor integrated circuit devices LSIs are
more and more increased in scale, such defective
20 devices detected after the manufacturing process are
problematic because they causes a higher cost.
Thus, there is an increasing need for again
recovering defects detected in products after assembly.
For example, giving a memory as an example, chips
25 damaged by the burn-in step and the like are collected,
and deteriorated bits included in defective chips are

again recovered with remaining spare memory cells.

Specifically considering the second recovery



20 10 (two | onger sides (10A1, 10A2) opposite to each other, and two

.or sides (10A3, 10A4) opposite to each other). A plurality of bonding
pads Z1 of the dedicated programchip 20 are arranged al ong four sides of

t he EEPROM chip 20 (two shorter sides (20Al1, 20A2) 25 opposite to each
other, and two | onger sides (20A3, 20A4) opposite to each other). The

dedi cated programchip 20 is disposedgn the circuit formation surface | 0OA
of the LSI body 10 90 such that the back surface or the other main
surface of ttechlletiqcat edhprograntehi pepekanestiine aiettwids faoremati on
surface 10A of the LSI body 10, and is securely adhered to the circuit
formati on suwércentdArsdoforhehéSkebotdypry0tekhodgiean a&degiste | ayer 15. In
this enbodi nent, a polyi m de-based adhesive resin film for exanple, is
used for theneihedi vevbayes I5ViThealSLngsgpnienits nyabegrelty gdidred to a
di e pad through an adhesive_|ayer with its back surface 10 facing the die
pad. The di eh%édt@smalh@@ara%édrw:@ﬁewuﬁnﬁaﬁ@aﬁgorleaasaapr§@@httewatt t hese
die pad 5 and four hangi ng | eads 6 rmake up a supporter. The resin

encapsul at orSUSP na_r s pFANRCBREBeCR 6P med PR 58qG&FEPY KeCRIVE Teimhbodi nent ,
the resin 15 encapsul ator 17, has 2 glgng zhage formed in a square of 10
[l x 10 [nMS DY Rey BPeExaipfEtrHheefesrANeAcBFERFAt 61P7 is forned, for

examl e, of A-SPOXYbRsd-Lesi D, addpd WL d:Pheaol hacdengt, il cone

rubber, filler and- Grposes of stresses.” The

formation of;{ hr?e{:?féﬁ?gnfgdr?ﬁué%Qﬁa%%mjaﬁ.ti %h@ﬁ%@%edag%ﬁer%n%l% fer mold

nmet hod which 1s suita mass production. The tran met hod

enpl oys a ol LMy Che COPELE€848n POk e8 HHBBAM ondtrhBhl ¢Wr92ke a cavity and
the like, and injects a resin 25 into the cavity fromthe pot through the

runner ang isddony gad€overyf or N Becbhe EerseneenaapIVkat ekt rAeund the LSI
body 10, a plurality of leads 2 are arranged al ong each side of the resin

91 encapsul atls fAirsEacbcotetpeipforabtiynofrbeademd rifashdpsi raeh | ead
section (inner |ead) and an outer |ead section (outer lead) integrally
fornmed with tiree i therséeaddseetdvaryThe tcaneieHeadtseclhas efnpdacts | ead 2
is 5 positioned inside the resin encapsulator 17, while the outer |ead
section is posieshmbaueurefaerefetpedpnacheapsdilatdonddressnrettler wor ds,
the plurality of leads 2 extend internal to and external to the resin
encapsulatorcﬁﬁi'The outer |lead section of each lead 2 10 is bent, for

Shapes. 1A thi S embock FERt oL RS LeP  bBOy™ L0 BanAFPs 66 4 SFoRE i cat i on
nunber generahor, clg oL @e0ELahgd bhoLhg, " BLakh9R.AL Mgy tyde in | ogi cal
t hreshol d valUes
first scheme, an independent number must be given to
each memory chip. This can be implemented by
programming an identification number upon a recovery
20 performed after a probe test. In addition, in both the
first and second schemes, it is necessary to contain an
electrically programmable element upon second recovery.
While the electrically programmable element may be
provided at present by fusing polysilicon with a
25 current, breaking an insulating film with a high
electric field, using a FLASH memory, and the like, all

of them can produce side effects such as an increased

number of steps, the reliability of the programming



15 of CMOS inverter circuits, as nentioned above. Wen such CMOS inverter
rm.s are used, a control signal nust be inputted for supplying the LSI
body wth an operating voltage to operate the identification nunber
generator circuit. For this purpose, a special power 20 supply unit, though
sinple in configuration, and a signal read unit are required. Wen
sem conductor integrated circuit device&s are on a comuni cation path, it is
often the case that soneone wants to know their identification nunbers, but
25 presumabl glenhetopenat hongewsktage raphesth lbeisuppltissd antigrheert ai n
environments. The inventive concept of this application lies in determ ning
the rel ati onlékemmgni tude in a physical anount corresponding to process
variations in a plurality of the sane formin course of a circuit device
manuf act uring for inte@@gbeﬁh@iﬁ@ﬁﬁSOG@@i@Cgemﬁ&HiQﬂQiWQnmﬁRPQ%n$ressing
uniformlead width d. 92 identification elenents in sem conductor
i nt egr at ed pRBEeBECSTABNABH CORAGEthaS éin§ﬁaMQ§W'0fqnﬁuﬁ9Wﬁn39ﬁ§I|ke to
have a Ho

k f | d
caused byg\ﬁr8§e51§1§a??8??Sﬁgloﬁ*hﬂré“’etsﬁélglag&% A D e et e of
the 10 pl [0t d t d
terms of o hashe SOER, ??fafr-r?%ﬁg?ﬁ SherzelR e ﬁfe‘%ﬂ?ﬁefa\ar{;' A
mking use of the pregess ¥atiabigng, %%alt%re@etfh% Wi the Legi cal

t hreshol d val ués ™ of nverter crrcuits 15" Cont I guration,

the lead w déz?éc%s REUEBh LT ¥of Eﬁcggﬁi%mﬂuﬁgmé%%”%ete 13 JIFArd ng device,

and their ation o magni tude i termned to ne an
identificatigaanupbes YPbguEm9ng S8FLCONEGYEHOkHiRt egrialed Gidylit device
in a manner simlar to the 20 foregoing. Specifically, 16 | eads have been
previousiy determ ned bréorelsbiwpAgnbrobisali.conductor integrated circuit
devi ces as nentioned above, the lead width, a pitch between the | eads or
the like is nmeasured fone2brhbldimngst hewp@sSilt borddles rfrer mati on and t he

rel ati on of magnitude in the formof a database. For neasuring the | ead

wi dt h pitch, coheeapasdednent the pedfiersbbypradeaamiagpattiren of the | ead 2

pr ot rudi ng fron1a package 17. 93 Since this neasurenent can be nmade in a
short tine b909ﬁ169¥|%ameﬁé9ﬁc@f fRévdagethilgaPirer lem i deling @ati on
nunbers upon shi will not take a long tine. This can be utilized for

seni conduct oFUET n?%b?a?@ﬂu&?r€ﬁlﬁndéﬁﬁ@8 Swhi dR &8 Ao SR EHEd with ovos
t d duct t t d d of CMOS

ci rout t 925 roaa B DEER TR BonBPRar Of La¥e RoCHEPARELEAE PacriThicati on

nunmber s of t?é’m ot h9¥8 ?Bﬁe YagLat 'c?@?y geh‘é{\)rl%‘éc tnﬁ%y% Rl 10 amounts

can be total rnlne re secure term ne |é%ntf?|cat|on
nunber . substrate. However, the combination must be strictly

managed until each chip is assembled into the module.
It is not easy to build an LSI manufacturing line which
20 realizes this. It is therefore contemplated to assign
an identification number to an LSI body, read the
identification number of the LSI body which is mounted
on the module substrate, and program information
corresponding to the LSI body into a dedicated
25 programming chip.
When a technique of cutting with a laser
irradiating device, for example, is used as a

programming method, such a laser irradiation cutting



Fig. 43 illustrates a basic circuit diagram of another enbodi nent of the

en i cation nunber generator circuit according to the present invention.

5 Inthe foregoing enbodi nent, the circuit represented in Fig. 7 is used
to generate the identification nunber fromthe order of |ogical threshold
val ues of variations of a plurality of CMOS inverter circuits. In contrast,
in this enbodi nent, the result of 20 awgrpari son between | ogical threshold
values of two CMOS inverter circuits INVI and INV2 is used as one bit. This
i dea is utildeeical sani outhe énbedbient cbfipFig. ad@afler tshiaxegnibadi ment, the
| ogi cal threshold 25 values of the two CMOS inverter circuits NVl and | Nv2
are conpar edexpethenftes| dwf Ajcmahness inAnulitdhgnaelchMoSBET aQp dakage
short-circuiting is provided between an input term nal and an out put
terminal of ®heaimegdunier TBiscipcheranRwlanThdédghmeot pdr thusd arly
limted, a Pchannel MOSFET QL is provided between the input termnal of the
CMOS i nvert efoefdEnptes NVl anghapsapppyreskedgeovDB. mpelEde MOSPETs QL and
Q@ are supplied with 5 an identification nunber circuit enable signal EN at
their respect?®Rr gRed®. 15neeelRpaR Lty AtAARCHE tr henehfdered feilite di® INVL s

connected to an,input termnal of the inverter circuit |NV2., An output
cTanal of 1 rafettde, tEF MRDRonRent nbs' PEGHi RERT £BG By Chn B fLor ol rcuit

i sed of ded_circuit of siml | GUILS ] NV3
T | sort neR SaRTTERM: £7 1 ahe PhhrRndur Lol piroReh P ed SFESR AR Ut

I NV5, u orrred
t i nal OUT. j i f] j I lL.15 EN i t |
ovel | the q BETRIPROKEEED | LhoRbl OB U Re TR I IR RN 1 And the

CMOS i nvertefn ghihistiohNVE {8eSHBR! h6HyWhkRoReNk ghakiguel cgorresponding to
the supply voltage VDD at the input. Ih this event, the MOSFET 2 is turned

of f, they@utpyser0 sk@patnhot tBEsbAyether dekhedickal NY¥bgirSmbfioughih it | ow

| evel , and subsequently a signal which alternates between the high |evel
and | ow | evelsi sihtandfesred &bheovghchheprbyeninaing sehiehmesatuemce | NV2 to
I N\V5. The characteristics of MOSFETs which nmakes up 25 a CMOS inverter
circuit can cemlesonbbhyovaly depenteng omad-gateolfi &beapplened fticat-he gat e.

I n conpari son of a P-channel MOSFET with an N-channel MOSFET, the Pchannel
MOSFET is nofeohiRenper ooprebentSEebadivang a psogzage ofl Géeus@imens in
characteristics, due in part to the NBTI phenonenon as previously introduced
in the descr@pf1®®-in connection with Fig. 19 and as will be next described

wth refgrence to Fig. 42, S The puLl;UP9Rerat! R MBREL QLo My gfy turns

"to mount an LSI body accompanied by an identification
number and a dedicated program chip having an
electrical programming element on a multi-chip module
and program." However, the third scheme is also

20 established on several constraints, and is not always
the best option in the LSI production activities, for
example, in view of the cost and reliability.

One of the constraints is the use of a multi-

chip module as a premise. However, it is further

25 unrealistic to employ a method of combining two chips
directly on a substrate, for example, without using a
multi-chip module.

A second constraint is the requirement of



on when the identification nunber circuit of Fig. 43 is inactive, has an

ti of preventing a through current of the CMOS inverter circuit at the

Irst stage, and an action of sufficiently suppressing the fluctuations in
10 the characteristics of the P-channel MOSFET by mai ntaining the gate
potential of the P-channel MOSFET in the CMOS inverter circuit at the first
stage at its source potential, i.e., a7high potential conparable to the
power supply potential level. 15 Wien the identification nunber circuit is
activated, i usingwpemcietssgenertdiars carablderdn fa loattminc numdgramt fersagnal EN
is brought to high level. Consequently, the input and output of the CMOS
i nverter cirpupgrENVingr e lsimemt- cisesliitred-hsy devhl MISREP 1Py tampOngenerate a
vol tage corresponding to the | ogical threshold value voltage. The voltage
cor r espondi n§hee -t Be Xl G&Faa®L et hree FIe0I¥E Mallafn dfudgre ONIRSHvVRRR@EYEi I cui t
INV1 is supplied to the input termnal of the CMOS inverter circuit |NV2.
The CMOS i nvEREYr agpfy &t 1259 -NvESSedr 9% WS HE @4 hFeShol d val ue
voltage with the voltage corresponding to the |ogical threshold val ue of

t he CMOS PnvEPEER3di PETCESSRVE. NAfer? t %Hﬁ*b%%aaﬁ GHrSsHol T V2 EdSof t he

96 inverter circuit | . 1s | ower _-than at of. the inverter.circujt | NV2,
JCs output pobBREr arnte 1 SRER AT Hre anAtC (i e LAY L hue of
the inverter . ,c¢ircuit _| ~..The output. signal of the.5 in ter,circuit | NvV2
IS anplifiedA%yat 3l§ﬁg¥é&3é&t%%ééﬁ%ﬁgé(n%cﬁﬁ §“ﬁﬁ@éfq' ,Sl+ﬁa? so t hat

a potential atoq nade Ng s chase (@ NSSs L HOMIASE: o Lhefor egoi ng.

when the | ogica resh val ué of the inve circul 1 is higher

than that of ;hhenlQskRVar telked e mdM2. ridesS, AR POtENtERINnS | Over
than the | ogical threshold value voltage of the inverter circuit INV2. The

out put signabeotatfetonyer tempaitiglid Wi dhe aifldd ifthdie t hes subsequent
inverter circuits INV3, INV3, INV5, so that the 15 potential at the node N5
is close to MBBtibhgd 4boiviel.ustrates a circuit di agram of
A third problem is the programming (marking)
of an identification number into an LSI body. This
programming also requires a laser fuse and an
15 electrical program element. However, if a similar
process 1is added to the LSI body even though the
dedicated program chip is separately provided, the
advantage of a reduced cost of the LSI body is
mitigated. Thus, to solve these problems, the
20 identification number generator circuit which uses
variations in logical threshold values of CMOS inverter
circuits is extremely useful.
Fig. 33 illustrates a schematic diagram of
one embodiment of a semiconductor integrated circuit
25 device to which the present invention 1s applied.
First, a probe test is conducted for the LSI body. In

this event, if faults are detected, for example, in a

memory mounted in the LSI, recovery information is



anot her enbodi ment of the identification nunber generator circuit according

t present invention. Since features lie in the operation, Fig. 44 20

| ustrates two circuits together corresponding to an operation state 1 and
an operation state 2 for describing the operation. Like the enbodi nent
described in connection with Fig. 43, for generating identification
information 25 froma difference between the | ogical threshold val ues of
the two CMOS inverter circuits INV1, INV2, it is inportant to ensure the
reproducti vi tyeatednfout paplsicgngl téeemeffeatheedinfdmarmnoal tits sngbdre
Particul arly, 97 it is necessary to take into consideration fluctuations
in the threshehdryafaélvol Fagenofrmaie JRISradmelu IYOSRET gt ¢sheaidbgi cal
t hreshol d value of the CMOS inverter circuit) caused by the phenonenon
referred to BBeNBYkep dhieRchasepevsmy promerdermas raREadufsibes.
Specifically, the phenonenon referred to as NBTI causes fluctuatjions in the
threshol d voVi@ageasf iphehe- éﬁ&hﬁepdweépmmﬁe@ﬁ@w e I @\ﬁfﬁ-qehverter
circuits,_and_the, logical threshold valu e CMOS inverter ircuit

is also affetfeb’td TBOBALBPhRe & fé‘rsén é’dﬂetlxﬁeéjﬁrctel‘ﬁe aIsod1tcei1S tarﬂ shol d

| f th bl f
ower 1ol i abtPPESPEor 1 dENETPEga: oM in T oY RaFaH Beraear FHeneby. 151 n
t hi nbod h d f th
(' erbool meplceaichuan 3 Lesduackonah e atied Lo g he

to aging cha ?Se§dd§&eﬁbftﬁél L_»xcobta,% Oli%l@étrm%'tg.%‘ﬁ Qf th% Scr. begt%rsbol rcu't

I NV5, which forns part of the 20 a ier circuit as ve,

transferred tQeafi hAPUte8bvaRyl AR¥LYRLES cEMPB kel GidLUiHe | NV6, vvh| ch
forms part of the latch circuit, through a switch SW. An output signal of

the invergerdetiestédl M/@grammw@stmped TG ea N, SIINPIdd yOfa ndn dgMeydtedd circui t
I NV7, 25 and an output signal of the inverter circuit INV7 is fed back to
the i nput ofptberamvehipraeer aaetl LNVGombhiowghon sw tacmuSWA.-oANigo, the
i nput signal of the inverter circuit INV7 is fed back to the input of the
module.
Fig. 34 illustrates a block diagram of one
embodiment of the multi-chip module to which the
15 present invention is applied. Data is serially
communicated between the LSI body and dedicated program
chip through a data exchange control circuit in
synchronism with a clock. 1In other words, an
identification number generated in the identification
20 number generator circuit of the LSI body is transferred
to the dedicated program chip through the data exchange
control circuit.
The dedicated program chip holds a plurality
of registration numbers (identification numbers)
25 corresponding to one unit and their defect recovery
information in one-to-one correspondence as programming

data. The dedicated program chip registers identifica-

tion numbers transferred thereto from the LSI body



98 inverter circuit INV1 through a swtch SWB. The operation state 1 in

g. ' shows the operation of generating identification information,

ereln a swtch SWOis turned on to short-circuit the 5 input and out put
of the CMOS inverter circuit INV1 to generate a voltage corresponding to
the |l ogical threshold value voltage at an output node N1. As the voltage
corresponded to the logical threshold yalue of the CMOS inverter circuit
INVI is inputted to the CMOS 10 inverter circuit INV2 as nentioned above, a
vol t age correspondhngheodbhe dixichanemrcedeindercitmiiltogircad dimr eshol d val ue
voltages is generated at an output node N2 of the CMOS inverter circuit
I N\V2, and isidaptified bymbke ERGS sitevertherouglr euidsidtd3 to | NV5 which
form 15 part of the anplifier circuit. Wen the |ogical threshold val ue of
the inverter circuit |RvRatshiogecitieandtt lepmpsfrashesudtverter circuit | NV2,
the potential at the node N2 is higher than the |ogical threshold val ue
vol t age of 20deNG2fiTHendmppsr vAtd Fegisdenade isendrtfiigatdmn | ogi cal
threshold value of INV2 is anplified by the subsequent inverter circuits
INV3, |NV2, TNUBSISolfhafet RECHSEERLINA Rta HOMIFE MBI 1% clPeeSto VSS. In
this event, the switch 1 of ,the latch circuit is turned on, 25 while the
switch SW i@aFEF‘ﬁQH gPPrassornge ﬁet%plqeftieéf&uﬁa&ﬁéin i“gut]rednsferred
through the switch SW..in ON state, resulti. in.the potentials at the
i nput node I\@W%?thﬁg fAVEFPEF-eP e ait lldﬁ%,ﬁgtcaaﬁo&ut tbenrosdecgue9 ° N7 of
the inverter_cltgui 6, .a t put - f .t v r circuit
I NV7 bei ng eaugﬁ'%?%gf%g,g %BD,eq\‘;gg?%E‘gg%e%ﬁdverﬁ%ﬁglﬁg%op?eercggtél%]negs%e:te 21in

Fig. 44 shows.gi3cigedbacknapghaki Qhd RIS iiRe Gidtelide i turned of f,
while off, and”the foregoing states is turned off, and the switch a voltage

hel d at {be Aederi8ndl@ GMPR kR¥eRlgL rGithaliill 1NVka 2 tigh [8\Ws of3d he | atch
the switch SW2 is turned are held. The switch SWO SWB is turned on to feed

back to the anpuBilof hbeaCaasegtent kundikie tganemibputi sofddtha-tdqwerter
circuit INV1 is equal to the node N8, i.e., the VSS potential. Al so, the
gate i nput ofeyiNvRersdefealint th¥DPprobmaoitiery wartds,ist hegabttentd alata t he
gate of the
read circuit. Then, reverse to the identification
number, the recovery information is transferred from
15 the dedicated program chip to the LSI body through the
data exchange control circuit. This recovery
information is serial-to-parallel converted and held in
the data register for use in the defect recovery.
Since the dedicated program chip has defect
20 recovery information for a plurality of chips
corresponding to cone unit, one type of dedicated
program chip is formed for a plurality of LSI bodies
for one unit, and is commonly combined for use. For
this reason, it is not necessary to manufacture, manage
25 and assemble the LSI bodies and dedicated program chips
in a one~to-one correspondence.

Fig. 35 illustrates a block diagram of one

embodiment of the dedicated program chip. Though not



15 P-channel MOSFET in the inverter circuit INV1 is at VSS. This is a

nd¢ on for accelerating NBTI for the P-channel MOSFET, and if this state
I's hel'd long, the threshold value (not the |ogical threshold val ue voltage
of the MOSFET tends to gradually increase. 20 Though there is not
necessarily a corroboration of increase, this is not at |least a condition
for reducing. Wien the threshold val uegof the P-channel MOSFET in the
inverter circuit INV1 fluctuates to be higher, the |ogical threshold val ue
vol tage of tperebciinyeltenipiited,t thiVicheeanesl latrdatelghipwes from a
relation with the N-channel MOSFET. On the other hand, when viewed for the
P channel MiShkgobadt b€ anverdkericircatibnl Nhberhelegatider Mot erdial is
at VDD, which is a condition in which the acceleration of NBTI is hard to
occur, so thadtthenyogicahithreshalrduial dervaleaage gofo rtdyeramiarg er circuit
INV2 vary in a relatively small range. Specifically, 5 the continued
oper ati on stdaealasdudasat henHogheal ikkresAdled negliggegfed he i nverter
circuit INV1 to fluctuate to be |lower for maintaining that of the inverter
circuit INv2idepsifiragirA BuRbRAt pREl yedisasdedadisl Racered Isdisiath t he
original threshold 10 values. In this way, even with a small_ difference
bet ween t he PHgFeafcthveskoratiardes iseRe Widdr ddFediRtiypror Heser .-
identification bit, which w reproductivity, is increased, allow ng

|
for the raal Poation of B cRaoAEERegE; B Ay kAR ITY &8 T oy o
i hi ghl i t i WA t.he | i | hol | f th
overfor i TEREchRnd o 88, R AR  hn RN £ESE OOLSB, L er Pt a s, (T he
potent i al at, i o ngge, N, b5 Lawept haa she Jagisal neshald va ue of | N2

20 Therefore, 1Tn't operation, the node I's anplified to the

VDD pOteﬂ@ia&omﬁ@réaewggﬂeénhﬁﬂﬁert@?mg%t%aﬁ%QanQ% IV rseual to VSS.
In other words,” the potential at the gate of the P-channel MOSFET in the

inverter cirggitqbPM2tifgabnVediefBikSohs aa2%oca@Rdialticen f Jomeaalerating
NBTI for the P-channel MOSFET, and if this state is held |ong, the

t hreshol d vatuweu(savivéhaikegheal othbhpashekd framuehev eldcage et drhev IMISFET
tends to gradually increase. Though there is 101 not necessarily a
corroborati onebérénceeasea mhnsmium ponudbtlicasdisteomd ihdrehf drs r educi ng.
Wien the threshold value of the P-channel MOSFET in the inverter circuit

I NV2 fl uctuaseguentbelhygheplache,| aghcanssrafchshdl ¢arsligatbol t age of the
inverter circuit | NV2 becones reIativeI¥ |l ower froma relation with the

Nchannel L MoSFEroe onighelbPHEECRaAdO™wWhelk Ov Neld & Sleteraipatdmiel MOSFET in

the Invertercfééggkttégg%he&hSiggt%he alienation detection signal.

Register data is selected by this matching candidate
number and transferred to the data read circuit. The
data read circuit is designed to have an ECC function

20 (error correcting function). This improves the
reliability of data.

Fig. 36 illustrates a schematic diagram of
manufacturing steps (1) to (13) in one embodiment,
referred to as a so-called post-process, of a semicon-

25 ductor integrated circuit device which is mounted with
the identification number generator circuit according
to this application. In this embodiment, it is assumed

that the LSI body is a large scaled system LSI which



10 potential is at VDD, which is a condition in which the accel eration of
Tl hard to occur, so that the |ogical threshold val ue voltage of the
Inverter circuit INV1 vary in a relatively small range. Specifically, the
continued operation state 2 causes the |ogical 15 threshold value of the
inverter circuit INV2 to fluctuate to be lower for maintaining that of the
inverter circuit INV1, resulting in a fglatively expanded difference
bet ween the original threshold values. In this way, even with a small
di fference 2@chgirieen thenixagirealof rRehalrt \stares, atdeciepaodueatini ty of
the identification bit, which has a | ow reproductivity, is increased,
al | owi ng f or pirlogynagaldnzat iien iofp lamdrdesd idy cadseon qunhestgenguagést circuit
which is highly immune to aging changes. 25 In Fig. 44, for preventing the
operati on st dte t2ef fohloeiimg bridieghtl dwntalf amrerfaceousngt atepsthwelli r st
operation state is first started by such a circuit as a power supply reset
circuit or ake deBZriibied aliithatiediermsinasuitto iFighe3®enm conductor integrated
circuit device upon activation of the seni conductor integrated circuit
devi ce, s@ch as each ti(de i tThies Ifdwdrasty orf Tasttieshdaly by Rrebansition to the
second 5 operation state. In this way, an appropriate feedback operation
can be perf of®8¢errr edpeddond 1dH Qe Po IS chartdhd &$5ties of the

inverter circuits INV6,, INV7 thenselves. Fig. 45 . illustrates_a specific
circuit 10 diFdGraheotetnd e sﬁggrﬁonﬁ?utt%gci%vﬁl? c%’ti’rtbng‘?ﬁ%‘éfvﬁener at or

circuit according to the present i.nventiaqn. This enbodi nent_enpl oys CMOS
SW t ches form% S %Mf?%ﬁe§%§ﬂ§%§¥ ,Oﬁﬁﬁﬁ%Qﬁ’\ﬂﬁ(ﬁpEﬁﬁﬁﬁ s%%ﬁgﬁ N- channe

MOSFET and a_P- nnel FET.. t P aral | el 15 CMOS switch
and a P—chanﬁgpg%&ngcygr% EEI]]%?({%Q%%&?%[C%{%{% saﬁp%%a%é%fg%% DD are
provi dediat each iihaPuh 4t @1 Nalkofi f hed M einfidatht W2 1ang. each of

the inverter circuits INV3 to I NVS which formpart of an anplifier circuit.
20 Then, a feedbackrcerbiels $h@Naln fBnat iUsedd: G Fd o the switch SWO for
short-circuiting the input and output of the inverter circuit INVl, in
addition to camtbalski i@ e jsmidtdes WS\Wh tox HaWB minufectwt Ol circuit. In

ot her words, an output signal of an 25 inverter circuit INV10 for form ng
an inverted wensigemecoft tihdofrgediiack signal FB is supplied to one input of
an AND gate circuit Gl, other than for controlling the CMOS switches SW to
SWB as mentioned above.(2The 28t A&T Pborh3 wWafmp iof ddredNAND gate circuit Gl
is supplied with the si%nal EN, so that the swtch SWOis controlled with

an out putSsignal of thd>ANDTg& &5d1 Doty &1 anR et e &t grtafblYred by an
inverter circuit INV9. 5 In.the ci.rcuit, of this enbodi nment,. when the signal
EN 15 at | ow PBISE W % AESUgSTy R SIS (RS S 1 ed i b-S SeRF Eonduct or
i ntegrated ci.rcui i . ] C uctar.. chi [ ch j ed with the
i denti fication %b%bgﬁ%cggb iﬁ?l%ﬁg%a%ﬁgl%bégft¥k§ﬁ?ﬁéf%I£§§H§$£E¥u?%%d on
to supply thegitnpylyikerm nal of each CMOS inverter circuit with a high

| evel such as the supply voltage VDD. In this event, the switch di sposed at

the input termnal of qagh ahe heEMITGidMmardrEmGdLri1s R £ NVS i's
turned off by the signal EN at

20 the LSI body by a screening tester and sent to the host

computer. The host computer recognizes the LSI body
from the identification number, and returns information
necessary to the individual LSI body to the tester.
The necessary information refers to the defective

25 memory cell recovery information, LS1 body identifica-
tion information and the like which are managed by the
host computer in the database. This is referred to as

the "LSI body register information." The screening



15 low |l evel and the inverted signal at high level by the inverter circuit
8 di sconnect the cascade connection between the respective inverter
clrcults, so that the voltage level at the input termnal is brought to
hi gh | evel corresponding to the ON state of the 20 MOSFET QL1 to QL5. This
i s advant ageous for preventing the threshold value voltage (not the | ogical
threshold value of the CMOS inverter cjgcuit) of the P-channel MOSFET,
which fornms part of the CMOS inverter circuit, 25 fromfluctuating due to
the phenonengastetestgdesoras NBT! pwhgn rogilsdant iihireatdaan Jnhera i s
extracted while the sem conductor integrated circuit device or
seni conduct ofe€birdriySaberagspevgictder o¥04 Ascbhersi gnalcEN iis chranged from
|l ow | evel to high level, the swtches for connecting the inverter circuits
INV1 to I NVSL$D sasgadé ateisyrned erample,t befedtjuie egady afelihe gate
circuit Gl transitions to low 5 level, causing the swwtch SWDto turn on
In this way, revowep)i inédrdatienentindl stolrkagéheelibde badye Heagictad r
t hreshol d val ue voltage of the CMOS inverter circuit INV1 and the | ogical
t hr eshol dd valngoymitage oh sherimpéngeradivecsit tENG2 ey igdmser dtreckrf rom t he
output of 10 the inverter circuit INV5. Wen the signal FB is at |ow |evel,
the switch SWEeEN@4r@aeHCHAt 56 fLhatst BB éntpunadi ealerofSuRPd Y nvert er
circuit V5 is taken into the inverter circuits INV6, I NV7 which form part
of the | atchCEFFeutt trammypanSehe1i8Pgnal FB is changed from|low | evel to

high I evel in the fore?oing state, the swtch SWM is turned off, while the
sw tches SW2 and SWB af 8%t afh88" oA HEPRETI SPBAUE e 355 hol d t he

identification information takepn, therein. .Ln. addition, a signal, 20
cor respondi ngF ThaF &t %%sgeanéagﬁetglgﬁewPﬁﬁﬁtCSPHP%ebFn§§?%3¥K%i36uit | NV1

t hr ough #%51?9{\% hé?gﬁﬁtégtseéf%? EBQEEngo%ég%%If Blod e‘%ﬁig?g‘éf‘c%“ circuits

INV1 to y attehpting to ensure or stabill entification

nunmber whi ch; cpnveseeby, utvhbzes MBIk ngstesrdesghisbed akawerd i event,
the signal FB at high | evel causes the output signal of the NAND gate Gl to

return to highrdexgtiohUsni BBc8ET whhenswirkchdaO1i whiagh yhae teharda Gy cui ted
the i nput and output of the 105 inverter circuit INV1. It is contenplated

that since theiketysta thegrodif Eempateal vohtapeshetwapmtiie i nput vol t age
of the inverter circuits INvV4, INV5 and the |ike, which
analyzes the fault information sent thereto together
15 with collected information to determine whether either
a second recovery or an adjustment can be made, and
again stores the information in the database.
(5) The register information necessary to
the LSI body is programmed into the dedicated program
20 chip. Further, manufacturing management information,
customer information, cipher, function information and
the like are programmed, if necessary. The dedicated
program chip can store therein information on a
plurality of LSI bodies. For example, assuming that
25 the dedicated program chip has a capacity of storing
informaticn on 100 LSI bodies, a laser cutter receives

identification numbers and register information of 100

LSI bodies from the host computer, and programs the



5 formpart of the anplifier circuit, and the |ogical threshold val ue

| t , they will not be substantially affected by NBTI as nenti oned
above.” However, when they are designed in the sanme configuration as the
inverter circuits INV2, INV3 and the |ike, the sanme 10 circuit cells can be
used for formng the circuits on a sem conductor substrate, which is
advantageous in utilizing a soft |IP teghnique, |ater described. Fig. 46
illustrates a specific circuit diagramof a further enbodi nent of the
i dentificati eamé5SrayiBee rgenEoat iein’ @f tthc iy tkpdihes present
invention. This enbodinment is an extension of the 1bit identification
nunber generalaro€i 100i Heas cialtlkeds toralgadn rtHiigs Kbandrd ehd | ke. This
enbodiment is directed to a circuit which is conposed of a |ess 20 nunber
of circuit ekenentvedfdnfgenmertdbinng an 8-bit identification nunber. In this
enbodi nents, all CMOS inverter circuits in the circuit diagramare
i dentical in constantsHané,| apoetst iBeedion dal Imadea fian ta ciusuit 25 (cel l)
is conposed of a CMOS inverter circuit, a CMOS switch provided at its input
t ermi nal , Sanguht EMISt et ERxf éhesﬁl@ﬁtm@utﬁﬂumom}am shifput Asgumiay and
out put ternlnal Respectlve unit circuits are 106 connected in cascade
through the ENPSEMPEReSD profged @SN T hptts tFITitFAS ATy P86, four

i.n cascade., The fjrst circuit of the four unit

t t
ity WP i i B 8 By i Bl
Wi I, w . i
posi tions i n® ?Rnséagg g&ﬁ¥85|t§n%§ rﬁ% Zﬁ§kéh 4? Ste grranggd
in parallel, ggd gcgg %%g?g%xgﬂTg\Mt 1%% %ﬁhpc]] uﬁafﬂﬂals XOto X3

and their |nverte S|gna i's ay, t circuits are

arranged; pn pRLLLX extapdi Ryl rlle%e%'tgrl%l rr%@&fteerr cﬂarSECéHeO% V\ﬂﬁch the

unit circuits are connected in cascade and in a direction ort

thereto. 15 Arswibob palBeevib@edodl R OoWwRWnd, ernvmnalomfcddies I@asf& circuit
of the two cascaded circuits, and is supplied with sel ection signal s YO,

YO and Y1, we/cher 1ﬁ6h66hltngOOI3%c©fndtsheJ.C@S.C,aCfQii e Wdd.calhen, inverter
circuits INV4 and I NV5, which formpart of an anplifier 20 circuit as
ment i oned abpvegramechipvi déd000 setpndsan 3i3derniinutiecat isore makmsmr 851 oneous
output froman output terminal OUT. The inverter circuit INvV4 is provided
with a P-chahbel cMOSFET At sthe thepgiedilsiagied $regmamidhdd hes Wignal PON
for countermeasures to NBTlI 25 as _nentioned above to supply the supply

vol tage t8 tAEeRnpht 1t er APHAFSoPidhdMehedst o citheuifigaNva assyping

illustrates a tlnlng %hart for descrlblnq_the operation of the circuit in
t he 107 use has a size of 15 square microns, and

approximately three square millimeters, including
peripheral circuits and pads.
(6) A probe test is conducted for removing
20 laser cut defective chips. In some cases, a step may
be added before the main process for depositing a
protective film for protecting a chip. A test data
pattern is received from the host computer. Here,
since laser cut defective chips can be produced, more
25 than 100 chips should be programmed in the foregoing
step (5). This number is adjusted by results of yield
rate. Here, if the dedicated program chips are less

than the LSI bodies, surplus LSI bodies are recovered



enbodi mrent of Fig. 46. 1) When the power-on signal PONis at |low |level, the
| e on signals XOto X3 are at low level; the inverted signals XO to
3/ are at high level; YO5 and Y1 are at |low |l evel; and the inverted
signals YO and YlI/ are at high |evel. The outputs of CMOS inverters |NVOO,
20 and INVO1, INvV21 and INV4 are at |low | evel, and those of [NV10, |Nv30
and I Nv11l, INvV31 and INVS are at high jevel. 10 2) As the power-on signal
PON transitions to high level, the selection signal XO goes to high |evel;
XQ to |ow | gMal ini XG4t 9nhbghnbevelr gaddpYd donverndiayelsurfid nputs of the
inverter circuits INVOO and INVAO are disconnected fromthe supply voltage
VDD, and 15 gbeitapetispabdrant pitipsof itthenvespect iddesdankid er THawamt s are
short-circuited by the CMOS switches which are turned on by the sel ection
si gnal XO at ahtlghabevék andsX@ iat angwdaees| ;thdausisngnddee eordrputi wal t ages
of the inverter circuits INVOO and INVAO to be at voltages 20 corresponding
to the | ogi cahanhdéshekdingl espentiar i€ kogiics. t hreshol d val ue
VLT(I NVOO) of the inverter circuit INVOO and the |ogical threshold val ue
VLT(I NV10P of the next (Thvefher deidicaited MVPQHasm ianips @lng idimgd p
represented by VLT(INVOO)>VLT(INV10), 25 the output voltage of the inverter
circuit | NV1IBTPErgeF§dl 8BSt o l0Re PS8 spinehd dlargine. whigh p@vow | evel
side by an inverti ngganpl i fication_ action possessed by the inverter circuit

| N\V10. = ConvePS&RyPr iéﬁmﬁﬂeHl@ET(CPﬁVGGY‘@VEﬁ(fIOIW)l,OQ hé? &hepuﬁt%l t age of
the i t i it 1 NV10 | [y | t he VDD potential, i.e., toth
i gh 1evel sibr $hE BACSBE AROPRLLEG16FtEre Iner BE Gl cid | Nvio
I NV11 are 5 LEEEF%@%%%‘EE}ISQ t% Eﬂ% %%III %‘@drl%si nverter circuits INV20 to

0 .

I NV30, | Nv21 _ ne out put o € invéerter circuit INV30 passes
through goCMDS swi tch whi chal 8c8elackad daudlis slieftiomalana s 0, YO,

further passes through the 10 anplifier circuit conposed of two

inverter cirguits-thVA aBduh AV acatla%ei.s Qut Ruliled Rintt,he autWudLr m nal
QUT. After all, when VLT(INVOO)>VLT(INV10), a low level is outputted at the

out put term sakr&sBonubar eas twaest¥bE( I(MYOQhaVL(H)! MUED) bea Junid«evel is 15
outputted at the output term nal OUT. 3) Next, the selection signals
transition: XOvtoekopwslievel thXOinddviidghll &sdl pcaniecsXheea hiagh deevel (XO
to low level). The inputs of the inverter circuits INV10 and INV11l are

di sconnect edcéroasphaded oneptbsook the tpeedediliog tiady amogiragi rahins | NVOO
and I NVO1 because the CMOS swi tches disposed at the input termnals thereof
are turnéd oRP BYIPRELIRENEt CRRGRSI éPeStERY 18 NEGNa%ePd oM aqtht t he

i nput and outatFJt 0{1 t he resgecti\ée inve%ﬁr circuits are shart-circuited 25
by the cMOs ¥wrtchecEH87RE “tREAGuPFEEECH"thé 5 Fer t &P 1diS cdl 1% 1\W10 and

|V, 50, P SO RkAe A5k LSRN VRIS, e ope”
performed in consideration of a subsequent separation
step (10) in this assembling steps, the present
20 invention is not necessarily limited to this method.
(9) Completed multi-chip modules are finally
tested for screening. The dedicated program chip
contains (registers) recovery information for 100
chips. When the LSI body on a board is activated, data
25 1is exchanged between the LSI body and dedicated program
chip. Specifically, the identification number is sent

from the LSI body to the dedicated program chip, and

the dedicated program chip compares the sent



109 | ogical threshold value VLT(INV11l) of the next inverter circuit INvV1l
i |‘ rel ati onship represented by VLT(INV10)>VLT(INV20), the output of
the inverter circuit INV20 largely leans to the VSS potential, i.e., 5to
the low | evel side by an inverting anplification action possessed by the
inverter circuit I NV20. Conversely, when VLT(INVI O <VLT(INvV20), the output
voltage of the inverter circuit I NV20 j@argely leans to the VDD potenti al,
i.e., tothe high |evel side by the 10 inverting anplification action
possessed byi#bgatifveatebnCnugbel WiV20.idBM Uit amuddeles of the
inverter circuits INV20, INV21 are further anplified by the follow ng
inverter cirstubtsedl td0eihNvY31lideaspest itkhad V.Sl Dolie maiinudd afn tdiee | nverter
circuit INV30 passes through a CMOS switch which is selected by the
sel ection sigodh$eyYOandOsentlar hkeer spasye s edirsaiegh itrhfe tmeo: IGMOS uatvert er
circuits INV4 and INV5, and is outputted at the output term nal OUT. 20
After all, waenr®CIVeRy1ONSVETEENYROX 0 &he diF T dvaly .i s The gl debdt t he
out put term nal OUT, whereas when VLT(INV10)<VLT(INV20), a low level is
out put t edd at PehRECBUEpURteERMnAN1OUR]L Betd 1ndgse ke siorfdence of the
relation of magnitude in the previous and 25 subsequent |ogical threshold
val ues of theSEMIBSFniREPERAELPBUPEE Lt &PEREtPal uS WSS aIEdUtutd t er mi na

QUT are reverse in the cases and 3 Thi s _i.s_caused di fferent
mombar Cof O oEERR L ter o e CopalARRr ca TheRE T s R it o

di fferent nupber of stages of, the ﬁgcs inverter circuits for amlifying the
| ogi cal thregaﬁﬁda5glﬁggVSVFggéodF ePgﬁEe?Qfﬁﬂﬂﬁa% e &Rt %iggals
transition: to,. |l | (X1 hi I I o0 .high | evel

(X2/ to |OM/?%§%F)8h#§g kg%ﬁtgggffﬁhgliﬁ%%Ft%%%E%¥%ﬁ£%§%$ﬁ%bﬁpa%d I NV21 are

di sconneghedsEromENELOUtRYL SaAl KhGuRTECRIUAG  NVERINIQT G fiidSi dAWI O and
I NV11, and t%e i nput and ouf put of the respective
is sent to the host computer to analyze whether or not
the defective ones can be recycled.
(10) Modules which have passed the final
test are encapsulated or capped for shipment.
15 (11) The dedicated program chips are removed
from recyclable products within the failed products.
(12) The recyclable products are recovered
and collected in a new quantity unit.
{13) The recovered recyclable products are
20 again subjected to the screening test. 1In this event,
the identification number is read from the LSI body to
retrieve past probe test information, screening test
information, final screening test information
corresponding thereto from the host computer. Also,
25 though not shown, dedicated program chips are created
for the new recyclable products, in a manner similar to

non-recycled products, to advance similar steps. As

the dedicated program chip, it can be replaced with one



10 inverter circuits are short-circuited by the CMOS sw tches, causing the
q'np of the inverter circuits INV20 and I NV21 to be equal to the | ogical
hreshol d val ues. The subsequent operation follows the 15 foregoing 2) . 5)
Next, the selection signals transition: X to low |level (X2/ to high |evel),
and X3 to high level (X3/ to low level). The inputs of the inverter
circuits INV30 and INV31 are disconnectgd fromthe 20 outputs of the
preceding inverter circuits INV20 and I NV21, and the input and output of

the respectiygsédVenteh €Le6Hri8a219 phoblaminadUict @d enithe GMOG W t ches,
causing the outputs of the inverter circuits INV30 and INV31 to be equal to

the | ogi cal é&wseshotide 2bumbkbuess ¥hepst hanl Bei ealdudedeshol d val ue

VLT(I NvV30) of the inverter circuit INvV30 and the | ogical threshold val ue
VLT(I NV4) of the next FhyerBeritineurbtkEAV4A sshiemaa irelddigorshigt
represented by VLT(INV30)>VLT(INv4), the 11l out put voltage of the
inverter circantféadMdringgetypbedhs to t(hé)VSS pokermbaldimiend whan t he | ow
| evel side by an inverting anplification action possessed by the inverter
circuit 1N Tonversehgtonhent8gVETEOINVIOFQVETHEMIA4E, Mo tegt putthvol t age
of the inverter circuit INV30 largely leans to the VDD potential, i.e., to
the high | evietesidentinfiertadn, NWRBAL VEFLERVEOY>VETCMNA RCCR IR | evel s
outputted at the output_termnal OUT, whereas 10 when VLT(I NV30)<VLT(INV4),
a low level 2 BRAPIRRYIGRELAR o8t pAFCTRLAFNAPTOUR. CEYF U4 Tt he next

transition and onwar the selection signal YO goes to low level (YO to
hi gh | evel ) ,™aHa- YA tB¥°HFQh 1 evel (Y1/ to low level),

{1) The LSI body is tested by a probe
10 tester. An identification number in the LSI is
transferred to a host computer together with defective
memory cell recovery information, an internal power
supply circuit trimming setting, a delay circuit
setting and the like in the DRAM and SRAM. The host
15 computer stores the information sent thereto in a
database in conjunction with other manufacturing
management information.
(2) An LSI body wafer is diced.
(3) The LSI body is assembled into a
20 package.
(4) The same as step (4) in Fig. 36.
(5) The same as step (5) in Fig. 36.
(6) Dedicated program chips are diced. The
diced chips are collected into a group (lot)
25 corresponding to the LSI bodies in a manner similar to
the embodiment in Fig. 36.
(7) The same as step (7) in Fig. 36.

(8) An LSI body and a dedicated program chip



15 resulting in the operation following the foregoing 2) to 5). In this

Y, 91 identification nunber conprised of eight bits (=4x2) is outputted.

i s enbodinent is characterized in that the inverter circuits for
generating the identification 20 nunber al so serve as an anplifier circuit,
and that the identification nunber is serially outputted by a read
operation. This permts sinplificationggf the circuit, which is suitable
for outputting the identification nunber serially froma single output. 25
Fig. 48 illugtkeahesnaecel baUiat cdird@idamefumnieinejopodireninod the unit
circuit for use in the enbodi nent of Fig. 46. This enbodi nent takes the
fol | owi ng actvens,f grolBEl cas reeplonered aabereps U)2 pecid)i aakdty, b&@ CMOS
switch is added to the Input term nal of each inverter circuit, in addition
to the CMOS suinbdéhetior Howaeetr,nginhe itheeriheri vdiduali tISTaakeses | bed above
in cascade, for disconnecting the input 5 termnal fromthe preceding
circuit whennehd ndenbef coatrespomdeite onei—totidng $£d rdct idedidsn] a
Pchannel MOSFET is provided at the input termi nal for supplying the supply
vol tage tb thsognput chépsi nal. sihgntiifd cgmitt chiangg tirofstenss lenyoeli nent, when
10 the power-on signal is at low level, i.e., when the supply voltage is
suppl i ed wi t h8GEeeadi REMRALPHeMiith RS SRIWEREr oM ekt i fi cati on
nunber generator circuit, this signal PONis brought to low level to
di sconnect tf&SPAput terminal of each inverter 15 circuit fromthe

preceding circuit irre ctiyve of .the selection signals X0, XQ and the

| i ke as menti oned abovzg§an %Fh§L§@EpPF $§@t§6@1 S fhﬁﬁﬁﬂiﬁﬁf’by t he
Pchannel MOSFEI,. Fig. i lLLustrat a circuit . di am of .a 2Q further
enbodi ment o?egﬁgdfdegﬁgPigg%igﬁ%ngﬁ%lr%ﬁb%g$%§6¥ﬁ%gr%in%CEiXé%e|’ng to the
present { pvegkignysThksnerBad! gRRl.LanRee! $sieduy b (el ddd ust rated
in Fig. in cascade 1n a’line, and fornms sel ection signals using a binary

counter and gdesgdghscnhdpeci frie 2oyt tikRe BnFarneeount athLeat s fount-up
cl ocks, and supplies the count output to the decoder provided in
correspondengedt;ooeaabdtiBat e pediglrain0 cgepernat ecselsectdorttsd gnal s XO (XQO')
to Xn (Xn/) in order from 113 the first circuit. Fig. 50 illustrates a
circuit di agmnanmofing bur ther beairadi miet bok ridhe si demtt fdocat | on nunber
generator circuit according to the present invention. 5 This enbodi nent
connects t hesapiaratiipoustspi | Bost sated tiemepiug.l v46 fiam ldasicedeniat it i ne, and
forms selection signals using shift registers. Specifically, a shift

regi st er1Pf ot SoReNst AgeFhpshpssyicaBRpuEsrT éSpandilyd s vhefdiewinit iG rcuit to
sequentially shift the selection 10 signals, thereby forcing the unit
circuits to peF¥GlLaPLRe sel ection operation as described above in order

fromthe first unit circuit. _In _either. of the enbodi nts of .Figs..49 and
50, those surrounded b&ig)brgQgﬁ%FiH@lﬁﬁypﬁgsdg anﬁﬂgé (ﬁﬁ? rﬁQ'

circuit, which faCilit§ﬁ§§ tﬁﬁed@%Eg%ated program chip are removed

from recyclable boards within failed boards.
20 (12) The recyclable boards are recovered and
collected into a new quantity unit.

(13) Dedicated program chips are created for
the recovered recyclable boards. The current register
information includes a mounting test result in addition

25 to the previous register information.

(1l4) The recovered boards are again returned

to the mounting step, where the LSI body is mounted on

a mounting board together with the dedicated program



expansion and nounting. Particularly, in the circuit in the enbodi nent of
g. , the nunber of bits of the identification nunber can be increased
only Dy connecting three types of signal lines consisting of 20 cascade
connection lines of the unit circuits, shift clock and reset, providing a
hi gh degree of freedomfor nounting the chip, which is suitable for soft IP
as later described. Fig. 51 illustrategja circuit |ayout diagram 25 of one
enbodi ment of a sem conductor integrated circuit device or a sem conduct or
chip to whicbhipecpeaseat aitngerlo Q1 3)s apRl isbsddu@dntily seheirtdegh | y
represents a general system LSl chip, where a normal 1/0 cell 114
(1 nput/out pusimiteni reps.provi ded near the chip, and a plurality of
circuits associated with the functions of the system LSl are provided in
built-in circuits. Fig.(152 iKhiodtleat e &tloocl 3Ji dagr #nqpf 65 standard
enbodi ment of the 1/0 cell which is conposed of an output buffer circuit,
an input buffer circui ff ahdubgdnéiengnoiadss tcRAD)t hartotihde cerdordiesgondi ng to
them The output buffer circuit and input buffer circuit are controlled by
i nput / out put Skeynr bErsiignabs af e re0 spdoddmentg and M@t BPsf ati on or an
output operation. Fig. 53 illustrates circuit |ayout diagram of one
enbodi nent ofePRBALPE €B| PrRAYFtded O whd CdefhCo RFGEEET ilATEyret ¥y €3 rcui t
device or a sem conductar chip according tao the present invention. In this
15 enbodi menEoPhictut BOE BReLBERFep folramtt % SRS AT ori T vi ng. an
out put MOSFET. The outgut bg%ferlcircuit in Eig. 52.is gconposed of the
out put buffer circuit nd o p&% MOSEET SSFér S P8 o éfl?ﬁ% ndi ng PADS

are formed 20h0ehaye drelabbyely | aL06,090uRa! Lan Hea o g, b, sapat i bl e

with this, the outpu s wel'l -as output pre-bufter circuit and

i nput buffer i LcuLt, - kd..ou [ the L/;iQ.cell: . be
efficien%@y %?s%ogé%lg%??&%%%ﬁd#héepgaﬁﬁg§5%?%Hl§f%%ﬁég%%ﬁg#ﬁgﬁgfppads.

Since the |/fQoggtbdi fidastaRedqbathavead ilel iRl Jedfcde tecupati on area
as nentioned above, the 1-bit identification nunber generator circuit as

115 il lustratedcuntt hecbonegqi ag ernbediappntisatdnnie fitted in a portion of
the output pre-buffer circuit or output MOSFET, as indicated by hatchings.
Fig. 54 illustrates a ¢iiiculThedL&gr aodef iesnécStedbbdi memradfe t he out put
buffer circuit which is provided in a sem conductor integrated circuit
devi ce or a seatresndubnoideniplfacesi@nngumberrhdnpitdsedtST Mvdention. In this

enbodi ment, the 1-bit identification nunber generator circuit is added to
the outph? 1Br®UFEfRFTEfr EQi B. PPALt RPEPEHSSIILREIRE N SFh & tan def@fttiyat i on

memory cell recovery information, an internal power
supply circuit trimming setting, a delay circuit
setting and the like in the DRAM and SRAM. The host
computer stores the information sent thereto in a
20 database in conjunction with other manufacturing
management information.
(2) A LSI body wafer is diced, and
recoverable chips are picked up.
(3) The LSI body is preliminary assembled
25 1into a baby board.
(4) After the baby board is checked for
defective assembly and the like, aging is performed.

In this event, the identification number is read from



nunber circuit enable signal is activated (at this tinme, a regular output

?uab is inactive), a 1-bit identification nunber is outputted froma
uffer 15 disposed in parallel with a regular output buffer circuit. This
buffer can be inplenented by a MOSFET which has a snaller size as conpared

wi th an out put MOSFET of the regular circuit, though its driving capability
may be low. In this configuration, a 2§,special output termnal is not
required for outputting the identification nunber, and a nulti-bit

i dentificati @Renurber oﬁlalﬂhléeb@bt)ﬁ aded, Mekid g dissrOfy ad@ ge nunber  of

i nput/output termnals or input/output pads provide&ffor t he sem conduct or

i ntegrated ctbewebpdhdday ¢ce erchermhdenductrert eihived Hrhm S IHastrates a

circuit diagram of another enbodi ment of the output buffer circuit which is
provi ded i n acspniteandudt storedegmnattéed chriguidn thElGaend.ce or a

sem conductor chip according to the present invention. Likewise, in this

enbodi nent, the 1-bit i(dént iStireaniioy dwniperr fpemechttor ecitresdigri s added to

the output buffer circuit. In this enbodinent, the 5 identification nunber

i s outputbed by use of (&)redlical-Sdutopgty B framasiad finom Sgeciddleal |y, a

gate circuit is added to an output pre-buffer circuit to selectively output

a regul ar ouPpatdand an identification nunber. An identification circuit

enabl e signal nay be 10_generated from.,a dedi cated pin of an LSI, or

generated by a special (DET FifctFdnPofESsa&Re SRR 10 the enbodi nent of

Fig. 54. In recent years, JTAG (Joint Test Action G.oup), has been
i ncreasingly enpl oyed i(ﬁ) ofi Eu(lf%f)?.erlglofﬁlécs\]‘F‘A@rsotgatr?&grck?vﬁcseo Has? a

f ti fet : f [ i .eadi
| dont 1 11 cat i ShLBoP OO LaP. ABR St A I a1t on nurber

cannot begusgdg{,or identifying an individual chip because it is allocated a
smal | nunber of "bits, 20 i.e., 32 bits which are neticulously defined in

configuration such thatogachnbi i dedh@ntriifda@s ot deMies i@ Rfacidd i ng
maker, and the like. Fig. 56 illustrates a general schematic di agram
illustratingfeere enbodsmenbdef. a sem conductor 25 integrated circuit device
according to the present invention. This enbodinent is devised to output an
i dentification nunmber raki)ngAusesaf campirtteer flace ofakEFEAGs ackkksed
through a communication line to receive data
15 corresponding to the mounted LSI body. The data is
transferred to the program device for storing the data
therein. Rather than using the communication line,
electronic media such as CD-ROM, for example, may be
used for distribution.
20 (11) Final boards are screened by a tester.
In the method of manufacturing a
semiconductor integrated circuit device in each of the
foregoing embodiments,
(1) Since the combinations of the LSI bodies
25 and dedicated program chips are equal to the number of
LSI bodies registered in the dedicated program chips,

one-to-one management is not required, the productivity

is improved, and minor modifications are only needed in



A JTAG supporting device (sem conductor integrated circuit device) contains
bo?iary scan register, an instruction register, an option register and a
ypasS register, as well as a test logic 5 conprised of a TAP controller
for controlling them in addition to built-in logics for performng
essential functions of the sem conductor integrated circuit device. A
serial interface for inputting and 10 gytputting instructions to a test
|l ogic, test data, test result data and the like, which is referred to as
TAP (Test AcegsstPagt brobastfiowe faicgnalcildsnes. These signal lines are
controll ed by an external host conputer or the like to conduct a JTAG test.
15 Fig. 57 illustrates(a)bl nalsed agrtamueisorarcmzodigmhtfaf tthdasi c JTAG
cell for the sem conductor integrated circuit device according to the
present invedédbdnated phbgrembodiiment Tha eltiatl ifdevst iifd catvaort agsdbes
generator circuit is assenbled into a cell which 20 constitutes a boundary
scan regi steevef 9TASr Fhec3TAGaddll pregreemabdentsilemanit irhetHd0 cel |
such as that in Fig. 51 or assenbled into a built-in logic. Acircuit for
al ternateby ihplnvPhgea Seynabdiddmaithensuition ai v tasgiarhnd!Gdentifi cation
information 25 generated by the 1-bit identification nunber generator
circuit is adBedeEs- tﬁécééPFaSFStW@dﬂé&ﬁ&5ﬂ9n§c§ﬁ @eék?ﬁéﬁllﬂhereby

enabling a serial out Ki use of .a shift operati of the dar
scan reglste§1ccordanc 1@% g% spec?flcatQOns op the %%I boJ1 an£ y

does not depend on the generation of process.
Modifications from the standard process include

10 formation of final wiring layers and a passivation
step.

{3) Since the registers in the LSI body can
be implemented by latch circuits, it has a smaller area
to reduce the chip size of the LSI body.

15 (4) When a chip identification number
generator circuit is mounted in the LSI body, it is not
necessary to add a programmable element process to the
chip body.

(5) The dedicated program chip can be

20 replaced (repaired). When the LSI body must be
modified or experiences a problem after it has been
mounted on a module or a board, this can be coped with
by replacing the dedicated program chip with a chip
which has modified contents of the program.

25 (6) The exchange of information centered at
the host computer can be realized using a network to
use a remote manufacturing factory, thereby permitting

economical production activities.



118 Fig. 58 illustrates a schematic diagramfor describing one enbodi nent

a peration of serially outputting an identification nunber, naking use
of the shifting operation of the boundary scan register of the 5
sem conductor integrated circuit device according to the present invention.
In this enbodinent, there are three LSIs (A to C) and seven, seven and ni ne
JTAG cel | s (boundary scan registers) iggthe respective LSls, wherein 10
nuneral s indicative of data nunbers are witten in the respective cells for

indicating the flow of rdat.a40TheRwsFiagh &bddinsit atresyhids a
representative, an exenplary operation of reading an identification nunber
froman identvihkieatioas AnuMegigeneratr@shyIicuidl (dd b dA nounted in the
LSI-B. Astate |, which is an initial state, indicates an operation state
in JTAG |n anstater?, iED@poflikdl tB ias rdirstbonmaotbed fgeoomidterd TAGkel |, for
exanple, in response to a 20 private instruction of JTAG and instead
connect ed t oaphéicd&nbnf ispacidn cnlufiera sgemertbtopr 39 moidilt deD-WR@M im st ate
3, the identification nunber generator circuit |ID-ROM perforns a shift

oper at i on5i ndeegspépséonoag shimpre weEQidticoremgfodimaett.o SHyuemsShlly 25
output an identification nunber fromTDO. In the state shown in Fig. 58,
3-bit identi fPEaErBRrALABEE a toy robot. Toy robots currently

available on the market, particularly robots raised as
pets, have uniform characters upon shipment from the
factories. However, for making the robots similar to

10 actual living creatures and animals, they may be
provided with inherent or genetic characteristics such
as sex, i.e., male or female, tempers, the capacity for
locomotion, by way of example, so that purchasers who
own the robots are encouraged to conceive a great

15 affection for them as living creatures.

Fig. 40 illustrates the most simple circuit
for providing a dedicated LSI with inherent
characteristics when L3Is are manufactured without
programs. This outputs a 4-bit random number in binary

20 notation, and an output value of each bit is randomly
generated from one LSI to another. For example, DO
determines whether the robot is male or female. D1
determines tempers, and D2 and D3 determine the
dependency on the owner in four stages. While two

25 types of circuit schemes are shown for DO and D1, D2
and D3, they are basically identical in that a
difference in logical threshold value between two CMOS

inverters is extracted.



information (I, Il, I1l) is delivered. The JTAG cells in each LSl shift to

’ue ht as usual to output the 119 identification nunber of LSI-B
hrough LSI-C. After the identification nunber is extracted, the JTAG

returns froma private instruction node to a norrmal automatic node, though

not shown, and TDO is 5 connected to the JTAG cell. In the foregoing
operation, JTAG cell information (9), ¢<10), (11) of LSI-B are m ssing,
however, if necessary, the cell information (9), (10), (11) can be set

later by repeating theashbbbs tAnthe EQbW&HeE&Dd@thl%uEihg-in@%ﬂériﬂls'[rat es a
schematic di agram for describing anot her enbodi nent of the operation of
serial ly outpetrsbngladyi danbtheeahneenodenbero rmeliafg 1ese tofi st Hes shift
operation of the boundary scan register of the sem conductor integrated
circuit devipesibbaecbydchgnydntyhpaprmsert si dvent icont roli prenpaad ment
differs fromthe enbodi ment of Fig. 58 in that only the JTAGcells in LSI-C
are shifted fnomhenst abko8. tThasoehem. natleyetvke , nitdsi vynEFFAGaagiriot
information (9), (10), (11) which is experienced in the enbodi ment of Fig.
59, 20 resuldényg &nfe®LROV Fhabr FBLI §APPLSt aires @rogd apaegedy JTAG cel |
information of LSI-B and LSO-C. Fig. 59 illustrates a schematic di agram for
descri bi ng aA¥PRERCEHBHAINBAKEEE t ReCopeFEERSRYPYsEMTENSY odtSutti ng an

i dentification nunber, making 25 use of the shift operation of the boundary
scan registeWeB?o?h%hgﬁﬂi&BngB&Fo?mpﬁgéﬁﬁﬁFe&aBiﬂ@QFPV&e&P@eV§G&6?ding to

t he present ifventiog. gn identificgtiog ngnber genﬁtgtor circuit (1D ROM
in this embodf nenPro945H REFFESFoRBEIYEERE PEEFPIAICLYi SR MG her gener at or
circuit illustrat Ln_Fig. t ' initial .state. In a state
2, infornati%%n€¥8?hgoi?bg¥ EKFdéﬁ?%?ig%%ig%nﬁgﬁﬁgPEﬁgné%étgﬁuﬁ rcuit is
transferygd : I B o]l fand [l information
(9, (10§§ (%%§£%$CE%§_%§3§E ggé%r8§ggtﬁgggu§§%%h§§ géglggplaced by an
operation of nprapsfierebngrt Bggidentification information. 10 In a state 3,
an identification nunber of IDROMis sequentially outputted from TDO of
LSI-B in response to arshifuli nstuserheBsot $tAGmatic diagram of an

exemplary usage of a chip identification number
generator circuit for purposes of reducing fraudulent

15 actions and a variety of troubles in an electronic part
procurement market over companies.

Semiconductor LSIs shipped from a factory
each have the built-in chip identification number
generator circuit as described above. The factory or

20 maker collects chip identification numbers of all
shipped products. Since the chip identification
numbers are random, they are corresponded to LSI
management numbers which are convenient for management.
The chip identification number is further related to a

25 variety of management information, for example, a
production line name, a manufactured date, and the
like.

For a direct delivery to a customer A as in



Fig. 61 illustrates a schematic diagramfor describing another enbodi nent

t operation of 15 serially outputting an identification nunber, nmaking
use ol the shift operation of the boundary scan register of the
sem conductor integrated circuit device according to the present invention.
In this enbodi ment, shift registers (ID register cells) are 20 built in
exclusively for the identification nunpger. A state 1 is an initial state.
In a state 2, TDO of LSI-B is disconnected fromJTAG cells, for exanple, in
response to a1prb¥ateginatn uchifermft idhAGucaNG s S eamMirat etk t dher head of
25 the shift registers exclusive for a different nunber. Al so, the top JTAG
cell of LSI-Bbbz eennaet eédkko tihe dnaplacnerofdudtss ,shd fdugtegiest ers excl usi ve
for identification nunber. In this event, an identification nunber 121 is
si mul t aneoushymbet:, i hetige rshiaftt ,r egidsttéres lexe us \weldeaatr tiadentification
nunber. In a state 3, the identification nunber of IDDROMis sequentially
out putted froenfIbOmehtl $hfBrinat5 onesporsaatabasshi f tThenstuaicinen of JTAG
Si nul t aneously, JTAG cell information of LSI-Ais shifted into the shift
regi st er s5f ovhephbagTAecedVed prodwgtison refdisSichB paridlartidsie aaddlarsi ve for
the identification nunber. Though not shown, the shift is further 10
continued t on¥RPeESofircr pléf L6 & FRRBLEE ILSTst Shti%rRof LSl - B,
fol |l oned by returning@to the initial state. Fi% 62 illustrates a circuit

di agram of  a2FGFPRERCENEEtment et -t fES GESTITCafl GFFHRSS T gener at or
i it di to t t i ti . In_thi di t,. th

chreut acoondiog:te Lhe Bessil,l el L3 erhodaenty Lhe
Inverter cirgylt ?nlc%'}‘ﬁe%r‘gr' MYz 39 Jent ‘r@%e%u%%%ﬁ%fé $ Rl fd.ed. Qy, an

anplifier circuit to generate irdéntification Information which is held

inalatgf c&ﬁggi &ggam&&a@@i% aubidRgatee 1 GirlCUite1 woReciifd Gald y, in

response to a frrst wite signal WRITEL at high | evel, binary

identificatigackn{enmhien reem esRoRdirAGake trhe dichirrancs hatweamd he
| ogi cal threshold value voltages 25 of the inverter circuits INV1 and | NV2

is inputted ta@ehberkabehonNaxibetrde rbbEst rofi teeSirgali WA TEd.s hbrought to
| ow | evel, forcing the latch circuit to hold 122
the retrieved identification numbers match the read
identification numbers, it can be confirmed that the

15 delivery of the products is correct. While this
approach can be applied to general-purpose products and
customer-based custom products, it is particularly
effective with the custom products.

Assume in Fig. 41 that a broker (dealer)

20 intervenes. The shipment from the factory is the same
as the above. Generally, a primary broker who has
received a package does not open the package, but
references the unit number to a server of the maker,
and simultaneously, registers information on the next

25 delivery destination and the like. Further, a
secondary and a third-order dealers act in a similar

manner. A final customer reads identification numbers

of LSIs from the received LSIs in a manner similar to



the binary identification information, and an inverter circuit sequence
.rrp d of the inverter circuits INVl, INV2 and anplifier circuit is
supplTed with a high level which is formed by a pull-up MOSFET at the 5
input of the inverter circuit INV1l at the input stage. Next, the
information held in the latch circuit is witten into a non-vol atile
progranmabl e device, for exanple, fuseg; (conprised of FUSE, EEPROM or the
| i ke) using a second wite signal WRITE2 and the 10 hi gh voltage VPP. Then,
when the idephbfEgabhenguUTher fbgs reguircede the thogiammrie idevie s
accessed wth a signal to output the identification nunmber witten
therein as rgakedat arhkntbhilsweanf egfeatisoaresicrpecthe bgemuiflidiamgd tion
i nformation corresponding to the difference between the |ogical threshold
val ue vol t ageseofotrbgoingestetemi:rcuits INV1I and INV2 is witten into
anot her non-volatile circuit in response to the first wite signal WR TEL,
the resulting identificati oHimuabepf2@edeneradop roductist cean beol d t he
reproductivity of identification bits wi thout being affected by NBTI as
ment i oned> abpyeveanddis highly i mmune to agi ng changes. In the
identification nunber generator circuit which uses variations in |ogical
threshol d 25 val ues of (EMOSBER¥EEEeP L8 PEGVESTRS iTHOhd rRPECEdEintg

enbodi ments, the order of the magnitude of the threshold val ues of the
respective efehBnBYCs2isEAPAECERENSoHELE dFerd@kePCEsri GRS 6 nat i on.
123 Figs. 63, and 64 show four exenplary identification nunbers. Fig. 63
shows t he orﬁé?eof their threshold values in graphic representation. In
Fig. 64, an el enent of i dentifi . gwﬁs inverter ciycuit) has
t he hi ghest rank of 16(§Peng§ %?em§§|§%§%%éﬁ&ne O%BCﬁgsofhgsfﬁaest rank.

Thi s nmeapg t?gg%gggseb9n§ggu}nhggnt2% P%g@gagﬁgggical threshol d val ue, and

t he el enent the |l owest | ogic res val ue. Now, paying

attention to the el emeny)10al4a8drebarenh t8uttheael e@erbFavidag t he order
closest to the element 1 is an elenent 5, and one having the order closest

to the element 10 is amriglenaentl1Qusbiracest hedidgrtirimagaic @N amuRIwY
generator circuit according to the invention of this application 15
sequences vaofaahohkeknehbgiddtmknthpéshokdmiabuescabrCSeigmaersider circuits,
it is unknown how | arge difference exists, for exanple, between the |ogical
t hreshol d vatuecvbtt agescef acherdingeit thengresemsntingengiiwinl.arly, it is
unknown the difference between the 20 el enment 10 and el ement 9. Wen there
is an extPenkBly- shdl LSdpf fépreRaBmBELRePA2RhEAEWt RE Ehément 1 may change

place with the elenent 5 depending on a test conditiaon or the |ike.
However, it ?%mtﬁﬂPéHﬁFafeagFﬁafagﬁé ELEmBAt EeA&RgeLOP ¥O&Sh h the

o erent 10 WAS pcEReRrbeeteylanusati by, s Ingeaabe geat Y |
upon mat chi ngshoyh defavs ReganacOULLEE o3t deGaBt QRER rPedTRLE s Lhe
MCP (Multi Chip Package) type. In the MCP type
20 semiconductor device of this embodiment, two
semiconductor chips are stacked and assembled into a
single package. Among them, a semiconductor integrated
circuit device 10 is used as a base chip which serves
as the LSI body in Figs. 33, 34 and the like. Then, an
25 overlying semiconductor chip 20 is used as the
dedicated program chip. A QFP type semiconductor

device 30A in this embodiment has two semiconductor

chips (LSI body 10, dedicated program chip) stacked one



124 past, stored in the database, and exists in a formquite simlar to the

&!en ied nunber. "Simlar" is used to take into consideration the case
ere an identification nunber is not conpletely reproduced due 5 to the

i nfl uence of aging changes or the like in the identification nunber

generator circuit of the invention of this application. Even if variations

partially change place in the order begyeen the CMOS inverter circuits as

descri bed above, it can be readily 10 estimated that in regard to the order

of at |east theteleermMer] ay alrmnio bditdheuexarptieiwd &g. 64, either
an identification nunber acquired in the past or the nost recent identified

nunber does eefcaphange dd Byhei rsireylal ixdsiof drgpdudescds Fig. 65
illustrates a flow chart for describing one enbodi nent of a fast
identification number madechisTy deBarichiarg) dddiord tdunposgsdami cenpi focation
nunber generated by the identification nunber generator circuit according
to the preseatre2@oirmeentinonli ffieger6 gldnestyiatees owstodre mbitmen i @ugs am
corresponding to this. (1) At an identified nunber readi ng step, sequenti al
dat a conpésedngf th@'irangspettisyegenams ethdaped eerd-betmedetidi cati on
nunber generator circuit. 25 (2) In an order analysis step, the data is
converted tosguadfesdlrpendi dat ithd sofembesigrandy.. dhe alrre wohralee @he order
of the 1-bit identification nunmber generator circuit as in Fig. 64 is
converted tothe135TabRdverld 15 Pouteh fd RIFATMR 1 muth 6 efster%tfact i on
step, the ord rz ﬁre anﬁl yzed .t 0 extrac ,aind record numhers of thtgeeel enment
S

havi ng the | &FgésPorl@8 Zhd -tite EHIre SdhhP e Pefoflyer. 1n

(4), one of reaqgi.stered identificati nu rs is retrieved froma

managenent | S§g&r .a%ler?l B9 e c%l é)e%'rsb ojfsme)foerr%enqs’ nlﬁor%e?’éa%]r‘?’eslp%n?ii ng to

the | ar gest ?@@t%%'l'ee%tf gl egrz_r;erttmgjo Jymbey S BCOr ded above are extracted
t he ) ) )

from
The LSI body 10 and dedicated program chip 20

each comprise a semiconductor substrate made, for
example, of single crystal silicon; a multi-layer
wiring layer having insulating layers and wiring layers
15 stacked in a plurality of stages on a circuit formation
surface of the semiconductor substrate; and a surface
protection film (final protection film) formed to cover
the multi-layer wiring layer.
Out of a circuit formation surface (one main
20 surface) 10A and a back surface (the other main
surface) of the LSI body 10 opposing each other, a
plurality of bonding pads 11 are formed on the circuit
formation surface 10A. The plurality of bonding pads
11 are formed on the topmost wiring layer in the multi-
25 layer wiring layer of the LSI body 10. The topmost
wiring layer is covered with the surface protection
film formed thereon, and the surface protection film is

formed with bonding openings for exposing the surface



regi stered identification nunber. For exanple, in the exanple of Fig. 64,

t identification nunber 1, "1" is the largest, and "10" is the
smal ' est, which shows a reversed relation of nagnitude, when conparing
nunerals 15 1 and 10. This can be readily estimated that the order is a
phenomenon far beyond fluctuations due to variations, so that the
identification nunber 1 has picked up g&e identified nunber froma
different chip. Consequently, the identification nunber 1 is determ ned 20

to be inconpaki bhe, bandiagsybsiequant detailed matching test is omtted
therefor. Those determ ned to be conpatible in the foregoing undergo a
detail test in (6) ando(¥) ofSaned dduis ifSrasiical |dusiddd aforde® fiden

af orenenti oned 25 enbodi nent, description thereon is omtted. In (5), since
t he proportienrbaceesfPRi agdcanpaicikblse refractal NddrpattitdEe nait he conpari son
of magni tude between orders is stochastically 50 o for either of them the
126 effect ofuofraced ngft hbedeedilkattest progalago 0. 10.2Thmpgosimg heasch

enbodi ment, though there is one set of magnitude conparison, two sets are
conmpar ed Pn expetiati phustlitivt Rér beoogEinongadse 2df faarst . fHwe et Hhevhen
this is increased, the processing itself involved in the magnitude

conpari son i §iffEtEasedmpbippsStBERcredide t Hdcefflettalidy tHat a sel ection
is desirably made in ViGMl?f a trade-off between the nunber of digits of
the identifigaPPoRInBABEr 21aRdSatPsE PG FESUITRETET At dndt®eri@ T t he
identification nber. Fig. 67 illustrates a f chart, of ope enbodi nment
of . et hod LB FHBSTBAF g LAY PELIEE TG, 8 Ren om e Ca A S i ch

| ncor por at es Lhg LgeDhi 1 63 Ui ennuber generater olyids accarding to the

present 15 i Av Ion. rcurt design-software as thi's

provi dedy for, degi BHE”SuE]?QEé”ip%t%%@i@%difcﬂtine‘%o | agldird g ani es.

Al'ternatively, the sane functions are incorporated into a tool o an EDA
vendor. 20 (#heAstiBRHcESppUtbedidowsifiar iselRehicdn wilth diflata is

generated. At the second tine onward, desired |IP can be sel ected only by
speci fying tbpeniiRgs dataexposing the surface of the bonding pads
21.
The bonding pads 11 of the LSI body 10 and
15 the bonding pads 21 of the dedicated program chip have
a plane shape formed in a square of 65 [um] x 65 [um],
by way of example.
A plurality of bonding pads 11 of the LSI
body 110 are arranged along four sides of the LSI body
20 10 (two longer sides (10Al, 10A2) opposite to each
other, and two shorter sides (10A3, 10A4) opposite to
each other). A plurality of bonding pads 21 of the
dedicated program chip 20 are arranged along four sides
of the EEPROM chip 20 (two shorter sides (20A1l, 20A2)
25 opposite to each other, and two longer sides (20A3,
20A4) opposite to each other).

The dedicated program chip 20 is disposed on

the circuit formation surface 10A of the LSI body 10



3) The nmenu data is analyzed to detect 25 violations and the |ike. (4)

ce ry information is retrieved froma | ocal database in accordance with
the menu data. Recent information not stored in the |ocal database is 127
acquired from dat abases of dedi cated manufacturing conpanies and the |ike
t hrough a network such as the Internet. (5) Data required for soft IFis
generated 5 based on the information cgllected fromthe database. (6) It is
determ ned whet her or not the soft I P can be generated. If not, a hard IP

design is sekgehednhaki ghebBakkl Uskrates o khewokhant mfione déh arhodi ment
of a nmethod for designing an LSI which has the built-in identification

nuber generaherdediedtbdapeogdangchapt R FresenthienvaMduan, Though not
particularly limted, this enbodinment is directed to a design flow far
application spesatioenlLSurfASECL0ALbfAthegisadl boaiybildgt izevnd tiaol gener at es
logic circuits (net list) at a gate level fromtruth tables, RTL

descri pti onssestatéyt adhsredohodicagr atgcand tferatken swudeareddlde with t he
result of the determ nation as to the generation of the soft IP in the
design flow @0 theubEEabedyi A0OFEhroegh ThoaghesdtvesHewer ild .marn cases, RTL
and the like are generated based on a function describing | anguage such as
VHDL, Veril ofhHpLe@hadinenty ke. PRéYaMEg —Pas eldo §idkals iveniasdtt dil i cel |
library information which includes connection 25 information at transistor

| evel , " del ayfPhf 8¥#8PL6n, 1Fay8GE ERFoLASE: PERSSAT St HEYISke2 -Al so, general |y,
i nformati on added to [ udes a.tinmng error. tol erance value referred
to as constraint infornafi EglE go%?slé Ilﬁyg&f:u§ﬁe]ré’i Agher St EMmimEignal
wiring length_and the like. DFET_t ool _adds .di agnosi s |.0qics. effective for
n test of LsrofotbgfehciRoaltreslrtodeaterat e eret i tayout | dat o

through 29 aHLomRLi enbaxout o9aui rig Logl palypes oL eldad saistered in

cell library are m e nost basic circuit conporents such as an
inverter, NAE‘QurthHgﬂl'@pl@QQst Be LukR- tiarerdklky dat @44 5 herell

library, for exanple; |ayout
four hanging leads 6 make up a supporter.
The resin encapsulator 17 has a plane shape

formed in a square. In this embodiment, the resin

15 encapsulator 17 has a plane shape formed in a square of
10 [mm] x 10 [mm], by way of example. The resin
encapsulator 17 is formed, for example, of an epoxy-
based resin added with a phenol hardener, silicone
rubber, filler and the like for purposes of reducing

20 stresses. The formation of the resin encapsulator 17
is implemented by a transfer mold method which is
suitable for mass production. The transfer mold method
employs a mold which comprises a pot, a runner, a
inflow gate, a cavity and the like, and injects a resin

25 1into the cavity from the pot through the runner and
inflow gate for forming the resin encapsulator.

Around the LSI body 10, a plurality of leads

2 are arranged along each side of the resin



10 information is manually created. However, an automatic cell generation
ol RAM conpi ler and the |ike are used for a |l arge scal ed one, or those
which differ slightly in configuration fromone another though basic
functions are the sane, for exanple, such as nenories. 15 Here, brief
description will be made on the hard IP and soft IP as referred to in the
invention of this application. At presgnt, in the sem conductor industries,
t he desi gn and manufacturing of application specific LSI in particular is
classified igh@agstDiebr207conpany ber enenpMiireh i ySoglhieaeeneamad s
responsi bl e for designing through manufacturing, and a work division form
in which theanofknés Ueydidedcbyon soaakkedeh8) desi gn campanylasfd ch is
dedi cated to designing and a so-called foundry conpany which is 25
dedi cat ed t cseranidractoutayg. 1AadD, ineegntlyy compani edtwhitble Smp@ry IP (IP
vendors), a distribution market for them standardi zation supporting groups
and the |ikelémdesderenon. 12Bhestinbersheddi nestepnwittheeld tlemdericyis or t he
di vision of work. The I P has beconme an inportant existence for inproving
the LSl desippsifione@ncysidadthe nesineghirgbbhéateor fdvamwhddepddices. 5 The
P is roughly classified into those referred to as hard IP and soft IP.
Di f f erences Peiseehedthese@blan| Fsheogdhpared ®PERLFesHEEt TS ithe di vi sion

of work inplenmented by an_LSI design conpany and a foundr co%pany. The LSI
desi gn conpéﬁ?cfﬁ%%4%%%r1b7conﬁ%n??héFeﬁ?é@sdaFQeUQ#Hﬁaél gnéi on

d i bi I h . VHDL i 9. 68, Veril HL the |ike, dat
Guch as §PutiETdn Ls* FIIT GREPPREF oht 8fab & EF RS EPORPH, A6TaR and t he
such as truth Tebl S RIT dct . di &grars_and
provi ded by S RtRTSREr B LT o, Rl R e B e I e data

whi ch isl@asf§%é19t,th§of5é}ﬁ%ﬁ?igp Eﬁ”gg :‘LlN‘v’v%hﬁ &@sdtv%}}iag%smc%owany

creates a net list using t ogi ca I nat1on tool h has been 20

descri bed aty 4 hg,dbegf nghPgacE heuht eksrerhspdsed in | ogical conbi nation
are limted to those registered in a cell Iigrary. They have been certified

by dedi cat ed manuf act urh nghconpapbesmeht chtranusacbune tbe cpipiuciss.
Ceneral |l y, manufacturing conpani es thensel ves provide 25 basi c conponents

such as the ai of@srent f ooedi bnveuhkeercygenarbtandchNANDi gateneirateid 1in

Actual |y, however, the dedi cated manufacturing conpani es al so provide nore
conpl i cat ed the 30e banpomenf snégniendantinngogheadonpeeshiovd yeadaregt h

t hereof. However, since it is difficult to provide conplicated high

functi ona? cP¥ ceM@S, inverexanplECUPEE; SRANVENHLBEESSRREVEI-r cUEland t he

like only with , , , ,
such CMOS inverter circuits are used, a control signal

must be inputted for supplying the LSI body with an
operating voltage to operate the identification number
generator circuit. For this purpose, a special power

20 supply unit, though simple in configuration, and a
signal read unit are required.

When semiconductor integrated circuit devices
are on a communication path, it is often the case that
someone wants to know their identification numbers, but

25 presumably, the operating voltage cannot be supplied
under certain environments. The inventive concept of
this application lies in determining the relation of

magnitude in a physical amount corresponding to process



5 dedi cated manufacturing conpanies, a |lot of IP vendors participate for

Si ‘ng and supplying them In the IP, anong others, PLL or the |ike has
a conplicated circuit configuration, and its characteristics |largely depend
on a process in which it is used, so that IP 10 vendors generally supply it
in the formof hard IP. Sinply speaking, the hard IP has cell |ayouts
designed by I P vendors registered in agell library. Therefore, for
supplying the hard IP, a hard I P vendor nmust change the I P for each
generation ofapiacesss DAt atploeALie) 3T fideneaeh cdedicatadnminy agl uri ng
conpany, receive certificates of manufacturing conpanies, and further nust
be regi st erethénsameefbrini bnatyupessessad sbyieagdulcSo rddsitey reamgeany. On
the other hand, in the case of soft IP, IP 20 vendors sinply supply LSI
desi gn conpavniesuitodadiyecnapafinesuainguptroness .at Tachisgivdrcarahic-wi th t he
foregoi ng data using a function describing | anguage such as VHDL, Veril og
HDL or the |t&e, idbe¢arstiet asrtndthdeabkeshaRTk gésgmilpttivons drchdst at e
transition 25 diagrams, constraint information, and the |ike. At present,
therefored iwhtah deet hounhe bHaPreAsthe pdr kée dfikgpplo da@tvieor specific
LSIs, the soft IP is_nore pervasive, and its prepotency will not even
change  131UpihfeRB taedreidahsg; the RAM compiler is strictly for
automating the creation arts fobatg? cell library, .and bel ongs to the

VE,

of ,
category of hard IP. AgoﬂéggFibgﬂdS rt A6 R&Fd TPE. gad&ed Lufply 5

framework is infe Lor i gistribution ang Bopularization.of,IP, and the
hard | P supp?f %Fai%ag ?g ?ggavaﬁ?aﬁéBﬁg y PBuPA&ER Swi'eHt Fdéngp change
for each progess. @Egt%ggdagggﬁgghdﬁheggog%aakxe Hq%elg%n%kkgcatlon nunber

generator circuift o odrment’,” particularly, the circuit as

|11 ustrafed éﬂuféggﬁggo r1804508k-¥ ﬁ@HEhE%QSbkgﬁﬂrB@%&c%ﬂddB%%§£$ra”SiStors

even in 1ts core, ot herw se conprises standard fogic elenents, so that

the soft |P gaa bempeadh! ynapetingdorhgaghrubar rexamelia i Zaf iGMOSH nverter
15 circuits (of course) and CMOS switchées (pass transistors) have been the

| P can be supphéegtihe Bié desatipitaBsonr agnbber ethads ngt andaid 20e
transistors alone nust scale is extrenely sma registered in the cel

i brary, to pescgsscoapaatesnspl gswishtbheenast pasd thendiogtiaad are not in
the cell library, the pass be registered in extra, but its 11. Though

aut omat i c | ayeuesptdngapregessi ahei SMAFsadvantagesusciudtishat Irthe result of
| ayout and wiring is irregular, two inverters for identifications, for 25
exanpl e, L 2ant®es drepbsedratiert r Bhel yearsvadétd pédsit Pdngalddseduently, a
long wire is rggted froma signal Pto a signal, PP on a circuit diagram

and i s suscept?Bfe2td MOREBLFHORYt Re™SAPFEGAGI AGY1CFn PBGuESS1r132

relation of magnitude is determined to determine an

identification number unique to a semiconductor

integrated circuit device in a manner similar to the
20 foregoing.

Specifically, 16 leads have been previously
determined before shipment of semiconductor integrated
circuit devices as mentioned above, the lead width, a
pitch between the leads or the like is measured for

25 holding the positional information and the relation of
magnitude in the form of a database. For measuring the
lead width pitch, the measurement is preferably made at

a portion of the lead 2 protruding from a package 17.



this, it is effective tolimt the layout and signal line lengths in the

yo Wi ring processing. It is also effective to conbine only this portion
W th standard cell registered in the cell library for 5 registration as a
new cell. Rather, a counter, a decoder and the like is efficiently created
by the automatic layout/wring or the like. In recent years, application
exanpl es have been increased in which gg |ID nunber, a variety of 10 unique
information (hereinafter this is referred to as the "general information")
are progranmeénicet @hkisl meb@irexam eart MRy nmye bt & nEFact ihe Ngy | | ne
nunber of a product, a manufacturing week nunber, the grade of a product,
and manuf act ghi ngtienageleiicel, nftovemaldtermitta tGeneral |jdedthief i husher is
programed using | aser fuses, EPROM or the like. In this program a |aser
pr ogr am shouhdmbet si npbudehdpyeertr oris.l Mortedadrs anlidrey a&imeser fuse schene
is processed substantially in a wafer state, no change should be accepted
in steps 20 after a | afbispcevedsi ng idtiged e isdmwramtdwrtds even nore
inportant if its contents are concerned with the Iife and fortune. However,
Wi th indi bi dbBreghppsdnhileRuAsy delyéaesdivbedhafare ntograrm edy, warh | rrportant
problem 25 arises in that even if the general information witten thereinto
in the IaserCEPégFéﬁFé&ﬁSbeaPQadntﬁﬁmﬁQQﬂﬁuqqoqs%ﬁﬁﬁ&%?Qﬁ4f9¥ﬁﬂ%l¥o
confirm whet it is cor~=ect. The follow ng can be conte %%éed as
count er measu 8¥lce§3§opﬁéﬁé?8 ofn&MOS (ot rikly 5% gP ett changes

d . Af f, h I h h
hgasﬁﬁﬁng de§$§é|ﬁ§§l§é éht¥8% % e@rﬁ¥ﬁ6ﬁ|%ﬂt%§4é%éﬁé§}%4ﬁbﬁ$é %#rict

sense, data it LoRSI BoLAGGOLD | 5090 Gapfd red Sgtheroane d s a et hod

of creating a nechani Sm recordi ng t e rea gener a I'on in sone

met hod t?oCOQ&bEHEQUEEhCBE' @B tah WAL R d RlG A Lp-Lnsure the

reliability of the read information. This nethod can prevent tToubl es of

products by jeeabkhRgeChhRS iWehhk itFhe 33 gy . i nformati on as defective
in the worst case. However, actually, if information read froma plurality

of chips 15 is the sangigit 43s idilufsiteultlest & eefild MW Gt alieadsagorrect,
resulting in conplicated managenent and settlenment of the chips. In other
words, it isofoahenpkat edbbhdtean efsemte adldemstifuidadfigolnumiget he probl em
ment i oned above 20 shoul d involve identifying once diced chips, acquiring
correct infogaaerakosncineudlii pscoasd ngomeartingy paiasentt inericdn - t hough it
is contenplated to add a | ) i , )
1 In the foregoing embodiment, the circuit represented in
Fig. 7 is used to generate the identification number
from the order of logical threshold values of
variations of a plurality of CMOS inverter circuits.
In contrast, in this embodiment, the result of
20 comparison between logical threshold values of two CMOS
inverter circuits INV1 and INV2 is used as one bit.
This idea 1s utilized also in the embodiment of Fig.
40.
In this embodiment, the logical threshold
25 wvalues of the two CMOS inverter circuits INV1 and INV2
are compared in the following manners. An N-channel

MOSFET Q2 for short-circuiting is provided between an

input terminal and an output terminal of the inverter



uni que identification nunber to a chip for retrieving a 25 correct nunber
om@ dat abase or the |ike based on the information, even if itself is
witten with the sanme | aser fuses, that will sinply forma vicious circle.
On the other hand, according to the 134 information theory (for exanple,
"Informati on Theory" witten by Yasuo Taki, published by |Iwanam Shinsho),
it is known that if there is a |arge dystance between codes (for exanple,
Hunm ng di stance), a change in 5 original information can be detected and
repaired evepirtunei SEVINt r ghdeeS N0 dahemdfierr Iexanmieed,Erg ap— Correcti ng
Code and Its Application"” edited by the Institute of Image |Information and
Tel evi si on EopenheeidsMas@EQullli ke dow idem Cetwedrderthe tihgumodes refer to 10
information witten with | aser fuses, and noi se corresponds to a parti al
change t her etarminadt bér ther ¢80SWHervea ey quier dudentliNVilc atricora reugdyery havi ng
a large inter-code distance is added to the unique information, it can be
suf ficientlyvebtdpst VRGui sAbeskr dRSeERsr Jldemd fJ2c @tricors upimidiead \ witle. |
chips even if part of the overall information sli%htly changes. Thus, the
utilizatien ap tHentdéacptieat NFALSINTaL (ydrtecandrl cisiamal %%oﬁrfdi ng to the
invention of this application is effective. 20 Fig. 69 illustrates a flow
chart of onetRRbSBJFRERECHLVE RBLRSd for nmanufacturing a seni conduct or
integrated circuit dev'ﬁe whi ch uses a sem conduct.or chip that has a

built-in identificati ohRuffBEPUGerEFTEGR Lciote il 4V diSTy T The" pr esent
25 i ti f ti i,ch i . i nati ft |_inf ti
and 5 uni queTNUenErT FRRARGHSHunBer AdEly 4 X aPgET Mot odd dxtdhce Tor a

chip 135 (?EEShQﬂ?f Qo . thig io%t?;% ersriggxatlo AS € 1o pfc%mrcuitrhe

information") 1S programred 1 nto Faser Sés on a speci er.

uni que i dgnt if;sat 508; AYIRSE qUESd ahn Akl FREEN T 1S HeN&IEER L tde
built-in identifica 5 tion nunbér generator circuit. The general

information andayphgea tdeeauiiti ot saminurbemodr e savwed and ranaged on a
dat abases as managenent information. The managenent information is

conprised, foDrRvVEexaoplEV59f sbhehgenamnalidkttiirtfieanEidnomuaie ra caitigut
i dentification nunber.
is formed from an output terminal OUT.
When the identification number enable signal
15 EN is at low level, the circuit is inactive, wherein
the MOSFET Q1 is turned on, and the CMOS inverter
circuit INV1 is supplied with a high level
corresponding to the supply voltage VDD at the input.
In this event, the MOSFET Q2 is turned off, the output
20 signal of the inverter circuit INV1 is brought to low
level, and subsequently a signal which alternates
between the high level and low level is transferred
through the inverter circuit sequence INV2 to INV5.
The characteristics of MOSFETs which makes up
25 a CMOS inverter circuit can undesirably vary depending
on a gate bias applied to the gate. In comparison of a

P-channel MOSFET with an N-channel MOSFET, the P-

channel MOSFET is more likely to present relatively



In a test step after assenbly of a sem conductor integrated circuit device
a C card, the managenent information is read to reference the database
or confirm ng whether or not there is the 15 sane managenent information.
| f the same managenment information exists in the database, the |aser-based
programis determ ned as correct. Next, the general information in the read
information is conpared with the genergd information in the retrieved
managenent 20 information. For this reading, the general information part
is read in ajpkyeakibytobteond inoR%a QM e chaning @ supply
vol tage condition, while the unique identification nunber is read only
once, therebyhdonpeki Fﬁehbml@ﬁ%&i blse pre va@ud1IymiwieidiRiced pttre data wite
is sufficiently stabilized in a short tine. During a test, it is necessary
to match w tHebbeipanagetmntonnkbetian alton Ftike deét abhasesatwid hitgh speed.
136 For exanple, data of managenent information to be referenced nmay have
been previ ouskéytstiesedibadawiwbhk retfetrieoiceortct e .d.i kel .associ ated with a
testing apparatus. 5 The foregoing nethod permts a rapid and correct
confirnmatbon of prografhenpoddatiporpeMartteoge MOSHET K ,unibgueh itdemts fi cati on
information is witten one by one with laser fuses or the like, the
processi ng tPRevAAl ERpplaeeiiéamalé onnevEksad chiseridas ft Hd dnidfiel 90
i dentification nunmber can be sinply and autonmatically acquired by using the
chi p identifiRaEFoHenulBer 2geREatdr Odi PEFEVENWMIINGh & &Nt FPh GG ons i n

| ogi cal threshol | ues.of CMOS inverter circuits according to the
i nglenti on of©® the\églﬂﬁ' céP?’Sﬁ.tefSICé\é&liJ‘fti é : It@él rfsﬂ'gs%isﬁaggcfgnta\q tion
nunber, and inﬁorna%ion g%.a.gogi asﬂafer and tQ%é Eﬁfttgcqgk{ed.in a probe
test or the FTrke°PrPor SFoitHeS addr SHPEGPET A% W SyifetS aF i the ™

. : . Ih : . di
to 20 a Shi poas PReroosiRrREses ol e e MR M vees. R, 70"

illustrates g {hewia0AKt tAE gAEcCRBRdNTERAY off & HY eCeIs Rfe 129/ METI Ng @
sem conductor integratéd circuit device (a so-called post-process) 25 which

uses a seni cORdUBEOLMOBI PniBateks cARUNtied o thet P risdertdaldec atd are nHunber
generator circuit according to the present invention. (1) In the probe
test, an |ID soobee pot8htial, i.e., a high potential comparable to

the power supply potential level.

15 When the identification number circuit is
activated, i.e., when it generates an identification
number, the signal EN is brought to high level.
Consequently, the input and output of the CMOS inverter
circuit INV1 are short-circuited by the MOSFET Q2 to

20 generate a voltage corresponding to the logical
threshold value voltage. The voltage corresponding to
the logical threshold value of the CMOS inverter
circuit INV1 is supplied to the input terminal of the
CMOS inverter circuit INV2. The CMOS inverter circuit

25 INV2 compares its own logical threshold value voltage
with the voltage corresponding to the logical threshold

value of the CMOS inverter circuit INV1.

When the logical threshold value of the



enerated by the identification nunber generator circuit, a lot name, a

fer.mnber, a chip nunber and the like are registered in a database. (2)
When a newWy generated ID nunber is 5 simlar to an I D nunber which has
been previously registered upon registration, some alarmis generated and
the chip is disposed. (3) In steps after the assenbly test, chips have been
separated one by one in a dicing step,ggo 10 that I D nunbers generated by
the identification nunber generator circuit, step nunbers, and the step | ot
name are regisveredri sitbaidatabases (4ped nean heaktDorurdigy whi ch can be
acquired by the identification nunber generator circuit 15 according to
this applicathoarcan thiuctiiat ENtde tesmechauitc@lotand italerirmalhisftesses in
t he assenbling process, electrical stresses in a burn-in step, and the
i ke, the noshametieat lo@inatbeéhrasyoildedailmet o ltteste stfefrhes stored in the
dat abase. 20 (5) If chips need not be tracked in the post-process, the ID
nunbers geneiavedtey checideniNVicat Fos putbat gageoedt of dihecuit are
acquired only in the final shipment screening step for registration in the
dat abase. 3 25. 163 TRE 9iévpéEsF§Vaca§i rERLEiBifdnier Ghef SrpRSBYEST chi ps
determ ned as defective in each test step i.s _deleted or marked to reduce a
subsequent sEAYRREPFoELESHAGSE tH¥3, IN¥E, (FVin gondhiethg 8P E &Yy nbol or
a nunber indicative of g line._on mgicp % praoduct i s manufactured, a year

vECot' Sthe

n
nunber and a&WeRkAdRbYEP FRJIFLREE NG NG may be
i npressed. 5_These. | npressio serve as I_nfor ion for a rch in
| dont 1 Tyi ng TRATGTHIAT SARpI QS TRACCIn LHESHEAE. SE1SEnDig B the | D

nb t j t k-fid : | . i it dth
formast on SR TRess PErbaER HhL e oL L On A e o baco. Though

chi ps hayhng; COOPPE,| APLegstonniAf 0F BB LAR USRS ithe ilsD rder s
generated by the identification nunber generator circuit conpletely

i ndependent ©ha®nenandbfecal chhpsshavingadiukl @oertagemRiFesSicon i nformation
may have the sane or simlar ID 15 nunbers generated by the identification
nunber generatwvsreceércditculn DNWRL wohds puitbuits spassilblog tthier estri ct the
ability to identify the I D nunbers generated by the identification nunber
generator ciimuétrtepunieduinh éHERA ¢hi pmpiesdkd by ithea subdectucort 20 in t he
scale of the identification nunber generator circuit and the nunber of bits
of the identitvertesvnchaabBees (BY3uUpdNVBegildiVbat ison tdRtt f&el D nunber

15 potential at the node N5 is close to VDD.

Fig. 44 illustrates a circuit diagram of
another embodiment of the identification number
generator circuit according to the present invention.
Since features lie in the operation, Fig. 44

20 1illustrates two circuits together corresponding to an
operation state 1 and an operation state 2 for
describing the operation.

Like the embodiment described in connection
with Fig. 43, for generating identification information

25 from a difference between the logical threshold wvalues
of the two CMOS inverter circuits INV1, INV2, it is
important to ensure the reproductivity of an output

signal even if the difference is small. Particularly,



enerated by the identification nunber generator 25 circuit in each step,
tr ction/mxture of lots is detected based on the ID nunbers to
generate sonme alarm In this enbodinent, all the steps are 139 directly
coupled on-line to the database. Actually, however, a connection through a
communi cation line may be difficult dependi ng on geographi cal conditions,
or some situations may |ack the real tdjre performance for 5 such reasons as
a slow communication rate, intervention of batch processing, and the |ike.

In such casest thenkBbekHRY 8B itakencetrsavedsilietataeal fatahaseodsirt her,
when the imedi acy is not needed, the information is saved in a storing
medi um whi chihsti8 thassholtedatlact hreldayabase ther rcahare®dlt MddEEMeEXt step
together with actual articles. Due to constraints and the like of a testing
apparatus i n(epaththteppgacpiotessishgldompluer ofnd heh€MaK e nvdaditae 1t n
different formats may be collected into 15 the database. In this event,
processing foircuater thngethbydaha toemetmemey e fienged ed ias@HTE el y
before the registration in the database. Figs. 71 and 72 illustrate
schemat i c5di Wgiahshes basowsbodirmenenst 1a meckod deviceguci ng t he number 20

of bits of the |dent|f|cat|on nunber generator circuit according to the
present inveRPPEATIFERGLY7ITNPI REFPRIESCR FEGRITIS iTon Afetirdd Fﬁﬂ“ﬁéHUC|ng

t he nunber bits of the.id tlf cat{on numher gene circuit, and Fig.
725111 Ustr at ELISERAECATAG e ERGd D8 CORBLEY 8P L CiREn OF praucCraitithae a
sem conduct of rated circ evi istrib ted an th nark fails
while it is %gégéﬁglPhgn SF %bﬁe waeﬁﬁog CRUFANT T £49 M erat or

cir cui t accoaﬁéngoégcgmethgggﬁguanvg& uEheg aRl el 9p, et et vel

functions for 1nvestrgating 8 calse" of i At he Tet ur ned pr oduct .

N this eyentirLheci denti LhoaLi-aRBUTRE! rLyokel sher ed drd, 3 @ dat abase for

nanagenent upon sh I pnent and data on the nmanuf acturlng process i's

i nvesti gat edbé\b@@ehheh@rQagcit:atLSth%ghaﬁa s 1bRlsl e the thiss caxgnt, it is
necessary to match whi ch managenent nunber of product the failed product

has. Wen t heneecaterachotuatsl0gikiipgedipeoductas privhe eloldfow n@wsiA uat i on
may OcCcur.
reliability for identification information generated
thereby.

15 In this embodiment, a latch and a feedback
path are added for ensuring the reproductivity of the
identification number and for improving the immunity to
aging changes. Specifically, the output signal of the
inverter circuit INV5, which forms part of the

20 amplifier circuit as described above, is transferred to
an input of an input-side CMOS inverter circuit INVe,
which forms part of the latch circuit, through a switch
SW1l. An output signal of the inverter circuit INV6 is
transferred to an input of an inverter circuit INV7,

25 and an output signal of the inverter circuit INV7 is
fed back to the input of the inverter circuit INV6

through a switch SW2. Also, the input signal of the

inverter circuit INV7 is fed back to the input of the



The nunber of identifiable identification nunbers depends on the nunber of
‘t s(g the identification nunber generator circuit, so that the exactness
of identification is inproved as the nunber 15 of bits is larger, but a
correspondi ngly increased nunber of data nmust be identified. In identifying
a product, as the nunber of objects to be identified is increased, it is
necessary to read nore data on the datgpase for conparison and matching and
to execute 20 mat chi ng processing. Thus, for reducing the

conpari son/ mhebirRgrt chRcand mtilgatimgdihe leadon 4w system information
indicative of an identification nunber group is separately defined as in
Fig. 71. In this way, @heangeref ildhe stndzerl din datp tar bahowat ched 25 can be
reduced as in Fig. 72. For the identification nunber group for reducing the
nunber of bi bpeodbtiba bdengtnkiraatingn inlentdrf ias tient iiorfedratowey, | nf or mati on
general ly 141 referred to as a lot or a mark is used. A conbination of
this i nformwhenewnt h she ticte SWIOf iicattiuam equ mine rt op exhwi rtts- qormoduidt steo be

uni quel y nmanaged. Also, in the database only for nanagi ng products after

shi pment , 55 inpvEnmatfopusputacfedhehiCYOS § neirdteed aig qudduddlVll emagenent
cost. The identification %roup can reduce those which nust be matched from
anong i nrensécagraténat Heldaggbhao& resPradidd ife Hcode@sEiqfd ti me and system
|l oad. 10 Figs, 73 . and 74_illustrate schematic diagrans for describing a

testing met hbRTRAREACUVPILPEedCLRhEIPdaN PRI CHTPHT AdiSer lgendratde circuit

o o8 1 (e pemcontueor L pencaed < ccu s dpnss alfriing 1o (e
isiti ile Fig... il €S . t . t

Close to theCBRaCaps, REVEEserasiborts aradeds inritted &8 e oga™ fhe

Ldentificali onyBuEler cgeRBERL Afvel LEULLrEalALY kel d ! 30 undd L ons, so

K
that an 1den I catl on nunber acquisition process Is provide ef ore

sever al testcseee§§§ﬁain§i kst chdatia reuchnds 2R thdent idhLatdqangiunber and
data such as a managenent nunber, a product type and the like required in

subsequent ptheesEesdaielnegivstieagesi As2ychbesdaiiabasen Howenar nddd s is
limted to a device which is capable of performng mnimally required
operation reNated tbetHO§enewatitem ofi riche ti d&V2i,f iacat iien ampibefied 142 In
each of subsequent test processes
by the CMOS inverter circuits INV3 to INV5 which form
15 part of the amplifier circuit.
When the logical threshold value of the
inverter circuit INV1 is lower than that of the
inverter circuit INV2, the potential at the node N2 is
higher than the logical threshold value voltage of
20 INV2. The difference between the potential and logical
threshold value of INV2 is amplified by the subsequent
inverter circuits INV3, INV4, INV5, so that the
potential at the node N5 is close to VSS. 1In this
event, the switch 1 of the latch circuit is turned on,
25 while the switch SW2 is turned off, so that the
amplified signal is transferred through the switch SW1

in ON state, resulting in the potentials at the input

node N6 of the inverter circuit INV6, at an output node



illustrated in Fig. 74, the identification nunber of a product is first

ad d matched with identification nunbers on the database to acquire a
managenent nunber. 5 Data on the product type and test specifications is
uni quely determ ned fromthe nanagenment nunber and transferred to a testing
apparatus. The testing apparatus can conduct a test in accordance with test
speci fications given to each of producdg. The 10 advantage of this
configuration lies in that if the product type and test specifications or
ot her associmyedrdaha aneedt¥enctiecthe datahasedonrlty ann ddedd ridde
identification nunber acquisition step, such data need not be given again
in each of supsequent imstribrpeocesses I0V7MBRUHAC kkWfuang thy OESS, So that
the production efficiency can be increased. Fig. 75 illustrates a schematic
di agram for deBgrvbspgraspethadefigr. nmanagi ng correl ati on of characteristic
data for each sem conductor chip in each 20 test step, meking use of the
i dentification nunber Geaepptortépnceittteoéntiad Fiig.t Hd sdmiwsorduct or
integrated circuit device according to the present invention.
Char act erp st fecedarak (prasarénent gheteuntici awischaliWlt eft tdeepg atielt he
sem conductor manufacturing is found in each step, and a change in the
charact eri stferdath whytpengfaPfzedwhihe thenciiiteht S¥¢ dgnterrnes used for
managi ng thesEEcharacterigtic data to store t he araqte&f%ﬁhf dat a

43 h
of each chi pPtfr e3Rf SPeptPREERENEaF5B5EE. 2FR kﬁ#g'evg , SPiH&cC
identificati nb iLn the d b dat by id i fjcati
oentcaFon nipbecs o5 e oy aase are gl R by e ) ca o

identificatign%ggggﬁéshgfﬁlég ?thgggg Pg EQ%kOE%;%%EOQn%EttQﬁf%ﬁﬁ§Uit into

t he dat abase: i ona € correlation o robe*test to a finished

product {gstc bgen, takep,ip kot tights in which a plurality of chips were
collected in a 10 group. At this tine, since the correlation can be taken

for a change in the chesastgubati¢,daha Batweenphie orespRCinR JHacesses
for each chip, the accuracy of the analySis can be increased. Fig. 76

illustrates aischeprtnvidiagegaaniotolbhdesonebgg a.get hetef arssaut onati cal
in a pre-process, naeking use of the nunber generator circuit nounted in

i ntegrated cpotcemtiaevi cBlaccotdengakavenpubnof20NVRe iisdemtuiafli ¢cat i on nunber
Ly managi ng wafers identification the sem conductor to the present
generator ciYeRit IR prberdedrda, TEGf pptedsarilf pitn§he wafter ofskdie t hat
each wafer can be managed with its identification number when its function
i s conpl®?edPtrnemect| MQBFRL r tRgtBEepnVEKLESTeFilKrHated MVie 1feéd f or
attaching a 25 tag_to the wafer for naﬁggenent and the need for inputting

information Yo°a syRt&mFof FARA4FAGDt hRTWAFERLREAGEAS HPlHg o ddSs. When

the funCtlOnPgéhgggeidﬁgébéf9aghgnif this state is held long, the

threshold value (not the logical threshold wvalue)
voltage of the MOSFET tends to gradually increase.

20 Though there is not necessarily a corroboration of
increase, this is not at least a condition for
reducing. When the threshold value of the P-channel
MOSFET in the inverter circuit INV1 fluctuates to be
higher, the logical threshold value voltage of the

25 inverter circuit INV1 becomes relatively lower from a
relation with the N-channel MOSFET.

On the other hand, when viewed for the P-

channel MOSFET in the inverter circuit INV2, the gate



| 44 nunber generator circuit is validated, and when an identification

nb' readi ng nechanismis attached to manufacturing apparatuses and
testing apparatuses for processing the wafer in respective steps subsequent
5 thereto, the database can be accessed with a read identification nunber
to automatically set information on the wafers in the apparatuses. In
addi tion, the manufacturing conditionggjpn which the wafer is processed, and
test data can al so be automatically 10 stored in the database. The
identificatigpradaign feadingpmEchanicsmican ke rearmirdrset afhipoves supply
whi ch can be controlled froma personal conputer, a board which can
generate a shgpaletatibunetri amTIY itsheardentd fdceaid ool T Hudere gener at or
circuit and reading its output (identification nunber), and software. A
probe is al sbogequilr edréehoilapwitliurg vand aguet puft ttheg idatear ter agicd-duinmm TEG
Fig. 77 illustrates a schematic diagramfor 20 describing a nethod of
storing and $¥dRchang an edertliftilvatliyommalibeangfe .t heSdederftiidaldat, on nunber
generator circuit nmounted in the sem conductor integrated circuit device
accor di ngSt othbecpnesenedi ppemiitdon 25aTki @ edvodisndite dgioyesl a schene for
extracting upper N bits of the identification nunber which is stored in a
table field Bhrepboddt Hpase af &he daarrter wdAsydiredNVl Her eby i nproving a
search speed | 45 and reducing a |oad on the system Wth a nmethod of
conpari ng anfidehtfFfchpi BR AGHSeEr fos Feldsrdared wirdt #fgridw of
identification nupbers.in theIgg abase, er ,bits of the identification

i

nunber to belEgﬁﬁB?Edc%rSPétf reXtrd B 9 dRd 3 TEA51%E iSd Ysear ched on
condi tion tha% th|sdvg%?%Fg%%%ge%e%@€%§d§§Fvggg%i%%l{%ilgggﬁ%a e. Next, an

identificati%np%ﬂ%%er S ce€Ti s i ication

nunbers L1} gyggsher gn andst i, one aavig st he Shont este ddentdd i cation 10

nunber distance 1S determned as'a matching identification number. In this

way, the perpipgotndaha ¢88:iRg1f eund swoliBoyh 1eemparijag identification
nunbers of all itenms on thé table. Fig. 78 illustrates schematic di agram

for 15 describpngdanet et yesamphe alichhe rAetitednoth st ofinig¢mamd ssear ching an
identification nunber of the identification nunber generator circuit

nount ed i n thewseapeodduct ot tiynt egr dnedecaiskel)i hldewiee &eaorctieng to the
present invention. 20 A schene for conparing an identification nunber with
a group of ideatitatavhonfnanbédenith ftiketdanabagden geineratdmi t ed search
range of identification nunbers is enployed to inprove a search speed and
reduce alPoad@libfuihevwbjysheds Wohly ABINSE 6P 25 186msAEingg San
identification nunber to be conpared with a group of identification nunbers
in the database, the t4BPB f&Sséapdrad ﬁPFﬁS%8@9b§§éu§egﬁbﬁhébnditions

which include an upper;limt apd,a;lower, Limt of .an. of the
inverter circuit INV2, the potential at the node N2 is
lower than the logical threshold value of INV2.

20 Therefore, in the feedback operation, the node N8 is
amplified to the VDD potential. On the other hand, the
gate input of INV2 is equal to VSS. In other words,
the potential at the gate of the P-channel MOSFET in
the inverter circuit INVZ2 is at VSS. This is a

25 condition for accelerating NBTI for the P-channel
MOSFET, and if this state is held long, the threshold
value (not the logical threshold value) voltage of the

MOSFET tends to gradually increase. Though there is



46 al | owabl e range by fluctuations for an identification nunber to be
rrp‘zd. Next, an identification nunber distance is found for each of the

identification nunbers retrieved here, and the one having the shortest 5

identification nunber distance is determned as a matching identification

nunber. If no data falls within the upper |imt and lower limt of the

al  owabl e range at the first tinme so tgat no data can be retrieved, the

upper and lower limts are relaxed to 10 gain performthe search

processi ng. hb@. né2eskhustiyatesoca retiemiion dadminddddistutatd ngs one

enbodi nent of a nmethod for recovering a sem conductor integrated circuit

devi ce, nmaki hgtuse akatheal dentdifticat ifer mevherirgenendter tdig cuit 15

according to the present invention. (1) A probe test is conducted for a

chi p body. Wthkreshibddt estluer edovéuey Pdatherofe IDRAMERT tie Yhikelnwesent to a

host conputer together with an identification nunber extracted fromthe

i dentificati oBre0ifuAdbde genetapdesciticcliet hiaemi dihey icgis@®¥ ormed to pick

out only conpl etely_operabl e products and recoverabl e products. (3) A probe

test is condabteghréd EEPREMVALdiesst &F (toer deveatedatigcys (MWYVANor nal |y

oper abl e products are diced for stock. (5) An LSI body and the NEEPROVI

dedi cat ed tobecomes relatively lower from a relation with the

channel MOSFET.

On the other hand, when viewed for the P-

channel MOSFET in the inverter circuit INV1, the gate

10 potential is at VDD, which is a condition in which the

15

20

25

acceleration of NBTI is hard to
logical threshold value voltage
INV1 vary in a relatively small
the continued operation state 2

threshold value of the inverter

occur, so that the

of the inverter circuit
range. Specifically,
causes the logical

circuit INV2 to

fluctuate to be lower for maintaining that of the

inverter circuit INV1,
expanded difference between the
even with

values. In this way,

between the logical threshold values,

tivity of the identification bit,

reproductivity, is increased,

resulting in a relatively

original threshold
a small difference
the reproduc-

which has a low

allowing for the

realization of an identification number generator

circuit which is highly immune to aging changes.

In Fig. 44,

state 2 from being brought into

for preventing the operation

an erroneous state, the

first operation state is first started by such a

circuit as a power supply reset

circuit or an



recovery data are nounted in the sane nodul e. 147 (6) The identification

nb is read fromthe LSI body nounted in the nodule, and correspondi ng
recovery data is witten into the EEPROM dedi cated to recovery data. 5 (7)
A screening test is conducted. (8) Good LSIs are shipped, while recoverable
ones of defective LSIs are returned to the step (6), where correspondi ng
recovery data is witten into the EEPROM dedi cated to recovery data. 10 In
this way, sem conductor integrated circuit devices can be readily and

rational ly reeovesedza€tiber cihanithenr eaeveeiiebnseriteendueieeyrdtyEgr at ed
circuit device, a test cost can be reduced, nmeking use of the

identificatiohrduitbedevioeauponbactivhesbnwbitclihies seaidvededtair the tinme a
sem conductor chip is forned on a half wafer, for exanple, sem conductor
chi ps such asntegtasédreimopcyinhdetibayestihk saneachr time fiwndts ons
operating at different voltages such as 3.0 V, 2.5 V and 1.8V may be 20
manuf act ur edoawe deédif enenfoplodadt byypesrahaithios éeenhe secestd i s conduct ed
with a voltage which is set corresggnding to 1.8 V to deternine whether or
not the nerorgerarient syabper alBsthAss¥aleorduersrophilptéetecbretk as good
'nthis operation can be performed irrespective of the power-on
characteristics of the inverter circuits INV6, INV7
themselves.
Fig. 45 illustrates a specific circuit
10 diagram of one embodiment of the identification number
generator circuit according to the present invention.
This embodiment employs CMOS switches for the switches
SWO to SW3, each of which comprises an N-channel MOSFET
and a P-channel MOSFET connected in parallel. Also, a
15 CMOS switch and a P-channel MOSFET for pulling up to
the supply voltage VDD are provided at each input
terminal of the inverter circuit INVZ2 and each of the
inverter circuits INV3 to INVS which form part of an
amplifier circuit.
20 Then, a feedback control signal FB is used to
control the switch SWO0 for short-circuiting the input
and output of the inverter circuit INV1, in addition to
controlling the switches SW1l to SW3 of the latch
circuit. 1In other words, an output signal of an
25 inverter circuit INV1O0 for forming an inverted version
of the feedback signal FB is supplied to one input of
an AND gate circuit Gl, other than for controlling the

CMOS switches SW1l to SW3 as mentioned above. The other



25 determnation is recorded with voltage information indicative of the

er on confirnmed at 1.8 V. The operation confirmation information is
witten into and held in the sem conductor chip itself in a non-volatile
148 manner. Therefore, in the sem conductor chip, a managenent nenory
conprised of a flash nenory is set. For a chip which fails at 1.8 Vin the
foregoing, the voltage is set at 2.5V pand determ na5 tion is nade whet her
or not the menory operates. A sem conductor chip determ ned as good in this
det ermi nati oinpstr egotdedNaibh guelet @96 dunfroramtiisonsugpdiieat iwiecrpfeide
operation confirmed at 2.5 V. Then, for a chip which fails at 2.5V, the
voltage is seigakllfN?. BY, taad dékesminahl GWO I IR tMEiRel withaint he
menory operates. A sem conductor chip determned as good in this
det er m nat i oautputesdygded wift hheokNageaitef alnmanidoan ndiveattiadke fgride
operation confirmed at 3.0 V. A chip which fails at 3.0 Vis discarded as a
15 defecti vefchinpd by &hi $nepboeirmentrcud tsémiV®onduct or chip determ ned to
be operable at 1.8 V, for exanple, is handl ed as being operable at 2.5 V
and 3.0 VAwithout undefgothg checopér afi ¢hitsesmbogtinEagy afdrs.they. 20
Simlarly, a sem conductor chip determned to be operable at 2.5 Vis
handl ed as b&if#gaépENabFeaht 13W0 levilt WD thGersgdiy ted teissa G010 t est  at
3.0 V. Thus, although the sem conductor chip determ ned to be operable at
1.8 V may fafPPifeft tPs@operareddyctors iptegrated civculy deisimmtity is
deened to be | ow, .so that the nanufacturing cost can be reduced as a whole

by omitting EheBHEPRPFGHS pEREEr HEG COnd SHToSRE o5t & &&pecti ve vol t ages
t d th ti . t h f i ti .
0 reduce ?déﬁ%ﬁgabgﬁgoﬁannﬁﬁe%%ﬁ?chl%n @Qkh%k@qug@%&omlﬁ _;ons

Then, when assé 0 a sing ash renory “or conbine

m cr opr 0%6558i505réh€u5:h58 ba byl Eﬁp?l%%‘eetiﬁlgﬁ%mt%%ﬂ%%t Ol ¢ ﬁ]ae at ed

circuit devi ce, the operation vo ge information stored in ost

conputer is tabgi eMedrteomtbevidentichi gahiign nuwker dercenpidie conpatible
ones. In this event, a sem conductor integrated circuit device operable at

2.5 V can ussuppthi potbhgh wsDCONTIr Bd st eveatopenablseialchl Gikphbaéd whil e a
sem conductor integrated circuit device operable at 3.0 V can al so use
chi ps whi ch atetbpeiaplie atrthiBaV afide2ch ¥f the CMOS inverter
circuits INV2 to INV5 is turned off by the signal EN at
15 1low level and the inverted signal at high level by the
inverter circuit INV8 to disconnect the cascade
connection between the respective inverter circuits, so
that the voltage level at the input terminal is brought
to high level corresponding to the ON state cof the
20 MOSFET Q11 to Q15.
This is advantageous for preventing the
threshold value voltage (not the logical threshold
value of the CMOS inverter circuit) of the P-channel
MOSFET, which forms part of the CMOS inverter circuit,
25 from fluctuating due to the phenomenon referred to as
NBTI when no identification number is extracted while

the semiconductor integrated circuit device or

semiconductor chip is being powered.



Fig. 80 is a layout diagramof a further enbodi nrent of a sem conduct or
"te ted circuit device 15 which conprises the identification nunber
generator circuit according to the present invention, and Fig. 81 is a
partially enlarged |ayout diagramof Fig. 80. Like nmany general

sem conductor integrated circuit devices, the sem conductor integrated
circuit device in 20 Fig. 80 has builtgign circuits and internal circuits

di sposed substantially at the center of a sem conductor chip which forns
part of it, and a pluralki tyheofsiighput MUtiRUHeelded (HrYdh cald Sle ¥l BpOSeEd
around the built-in circuits ang internal circuits for 25 communi cating
signals to theghutlsivde., Shel kantdegeforalcosetanductney imiatiat ed circuit
devi ces, four corners of the peripheral portion of the sem conductor chip
are enpty regiensiits WNVEhtpo INVIS5Q.n [Asealde iaxeditsposet.onhisnenmiosi nent
makes use of such enpty regions, and provides an identification nunber
generator ciputputCRMNGnaA ofietbk thdm chhreuide®l ftircatsidon onrbes gemer at or
circuit 5 CRNCis coupled to the built-in circuits through a signal and
power suppl ylevelngchapengeshendivagcovESiit e Samincomductlor WHip.was, wil | be
| at er described, the signal and power supply wires can be disconnected. For
10 conveni endB 8RPiéRedi debAreenitdnl Fodhagigratvasd fdkerl alisidy wiring

| ayers are preferably small in_quantity. Th in the enbodi ment, wires for

i nterfacing theesaehti VRLAE Bﬁlﬁeﬁfﬁepfgéﬁl@rﬁ@ﬁ GHWERHE T HHF THE bui I t-in
i rcuit i f Ll 15 f Wi h |
viros (v VTP RBRTRE 1RERCRR Chte oo et AT @l Gl and ¢ hr be

ignal wires.f t si RES), | i gnal_,(CLK),. and
Caont 1 cat; SROREREG, COErRAL SRS BORF e e R R e vi ew

of Fig. ?9 8lhet DG RQWRL SURBLY (WrieS VDRhe\{S%h%r%iéﬁ%rle%%mfsd Y

relatively fat |1 nes, il'e the signal” wires for the reset signal, clock

signal and idgpthEieali @ReNYFBEENOWHRUL sSiteRdleRich, " 8RS RIRIM &Y
relatively thin lines. As is apparent fromthe figure, the signal wres

extend 25 whblieptibeyighalsulstant iakkyteur cowaded bwst He pewem supd y wres
VDD, VSS. The identification nunber generator circuit CRNCis configured to
be abl e to geher aheeirdent cfircatiten INUSheINVY atdahddnee wart tdfe thel51
round-robin schene as in the aforenenti oned enbodi nent under the reset
signal and clatkhsicgmghitOn an enpty region around the identification
nunber generator circuit CRNC, el ectrode pads RES, CLK, OUT, VDD, VSS 5 are
provi dediPo extend to Whenr&set sipgaal FERES) chengsld from low level

to high level in the foregoing state, the switch SW1 is
turned off, while the switches SW2 and SW3 are turned
on in the latch circuit to hold the identification
information taken therein. In addition, a signal

20 corresponding thereto is fed back to the input of the
inverter circuit INV1 through the switch SW3 to set the
input voltages for the inverter circuits INV1 to INVS5,
thereby attempting to ensure or stabilize the
identification number which conversely utilizes NBTI as

25 described above. In this event, the signal FB at high
level causes the output signal of the NAND gate Gl to
return to high level, turning off the switch SWO which

has short-circuited the input and output of the



signal (CLK) identification nunber output signal (QOUT), and power supply
‘rn‘i s VDD, VSS, as illustrated in Fig. 81. These el ectrode pads are
provi ded on the sem conductor chip to be conpatible with contactors 10
referred to as probe needles, instead of provided as external term nals of
the sem conductor integrated circuit device which is constructed by
packagi ng the sem conductor chip wth;agpackagi ng nenmber such as a nold
resin or the like. 15 ldentification nunmber information fromthe
illustrated ideatiEi-catireonipurRer generator circuit CRNC can be read to the
out side through a normal path by way of the 1/0 cell if the power supply
lines, built-in circuits, ik/ @oetkinpand ddhenaitke igied ke pat ik Hfa 20 the

sem conductor integrated circuit device are operable. Here, the
identificatidargunbef fentariali @b leagepbeftaca hednhpathuwdledadd deeds
including a product historical investigation. In sone cases, it is 25
desired that thheindemteti catican tisudberd ,i TN anidont hean ibe extiriadt ed from an
i noperative sem conductor integrated circuit device. Inconveniently, if a
sem condubt ofoint pgrét ed thes2ampiliddietr dévicee tf,aians! ttdiendrawEldal oper at e due
to an abnormal increase in the supply current, or a variety of other
factors, thetpaerRhgédn¥adue goéhags nsheyr &dild netr &epved sttenddgosley t he

sem conductor chip, and the 5 power supply and signal wire | ayers between

t he identifiéﬁf?@EeﬁuﬁﬁeNBaénéﬁaWGPtéPP@ | PPONRC af@WENE Thuiil& n circuits
are cut by a %aser cutter for rempyal. As a result, the identification
nunber gener BPBY EFPcHPFIBRRE i EORnERMED oMY JF HHE™M G Sel'd& r ode pads.

St ated anot her_way, the circui NC.is free frominternal wre

Short o1 roul LV HBEPFUBLTGH -oF TNVErnalvdl BREntee Aidthe 1 6t ¢ he

sem condygt of ;| LEAr 8LeY CLLAULE deulCeo, 04 GARDE endanendant |y, aper at ed
per se. us, Inthis state, contactors areée brought Tnto contact with

the el ectrodgepadsnqateB t Babsthecedenhiitincalsd QrvaWTRgfed2f Qrfmati on can be
acquired through the contactors. Wien the sem conductor integrated circuit

devi ce takesy@ipackageaf gbmtr ebeteedntiquas aatlirp deiszeiZ@dqpackage or a chip
scal e package which conprises a plurality of external termnals conprised

of bunp el ectrodes thretgh a6 insukatiangsl ayepeicitfearded doaritm ti gating a
stress and a wiring |layer such as a relocation wire on the sem conduct or
chi p, the 25didgntinf bfaki dnribeive embptiomeatti of che Deeaxtifdctagd dm a
simlar manner. In this event, if it is difficult to extract the

i denti fi tati oAMRaKbEENEKREPHRELSRULEr 8G§R rAdNTalt cekher Palesedtni nal s, t he

bunmp el ectrodes and | 53 . , , ,
invention. This embodiment is an extension of the 1-

bit identification number generator circuit as
illustrated in Fig. 44 and the like. This embodiment
is directed to a circuit which is composed of a less

20 number of circuit elements for generating an 8-bit
identification number.

In this embodiments, all CMOS inverter
circuits in the circuit diagram are identical in
constants and layout. Specifically, a unit circuit

25 (cell) is composed of a CMOS inverter circuit, a CMOS
switch provided at its input terminal, and a CMOS
switch for short-circuiting its input terminal and

output terminal. Respective unit circuits are



insulating |ayer are renoved to expose the el ectrode pads and a portion of
re 0 be cut, in the sane nmanner as the foregoing, and the
Identification nunmber information is read through the el ectrode pads after
5 cutting and renoving the wires. Fig. 82 is a |ayout diagram of another
enbodi ment of the sem conductor integrated circuit device which conprises
the identification nunber generator cipguit according to the present
invention, 10 and Fig. 83 is its circuit diagram The sem conduct or
integrated ctosheéttée@visechBchbibstarbaghneht Csosf swiseheal edvmsder slice
schene in which a sem conductor region for form ng MOSFETs and the like is
configured iatathéxedppat ternindbsandrdegiiged dbyuncoiuenahnic cdudis tay e
provi ded through wires. Wthin I/0 cells set on a sem conductor chip which
conpri ses therseoveonaduetioini nbhegadeted Checditrsdeviceuianofnuded [/ 0 cel |,
i.e., an 1/0 cell which is not used for functions of the sem conductor
i ntegrated 20oerreuit deveedfsi $susedplaepr guitde thire sugedtyi ficdatagen nunber
generator circuit. As illustrated, one I/0 cell conprises a region for an
out put cohtr@hr@ughuthehﬁQﬁngWatﬁblatlvely smal | area; a region for an
out put MOSFET 25 haV|n€ arelatively large area & out put MOS), and a region
for di sposing i nput/outpat cH¥ad éWéEPPSée§f(FP6 PKOP, l&N&rt§ras a whole in a

rectangul ar plane, pattern, as illustrated. 4 Wile the region for the
out put contr +r%V+€%|?rﬁaglapPéﬁgtPGeF9r§ﬁﬁPPn§FB§ pPFlﬁé§n§ 3@|§WFbe|y

| ar ge nunber of s bde enentg such as gate § §U|ts rter circuits and
MOSFETs such®that % 5°HeSR T ed’ 0Bt pUt EORTF PV@UlV aﬁﬁut circuit can

b | t t | at |
mal | numbor SFoREEEETd U8RBHaba BPCoRGCoF i“&@“%yﬁ/%@ﬁﬁ[ﬁ Rafeie ana one
or o N ghappel oiosh el sanbUt B35 k8l ghively;Largo aten kigiegard to a 10

hi gh extern oad drivi g capability. enti |cat|on nurber gener at or

circuit is copprisedspf thg sHbselgyentsei Onthecheghdnsf aret he out put
control circuit in the unused 1/0 céll. The identification number gener at or

circuit can berpreyidded dstikbxsegbeadiagi aa Bysaghallatirudls¥elrar ge nunber of
subel enents in the region for the output control circuit. The P-channel
MOSFET and Ndthaonedn MOSFEAichnibket eniti c¢uctistsNAND conaeict eand nNOR
circuit illustrated in Fig. 83 make up, as a whole, a tri-state 20 out put
buf fer circutas¢adeotrpuini agdihecdiuppuprohoghealdsheireitoat i on nunber
generator circuit to the outside. In this output buffer circuit, the
inverterl®ircuits, NAND eVikant 1&nRrRORAEHr alii BRaPEtedipiesadnst e

subel enents jn the re ion for the out ut control, circuit, 25 ile the

out put MOSFEF ¢ st %6Ep +580Lbf © ?ETE Pncﬁﬁ83938|8ﬁrFBFche gt MOSFET.
The output of Lhe, 51 ; BLATE. QULRYEPYLERE 1T LBYI Lo/ ablie WNusRY 1/ Q cel | s
coupled to an
selecting one of the cascaded circuits. Then, inverter
circuits INV4 and INV5, which form part of an amplifier
20 circuit as mentioned above, are provided to output an
identification number erroneous output from an output
terminal OUT. The inverter circuit INV4 is provided
with a P-channel MOSFET at the input which is
controlled by a signal PON for countermeasures to NBTI
25 as mentioned above to supply the supply voltage to the
input terminal of the inverter circuit INV4.

Fig. 47 illustrates a timing chart for

describing the operation of the circuit in the



155 i nput/output pad electrode (1/0 PAD) disposed in the cell. The

| u ated input/output pad electrode is an output el ectrode dedicated to
Identification nunmber information. 5 The input/output pad electrode is
coupled to an enpty pin or an enpty termnal as normally referred to as an
NC (Non Connection) pin in the sem conductor integrated circuit device.
According to this enbodi nent, an enab|g;10 signal, |abeled as
identification nunber circuit enable in the figure, is brought to a
significant dgyelimareh @ Ridi ghel evel , causing the identification nunber
generator circuit and tri-state output buffer circuit to be operative. For
the operation of the 1b) i deménfticat ponenughesigaaer a0Nr igi BEULbw a
continuous clock signal, |abeled as output clock in the figure, is
supplied. |newesponse:steeldisiconsigneus EDotk XBgaak, akdépwi fliewatli;on
nunber information is sequentially supplied to the input/output pad
el ectrode. 2hdiipvedted aiguhbseX0l doagBanarel ast haghndeaefur trifer
enbodi ment of the sem conductor integrated circuit device which conprises
t he identd fiad i'th awebe bewelevol: candutbeatnveding soonhéspiddent
invention. This enbodinment is made in consideration of 25 diversion of a
cel | region @fd afl limisedt /oiglel tevel . anfhef ertenRanefngMPBe power supply,
froma view point of enhancenent of fomer su&gli for sueporting i ncreased

peRY2in &

current constHfRY R ainth Y &1 ef0 ot at Vbl s apgr gBV4 256 &kal ed

' duct [ ted ci it devi [ t Th t
S andact o ML St LR SEVEGRSo L RSB e B OIS o e
upper 1/0 5;5? II&¢5t efAQUKf SIS fned to be an unused I/Ocell, while
another I/OTcell 1Tn aTower é%lon of "the drawing is assuned to be a

regular {40 cell for use iﬁst@ﬁeoﬁQ%é‘I-jé {1‘ 9{ghhe sef EQ?HHEE bnlsntggr at ed

circuit device. 10 In the unused C a“power supply pad el ectrode,

i.e., a padlactrode divestesd £0F;thesPoMBT BUPRbYsOEot Reghi kevks ;provi ded
in aregion for input/output pad el ectrodes. The power supply pad el ectrode

is coupled tawa 4B wakilevel; | YO €€l hsghandval 15apawen/suppliywwi ring |ayer,
not shown, for built-in circuits. It should be understood that the power
supply wre lewer. omriideinpusedo i/ OheelhvestgenetathytsompvdSednaf an upper
wiring layer nade of a nmetal in wiring |ayers which enploy a nulti-Iayer
wiring 20 stiNillurare |distennecised froncehé, suppaypveirease VDD, and

15 the inputs and outputs of the respective inverter
circuits are short-circuited by the CMOS switches which
are turned on by the selection signal X0 at high level
and X0/ at low level, causing the output voltages of
the inverter circuits INV0OO and INVOl to be at voltages

20 corresponding to the logical threshold wvalues.

When the logical threshold value VLT (INVO0OQ)
of the inverter circuit INVOO and the logical threshold
value VLT (INV1O) of the next inverter circuit INV1O0 is
in a relationship represented by VLT (INV0O)>VLT (INV1O0),

25 the output voltage of the inverter circuit INV1O
largely leans to the VSS potential, i.e., to the low
level side by an inverting amplification action

possessed by the inverter circuit INV10. Conversely,



corresponding to the region for the output control circuit in Fig. 81, the
en’i cati on nunber generator circuit is disposed in a manner simlar to
he eXanple 25 in Fig. 81, where the identification nunber generator
circuit receives an output clock signal and an identification nunber
circuit enable signal through wires inplenented by a ower wiring layer in
the multi 157 layer wiring |layers t@pgorman identification nunber
output. The wiring layer for the output clock signal, identification nunber
enabl e si gnakhandvidentizbogavienivognrhekheubpipubetiaendeef damification
nunber generator circuit and built-in circuits use relatively upper wring
| ayers in thehverespeecirvaipati¥ionlatden yt dehaesi ltiot athe dipgconnecti on of
wires and formation of terminals, as |ater described. 10 An output signal
of the identpdteatioh, nunbeyr genehat bigbi detretl issdeupplTihed dutpart out put
selector circuit which is disposed on the input side of the regular 1/0
cel |l which iamskitadeanobuthbat iowkktekncthiceaiway INVAE,r é§ldr dyeO cel |
which is 15 set as the output cell outputs regular output data supplied
t heret o fPonfeneheui pmpihfépdchit shehfoddhrvWiRe dnvpategelcddcoritd recuit to
its input/output pad el ectrode in a normal operation of the sem conductor
i ntegrated cF¥¥aPt taeblN¥a0, ZéNMﬁéntPhéNvééntlflcatlon nunber i nformation
shoul d be outputted, the regular /.0 cell out%uts the identification nunber

i nformati on supplied tﬂ@?e? tPPEnPFhEhFdéﬁyﬁfl@5tF&ﬁCH&ﬁbép é%%erator

t th h.th t ut/ d 25
g:éﬁ?:ode.roug e ggha?eéﬁg g%ﬁ% béfﬁehﬁsgk e%%&gr apIy
termnal VDD a ?QC‘EP%EES%EQGEBO% % E%g‘r L SYRR %%ro g §d to as a

ground terni na ehtl ron nu er gener ato CIFCUIt with

the powej,sugply; w E”Eﬂkéﬁ‘i‘i BBHBBQEW SQC‘EwB%@lB’S' ah W ltiang | ayer which

may extend over a plurality of he power supply wiring |ayer VDD

and referencg;i pcROt Nthal whai mgvbaysﬁdv§§ exkendieg aveknhedddacel I's are
designed to have relatively large widths with the intention of enhanci ng

the power supgkyisysteur.|naAthes embodiwhent viag rnviowstvatrgdNviiohi,g.a 85, a
branch wiring layer having a small width is provided for the 10 power
supply wi ri ngovayevehavsnguapnekati uel yheargépwitdtkrrand 1t UL ,nar r ow
branching wiring layer is coupled to a power supply wire VDD-V for the
|dentlflcat|@henaﬁbewhg@ngLﬁﬁéNV@pbéMLE INHéodouﬁlﬁnghoﬂeNﬁé-ﬂéﬁerence

potential wiring layer with a 15 reference Rotentlal wre VSS-V of the
i dentifitatioptputted at the output termina T.

3) Next, the selection signals transition:

X0 to low level (X0/ to high level) and X1 to high
level (X0/ to low level). The inputs of the inverter
circuits INV10 and INV11l are disconnected from the

20 outputs of the preceding inverter circuits INV00 and
INVOl because the CMOS switches disposed at the input
terminals thereof are turned off by the X1 at high
level (X0/ at low level), so that the input and output
of the respective inverter circuits are short-circuited

25 by the CMOS switch, causing the outputs of the inverter
circuits INV10 and INV11l to be equal to the logical
threshold values. When the logical threshold value

VLT (INV10) of the inverter circuit INV1I0 and the



nunber generator circuit is also in a simlar configuration. This

nf i.lrati on provides a separation between the identification nunber
generator circuit and the power supply wiring layer and reference 20
potential wiring |layer, as described below Irrespective of a fault such as
short circuiting between the power supply wiring | ayer and reference
potential wiring layer and the |ike, when identification nunber information
must be generated 25 fromthe identification nunber generator circuit, a

narr ow br anchowgt cangthagehotanReqied VLa (i 19owWeys saHplneteriiyatt &PD and
reference potential terminal VSS of the circuit is cut by a technique such
as a 159 | atecudut TNNQ 1t echingue rerl aa ifooshsed neprdmamddid) techni que,
as in Fig. 86. Together with this, signal lines as nentioned above are al so
cut in a sinVLar INHhAeP>VLE(MAFR Ot he tihee muitioutatdfort heuntrere gener at or 5
circuit and built-in circuits. Next, the formation of an insulating film
formati on of copenihgSNVRPoughgeRy ilesmisattiondg hfel MRS arut egeiiecl,i vie. € or mat i on
of a conductive |layer are perfornmed by a known technique such as the FIB
techni qued 1 ho10hehilswnagyedorddet be anediny ey trivde oot il ardvi wonduct i ve

| ayer as in F;%g 86 are set for the power supply term nal VDD and reference
potential teRATAAP VSSSEFSERebPYdéRe LPYALEEF mirmserttgdiBidt-or circuit.

Si mul t aneousl new conducti ve_l re_al so et for 15 the
af orenent i ongén¥F§ﬁ§ Yyi HESH XL&Fgﬁ itog SVLHENVEY o € 2PR3be needle i s

brought |1t 0,90 agt oW LIt hegp.ganccLius d pr L sparaledie o
Information. pQ &by p§Zeh§1§19' oWt di a%%mrfl'&h”itervaetl' "G A%y the
10 inverting amplification action possessed by the

inverter circuit INV20.

The output amplitudes of the inverter
circuits INV20, INV21 are further amplified by the
following inverter circuits INV30, INV31l, respectively.

15 The output of the inverter circuit INV30 passes through
a CMOS switch which is selected by the selection
signals YO0, Y0/, further passes through the two CMOS
inverter circuits INV4 and INV5, and is outputted at
the output terminal OUT.

20 After all, when VLT (INV10)>VLT(INV20), a high
level is outputted at the output terminal OUT, whereas
when VLT (INV10)<VLT (INV20), a low level is outputted at
the output terminal OUT. Here, the correspondence of
the relation of magnitude in the previous and

25 subsequent logical threshold values of the CMOS
inverter circuits to the value of the output terminal
OUT are reverse in the cases 2) and 3). This is caused

by a different number of inverter circuits connected to



enbodi ment of the sem conductor integrated circuit device which conprises
.le ,anti fication nunber generator circuit according to the present
Invention. In this enbodinent, the identification nunber 25 generat or
circuit fabricated in a sem conductor integrated circuit device is provided
with two di ode connected MOSFETs Ql, 2; a power supply pad for the
identification nunber circuit; an outpyp pad dedi cated 160 to an
identification nunber, a clock pad dedicated to the identification nunber

and an enabl gnpadvudedigated,t 9. the hdantirbireati anmBerberr, sasddd ust rated.
When the sem conductor integrated circuit 5 device can normally operate,

the identifigpéi omosupheergenecakoniekr €oirt anplagplingd tiet N oayieyer ating
vol tage through a regular power supply term nal VDD, a regular power supply
wire, and t hehtksoldeldonataeedoMSEETIX feandceut puts identification nunber
information to built 10 in circuits in response to a clock signal and an
identification nunber éhabNexsjghhk Bedecthenbeibhails ciracwiitts,ormot shown.
If the identification nunber generator circuit cannot be powered through
the regul@ar Xkrudnhte 1esvebD(XVEStdubigh defadl)t sndhX&s tohdrdighci rcuiting
bet ween the regul ar power supply term nal VDD and the power supply wire
connect ed thb@%%b,(égd EnelpeghPdely ef eFBRcENpBLEnPfaltheAMvIRALSFSS and t he
reference potential wire connected hereto, or the |like, necessary 20

vol tages andcsFghaFe aNB28pplfedMVolsaER EiPEGPTECERFoGFR™ Wi ety of

illTustrated pads to operate the c¢ircuits. The di,ode-con d FET

Ler?orns as '?B%FﬁgongPﬁtPBﬁc? &QE?EHEFFESFI§hFﬁPﬁ%3f&%&h%r§g%§nse Et t he
I i ed t he ;2 i i t . I d

Por the T Renti T Ea8 Rt egrb s, B Buf R ohE Tep PR ey Sthe ¥ P2

| denti figatign,op grcggggiggo%igi LAHEE-E2R-RS cBAMBLEE Hlel IRRRect i ve of a

fault in the regular power 1
switches, causing the outputs of the inverter circuits

INV20 and INV21 to be equal to the logical threshold
values.

The subsequent operation follows the

15 foregoing 2).

5) Next, the selection signals transition: X
to low level (X2/ to high level), and X3 to high level
(X3/ to low level). The inputs of the inverter
circuits INV30 and INV31l are disconnected from the

20 outputs of the preceding inverter circuits INV20 and
INV21, and the input and output of the respective
inverter circuits are short-circuited by the CMOCS
switches, causing the outputs of the inverter circuits
INV30 and INV31l to be equal to the logical threshold

25 values. When the logical threshold value VLT (INV3)) of
the inverter circuit INV30 and the logical threshold
value VLT (INV4) of the next inverter circuit INV4 is in

a relationship represented by VLT (INV30)>VLT (INV4), the



supply system Advantageous effects are provided by the respective

o] nts descri bed above as follows. (1) A plurality of identification
elements 5 in the sane formare fabricated in course of a sem conduct or
integrated circuit device manufacturing process, and the relation of
magni tude is determ ned for physical amounts of the plurality of
identification elements with respect tgqone another, corresponding to 10
variations in the process, and used as unique identification informtion
for seni condygtpnti nbeghgbedrCitheuiihveetiesesiridigehmkiaigdty possible to
effectively identify respective sem conductor integrated circuit devices in
sinple confipeansi 0o. the Y28 bbtadditilonit.e.thecahove,ldw neYvdldesitdd i cation
i nformation assigned to identification el enent s during the manufacturing,
and orderingbyndonr mtveonion thelié¢liabicdonohcrdgn pudsadssachd piyiss cal
anounts of the plurality of identification 20 elenents, found fromthe
det er mi nat i ohnpvareeusedrfoltt AEVAni gGeniveeseilfvi,catieon i nf or mati on, so that
t he amount of information can be reduced for identifying respective
sem conduet oYLT nERYsat eULEI(LHUAY s, thRepabputakioddaide pdsditd e to
effectively sinplify a storage 25 circuit for storing the identification
i nf or mati on bﬁﬂeFéﬂﬁcﬁlécHéFeFHVﬁQtﬂéﬁgﬁﬁﬁblﬁﬁ@ﬁeﬁ@r he3VDh addition to

t he above, an |n€ erm nal and ﬁ E termnal of a CMOS i nverter
162 circuit BOhPOsEA of Tafi- N ERaRAS £V&hd SBSEhannel MOSFET are

amoUnt whi oh 15 compar BACPR. £otms S0P g EHIET WRETAN B FadHd i cat i on
5 ol ement can. be, compgsed. of ago ALOLLRLE! ERULR-SUBAs AU oirouit

and the Like, ere Ing I't possi ectivel y exXpand an

applicabje r@ange @iTRBﬁV§@$k99@QEﬁVQr 'Btﬁg%aﬁ%v%&rﬁg'b ?ﬂﬂ%%d“%ﬁ“““

addi ng extra manufacturing processes. 10 (4) In addltlon o the ove, when
t he CMOS i nvekrd ebu€bheUtErinSnappbtied mnth an operating voltage only when
the | ogical thresho d val ue, as the physical anount, is determ ned, the

i nfl uence of degraded e)enent tEbanagterirahisésioan abe oedueey, tier eby
making 15 it possible to effectively provide a stable and reliable
identificatisaleesudbn. s{ghah pbugakst yooflowdértviefli dati/omcelhemgnts in the
sanme formare fabricated in course of a sem conductor integrated circuit
devi ce manufdeY®&tl nga2d Blotesbigphysiedl (Adufics loor Legpdnding to

variations in the process are determ ned, _and uni que identification
i nf or mat+9®n ¥%sﬁéﬁb@%téa EQ§eBP6ﬁth@nr§Pé@PUﬁnﬁftﬁﬁgﬁ@ﬁ@@@lmﬂ'&Hy5|cal

anount s of the g{uralltg identific tlgn el enent s mn%h respect, to one
anot her his way, an 1 ification number comprlsed

of eight bits (=4x2) is outputted.
This embodiment is characterized in that the

inverter circuits for generating the identification

20 number also serve as an amplifier circuit, and that the
identification number is serially outputted by a read
operation. This permits simplification of the circuit,
which is suitable for outputting the identification
number serially from a single output.

25 Fig. 48 illustrates a circuit diagram of
another embodiment of the unit circuit for use in the
embodiment of Fig. 46. This embodiment takes the

following actions for NBTI as mentioned above.



25 corresponding to the variations in the process, and stored in

so¢.1ti on with a manufacturing | og. Wien such a sem conductor integrated
circurt device fails, the stored manufacturing log is read based on the
163 unique identification information to analyze the fault, and is fed back
to the manufacturing process as required, thereby nmaking it possible to
effectively build a rational manufactygnpbng system 5 (6) A plurality of
identification elenents in the same formare fabricated in course of a
process for ppevfactaiing a sEoscendichorn s ridegmated ttig cuidutdevi ce whi ch
conprises a first chip, and unique identification information i s generated
for the firstetfiichlpobasedhointketeel atircuiaf, magriddidde dm gahyiea
anounts corresponding to variations in the process with respect to one
anot her. ForCHOBI evatchyfof thensemicgndibet dnvienttegr atiegtwitrscsid  devi ces,
whi ch conprise the first chip, a plurality of operation 15 nodification
i nformation deecrobaddabavacédr dancedfi-t ioresieconvecdlied rtihe input
characteristics, and witten into a second chip in correspondence to the
i denti ficati BATRERBENGEPBNTBE PKECPEPEC CLVE Ut Shedhithie The first chip and
second chip are assenbled into one, .and the 2Q operation nodification
i nf or mati on FQGBE%BHF?EHOPonPﬁgeFlF%FCBHF lﬁaé@&QSﬁvﬁhe|5£§ﬂ4f3(§ﬁ|on

f t f the f th k t ible ta effect I
manut act ure 8 3BAFEHRREEEr L PhPEEPAREH G CHt OB BT It ~ chip
conflguratlon Ln.an 25 5ff|0|eTt rRRpgr W toh%%t E u%r@é1 l,abori ous chip

management ?p?—xl%.%dl IeOﬁuPﬁe above a nenory ‘P Ing re ulnc?ant circuits

s conposed e i "8h_hbPndBdes Lad.t e srgand B ety Qfded f or

storing defective addresses ereby making it possibleto effectively

provi de ﬁomﬁﬁéy¥gﬁ¥k58n“@hﬁha@r esenks 138whighemanyf act urjg Wirel d rate in a
sinple configuration I'n addition to the above, 'when a fault occurs

in a test cogdppnydvbpta@belélsappgﬂea andhseeondaehing \wh ch have been
assenbl ed, the second chip is disnmounted and returned to a step which

coll ects a plaeatifycetiohheumben cepducher idehedrfdioad ion cuinioek0 devi ces
of the sem conductor integrated circuit devices which conprise the first

chi p, therebgenakhhgricipos$tblehﬂa sfijeetli WONy iismprowghtthe omaimwf act uri ng
yield rate. i In addition to the above, after 15 screening, the assenbl ed
first chip a ﬁvéécéﬁddéﬁpﬁnaﬁétlﬁbégﬁappy éﬁé@ﬁ@@ﬂapédeaﬂ@eﬂ@ﬁ@ﬁﬁ@é ng it
possible to effectively carry out a reduction in size of the sem conductor

i nt egr at &d C‘FFEGF%tdQGP’EetGﬁl PESFRALBYI g FCHE CnaRdeSPeGHG Wiel'dS at e.

selection signals X0, X0/ and the like as mentioned
above, and the supply voltage VDD is supplied by the P-
channel MOSFET.
Fig. 49 illustrates a circuit diagram of a
20 further embodiment of the identification number
generator circuit according to the present invention.
This embodiment connects the unit circuits illustrated
in Fig. 46 in cascade in a line, and forms selection
signals using a binary counter and decoders. Specifi-
25 cally, the binary counter counts c¢ount-up clocks, and
supplies the count output to the decoder provided in
correspondence to each unit circuit to generate

selection signals X0 (X0/) to Xn (Xn/) in order from



20 (10) In addition to the above, when the first chip and second chip are
se ed on a common nounting substrate, the second chip can be readily
renoved, thereby making it possible to effectively performan effective
reuse when the fault occurs. 25 (11) Unique identification information is
provi ded based on the relation of magnitude in nutual physical anmounts
corresponding to variations in procesgiaf a plurality of identification
el enents forned as the 165 same formin course of manufacturing a
sem conduct othénEegkrat edreufievit device, thereby making it possible to
effectively incorporate identification information of each sem conduct or
integrated circuit devikdg.i 60aillssnpbeesonf icquatitomiiagkm I0F addition to
t he above, when the unique identification information is conprised of first
identificati barthéor mmbodnmassi gliedheo idea tiidentitfiiccativmbest ement duri ng
t he manufacturing, and 10 ordering information on the relation of magnitude
in the physigaheaabant sistutheapkordiingy tof theemtriefsierdt iigvesitament s, t he
amount of information can be reduced for identifying each sem conductor
i ntegrated cThiéai embediBentt RAsngaksn§hiet updssichlre wid sefifldarstiraiedi nplify
15 a storage circuit for storing the unique identification informtion and
speed up thelBpEidti HA FBrcaéFégﬁiﬁ&t?o%?n€13?nﬁnﬂﬁﬁm%i%ﬁ+QQ¥¥Hb above, an
i nput term nal ang an outﬁéé,%erninal of a i,nverter 20 circuit
conposed of ShIRECRaHAENINBBEEY ARTIBLERENnelFPRESEET rcGnifdbit’dd, and its

| ogi cal threshold valye is ch be the physi cal whi ch_ i
conpar ed i n CEPRECHE hEgh Pldes CRABY oty PRGTRASH CPICALEORUIGam can be

composed of pagj,c, g gi Eg}gﬁﬁécg%t%eﬁﬂ%ﬂt%ﬁﬁga%&?\f@st%e{ G telcacrl%& he 1ike,

thereby nmaki ng 1't possIble _effectively ex an appl i cabl'e Tange of the
Se”‘CondﬂﬁtOéi%gé%gtaEﬁeEéE9PE5rQ§%bC%H@ LAYt ~aqdding exty admfact uring

processes. 1 14) In addition to the above, the input termnal and

output tern ppt eb1theiGNOSpERYERbAr 26 Heklck1Bke RRRCcCtiedordfd @ switch is
provi ded for each of a plurality of CMOS inverter circuits as a 5 circuit

for determ nfagmt bremagpstudaief ctikeuliagi cal threshold value. A common
vol tage conparator circuit is supplied with the logical threshold val ue
vol tage for determ nat innewthhrao€otrbenatibondiokentwo ofadh gsn rddurechd obi n
t her eby nakina it possible to effectively 10 inplenment a high
i dentificatiob, chbabel buyrpandedi byl @ barkegudanicomay( Ps) detiadd td<on to
t he above, corresponding , o )
15 one unit circuit, which facilitates the design,
expansion and mounting. Particularly, in the circuit
in the embodiment of Fig. 50, the number of bits of the
identification number can be increased only by
connecting three types of signal lines consisting of
20 cascade connection lines of the unit circuits, shift
clock and reset, providing a high degree of freedom for
mounting the chip, which is suitable for soft IP as
later described.
Fig. 51 illustrates a circuit layout diagram
25 of one embodiment of a semiconductor integrated circuit
device or a semiconductor chip to which the present

invention is applied. Fig. 51 schematically represents

a general system LSI chip, where a normal I/O cell



to each of a plurality of CMOS inverter circuits, a first switch for

nn ing an input termnal and an 15 output term nal thereof, a second
switch for connecting a comon first circuit node with the input termnal,
and a third switch for connecting the output termnal with a comon second
circuit node are provided. In conbination of these first to third sw tches,
anong a 20 plurality of inverter circuihys, two CMOS inverter circuits are
grouped into a set in round robin, an input term nal and an out put term nal
of one CMX Nght2buebleUCt rcit)nAeciRdidicripRlar aneldrigs aanerat ed at
the first circuit node to an input 25 terminal of the other CMOS inverter
circuit, andpanrautpuytosi ghakudt svalsisage saeparitsonhes fyanariaded @ t he
second circuit node using the logical threshold value voltage of the other
CMOS i nvertethei sgatemasSd ark6proefiekende \walitlage n tdiereehytsmaki ng it
possible to effectively generate an identification nunber in a sinple
configuration. (16) |nFaddi bkonltlosthetasowe blbiuk Vg ran mferd er circuits
and the first to third switches are conposed of el enents which conprise a
CMOS gat eSar sagndahdr eBhogakieng iof possilliCe aed lefhdath Vil ycqmmmdat® t he
identification nunber generator circuit only through a wiring design. 10
(17) I n addi ®f oAnt BUERBtabB{é e rwRén CURE » CRDS Nk vt fg itcyist suppl i ed
wi th an operating voltage upon_determ nation of a voltage as the physi cal

anount, the PRI BEREENEf PABGr 48BY) e PEREHCSCh &CFEESHNGIEY déh B educed,
th Ki It ib t ffectively 15 t ahl d | i abl
dont 11 cati DhehEREBRL “PHBFER FLrshTewreh IR e ety oy i 4 r eui £ ng
i tt ] i.nal. of fir i t i it, d
Second i nver tentEp ELEAr RO ShRHL LRERLER R Al BRI BT o 1 he ot put 20

term nal1gf bechinshol BUCERBLEChECULL: 185C r O depid Rl iap of

identification elenments are provi f'or receiving the oatput ‘signal which

is anplified by an anpkifies3cingustradld an ridant ilfaiég%tti N deofci reui t
is built in for generating an identification nunber 25 from an out put

signal from eashendeatméheabifonnel enentelhenrichd ddd Sth sWisetdi don-on, _
thereby nmaking it possible to effectively identify each sem conductor chip
in a sinple dootbgutategnatedl 68rchr Hevddei torom tsertihernaheter t he
inverter circuit is conprised of a CMOS inverter circuit, and a |atch
circuit is foniheacpepodidgdtbPotheepapgieng amvemtpgwn . si gmalthafs the anplifier
circuit to forma low 5 | evel when an output signal of the second inverter
is 15 embodiment, an output pre-buffer circuit is provided
for driving an output MOSFET. The output buffer
circuit in Fig. 52 is composed of the output buffer
circuit and output MOSFET.
For wire bonding, the bonding PADs are formed
20 to have a relatively large occupation area. To be
compatible with this, the output MOSFET as well as the
output pre-buffer circuit and input buffer circuit are
laid out. In this way, the I/O cell can be efficiently
disposed corresponding to the pitch of the bonding
25 pads.
Since the I/0 cell is designed to have a

relatively large occupation area as mentioned above,

the 1-bit identification number generator circuit as



on the high level side with respect to its logical threshold value; for
cei%ng the output signal of the anplifier circuit to froma high |evel
when e output signal of the second inverter is on the |low level side 10
wWith respect to its logical threshold value; and for feeding the output
signal back to the input termnal of the first inverter circuit in a
f eedback operation in which the first g¢itch is turned off, thereby making
it possible to effectively enhance the reproductivity of 15 the
identificati pninyabgteandnt Reel FABRIGLY nigO edliodd riehdigesn (20)f it addi tion
to the above, the anplifier circuit is conprised of a plurality of CMOS
inverter cirgdi kspeenneat ed theCasepde, pret-Piutd sswWidigledix 20 phomheted for
applying a voltage on the high level side to the respective input termnals
of the respedOEVYETCVES inderberdcbrcuatshdmigeh form part of the first
inverter circuit, second inverter circuit and anplifier circuit, a third
switch is provided at &igut Gdl i23uestmacetsi en cpaionti tofd italyer ame sfe cdrieve
inverter circuit sequences which formpart of the first inverter circuit
and t he abpl ehbediventupt, thRepsitputhbusdesnd igwiutich wihs dhurirred on, and t he
third switch is turned off when the 169 identification nunber circuit is
i noper ative, PEAULERE sBcAnESBWCOBRUCS OrUiREGIFRESdard A &t Wevd agni tch i s
turned on when the identification ,information is anplified with the first
swi tch bei ngPfuf nBBMARCRABCFRISCRAR PEEABELRYopEr HiCORTSFéY eby making it
possible to effectively iLnprove even nore the, reproductivity of the
identificatibﬂvﬁﬁhﬁ8P'anéntﬁglﬁnﬁﬁﬁpg9mﬁ8tagsﬁé Bﬁ%ﬁ&eéd )gisﬁirst
switch is prpvided r_short 10 circuiting.the of each.qof the _inverter
circu connec %%g the %FrgﬁP?r?gofhglfgu&Fréﬁigﬁdgﬁd%g F%ﬁhf“ﬁ%?l nal and

t he out pyp tﬁﬁg&gglcgggﬁgt[nverter circuit and second it, a second swtch
is provided for output termnal of the first inverter input termnal of the

second inverter pluraliihytafsi deBbifihedtl opnehergntisidmaludiang ap anplifier
circuit including a third inverter circuit having an output term nal

connect ed t ontuiBe OUEPUE UL €r BhABILcOBitha1Ssegond tiiRadiclder(a@l feldid i s used,
wherein the identification nunber circuit is 20 incorporated for generating
an identificatmen aupbgulsuchuthat £nabilel dentinkictdtvieon lanfledimti on is
generated fromthe output signal of the anplifier circuit including the
third invertédegti€utcathhennunbeti Lst ogmputhedf frroa fai bstffienverter circuit
is turned on, the 25 first switch of the second inverter circuit is turned
of f, andl?hedsseepadsint BATRSLEdr Hedhon, TaAd le&coONGPUdetifffiedat i on nunber

is generated fromthe outpuf signal of the anplifier circuit including the
thi?d 170 circuit. Thgg buffgr can be ?mpq%mented %y a MOSFET g

which has a smaller size as compared with an output
MOSFET of the regular circuit, though its driving
capability may be low. In this configuration, a

20 special output terminal is not required for outputting
the identification number, and a multi-bit identifica-
tion number can be extracted making use of a large
number of input/output terminals or input/output pads
provided for the semiconductor integrated circuit

25 device or semiconductor chip.

Fig. 55 illustrates a circuit diagram of

another embodiment of the output buffer circuit which

is provided in a semiconductor integrated circuit



inverter circuit when the first switch of the second inverter circuit is
rn of f and the second switch is turned off, thereby nmaking it possible
to effectively identify respective sem conductor chips while 5 sinplifying
the circuit. (22) In addition to the above, a plurality of circuit
sequences each conprised of the first inverter circuit and second inverter
circuit are provided such that the fifsg inverter circuit and 10 second
inverter circuit are arranged in correspondence. First sw tches
cor respondi nget 9ctherphukai tynalic&iokC whii oS egitencah@e aTaTY &/ssuppl i ed
with the same switch control signal, and one of output signals of the
second i nverigventtioetit sLiketvheepl dnakihtiy emboidicgnt ,1%seduances i s
selected by a third switch and connected to an input termnal of a third
i nverter cirtdentwfiichtdéonpnusesrt henkirasiorcicicuiutiti st keldearplid itEre
circuit, thereby making it possible to effectively provide a | arge nunber
of identificattpnti hib6feut comcuntan 2@ éhfiisciesvpodimemdr,. tt&3) I n addition
to the above, a fourth switch for disconnecting the input signal, and a
fifth swidchifentstipphying aupberadgs OnNtPN&EtiidglY evel ofi de B HEDVI ded at
the input termnals of the first 25 inverter circuit and second inverter
circuit, whePeFrRUEhBUFEFt R1EGHEER | SPEGHHEF Y rafd IHE GG SwitTh is

turned on when tge i dentification an%%r circuit is inoperat.ive, thereby
making it poRSPBfetPoBf PBEPRVePY S P11 nravd iy &R aﬁisqqﬁye y
ductivit f the_identificati mber .and . t. i ity t
changes. (247358 BF uPaFPES TOF BACP Gl BRENED dash s aSTurLel My st
| nverter ha"}&ﬁgigﬁakﬂﬁ%a%ém BRrcAlE a4 p%ﬁg:r%&m:m% pehort-circuited by

a first switc a Second sw tch di spose e input termnal of the

first iny@rtgén&i_»segy FréheaCanReehedd Bicastade thmough the Sepand switch

to forman 10 i1dentification elenent sequence, the output termnal of the
first invertgy gi Epdibtatobrespandedcho t el ashestaga i@fs the drdentification
el enent sequence is connected to an input termnal of an anplifier circuit
whi ch i ncl udesbadseeandoitnyegt. ec4ci rcuit, a decoder for 15 decoding a count
out put of a binary counter for counting a clock is provided correspondi ng
to the first switch an@inseeordtswebcls, offTé&c N Joiingt Tieswreadriqircuit, and
an identification nunber circuit is built in for generating an

i denti fi cati®nonnhbbesbpeeo ganseasinglay srmpdalviedy ief Logdm ifSksti on
information corresponding to the respective first inverter circuits of the
i dentifi€ati Blaeeif@ﬁ’énfftééaaéﬁcéésw RSt A~& UBGEHER SeFFATSSt GheéSanplifier

circuit incl gin tEe third inverter circuit by sequenti.ally turning on the
first 25 ow fPRGUEahart BPARAGSSENSt AES SEGHI " Pe NEE Rnipt BTt ar Ly o
the first S"“nﬁcﬁ% S rp@%?"”ﬂb@%v%‘% t@?m%%“f&%fi%“&%!éﬁut‘iffit&ec Qi pary counter
in order fromthe frrst Circurt of the identification elenen
number cannot be used for identifying an individual
chip because it is allocated a small number of bits,
20 1.e., 32 bits which are meticulously defined in
configuration such that each bit identifies a device, a
manufacturing maker, and the like.
Fig. 56 illustrates a general schematic
diagram illustrating one embodiment of a semiconductor
25 1integrated circuit device according to the present
invention. This embodiment is devised to output an

identification number making use of an interface of

JTAG.



172 sequences corresponding to the count output of the binary counter,

er making it possible to effectively identify each sem conductor
integrated circuit device while sinplifying the circuit. 5 (25) Aplurality
of unit elenents each conprising a first inverter having an input termna
and an output termnal short-circuited by a first swtch, and a second
switch disposed at the input termnal 1§ the first inverter circuit, are
connected 10 in cascade through the second switch to forman identification
el enent sequence, the puypnt teppbrakngf dkkecki rskmidvedierog rcuit
corresponded to the final stage of the identification elenent sequence is
connect ed t oimtedipuédt €f ptoat abkvaseanpbhthehschr ebuhdiryi BSlawmdi ng a
second inverter circuit, a shift register having shift bits correspondi ng
to the firstresyisicdr angnsensnduswibohrefiieaelr, f ensbpithver tregicitkeauit in the
identification elenent sequence is provided, and an identification nunber
circuit is bhudtaibypass20egenteati ag anliident &f teati dngaanber by
generating a plurality of identification information corresponding to the
respective féomprise@reéracrTPBuresteplineg féén?pﬁtéétllléﬁgeltg@@mt igequence
with the output signal of the anplifier circuit including the third
inverter 25 ¥4¢Ekienpyoseglbhrial L9ItaEnfAg BRCEREVENESESSRINEIREs and
turning off the second switches conplenentarily to the first swtches
correspondlnﬁP@%F%Q%ﬁl?f BR&r aEMAAC @uFﬁersﬁPF?gFééﬁ t - LCHEr der from the
first CIrCUIé 173 of the identification el enent sequences correspondi ng
to the count®®WPat of the binary counter, thereby making it possible to

effectively identify gcgfggglcggggg%8 ?EEQEEESQtEhEeghF device while 5

sinplifying the circuit i STpProvi or selectively

short-ciyguigi E%hﬁgpyﬁs£§ﬁ8£985sa99 Q”tQHEDEBgEEr”EQQk ateg first

inverter circult, cond 1 nverter circuit havi g an 1 nput tef m nal

connected tordd: thes QU pahtheaAtingheOlikBe {hish HBVRBFBErelr €Y ksl S
provided, a plurality of identification el ements are provi ded for receiving

an out put simarl (Dést hecsesondoroyprhes dndeaspbhbyi ngntbe oThpyk si gnal
with an anplifier circuit, and an identification nunber circuit 15 is built
in for generstgmal ahinedentiréi cahtoolhedbby &noexarroefpbbssi gnal of each
identification elenent when the first switch is turned on, thereby nmaking
it possible conpitectovethei tekei ty @a@ﬁu§§nﬁcdﬁ66ctéﬁtlntegrated circuit
device in a sinple conflguratlon 20 (27) A plurality of unit elenents each
conprisihy a first inveider ﬁa%#%@sﬁﬁaFﬁﬁuP gépﬁkngFaaﬁémaﬁfoepﬁut t er ni na

short - C|rCU|ted a flr t swtch, caond s tch di sposed at the
Tput ter m iEIDRA R ARt {PF st PROLRT ETAGI Pedt Tokr EhgoRRBEFRAduCTOT

integrated circuit device according to the present
invention. In this embodiment, a 1l-bit identification
number generator circuit is assembled into a cell which
20 constitutes a boundary scan register of JTAG. The JTAG
cell may be assembled into the I/O cell such as that in
Fig. 51 or assembled into a built-in logic.
A circuit for alternately inputting a signal
from the built-in logic and identification information
25 generated by the 1l-bit identification number generator
circuit 1is added to the cell of the boundary scan
register, thereby enabling a serial output making use

of a shift operation of the boundary scan register.



5 in_cascade through the second switch to forman identification el enent

qu’e, the output termnal of the first inverter circuit corresponded to
the | ast stage of the identification elenment sequence is 174 connected to
an input termnal of an anplifier circuit which includes a second inverter
circuit, a decoder for decoding a count output of a binary counter for
counting a clock is provided corresponrdigng to the first 5 switch and second
switch of each first inverter circuit, and an identification nunber circuit
is built in for generatigy @@ iidentstfiiaGald N JUHERE Y D a1 f@r a
plurality of identification information corresponding to the respective
first invertedesektibihgsohe embolddmetentaff iaeatdperaaieirerdf saapieqiceywith the
out put signal of the anplifier circuit including the third inverter circuit
by sequenti abhyptittinggaan itee tfiifrisia tdwint chedeand nakimingisaf fof hehesecond
swi tches conplenentarily to the first switches corresponding to 15 the
count out put sbf fthegbparptdionntdr tihe doderdafoyormadme fdgistten rafuithef the
identification el enent sequences corresponding to the count output of the
bi nary co@nt 8emicpedapyorakintgaire tees sityicalitto defflart iagsordidenttidy each
sem conductor integrated 20 circuit device while sinmplifying the circuit.
(28) A pluraFhByPEFSERIt 1BVERERALE -each conprising a first inverter having
an input termnal and an ogtput ermnal short-circuited by a first switch

and a second switch di $PoSBdSaf™PRETERGr 5 E ASTaltdeR HE S r' @ inverter
i it, ted i de th h th itch tp f

Cdent1 11 cat | R &1 et S88§06nce SPna BUPHAE CAPR CAL S CIRTASE | nver t er

circuit corrgggﬁngggéggeggﬁ Ehn%betgééie%EQ%% Qkxghedq$¥§fﬁlcat'0“ el enent

sequence i s connec to an inpu nal an arpliftier circuit

i ncl udi ngga ﬁﬁfﬁ@?glis”]iﬁaﬁ‘éét?ﬂv%c%ift daags%ﬁr@oer giken, g $hidie bits

corresponding to the first switch and second swtch of each first

inverter cirgdkbebBitBeckdent irbircahiigra@li@RERhSeUURNGE idy.ovi ded, and an
identification nunber circuit is built in for generating an identification
nunber by gemreati Agga pBuialluky rateisjentsi ki e@ipres dntfadrifgt,i m
corresponding 10 to the respective first inverter circuits of the

i dentificati erempépent opeqatnce wift irekhie nguputi deingridi caft itdme ramld A i er
circuit including the third inverter circuit by sequentially turning on the
first sw tchésomnant idankgférptike supbed SRneddsrcomlicendnt@idy to 15
the first switches corresponding to a shift operation of the shift register
in order1ProfP¥hemPrrsedciPcGhe 6F1rRe i dentification el enent sequences
corresponding to the ¢ un% gutgut gt hhe bi naryy .cqunter, thereby making it
possible to effectivelg PABAREI fy ¥ALA"26Ss8Ri dotddétostitegrat ed circuit

devi ce mhileiﬁggggkggigg Eggrgkg %i%taQ%9£nIGT%ggition to the above, a test

In a state 2, TDO of LSI-B is disconnected

from the JTAG cell, for example, in response to a
20 private instruction of JTAG, and instead connected to
the identification number generator circuit ID-ROM.

In state 3, the identification number
generator circuit ID-ROM performs a shift operation in
response to a shift instruction of JTAG to sequentially

25 output an identification number from TDO. In the state
shown in Fig. 58, 3-bit identification number
information (I, II, III) is delivered. The JTAG cells

in each LSI shift to the right as usual to output the



ircuit conpatible with a JTAG standard is further provided, wherein an
‘ikn1 i cation nunber generated by 25 the identification nunber circuit is
out putted through an interface conpatible with the JTAG standard, thereby
making it possible to effectively sinplify the circuit by diverting the
test circuit. 176 (30) In addition to the above, the identification
nunber circuit which includes the unif,elenents, first switches and second
switches can effectively reduce a design cost by using a soft IP 5
techni que fordeetieishbgoa aunbeirt cdesicgnpart raughr egit-d.ayout. (31) A
plurality of unit elenments each conprising a first inverter having an input
term nal and an out put Afeem nak sHentic¢ikatiibed nbyhba rf iilsstextdsmdLh, and a
second switch disposed at the input termnal of the first inverter circuit,
are connect ethé ndtTAScadeurhsotfighmt hepsevaned swistcluctachomudan to a
identification el enent sequence, the output termnal of the first inverter
circuit correspoatedutomnahactinnde, 15hetighenot sshewndeanidf iTd&t iien el enent
sequence i s connected to an input termnal of an anplifier circuit

i ncl udi ng® a secoRdteAvert Bheclf8Gi £ela-shilnt thegiforegoiagi ng shift bits
corresponding to the first switch and second switch of each first inverter
circuit in thRePdtident /fREatroh énéneretdeguddie i(d0provildédefand a soft

| P technique is used to,design nd |l ay out. an identification_nunber circuit

7

is built in ¥ol Hehkfafingla eHEVFF cattoRSRERBEE Yoy LgEn&FAti ng a
| lit f.i tificati [ t [ 25 th ti
First i nver UYL GTPGH T8 GF)t nbtPUEnt L] coEloRCoREnet Seeqiince wi th the
ot o FoiheTdent T . L poagence wththe
by Sequent| ol TS Ear e ng en- LRET! o1 oo Perde” Bebh® L d [ rnimg of f the

second syhtches CO”D|eﬁ?ﬁtaéb|XliﬁsEQStEEr§ts%WEh%@§% EQLLESROYNY Lo a

shift operation of the shift register in order fromthe first circuit of

the identifigattpioEh@MBAbtEEHUBRBEE I REHEESRORELNGpR rh@ ibhe ogount out put  of
the binary counter, thereby naking it possible to effectively reduce the

manuf act uri nge €081 1 9f otibpusemhgoaductiontiifit egrabad ntinbewi,t mdedinge. Wil e
the inventions made by the inventors 10 have been described with reference
to enbodi remtsei of atkpeshift opanetiohhefi nenbbonslaafy tskias application are
not limted to the foregoing enbodi ments, but it goes without saying that a
variety of melgistcari oAstbanspeimadduskpohodntdopatedngiffcomtt ke vgiost
thereof. For 15 exanple, a plurality of identification elenents formed in
the sanel? ordTFArEbUY sECoFnNa BERPEDBAIUEVEPtERPegr ARéd EMPEGiTedévi ce
manuf act uri ng, process nay be such that a pl nali§ of resistive elenments
having the s h££?§§igf%ﬂcggﬁreﬁbBPbPEPFtQ%o *8ap §i98r§ R&viPRg Yt F&20 same
capacitance npy;be.{pLmed {87LRC,SEMLEQRYUGI O the state 3. This
eliminates the missing JTAG cell information (9), (10),
(11) which is experienced in the embodiment of Fig. 59,
20 resulting in ID-ROM information just inserted between
JTAG cell information of LSI-B and LSO-C.
Fig. 59 illustrates a schematic diagram for
describing another embodiment of the operation of
serially outputting an identification number, making
25 use of the shift operation of the boundary scan
register of the semiconductor integrated circuit device

according to the present invention. An identification

number generator circuit (ID-ROM) in this embodiment



integrated circuit device for electrically reading signals, wherein

ri .ons in the resistance or capacitance due to the process nay be drawn
out in the formof a current or a voltage for use as an 25 identification
nunber. Al so, other than the lead width or pitch width of the sem conduct or
integrated circuit device, a plurality of straight |ines having the sane
| ength or 178 width may be printed qpg npressed on the surface of the
sem conduct or package or the like to make use of variations in the width or
pitch width. cErhespbats &ovahieetiyieoft ignhediirentriintar keerespltayed. 5 The
resistive element illustrated above can be inplenmented without the need for
a relativel yctooplitcal édstanadtkalctiur iFig .pr5dcess such as the CMOS
configuration in the enbodi nent. The resistive el enment can be considered to
be a polysilicon resi sBostatige lby sl@na isermiiednducttar. i ntegrated circuit
t echnol ogy, a sem conductor resistor such as a so-called diffusion resistor
whi ch is nmade by introdociengtateordudniformaygerdatfertfiendntoitpurity into a
single crystal silicon by a nethod such as a known ion inplantation nethod,
or a 15 nétan?é§F§ﬂ§ﬁt#ﬁéen@ﬂb§rn@@&eﬂ%§ﬂﬁ'QMﬁQHiﬁ:#ﬁuﬁﬁﬁﬁﬁﬁﬁﬁE§@o a
metal wiring | ayer. AnDn% these resistors, the diffusion resistor is

preferred foFCpP&¢fdrRgLparti &alal i nfidr frtliSoRvist tac dddarée i t h
variations in characteristics aus n roprj ate 20 resi stance can be
Lo Therero anECanRRsShldbhes (RTer I Tndn R 2% B e e T e
articular informati correspaondi_ng t ariatiaons . n resistance can be
Porngd? fo_rI %8%%?8:9§§Yr8§§s?§.§39%8;38YF£5€F%%E§€#§%6ﬁ§$nq conparison 25
deter i nati op, L echpi.gyes whCh JLRYalie ARRLYING A fadst er mi ned bi as

current to two reS|st|v§ g?enents whi ch shoul'd be conpared at a particul ar

time, angdpdeterm ning andifteneace behwaer valdiages JERfidad or 19 across
the respective resistors, or by a techni que which involves constructing a

resistor bridge ot segldhaliklyyobutesitslld e hempy »ang et e ning the
out put of the resistor bridge. Characteristic 5 information correspondi ng

to the resi ste¥poakenent acanidltsanbke ruartied oy aTzechni que which invol ves
utilizing a resistive elenent as a resistance-to-current conversion

el enent, and conpari ngFégnvédt éd lestretes forsaemartmionatiiegramtier than t he
foregoing techniques. 10 Further, it is also possible to nake use of

vari ati ons | lefpsibhagasnetrhnsti egberiresits tifvéhel apenad ien afequency

information and delay tinme information by incorporating a resistive el enent
in sone 6P oSEFERALYORVEPEEGERBY 2detlErMtdrCad ioe MUENST ranaking

use of the shift operation of the boundary scan
register of the semiconductor integrated circuit device
according to the present invention. 1In this
embodiment, shift registers (ID register cells) are

20 built in exclusively for the identification number.

A state 1 is an initial state.

In a state 2, TDO of LSI-B is disconnected
from JTAG cells, for example, in response to a private
instruction of JTAG, and is connected to the head of

25 the shift registers exclusive for a different number.
Also, the top JTAG cell of LSI-B is connected to the
last one of the shift registers exclusive for identifi-

cation number. In this event, an identification number



15 oscillator circuit or delay tine determ nant elenents in a del ay

rc . Wien a resistive elenent is used as a |l oad elenent for a signal
I nput MOSFET which forns part of an inverter, information associated with
variations in 20 characteristics reflects both variations in
characteristics of the resistive elenent and variations in characteristics
of the signal input MOSFET. The partigghar infornmation corresponding to
variations in resistance need not be always fornmed 25 within a
sem conduct of si Bt aglakadotkluisktdevi ¢e khif@Cessdlte rd U IGHIAUCT Or
integrated circuit device may be configured to be able to transition to a
particul ar i faber dehonhffioaning mdeeas appropriate, 180 wherein in this
node, a plurality of resistive elenents in the sem conductor integrated
circuit device can be Toupl sdate 8xi shengdexterfnalatiemmimalterswdh as signa
i nput/out put term nals which have been set in the 5 sem conduct or
i ntegrated ciPcBPY deveequentaadwivt ohtpanfned. femt ADO efedtSIttherparti cul ar
i nformation corresponding to variations in characteristics of the resistive
el ement 8 foeARENEG HOcPr ebilftdépisEeustionde fa IT&MF-cofddetldanasusyr at ed
circuit deV|ce which is_ 10 coupled to the external termnals. In this
event, it is ﬁosg?ﬁﬁec?éllFﬁ?PrQﬁtﬂﬁérééséSﬁnAtﬁé sirkgde b finda ddia
el enents in tge senlconductor i nt ratg% circuit device, % also |imt the

n

nunber of exEBLhhI TEEFAFRAPST B§ |H6 sESS é%F?FPﬁ&lf@r A5 the 15
sem conduct or |né rated circuit devt§ &éep%g%écurrent in.a plurality of
r &

circuit in tﬁ%d SEohff Hﬁétloﬁogr ﬁ@ﬁﬁ? pf "MOSFET i s
al so detected enplricath§88ﬁ RgLMap thytgglgﬁgkgegchg tions in

characteristics. A lea current evél can rough a

current-{gvoLtagenGRAVELSLARFaNd LR %Qht @82 CRARAN I5RR: d@il‘s the case with
the variations in characteristics of resistive elenents. What forns a | eak

current may bgrekhsdibs whi ch1ane ifdenbiveal biyn re@nfringwaticon o one 25
anot her, or MOSFET whi ch has the gate connected to the source. A |eak

current sour¢eisukiabtetéor particular information nmay be a signal output
buffer circuit which | 81 is connected to a signal output external

termnal or a signal iHpgt/é6atplfiuextrecral at eimcoalt ofi agrsemoforduct or
integrated circuit device. This is because this type of signal output
buffer has cénsthegepmbedivant sferbgentsnsifickiionenymbgrge sizes such as
MOSFET, often fornms a relatively |arge | eak current which can be relatively
readi | y heas@fRBrahAd EéﬁCHﬁEeaG§@rgﬁn€xF§tFﬁ6 BXECSLRA HYERtH&Ns as t hey

are. The bre?kdgﬁgschagagggéh%tl%hgfd @fgkgg%e between the logical

threshold value voltages of the CMOS inverter circuits
INV1 and INVZ as mentioned above is amplified by an
amplifier circuit to generate identification
20 information which is held in a latch circuit comprised
of a NAND gate circuit. Specifically, in response to a
first write signal WRITEl at high level, binary
identification information corresponding to the
difference between the logical threshold value voltages
25 of the inverter circuits INV1 and INV2 is inputted to
the latch.
Next, the first write signal WRITEl is

brought to low level, forcing the latch circuit to hold



O such as an input protection diode in a sem conductor integrated circuit
‘vi c.connect ed to an external signal input termnal of the sem conductor
integrated circuit device can also be used as a source of particular
i nformation corresponding to m croscopic 15 variations as nentioned above.
Even if a plurality of external term nals of a sem conductor integrated
circuit device conprise a bus line conpgsed of a relatively small nunber of
bits in an electronic system appropriately identifiable information can be
20 forned forhanbéxtrgneldentarfge atdrber mforineanmry shd amdidwditer
conpari son approach as in the aforenenti nned enbodi nrent. The capacitance
such as a dr aiifrcpimncsieometagacicraacedfo fa tWaS itnverrtiest ariraquia sem conduct or
25 integrated circuit device coupled to an external term nal of the
semn conduct oENVAt eGNERednci rowilti fdevd e tvas tricr eeypgpiicd/aritdt ions.
Therefore, this can also be used as a source of particular information as
| 82 menti oneBigbodevedr wé&sbndisnd orsedakvatd evell-Ap MEGHERtd ot el di ng
time in a dynam c nenory al so presents mcroscopic variations. In this
event, evén FAPHS Sfeéhal loorfitgdr slirenits dedt &hend Uy i ee menory,

i.e., even if no confiquration is set for, form.ng uni que .identification
i nformation, infor matig’ﬁxlrrol & ﬁglﬂfr?é?qtr} e&rdgl %@f Yoty cells at a

plurality of artl ul,ar r resses Wt pIurallt f menory
addr esses caﬁE‘) asar é’&lf e%‘o gl‘?eraatnémpé’rotia&d'laifr based on
the result o&evhgerre%%ur% é A aS pI %[%n%lrlts% ts%rgs%on%ﬁﬁ&w chips are

mount ed on a“CoMDA SU stra uI 3] uti

| denti i catigp ehLoylidymy e gsel sfe%n%amﬂc% sageandueuar, i cauch that

uni que identrfication i nformtion fromeach sem uct or e taken

out throygh LhgncoEmRAGRURSE.at @nekf, LMRLE tihe adénmltfqtdaq;qdrﬂ i dwimber  of
termnals required on tthe comon substrate for readi ng the uni que

identificatigs 28guafredyatihen pebgeaeimasam eerduet aris clidasseParialH ed -to
serial converter circuit for the unique identification information nay be
set for eachssgnatoRducbovutipup thgetikientiiftiltad ioh musddeac twmirt tent r ol
circuit. In this event, the unique identification information in 25 each
semni conduct othehiepni g¢sseeirgl daéd .by the parallelto-serial converter circuit
in a selected state of the chip, outputted fromeach sem conductor chip,
and read out through the& @éﬁtﬁoﬁoélefl}gﬂlrféﬂtéomméﬁn&edé@eca{d@ltlﬂJSBa'pr ogr am
chip is provided in the neaning as in Fig. t he ded| cated program chip
may be cgﬁﬂ aﬁPédlfléOw&ﬁéPP &Oﬁlrﬁrsgloﬂd}n&r téPi & St HaFsEC Sof

SenlcondUCtOBe% B3 %get %g&% @h%%% fg Value voltages of the

inverter circuits INV1 and INV2 is written into another
non-volatile circuit in response to the first write
signal WRITEl, the resulting identification number

20 generator circuit can hold the reproductivity of
identification bits without being affected by NBTI as
mentioned above, and is highly immune to aging changes.

In the identification number generator

circuit which uses variations in logical threshold

25 values of CMOS inverter circuits as in the foregoing
embodiments, the order of the magnitude of the
threshold values of the respective elements is used as

the scurce of identification information.



5 Industrial Applicability The present invention can be widely utilized in
d for identifying a sem conductor integrated circuit device or a
sem conductor chip, which assigns unique identification information to each
sem conductor 10 integrated circuit device or sem conductor chip to
identify individual sem conductor integrated circuit devices or
sem conductor chips, a nethod for manybacturing a sem conductor integrated
circuit device, a sem conductor integrated circuit device, and 15 a
sem conduct or chi p. 184 sCLARMENL 6A eihoddar dxaeplidmn ng a
sem conductor integrated circuit device, characterized by: providing a
sem conduct od dentegiabedoal hamblerdevi GE gy td3 ashalwe altid yoraferd defti fication
el enents forned to have the sane form as one another through the sane
manuf act ur i nghpiaceésseabodne valotetzerin g dhdrarimegp nedeortatian. whirch
reflects a relation of magnitude in a physical amount of said plurality of
identificati 6ngel éAents tdeoretawdt ker ideaitd fimfdommmtdesn #QRy gener at ed
corresponding to variations in the physical amount of said plurality of
identificati onvekrsRBENCErcHAl) st rdet e ghefsdr mamikorefr dfd ectdmrRRthe
relati on of magnitude as unique identification information of the
seni conduct oFbithfedPafeBlENtcdt Pasvitde LoWeRtTedidY f I iUSMRATYing a

Ththat: sai GNBPUEAFI EFCBEF ANt CHE O SR aTerg e %T%mﬁhﬁr aid
1 duct t t t . th f tif

e conduot of - IEeoPAPed™E1 PEAME ou oot S5F MY S OB, char act or i zed

in that: sai gyunigueal geatLli cabl,on Lofiormai.on Jig) u eschfé Sement

identification rnfornmation haV|ng ab set in sa

manuf act yRi n c | 4 f tohfyi uctor
YHi Ng RRACESSment! 88 ,4THA @qtetmt Ry 3 %2%% %‘%Z‘?ﬂ%‘ﬁ

integrated circuit device according to cl a|n12 sai d

uni que identthi eaki aleaher Matiis0RnCRNRHHES 50r<$@1rd Rehd MHLFiTRf 1t | ndl cative
of the order of nmagnitude of the physical anount of said plurality of

identificati ordekeaebssestSroArhet Rodnkar ildents fayi rRQ snesATiT.ONdUCt OF
integrated circuit device according to claim3, characterized in that: said
plurality of identificéatinor ¢éhengnemtification number generator
circuit according to the invention of this application
15 sequences variations in logical threshold values of
CMOS inverter circuits, it is unknown how large
difference exists, for example, between the logical
threshold wvalue voltages of the element 1 and element
5. Similarly, it is unknown the difference between the
20 element 10 and element 9. When there is an extremely
small difference between them, the element 1 may change
place with the element 5 depending on a test condition
or the like. However, it is contemplated that the
element 1 changes place with the element 10 with an
25 extremely low possibility. This can be readily
understood also from the graph of Fig. 63.

The identified number acquired upon matching

should have been acquired at least once or more in the



each conmprise a logic circuit, and said relation of magnitude in the

ysi@l anount is a relation of magnitude in an electric paraneter of a
plurallity of logic circuits. 6. A nethod for identifying a sem conductor
integrated circuit device according to claim4, characterized in that: said
plurality of logic circuits output output voltages equal to respective
threshol d value voltages at their resgegtive outputs as said electric
parameter by their respective inputs being electrically connected to their

respective oghRYlSstbred TR hOQ R e, TAH @& Seigondued.an i ntegrated
circuit device according to claim®6, characterized in that: said plurality
of logic cirguite eanpliage tiontelkt adetitidiidds numbklo. 8." Anmetdwd for
identifying a sem conductor integrated circuit device according to claim7,
characteri zedsend tbataksaiid tiodentsfiideatatdrorelténrenia comite sesara CMOS
inverter circuit conprised of an N-channel MOSFET and a P-channel MOSFET.
9. A net hod fidenitdéntityiong namndem dendwdt @onipltedgrlat eteroiadudad ddwe ce
according to claimb5, characterized in that: said plurality of Logic
circuits Gonpei tei anéluencei pduiagsngl Ghangest leod Hhey lidentdird yilrg a

sem conductor integrated circuit device according to claim9, characterized
in that: sai ddﬁﬁéh%ilf:ﬁé—appoﬁu@b@ﬁ?er‘iitef’@é@ﬁrqrs@slr&@mﬁ M ter circuit
conprised of an N-¢hannel MOSFET and a P-channel MOSFET., 11. A nethod for

i denti fyi ng &P¥ERTABRAASL 6P 1EnPEF EE 1GT cuittv s devifc &A@ ™y to claim 5

characterized in.that: said logic circyit is lied with a |imted
operati ng voP?ﬁaéaﬁﬁgnéﬁangﬁeP 'QﬁyﬁQ;Q%ﬁfﬁFﬁgg wﬁﬁﬂe&hﬁyﬁ#@éthe
12. A mot hod 0P I AenFLTS1 TS “SoR SO0 e O egr S0 b e S 4ot o
accor di ngot 0ogkahIkLy ERakagherzatd Rd hale ciaidl Wi qHe Jdant ifigation
i nformation

element 1 and element 10 in the example of Fig. 64,

either an identification number acquired in the past or

the most recent identified number does not change in

their relation of magnitude.

15 Fig. 65 1llustrates a flow chart for
describing one embodiment of a fast identification
number matching (searching) algorithm for an
identification number generated by the identification
number generator circuit according to the present

20 invention. Fig. 66 illustrates a schematic diagram
corresponding to this.

(1) At an identified number reading step,
sequential data composed of "0" and "1" is generated in
the 1-bit identification number generator circuit.

25 (2) In an order analysis step, the data is
converted to a numeral indicative of the order. 1In

other words, the order of the 1-bit identification

number generator circuit as in Fig. 64 is converted to



| 87 conprises ordering information indicative of the order of magnitude of
e sical amobunts of said plurality of identification elenents. 13. A
met hod for identifying a sem conductor integrated circuit device according
to claim 12, characterized in that: said plurality of identification
el ements each conprise a logic circuit, and said relation of magnitude in
the physical anmount is a relation of pggnitude in an electric paraneter of
a plurality of logic circuits. 14. A nmethod for identifying a sem conductor
integrated cirgyhtrdevice according to claim 13, characterized in that:
said logic circuit is applied with a limted operating voltage when no
operation is perfornmedBor datar makiRamy/he nhalat ic0Rneh tegtitade ém t he
el ectric paranmeter as said physical amount. 15. A nethod for identifying a
sem conduct osté&p} eghat edderkCHire dawilgeeadceor dixitgalcd @nai Mekdrd
characterized in that: said plurality of logic circuits output output
vol t ages equalnbersespetheveltherashabdival teevahtrgges atrddreiand espective
outputs as said electric paraneter by their respective inputs being
el ectricabl yeteneett padvingt hber smedpesti vedeut.puts. 16. A net hod for
identifying a sem conductor integrated circuit device according to claim
15, 188 char act eri ze@ni K41 hapnesaifd rpodsakeireg éflendgifd caitrdaui ts conpri se
inverter circuits. 17. A nethod for identifying a sem conductor integrated
circuit deV|%@mﬁ%E%rHFnéeFéléVﬁﬁanGm ehBPAcrEREREd Liefl9tat : sai d
identification el enent co i se |nver er C|rc%w% conprised of an
N- channel MOSFET and al®- ZE nnEEewﬁé E¥S P8. CASHEM ol Frfhentlfylng a

sem conductor inte ra&ed cj rc EeV|ce acc rding.to cI %

characterizeﬁ fﬁe?ﬁg? 184 Fh?a PEISSF P gmggéga.tg EBIDY se inverter
circuits, éhl?gcé% gdsghbgyg d %x%%@c%%ﬁd%?o%r t %t egrated circuit
devi ce accor%lng a|n1i arac eérized inth sai identification

el ement conpgi fétéré&£§ﬁéﬂ¥?§&@ét§bﬁcHhhb%?”pr%%%d fr@n SV ghanngl MOSFET
and a P-channe

example of Fig. 64, in the identification number 1, "1"
is the largest, and "10" 1s the smallest, which shows a
reversed relation of magnitude, when comparing numerals

15 1 and 10. This can be readily estimated that the order
is a phenomenon far beyond fluctuations due to
variations, so that the identification number 1 has
picked up the identified number from a different chip.
Consequently, the identification number 1 is determined

20 to be incompatible, and a subsequent detailed matching
test 1is omitted therefor.

Those determined to be compatible in the
foregoing undergo a detail test in (6) and (7). Since
this is basically similar to the aforementioned

25 embodiment, description thereon is omitted. In (5),
since the proportion of resulting compatible and
incompatible in the comparison of magnitude between

orders is stochastically 50 % for either of them, the



0. A nethod for identifying a sem conductor integrated circuit device

cor.ng to claiml, characterized in that: said plurality of
identification elenents each conprise a logic circuit, and said relation of
magni tude in the physical anount is a relation of magnitude in an electric
paranmeter of a plurality of logic circuits. 189 21. A nmethod for
identifying a sem conductor integrateg,gircuit device according to claim
20, characterized in that: said logic circuit is applied with alimted

operating vokEagetWpenonetepagathendesaper teswed sf @r sdetser g .ni ng t he
relation of magnitude in the electric paraneter as said physical anount.
22. A nethod for identThysngia safscenduvetiaenitnt egroatoed tidreuiits dawe ce
according to claim 20, characterized in that: said plurality of |ogic
circuits outpat ofit pagnivohtiagesmpguakoho tespeettisveartehresipalmbdsalrue
voltages at their respective outputs as said electric paranmeter by their
respective i appestbeing efeftribakl youbhnegt dthet @ ftflewitr. r éspeotde out put s.
23. A nmethod for identifying a sem conductor integrated circuit device
accordi ng5t oweai An22, iehanaseappdedtng tracessding pltgedlfi tipverlvasyi ¢
circuits conprise inverter circuits. 24. A nethod for identifying a

sem conduct o1 AbegPagBdtBAEcGPIPaEGSeR AscdPEgirsgses deaibass3bly

characterized in that: said identifjcation elenment conprises . a CMOS
i nverter cirE%?Fc%oHB?i§§§e8F'aﬁoNFbﬁﬁnﬁeFe§E§ﬁE?naﬁ§ eI el MOSFET.

25. A nmethod for identifying a_sem conductor integrated.circuit device
accor di ng tomﬁgﬁiﬁPzﬁfew Tgoacﬁaﬁg%fSEgz§8%WﬁePh§%? SFRSH Sfality of Iogic
s coTpS et PYCERET AU 526 RuAERIR Y o deTyin0 &
CharaCteibzeﬂobﬂlééééh parameters of the identification number.

Fig. 67 illustrates a flow chart of one
embodiment of a method for designing circuits for a
semiconductor chip which incorporates the identifica-
tion number generator circuit according to the present

15 invention. Circuit design software as this embodiment
is provided for designing companies and dedicated
manufacturing companies. Alternatively, the same
functions are incorporated into a tool of an EDA
vendor.

20 (1) A menu is pulled down for selection.

(2) Menu data is generated. At the second
time onward, desired IP can be selected only by
specifying this menu data.

(3) The menu data is analyzed to detect

25 wviolations and the like.

(4) Necessary information is retrieved from

a local database in accordance with the menu data.

Recent information not stored in the local database 1is



said identification el enent conprises a CMOS inverter circuit conprised of
‘ annel MOSFET and a P-channel MOSFET. 27. A nmethod for manufacturing
a sem conductor integrated circuit device for enabling reference to

manuf acturing informati on unique to the sem conductor integrated circuit
devi ce through a neasurenent of the sem conductor integrated circuit
device, characterized in that: said sepyconductor integrated circuit device
conprises a plurality of identification elenents forned to have the sane
form as one apghbeedt brerghathBasakeofeAdtidaekedngapl.deRSIrdShPne anot her;
sai d sem conductor integrated circuit device is neasured at one timng
during a procensanicsranfiacher ingesahdosghi aonduebak isnicdgraat etheci rcuit
device to formfirst information which reflects a relation of magnitude in
a physical amuatnet.said plurality of identification elenents to one

anot her, said information being generated corresponding to variations in

t he physical anpunt of (8&i dDptar akiuyprefl fdenspticcati ds gearmmattsd and 191
said first information and second information includi ng managenent

i nf or mat i 9n Base@dnonhehauhofasnaking epldartededirosnghet @lratia?ﬂae?@r-at ed
circuit device, which generates said first information, are held in an

i nformation hol di ng degﬁbe ekt éFndPtesMiBrpd YBRTESHIAEt Gt ity rsstidd
circuit device as information uynique to, said senm conductor integrated
circuit devit®, CaReP8hYCPFEATE 't dLEnPEEnafi BATAhiEh OGS 10Re ‘Sane type of
information as,sajd first information, generated through a nmeasurenent of
sai d senicon%%%?%#e?htegrated circuit device at a timng different from
said one timng, said £5§St65ngﬁﬁﬁgkk89 gogrgiggngggrkoo i&%érﬂrd
information within said fnfornation olalng evice 1§ referenced from said
third i nfer L OR; [ i-pt.0 AR can. be oref er.enc romsaid
first inigr2§%¢gﬁlﬂ§?ghé?sgrgggﬁgﬁcgggbggggbggn a?& ?ﬁﬁrg%ﬁE?B?%E{ion. 28.
A net hod forepanyfact urhngqanseri eqeduat aimbetegeated toi eyidcdavi ce,
characterized by conprising the steps of: form ng a sem conduct or
integrated caccoréiifgvteecnenpreseng ankenstoahi pTheaigth $em conduct or
integrated circuit device having a plurality of identification el enents
formed to hayertheulankyf bimiasdonehanoehbprdandntoiseditrecaegh tiches sane
manuf acturing process as one another; retrieving unique identification

i nformati on dedhysafboypl Gpal ppplotacdent pPecatfionléfem@F€)i-n said 192
sem conductor integrated circuit device conprising said first chip witing
a pluralt?y of unique PdeéRgifréatPBRINAFOPREtPEA PEO/TSESE dO%iConduct or

integrated circuit_device conprising said firs hi p, and operation
modi 11 cat | onCHFFGH AL BRCT ST SEhi AtoBmPebRAUEPST FROBGE el CRRLEY devi ce

ol ch oY gL RE EReEtbLe Lbae LaRILL T Leat e LOLR gy 1 o

like in accordance with the result of the determination
as to the generation of the soft IP in the design flow

20 illustrated in Fig. 67. Though not shown, in many
cases, RTL and the like are generated based on a
function describing language such as VHDL, Verilog HDL
and the like. Required for logical combination is cell
library information which includes connection

25 information at transistor level, delay information,
layout information and the like. Also, generally,

information added to RTL includes a timing error

tolerance value referred to as constraint information,



second chip, wherein said assenbl ed second chip is configured to out put

id eration nodification information to said first chip based on the
uni que identification information retrieved fromsaid first chip integrally
assenbl ed therewith. 29. A nethod for manufacturing a sem conduct or
integrated circuit device according to claim 28, characterized in that:
sai d sem conductor integrated circuit jdgvice forns information including
information which reflects a relation of magnitude in a physical anmount of

sai d pluraligylefoudesphtigat i anmalxamei s ilgaane i elengdi hndf or mati on
bei ng generated corresponding to variations in the physical anmount of said
plurality ofthdentké&icahi oFTekemrntsidsasiisaindsu queyiicenrdffdeatvon
information. 30. A nethod for manufacturing a sem conductor 193

i nt egrat ed ctoruat tdeti o€ acdordi Agatic cdiaicmi2$, atchaysaet drawzeld o t hat :
said information reflecting a relation of magnitude in a physical anount of
sai d pluralictyeatei déentif legbiondeltamehirsuigh leas ed tomaddrepdra ywont

i nformation which conpares a physical anmount of each identification elenment
Wi th physbcaViswadantgodt a plurality of identification elenents. 31. A

met hod for manufacturing a sem conductor integrated circuit device
according to clai m 29, T¥R§FabeFridd rRIliFaCTreshild iEnfSitatliidra®f|ecting a
rel ation of nagnitud in a Ehysiﬁal,anount of said plurality of

i denti ficati®hCel@rBnYst1E BPEEr PAG L N CIrTatito FTRIEISShFUFR &S 1 or der

of magni tude, of the physi.cal .ampunts of said plurality of identification

el enent s. 32?“%Fﬁg?50dﬁégﬁ’ngiﬁPégﬁﬁPiﬁ&daQ§§ﬁ%%ﬁﬂuc¥§Pq rrated circuit
devi ce accor (i . i , racterd zed in t-hat: id first chipis a
menory havingéggrggu%hgnggggr%%P??§§hdf§§i X?%%%%H gﬁﬁgngiores a defective

address of SajdothLstonhiR A88a190RSLALRN Madifdeat o iRfymtion. 33.

A method for manufacturing a sem conductor integrated circuit device
accordi ng tocgl ai grR8rathanaebeni zadry ek 1Camef itsend itike Steps of :

conducting a test after sid first chip and 194 second chip are assenbl ed;

used for a large scaled one, or those which differ
slightly in configuration from one another though basic
functions are the same, for example, such as memories.

15 Here, brief description will be made on the
hard IP and soft IP as referred to in the invention of
this application. At present, in the semiconductor
industries, the design and manufacturing of application
specific LSI in particular is classified into a total

20 company form in which a single company is responsible
for designing through manufacturing, and a work
division form in which the work is divided by a so-
called LSI design company which is dedicated to
designing and a so-called foundry company which 1is

25 dedicated to manufacturing.

Also, recently, companies which supply IP (IP

vendors), a distribution market for them, standardiza-

tion supporting groups and the like have been



renmovi ng said second chip when a fault occurs in said test conducted in the
ser. ed state, and collecting said sem conductor integrated circuit
device conprising said first chip into a plurality of other sem conductor
integrated circuit devices. 34. A nethod for manufacturing a sem conduct or
integrated circuit device according to claim33, characterized in that:
said first chip and second chip are igpbggrally encapsul ated after screening
in the assenbled state. 35. A nethod for manufacturing a sem conductor
integrated ceégedbligdp¥tCcenaseepdivi@nt @hel dichddhc CFyraatry ides 4 fod hat :
said first chip and second chip are assenbl ed on a common nounti ng
substrate. 36f wWoskRM COAdUCPOhaknbegbakednCiimpdirt adeyvicad dtaidyy fopl ural ity
of identification elenents forned as the sane formthrough the sane
manuf act ur i ngmprocess aseoh6Iadeshen, edfd cdenfayguraed tis mavte uni que
identification information determ ned by said plurality of identification
i nf or mati on, ngal tdgskehecbndutborli ppegratied .ci rcuit device characterized in
that: said unique identification information takes a state corresponded to
a relation of magnitud8henl8 pRyseeahlansdasséffiss dndaurtdlasey of
identification 195 el enents to _one anot her, caused by variations in
charact eri stFesesredara pPubarft yPoPnPdERES ilfat i SH-IEeswdaes 37. A
sem conduct or iﬁégﬁrated circuit device accordhnglto cl ai m 36,

char act eri zege¥ atheshig Waitqulsi GeRPPEREaMLSR LTt itoh Wohpri ses a
| it f i i nf at i whi ch th hysi cal t of

bach of sai COTUERLPP| CAt FOR el BRERTS™NER PihaZe IO SE0 9 GEIATY of

sach o e 3 . >e t DA

hecor di ng t ot 07 o nGyhdzys BonBaf T AN LT deBBY HelnaB G dn R Ton

| nf or mation eoNBLhIPScARLULALLEY. 0 GRTRAISOR 1ioA QRN cor T esponded to

each of said plurafity of identification elenments; and each of said
plurality of1gsegRagbseichnber MAbLOANCEABL I @5 ivafanRt iem caMmiHesed of a

plurality of bits which conpare the magnitudes of the mutual physica
amounts of respestdseapatthcdkatrudantbbileat i arieldesitiptdensssponded
thereto and a plurality of a plurality of identification el enents conpared
thereto. 39.stasentcandiition dhtggrasednd toei tlideyi ceonateerisitng to cl ai m
38, characterized in that:
information, and the like based on specifications
15 provided by a customer. However, the customer himself
may create these data which is passed to the LSI design
company.
Next, the LSI design company creates a net
list using the logical combination tool which has been
20 described at the beginning. Circuit elements used in
logical combination are limited to those registered in
a cell library. They have been certified by dedicated
manufacturing companies which manufacture the products.
Generally, manufacturing companies themselves provide
25 basic components such as the aforementioned inverter
circuit and NAND gate circuit.

Actually, however, the dedicated

manufacturing companies also provide more complicated



each of said plurality of conparison information is generated by
ta')nverti ng i nformati on generated froma direct conparison of the

physi cal 196 amount of said particular identification element with

physi cal amounts of a plurality of identification el enents conpared

thereto. 40. A sem conductor integrated circuit device according to claim

38, characterized in that: each of saidgplurality of conparison information

conprises information having a conpressed nunmber of bits. 41. A

seni conduct otohpbrEhatedoei eatbhcday edcacoapditng itve GtaignAh
characterized in that: said ordering information is conprised of a snaller
nunber of bitlketban.t hBonuwber efincenpar iisord fafi ceditd teatd ool e
identification elenent with a plurality of identification elenents

corr espondedcomet etoted2highsénmncondualorireegrsat € reiaxamtl ede\HIde,
according to claim 37, characterized in that: said ordering information
conpri ses a PRAYal prycefsonderiimguiitif engathen lader esgondedt o sai d
plurality of identification elenents, respectively 43. A sem conductor

i ntegrat e?d cilediratadvingpubacbrdiing comppailms362a divdr &t dB #&@hdars hat :
said unique identification information conprises ordering information which
reflects thePdFbbFiBRtAu§Art H6818P1 A 2pRY SHORIL YARSUH € of d& Fhf urality
of identification elenen%s. 44__A sem on&ugto% integrated circuit device
accordi ng t ottt a?HPRA3, OtR&Fdct BFFz8d FASt hate haggp Qméiﬁ9$§%qu;
information conprises a.nunber.of bits l.ess than the.nunber .of c arisons
of 94 partTCUTAC: GRRET PHEAER R oPBRert Wit LA Spra Al Ly dP=oeLy
identificati t onded, thereto. _45. sem u r

i nt egrated c?$%§+§n§§v$céggégggd?ﬁggpggglg%nﬁ§6ﬁsgﬁér§%%g$¥§b in that:

sai d uni gge ydg9bLEi GahbeR1h Y QUPBLLORt in the form of hard IP.

Simply speaking, the hard IP has cell layouts designed
by IP vendors registered in a cell library. Therefore,
for supplying the hard IP, a hard IP vendor must change
the IP for each generation of process, not to mention

15 for each dedicated manufacturing company, receive
certificates of manufacturing companies, and further
must be registered in a cell library possessed by each
LSI design company.

On the other hand, in the case of soft IP, IP

20 vendors simply supply LSI design companies, foundry
companies or customers at a higher rank with the
foregoing data using a function describing language
such as VHDL, Verilog HDL or the like, data such as
truth tables, RTL descriptions and state transition

25 diagrams, constraint information, and the like. At
present, therefore, it can be thought that in the
market of application specific LSIs, the soft IP is

more pervasive, and its prepotency will not even change



further includes first identification information having a value which is
t ‘sai d manufacturing process. 46. A sem conductor integrated circuit

devi ce according to claim 36, characterized in that: said identification

el enents each conprise a logic circuit, and said relationship of magnitude

in the physical anmount indicates a relation of magnitude in an electric

paraneter of the plurality of logic chrguits. 47. A sem conductor

integrated circuit device according to claim46, characterized in that:

said plurality ehel 6@tGrelr CHLES,CORHRr RIS idAVRYitlRr G GHdiSst 148 fdy

sem conductor integrated circuit device according to clai m 46,

characteri zeduttmébahg shedcpkdtabnt Y fobarag Cor e tce IAUtIpEr Dekf put

vol t ages equal to respective threshold value voltages at their respective

out puts as sand keéécohgsctpatchretetebprivheifr haespdad.i ve i nputs bei ng

el ectrically connected to their respective outputs. 198 49. A

seni conduct or integratkd descuibederboreacthedihagc d Fclbaisadd&upply

characterized in that: said plurality of logic circuits conprise inverter

circui ts.550frameearkohduénbpriptegnardd teilbaiiondeyidcce according to claim

49, characterized in that: said_identification elenent conprises a CMOS

inverter cirkopelebhprtsend 6f AR-NeBRahhel PROSFEF &vePd isic iaififel L MOSFET,

each of which is applied with an input vqgltage at .an input to form an

out put voItaﬁés?ﬂvggEﬁgﬁaHEiymEPﬁd§ FﬁaWFG%s%age§&g@ufﬁﬁpgﬁéﬁﬁFhal t her eof .

51. A sem conductor integrated_circuit deyi according to claimb50,

char act eri ze@F ?ﬁ%f?sgaiangmfgei;§3Frer%@i%@ﬁifepgfﬁ%3%aﬁ%mbutput vol t age
by its input; i Lhg c its t t i . 52. A
senicondupto%&gnggg?%?ggbgi?gﬁﬁg?dégﬂggggggbFﬁ#ﬁ%ﬂ%oo?{g%ﬁ?%l, _ _
CharaCtei@Ze@m@%diﬂéﬁ@?rp%QHPEhEhBQy at%%'%%&%u@%”%%raﬁ@hé%ﬂéHé&iiﬁ*f'VSt

switch and a second sw tch provided for each of said plurality of

inverter cirguytsqosardsdirshlsWebap riicarshierkirta ran 0t Pulssvol tage of a
CMOS inverter circuit corresponding thereto to one input termnal of said
vol t age conparahefstbreubtrensahdisecendeswaheh cithansfise idaghdries«aut put
voltage to the other input termnal of said voltage conparator
standard logic elements, so that the soft IP can be
readily applied thereto. For example, if CMOS inverter
15 circuits (of course) and CMOS switches (pass
transistors) have been registered in the cell library,
the IP can be supplied to design companies only with
the RTL descriptions. Even if pass transistors are not
registered as standard in the cell library, the pass
20 transistors alone must be registered in extra, but its
scale is extremely small.
Though automatic layout/wiring processing is
disadvantageous in that the result of layout and wiring
is irregular, two inverters for identifications, for
25 example, can be disposed at extremely distanced
positions. Consequently, a long wire is routed from a

signal P to a signal PP on a circuit diagram, and is

susceptible to noise from the surroundings. To reduce



| 99 circuit; and a control circuit for controlling said first switches and
id‘cond swi tches such that said voltage conparator circuit conpares the
respective out put voltages of said plurality of CMOS inverter circuits with
t he out put voltages of a plurality of other CMOS inverter circuits,
respectively. 53. A sem conductor integrated circuit device according to
claim52, characterized in that: saidigpitch is a swtch conprised of
MOSFET. 54. A sem conductor integrated circuit device according to claim
53, charactethzed by cenpristcag@veatbi L3hmitotaet hiayduswaneh sargeaided for
each of said plurality of CMOS inverter circuits; and a control circuit for
control ling sand Iéngthsoihhihd dwiybahgsirwher eiroceaisd nfgi.r strtsviis ch i s
di sposed between an input termnal and an output term nal of a CMOS
inverter ciralsd affectavedtbhermbiinh; osdiyd thésomd reuionc wiith & sposed
between a common first circuit node and the input termnal of the CMOS
inverter cirstandasdoceaiedepherenethinsadhe childd ldWiragly ifordi sposed
between the output term nal of the CMOS inverter circuit associated
t her ewi t h° ande@l ebhrbhoBeadnd BRWcARLlnodRathRd sai ¢osdierol acircuit

controls said first to third swi tches such that two each of said plurality
of decoder and the like 1s efficiently created by the

automatic layout/wiring or the like.
In recent years, application examples have
been increased in which an ID number, a variety of

10 wunique information (hereinafter this is referred to as
the "general information”) are programmed into LSI.

For example, they may be a manufacturing line number of
a product, a manufacturing week number, the grade of a
product, and manufacturing management information.

15 Generally, the ID number is programmed using laser
fuses, EPROM or the like. In this program, a laser
program should not include any errors. Moreover, while
a laser fuse scheme is processed substantially in a
wafer state, no change should be accepted in steps

20 after a laser processing step. The information is even
more important 1f its contents are concerned with the
life and fortune.

However, with individual chips which have
been diced after programming, an important problem

25 arises in that even if the general information written
thereinto in the laser program can be read therefrom,
it is quite difficult to confirm whether it is correct.

The following can be contemplated as countermeasures



CMOS inverter circuits are grouped into a set, and an 200 i nput term nal
d output termnal of one of the CMOS inverter circuits are connected
to output an output voltage fromthe one CMOS inverter, the output voltage

of the one CMOS inverter circuit is supplied to an input term nal of the
other CMOS inverter circuit through said first circuit node, and an out put
signal which is the result of determ pkRg a potential of the output voltage
of said one CMOS inverter circuit is applied fromthe other CMOS inverter
circuit to sahdrseeondoger ¢yi tonadea, pwrtiyabliegi cal deficeshelhdngridie vol t age
of the other CMOS inverter circuit being used as a reference voltage. 55. A
sem conduct oini g eqr atRdfahectiioh devi paracgorteny maycha mwuS4,t in
characterized in that; said switch is a switch conprised of MOSFET. 56. A
sem conduct otheé ntegpated si meastirdegi devaceomdiynpet aseldaifmrs54,
characterized in that: said CMOS inverter circuits and said first to third
swi t ches congetisemehenkans whi ch nake up a CMOS gate array. 57. A

sem conductor integrated circuit device according to clai m 56,
characterbzed in that:Haeedesw i8hths atehictchendapr dgéa o IROSFETLN 58. A
sem conductor integrated circuit device according to claim 54,

char act eri zeeh¢ n"cthat 1S sBPH pPOFAFMEF-of CMOS inverter circuits are applied
with a limted operating voltage when no operation is performed for
deternining the reIa~i%’gOB]f‘er gﬁ? ﬁﬁgﬁi?ﬁagopnoghgrgﬁé&Pﬂi@ par aneter as
sai d physi cal agnunt. ?9. A senicond%ﬁtor iptegrate circuittdevice

accordi ng t g"Tr AT BB, gﬁafgg?ggﬁggd n that: 9s8rge wﬁpgﬁﬁﬁga%%ﬂm¥%h
conpri sed of F ) iLcand - L p.Char ri y .conprising a
built-in idéﬁgﬁgﬂ5%¥?§% %ﬁngggk%gﬂeggFgﬁcg??gaip%cggggggé%gpgalp urality of
i denti figqati opyel eppntSsueaChnkbnebydibpg: idyf bestnknyehlyer circuit; a first

switch di sposed between an input termnal and an output term nal of said
first invertefr&mstiénad SeROBUmEBMBH! BEnChEeYEhthavbn®12R bEPUL
products by treating chips with the same general
information as defective in the worst case. However,
actually, if information read from a plurality of chips
15 1is the same, it 1is difficult to confirm which one is
correct, resulting in complicated management and
settlement of the chips.
In other words, it is contemplated that an
essential method of solving the problem mentioned above
20 should involve identifying once diced chips, acquiring
correct information on the chips, and comparing with
it.
As such, though it is contemplated to add a
unique identification number to a chip for retrieving a
25 correct number from a database or the like based on the
information, even if itself is written with the same

laser fuses, that will simply form a vicious circle.

On the other hand, according to the



term nal connected to the output termnal of said first inverter circuit;
d .arrplifi er circuit which receives an output signal at an output

termnal of said second inverter circuit, wherein said identification

nunber generator circuit generates identification nunber information based

on an output signal of said anplifier circuit when said first sw tches of

said plurality of identification elemnys are turned on. 61. A

sem conductor chip according to claim®60, characterized in that: said

inverter cirenEbsmaeNBhi 8ReOMES (ifdvekk@impaliel, CMiThFormadQdrsaiHbsem conduct or
chip further has a voltage formng circuit for form ng a vol tage which

shoul d be applietdehobiyhgaknputraker, mpndll ighesiaiod fTwastamin\@ritrgdhao)i F cuit when
said first switch is turned off; and said voltage formng circuit forns a
vol t age whi chti $§sbknught thatailfevakrat ivhiach aage mMetsinae e weeragi Ng
changes of the output signal of said anplifier circuit is avoi ded based on
the | evel ofctlesoufput esagpdk, wenmsaigd dfiistsinceM,t @h dhsartggr ned on. 62. A
sem conductor chip according to claim#6l, characterized in that: said
sem condugt opredipal nchidemagiongrnan pat hetectset wingg remiad nesl tewgn of said
vol tage generator circuit through said first and second inverter circuits;
sai d vol t agel§enetaeotNErPEUFESCcOABP $88Ma (ERrck*emPd@irt "FHILSY is set to
forman output voltage at a |low [evel in response to the output signal of
sai d second TAYERERINE| FROFt 2RAI LhSi PR ISRIGR "I &FEIEeS & Wheh respect to
a logical thres OJEd val ge theregf when sai d fidrzt swi.,tch i g turned on, and
to form the DUTPUFUESI PhgélafCalREGATPLYEN PRY &85 LS 8 WGt si gnal
of said second.invert i Lcuj wgich is,on a low |l evel said wi.th respect
to the | ogi c%ﬁldtﬁlrlgg %{laavéﬁugk% ﬁ'%éi dH%irreét tglv%i tcgﬁle’lss r%uf?eﬁ:e “n. 63. A
sem condygt oy ehip eSATdi-ng:LA ghakma2. . charact erized s that: said |atch
circuit 1s set | n AN out put path Eg‘% oFrsai d ar‘rpla! é er().lciercui t. 64. A
sem conduct ogoPREPp8REsT 8bnd barehahm-BAngehahackeri.zed in that:
In other words, when a unique identification
number having a large inter-code distance is added to
the unique information, it can be sufficiently
15 distinguished from other identification numbers, i.e.,
chips even if part of the overall information slightly
changes. Thus, the utilization of the identification
number generator circuit according to the invention of
this application is effective.
20 Fig. ©9 illustrates a flow chart of one
embodiment of a method for manufacturing a
semiconductor integrated circuit device which uses a
semiconductor chip that has a built-in identification
number generator circuit according to the present
25 invention.
Information which is a combination of the

general information and a unique identification number

having a large inter-code distance for a chip



aid first inverter circuit and second inverter circuit conprise CMOS
ave.ar circuits; a second switch is disposed between said first inverter
circurt and second inverter circuit; the second switch is disposed at an

i nput term nal of each of the CMOS inverter circuits which conprise said
first inverter circuit, second inverter circuit and anplifier circuit,
respectively, for applying a potentiaksgn the high |evel side; a third
switch is disposed between said first inverter circuit and second inverter
circuit; saignéireshasvbtchthsst ysnedraffredsaiod ageeoRd "ssinfaGniend ur ned on,
and said third switch is turned off when said identification nunber circuit
i s inoperatiyefbembtiog"yhesi ppuyragmadnang cofl asaird fusest candh second
inverter circuits to the high level potentials and said first switch and
third swtchspeeifiuededadar.anthsaudiseeoddeswitfdicaits onumuedbeof fusden sai d
identification nunber circuit is operative. 65. A sem conductor chip
characteri zethbyhtenprest ngsagbuekttied bgenhief baatliten nnuddeert iferer-at or
circuit conposed of a plurality of identification elenments, each including:
a first invetien gumbertgandratsscondcui2@4 inverter circuit; a first

sw tch di sposed between an input term nal and an output term nal of each of
said first inverter ciFeai gcBAgadainfosrandonnead: &nigiuecuit; a second
switch di sposed between the output termnal of said first inverter and the
i nput t er m nafeBELEAFYt LeBoREMPRYePEEr SEVREURRY BRAAFFAND i i er circuit
including a third inverter circuit havin% an.input termnal connected to

the output t s ?%Feﬁfaéawaéggﬁﬂﬁﬁtiﬁ95p @?}lﬁﬁereF es&%?ﬂ&ﬁﬂ%ﬂﬁ n .
i dentification.nuph Eoﬁ'Eguhgwggggééte%o?”e&%%%ﬁ%f'%%tk%% g%%%%%lponprlsed

of first ident|$|ca?|on i hf or ion "generaté rom an output signal of said

amplifiernci i Lpecl ndi aj.d:t.hi inverter Ci iPt.when said first
saFtch o) Osa%gﬁéﬁgéggé# %ﬁgcéi?gfé ?Egﬁgéfgﬁ%%égﬁdk |P%f'smjtch of said

second inverter circuitnig tuspedeghf arand aaisdmpeqond gwitch is turned on,
and second identification information generated fromthe output signal of

said anplifigsmctogghttbnciudengasabdctpicndti Aeetiter ogl BeUITC \Waen, sai d
first swtch of said second inverter circuit is turned on, and said second
switch is tuthednefifgeibnt Alaéornandouet as ckiap aocaediengnice c¢ha m 65,
characterized in that; said first inverter circuit and said second inverter
circuit forndatazbasai foseqarhActeminadwhepherabirt posf thiereuilts $dguences are
provided in a form . _
15 same management information. If the same management
information exists in the database, the laser-based
program is determined as correct. Next, the general
information in the read information is compared with
the general information in the retrieved management
20 information.
For this reading, the general information
part is read in a plurality of conditions, for example,
by changing a supply voltage condition, while the
unique identification number is read only once, thereby
25 making it possible to confirm whether or not a data
write is sufficiently stabilized in a short time.

During a test, it is necessary to match with the

management information on the database at a high speed.



205 in which said first inverter circuit and said second inverter circuit

e ’anged in correspondence, the first switches corresponding to the
plurality of circuit sequences are supplied with a conmon switch contro
signal, and output signals of said second inverter circuits in said
plurality of circuit sequences are supplied to an input termnal of said
third inverter circuit conprising saigsgmplifier circuit through a third
switch for selecting a desired circuit sequence in said plurality of
circuit sequepgesxafgieA 880kCBAIHEhAGcRBNR AGGTeHaRA oo t&J &dm 66,
characterized by further conprising: a fourth switch for interrupting an
i nput  si gnal re podedcédif hyshatrehbben puppliyiurg yastelleaga non the-khi gh | evel
side at the input of said first inverter circuit and said second inverter
circuit, wheseavisai drfonet hikei heBokcsaturnedtof b, tasdisai d fifth switch is
turned on when said identification nunber circuit is inoperative. 68. A
sem conduct oapphrptebar acteri zed by conprising a built-in identification
nunber circuit including: an identification el ement sequence conprised of a
plurality5of unit el enBhesfeaetioingl ndchgdaptirmgtsi averrdd @ndcuit, a first
switch for short-circuiting an input term nal and an output term nal of
said first ipQereer eprébrratanl afsegeagaBwinéRrarspesed Horawwer,206
input termnal of said first inverter circuit, said unit elenents being
arranged in %%s%%%eu?hgﬁﬁghdgaFHfééééhﬁns&P?€ﬁ@§F18ﬁ &fp MTFtER e i t
including a second inverter circuit havigg in inp h term nal .connected to
the output tR¥nPhal"bElshdaeFi FYEePndLr £ FF@uiE CoPre§H6ded to a final
stage of said.identification elenent sequence; .a binary counter .for
counting a cr Bk “and A HeRbae Car DPodhr e oS clNE S8t piE S iSTi% bi nary

count er pd_disposed.c0roespORdLROCLA BAI dihLhS! AN Leloand ssand second

switch o Irst inverter circult I n sal i cation el énment

sequence, wherghNrS@iGyi denhif trat LANLNYARAE i ¢hEGUi bnl Siuk@eRONSi ve to the
count output of said binary Counter to sequentially turn on said

identificatigeneterentsiteantthrithr sblekkCyht vardatibhsofih Saigd csgcond
switches conplenentarily to said first switches to receive a plurality of

i denti fi catitonresiioldata bnesosf eSgOAdingetroesacd reaespecticee rbiihgt tionvert er
circuits in said identification el ement sequence from out put signals of
said anplifigrecincemtioncbdihgssapdlihptdonnverter circuit to generate an
identification nunber. 69. A sem conductor chip characterized by conprising
a built-1% identificatPRachlinbetlyr r EDPt ChaBl 4drPA§LLicagzon number,

and information on a lot, a wafer and the like,
acquired in a probe test or the like prior to the laser
program are registered in the management information
database. The management information corresponding to

20 a chip on the specified wafer is written into laser
fuses.

Fig. 70 illustrates a flow chart of one
embodiment of a process of assembling a semiconductor
integrated circuit device (a so-called post-process)

25 which uses a semiconductor chip that is mounted with
the identification number generator circuit according
to the present invention.

(1) In the probe test, an ID number



n identification el enent sequence conprised of a plurality of unit
iie s each including a first inverter circuit, a first switch for
short-circuiting an input termnal and an output term nal of said first
inverter circuit, and a second switch di sposed at the input termnal of
said first inverter circuit, said unit elenments being arranged in cascade
t hrough said second switch; an anplifihgr circuit including a second
inverter circuit having an input term nal connected to the output term nal
of said firsgehByarbarbgi teei idearieipendesh amddd RRInestAGs of said
identification el enent sequence; and a shift register having shift bits
correspondi ngiteusai daf ibst nawet,chA and esainthrdeeond it huibeaachsai d
first inverter in said identification el enent sequence, wherein said
i denti ficati ohenlirRer acer cegti stereesponsi vatlabvazseshi ft operation of said
shift register to sequentially turn on said first swtches in said
identification el ementd2frolheheaf nestl ycigeagira tad Ithummmifefr sisd d second
switches conplenentarily to said first swtches to receive a plurality of
i denti ficati shmiher fat 2on Ionvabpsndhight dasaibgene Hyestiions I rst i nverter
circuits in said identification elenment sequence from output signals of
sai d anplifi 8FIEFEEUPE PRENudPAGSS&RE 1ORIr § My Srlegi disr dfine’ad-*fenerate an
identification nupber, ., 208 70. A sem conductor chip characterized by
conpri sing a2bdi FPei AhiBenfi ALERCPER number generator circuit conposed of a
plurality of identification elenents,fggch includin%: a first inverter

= Cl

circuit, and a first s 'QphIPoftgﬁgr? fc&pfiﬁﬁsgﬁ Fﬁp&fsﬁérﬁ#HéFsand an
out put ter”‘ﬁgbeoﬂeéﬂ'QFEEEﬁEeHnggét%Q ShlCyLl o i 5q¢ond Javerter circuit
a to“the output te

havi ng an input ‘téermn connect e rm nal” of aid first

inverterqgireuyit; +an Liker +ciyr eul tfor; Y= AVA j at an
16 Elg]h% 18 Quaeeégpgbkbﬁat%b B4 e i RERLI1G Hppd

out puj[ or sal second. | nvert_ r C! rcult, wher ei n sal . I catlon nupber
c=rcuit geneyahesadBri deptifitCaki-ap AUmRRY sf,r aMdaR nRUisRW, qlo&ngian@‘ said

anplifier cifcuit when said first switches in said plurality o
identificati gpeekegeptsrateihucReddafabédke.A sem conductor chip

characterized by conprising a built-in identification nunber circuit
including: an identific¢dabi oARietemehe S&quembe rcetprhsednofbea plurality of
unit elenments each including a first inverter circuit, a first switch for
short - circui etgyiaadi hgutheerAensll fagd tawnonupipe rt gemieralt cof cslgiahify r st
inverter circuit, and a second switch di sposed at the input termnal of
said firsP i aveprdingi teufhissaralirptioresdnt £1NGtNGtEr C8gd® i n cascade
t hrough said second sw tch; . :
9 mechangca ang thermal stresses in the assembling
process, electrical stresses in a burn-in step, and the
like, the most recent ID number acquired in the test
step is stored in the database.
20 (5) If chips need not be tracked in the
post-process, the ID numbers generated by the
identification number generator circuit are acquired
only in the final shipment screening step for
registration in the database.
25 (6) The previously acgquired ID number
information of chips determined as defective in each

test step is deleted or marked to reduce a subsequent

search processing time.



209 an anplifier circuit including a second inverter circuit having an
pu. erm nal connected to the output termnal of said first inverter
circult corresponded to a final stage of said identification el ement
sequence; a binary counter for counting a clock; and a decoder for
receiving a count output of said binary counter and di sposed correspondi ng
to said first switch and said second swgtch of each first inverter circuit
in said identification el enment sequence, wherein said identification nunber
circuit is responsive 9)thencquik redhpUtstelh,sal &yRibar b1 QUM BEbd ©
sequentially turn on said first swtches in said identification elenents
fromthe firshdetheiire afdat UiReobh sAiidhsecerddswitt alkes conpl enentarily to
said first switches to receive a plurality of identification information
correspondi ngatofsatdredspecyere humberi aner beweakr cuirdoed n sai d
identification el enent sequence from output signals of said anplifier
circuit inclididhgasaivd bfii el meentfectorioag tetro geryelbst emprastedd fication
nunber. 72. A sem conductor chip characterized by conprising a built-in
i dentificatidheaanbeprespéant paRsVediafglnderingddonf ifeat idosedlnaenin sequence
conprised of a plurality of unit elenments each including a f-rst inverter
circuit, a fifeptisfwire fpfigperplcepEgileiSsng These 4# S &y m nal and an
output termnal of said first_inverter circuit, and a second swtch
di sposed at $RESERHDOE ter APRalDofUBRPY PrRSFathfel¥etP& reuit, said unit
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circuit inclt ?ﬂéi 16BELRB NHUBPLePSRPFETPE FATICHG FaRrhpdE t er ni nal
connected to,fhe o ronal of id.first inverter circuit
correspondedl%goﬁmgﬁﬁg% éﬁagéeg gnggﬁgéﬁbFfﬁggtF%ﬁlgFS%Eﬁfngﬁﬁgﬁce; and
a shift gi i ng | S <C opdi t id first switch and
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from out put shgnabsiof sanfdraeplihi daychevei thenskodi vy sdind ltay I i nverter
circuit to generate an identification nunber. 73. A sem conductor
i ntegrat®d chvRRersdeonesaheeobdi hfet dePELM 7t 1ORana8PE zed by further
conpri si ng: 211 a test circuit_co tible with a JTAG pl an,. wherein the
i denti ficati R RGADRF GehEPated BY 5§ﬁariﬁsﬁ BFi ¢&t ion PRGTEE it Cui t i s

outputted through, ap tpterface goppatlole ;Wi sahd JlaRstandard.
generated by the identification number generator
circuit mounted in each chip, resulting in a reduction
20 in the scale of the identification number generator
circuit and the number of bits of the identification
number.
(8) Upon registration of the ID number
generated by the identification number generator
25 circuit in each step, introduction/mixture of lots is
detected based on the ID numbers to generate some
alarm.

In this embodiment, all the steps are



74. A sem conductor integrated circuit device according to claim 72,
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for describing a testing method which utilizes the
identification number generator circuit mounted in the
semiconductor integrated circuit device according to
the present invention. Fig. 73 illustrates an

15 identification number acquisition process, while Fig.
74 illustrates a test process.

At a stage close to the end of the
manufacturing process illustrated in Fig. 73, the
identification number generator circuilt can utilize its

20 functions, so that an identification number acguisition
process is provided before several test processes.
First, data such as an identification number and data
such as a management number, a product type and the
like required in subsequent processes are registered in

25 the database. However, this is limited to a device
which is capable of performing minimally required
operation related to the generation of the identifica-

tion number.
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nsferred to a testing apparatus. The testing

apparatus can conduct a test in accordance with test
specifications given to each of products. The

10 advantage of this configuration lies in that if the
product type and test specifications or other
associated data are given to the database only in the
first identification number acquisition step, such data
need not be given again in each of subsequent test

15 processes or manufacturing process, so that the
production efficiency can be increased.

Fig. 75 illustrates a schematic diagram for
describing a method for managing correlation of
characteristic data for each semiconductor chip in each

20 test step, making use of the identification number
generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention.

Characteristic data (measurements) found in

25 each test step in the semiconductor manufacturing is
found in each step, and a change in the characteristic

data may be analyzed. The identification number is

used for managing these characteristic data to store
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taken for a change in the characteristic data between
the respective processes for each chip, the accuracy of
the analysis can be increased.

Fig. 76 illustrates a schematic diagram for

15 describing a method for automatically managing wafers
in a pre-process, making use of the identification
number generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention.

20 The identification number generator circuit
is provided on TEG for identifying a wafer, such that
each wafer can be managed with its identification
number when its function is completed in the first
wiring step. This eliminates the need for attaching a

25 tag to the wafer for management and the need for
inputting information to a system for managing the
wafer manufacturing process.

When the function of the identification
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can be comprised of a power supply which can be
controlled from a personal computer, a board which can
generate a signal for functioning the identification

15 number generator circuit and reading its output
(identification number), and software. A probe is also
required for inputting and outputting data to and from
TEG.

Fig. 77 illustrates a schematic diagram for

20 describing a method of storing and searching an
identification number of the identification number
generator circuit mounted in the semiconductor
integrated circuit device according to the present
invention.

25 This embodiment employs a scheme for
extracting upper N bits of the identification number
which is stored in a table field on the database as an

index for management, thereby improving a search speed
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here, and the one having the shortest identification

10 number distance is determined as a matching identifica-
tion number. In this way, the pertinent data can be
found without comparing identification numbers of all
items on the table.

Fig. 78 illustrates schematic diagram for

15 describing another example of the method of storing and
searching an identification number of the
identification number generator circuit mounted in the
semiconductor integrated circuit device according to
the present invention.

20 A scheme for comparing an identification
number with a group of identification numbers in the
database within a limited search range of identifica-
tion numbers is employed to improve a search speed and
reduce a load on the system. With a method of

25 comparing an identification number to be compared with
a group of identification numbers in the database, the
table is searched with database search conditions which

include an upper limit and a lower limit of an
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numbers retrieved here, and the one having the shortest
5 identification number distance is determined as a
matching identification number. If no data falls
within the upper limit and lower limit of the allowable
range at the first time so that no data can be
retrieved, the upper and lower limits are relaxed to
10 gain perform the search processing.

Fig. 79 illustrates a schematic diagram
illustrating one embodiment of a method for recovering
a semiconductor integrated circuit device, making use
of the identification number generator circuit

15 according to the present invention.

(1) A probe test is conducted for a chip
body. With this test, recovery data of DRAM or the
like is sent to a host computer together with an
identification number extracted from the identification

20 number generator circuit.

(2) Dicing 1s performed to pick out only
completely operable products and recoverable products.

(3) A probe test is conducted for EEPRCM
dedicated to recovery data.

25 (4) Normally operable products are diced for
stock.

(5) An LSI body and the EEPROM dedicated to

recovery data are mounted in the same module.
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5 (7) A screening test is conducted.

(8) Good LSIs are shipped, while recoverable
ones of defective LSIs are returned to the step (6),
where corresponding recovery data is written into the
EEPROM dedicated to recovery data.

10 In this way, semiconductor integrated circuit
devices can be readily and rationally recovered.

Other than the recovery of semiconductor
integrated circuit device, a test cost can be reduced,
making use of the identification number. 1In a probe

15 test which is conducted at the time a semiconductor
chip is formed on a half wafer, for example,
semiconductor chips such as a flash memory which have
the same circuit functions operating at different
voltages such as 3.0 V, 2.5 V and 1.8V may be

20 manufactured as different product types.

In this event, a test is conducted with a
voltage which is set corresponding to 1.8 V to
determine whether or not the memory correctly operates.

A semiconductor chip determined as good in this

25 determination is recorded with voltage information

indicative of the operation confirmed at 1.8 V. The

operation confirmation information is written into and

held in the semiconductor chip itself in a non-volatile
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tion is made whether or not the memory operates. A
semiconductor chip determined as good in this
determination is recorded with voltage information
indicative of the operation confirmed at 2.5 V. Then,
for a chip which fails at 2.5 V, the voltage is set at
10 2.5V, and determination is made whether or not the
memory operates. A semiconductor chip determined as
good in this determination is recorded with voltage
information indicative of the operation confirmed at
3.0 V. A chip which fails at 3.0 V is discarded as a
15 defective chip.
In this embodiment, a semiconductor chip
determined to be operable at 1.8 V, for example, is
handled as being operable at 2.5 V and 3.0 V without
undergoing the operation tests at 2.5V and 3.0 V.
20 Similarly, a semiconductor chip determined to be
operable at 2.5 V is handled as being operable at 3.0 V
without undergoing the operation test at 3.0 V. Thus,
although the semiconductor chip determined to be
operable at 1.8 V may fail if it is operated at 2.5 V
25 or 3.0 V, this probability is deemed to be low, so that
the manufacturing cost can be reduced as a whole by

omitting the operations performed one by one at the

respective voltages to reduce the test time, rather
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host computer is retrieved from the identification
number to combine compatible ones. In this event, a
semiconductor integrated circuit device operable at 2.5
V can use a chip which is confirmed to be operable at
10 1.8 V, while a semiconductor integrated circuit device
operable at 3.0 V can also use chips which are operable
at 1.8 vV and 2.5 V.
Fig. 80 is a layout diagram of a further
embodiment of a semiconductor integrated circuit device
15 which comprises the identification number generator
circuit according to the present invention, and Fig. 81
is a partially enlarged layout diagram of Fig. 80.
Like many general semiconductor integrated circuit
devices, the semiconductor integrated circuit device in
20 Fig. 80 has built-in circuits and internal circuits
disposed substantially at the center of a semiconductor
chip which forms part of it, and a plurality of
input/output cells (I/0 cells) disposed around the
built-in circuits and internal circuits for
25 communicating signals to the outside.
Similar to general semiconductor integrated

circuit devices, four corners of the peripheral portion

of the semiconductor chip are empty regions in which no
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10 h The identification number generator circuit
5 CRNC is coupled to the built-in circuits through a
signal and power supply wiring layer extending over the
semiconductor chip.
As will be later described, the signal and
power supply wires can be disconnected. For
10 convenience of such disconnection, such signal and
power supply wiring layers are preferably small in
quantity. Thus, in the embodiment, wires for
interfacing the identification number generator circuit
with the built-in circuits are comprised of a small
15 number of wires such as power supply wires (VDD, VSS)
for the identification number generator circuit and
three signal wires for a reset signal (RES), a clock
signal (CLK), and an identification number output
signal (OUT). In the partially enlarged view of Fig.
20 81, the power supply wires VDD, VSS are represented by
relatively fat lines, while the signal wires for the
reset signal, clock signal and identification number
output signal are represented by relatively thin lines.
As 1is apparent from the figure, the signal wires extend
25 while they are substantially surrounded by the power
supply wires VDD, VSS. The identification number

generator circuit CRNC is configured to be able to

generate identification number in accordance with the
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external terminals of the semiconductor integrated
circuit device which is constructed by packaging the
semiconductor chip with a packaging member such as a
mold resin or the like.

15 Identification number information from the
illustrated identification number generator circuit
CRNC can be read to the outside through a normal path
by way of the I/0 cell if the power supply lines,
built-in circuits, I/0 cell and the like on the path of

20 the semiconductor integrated circuit device are
operable.

Here, the identification number information
can preferably meet a number of needs including a
product historical investigation. In some cases, 1t is

25 desired that the identification number information can
be extracted from an inoperative semiconductor
integrated circuit device.

Inconveniently, i1f a semiconductor integrated
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circuit device fails to normally operate due to an
abnormal increase in the supply current, or a variety
of other factors, the package member such as mold resin
is removed to expose the semiconductor chip, and the
power supply and signal wire layers between the
identification number generator circuit CRNC and the
built-in circuits are cut by a laser cutter for
removal. As a result, the identification number
generator circuit CRNC is connected only to the
electrode pads. Stated another way, the circuit CRNC
is free from internal wire short-circuit, destruction
of internal elements, and the line of the semiconductor
integrated circuit device, and can be independently
operated per se. Thus, in this state, contactors are
brought into contact with the electrode pads, such that
the identification number information can be acquired
through the contactors.

When the semiconductor integrated circuit
device takes a package form referred to as a chip size
package or a chip scale package which comprises a
plurality of external terminals comprised of bump
electrodes through an insulating layer intended for
mitigating a stress and a wiring layer such as a
relocation wire on the semiconductor chip, the
identification number information can be extracted in a
similar manner. In this event, if it is difficult to
extract the identification number information through

normal external terminals, the bump electrodes and
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insulating layer are removed to expose the electrode
pads and a portion of wires to be cut, in the same
manner as the foregoing, and the identification number
information is read through the electrode pads after

5 cutting and removing the wires.

Fig. 82 is a layout diagram of another
embodiment of the semiconductor integrated circuit
device which comprises the identification number
generator circuit according to the present invention,

10 and Fig. 83 is its circuit diagram.

The semiconductor integrated circuit device
in this embodiment is of a so-called master slice
scheme in which a semiconductor region for forming
MOSFETs and the like is configured in a fixed pattern,

15 and desired functional circuits are provided through
wires. Within I/0 cells set on a semiconductor chip
which comprises the semiconductor integrated circuit
device, an unused I/0O cell, i.e., an I/O0 cell which is
not used for functions of the semiconductor integrated

20 circuit device, is used to provide the identification
number generator circuit.

As illustrated, one I/0 cell comprises a
region for an output control circuit having a
relatively small area; a region for an output MOSFET

25 having a relatively large area (output MOS), and a
region for disposing input/output pad electrodes (I/O
PAD), and is as a whole in a rectangular plane pattern,

as illustrated.
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relatively large number of sub-elements such as gate
circuits, inverter circuits and MOSFETs such that a
5 desired output control circuit and input circuit can be
implemented therein. The region for the output MOSFET
has a relatively small number of MOSFETs comprised of
one or two p-channel MOSFETs and one or two N-channel
mosfets, but has a relatively large area in regard to a
10 high external load driving capability.

The identification number generator circuit
is comprised of the sub-elements in the region for the
output control circuit in the unused I/O cell. The
identification number generator circuit can be provided

15 in such a region by a relatively large number of sub-
elements in the region for the output control circuit.

The P-channel MOSFET and N-channel MOSFET,
inverter circuits, NAND circuit and NOR circuit
illustrated in Fig. 83 make up, as a whole, a tri-state

20 output buffer circuit for outputting the output of the
identification number generator circuit to the outside.
In this output buffer circuit, the inverter circuits,
NAND circuit and NOR circuit are comprised of the sub-
elements in the region for the output control circuit,

25 while the output MOSFET is comprised of MOSFETs in the
region for the output MOSFET.

The output of the tri-state output buffer

circuit in the unused I/0 cell is coupled to an
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cell. The illustrated input/output pad electrode is an
output electrode dedicated to identification number
information.
5 The input/output pad electrode is coupled to
an empty pin or an empty terminal as normally referred
to as an NC (Non Connection) pin in the semiconductor
integrated circuit device.
According to this embodiment, an enable
10 signal, labeled as identification number circuit enable
in the figure, is brought to a significant level such
as a high level, causing the identification number
generator circuit and tri-state output buffer circuit
to be operative. For the operation of the
15 identification number generator circuit, a continuous
clock signal, labeled as output clock in the figure, is
supplied. In response to this continuous clock signal,
identification number information is sequentially
supplied to the input/output pad electrode.
20 Fig. 84 is a schematic diagram illustrating a
further embodiment of the semiconductor integrated
circuit device which comprises the identification
number generator circuit according to the present
invention. This embodiment is made in consideration of
25 diversion of a cell region of an unused I1/0 cell, if
any, for enhancing the power supply, from a view point

of enhancement of power supply for supporting increased

current consumption and faster operation speed in large
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scaled semiconductor integrated circuit devices in
recent years.

The layout diagram of Fig. 84 illustrates
three I/0 cells. In the three I/0 cells, the upper 1/0

5 cell in the figure is assumed to be an unused I/0 cell,
while another I/0 cell in a lower region of the drawing
is assumed to be a regular I/0 cell for use in the
operation of the semiconductor integrated circuit
device.

10 In the unused I/O cell, a power supply pad
electrode, i.e., a pad electrode diverted for the power
supply or the like is provided in a region for
input/output pad electrodes. The power supply pad
electrode is coupled to a plurality of I/0O cells, and a

15 power supply wiring layer, not shown, for built-in
circuits. It should be understood that the power
supply wire layer on the unused I/0 cell is generally
comprised of an upper wiring layer made of a metal in
wiring layers which employ a multi-layer wiring

20 structure.

In the unused I/O cell, in a portion
corresponding to the region for the output control
circuit in Fig. 81, the identification number generator
circuit is disposed in a manner similar to the example

25 1in Fig. 81, where the identification number generator
circuit receives an output clock signal and an
identification number circuit enable signal through

wires implemented by a lower wiring layer in the multi-
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The wiring layer for the output clock signal,
identification number enable signal and identification
5 number output between the identification number
generator circuit and built-in circuits use relatively
upper wiring layers in their respective parts in order
to facilitate disconnection of wires and formation of
terminals, as later described.

10 An output signal of the identification number
generator circuit is supplied to an output selector
circuit which is disposed on the input side of the
regular I/0 cell which is set as an output cell.

In this way, the regular I/O cell which is

15 set as the output cell outputs regular cutput data
supplied thereto from the built-in circuits through the
output selector circuit to its input/output pad
electrode in a normal operation of the semiconductor
integrated circuit device.

20 When the identification number information
should be outputted, the regular I/0 cell outputs the
identification number information supplied thereto from
the identification number generator circuit through the
output selector circuit to its input/output pad

25 electrode.

Fig. 85 illustrates a coupling pattern of the

power supply terminal VDD and the reference potential

terminal VSS as referred to as a ground terminal of the
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5 potential wiring layer VSS extending over the I/0 cells
are designed to have relatively large widths with the
intention of enhancing the power supply system. In
this embodiment, as illustrated in Fig. 85, a branch
wiring layer having a small width is provided for the
10 power supply wiring layer having a relatively large
width, and this narrow branching wiring layer is
coupled to a power supply wire VDD~V for the
identification number generator circuit. The coupling
of the reference potential wiring layer with a
15 reference potential wire VSS-V of the identification
number generator circuit is also in a similar
configuration. This configuration provides a
separation between the identification number generator
circuit and the power supply wiring layer and reference
20 potential wiring layer, as described below.
Irrespective of a fault such as short-
circuiting between the power supply wiring layer and
reference potential wiring layer and the like, when
identification number information must be generated
25 from the identification number generator circuit, a
narrow branch wiring layer connected to the power

supply terminal VDD and reference potential terminal

VSS of the circuit is cut by a technique such as a
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Next, the formation of an insulating film,
formation of openings through the insulating film, and
selective formation of a conductive layer are performed
by a known technique such as the FIB technique. 1In
10 this way, conductive regions made of the new conductive
layer as in Fig. 86 are set for the power supply
terminal VDD and reference potential terminal VSS of
the identification number generator circuit.
Simultaneously, new conductive layers are also set for
15 the aforementioned signal lines.
A contactor referred to as a probe needle is
brought into contact with these conductive layers to
operate the identification number generator circuit to
generate identification number information.
20 Fig. 87 is a circuit diagram illustrating one
embodiment of the semiconductor integrated circuit
device which comprises the identification number
generator circuit according to the present invention.
In this embodiment, the identification number
25 generator circuit fabricated in a semiconductor
integrated circuit device is provided with two diode-

connected MOSFETs Ql, Q2; a power supply pad for the

identification number circuit; an output pad dedicated
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and outputs identification number information to built-
10 1in circuits in response to a clock signal and an
identification number enable signal from the built-in
circuits, not shown.
If the identification number generator
circuit cannot be powered through the regular terminals
15 VDD, VSS due to a fault such as short-circuiting
between the reqular power supply terminal VDD and the
power supply wire connected thereto, and the regular
reference potential terminal VSS and the reference
potential wire connected hereto, or the like, necessary
20 voltages and signals are applied to such circuits
through a variety of illustrated pads to operate the
circuits. The diode-connected MOSFET Q1 performs a
switching operation to automatically turn off in
response to the power supply voltage applied to the
25 circuit through the power supply pad for the
identification number circuit and MOSFET Q2. 1In this
way, the identification number generator circuit can be

powered irrespective of a fault in the regular power
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in the same form are fabricated in course of a
semiconductor integrated circuit device manufacturing
process, and the relation of magnitude is determined
for physical amounts of the plurality of identification
elements with respect to one another, corresponding to

10 wvariations in the process, and used as unique
identification information for semiconductor integrated
circuit devices, thereby making it possible to
effectively identify respective semiconductor
integrated circuit devices in simple configuration.

15 (2) In addition to the above, first
identification information assigned to identification
elements during the manufacturing, and ordering
information on the relation of magnitude in the
physical amounts of the plurality of identification

20 elements, found from the determination, are used for
the unique identification information, so that the
amount of information can be reduced for identifying
respective semiconductor integrated circuits, thereby
making it possible to effectively simplify a storage

25 circuit for storing the identification information and
reduce a determination time therefor.

(3) In addition to the above, an input

terminal and an output terminal of a CMOS inverter
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MOSFET are connected, and its logical threshold wvalue
is chosen to be the physical amount which is compared
in terms of magnitude, wherein the identification
5 element can be composed of basic digital circuits such
as a CMOS circuit and the like, thereby making it
possible to effectively expand an applicable range of
the semiconductor integrate circuit device without
adding extra manufacturing processes.
10 (4) In addition to the above, when the CMOS
inverter circuit is applied with an operating voltage
only when the logical threshold value, as the physical
amount, is determined, the influence of degraded
element characteristics can be reduced, thereby making
15 it possible to effectively provide a stable and
reliable identification result.
(5) A plurality of identification elements
in the same form are fabricated in course of a
semiconductor integrated circuit device manufacturing
20 process, physical amounts corresponding to variations
in the process are determined, and unique identifica-
tion information is generated based on the relation of
magnitude in physical amounts of the plurality of
identification elements with respect to one another
25 corresponding to the wvariations in the process, and
stored in assoclation with a manufacturing log. When

such a semiconductor integrated circuit device fails,

the stored manufacturing log is read based on the



@ 10 10!'D Y1s!10%&' ()-Z !D Y1s!10%&' ()-Z Sy/ 10%&' ()-!SLs! 10%ss& () -
S!‘%&'()- H LpuS4= 11 10%r& ()-!'U10%!' & ()- 10%& () -
10%p& () -, Z10%r& ()-,  10%& ()- 10Cua?4= 1!!(s
109 ()-10%& () - MLO%T& () - 10%1& () -sS10%m& ()-! SssS10%EE& () - ?wU} [ <4=
11 110%m& ()-!Xs)!10%s& ()-t!(s)!10%m& ()-t (10%m& ()- @310% & ()-!;s
10%' ()-+auj _@ 1! 10%r& ()- 10m 10m 1Gprl0%r& ()-810%& ()-!Ss, 5
109 ()-L310%& ()-s_zX6] @
11! @y! 109%XX&n { hub @yh@%& 1t DRy 1 hFUWrme t(i)on 20%N% I(Yzd Yhe 109K ) - M Sy
10%' () - Me=>?@cz|l ~"P1 1L 10%& ()- 10 10
and is fed back to the manufacturing process as
required, thereby making it possible to effectively
build a rational manufacturing system.
5 (6) A plurality of identification elements
in the same form are fabricated in course of a process
for manufacturing a semiconductor integrated circuit
device which comprises a first chip, and unique
identification information is generated for the first
10 chip based on the relation of magnitude in physical
amounts corresponding to variations in the process with
respect to one another. For a plurality of the
semiconductor integrated circuit devices, which
comprise the first chip, a plurality of operation
15 modification information are formed in accordance with
respective electric characteristics, and written into a
second chip in correspondence to the identification
information of the respective first chip. The first
chip and second chip are assembled into one, and the
20 operation modification information is outputted to the
first chip based on the identification information of
the first chip, thereby making it possible to
effectively manufacture a semiconductor integrated
circuit devices in a multi-chip configuration in an
25 efficient manner without performing a laborious chip
management.

(7) In addition the above, a memory having

redundant circuits is composed of the first chip, and



10! NO* 1 109&' () -! @®*! 109%&' () -! DO*! 10%rEnB& () -f 3(10%m& () - C+~?~P1 1L " Sf
.’/ )-1; S 10%PP& () -!'d! 10%&' ()- @ 10%& () - 10%& () - 10%& () - +a: maB*"P1
1L, &10%r& ()-L$10%r& ()- " !'10%X& ()-!'D ! 109%& ()-10%r& ()-: 10%m& () -
R4[M?1 1 10 10 10! N 93 10% ()-g! N 93
10%EnB& () -gy/ 10%r& () --10%& ()-!'#)f 10%m& ()-}~<M?1 1 10!;
TLN109%& ()-S s!10%Z& ()-S!'6 s! 10%&' () 1@ 109%Z& ()-f! @
109 ()-f 10%Z& ()-hi~<. 1 10!S‘y/!10%&f()-'!I‘y/!lO%?Z&f()-'y-ZlO%Z&'()-
109%Z& () - @; thd Ee¥&nM) @il LQYBr%(i)dedl jHoCutaling defective
1001 @!'10% 1 & ()-&& @Q! 109%' ()-& z 10%& ()-2z!,z 10%& ()-z 10%& ()- 10
101K| 28?1 10hkdrkl@¥¥X&'thereby mEIANYY i(t) -pd@s KIS (9ffddt IR () - @Q
F109%&' ()-)f10%r& ()-"ooML
10! 1 L-110% 19rbiQ¥e' @) meBlocy dede’ whi-c3$!MR®E kiR  )rissh 10 10
10! NL- ! 109&' () - 05Zf wx6ML . _
10! (9- s! 109%RMmenuGatOUR1iNP- vAS LAl Q¥R o s § A0 MPIE/R Q) EisBIrer 109 f & () -s$! #
9 '10%&'() s$]wi[ML 10! (9-s!10% 10 10
(8) In addition to the above, when a fault
occurs in a test conducted for the first chip and
second chip which have been assembled, the second chip
is dismounted and returned to a step which collects a
plurality of other semiconductor integrated circuit
10 devices of the semiconductor integrated circuit devices
which comprise the first chip, thereby making it
possible to effectively improve the manufacturing yield
rate.
(9) 1In addition to the above, after
15 screening, the assembled first chip and second chip are
integrally encapsulated, thereby making it possible to
effectively carry out a reduction in size of the
semiconductor integrated circuit device while improving
the manufacturing yield rate.
20 (10) In addition to the above, when the
first chip and second chip are assembled on a common
mounting substrate, the second chip can be readily
removed, thereby making it possible to effectively
perform an effective reuse when the fault occurs.
25 (11) Unique identification information is
provided based on the relation of magnitude in mutual

physical amounts corresponding to variations in process

of a plurality of identification elements formed as the
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5 simple configuration.
(12) In addition to the above, when the
unique identification information is comprised of first
identification information assigned to the
identification element during the manufacturing, and
10 ordering information on the relation of magnitude in
the physical amounts of the plurality of identification
elements, the amount of information can be reduced for
identifying each semiconductor integrated circuit
device, thus making it possible to effectively simplify
15 a storage circuit for storing the unique identification
information and speed up the operation for determina-
tion.
(13) In addition to the above, an input
fterminal and an output terminal of a CMOS inverter
20 circuit composed of an N-channel MOSFET and P-channel
MOSFET are connected, and its logical threshold value
is chosen to be the physical amount which is compared
in terms of magnitude, wherein the identification
element can be composed of basic digital circuits such
25 as a CMOS circuit and the like, thereby making it
possible to effectively expand an applicable range of

the semiconductor integrate circuilt device without

adding extra manufacturing processes.
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each of a plurality of CMOS inverter circuits as a
5 c¢ircuit for determining the magnitude of the logical
threshold value. A common voltage comparator circuit
is supplied with the logical threshold value voltage
for determination with a combination of two each in
round robin, thereby making it possible to effectively
10 implement a high identification capability in a simple
configuration.
(15) In addition to the above, corresponding
to each of a plurality of CMOS inverter circuits, a
first switch for connecting an input terminal and an
15 output terminal thereof, a second switch for connecting
a common first circuit node with the input terminal,
and a third switch for connecting the output terminal
with a common second circuit node are provided. In
combination of these first to third switches, among a
20 plurality of inverter circuits, two CMOS inverter
circuits are grouped into a set in round robin, an
input terminal and an output terminal of one CMOS
inverter circuit is connected to supply a voltage
generated at the first circuit node to an input
25 terminal of the other CMOS inverter circuit, and an
output signal of voltage comparison is generated at the

second circuit node using the logical threshold value

voltage of the other CMOS inverter circuit as a
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(16) In addition to the above, The CMOS
5 inverter circuits and the first to third switches are
composed of elements which comprise a CMOS gate array,
thereby making it possible to effectively provide the
identification number generator circuit only through a
wiring design.

10 (17) In addition to the above, when the CMOS
inverter circuit is supplied with an operating voltage
upon determination of a voltage as the physical amount,
the influence of degraded element characteristics can
be reduced, thus making it possible to effectively

15 generate a stable and reliable identification number.

(18) A first switch for selectively short-
circuiting an input terminal and an output terminal of
a first inverter circuit, and a second inverter circuit
having an input terminal connected to the output

20 terminal of the first inverter circuit are provided, a
plurality of identification elements are provided for
receiving the output signal which is amplified by an
amplifier circuit, and an identification number circuit
is built in for generating an identification number

25 from an output signal from each identification element
when the first switch is on, thereby making it possible

to effectively identify each semiconductor chip in a

simple configuration.
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circuit is comprised of a CMOS inverter circuit, and a
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latch circuit is further provided for receiving an
output signal of the amplifier circuit to form a low

5 level when an output signal of the second inverter is
on the high level side with respect to its logical
threshold value; for receiving the output signal of the
amplifier circuit to from a high level when the output
signal of the second inverter is on the low level side

10 with respect to its logical threshold value; and for
feeding the output signal back to the input terminal of
the first inverter circuit in a feedback operation in
which the first switch is turned off, thereby making it
possible to effectively enhance the reproductivity of

15 the identification number and the immunity to aging
changes.

(20) In addition to the above, the amplifier
circuit is comprised of a plurality of CMOS inverter
circuits connected in cascade, a third switch is

20 provided for applying a voltage on the high level side
to the respective input terminals of the respective
CMOS inverter circuits which form part of the first
inverter circuit, second inverter circuit and amplifier
circuit, a third switch is provided at a mutual

25 connection point of the respective inverter circuit
sequences which form part of the first inverter circuit
and the amplifier circuit, wherein the second switch is

turned on, and the third switch is turned off when the
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effectively improve even more the reproductivity of the
identification number and the immunity to aging
changes.
(21) A first switch is provided for short-
10 circuiting the input terminal and the output terminal
of each of the first inverter circuit and second
inverter circuit, a second switch is provided for
connecting the output terminal of the first inverter
circuit to the input terminal of the second inverter
15 «circuit, and a plurality of identification elements
including an amplifier circuit including a third
inverter circuit having an output terminal connected to
the output terminal of the second inverter circuit is
used, wherein the identification number circuit is
20 incorporated for generating an identification number
such that first identification information is generated
from the output signal of the amplifier circuit
including the third inverter circuit when the first
switch of the first inverter circuit is turned on, the
25 first switch of the second inverter circuit is turned
off, and the second switch is turned on, and second

identification number is generated from the output

signal of the amplifier circuit including the third
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turned off, thereby making it possible to effectively
identify respective semiconductor chips while
5 simplifying the circuit.

(22) In addition to the above, a plurality
of circuit sequences each comprised of the first
inverter circuit and second inverter circuit are
provided such that the first inverter circuit and

10 second inverter circuit are arranged in correspondence.
First switches corresponding to the plurality of
circuilt sequences are commonly supplied with the same
switch control signal, and one of output signals of the
second inverter circuits in the plurality of circuit

15 sequences 1s selected by a third switch and connected
to an input terminal of a third inverter circuit which
comprises the first circuit in the amplifier circuit,
thereby making it possible to effectively provide a
large number of identification information in an

20 efficient manner.

(23) In addition to the above, a fourth
switch for disconnecting the input signal, and a fifth
switch for supplying a voltage on the high level side
are provided at the input terminals of the first

25 inverter circuit and second inverter circuit, wherein
the fourth switch is turned off and the fifth switch is

turned on when the identification number circuit is

inoperative, thereby making it possible to effectively
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(24) A plurality of unit elements each
5 comprising a first inverter having an input terminal
and an output terminal short-circuited by a first
switch, and a second switch disposed at the input
terminal of the first inverter circuit, are connected
in cascade through the second switch to form an
10 identification element sequence, the output terminal of
the first inverter circuit corresponded to the last
stage of the identification element sequence is
connected to an input terminal of an amplifier circuit
which includes a second inverter circuit, a decoder for
15 decoding a count output of a binary counter for
counting a clock is provided corresponding to the first
switch and second switch of each first inverter
circuit, and an identification number circuit is built
in for generating an identification number by
20 generating a plurality of identification information
corresponding to the respective first inverter circuits
of the identification element sequences with the output
signal of the amplifier circuit including the third
inverter circuit by sequentially turning on the first
25 switches and turning off the second switches
complementarily to the first switches corresponding to

the count output of the binary counter in order from

the first circuit of the identification element
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circult device while simplifying t e circuit.

5 (25) A plurality of unit elements each
comprising a first inverter having an input terminal
and an output terminal short-circuited by a first
switch, and a second switch disposed at the input
terminal of the first inverter circuit, are connected

10 in cascade through the second switch to form an
identification element sequence, the output terminal of
the first inverter circuit corresponded to the final
stage of the identification element sequence is
connected to an input terminal of an amplifier circuit

15 including a second inverter circuit, a shift register
having shift bits corresponding to the first switch and
second switch of each first inverter circuit in the
identification element sequence 1is provided, and an
identification number circuit is built in for

20 generating an identification number by generating a
plurality of identification information corresponding
to the respective first inverter circuits of the
identification element sequence with the output signal
of the amplifier circuit including the third inverter

25 circuit by sequentially turning on the first switches
and turning off the second switches complementarily to

the first switches corresponding to a shift operation

of the shift register in order from the first circuit
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5 simplifying the circuit.
(26) A first switch is provided for
selectively short-circuiting an input terminal and an
output terminal of a first inverter circuit, a second
inverter circuit having an input terminal connected to
10 the output terminal of the first inverter circuit is
provided, a plurality of identification elements are
provided for receiving an output signal of the second
inverter and amplifying the output signal with an
amplifier circuit, and an identification number circuit
15 1is built in for generating an identification number
from an output signal of each identification element
when the first switch is turned on, thereby makingc it
possible to effectively identify each semiconductor
integrated circuit device in a simple configuration.
20 (27) A plurality of unit elements each
comprising a first inverter having an input terminal
and an output terminal short-circuited by a first
switch, and a second switch disposed at the input
terminal of the first inverter circuit, are connected
25 1in cascade through the second switch to form an
identification element sequence, the output terminal of

the first inverter circuit corresponded to the last

stage of the identification element sequence is
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circuit, and an identification number circuit is built
in for generating an identification number by
generating a plurality of identification information
corresponding to the respective first inverter circuits
10 of the identification element sequence with the output
signal of the amplifier circuit including the third
inverter circuit by sequentially turning on the first
switches and turning off the second switches
complementarily to the first switches corresponding to
15 the count output of the binary counter in order from
the first circuit of the identification element
sequences corresponding to the count output of the
binary counter, thereby making it possible to
effectively identify each semiconductor integrated
20 circuit device while simplifying the circuit.
(28) A plurality of unit elements each
comprising a first inverter having an input terminal
and an output terminal short-circuited by a first
switch, and a second switch disposed at the input
25 terminal of the first inverter circuit, are connected
in cascade through the second switch to form an

identification element sequence, the output terminal of

the first inverter circuit corresponded to the final
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having shift bits corresponding to the first switch and
5 second switch of each first inverter circuit in the
identification element sequence is provided, and an
identification number circuit is built in for
generating an identification number by generating a
plurality of identification information corresponding
10 to the respective first inverter circuits of the
identification element sequence with the output signal
of the amplifier circuit including the third inverter
circuit by sequentially turning on the first switches
and turning off the second switches complementarily to
15 the first switches corresponding to a shift operation
of the shift register in order from the first circuit
of the identification element sequences corresponding
to the count output of the binary counter, thereby
making it possible to effectively identify each
20 semiconductor integrated circuit device while
simplifying the circuit.
(29) In addition to the above, a test
circuit compatible with a JTAG standard is further
provided, wherein an identification number generated by
25 the identification number circuit is outputted through
an interface compatible with the JTAG standard, thereby

making it possible to effectively simplify the circuit

by diverting the test circuit.
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elements, first switches and second switches can

effectively reduce a design cost by using a soft IP

5 technique for performing a circuit design and a circuit

layout.

(31) A plurality of unit elements each

comprising a first inverter having an input terminal

and an output terminal short-circuited by a first

10 switch,

and a second switch disposed at the input

terminal of the first inverter circuit, are connected

in cascade through the second switch to form an

identification element sequence, the output terminal of

the first inverter circuit corresponded to the final

15 stage of the identification element sequence is

connected to an input terminal of an amplifier circuit

including a second inverter circuit, a shift register

having shift bits corresponding to the first switch and

second switch of each first inverter circuit in the

20 identification element sequence is provided, and a soft

IP technique is used to design and lay out an

identification number circuit is built in for

generating an identification number by generating a

plurality of identification information corresponding

25 to the respective first inverter circuits of the

identification element sequence with the output signal

of the amplifier circuit including the third inverter

clircuit

by sequentially turning on the first switches
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of the shift register in order from the first circuit
of the identification element sequences corresponding
5 to the count output of the binary counter, thereby
making it possible to effectively reduce the
manufacturing cost of the semiconductor integrated
circuit device.
While the inventions made by the inventors
10 have been described with reference to embodiments in a
specific manner, the inventions of this application are
not limited to the foregoing embodiments, but it goes
without saying that a variety of modifications can be
made without departing from the gist thereof. For
15 example, a plurality of identification elements formed
in the same form in course of a semiconductor
integrated circuit device manufacturing process may be
such that a plurality of resistive elements having the
same resistance or a plurality of capacitors having the
20 same capacitance may be formed in the semiconductor
integrated circuit device for electrically reading
signals, wherein variations in the resistance or
capacitance due to the process may be drawn out in the
form of a current or a voltage for use as an
25 1identification number.
Also, other than the lead width or pitch

width of the semiconductor integrated circuit device, a

plurality of straight lines having the same length or
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5 The resistive element illustrated above can
be implemented without the need for a relatively
complicated manufacturing process such as the CMOS
configuration in the embediment. The resistive element
can be considered to be a polysilicon resistor made by

10 a semiconductor integrated circuit technology, a
semiconductor resistor such as a so-called diffusion
resistor which is made by introducing a conduction type
determinant impurity into a single crystal silicon by a
method such as a known ion implantation method, or a

15 metal resistor made of a metal layer which is
homogeneocus to a metal wiring layer. Among these
resistors, the diffusion resistor is preferred for
providing particular information in accordance with
variations in characteristics because an appropriate

20 resistance can be set thereto and aging changes in its
resistance are relatively small.

The particular information corresponding to
variations in resistance can be formed, for example, by
resistance-to-voltage conversion and comparison

25 determination techniques which involve applying a
predetermined bias current to two resistive elements

which should be compared at a particular time, and

determining a difference between voltages generated
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plurality of resistive elements and determining the
output of the resistor bridge. Characteristic
5 information corresponding to the resistive element can
also be formed by a technique which involves utilizing
a resistive element as a resistance-to-current
conversion element, and comparing converted currents
for determination, other than the foregoing techniques.
10 Further, it is also possible to make use of variations
in the characteristics of resistive elements as
frequency information and delay time information by
incorporating a resistive element in some of
oscillation frequency determinant elements in an
15 oscillator circuit or delay time determinant elements
in a delay circuit.
When a resistive element is used as a load
element for a signal input MOSFET which forms part of
an inverter, information associated with variations in
20 characteristics reflects both variations in
characteristics of the resistive element and variations
in characteristics of the signal input MOSFET.
The particular information corresponding to
variations in resistance need not be always formed
25 within a semiconductor integrated circuit device. If
necessary, a semiconductor integrated circuit device

may be configured to be able to transition to a

particular information forming mode as appropriate,
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semiconductor integrated circuit device in a switch
manner. In this event, the particular information
corresponding to variations in characteristics of the
resistive element is formed by a circuit device outside
a semiconductor integrated circuit device which is
10 coupled to the external terminals. In this event, it
is possible to limit an increase in the number of
circuit elements in the semiconductor integrated
circuit device, and also limit the number of external
terminals by making use of existing terminals of the
15 semiconductor integrated circuit device.
A leak current in a plurality of circuit in
the same configuration or circuit elements such as
MOSFET 1is also detected empirically as permanently
maintaining variations in characteristics. A leak
20 current level can be detected through a current-to-
voltage conversion and a voltage comparison, as is the
case with the variations in characteristics of
resistive elements. What forms a leak current may be
cilrcuits which are identical in configuration to one
25 another, or MOSFET which has the gate connected to the
source.

A leak current source suitable for particular

information may be a signal output buffer circuit which
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often forms a relatively large leak current which can
be relatively readily measured, and can make use of
existing external terminals as they are.
The breakdown characteristic of an element
10 such as an input protection dicde in a semiconductor
integrated circuit device connected to an external
signal input terminal of the semiconductor integrated
circuit device can also be used as a source of
particular information corresponding to microscopic
15 wvariations as mentioned above. Even if a plurality of
external terminals of a semiconductor integrated
circuit device comprise a bus line composed of a
relatively small number cf bits in an electronic
system, appropriately identifiable information can be
20 formed for an extremely large number of items by a
round-robin comparison approach as in the aforemen-
tioned embodiment.
The capacitance such as a drain junction
capacitance of a MOS transistor in a semiconductor
25 integrated circuit device coupled to an external
terminal of the semiconductor integrated circuit device

has microscopic variations. Therefore, this can also

be used as a source of particular information as
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memory also presents microscopic variations. In this
event, even if no special configuration is added to the
5 dynamic memory, i.e., even if no configuration is set
for forming unique identification information,
information holding times in a plurality of memory
cells at a plurality of particular memory addresses
within a plurality of memory addresses can be measured
10 to generate particular information based on the result
of the measurements.
When a plurality of semiconductor chips are
mounted on a common substrate as a multi-chip module, a
unique identification circuit may be set for each
15 semiconductor chip, such that unigque identification
information from each semiconducter chip can be taken
out through the common substrate. If there is a
limitation in the number of terminals required on the
common substrate for reading the unique identification
20 information of each semiconductor chip, a parallel-to-
serial converter circuit for the unique identification
information may be set for each semiconductor chip
together with a chip selection control circuit. 1In
this event, the unique identification information in
25 each semiconductor chip is serialized by the parallel-
to-serial converter circuit in a selected state of the

chip, outputted from each semiconductor chip, and read

out through the common substrate. When a dedicated
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program chip is provided in the meaning as in Fig. 33,
the dedicated program chip may be configured to support
a plurality of different types of semiconductor chips

on the common substrate.

5 1Industrial Applicability
The present invention can be widely utilized
in a method for identifying a semiconductor integrated
circuit device or a semiconductor chip, which assigns
unique identification information to each semiconductor
10 integrated circuit device or semiconductor chip to
identify individual semiconductor integrated circuit
devices or semiconductor chips, a method for
manufacturing a semiconductor integrated circuit
device, a semiconductor integrated circuit device, and

15 a semiconductor chip.
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integrated circuit device, characterized by:
providing a semiconductor integrated circuit
device with a plurality of identification elements
formed to have the same form as one another through the
same manufacturing process as one another; and
forming information which reflects a relation
of magnitude in a physical amount of said plurality of
identification elements to one another, said
information being generated corresponding to wvariations
in the physical amount of said plurality of
identification elements, and setting the information
reflecting the relation of magnitude as unique
identification informatiocn of the semiconductor
integrated circuit device.
2. A method for identifying a semiconductor
integrated circuit device according to claim 1,
characterized in that:
said plurality of identification elements are
set within said semiconductor integrated circuit
device.
3. A method for identifying a semiconductor
integrated circuit device according to claim 2,
characterized in that:
said unigque identification information

includes first identification information having a

value which is set in said manufacturing process.
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said unique identification information
comprises ordering information indicative of the order
of magnitude of the physical amount of said plurality
of identification elements.
5. A method for identifying a semiconductor
integrated circuit device according to claim 3,
characterized in that:
said plurality of identification elements
each comprise a logic circuit, and said relation of
magnitude in the physical amount is a relation of
magnitude in an electric parameter of a plurality of
logic circuits.
6. A method for identifying a semiconductor
integrated circuit device according to claim 4,
characterized in that:
said plurality of logic circuits output
output voltages egual to respective threshold wvalue
voltages at their respective outputs as said electric
parameter by theilr respective inputs being electrically
connected to their respective outputs.
7. A method for identifying a semiconductor
integrated circuit device according to claim 6,
characterized in that:

said plurality of logic circuits comprise

inverter circuits.
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8. A method for identifying a semiconductor
integrated circuit device according to claim 7,
characterized in that:
said identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.
9. A method for identifying a semiconductor
integrated circuit device according to claim 5,
characterized in that:
said plurality of logic circuits comprise
inverter circuits.
10. A method forlidentifying a semiconductor
integrated circuit device according to claim 9,
characterized in that:
salid identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.
11. A method for identifying a semiconductor
integrated circuilt device according to claim 5,
characterized in that:
said logic circuit is applied with a limited
operating voltage when no operation is performed for
determining the relation of magnitude in the electric
parameter as said physical amount.
12. A method for identifying a semiconductor
integrated circuit device according to claim 1,

characterized in that:

said unique identification information
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of magnitude of the physical amounts of said plurality
of identification elements.
13. A method for identifying a semiconductor
integrated circuit device according to claim 12,
characterized in that:
sald plurality of identification elements
each comprise a logic circuit, and said relation of
magnitude in the physical amount is a relation of
magnitude in an electric parameter of a plurality of
logic circuits.
14. A method for identifying a semiconductor
integrated circuit device according to claim 13,
characterized in that:
said logic circuit is applied with a limited
operating voltage when no operation is performed for
determining the relation of magnitude in the electric
parameter as said physical amount.
15. A method for identifying a semiconductor
integrated circuit device according to claim 13,
characterized in that:
said plurality of logic circuits output
output voltages equal to respective threshold wvalue
voltages at their respective outputs as said electric
parameter by their respective inputs being electrically
connected to their respective outputs.

16. A method for identifying a semiconductor

integrated circuit device according to claim 15,
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characterized in that
said identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.
18. A method for identifying a semiconductor
integrated circuit device according to claim 13,
characterized in that:
said plurality of logic circuits comprise
inverter circuits.
19. A method for identifying a semiconductor
integrated circuit device according to claim 18,
characterized in that:
sald identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.
20. A method for identifying a semiconductor
integrated circuit device according to claim 1,
characterized in that:
said plurality of identification elements
each comprise a logic circuit, and said relation of
magnitude in the physical amount is a relation of

magnitude in an electric parameter of a plurality of

logic circuits.
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operating voltage when no operation is performed for
determining the relation of magnitude in the electric
parameter as said physical amount.
22. A method for identifying a semiconductor
integrated circuit device according to claim 20,
characterized in that:
said plurality of logic circuits output
output voltages equal to respective threshold value
voltages at their respective outputs as said electric
parameter by their respective inputs being electrically
connected to their respective outputs.
23. A method for identifying a semiconductor
integrated circuit device according to claim 22,
characterized in that:
said plurality of logic circuits comprise
inverter circuits.
24. A method for identifying a semiconductor
integrated circuit device according to claim 23,
characterized in that:
said identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.

25. A method for identifying a semiconductor

integrated circuit device according to claim 20,
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integrated circuit device according to claim 25,
characterized in that:
said identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET.
27. A method for manufacturing a semiconductor
integrated circuit device for enabling reference to
manufacturing information unique to the semiconductor
integrated circuit device through a measurement of the
semiconductor integrated circuit device, characterized
in that:
said semiconductor integrated circuit device
comprises a plurality of identification elements formed
to have the same form as one another through the same
manufacturing process as one another;
said semiconductor integrated circuit device
is measured at one timing during a process of
manufacturing said semiconductor integrated circuit
device to form first information which reflects a
relation of magnitude in a physical amount of said
plurality of identification elements to one another,
salid information being generated corresponding to

variations in the physical amount of said plurality of

identification elements; and
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manufacturing of said semiconductor integrated circuit
device, which generates said first information, are
held in an information holding device external to said
semiconductor integrated circuit device as information
unique to said semiconductor integrated circuit device,
whereby from third information which is the
same type of information as said first information,
generated through a measurement of said semiconductor
integrated circuit device at a timing different from
said one timing, said first information corresponded to
said third information within said information holding
device is referenced from said third information, and
said second information can be referenced from said
first information which is referenced based on said
third information.
28. A method for manufacturing a semiconductor
integrated circuit device, characterized by comprising
the steps of:
forming a semiconductor integrated circuit
device comprising a first chip, said semiconductor
integrated circuit device having a plurality of
identification elements formed to have the same form as
one another and formed through the same manufacturing
process as one another;

retrieving unique identification information

from said plurality of identification elements in said
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device comprlslng said first chip, and operation
modification information for said semiconductozr
integrated circuit device which provides the respective
unique identification information, into a second chip;
and
integrally assembling said first chip and
second chip,
wherein said assembled second chip is
configured to output said operation modification
information to said first chip based on the unique
identification information retrieved from said first
chip integrally assembled therewith.
29. A method for manufacturing a semiconductor
integrated circuit device according to claim 28,
characterized in that:
said semiconductor integrated circuit device
forms information including information which reflects
a relation of magnitude in a physical amount of said
plurality of identification elements to one another,
said information being generated corresponding to
variations in the physical amount of said plurality of
identification elements, as said unique identification

information.

30. A method for manufacturing a semiconductor
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magnitude in a physical amount of said plurality of
identification elements is based on comparison
information which compares a physical amount of each
identification element with physical amounts of a
plurality of identification elements.
31. A method for manufacturing a semiconductor
integrated circuit device according to claim 29,
characterized in that:

said information reflecting a relation of
magnitude in a physical amount of said plurality of
identification elements is ordering information
corresponded to the order of magnitude of the physical
amounts of said plurality of identification elements.
32. A method for manufacturing a semiconductor
integrated circuit device according to claim 28,
characterized in that:

sald first chip is a memory having a
redundant circuit; and

said second chip stores a defective address
of said first chip as said operation modification
information.
33. A method for manufacturing a semiconductor
integrated circuit device according to claim 28,
characterized by further comprising the steps of:

conducting a test after sid first chip and
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collecting saild semiconductor integrated circuit device
comprising said first chip into a plurality of other
semiconductor integrated circuit devices.
34, A method for manufacturing a semiconductor
integrated circuit device according to claim 33,
characterized in that:
said first chip and second chip are
integrally encapsulated after screening in the
assembled state.
35. A method for manufacturing a semiconductor
integrated circuit device according to claim 34,
characterized in that:
said first chip and second chip are assembled
on a common mounting substrate.
36. A semiconductor integrated circuit device
having a plurality of identification elements formed as
the same form through the same manufacturing process as
one another, and
configured to have unique identification
information determined by said plurality of
identification information, said semiconductor
integrated circuit device characterized in that:
sald unique identification information takes

a state corresponded to a relation of magnitude in a

physical amount of said plurality of identification
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elements to one another, caused by variations in
characteristics of said plurality of identification
elements.
37. A semiconductor integrated circuit device
according to claim 36, characterized in that:
said unique identification information
comprises a plurality of comparison information which
compare the physical amount of each of said
identification elements with those of said plurality of
identification elements.
38. A semiconductor integrated circuit device
according to claim 37, characterized in that:
said unique identification information
comprises a plurality of comparison information
corresponded to each of said plurality of
identification elements; and
each of said plurality of comparison
information comprises information comprised of a
plurality of bits which compare the magnitudes of the
mutual physical amounts of respective particular
identification elements corresponded thereto and a
plurality of a plurality of identification elements
compared thereto.
39. A semiconductor integrated circuilt device
according to claim 38, characterized in that:
each of said plurality of comparison

information is generated by data-converting information

generated from a direct comparison of the physical
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amount of said particular identification element with
physical amounts of a plurality of identification
elements compared thereto.
40. A semiconductor integrated circuit device
according to claim 38, characterized in that:

each of said plurality of comparison
information comprises information having a compressed
number of bits.
41, A semiconductor integrated circuit device
according to claim 40, characterized in that:

said ordering information is comprised of a
smaller number of bits than the number of comparisons
of said particular identification element with a
plurality of identification elements corresponded
thereto.
42. A semiconductor integrated circuit device
according to claim 37, characterized in that:

said ordering information comprises a
plurality of ordering information corresponded to said
plurality of identification elements, respectively
43. A semiconductor integrated circuit device
according to claim 36, characterized in that:

said unique identification information
comprises ordering information which reflects the order
of magnitude of the physical amounts of said plurality
of identification elements.
44, A semiconductor integrated circuit device

according to claim 43, characterized in that:
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said ordering information comprises a number
of bits less than the number of comparisons of said
particular identification element with a plurality of
identification elements corresponded thereto.
45, A semiconductor integrated circuit device
according to claim 36, characterized in that:
said unique identification information
further includes first identification information
having a value which is set in said manufacturing
process.
46, A semiconductor integrated circuit device
according to claim 36, characterized in that:
said identification elements each comprise a
logic circuit, and said relationship of magnitude in
the physical amount indicates a relation of magnitude
in an electric parameter of the plurality of logic
circuits.
47. A semiconductor integrated circuit device
according to claim 46, characterized in that:
said plurality of logic circuits comprise
inverter circuits.
48. A semiconductor integrated circuit device
according to claim 46, characterized in that:
said plurality of logic circuits output
output voltages equal to respective threshold wvalue
voltages at their respective outputs as said electric

parameter by theilr respective inputs being electrically

connected to their respective outputs.
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49, A semiconductor integrated circuit device
according to claim 48, characterized in that:

said plurality of logic circuits comprise
inverter circuits.

50. A semiconductor integrated circuit device
according to claim 49, characterized in that:

said identification element comprises a CMOS
inverter circuit comprised of an N-channel MOSFET and a
P-channel MOSFET, each of which is applied with an
input voltage at an input to form an output voltage in
accordance with variations at an output terminal
thereof.

51. A semiconductor integrated circuit device
according to claim 50, characterized in that:

said CMOS inverter circuit forms said output
voltage by its input terminal being connected to its
output terminal.

52. A semiconductor integrated circuit device
according to claim 51, characterized by further
comprising:

a voltage comparator circuit;

a first switch and a second switch provided
for each of said plurality of CMOS inverter circuits,
said first switch transferring an output voltage of a
CMOS inverter circuit corresponding thereto to one
input terminal of said voltage comparator circuit, said
second switch transferring the output voltage to the

other input terminal of said voltage comparator
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circuit; and

a control circuit for controlling said first
switches and said second switches such that said
voltage comparator circult compares the respective
output voltages of said plurality of CMOS inverter
circuits with the output voltages of a plurality of
other CMOS inverter circuits, respectively.
53. A semiconductor integrated circuit device
according to claim 52, characterized in that:

said switch is a switch comprised of MOSFET.
54, A semiconductor integrated circuit device
according to claim 53, characterized by comprising:

a first to a third switch provided for each
of said plurality of CMOS inverter circuits; and

a control circuit for controlling said first
to third switches,

wherein said first switch is disposed between
an input terminal and an output terminal of a CMOS
inverter circuit associated therewith;

said second switch is disposed between a
common first circuit node and the input terminal of the
CMOS inverter circuit associated therewith;

said third switch is disposed between the
output terminal of the CMOS inverter circuit associated
therewith and a common second circuit node; and

said control circuit controls said first to
third switches such that two each of said plurality of

CMOS inverter circuits are grouped into a set, and an
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input terminal and an output terminal of one of the
CMOS inverter circuits are connected to output an
output voltage from the one CMOS inverter, the output
voltage of the one CMOS inverter circuit is supplied to
an input terminal of the other CMOS inverter circuit
through said first circuit node, and an output signal
which is the result of determining a potential of the
output voltage of said one CMOS inverter circuit is
applied from the other CMOS inverter circuit to said
second circuit node, with a logical threshold value
voltage of the other CMOS inverter circuit being used
as a reference voltage.
55. A semiconductor integrated circuit device
according to claim 54, characterized in that;

said switch is a switch comprised of MOSFET.
56. A semiconductor integrated circuit device
according to claim 54, characterized in that:

said CMOS inverter circuits and said first to
third switches comprise elements which make up a CMOS
gate array.
57. A semiconductor integrated circuit device
according to claim 56, characterized in that:

said switch is a switch comprised of MOSFET.
58. A semiconductor integrated circuit device
according to claim 54, characterized in that:

said plurality of CMOS inverter circuits are
applied with a limited operating voltage when no

operation is performed for determining the relation of
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magnitude in the electric parameter as said physical
amount.
59. A semiconductor integrated circuit device
according to claim 58, characterized in that:

said switch is a switch comprised of MOSFET.
60. A semiconductor chip characterized by
comprising a built-in identification number generator
circuit composed of a plurality of identification
elements, each including:

a first inverter circuit;

a first switch disposed between an input
terminal and an output terminal of said first inverter
circuit;

a second inverter circuit having an input
terminal connected to the output terminal of said first
inverter circuit; and

an amplifier circuit which receives an output
signal at an output terminal of said second inverter
circuit,

wherein said identification number generator
circuit generates identification number information
based on an output signal of said amplifier circuit
when said first switches of said plurality of
identification elements are turned on.

6l. A semiconductor chip according to claim 60,
characterized in that:

said inverter circuits comprise CMOS inverter

circuits;
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said semiconductor chip further has a voltage
forming circuit for forming a voltage which should be
applied to the input terminal of said first inverter
circuit when said first switch is turned off; and

said voltage forming circuit forms a voltage
which is brought to a level at which an inversion due
to aging changes of the output signal of said amplifier
circuit is avoided based on the level of the output
signal when said first switch is turned on.
62. A semiconductor chip according tec claim 61,
characterized in that:

said semiconductor chip includes a signal
path for setting said voltage of said voltage generator
circuit through said first and second inverter
cilircuits;

said voltage generator circuit comprises a
latch circuit which is set to form an output voltage at
a low level in response to the output signal of said
second inverter circuit which is on a high level side
with respect to a logical threshold value thereof when
said first switch is turned on, and to form the output
voltage at a high level in response to the output
signal of said second inverter circuit which is on a
low level said with respect to the logical threshold
value when said first switch is turned on.
63. A semiconductor chip according to claim 62,
characterized in that:

said latch circuit is set in an output path
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64. A semiconductor chip according to claim 60,
characterized in that:
said first inverter circuit and second
inverter circuit comprise CMOS inverter circuits;
a second switch is disposed between said
first inverter circuit and second inverter circuit;
the second switch 1s disposed at an input
terminal of each of the CMOS inverter circuits which
comprise said first inverter circuit, second inverter
circuit and amplifier circuit, respectively, for
applying a potential on the high level side;
a third switch is disposed between said first
inverter circuit and second inverter circuit;
said first switch is turned off, said second
switch is turned on, and said third switch is turned
off when said identification number circuit 1is
inoperative to bring the input terminals of said first
and second inverter circuilts to the high level
potential; and
said first switch and third switch are turned
on, and said second switch is turned off when said
identification number circuit 1is operative.
65. A semiconductor chip characterized by
comprising a built-in identification number generator
circuit composed of a plurality of identification
elements, each including:

a first inverter circuit and a second
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terminal and an output terminal of each of said first
inverter circuit and said second inverter circuit:

a second switch disposed between the output
terminal of salid first inverter and the input terminal
of said second inverter circuit; and

an amplifier circuit including a third
inverter circuit having an input terminal connected to
the output terminal of said second inverter,

wherein said built-in identification number

@ 10%

+bCO0 1@
gF <

circuit generates an identification number comprised of

first identification information generated from an
output signal of said amplifier circuit including said
third inverter circuit when said first switch of said
inverter circuit is turned on, said first switch of
sald second inverter circuit is turned off, and said
second switch is turned on, and

second identification information generated
from the output signal of said amplifier circuit
including said third inverter circuit when said first
switch of said second inverter c¢ircuit is turned on,
and said second switch is turned off.
66. A semiconductor chip according to claim 65,
characterized in that;

said first inverter circuit and said second
inverter circuit form a circuit sequence, and a

plurality of circuit sequences are provided in a form
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plurality of circuit sequences are supplied with a
common switch control signal, and output signals of
said second inverter circuits in said plurality of
circuit sequences are supplied to an input terminal of
said third inverter circuit comprising said amplifier
circuit through a third switch for selecting a desired
circuit sequence in said plurality of circuit
seguences.
67. A semiconductor chip according to claim 66,
characterized by further comprising:

a fourth switch for interrupting an input
signal, and a fifth switch for supplying a voltage on
the high level side at the input of said first inverter
circuit and said second inverter circuit,

wherein said fourth switch is turned off, and
said fifth switch is turned on when said identification
number circuit is inoperative.

68. A semiconductor chip characterized by
comprising a built-in identification number circuit
including:

an identification element seguence comprised
of a plurality of unit elements each including a first
inverter circuit, a first switch for short-circuiting

an input terminal and an output terminal of said first

inverter circuit, and a second switch disposed at the
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unit elements being arranged in cascade through
said second switches;

an amplifier circuit including a second
inverter circuit having an input terminal connected to
the output terminal of said first inverter circuit
corresponded to a final stage of said identification
element sequence;

a binary counter for counting a clock; and

a decoder for receiving a count output of
said binary counter and disposed corresponding to said
first switch and said second switch of each first
inverter circuit in said identification element
sequence,

wherein said identification number circuit is
responsive to the count ocutput of said binary counter
to sequentially turn on said identification elements
from the first circuit and turn off said second
switches complementarily to said first switches to
receive a plurality of identification information
corresponding to said respective first inverter
circuits in said identification element sequence from
output signals of said amplifier circuit including said
third inverter circuit to generate an identification
number.
©9. A semiconductor chip characterized by
comprising a built-in identification number circuit

including:



% & ()-10%| & () - AOC{ C=DDEEEEaSE70 1 104| 4| 104| 4|
84| 610%| 4| & ()-+10%| & ()- +10%| & () -
f)MLO%!| & ()-310%!| & () - EEE" GMPHgH'<SE70 1 10! @10%&' ()- ' @10%ZZ& () -
@10% & ()- '@10%; Z; & ()- @10%&ZMWK' ()- s109%Z& ()-gHH 1.J3/J0J1J53JuV70
ly@0%Z&' ()-s10%Z& ()- 10ZzZ 10zZ
10Z7! L310%ZZ&' () -g) 4109%Z& () - g9) 4109%Z&>0)- gJIKKLI MNaBuV70
lyy*GlO%& () -!y&310%ZZ& () - y&310%Z2& ()- ,fl0%& ()-yl0%Z& () -,
10928&' () - NNNNNNZODPXPhER 1eh@%4& ch)-i oh0%tleicl)t SEONINZ  )odrldHeid () - 10Z
10Z 10Zy* GlO0%Z&' () - xPPUQRRTTTT}ASH=0 1
of a plurality of unit elements each including a first

inverter circuit, a first switch for short-circuiting
an input terminal and an output terminal of said first
inverter circuit, and a second switch disposed at the
input terminal of said first inverter circuit, said
unit elements being arranged in cascade through
said second switch;

an amplifier circuit including a second
inverter circuit having an input terminal connected to
the output terminal of said first inverter circuit
corresponded to a final stage of said identification
element sequence; and

a shift register having shift bits
corresponding to said first switch and saild second
switch of each said first inverter in said
identification element sequence,

wherein said identification number circuit is
responsive to a shift operation of said shift register
to sequentially turn on said first switches in said
identification elements from the first circuit and turn
off said second switches complementarily to said first
switches to receive a plurality of identification
information corresponding to said respective first
inverter circuits in said identification element
sequence from output signals of said amplifier circuit
including said third inverter circuit to generate an

identification number.
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circuit composed of a plurality of identification
elements, each including:

a first inverter circuit, and a first switch
for short-circuiting an input terminal and an output
terminal of said first inverter circuit;

a second inverter circuilt having an input
terminal connected to the output terminal of aid first
inverter circuit; and

an amplifier circuit for amplifying a signal
at an output of said second inverter circuit,

wherein said identification number circuit
generates an identification number from an output
signal of said amplifier circuit when said first
switches in said plurality of identification elements
are turned on.

71. A semiconductor chip characterized by
comprising a built-in identification number circuit
including:

an identification element sequence comprised
of a plurality of unit elements each including a first
inverter circuit, a first switch for short-circuiting
an input terminal and an output terminal of said first
inverter circuit, and a second switch disposed at the
input terminal of said first inverter circuit, said
unit elements being arranged in cascade through

said second switch;
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a decoder for receiving a count output of
said binary counter and disposed corresponding to said
first switch and said second switch of each first
inverter circuit in said identification element
seguence,

wherein said identification number circuit is
responsive to the count output of said binary counter
to sequentially turn on said first switches in said
identification elements from the first circuit and turn
off said second switches complementarily to said first
switches to receive a plurality of identification
information corresponding to said respective first
inverter circuits in said identification element
sequence from output signals of said amplifier circuit
including said third inverter circuit to generate an
identification number.
72. A semiconductor chip characterized by
comprising a built-in identification number circuit
including:

an identification element sequence comprised

of a plurality of unit elements each including a first

inverter circuit, a first switch for short-circuiting
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element sequence; and

a shift register having shift bits corre-
sponding to said first switch and said second switch of
each said first inverter in said identification element
sequence,

wherein said identification number circuit is
responsive to a shift operation of said shift register
to sequentially turn on said first switches in said
identification elements from the first circuit and turn
off said second switches complementarily to said first
switches to receive a plurality of identification
information corresponding to said respective first
inverter circuits in said identification element
sequence from output signals of said amplifier circuit
including said third inverter circuit to generate an
identification number.
13. A semiconductor integrated circuit device
according to claim 72, characterized by further

comprising:
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a test circuit compatible with a JTAG plan,

wherein the identification number generated
by said identification number circuit is outputted
through an interface compatible with said JTAG
standard.
74, A semiconductor integrated circuit device
according to claim 72, characterized in that:

sald identification number circuit, including
said unit elements, said first switches and said seccond
switches are designed and laid out using a soft IP
technique.
75. A method for manufacturing a semiconductor
integrated circuit device, characterized by using a
soft IP technique to design and lay out an
identification number circuit including:

an identification element sequence comprised
of a plurality of unit elements each including a first
inverter circuit, a first switch for short-circuiting
an input terminal and an output terminal of said first
inverter circuit, and a second switch disposed at the
input terminal of said first inverter circuit, said
unit elements being arranged in cascade through
said second switch;

an amplifier circuit including a second
inverter circuit having an input terminal connected to
the output terminal of said first inverter circuit
corresponded to a final stage of said identification

element sequence; and
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a shift register having shift bits
corresponding to said first switch and said second
switch of each said first inverter in said
identification element sequence,

wherein said identification number circuit is
responsive to a shift operation of said shift register
to sequentially turn on said first switches in said
identification elements from the first circuit and turn
off said second switches complementarily to said first
switches to receive a plurality of identification
information corresponding to said respective first
inverter circuits in said identification element
sequence from output signals of said amplifier circuit
including said third inverter circuit to generate an

identification number.



