30 August 2004 1 Test Board and Process of Testlng mvdegman@uggnmmy Parts
Cross Reference To Rel ated Applications The disclosure in this application
is related to the disclosure in application (Attorney docket nunber
TI-20381). Field of the invention This invention relates generally to
testing menory parts and particularly kelates to testing dynamic random
access nenorJePDRAMarsEr endhBydees siiale TeetdngnPide anskd Mepiitryobades a,
typically of sixteen bits in a data word and greater. Description of the
Rel ated Art Manufacture of DRAM and ot her nenory parts includes design of
el ect r onfross rRefidimndealfpi Ralatosnd eappldicatcessasng of silicon wafers,
-packagi ng i ndividual chips and testing the parts. Testing presents a mgajor
part of manufacturing integrated circuits generally and nenory parts
particul arly; Thée disqloswmrst ibe th$sedapplidedion reki abihhtyaf ofo moye

years. TRSLLIGLIRIY ophat LS ROTSIES, Sl oheof Lk, Ln g gyt et T o

process because arge arr

Commercially available DRAMs typically have over four mllion storage

| ocati ongiePd JE é’fﬁ%%hﬁlbﬂ a part and designs exist for parts having 256
mllion nmenory ce a part. Insuring reliability requires

This invention relates generally to testing memory
parts and particularly relates to testing dynamic random access
memory DRAM parts having wide word input and output of data,

typically of sixteen bits in a data word and greater.

Description of the Related Art

Manufacture of DRAM and other memory parts includes
design of electronic c¢ircuits, fabrication and processing of
silicon wafers, packaging individual'chips and testing the parts.

Testing presents a major part of manufacturing integrated
circuits generally and memory parts partiéularly; the parts must
be tested to insure reliability for many vyears. Testing memory
parts consumes a lot of time in the manufacturing process because
of the large arrays of memory cells on each part. Commercially
available DRAMs typically have over four million storage locations
or memory cells in é part and designs exist for pérts having 256
million memory cells in a part. Insuring reliability requires
testing each memory cell several times at multiple test points

along the manufacturing procesé:

Previously DRAM parts had either one or four data input and
output (I/0) leads for writing and reading data. These parts were

referred to as being “by 1, x1” or “by 4, x4”, with the number



testing each nenory cell several tines at nultiple test p80Augustooag the
manuf acturing process. Previously DRAM parts had either one or four data
i nput and output (1/0O leads for witing and readi ng data. These parts
were referred to as being "by 1, x1" or ",by 4, x4", -with the nunber 30
August 2004 2 referring to the nunmber of data I/O |eads. Some parts had
nore data |I/O | eads, but they were of small volunme and not a | arge part
of the market. Recently wi de word DRAM parts having sixteen data |/ O | eads

in a part rhayerbesop® endBh@ibdards odatder far kedas Theshhd asgres' widle Merd”
conmes from conputer term nology and refers to the relative nunber of data
bits that dBEEE?/ ? ntepdfat Q%Fg?ifﬂﬁ?’s‘? ofsiSRRddn VEATEE RS W& AglPESE B30
and wittes theamdBAM .at one tine is nmuch wider than four data bits at one
time. The sane increase in data |/O | eads al so has occurred in other
menory parts such as static and non-volatile nmenory parts. In production
testing, each RéGehehd widd voerd ORI tped tiso hmvihecelixerenndatd eS10 heaskieof a

ot oS o AL ue Ty O ok BB, SRR | A2
connect ed “ahde detel'm seseswhEtdrer campassr oteaminplodiasandcuefeds ot htiDRAM
parts relative number bf data bits that occur in a data word. Thus,
sixteen data bits being read from and written to a DRAM at one
time is much wider than four data bits at one time. The same.
increase in data I/0 leads also has occurred in other memory parts

such as static and non-veolatile memory parts.

In production testing, each I/0 lead must be connected to a
receiver on a test head of a batch tester test machine. The batch
tester receiver supplies data signals and interprets the data
signals output from the data lead to which it is connected and
determines whether a pass or a fail has occurred. With DR2aM parts
having sixteen I/0 leads, sixteen receivers are required to test a
single DRAM part. A major problem is that test machines have
limited numbers of receivers. Testing wide word existing machines
can perform the required testing but with low throughput. In
order to increase capacity, more machines musbt be purchased.
Additional receivers typically are not added to existing machines.

Testing wide word DRAM parts with existing arrangements of the
test machines thus regquires buying additional test machines or
systems to increase capacity. This increases the cost of testing

and increases the cost of making wide word DRAM parts.



havi ng si xteen 1/0O | eads, sixteen receivers ére requi red B0 Augsst 2004si ngl e
DRAM part. A maj or problen1|s that test machi nes have I|imted nunbers of
receivers. Testing wide word existing machines can performthe required
testing but with low throughput. In order to increase capacity, nore

machi nes nusbt be purchased. Additionaly receivers typically are not added
to existing machines. Testing wide word DRAM parts with existing
arrangenents of the test machines thus requires buying additional test
machi nes or s reqge y. c

fosting. and | ore el R o aRe LEEp A e REPE EoRmsel By "o fhiney
2004 3 Somergetuet iigws i ﬁhBeSDwasK@Ihavet@edhxnéaWBZed tﬁsnﬁag gnln@hese
circuits babo,ihe PRAMAL $olrbagild LAl opest A0si JHCAG Lotk eylls;pave
been referred to as DFT or design for test circuits. F circu

operate by BohdDETi rigl moavd Sor opRKkatcof bY heondusting |Sﬁ’m6ar‘%ﬁ | @uchngfdethhe
DRAM par t cuhting esin 1 ik tﬁelocwsffaéﬁgtae fFONRE palRanyath %cesttherggffftgl O
| eads. DFT testing occurs g l acing the DRAM parts in a speci al node
ef fect ed BFCUERHIYi Ay ABNSE aRbardabt elekbgofiebged/Bnleads i nDF@aagsmnghe
DRAM  par bec@Rs PbESSTHC o tt@@n peatiapd eadl 1 Q DRAM:Barssr AL kesubisa BeCUr

on four, two_or one of the sixteen data |I/O | eads. 30, August 2004
applying nonstandard or over-voltages on certain Ieads of the DRAM

part. On present sixteen data lead I/O DRAM parts, DFT results

occur on four, two or one of the sixteen Qata I/0 leads.



4 Summary of the Invention In accordance, with the invent BOAuggst@e684 | ow
cost, batch testing of nenory parts having wide word data I/ O | eads
occurs by connecting only the set of data I/Oleads active in a design for
test node to the batch tester test head receivers. The remaining data 1/0
| eads, those inactive in the design fof test node, are left unconnected to
the receivers. In particular, the nenory parts are nounted on test boards

i n arraysgammaeypsofndheoknsatidn each colum, the sets of data I/ O |eads
active in the design for test node of each nmenory part are connected to
| i ke sets of data I/O |leads of the other nenory parts in that col um and

to data |/O tﬁhm §@+§r8 Lae tuﬁscth b‘B ed. ﬂ!?er‘?f?f{i‘ éot rd eecrc“ﬁ% SgLee

out put enable [ead 0 nénnr Si sTeonnec I'p se?ect or
out put enbbtehl easst g aldf tﬂnemorperpammmh)avpiargt Swii_tﬂet haircr owaand IpCa

chip sel ect ou enable termnal on the test bo There are plural
chip selgﬁ?gﬁr 6ﬁ£¥ﬁﬁ RhabPBREEFAPHaIY 0h EhR &% Poa ﬁtaoH€“¥g}ea£%ch
row. The peEBGY RaYt$ absibherrdd acegk i Robibe Wesigd bakchestesdmder and
gr oss testlng of the parts occurs in the design for

head receivers. The remaining data I/0 leads, those inactive

in the design for test mode, are left unconnected to the

receivers.

In particular, the memory parts are mounted on test
boards in arrays of rows and columns. In each column, the
sets of data I/0 leads active in the design for test mode of
each memory part are connected to like sets of data I/0 leads
of the other memory parts in that column and to data I/0
terminals on the test board. In each row, the chip select
or output enable lead of each memory part is connected to
the chip select or output enable leads of all the other
memory parts in that row and to a chip select or output
enable terminal on the test board. There are plural chip
select or output enable terminals on the test board, one for

each row.

The memory parts are then placed in the design for test
mode and gross testing of the parts occurs in the design for
test mode on a row by row basis. This gross testing is
particularly useful to determine failing memory parts in a

test occurring at elevated temperature.



test node on a row by row basis. This gross testing is p3@®Augudta004 usefu
to determne failing nmenory parts in a test occurring at el evated
tenperature. 30 August 2004 5 In accordance with one aspect of the present

i nvention, there is provided a test board assenbly conprising a substrate,
plural sockets nounted on the substrat®, the sockets being arranged on the
substrate in an array of rows and colums, each socket having plural | eads
for carrying signals; plural termnals formed on the substrate, the
termnals carrying plural address signals, a row address strobe signal, at
| east one col ugfﬁ addt®&s8da8nEgbe VisilynaPneat du@¢ton®fwritleesi gggIsenst ur al

chip enablg. signal s apgdeplurals daga,{ &L §i ggal g dhe %Ed'/Qs?eQr[}?i'a\? are
arranged in groups,” there being orie group of data 1/O signals for each
col um of cempketssi rand & heng der aget hepdamel neobéetel datatkedO terntmal s

moror y - paPtosFREESehCEa e RarkBE HeBRANG: 3 FanEE cherng Mo TR TS g .
each MenDgyrpar toehavdg hﬁ@d%oq.@fnmi,ngaamwr%c@@@rﬁ&%ingi a1 adead

carrying a row address strobe signal, at |east one |ead carrying a colum
address stPbbe sriydng atsignals; plural terminals formed on the

substrate, the terminals carrying plural address signals, a
row address strobe signal, at least one column address strobe
signal, at least one write signal, plural chip enable
signals and plural data I/0 signals, the data I/0 signals
are arranged in groups, there being one group of data I/0
signals for each column of sockets and there being the same
number of data I/O terminals and signals 1in each group;
plural memory parts mounted in the sockets, one memory part
in each socket, the memory parts being of like design and
each memory part having leads carrying plural address
signals, a lead carrying a row address strobe signal, at
least one lead carrying a column address strobe signal, at
least one lead carrying a write signal, one lead carrying
chip enable signals and plural leads carrying data I/0
signals, each memory part having a normal operating mode
in which all of the leads carrying data I/0 signals are
active and a design for test mode in which a set of data I1/0
leads less than all of the leads carrying data I/0O signals
are active, each 1lead of each memory part electrically
connecting with a corresponding lead of 1its respective

socket; and substrate leads carried on the substrate



| east one lead carrying a wite signal, one | ead carryi ng30 ébgygst@oadl e
signals and plural |eads carrying data I/O signals, each nenory part
having a normal operating node in which all of the |eads carrying data 1/0
signals are active and a design for test node in which a set of data I1/0O

| eads | ess than all of the |eads carryiﬁg data 1/O signals are active,
each | ead of each nenory part electrically connecting with a correspondi ng

| ead of i t®nhespdeiy vehesoskeketandtsubsthi« atieetengsisar rilgd udderate
substrate_ 30 August 2004 6 connecting the sqockets to the termnals, the
subst r at e 1ePESds CORMFSITNY tTHee pI Rt aradddpreddgessgnsignalie r dire adefess

strobe si gpdlpe dd1€s@tolh2ASEi gR81C0! LB addr egg s StE90€ i ANg) . a‘?ﬁﬂé%‘:@ at
| east one wite signal fromthe termnals to the respective | eads of every
socket, tharohsbstignall eadsl ddrmezt i hgashe cofe twel pd usabnehi [ mmabtlee

signals fromthe.term nals to_the correspondin ad_of each .socket. in a
i <Gk

|
row and t FET8UHE " at &9 e CORTREL T hES t het? Se?to i n“HGf¥er S8F 85 a T1O

signal s i Bukaehageoupedds ORlonnadta nset oné dat atheO ppas) olcreachesgsket in
a respective colum of sockets, the data |I/O | eads of each socket
corresponditAgats £remr &b SerrHeadst 49 /09 RirsTPEKEing lead of each

socket in a row and the substrate leads connecting the
certain number of data I/0 signals in each group to only
the set of data I/0 leads of each socket in a respective
column of sockets, the data I/C 1leads of each socket
corresponding to the rest of the data I/0 leads of each

memory part remaining unconnected to the terminals.

In accordance with a second aspect of the present
invention, there 1is provided a process of testing memory
parts comprising providing memory parts with an operating
mode in which all data I/0 leads are active to access a
contained array of storage cells, a design for test mode in
which a set of the data I/0 leads less than all of the data
I/0 leads are active to access the contained array of
storage cells and a chip select or output enable lead that
1s active to enable operation of the memory part in both
the operating mode and design for test mode; loading the
memory parts in arrays of rows and cclumns on substrates in
a batch test machine containing plural substrates;
connecting only the set of data I1/0 leads of each memory

part in each column to the sets of data I/0 leads of the



menory part rermining unconnected to the termnals. |n acgomndgosteosut h a
second aspect of the present invention, there is provided a process of
testing nenory parts conprising providing nenory parts with an operating
node in which all data I/O leads are active to access a contained array of
storage cells, a design for test node i which a set of the data I/0O | eads
|l ess than all of the data |/O |leads are active to access the contained

array of osheragRnegl) Spabdsaiehi phsel eeh uain %c@uftoer@balﬁgohga%ﬁ hattai s
active to_enable operation of the menory part in both the operating node
and desi gh/Poiteregnadsdeon | badi wybshaattentyl at £8Viipgarthey stohat eI and

columms o bs tes. | a te hi ont al.nij Lura
substrate§?§gcd%h20?fﬁgﬂ%n?§pt%%%$Eta%ng§faB§fg)I%% ghggcgggh kgnane part
in each cobmamntiagt helaset s ©f0 dat@adé O beadshef hee30 Augusty 2004rTs pt her

menory parts ia,that colu and to a group of data 1/0 termnals_ on_the
subst r at e1 RAtPELPGaR IR 1B efui THRRE 2 ot §T9PB Peadietet S4RhCRERDRGL Bar t

unconnect ggrt 8athecol 8R} NEBENEAE 8nd/ @nkeafs pOfs 1k totder o BHPRE Yo RAB1S
i ncluding providing a separate group of data 1/0 termnals Tor each

col um; cbaaést Pdg ayrRrhipnesledadr but pacthemdhl eco the chip select

or output enable leads of the other memory parts in that row
and to a chip select or output enable terminal on the
substrate, including providing a separate chip select or
cutput enable terminal for each row; and operating the
memory parts in the batch test machine one row at a time in

only the design for test mode.

The process includes subjecting the memory parts to

increased temperature during the operating step.

The operating step includes operating one row of memory

parts on plural substrates at the same time.



| eads of every nmenory part in each row to the chip sel ect 30 dugesit2pad enabl e
| eads of the other nenory parts in that row and to a chip.select or output
enable term nal on the substrate, including providing a separate chip
select or output enable term nal for each row, and operating the nenory
parts in the batch test nmachine one rowfat a time in only the design for
test node. The process includes subjecting the nenory parts to increased
tenperature during the operating step. 'The operating step includes

oper at i NgBODEF I i gl ¥£ PRé [ Srovidy wighrsgbstrates at the sane tine.
30 August 2004 s Brief Description of the Drawing Figures Figure 1 is a
perspective view of a batch test machine containing nmultiple test boards;

Figure 2 is anriglead i zedlspl an ﬁéﬁtbél:ftlaret esiew0dEd IMBALEAY ¢ RMORY-IPRHL S
havi ng four gata 1/ O Il i iece; Figure 3 is an idealized block diagram
of a memofy" Jr‘f”i?sérﬂl Bi §BFk 2° aa‘?fg‘;'haw ng four data |/ O | eads -active in
an operating node; Fi gure 4 is an idealized plan view -of a test board
nDuntjng nEnbgyéiggtf havlngléegﬁfﬁgé'%)%% %Q%&'%%ds %gggcgoard mounting

memory parts having four data I/0 leads apiece;

Figure 3 is an idealized block diagram of a memory part used

in Figure 2 and having four data I/O leads active in an operating

mode;

Figure 4 is an idealized plan view .of a test board mounting

memory parts having sixteen data I/0 leads apiece

Figure 5 is an idealized block diagram of a memory part used

in Figure 4 and having sixteen data I/0 leads active in an

operating mode;

Figure 6 is an idealized plan view of a test board of the
invention mounting memory parts having sixteen data I/0 leads and
having a design for test mode in which only four or two or one

- data I/0 leads are active; and

Figure 7 is an idealized block diagram of a memory part used
in Figure 6.



Figure 5 is an idealized block diagramof a nenory part ul@dAugust2BDgure 4
and having sixteen data |I/O |l eads active in an operating node; Figure 6 is
an idealized plan view of a test board of the invention nmounting nmenory
parts having sixteen data 1/O | eads and having a design for test node in
which only four or two or one data |I/O Beads are active; and Figure 7 is
an idealized block diagramof a nenory part used in Figure 6. 30 August
2004 9 Detailed Description In Figure 1, batch test machine 100 conprises a
cabinet 1 (o] ral. test boards 104 arranged in two cavities
106, a ngﬁffgggéogégﬁk é%ﬁ?%ollers 110 and 112. Batch test machi ne 100

I ncl udes a door 114 that can be pivoted to close cavity 106. Test board 104

mounts MeNory RAfESghl0 hN BRCAAT A Ofnddiihe A CRIMINRL ELOChEgRL 102

connections to the nenDrY parfs occurs over termr on tes
104. \When e@c@sedngcavitr§l 106s antbandie Hdurarirangst boatws cent&imedlDA,t he

cavity camdigcheahed hag ESﬁEréffeﬁ%tcﬁ d@afﬂrzﬁ P SNl JRCHRAREH $98 ¢ 1

tenperatures. Typically the test ards have the nenory parts nounte
aut omat ed OFHUFFENE APRK tHd tthat paarlas riamtuss kanobbss eatithed den

Test board 104 mounts memory parts 116 in an array of rows

“and columns. Electrical connectioﬁs to the memory parts occurs

over terminals 118 on test board 104. When closed, cavity 106 and

the plural test boards contained in the cavity can be heated to
test the mounted memory parts at increased temperatures.

Typically the test boards have the memory parts mounted with

automated equipment and the test boards cén be manually mounted in

the cavity 106 of test machine 100.

Test machine 100 provides a gross, low cost test of a batch

of many memory parts with one test setup.

‘In Figures 2 and 3, test board 200 mounts memory ﬁarts 202 in
sockets 204 on a substrate 206. The memory parts and sockets are
arranged in rows 1 through X and columns 1 through 12. Other
arrangements can occur depending on the number of receivers
available.  There are as many rows of parts and sockets as

available space on the test board 200 will allow.

The memory parts are alilof like design and each memory part
has four data I/O leads 0, 1, 2 and 3 and one chip select or
ocutput enable lead CS OR OE, The memory parts also have leads



the cavity 106 of test machine 100. Test machine 100 provBOdsigast®004s, |ow
cost test of a batch of many nenory parts with one test setup. In Figures
2 and 3, test board 200 nmounts nenory parts 202 in sockets 204 on a

substrate 206. The nmenory parts and sockets are arranged in rows 1 through
X'and colums 1 through.12. OQher arrangenents can occur dependi ng on the
nunber of receivers available. There are as many rows of parts and sockets
as avail able space on the test board 200 will allow. The nenory parts are

all of i k@oﬂeshgﬁnﬁnﬁoﬁaﬁécm{@/ #dddesNas §ios dat arc% Oad@adss Ostrbopel
and 3 and pne chip se QECt or _output enable |ead ¢S OR CE. The menpry parts

al so haveSTEXHs 3G AGGLYI™ 2 RFFFESS( nBEr SPRWDIFGE r8eei A nyrabfr egkonal,
signal s, aceowdiddrtes knswhobtan&@halesigneol um address strobe signal and a
wite signal, according to known standard designs. The board 200 al so
conprises termnals 208 forned on substrate 206 and substrate |eads-210
connecti ng selBut ecodegatls 200 thesosocwebsites selaetiediter ponal sorddie fur

fo the ressecrry 208 2 SiPaliniE a0 T 1Y R et Felbrbed Tedde rotr
subst r at etheasizclodts dd sed ekcbad tespbralse dete flol® Becai DADS1ERR 0, 1,
2 and 3 of each memory part in column 1 are connected to the
respective data I/0 leads of every other part in column 1 by four
substrate leads 220 and to four respective data I/0 terminals 222.
In a like manner all of the data I/O leads of memory parts in
columns 2 through 12 are connected to data I/0 terminals 224
through 228 by substrate leads 230 through 234.

The number of columns on a test board is limited by the
number of batch tester test head receivers available for
connection to each test board. In the arrangement of Figure 2,
there are a total of forty-eight data I/O substrate leads and
terminals, four for each of twelve columns of memory parts. These
forty-eight terminals connect to forty-eight receivers in test
machine 100. Thus with forty-eight receivers available for each
test board, each test board can accommodate twelve columns of

memory parts having four data I/0 leads apiece.

In row 1, the chip select or output enable leads CS OR OFE of
all the memory parts connect together and to chip select or output
enable terminal 236 by substrate leads 238. In a like manner, all
of the chip select or output enable leads CS OR OE of the membry

parts in each row connect to the other chip select or output



In a like manner all of the data I/O |eads of nmenory part 80iangug@oomms 2

t hrough 12 are connected to data |I/O termnals 224 through 228 by
substrate | eads 230 through 234. ' The nunber of colums on a test board is
limted by the nunber of batch tester test head receivers available for
connection to each test board. In the addangenent of Figure 2, there are a
total of forty-eight data I/O substrate leads and termnals, four for each
of twelve columms of nenory parts. These forty-eight termmnals connect to

forty-ei gbhabbeeilvads of test parachiine Q. Bsad tho f or b¥=pbabivd eggiNers
avai | abl e _for each test board, each,test_board can accommpdate twelve

col ums of ' REho?Py PArRE h‘?ﬂ/alkﬂﬁ f§araat 249 0 18t hmdéc &Y pnresReativae
chi p sel estibetratd pliadckerialsl, e 2ueadsd CHOR CE of all the nenory parts
connect together and to chip select or output enable term nal 236 by
substrate leads 238. In a like manner, all of the chip select or output
enabl e | eads C&#hOR Ok ofhihes aienur pr patpst i enasich, 1 d=0V foenaetbmboy t Her ¢

ot her chip.s ‘ o] u t 2004 11 enahl.e.l eads ,of the parts in
that row gﬁdg%l gggl\?éeé pgf‘:%)i Lfllaet';'g‘eg:)hll'A{o{gLfs":"eaidgscta:*'ﬂ(‘)ar lé’utapgilg@r]dﬂpgdf”é??ﬁ ﬁ%ﬁ‘g‘%@?

242 and 24hepyda me$pdatilyvenceulsitnale tendi&a6hy 24Beandb260ataNdacd he/ohi p
sel ect or jQyhRUs2E&NaPi e @%@da58r2§4ﬂgﬂgk%dﬁﬁ5tto known design. An active
state chip select or output enable signal causes the data I/O

leads of the memory part to drive the associated substrate data
I/0 leads.

Thus each row of memory parts can be tested in test machine
100 by activating one chip select or output enable terminal of
each test board at a time and reading and writing data signals to
each memory part in that row. ‘The arrangement of Figures 2 and 3
represent a known implementation of typical memory parts currently
available. The memory parts are not considered wide parts because

they have only four bits or four leads of data I/O.

- An example of an undesired and. expensive solution to the
testing of wide word memory parts is depicted in Figures 4 and 5.
In this example, the memory parts have sixteen data I/0O leads
apiece. With the same total of forty-eight receivers available
for connection to the data I/0 terminals of each test board, as
were avallable in the example of Figures 2 and 3, only three

columns of memory parts can be accommodated.



is inactive, its data I/O leads are in a high inpedance sBatagast 200hey do
not influence signals carried by the substrate data '1/0 |eads 220, 230,
232 and 234, according to known design. An active state chip select or

out put enabl e signal causes the data I/O |eads of the nenory part to drive
the associ ated substrate data 1/0 |eadsl2 Thus each row of nenory parts can
be tested in test machine 100 by activating one chip select or output
enable term nal of each test board at a tine and reading and witing data .

signals to each FEGRFYs par kndnst hakscer gwardheoar cangenest Qﬁbﬂﬁﬂefsalo?z and
3 represent a, kno | npl enent ation of typicagl menory parts currently

avai | abl e “3THe Mo %FnbléﬂaﬁE af8*not Sﬁﬁlﬁ%gﬁer‘@&w H@mﬁ’ﬁgt sPBEESUsEO8 t A
have onl ysfibstrdid sieadsounol. eadshef sdataeh/ QatAn BXANDESIOT 0aDs5 URGESiHLd
and. expepsjve. solution.to the testing of w.de word nenor arts is

depi ct ed f“%m&ﬁéu%&%tti and $*Th %%;f%“%xgﬁﬁflgftthteo nﬁﬁﬁpﬁcﬁiﬁf%}s HRYBSsi Xk een
data |/ O lkeausnabpiEde. AN Rndhd2damerbes atesfedtantey caibglitrakecbesds S426,
avai l abl e or,..GO cti t d O m_.nal.s .of each test board,_.as
were avai I%EI gnlﬁnrl{i ﬁé eglglrrépﬁ%e of F|g{g)t§}_’rée“:'{s]f1 Zéegr%“& n?,%Sonllny etaﬁ:&,leeOtec%Wﬁﬁ?s of
menory patesntaaldhedtcotdbdmddi2Brrudgusire2664 kixiteeRi gubssrdtantedds

test boardn4QA-A0mRr ISS3csYPSt 1RLAs4936, 428 and 430. ERach of the four
depicted rows have individual chip select or output enable leads
432, 434, 4§§_§§§,%§8 thatﬂ;onnect to the chip select or output

enable leads CS OR OE of each memory part in that row.

In Figuregs 6 and 7, test board 600 comprises substrate 602
carrying terminals 604, sockets 606, memory parts 608 and
substrate leads 610. The memory parts 608 and sockets 606 are

arranged in an array of X rows and twelve columns.

Memory parts 608 have a normal operating mode in which all of
the data I/0 leads 0-15 are active to access all of the contained
arrays of memory cells when the chip select or output enable lead
CS OR OE is active. The memory parts 608 also have a design for
test “DFT" mode in which a set of the data I/0 leads less than all
of the data I/0 leads are active to acqesé all of the contained
arrays of memory cells when the chip select or output enable lead
CS OR OE is active. Typically this set of I/O leads active in the
DFT mode is leads 0-3. Future memory parts should also havé such

DFT modes with a similar set of leads active in that mode.



carrying termnals 404, sockets 406, nenory parts 408 and30gubsitrabe | eads
410. The sixteen data I/O leads 0-15 of the nenory parts in each colum
connect to respective groups of termnals 420, 422 and 424 across
respective substrate | eads 426, 428 and 430. There are sixteen termnals
in each of groups of terminals 420, 4243and 426 and there are sixteen
substrate |l eads in each of substrate | eads 426, 428 and 430. Each of the
four depicted rows have individual chip select or output enable |eads

432, 434, 436 andhddght hast copresh t @ot h@a@hilmtéeéerxﬁlaMmﬁ &pablge
Ieads CS OR CE. of ea nmenor art int r.OW. rse5gure 6_and 7, test

boar d 600188'%}_‘[‘8%3 str?eé“té: 602°T Cr Fﬂg }faé"rem eady c KECE1BBBY
menory paedslrée8 andnasdsipsirabe khdddss616rrdhe mea@ryapa&é35608nea&dlumn

sockets 6 r e an ra f _X.rows and twe]ve. colums, Menory
parts 608%%51\?/‘333 norr%g’? gpeéagat ar?gé rm%e(ieﬁlSt G AT S ieﬁ\% gatarTing P@ads

0- 15 are dcedse dewigoeess alyl iofdusheyccrttzandaeds . ar ray sypfcakemeyoce! barwhen

the chip sghgal Q& uk | |ve.,Th arts
608 al so have g ge??g%rpf E’:te?Llsn(lE; d%%% I%dgg?n V\#II cﬂ‘?@%&l%ﬁ: aaﬁrgnggfi'ggllo
| eads | es$wohdmadsl of the data |1/O leads are active to access all of the
contained arrays of menory cells when the chip select or out put enabl e

lead CS OR CE is active. Typically this set of 1/Oleads active '"in the
DFT node is | eA98iD. 3thfutere heavdyipadimishdulid shsonhmbersughtotal of

forty- elght of batch tester test head receivers available for
connection to terminals 604. By connecting only the sets of data
I/0 leads active in the DFT mode to the terminals, the test board
can carry twelve columns of ﬁemory’ parts and as many rows of
memory parts as space on the test -board allows. This maximizes
the number of memory parts t@at can be tested at elevated
temperatures at one time. The testg that can be conducted in this
arrangement are limited to those tests available in DFT mode, but
those DFT mode tests remain necessary at some point in the
manufacturing process and the arrangement of the invention
efficiently fulfills that need. This arrangement obtains testing
of four times the number of memory parts that can be tested by
connecting all of the data I/0 leads to the terminals and
receivers. The present arrangement also provides for maximizing

usage of existing test equipment by simply changing the test
boards.

The set of active data I/0 leads 0-3 in the DFT mode of each
memory part in column 1 are connected together by four respective

substrate leads 620 that also connect to a group of terminals 622.



DFT nodes with a sinmilar set of leads active in that npde3o3Qdgéstgossy 2004
13 Al though not shown to facilitate explanation of the invention, the
menory parts al so have address | eads receiving address signals, a row
address strobe | ead, at |east one colum address strobe |ead, and at | east
one wite |lead occurring on |eads desigbated by industry standards. A
typical nenory part having sixteen operating data |I/O |eads can typi cal |y
have forty- two |leads. Again, the test board is [imted in the numnber,

total of ﬁﬁf%yl@kﬁhﬁanﬁérbah&hs%%sggraé€§&ehﬁﬁ%.&96eh¥§ﬁ§ @éiHh@Q%. B? ds

connection to termnals 604. By connecting only the sets of
active i nMATE [HT fddle PETPRe Pafhi kAl §olupe fedrepsnaected tageyhevebye

col ums offdmmresspié@rttl&ea@dbaﬁré@@ﬂééa@ s (RPN sRaldbanast SPaCs %'}oh%
t est - board [ | ows. Er%mammzes t he nupber_of nenory parts that can Dbe

tested at % é_\?éfnér&a &rattheseht 6n2 v, daﬂ?eWQsE-%"" hdt-Tdm fde DFT

conduct ed ricrlet i fS eadt angssBNtpaaite id rddiesho q1t hose c;&ﬁie&teualttl:@EktﬁﬁranFT
node, but those DET . node 't S renmpin ne at sone point in e
manuf act uri Ny proeestidsd SPﬁggﬁ?“f‘% |arJr\Fé’nt°|°8 eckf FPcPeFEOYR
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nunber  of e LA pé?géh? ﬁ%rf%paﬁe J:[neSc;[oelqmny 12 are connected together by
four respective substrate leads 632 that also connect to a group

of terminals 634.

The chip select or output enable leads CS OR OE of all the
nmemory parts in row 1 are connected together by substrate lead 640
that also connects to a chip select or output enable substrate
terminal 642. The chip select or output enable leads CS OR OE of
all the memory parts in row 2 are coﬁnected together by substrate
lead 644 that also comnects to a chip select or output enable
substrate terminal 646.
connects to a chip select or output enable substrate terminal 650.

The chip select or output enable leads CS OR OE of all the memoxry
parts in row X are connected together by substrate lead 652 that

also connects to a chip select or output enable substrate terminal
654.

The application may be practiced other than as specifically
described. For example, memory parts having data I/QO leads
nunbering more than sixteen, such as thirty-two or sixty four, can
use this invention to advantage in using present test equipment.

The location of the data I/0 leads on the packages of the memory



connecting all of the data I/O leads to the term nals and30negaitpeos. The
present arrangenent al so provides for maxim zing usage of existing test
equi pnent by sinply changing the test boards. The set of active data I/0O

| eads 0-3 in the DFT node of each nenory part in colum 1 are connected
together by four respective substrate |aads 620 that al so connect to a
group of termnals 622. 30 August 2004 14 In a |li ke manner, the set of
active data I/Oleads 0-3 in the DFT node of each nmenory part in colum 2
are connegiedst eget bRENGY whOLE fe@rﬁsﬁ%&hEV%iﬁHbﬁtEﬁé esb 024, d f&%beﬁh%%
connect.tojg. roup of termnals 626. The set of active data I/O l[eads 0-3
in the DFF e of each nenory part in colum 11 are connected together by
four respective substrate | eads 628 that al so connect to a group of
termnals 630. The set of active data I/Oleads 0-3 in the DFT node of
each nmenory part in colum 12 are connected together by four respective
substrate | eads 632 that al so connect to a group of termnals 634. The
chip select or output enable leads CS OR CE of all the nenory parts in row
1 are connected together by substrate |ead 640 that also connects to a
chip select or output enable substrate -term nal 642. The chip select or
out put enable | eads CS OR CE of



all the menory parts in row 2 are connected together by s@bdugaste0ohead 644
that al so connects to a chip select or output enable substrate term nal
646. connects to a chip select or output enable substrate term nal 650.

The chip select or output enable leads CS OR OE of all the nenory parts in
row X are connected together by substrateslead 652 that also connects to a
chip select or output enable substrate termnal 654. The application may
be practiced other than as specifically described. For exanple, memory
parts haviwe alaiam:l /O | eads nunbering nore than sixteen, such as _
thirty-two or sixty four, can wuse this invention to advantage in using
present test equipnent. The location of the data I/O |eads on the packages
of the menory 30. Auguses2OBdaid pasdmblgaronpangtnghil e remaining within the
scope of the appended clains 30 August 2004 16 we claim 1. A test board
assenbly conprising: a. a substrate; b. plural sockets nounted on the
substrate, the &ocket substrate;

b, plural sockets mounted on the substrate, the sockets
being arranged on the substrate in an array of rows and columns,

each socket having plural leads for carrying signals;

C. plural terminals formed on the substrate, the terminals
carryiﬁg plural address signals, a row address strobe.signal, at
least one column address strobe signal, at least one write signal,
plural chip enable signals and plural data I/O signals, the data
I/0 signals being arranged in groups, there being one groupr of
data I/0 signals for each column of sockets and there being the

same number of data I/0Q terminals and signals in each group;

d. plural memofy parts mounted in the sockets, one memory
part in each socket, the memory parts being of 1like design and
each memory part having leads carrying plural address gignals, a
lead carrying a row address strobe signal, at least one lead
carrying a column address strobe signal, at least one lead
carrying a write signal, one lead carrying chip enable signals and
plural leads carrying data I/0 signals, each memory part having a
normal operating mode in which all of the leads carrying data I/0
signals are active and a design for test mode in which a set of

data I/0 leads less than all of the leads carrying data I/0



bei ng arranged on the substrate in an array of rows and c80 &omsst 2084ch
socket having plural leads for carrying signals; c. plural termnals forned
on the substrate, the termnals carrying plural address signals, a row
address strobe signal, at |east one colum address strobe signal, at |east
one wite signal, plural chip enable siignals and plural data I/O signals,
the data 1/O'signals being arranged in groups, there being one group of
data 1/ O signals for each colum of sockets and there being the sane
nunber of sdahalk/ Qreerdbdialks audnsi Yl Sof Ne@8RNngMoHP; pertpldlical rABARLY
parts nmounted in.the sqckets, one nory. rt. i,n _each socket, tpe' menQry
parts bei MG"BFFIRE WSt gn “QrdSSRIR lﬁ%ﬁk%gﬁﬁér%tﬁaﬁ?%RFQRﬁﬂﬁ;S SRy ngnd
plural address signals, a |ead carrying a row address strobe signal, at

| east one lead_ carryin caol u address strobe si.gnal, at |east ,.one | ead
carrying a wite si 8%%1 t,gmc{j)tnee eeaarg]dc’ éjﬁlrrrrﬁe%goleh?geeﬁ%% R TL (R (’jngpFJf}real
| eads car spchgtdatiee | £Besi gratisialeachthenoupspaste hdwadg acomogamming the
operati ng i i ] _of _t he ads..carqyi L/ Q. signals are
active angnggésirag#yfe %E ?A elsg{n%r%osde ti’llhee ?‘gh%éldégg go% %rrglé’? a%l/gﬁa]qéad%sh‘? e8¢

t han al | dfashecheadsl wer raddrgsdasharob® Snalgusnd2obd 47 kdaptaloneamgite
active, eaglnbgad-gh GACIJPRARGYsPRE! kb SELEIRALNY 1608066 IRRY Wcher,

correspondi ng | ead of 1ts respective socket;
the substrate leads connecting one of the plural chip enable

signals from the terminals to the corresponding lead of each
socket in a row and the substrate leads connecting the certain
number of data I/0 signals in each group to only the set of data
I/0 leads of each socket in a respective column of sockets, the
data 1I/0 leéds of éach socket corresponding to the rest of the
data I/0 leads of each memory part remaining unconnected to the

terminals.



e. substrate |leads carried on the substrate connecting the0 Asgastes4to the
termnals, the substrate | eads connecting the plural address signals, the
row address strobe signal, the at |east one colum address strobe signal,
and the at | east one wite signal fromthe termnals to the respective

| eads of every socket, the substrate |d#ds connecting one of the plural
chip enable signals fromthe termnals to the corresponding | ead of each
socket in a row and the substrate | eads connecting the certain nunber of
data |/ O si gnal s&i Rreg@ess griouestté ngningmohe settsofcothatras ihO | eads of each
socket in a respective colum of sockets, the data I/O |eads of each
socket corresponding to the rest of the data I/O |eads of each nmenory part
remai ni ng unconnct edP¥eVidd1y tesmfyalpart30 wAtjustn 2@@4at8ng. mAdpr agess iafh
testing nenmany RRftS £ i bS89 R j di arts with an
operating node in whi cﬁﬁrpal Igaga_tag%l /Egoiﬁ\é}fds&gr g%ggtg%{v% t%oré%%%éesfaarray of
cont ai ned affF8}29F Ceitfage detien fpmdsisgn mode tioswhivbe ai menhio€h thes eta tof

the data |£@ol veslss | Bsss tdam alh ofF the fatp 1/ Olggﬁgsagéea f\jfevecot Qecess
access thet[;lont ai ned aéra of storage cells and a chrp select or outpu

enabl e | ead tHaf “PE2ERET \REXDY ettt @61 Alds et 19e andworselpatt ori muttgut
the operati agabbeleleand desi gis faitikesttomee8ble operation of the memory part

in both the operating mode and design for test mode;

b. loading the memory parts in arrays of rows and columns

on substrates din a batch test machine containing plural
substrates;

C? connecting only the set of data I/0 leads of each
memory part in each column to the sets of data I/0 leads of the
other memory parts in that column and to a group 6f data I/O
"terminals on the substrate while leaving the remaining data 1/0
leads of each memory part unconnected to the remaining data I/O
leads of the other memory parts, including providing a separate

group of data I/0O terminals for each column;

d. conmnecting the chip select or output enable leads of
every .memoxry part in each row to the chip select or output enable
leads of the other memory parts in that row and to a chip select
or output enable terminal on the substrate, including providing a

separate chip select or output enable terminal for each row; and



b. loading the nmenory parts in arrays of rows and col ums30 dngssil2é04ates in
a batch test machine containing plural substrates; C connecting only the
set of data I/O |leads of each nenory part in each colum to the sets of
data I1/O leads of the other nenory parts in that colum and to a group of
data I/O termnals on the substrate whill%e | eaving the. remaining data I/ O
| eads of each nenory part unconnected to the remaining data |/O |eads of
t he ot her menory,_ partsperiartl,_cl uditg%nprovi di nﬁ a separate group of data |I/0O
terminals for each colrumy; 89 comelTTHY t R thi pRsdiiéctbaictbutpet easbiiae
| eads of ewer ycowrerpry tpaet ihnomhe htheowldsd ghh€oght @ssahRit. or out put
enable |eads of the other nenory parts in that row and to a chip sel ect
or output enable termnal on the substrate, including providing a separate
chip sel ect3 or dhpurossalsl oft elrinal focledihy roavsieantd nd0 tAdduehno2005:19
e. operati ts y i tch.test nachine one row at a tine
in only th(ra)(gjdelgii%gr1rtgga1‘r£%¥i Fg@%éﬁ%%%é g(%l@%g SPScSBETRFRY &15R22 i ncl udi ng
subjecting the menory parts to increased tenperature during the operating
step. 4... ghe e | g LE j ch .t operating:includes
operating one rgfv{/%f é?rg?r%?fl gjafrql glggmgﬁurgp rs\g%ls% at%tgs? aPP P Yighe 1ncludes
operating one row of memory parts on plural substrates at the Same

time.



time. 30 August 2004 20 TEST BOARD AND PROCESS OF TESTI NGO WLPEst\A0RD MVEMORY
PARTS Abstract of the Disclosure Wde word nenory parts (608) are tested in
a design for test "DFT" node at elevated tenperatures. The parts are

nounted on test boards (600) and only the set of data I/O leads 0-3 active

in the DE \Mglgﬂbl | ess than thé%otal nunber of data I1/O |eads
0- 15, conr'lr-é[:'c%ED '?3(;% AR] alr%olc i RE JESEANG WARE WORReMEMPBY PABTS
receivers. This provides for using existing test equipnment wth only a
change i n atherkest obogdl Di(RAGunBi | € obtaining a higher efficiency in
testing a | arger nunber of nenory parts than if all the data 1/0O | eads
were connected to the receivers., Figures 6 and 7
Wide word memory parts (608) are tested in a design for test
"DFT” mode at elevated temperatures. The parts are mounted on
test boards (600} and only the set of data I/0 leads 0-3 active in
the DFT mode, which is less than the total number of data I/O
leads 0-15, connect to substrate terminals (604) that connect to
tester receivers. This provides for using existing test equipment
with only a change in the test boards (600) while obtaining a
higher efficiency in testing a larger number of memory parts than

if all the data I/0 leads were connebted to the receivers.

Figures 6 and 7



