12 April 2004 | A MEMORY CHI P CONTAI NI NG A NON- VOLATI LE MEMORY REQ STER
FOR PERVANENTLY STORI NG | NFORMATI ON ABOUT THE QUALITY OF %@b %:E AND
TEST METHOD THEREFOR SPECI FI CATI ON The present invention el at es
to volatile nmenory sem conductor devices and nore particularly concerns a
menory chip containing a non-volatilel menory register, for permanently
storing information pertaining to the quality of the device, specially in
connect i on whAt MEMGRY Gt CONTAINING AeNDNgVOEATHE MEMORY REGISTERect of a
process for tFRQRIPERRMANENTLYISTORING INFORMATIONABOXTOTHE @UAIITYUCt or
volatile nmenories, O THEDEAACE AND TEST METHODSHERERORdIes three main
stages: a chemcal treatnent stage for silicon, the test programfor the
devices as 12 April 2004 2 manufactured and the assenbling stage of the

devi ces satisfactorily tested. At the chem cal treatnent stage,
very thin slices of silicon are %Mnown to those skilled in the
SUbdl vi ded i ar asT0f AP RHAREROPRAY ViHiE et TROTHEs are | ocat ed
Wi oh sai d 1 ndi VTHIEROER (R e P o EUB s SR eal T ALE Mo o

containing 2 non-volatile memory register, for permanently storing

information pertaining to the quality of the device, specially In

connection with ifs speed and failure figure, as well as in respect of a

process for testing it.

At present, the manufacture of semiconductor volatile

memories, particularly silicon memories, includes three main stages: a

chemical treatment stage for silicon, the test program for the devices as



structure which in turn is subdivided into el enents designated as sub-
arrays, which include a constant nunber of said nenory | oc tAongo@gd are
aut ononmousl y di stingui shed during the subsequent test stagé. PP ove said
test program subjects the chips to a chain of tests each of which checks
the quality and/or the conformty of each individual chip to a
pre-established design specification. 2Said chain of tests can be divided
into two sets: a first set, that can be defined as the set of on-wafer
tests and includes tests to be made on all of the chips of a wafer and a
second set of meswRaciurdthend dw bedbiing stgaf tthe dewtepfatistdeboriissenbl y tests
that includes tests to be made an chi ps which have overconme the tests of
the first set. temted on-wafer tests enable to obtain information concerning
the faiture figures or rates, that is to say the failing sub-arrays, as
wel | as the speed ofAlithreeathppie Cé?ﬁmicﬁbtf@ﬁ@émo‘!rtaQWﬁWhtﬂh%Cﬁapﬂ ing chips are
repai red by exploiting their redundancy, nanely the sub-arrays realised in
excess just to SEEPBatH eainag &knowadstmse) tifledtip gy ad wadeyfthe Rfm¥ j r st set are
concluded by a test ainmed at checki n% }he_ result of the reparation
operation. Dur it HEEM-RRner a subgprtielly siieuiar shases sudiddeshili num anount  of
i nformati on upon each.individual, chip of each indivyidugl wafer is

col lected in r&SFaY g} Whigh t@‘ifﬁ@lvﬁgﬁ'o@ﬁ@mfyh VIR 567 xﬁ?tegf(k‘i‘% failures and
to the speed level., Said inpfor | on, hqwever, are stored on

conput eri sed nap eratﬁaqﬁmoﬂﬁg’ﬂ'g?é’hﬁﬁs??@@ﬂ c"(i(?'FLfé MRS T téﬁﬂ?%’ steps of the
vest progran Oﬁlgx&g‘rjga‘?dtiﬂ&%d&ézecmpsse%?er HeRda’ EOLEAS S HiPS: Wl §D they pertain

structure which in turn is subdivided into elements designated as sub-~
arrays, which include a constani number of said memaory locations and
are autonamously distinguished during the subsequent test stage.
The above séid test program subjects the chips to a chain of
tests each of which checks the quélity and/ar the conformity of each
individual chip to a pre-established design specification. Said chain of
tests can be divided into twa sets: a first set, that can be defined as the
set of on-wafer tests and includes tests to be made on all of the chips
of a wafer and a second set of tests, that can be defined as the set of
the agsembly tests that includes tests to be made on chips which have
overcome the tests of the first set. The on-wafer tests enable to aobtain
information concerning the failure figures or rates, that is to say the
failing sub-arrays, as well as the speed of the chips, on the base of
which the failing chips are repaired by exploiting their redundancy,
namely the sub-arrays realised in excess just to cope with this
possibility; the tests of the first set are concluded by a test aimed at

checking the result of the reparation operation. During the on-wafer



difficult and unconfortable to be | ooked-up, so that they are definitely
useless. This entails that the subsequent sequence of the assenbl tests
be divided into two distinct paths: a first path in which ?réprt!laaé/‘hy of
all those chips having positively overconme the on-wafer tests in order to
sort themaccording to their speed |level and a second path in which the
quality of the so-called Secondary Silicon, nanely all those chips that
have been found to be failing under a3certain failure rate duri ng the
sequence of the on-wafer tests, in order to sort themaccording to the
failure mechani snms occurring in the various circunstances. Said separation
of the assenbl testsegte riivamumedretnt of infecrgtivanyoh @each pelvidatal chip bbse waf ers
cont ai ni ng- even one only chip of Secondary Silicon until a nunber of lots
sufficient to s&dr indivieak eefer g ctliested infrespeet Sethengpaolygy Snd itteon i s reached.
In addition to the di sadvantages associated with stocking of wafers with
Secondary Sil i tepalogy tdfethestaiuret yardetst ther sgpeainievele idid dsfotrgtionext r enel y
conplex tests be effected in order to obtain chip sorting information
detai | s that hhoweverrasadiprésbeppnoimmputesidedimapngnd e noomessaitiised ests. Thi s
entails. a tinme expenditure that increases the nmanufacturing costs. 12
April 2004 4 Tive s subgripuest atgesi ofviheviasy rabgramhdaseagseyitays sthat have
overconme the test program enables both the conpletely operative chips and
the Secondary SEAF#ef feam plke hipsewhighiibeyd peagin tanand dalieforsy arqrenor i es of
various typologies. In particular, it is possible to conbine Secondary

Silicon chips REEHEGNE sRpemioBrie ftabp lekedyposolipt ey are definitely

useless. This entails that the subsequent sequence of the assembly
tests be divided into two distinct paths: a first path in which the quality '
of all thase chips having positively overcome the on-wafer tests in order
to sort them according to their speed ievel and a second path in which
the quality of the so-called Secondary Silicon, namely all those chips
that have been found to be failing under a certain failure rate during the
sequence of the on-wafer tests, in order to sort them according to the
failure mechanisms occurring in the various circumstances. Said
separation of the assembly test flow makes it necessary to stock ail
those wafers containing even one only chip of Secondary Silican until a
number of lots sufficient to start the sorting tests of the Secondary
Silicon is reached. In addition to the disadvantages associated with
stocking of wafers with Secondary Silicon , the assembly test program
requires -that extremely complex tests be effected in arder to obtain chip
sorting information details that have already been obtaim::»d during the
on-wafer tests. This entails. a timeé expenditure that increases the

manufacturing costs.



topol ogy. Wien it is desired to substitute any failing subarray with not-
failing subarrays of other chips nounted in redundant nunb@r ‘Wz S?m)ry map
is to be established in order to set up a correspondence RIE 2R he

| ogi cal addresses of the assenbled nenory and the physical addresses of
the not-failing subarrays. Wien it is desired to establish said nenory map,
a further test sequence is to be carriéad out in order to operate the chips
and to collect information relating to the failures found. The machi nes
used to carry out said latter test sequence on the nenory chips are

conpl ex and expensive and in addition, also in this case, all collected

i nf or mati on det ai | s Hi¢e2s3aEbbn ftageaivelling oall, tnse afevises dtiti R8¥e he starting
test sequence. This entails an increase.in the manufacturing casts and
reduces the spedereamethatestpingremangblen ol e eyrpletely sEVLETIRhH, the

manuf acture of sem conductor , in particular silicon, volatile nenories
requi res duri ndehiber$eendary $ificrrasuas e ;}’e gpyyed fP'hF@PHéF‘FB?P concer ni ng
the failure rate as. well as the sgpeegﬁbof , tlhe.i.nvol Vtﬁd chiqpnj. However, such
i nformation i s BT ESPAVRAGSYRRICIRS A REEPIEL 4 FREFPHET &9 v separ at ed
fromthe chips which it s related to, and. therefor It Ls,often
fruitless becatéego? ary ss‘lfrcl“f iCE[?Ft ﬁﬁY‘Iﬂg PIEGHPS - el tfpg!qgg F@%ked up. This
means that this_j rpation i s .toohe L ADr 2 ly collected
In different néﬂéj%gggt %eﬂdt 'gtdéaléesﬁ tgtsﬁé%g@g an;( ﬁ%‘%gggéj? ﬁﬁﬁ@; ﬁ%nuf acturing

times and cost %aiiir% stBh Py OLALIHeF chPRRLL&Sd in redundant number, a

memory map is to be established in order to set up a cotrespondence

.between the logical addresses of the assembled memary and the
physical addresses of the not-failing subarrays. When it is desired to
establish sald memory map, a further test sequence is to be carried out
in arder ta operate the chips and to collect information relating to the
failures found. The machines used to carry out said latter test
sequence on the memory chips are complex and expensive and in
addition, also in this case, all collected information details are the same
as already obtained during the starting test sequence. This entails an
increase in the manufacturing costs and reduces the speed of the
manufacturing process.

In conclusion, the manufacture of semiconductor , in particular
siicon, volatile memaories requires during the test and the assembly
stages information concerning the failure rate as well as the speed of
the involved chips. However, such information is only available on
computerised maps, materially separated from the chips which it is
related to, and, therefore, it is oftén fruittess because it is difficuit and

uncomfartable to be locked up. This means that this information is to be



It is an object of this invention, therefore, to realise nenory chips
havi ng permanently stored all Infornmation concerning theinugmgﬂzbggIUre .
rate and speed, so as to enable it to be | ooked up in any circunstance it.
I's required: by the various steps of $he manuf act uri ng process. According
to one aspect of the present invention, there is provided a -volatile
menory chip conprising a non-volatile nmenory |ocation assenbly In which

i nformation rém@edionafesteain harrereal | in@actidig cagespnghetldyi ved from on-
waf er testing are permanently stored.' -The non-volatile | ocations my be

organi sed | nirefeasig MRé emeRFaiiis theds dndsicasts efdrnsgadeslatie record
Information relating to the failure rates. and to the  speeds, as well as

possi bly to tdeeodielf usi on process of the devices within which they are
i ncluded. Other aspects of the invention are nentioned in the clainms. An-.

advant age of the nMERDay cbRepbi tis RVEAON, thareor, db Nealls® méMibry | nvention is
that all Information itens concerning the failure rates and the speeds as

vel | -as to thips tabihy Peanamintg Stie®fall Gaaimatiodi conesring thélk olwipe of each
i ndi vidual wafer are collected only once at the start of the test stage

and they arefaasi tate atid §fe@dpisbyas RAEn&ile it e bsubsieduentin filyages at any
time the manufacturing step flowrequires it. In the preferred enbodi nent,
the | ocati oncieasetdrics if &I reRuised HE Yics varfous rstepsi ofithé eaniufdcturingt i on itens are
permanent|ly stored by blow ng out sone fuses by a | aser technique. Each
bit or |ocatpmwesf said register corresponds to a particular subarray of

;E Bgechieft Zinﬁst he adchifg B oh® Bsdel b e L &R RvdhioR! B¥ENY pRvidBRIgNt i Ni ng the
usep volaile memory chip comprising a non-volatile memory location assembly in

_"which information items concetning the quality of the chip and derived from on-

‘wafer testing are permanently stored.

' The non-volatile locations may be organised in one or more registers for

Jnstance in order to record information relating to the failure rates.and to the

speeds, as well as possibly to the diffusion process of the devices within which

ttiey are included. | | ' |
Other aspects of the invention are mentioned in the claims,

An- advantage of the memory location assembly according to
this invention is that all information items concgmlng the failure rates
and the speeds as well-as to the diffusion process of each individual
chi type of each individuat wafer are collected only once at the start of
the test stage and they are easily and promptly read at the subsequent
stages at any time the manufacturing step flow requires it. .

'ln the preferrad embodiment, the location assembly foi‘rhs a
register in which the information items are permanently stored by
blowing out some fuses. by a laser techniqua. Each bit or locatian of
sald register corresponds to a particular suban'ay.of the.chip and ‘the

information stored therein by blowing or maintaining the fuse pertains



12 April 2004 6 the failure of the concerned subarray. Usually, 16 or 32 or
64 subarrays are included in a chip: consequently the reg{séer aﬁﬁording
to the invention has a size of 16 bits or 32 bits or 64 bi%4pPil si zes
being known to those skilled in the art as individual nenory |ocations of
1 byte or of I word or of 1 nibble. Such register is accessed by neans of
a particular read operation not conpat$ble with the conventional

read/wite operations of the concerned volatile nmenory. Said particular
read operation can be conprised of a specific voltage sequence applied to

specific pins @ie faigeappleieatdnsd sibarayolisage 1esedz drieghwbatichian the levels
utilised in conventional operation nodes to the address pins. No further

expl anation i s agteaimdiodeines saipy ddhsédlichtly &P aedisted idtesrdigere the ead
operations of particular information are already known and utilised and

are perfectly kiventiod Rad 8e&e ¢Fkid bigdod 32 biteoB64 bitd suehisidebarirgl this
enbodi nent coul d be based upon so-called Flash or EPROM nenory | ocati ons.
Sai d further ekhogh e HosakIEB N theobrtcRUngRidutihatmary lexdtondad 1ar ea of
volatile menory and an area of a few Flash or EPROM nenory | ocati ons be
real i sed on t héyisanref cihivird or A€ ¢ et Gutlo rapsiédie rcaesped by ofeabdief present

i nvention, there is provided a test nmethod for volatile menmory chips
conprising an assganibligr redd naperatinatol eompatibly Witit dhe ocomvemtgmeal sed i n one
or nore -registers in which information itens are pernanently stored
concer ni ng t he ragidente opestivhdoat the mpnidieediedlatie nmeypes , Saidpartiedlact t opol ogy,
as well as the diffusion process of the chips, conprising the initial
steps of, Pre Iremkopdtion danabe comprised of a specific voltage sequence

applied to specfﬁc pins or the application of a vaoltage level higher than
the levels utilised in conventional operation modes to the address pins.
No further explanation is deemed necessary in this respect, since these
read operétions of particular information are already known and utilised
and are perfectly known ta those skilled in the art.

" A variation of this embodiment could be based upon so-called
Flash or EPROM memory locations. Said further embadiment assumes,
of course, that an extended area of volatile memory and an area of a

few Flash or EPROM memory locations be realised on the same chip.

Aécording to another aspect of the present invention, there is
provided a test method for volatile memory chips comprising an assembly
of non-volatile memory locations organised in one or more registers in
which information items are permanently stored concerning the speed
distribution, the defect types, the defect topology, as well as the diffusion
process of the chips, comprising the initial steps of: Pre Laser Test, that
enables information concerning the failure rate and the speed of the chips
fo be obtained, Laser Trimming, that performs the reparation of the chips
by blowing fuses; and Multi probe Test, that checks the results of the
reparation operation; characterised in that: during the Laser. Trimming
operation, in addition to blowing the



enabl es information concerning the failure rate and the speed of the chips
to be obtained; Laser Trinmm ng, that perforns the reparatign, of @[F'f chi ps
by bl owi ng fuses; and Multi probe Test, that checks the re 4 t he
reparation operation; characterised in that: during the Laser Trinm ng
operation, in addition to blowing thgg 12 April 2004 6a fuses ained at
repairing the chips, a blowng operation is also carried out to bl ow fuses
so as to store said infornmation into the register; and in that it further
conpri ses the fol |fgsgngimast abfepapiegdhe ovipsc ar plpwihgooperaiiom tshalsehol e chi P

assenbly to Q%rrﬁé%leélﬁQ%lbﬂ)mﬂf%%eggé s meg}e Qagrir?fBFéﬁ)é}ropllﬁo th?% {d‘%&he sel ection

of the failure-free chips iIs pération, in
whi ch the chignsl iatkattielufiber ¢quﬂS§%ﬁhetb”¢\U09tSet @‘r@pegat@nscamedmtt or

open- ci rcui td&pﬁg'v@tﬂcﬁ@chlﬁ a@Hérﬂbk% %@35 Oé"fls"F%sg\"M &rafich, i UPON

bei ng mount e boar ds, = ar e rate er stresse % érarure and
vol t age condiwhighe; W'Wtioﬂ@frfb%iﬁlbpﬁ:ﬁ& Gth@ imperfermedi aifratBuradlh t hose

chi ps hat arfact hsIn WHCAINGEARE oft ol ih BGHS bl ons, and 2

sorting operation for the c € vari ous according to
t heir speed ﬁGU'bQEPE@n'@fﬂﬂh@ﬂdﬂ@&rasﬁuﬂﬁﬂ operatioterin adichi the ching, advant ages

of thi's | nveniioamemiaholfiedh sals, 4 QLIS inleh SWeaBaaaRELGhE i O by

referring to the encl os draw ngs eint epre erre odinent is
shown by way a9f Valtege cpaditiens larmntehmd pyclagaysoods fo eliminatecall thase he dr awi ngs:

Figure 1 shoygiR tﬁét%‘?gfdﬂnagfqﬁfg 1 2 PR AL WIRStRESEE EXRfidbns, and a

sorting operation for the chips into the various typologies, according to
their speed and operation characteristics.

Further details and advantages of this invention will be evident
from the following specification by referring to the enclosed drawings
wherein the preferred embodiment is shown by way of illustration and
not by way of limitation.

In the drawings:

Figure 1 shows a block diagram of operations effactively
performed during the test stage of the chips for manufacturing non-

volatile memories,



performed during the test stage of the chi ps for manufacturing non-

volatile nmenories, 12 April 2004 7 Figure 2 shows a bl ock&i rg f the
operations effectively performed during the test stage of dﬁﬁ}g 5’[?) ovi ded

with a register according to this igvention for manufacture of volatile
menories, Figure 3 shows an- electric "wiring diagram for realising the

- correlation map between-the | ogi c addresses of the assenbled nmenory and
~the physical addresses of the failure free subarrays, Figure 4 :shows an
“electric wiring dfigdeatnshowrs acbipeh diagranhof tie bperations effectibaty data 1 i ne of -
the failure free subarray in substitution for the failure affected
subarray. BPeFefmad dudng e testrstgge of 1chipe peeviddde with e regibler t he t est _
program for devices obtained by neans of the silicon chem cal treatnment
process for 2REHHNG & this ingertionen menufesture of yolatilejmaroarigshe  chips to a test
chain each of which checks the quality and/or the conformty of each

I ndi vi dual chip to determ ned design specifications. Said test chain, as
above said, is subdivided into two sets: a first test set, the so-called
on-wafer tests, carried out on all chips of the wafers .and a second test
set, the assenbly_tests, carried out on all chips- having overcone the
first set tests. FigHEechshawveran eleesichwiing dirgiem for realising el Pre Laser Test
that enables information concerning the failure rate and the speed of the
chips to be®URaf9<HaP hatwegn tisololeaddrasses phtieiassemlesizemonng t he |

and the physical addresses of the failure free subarrays,
Fig;ure 4 shows an electric wiring diagram for realising the
g _ selection of the data line of the féilure'free subarray in substitution for
- the failure affected subarray. .
) Qy referring now to Figure 1, it can be seen that the test
" program for devices obtained by f.neans‘ af the silicon &emiml-
treatment pracess for ﬁanﬁaduﬁng volatile memories subjects the
chips to a test chain each of which checks the quality and/or the
conformity of each individual chip to determined design specifications.
Sald test chain, as above said, is subdivided into two sets: a first test
set, the so-called on-wafer tests, carded out on all chips of me.wafers
and a second test set, the assembly tests, carried oﬁt on all. ch'{ps-
- having overcame tﬁe first set tests. _
The on-wafer tests begin with the so-called Pre Laser Test that
| eﬁables.in_forr_nation concerning the failure rate and the speed of the
+ chips to be obtained. Based upon said information’ concerﬁlng the
failure rate, the subsequent Laser Trimming étep- performs the
reparation of the failure affected ¢hips by blowing out the fuses that



failure rate, the subsequent Laser Trimm ng step perforns the reparation
of the failure effected chips by blow ng out the fuses th 2. |1 2004 8
enable to utilise the redundancy, that is to say enable tgagﬁggépé%te t he
sub-arrays that have not overconme the Pre Laser Test with other failure
free sub-arrays manufactured in excess on the chip just to cope with this
possibility. The subsequent Multi Prole Test checks the results of the
reparation operation. During the Pro Laser Test, the failure map for each
chip of each wafer is stored in the conputer in order to be reutilised

duri g e Lasehalb TR L APl ARLELT RGNtk g oL o

strategies; sai Ined as Wafer

Map. However. b d Lt GLIVLL O baSBShTRILLD, the Wciler dfafl | s nO T e

utilised during sequent Stages o program because they are

physi cal |y sepaaatel J-ONHNBLENaPi BEX.268 nd BidBAd @i ther ef ore,

they are difficult and Uncontortable to up and are consequently

di spersed. Thi sn@%eéaésﬁy.tﬁ%tstQs%e?ymﬂ%B& T%&%%a%etpefreguhs opssenbly tests

be divided into two separate pa a first path including a quality check
on the chips 'B?é’ie@&a‘ﬂ%bbér‘éﬁ‘é{y ORViRS Wel@‘é‘eﬂ[&s\’,‘@ﬁ@hﬁ&r@ﬁ@ faased upon the

speed level and a second path incltuding a quality check on the Secondary

Silicon , whiclaghasi bt 8BHP RS WPl NG theidoHbBeFBE Rifddr s gecurring
therein.- During the set of the first test path of the assenbly tests, the

Pre. Burn-1n Tesbutilib&f dBRG tHe BAKR . Trinifingl iy TRARtelAfingdhe\Wist as the
reparation strategies; said failure map stored in the computer is defined
. ' as Wafer Map. However, said information items stored in the Wafer
Map is no more dtilised during the subsequent stages of the fest
program because they are physically separated from the chips they are
related to and, therefore, they are difficult and uncomfortable to be
looked up and are consequently dispersed. This entails that the
subsequent sequence of the Vassembly tests be divided into two
separate paths: a first path including a quaiity_ check on the chips
having positively overcome the on-wafer tests based upon the speed
level and a second path including a quality check on the Secondary
Silicon , which classified based upon the failure rriechanism oceurring
therein.
During the set of the first test path of the asse:"nbly tests, the
Pre Burn-In Test, the Bum-In step , the High Temp. Test as well as the
so-called Speed Sort are carried out, the latter test being d'esigned to
sort or to classify- the chips based upon their speed level. This

classification is performed by carrying out final tests positively designed



so-call ed Speed Sort are carried out, the fatter test being designed to
sort or to classify the chips based upon their speed |evel ghié
classification is performed by carrying out final tests pdg% pr) P94designed
12 April 2004 9 in order to check whether the concerned chips match the
specifications as established in coanction wi th the various speed |evels.
The Secondary Silicon chips are subjected to the test set of the second
path of the assenbly tests, during which the Pre Bumin Test, the BumlIn
step , the H gh Tenp. Test as well as the so-called Device L Sorting are
carried out, t e otdat teechetiestiether the cdresrraseehirsomateh thetrericationgssify t he
chips by identifying the device category which they belong to, based upon
the failure tymslestaplistBaiin colrestidrfwithethp yarious speed 1988 by carrying out
final tests positively designed in order to check whet her Lhe concer ned
chi ps match the specTHe Semondery Silisoa shigbpresubirdsd o IS 8HORi th t he

various devi ce categories (such as ARAM MODRAM P . T rocedur es
conpri sing the &6 Pfﬁﬁﬁf1@@?%5%:ﬁur"ﬁ%g’f’@a‘i*@%\?g:g"”kwgﬁﬁfeto t hose

skilled in the art and, therefore, further eﬁpl natior]% i§18vtchi S respect
are not consi ddhe8umsinieresttaton Terep-sksshrs el as 8¢ the RISty test f1ow
into two distinct paths entails, as previously illu Rrag&dd t%he need to
store al | thoseSRf®ERE caHat Auhithg labErest E?'H%F@S'QH?% Or¥Secondary Silicon,

so as to vvait that a sufficient nunber of lots is ey Q} q;e start the

cl assi fi cati on 9#ssphe Gips Reigentifyng m‘?edegg@o??g%”? 'Fﬁgbﬁ L urt her

di sadvant age Ofto:[ Egsa%rgpso%ntye%ﬂure typology. Said classification is realised by
carrying out final tests positively desi.gned in order to check whether
the concerned chips match the specifications as established in
connection with the various device categories (such as ARAM
MODRAM, PCRAM).

The procedures comprising the above mentioned assembly
tests are well known to those skilied in the art and, therefore, further
explanations in this respect are not considered as necessary.

The separation of the assembly test flow into two distinct paths
entails, as previously illustrated, the need to store all those wafers
containing evan a single chip of Secondary Silicon, so as to wait that a
sufficient number of lots is reached to start the classification or sorting
test for the Secondary Silicon. A further disadvantage of the presently
employed manufacturing methodologies is the need that extremely
complex tests are to be executed in order to obtain sorting or
classification information items of the chip, that have already been

obtained, however, duﬁng the initial tests on the wafers. This entails an

increase in the manufacturing times and costs.



enpl oyed manuf acturing nethodologies is the need that extrenely conplex
tests are to be executed in order to obtain sorting or CL@ﬁ%%f58ﬁ%ion
information itens of the chip, that have already been obtdi ﬁ, wever,
during the initial tests on the wafers. This entails an increase in the
manuf acturing tinmes and costs. 12 April 2004 10 As above said, during the
assenbly stage, the nmenory map is toithe established based upon the

topol ogy of the failures on each individual chip and this is usually
realised by suitably progranmng in permanent way a ASIC. To this purpose,

some tests are to Dg. Gaiy ol Bhhg bk MARby! aESiADEAR S, P Of the

failing subarrays withint chip. The procedure to carry out the tests

and to_progr am e cahekhed Tk ASHE the IR of PebiGES [EMBLY conpl ex, tine

consum ng and expensive. By referring nowto Figure 2, It can be observed

that the expligditiaidi RiPhind (M aBLENLFealsSOBALNGLlDrbiatimidly #Nt i on enabl es
the test programto be unified into a single test flow designed to be

carried out qerdbhertRiaps ASIC Mo HRNLASIIedsMRd &ists blaab BRYcafwR di ng to
separate the assenbly tests into a path including tests on conpletely

operative chi pat impehed teakfabiistchedinag of @5 fill dUBRrrSRC ogha Yhesi | | con chi ps.
The set of on-wafer tests is very simlar to the presently utilised one.

The mai n di f f eshgnd@el goteaiube tobsgr vatdhe nedthahd t6l prdgngm tthe ab&ser  Tri mi ng
stage, irn addition to the fuse blow ng operation ainmed at repairing the
chip, a fuse BagvASIC dypes adutao @ ertcbradly Sbobierg tidByconsuming and
expensive.
. : By referring now to Figure 2, it can be observed that the
exploitation of the register according to this invention enables the test
program to be unified into a single test flow desigrjed to be carried out
on all ¢hips of the concemed wafer, thereby avoiding to separate the
assembly tests into a path including tests on completely operative chips
and a path includin_g tests on the Secondary silicon chips.
The set of on-wafer tests is vary similar to the presently utilised
one. The main difference is to be observed in that, during the Laser
Trimming stage, in addition to the fuse blowing operation aimed at
repairing the chip, a fuse blowing operation aimed at storing any
information concerning the failing subarrays of the chips is aiso
performed. This means that the storage of the Wafer Map into the
computer, even if it is illustrated in Figure 2, is no more strictly
necessary.
The subsequent set of assembly tests enables to check the
quality both of the chips that have successfully overcome the on-wafer

tests and of the Secondary Silicon chips, thersby maintaining a single



I nformati on concerning the failing subarrays of the chips is also
performed. This neans that the storage of the Wafer Map iq&gﬁgﬁg OAzonputer,
even if it is illustrated in Figure 2, is no nore strictly ecegsary. The
subsequent set of assenbly tests enables to check the quality both of the
chi ps that have successfully overcone the on-wafer tests and of the
Secondary Silicon chips, thereby maintaining a single 12 April 2004 11
manuf acture lot up to the final test, &pecifically associated with each
chip sorting class. The follow ng operation are carried out during the set
of assenbly tests: - a 1st Pass Mount operation, in which the selection of

the failure-fregnGhiRfk b upahbies BBA. test, Jp&tifcaliiRsddbtdEsith QRaf at i on, in
which the chips are tested in order to |ocate any short-circuit or

open-circuit coRfiptsb@itg ctasg Burn-In operation, in which the chips, upon
bei ng nounted on boards, are operated under stressed tenperature and

voltage conditions (Th35idioring dferitdnt Sy idArmMd bel Waash ayelses,ofSO as to
elimnate all those chips that are found not to be adapted to withstand

such condi ti onassewttdly tes®: SOrting operation for the chips into the various

typologies, so as to classify the chips by identifying the category they

bel ong to, based upona tibePass peent apgadian, linrvehich ddesel&aiod ofltassification

is realised '
. failure-free chips is performed,

- a Pre Burn-In Test operation, in which the chips are tested in
order to locate any short—circuit or open-circuit condition,

- a Burn-In operation, in which the chips, upon bsing mounted
on boards, are operated under stressed temperature and voltage
conditions (125 °*C and 78 volts) in write/read cycles, so as to eliminate
all those chips. that are found not to be adapted to withstand such
conditions, and

- a sorting operation for the chiias into the various typologies, so
as to classify the chips by identifying the category they beiong to,
based upon their speed and failure grade. Said classification is realised
in simple and speedy way, because it is sufficient to carry out a read
operation of the registers according to this invention, that is to say a
read operation of a single memory iocation. Only after this operation,
the test program flow separates for the various chips based upon the
information inciuded in the registers according to this invention, in
order to carry out the final tests positively designed to check whether
the concermned chips are in compliance with the pre-established

specifications connected with the various device categories { such as

speedy chips, slow chips, ARAM, MODRAM, PCRAM).



I n sinple and speedy way, because it is sufficient to carry out a read
operation of the registers according to this invention, thgt i é@) say a
read operation of a single nenory location. Only after t hil %@? 4on, t he
test programflow separates for the various chi ps based upon the
I nformation included in the registers according to this invention, in
order to carry out the final tests positjvely designed to check whether
t he concerned chips are in conpliance wth the pre-established
specifications connected with the various device categories ( such as
speedy chi ps, slow chips, ARAM MODRAM PCRAM . 12 April 2004 12 An
advant age that is obt A n8avamA8x i t5i w§tainadedivs ePIoitiBg c8r RISt 0 t hi s
i nvention is observed in the noticeable sinplification _of_ the
manuf act uri ng pr FEREUNT erfhigrvertion is eosgprerdr dsaetcealipsitRfifiseti  t he
Secondary Sili CO&'tﬁhirrES fand,to have two separate manufacturi n%q lots. A
further advant ag¥ 'S TEBVBEVEIERPEREE PVRIHEE S Memetediesses3f © #9fkor mat i on
pi eces concerning the failure rate angréthe speed of the hips within the
Pegi ster accor di H§ TP SE0R APERITHR A6VE MEEarRay M (29 o | or
| ooki ng up i n speedy, and sinple way, tBer by reducing, the tinmes needed for
execution of the’oﬁseéat? 85@%%%9%}1%% ‘éq(ﬁjéﬁfvleg 'Fh(balgfpfnﬁtln%teu?i ng costs.
During the assen ge, any infornmti details.concernjn the failure
Pates of the: oni BonmEi@PEeed Yo Bl Rl 8P R 5 B AP vent on
areutilisedto%# | t he . [ bsegu n_t n er .and upon the
topol ogy of all ftai \?'ﬁ@pghgb'gglg%ggc%@gggh%&sﬁ Ye\?IB ugﬂapgs the%ng?wgys
available for looking up in speedy and simple way, thereby reducing the
- ’ times needed for execution of the test programs and consequently the
manufacturing costs.
During the assembly stage, any information details concerning
the failure rates of the chips as stored in the register according to this
invention are utilised to build up the memory map based upon the
number and upon the topolagy of all failing subarrays in each individual
: compbnent chip, by simply programming an ASIC. In fact, said
information details enable the various chips to be classified based upon
the number and possibly upon the topology of all failing subarrays.
Such a classification only needs a simple read operation in the register
according to this invention, said read operation being performed in very
- spsedy times since, as above already said, it is a read operation
invo!\}ing a single location. Based upon said classification, Secondary
Silicon chips can be assembled upon said memory bc;aard, in such an
amount as to be sufficient to substitute all failing subarrays with failure

free subarrays of other chips mounted in redundant number upon the

memory board. Said programming operation of the ASIC can be carried .



conponent chip, by sinply progranm ng an ASIC. In fact, said information
details enable the various chips to be classified based up%n Hgg‘runber
and possi bly upon the topology of all failing subarrays. 1 0
classification only needs a sinple read operation in the register
according to this invention, said read operation being perfornmed in very
speedy tines since, as above already sajzd, it is a read operation

i nvolving a single |ocation. Based upon said classification, Secondary
Silicon chips can be assenbl ed upon said nenory board, in such an anpunt

as to be sufficient. to substitute all, faili.ng subarr ' ilure free
subarrays gf l)t Ih?éf’t 'th”ﬁsg%{?:ﬁ g"@yf'ng’?tgdﬁln\ﬁ@ﬁ'? %%r%%?lgﬁ%gma% eaL&lmeﬁD.ry
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read operation i I.st.ers ygaccordi i S A At furni shed
upon egch of thegc%?%sépgg%@%[net tg%]%l?%ngtaﬁée?)r% S[?ymﬁggiv &Ebn(’:g%bi ned t hem
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for programm ng t ased upon I nformation contents of the

registers accor digehitdy dBhSyilnHRMrdoHer afid 8886qubMyRR oSk eid RGicand,
therefore, it does not require a conplex conputer”  system but, in

]g:ont rast, it onlgqiecpar %@oamﬁﬁrf&OP?Agr&emat Ble RSRYiglRdd Wdnhumn interface
or connection to the concerned ASIC™ A second way to programthe ASIC, in
view of the sinphigphbtiorPéortdifs SBtRe 88MQEREcBErding to this invention is easy
- : to be exploited and, therefore, it does not require a complex computer
system, but, in contrast, it only requires a Personal Computer provided
with an interface for cannection to the concemed ASIC. A second way
to program the ASIC, in view of the simplicity of the map generating
algorithm, provides for implementing a microcontroller incorporated with
the ASIC for performing the read operation of the registers according to
this invention, as provided upon the component chips assembled to
form the memory board, and, consequently, for programming the ASIC
logic.
In view of the above, an advantage that can be obtained during
. the assembly stage by applying the register according to this invention
is to be observed in the simplification of the ASIC programming
process, so that it is no more necessary to replicate the tests in order to
establish the topology of all failing subarrays incorporated upon each
chip, but it is sufficient to carry out a read‘ operation of the registers

according to the invention, as provided on each chip. This entails a

significant reduction in the assembly times of the memories and



al gorithm provides for inplenmenting a mcrocontroller incorporated with
the ASIC for performng the read operation of the registeh% ac&g@%ing to
this invention, as provided upon the component chips assentl formthe
menory board, and, consequently, for programming the ASIC logic. In view
of the above, an advantage that can be obtained during the assenbly stage
by applying the register according toqf4his invention -is to be observed in
. the sinplification of the ASIC progranm ng process, so that it is no nore
necessary to replicate the tests in order to establish the topol ogy of al
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device accessi S&etrélintgh&engorpszﬁgtionslﬂgg baeﬁvgenc:{l:'tlé’ togicsaﬁm'ggs%@ J')mh% a
assémbled memory and the physical addresses of all failing subarrays
- : will be hereinbalow des.cribed. The logic address generated by a
device accessing to the memory, such as a CPU, is mapped into a’
physical address tha_t, aocordi_ng to whether the subarray resident upon
.one of the basic chips, the ph}sicél address of which is identical to the
logic one, either operative or failing, selects either sald subarray
.résident upon one of the basic chips or the substitution subarray
- resident upon one of the redundant chips. Said memory map, by which
the physical addresses of failure free subarrays are made correspond
to the logic addresses of the assembled memory is stored in the ASIC
in a so-called add?ress transcoding table. In the binéuy word forming the
pﬁysical address of a subarray, the higher order bits are used to selt_act
the subarray, while the lower order bits are used too select the
individual femory locations within the subarray. This applies both to
the physical row address ant to the phﬁslca! column address. Mapping
of a logic ad_dress_ihto the physical one is performed by applying to
_ said address transcoding table the higher order bits of the cgnoemed
logic address and coliecﬁn'g, from the output of said table the higher



physi cal’ address that, according to whether the subarray resident upon one

of the basic chips, the physical address of which is identtfgl_tﬁ %he

| ogi c one, either .operative or failing, selects either sai RIAZPP y

.resident upon one of the basic chips or the substitution subarray

resi dent upon one of the redundant chips. Said nmenory map, by which the

physi cal addresses of failure free suhgrrays are nade correspond to the

~logic addresses of the assenbled nenory is stored in the ASIC in a
so-cal |l ed address transcoding table. In the binary word formng the

physi cal address,of .a sybarray, t hi'gher order bits are used to sel ect
the subarray, WHE Qi HEHT%W'C@! Hagrefﬁ Qgér@“WE@deﬁ Hledionctignalhe
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address o the iy B BiRRrngltover i iR AR TR Pt dundant
memory, in or dfbmbfy, #AbieR RS §at doeds'® Ml RbLII-PAARG baerd ST deNt
. © upon one of the redundant chips.
| By referring now to Figure 4, all data busses of the subarrays
reSidént upon redundant chibs re connected, by means of lri-state
i_hputloutput stages, fo the data bus of the d‘evioe. such as a CPU, that
- - .accedes to the memory. The cdnnection betwesn the data bus of the
subarray ‘corresponding'- to the logic address and the data bus of said
~devicg is realised by means of a decoder, driven by a selection signal
‘coming from the address transcodiﬁg table stored in the ASIC, which
selgcts the inpui!outppt stage of said specific subarray..
A further advantage deriving from the app!iﬁtion of the register
according- to this invention is to be obsérved in that some
.' manufacturing architecture standards exist, such as for instance
SinkLink -and Rémbus, wherein some registers are providéd ‘in the
memory and are dedicated to include particular information items, such
as the manufacturer obde, the merﬁory model, the sizes of the device,

the access speed. A register acoording to this invention could be



upon one of the redundant chips. By referring nowto Figure 4, all data
busses of the subarrays resident upon redundant chips re Q%q?e£5§g by
means of tri-state input/output stages, to the data bus o o %ice
such -as a CPU, that accedes to the nenory. The connection between the data
bus of the subarray corresponding- to the |logic address and .the data bus
of said device is realised by neans of a decoder, driven by a
sel ection.signal comng fromthe addriéss transcoding table stored in the
ASI C, which selects the input/output stage of said specific subarray.. A
further advantage deriving fromthe application of the register according
- to this Invention is to be observed In that sone manufacturing
architecture stanganets agish§ tthoseUgiR-ag ﬂr@&idé@%baieﬁt%d%gigdemh aggy Ranbus,
wherein some registers are provided in the nenory and are ae Icated to
incl ude parti cul afigihatirgragpotiafsdibe Bbthe eieling #8nddigs, manuf act urer code, the
menory nodel, the sizes of the device, the access speed. A register
accordi ng to this | nv@ytsupimaeisingdiikpold ddaribbd, 308 thicbBudtiof F bednamong t hose
al ready provi ded dedicated registers, thereby originating a specialisation
of the existing wlatidaretisry Byistemnmrad soage ahdm@Pemip ifl @fddr itd shord he
i ntroduction of a non- volatile nenory register into a volatile nenory chip
in order to recointPrmatidropiaedsi concerhieg @se fareeateidng thdSpdedidr WHecHigt € and the
speed of the chipp into which it is inserted sinplifies the test and the
assenbl y- st ages o whihk itfaimskeed sinplifecirel testfnid tielaasdrhidy BRGBE bES and makes
it possible to

the manufacturing cycle for volatile memories and makes it possible to

reduce the manufacturing times and costs.

The preferred embodiments of this invention have been
described and a number of variations have been suggested
hereinbefore, but it should expresssly be understood that those skilled

in the art can make other variations and changes, without so departing

from the scope thereof.



reduce the manufacturing times and costs. The preferred enbodi nents of this .
invention have been described and a nunber of variatLons,gﬁ%§.9&%Q
suggested hereinbefore, but it should expressely be under dﬁ t those
skilled. in the art can nmake other variations and changes, w thout so
departing fromthe scope thereof.“% April 2004 17 CLAIMS' I.- A volatile
menory chip conprising a non-volatil'€ nmenory= | ocation assenbly in which
~information .items concerning the quality .of the chip and derived from
on-wafer testing are permanently shgé§§%£2-' A menory chip according to
claim1l1, characterised in that sa ry locations are organised in one
- or nore registers accessible by means of read operations that are not .
conpatible with the Aconlatilet menadry rehipl/coniprising par mari-wolatilef memorywol ati |l e

menori es. i im* 2 h cterised in
that said norlo‘étggﬁ %n@@n[g ﬁg’i@?‘[‘]%'ﬁbq ﬁ@%ﬁﬁ'&f‘?@%&&“ﬁ@‘yg’ ng fuses
during the Iamltranddemedg'om%waiertdsyngramrpermbnﬁithfsdtored EPROM nenory
| ocations.. 12 Apr|I 2004 18 4.- A rrermry “chip accordl ng to any one of

EAUE IG5 AR RO RY I SR T AR T
- said memory locations are organised in one or more registers
ao_tlzes's'ible by means of read operations that are not compatible with
i lﬁe; conventional readfwrite _operatigns oi’.non-volatﬁe memories.
. _ 3.- A memory chip according to claim'1 or 2, characterised in
' that said non-volatile memory locations’lare implemenied by blowing
: fuses during the laser trimming‘ stage or by means of Flash or EPROM

- -memory locations, .



di ffusion process of the particular chip. 5.- Atest nmethod for volatile

menory chi ps conprising an assenbly of non-volatile nenor 0 L oNs
organised in one or nore registers in which information {%%%gﬁ?@%f

permanent|ly stored concerning the speed distribution, the defect types,
the defect topology, as well as the diffusion process of the chips,
conprising the initial steps of : Pre Laser Test, that enables information
concerning the failure rate and the sgged of the chips to be obtained,
Laser Trimm ng, that perfornms the repafation of the chips by bl ow ng
fuses; and Multi probe Test, that checks the results of the reparation
operation; characterised in that: - during the Laser Trinmng _operation, in

. 1 ng

addition to bl owi ng 4hé TeEey FireecHdingdParty RGe tHIEMS pk 10 2 bl owi ng
operation is also carried out to bl ow fuses so as to store said
i nfor mati on i nt BharAgerisadyins tedt, said dinfametin emst (FletRefo dBpPeERs the
foll ow ng set of_oEFnations carried gut aon .t he Mhole chhp aﬁﬁenbly to be
tested: - a 1st IEHOLtIRBURE WIeFaVPEh, NP ndslRFcIPPPREY.sBF &% 87 1BF the
failure free chi is performed, - Pre BumIn Test operation, in which
the chips are tggiﬁanPﬁmeﬁ?ﬂH?ePﬂ“?@@é?@lany short-circuit or open-circuit
condition, - a Bumin o eratioré}Lo i@ whi ﬂ#the chgﬁss qfon.being nmounted on
boards, are operated “in sy Mmediode rt"é’kﬁ%‘ SINE & By STTRIEE9 57 Apr i | 2004
19 COI’ldI'-t ons | st\’\érnlrbtlye of ﬁgrgvéﬁgtﬁé erﬁsémosh(/) l@csatitgr?s gnlg'arr\rfsera'gltune or% lortnl?oorg e chips that
registers in which information items are permanently stared cancerning
the speed distribution, the defect types, the defect topology, as well as '
the diffusion process of the chips, comprising the initial steps of : Pre
Laser Test, that enables information concerning the failure rate and the
speed of the chips to be obtained; Laser Trimming, that performs the
reparation of the chips by blowing fuses; and Muiti probe Test, that
checks the resuits of the reparation operation; characterised in that:

- during the Laser Trimming operation, in addition to blowing
the fuses aimed at repairing the chips, a blowing operation is also
carried out to blow fuses so as to store said information into the
register;

and in that it further comprises the following set of operations
carried out on the whole chip assembly to be tested:

. - a 1st Pass Mount operation, in which the selection of the

failure-free chips is performed,

- a Pre Burn-In Test operation, in which the chips are tested in
order to locate any short-circuit or open-circuit condition,

- a Bum-in operation, in which the chips, upon being mounted

on boards, are operated under stressed temperature and voltage



are found not to be adapted to withstand such conditions, and a sorting
operation for the chips into the various typol ogies, accgé%irpn? their
speed and operation characteristics. 6.-. Atest nethod a ] %%[P o claim
5, characterised in that, before said final set of operations, a
conputerised conpilation of a Wafer Map is carried out. 7.- A nenory chip

including a non-volatile nenory register for' .permanently storing
information itens concerning the produqb quality and related test method
according to previous clains. I - 4 and™5, respectively, and as previously

descri bed and shown in the enclosed draw ngs. A MEMORY CHI P CONTAI NI NG A
NON- VOLATI LE MENDRY,. REG ST FOR PERMANENTLY STORI NG | NF Tl ON ABOUT THE
QUALITY OF THE CBE%%‘E 'ﬂl\‘ﬁﬁgﬁ%ﬁﬁ' W@ﬁoﬂj?ﬁéﬁﬁﬁﬂﬂa S &ﬁ"éifEsvtB?tati le menory
chip characteri in.that it I n.vol atile nory | ocation

assenbly in whi %ESTOHP%PHQ ibgr?dlggteggrréo a’?ﬁsﬁc $%%°H§8P‘%é&‘tsu§ﬁ?ty of the chip are

per manent|ly stored, pag %L@ﬁé%%éﬁgglf%i%&e fpg iﬁgetﬂég(gﬁ&fsﬂ{gﬁélﬁgiggti on, the

defect types, the defec ogy as t pr'ocess of the
particular chi paefd G their speed and aperation characteristics.

6.- A test method according to claim 5, characterised in that,
before said final set of operations, a computerised compilation of a
Wafer Map is carried out.

7.- A memory chip including a non-volatile memory register for
permanently storing information items concerning the product quality
and related test method according to previous claims. 1 - 4 and 5,
respectively, and as previously described and shown in the enclosed

drawings.





