30 August 2004 1 Test Board and Process of Testing W de 3gnguderongy Parts
Cross Reference To Related 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 gpisdloswrst ibe thssedapolidwiion reaki abihht¥af of o Mapys

years. TgstLi r : S s.alot of tine" in the manufacturing
process gg%%gggﬂﬁggryﬁgB?%%%%ﬁ%?r Ve BPENe BT eEéVF@*ﬁthé§H3Bé?t.
Commercially available DRAMs typically have over four mllion storage

| ocati ong; aP& 3F“?Fyf$%%h§ibﬂ a part and designs exist for parts having 256
mllion menory cells Inapart. Insuring reliability requires testing each

menory cell several tinmes at nmultiple test points
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 process:

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



al ong the manufacturing process. Previously DRAM parts had0dutistr2004e or
four data input and output (I1/0O 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 nunber of data I/0O leads. Sonme parts had
nmore data I/O |eads, but they were of gmall volune and not a |large part
of the market. Recently w de word DRAM parts havi ng si xteen data I /O | eads
in a part have beconme a nmjor part of the market. The phrase "w de word"

cones ffo%ﬁeﬂﬁyﬁﬁrtéeﬁﬁén&uﬁ&%%ﬂ aefLrs/4 018408 . reb@hd visauhela alodat a
bits that _.occur in a data word. Thus, sixteen data bits bei ng_read from

and writt8ACRolAC DFeRdsat Pofe thEY TS %@H‘a\}mldgf’l‘tuﬁ%rﬁq%ﬁﬁotdét 4257 P one
time. TheofabRe h&ekease in data I/ O | eads al so has occurred in other
menory parts such as static and non-volatile nenory parts. In production
testing, each I/O lead nust be connected to a receiver on a test head of a
batch tester tastenalahium'aie e cb airam ;tae:s:tsemaw&@gi wdktaappiaes Ham alsa'l@@al S
and |nterprets th nal s out put fro

ave V\ﬁo oxr par ? q’lat am&!.r (% to a
connect ed anc? %ae]f erm nes e“tl%er ass"or a ehas ccdrre W :FI ﬁ?AM
parts havi‘wgdsi xtcesl! |¢d@dseatisom scgmyeher eterménslaege aad]umeédrSO tioestha
single DRANhDREGe RuiBLAT 0BT ABLEM: Bst RAL ! @3huTBG NeSs AV &yord.  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.



limted nunbers of receivers. Testing wi de word existing Badogost2004an
performthe required testing but with | ow throughput. In order to increase
capacity, nore machi nes nusbt be purchased. Additional receivers typically
are not added to existing machines. Testing wi de word DRAM parts with

exi sting arrangenents of the test machgnes thus requires buying additional
test machines or systens to increase capacity. This increases the cost of
testing and increases the cost of making wide word DRAM parts. 30 August
2004 3 Sone re i st...c n i

circuits o THE oM arts” i AL (R, "REE, PER SEOBCSES B0bihing,

been ref erteduics aslrmbT d}hEde@W@h m:rtb‘esto C|framnltl§at¢hetﬂt‘lir@ rchlsese
operate b t;l t i 1 el he
DRAM part it f R eat ro s 2o RE 115y an Fener Do Pl cep, FEBLERLLTR
| eads. DFT Thast PR Dlocwidshyopsratiengby h€oDRARE pag t $org ai’b“sp@@iﬂal JSFTthrede
ef fected byscappl yild gagash andayg Qfe OvgE- V@szl;m%%r%n 4] alﬂéslteagéseitéhe
DRAM part. On present sixteen data |ead arts, results occur
on four, PﬁEuBFlWIeOBf fener sthereal lah Fh@ ﬁ@ﬁ@lslf@,olm@%st PB4 tas SiRerar y

of the |n‘é@8ht§nb:lreré"&ﬂ{gd%%eDRMtﬁaHE il \seBbe@Ra 1 9HPB SmodOWrERSted by
applving nonstandard or over-voltages on certain leads 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.



batch testing of nenory parts having wide word data |/ O Beadgusi@ed4s by
connecting only the set of data I/Oleads active in a design for test node
to the batch tester test head receivers. The renaining data I/ O | eads,
those inactive in the design for test node, are |left unconnected to the
receivers. In particular, the nenory pafts are nounted on test boards in
arrays of rows and colums. In each columm, the sets of data I/O | eads

active i nghiadgsbgnther theshtidfde of each nenory part are connected to
| i ke sets of data I/O |leads of the other nenory parts in that colum and
to data I/O termnals on the test board. In each row, the chip select or

out put enabl e ad v pa i S dt e Lp ct or
out put enabl e Fgad%gé?Eg%ﬁcgﬁgq{) thl-gr rthreren%)l(r%‘g&gg}r} 1§, i r?qi%%s’ rg\?vban(gg%g’ a
chi p sel ebatoh owtgpuing emdbl gemeryi nadrion thheihest wboar diorthedatar eI pbur al

chi sel ect .or output enable termnals on the test board, one for each
rowl.o The ﬁ@ﬁﬂ y%"’?‘? % CRBASFFAPED 9 % hERBesiEin or d8Eat 1/ fbdkeaRd

gross tesgpipgyef ithes PakE$gACHY:S tdst hRodesitan £ phesh e an geLoW by
row basis. This gross testing is particularly useful to determine failing

menory pah€adi hegeivess.odber riemg iating eadteed Aerrada urdho3o Meeisive004
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.



5 I n accordance with one aspect of the present invention30 Ahgus 2084
provided a test board assenbly conprising a substrate, plural sockets
nounted on the substrate, the sockets being arranged on the substrate in
an array of rows and columms, each socket having plural leads for
carrying signals; plural termnals forr®d 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 signals and plural data 1/O signals, the data 1/O signals are
arranged in grébps,23%eF@aBErng Yorfe! gr BUF ofa @t |/ Of sitgmal sPEEseHeh
col umm of ;5eekeli% And Lhere belcng g, 308 QUMRELs:Of gl Aal/ Qkehmna! s
and signals in each group; plural” nenory parts nmounted in the socket's, one
menory pacbmpini ssach soclkethsthetapnopyuparlt s sbeikeg sof mbukéedesbgn eimnel
each nmenor rt _havjng leads carrying plural address signals, a |ead
carrying. SUPBEFaHr cbaesPPobetE: GRAPS 2 orgaet S e 0 e A g bl urm
address shrohe YOnddws akndl @d3unPRe |&Lad CasENtNInavivhipt @18ignal 1 0ne | ead
carrying chip enable signals and plural |eads carrying data I/O signals,
each menof9rpar@iyaiingg Sk’ opekatdng h@ﬁ@lnahsmh%@ﬁmaﬁl o t heh¢ eads
gg{rﬁ} ”gaggﬁﬁg%? ORal $eBh8nadtt 106G AN P FESLOD [Qh LES! SMGR N wWhich 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



| eads |l ess than all of the leads carrying data |/ O signal 80 Aagest2004ve,
each | ead of each nenory part electrically connecting with a correspondi ng
| ead of its respective socket; and substrate |eads carried on the
substrate 30 August 2004 6 connecting the sockets to the termnals, the
substrate |eads connecting the plural @ddr ess si gnals, the row address
strobe signal, the at | east one colum address strobe signal, and the at

| east onecwhnketsingnakhkr osvthetst etsl nahs tetensespecihye digasdsrofe every
socket, the substrate |eads connecting_one of the plural chip enable
si gnal s f A6@AShe CCHNRFGATT t Fh%e REEFRSpoRAERKESPead inaddoh R kei%¥n a

row and thesURsd rakedbRAds; gAAAECting the 1egkkal @?@u?ﬁr o) %ﬁf&éi@ .
signals in each group to only the set of data I/O | eads oL% each socket in
a respect steoksol sihpnal , seckettdie téde debatl /00d eadstof ségoblsdoleat the

corresponding.tqo.the rest,of the data |I/Q | eads each neno par t

renai ni ng%ﬁﬁg‘&ﬁlﬁ&& ed®t OEPﬁe FRTRE Rat € aneaefil orogan(?ére\ﬁyt hschéEOndt}é%pect
of the preseBtraitBvendd @, doereetiisigdr exkdeask atpeoceBsr®f @Sk NgnaBI®I Y
parts conprising providing nenory parts with an operating _node in which
al | data PREOPRLAJSTEMe th6t itPeTHHadScdSs e comtuaTraHihyl &1d stbrageh

cells, a dgskgp TOf LLSLOIPUENAN 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



which a set of ‘the data I/O leads |ess than all of the daBaAuplédoeads are
active to access the contained array of storage cells and a chip select or
out put enable lead that 1is active to enable operation of the nmenory part
in both the operating node and design for test node; |oading the nenory
parts in arrays of rows and colums on %ubstrates in a batch test machine
containing plural substrates; connecting only the set of data I/O | eads of

each Menmgyhepaiderldr£aghre8l UM tRat heoseks ofndata I Qleags of 4hes 30
August 2004 7 other nenory parts in that colum and to a group of data 1/0

terninal sT6R tRemdmests e Whel eubsdviaty thel FenhPArAgY ngaiebag of
each e TR L RATE/ANAANNES A LR LR LLRmBl N QQrQat&é’Q 'ef%%%?l of ot he, gt her
S, in 0 of data /0 f

menory par I'nclu g providing a separat roup erm nal s
for each eehain;ngonm@dta ngL fdhe ThagsSebéct tae outpulr ensdery | gaast of

every menpr rt in each rowto the chip select _or_ output enable |eads of
t he ot herlﬂéﬁﬁaﬁnﬁarﬁ’%@‘fﬁj%%ﬁt A FPHRI-¢ 094°8RI Piséld@ %éoo‘&?ﬁ{%n@ﬁébl e

term nal epr-tBgchsSHBSLRAL ecohAELYEhYItREOVHEING A R8P At &GP SghEL OF
out put enable term nal for each row, and operating the nenory parts in the

bat ch t esteadghiofe MYy oMemers ant iin oAby tdww desi fhef ehittessehede.

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.



The process includes subjecting the menory parts to i ncréadedust@dpérature .
during the operating step. The operating step includes operating one row of
menory parts on plural substrates at the sane tinme. 30 August 2004 s Bri ef
Description of the Drawing Figures Figure 1 is a perspective view of a
batch test machine containing nultiple®est boards; Figure 2 is an

i deal i zed plan view of a test board nmounting nenory parts having four data
|/ O |l eads apiece; Figure 3 is an idealized bl ock diagram of a nmenory part

used in Brguf epekcrighthawni Bg £ReIpeBtihd FOgheads active in an operating
node; Figure 4 is an idealized plan view -of a test board nounting nenory
parts having sixteen data |/ O | eads apiece Figure 5 is an idealized bl ock

di agram of a nepgune partigised pérsfdgune 4vond bavidgpsitshearsdat gadiQe
| eads active in an Hﬁ@gna ing nnﬁg; F;%gre 6 is an idealized plan view of a
test boar §OBFTHEY MNP En Rdh ??ﬁﬁ fenory parts having sixteen-data 1/0
| eads and having a design for test node in which only four or two or one

data I/ O leads.are active;, and, Figure 7.is an idealized block diagramof a
merory part us%%pure(§ is'an ideallized plaplv1ew o% a test %oarg mghntlng

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.



in Figure 6. 30 August 2004 9 Detail ed Description In Fi gé®Audusti2ad¢h test
machi ne 100 conpri.ses a cabinet 102 enclosing plural. test boards 104
arranged in two cavities 106, a nonitor 108 and controllers 110 and 112.
Bat ch test nmachine 100 includes a door 114 that can be pivoted to close
cavity 106. Test board 104 nounts nenory9parts 116 in an array of rows and
colums. Electrical connections to the nenory parts occurs over termnals
118 on test board 104. When cl osed, cavity 106 and the plural test boards
conta|nednhgaaﬁgdcggéég&éﬁ? e heated to test the mounted menory parts at

I ncreased tenperatures plcally the test boards have the nenory parts
nmounted with autonated equi pnent and the test boards can be nanually

mounted in  the,cayi L 196 BLt 12SE e SRGR A6 005 TEY %%Q' ng 109;RLovi S a
gross, |low cost tes of  any REMDry parts W one 2P4FTs
In Flgure§n?1&ﬁén3 Pﬂé%@lbé%?@ Qmﬁrdﬁnﬁﬂ%;aﬁﬂﬁﬂgydpantswgozawmtlsacﬁeﬁs 304

on a SUbsHﬁl%O%OQOBTQﬁdn'@HHEﬁ’oPPértSS ]?i'bd ast{?fliﬁtzs arg ¢ ar hanged a5 8""?0@
t hrough X and colums 1 th ggat|g§nebe arrangenments can occur epen i ng

on the nuﬁﬁ%&‘%ﬁesréc@QQ%r%i4 Thisrategk §caslomycaviiey dfosparts and
sockets as available space on the test board 200 will allow.

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 ca‘n 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 pérts 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 all of 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 nenory parts are all of |ike design and each nenory p&0tAughst0Ddur dat a
1/0 leads 0, 1, 2 and 3 and one chip select or output enable lead CS OR
CE. The nenory parts al so have | eads 30 August 2004 10 (not shown) for
receiving address signals, a row address strobe signal, a colum address
strobe signal and a wite signal, accorHlng to known standard designs. The
board 200 al so conprises termnals 208 formed on substrate 206 and
substrate | eads-210 connecting selected | eads of the sockets to sel ected

term nal s(ndtheshowt) daba LE&L1eRAs Adddess ZsBth13, 014 €AGRN LBIMNIL P& Lodd
colum 1 are connected_to the _respective data I/ O | eads of every other

part in cor 1 By FBINM s eSfe FEERE 2FIMAd t8nfolr MEdpBCtTanalat a
/0 termaater®iddy ton kaolhketamdnel dalsligak.the data 1/ 0 | eads of nenory
parts in colums 2 through 12 are connected to data I/Oterm nals 224
t hrough 228 by substrate | eads 230 through 234. ' The nunber of colums on
a test board iBhéi rbdedl by2ohe alaanbesmotidbed chedreghalst ests hegshh@teider s

i | abl e_f ' t est hoard. In the. t_ of Fi
2" ther o aPe TOA 5P, LT Bl culit Vil Pl aE S A aas ¢

term nal sthe oteckdrs gaclradiectwdl verninaims dfharefiomry dpaat 5/0 Thesds 0, 1,
100, ThUS iR For ey crghy nemer?, gare! B PO RFCLY 828, (bnk82tea TRE" ke
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



test board, each test board can accommopdate twel ve col umso@lugustemosy parts
having four data I1/O | eads apiece. In row 1, the chip select or output
enable leads CS OR OE of all the nenory parts connect together and to chip
‘select or output enable term nal 236 by substrate |eads 238. In a like
manner, all of the chip select or outpdtl enable | eads CS OR CE of the
menory parts in each, row connect to the other chip select or output 30
August 2004 11 enable leads of _the parts in that row and to a respective

chip sel eabbbe 0ubast o€nablee deottdl Nal 24Q, 242 MYl 244ab¥edptesPRCt by
substrate_| ead, 246, 248 a 0. p. sel ect or out put enabl e Tead
for a mem%?g Par?t’ ?'ét};i“htacefr}%’g‘ ﬁ%maa?g :f‘ﬁg | 0 21} & 44n by ﬁl ﬁﬁSP%'é‘d‘é‘ﬁce
state so stheyraoe Nbtad fdeyende shgredes. carried by the substrate data '1/0
| eads 220, 230, 232 and 234, according to known design. An active state

chip select or output enable signal causes the data |/ O |eads of the
memory part toWdenvehe hehis sodieattedrsuhspuat endlslea 1dddO flogadSmetbiie S2€H

row of menur ca st nmachi ne . .100 ctlvatln one
chip seleg? %ngﬁ§%%t g%gb ég%efn1ﬁaa' 5t 2*&adh Pedt %‘éfé §F ngs t?%%

readi ng aﬁheMmﬁpl@@tdamélgﬁgnalslgualeacarnnmbryypahe snbsh@aterdmtaThﬁo
ar r angemenk.gk Ewur?ﬁo 2 A afa HER! SRR A nk"RUNch IR SIRINAL T 0B of LypLcal

nmenory par ts curr ent
state chip select or output enable signal causes the data I/0

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.



avai l abl e. The nmenory parts are not considered w de parts3beggusteooshey
have only four bits or four |leads of data I/O An exanple of an undesired
and. expensive solution to the testing of wide word nmenory parts is
depicted in Figures 4 and S. In this exanple, the nenory parts have si xteen
data 1/O |l eads apiece. Wth the sane tdtéal of forty-eight receivers

avai l able for connection to the data I/Otermnals of each test board, as
were available in the exanple of Figures 2 and 3, only three colunmms of

menory parts cam beg@@@@mmdaaee 8@sAugbsta2@0d i3mppiféguEgssirand foo
test board_400, conpri ses bstr?te 402 carrying term nals 404, sockets

406, menor§TPRYE ARFTERGLSsuBStr at EOTERTS o THENSEYt eBATHRt 2219 O ahds
0- 15 of t kebstexos ylpadss 4iln.eactheolsirmeenndact tIyo ebgedd i velgr oFpstind

termnal s 429 422 a:_nd 424 ac| oss %ue%gective ? 3:strate | eads 426, 428 and
430. Theré-are® sitxteen tér M ciF°8F<G 6FSPEET W halfLOups, Ub2
and 426 afidrinbenks a¢2§J,S|M?e@mdsul§§t laatesiseae@eqmv@a(slmb@ftraubsléadﬁ immds

R R

select or out put enabl e cohn
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row. In Fijgurgsy6 o%n%uéstks% heakd G9Q Caggraﬁas 43ybstral g 602 garfying

term nals 604,. sockets 606, menor parfs
deplcted TOwWs have individual chip select or output enable leads

432, 434, 436 and 438 that connect 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 hava such

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



substrate | eads 610. The nenmory parts 608 and sockets 6060august@opanged in
an array of X rows and twelve columms. Menory parts 608 have a nornal
operating node in which all -of the data I-/O leads 0-15 are active to
access all of the contained arrays of nenory cells when the chip select or
output enable lead CS OR CE is active. IBhe nenory parts 608 al so have a
design for test "DFT" node in which a set of the data I/O | eads |ess than
all of the data I/Oleads are active to access all of the contained

arrays of nenpmytheldis when tBRoGRi preel geicial tous pubxeDakh©i dreador CSeER CE

Is active., Typically this set of 1/Oleads active 'in the DFT node i s, |eads
0- 3. Futuﬁ@yﬁghﬁ?9’pé%FsrgﬁﬁﬁPH BSY® ndvECsute Dﬁ*5ﬁﬁﬁéslﬁf@ﬁ X eSPAVERE
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facilitat Lanati of. the 1inyentiqgn he nmenory ts.al so have
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occurringy@R; L€ [ y d_ndust,ry d Sfﬂﬁ' ical nenory part
naving o TreenToger st on Bl e TV Y 180 B P i ey T R
| eads. Ag&we, lepdstest board is linmited in the nunber, a total of :

forty-eight, of batch tester test head receivers available for connection-

to termnals 604. By connecting only the sets of data
Again, the test board is limited in the number, a total of

forty—éight, 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.



|/O leads active in the DFT node to the term nals, the tesoAbgastd@oogan
carry twelve colums of nenory parts and as many rows of nenory parts as
space on the test-board allows. This maxim zes the nunber of nenory parts
that can be tested at elevated tenperatures at one tine. The tests that
can be conducted in this arrangenment ark4linmted to those tests available
i n DFT node, but those DFT node tests remain necessary at sonme point in
the manufacturing process and the arrangenent of the invention
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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



four respective substrate |eads 628 that al so connect to 30 gugud 2004
termnals 630. The set of active data I/Oleads 0-3 in the DFT node of
each nenory 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 OR1GE of all the nenory parts in row
1 are connected together by substrate | ead 640 that al so connects to a
chip select or output enable substrate term nal 642. The chip select or
out put enghire sl eads c6ENER i nf réida'intiiﬂg FREREN Qﬁét§cé[§b I v t%eara%pended
connect ed t.oget her by substrate |ead 644 that al so connects to a chip

sel ect or & t enable substrate term nal 646. connects to a chip select
or output enable substrate term nal 650. The chip select or output enable
| eads CS OR CE of all the nmenory parts in row X are connected together by
substrate |l ead 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, nenory parts having data |/ O | eads
nunbering nore than sixteen, such as thirty-two or sixty four, can use
this invention to advantage in using present test equipnent. The |ocation
of the data I1/O | eads on the packages of the nenory 30 August 2004 15



parts can change while remaining within the scope of the appagded004| ai ns
30 August 2004 16 we claim 1. A test board assenbly conprising: a. a
substrate; b. plural sockets nmounted on the substrate, the sockets being
arranged on the substrate in an array of rows and col unmms, each socket
having plural |eads for carrying signalsiéec. plural termnals formed on the
substrate, the termnals carrying plural address signals, a row address
strobe signal, at |east one columm address strobe signal, at |east one
wite sigrige, claginural chip enable signals and plural data I/0O signals, the
data 1/0O signals being arranged in groups, there being one group of data -
I/ O signals for each colum of sockets and there being the sane nunber of
data I/O termnial s @andestghahsdi assatil ygempriding! ural menory parts
nounted in the sockets, one menory part in each socket, the' nepory parts
being of |ike design and each nmenory part having | eads carrying plural
address signal 8- a & eubdstaatging a row address strobe signal, at |east one
| ead carrying a columm address strobe signal, at |east one lead carrying.
a wite signal, one |lead carrying chip enable signals and plural |eads
carrylng dat a N?C)s@dﬁaﬁé sadietre mounteal tothathag sabstrate, 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



normal operating node in which all of the | eads carrying aamagmét@oCasi gnal s
are active and a design for test node in which a set of data I/O | eads
|l ess than all of the |leads carrying data 1/0O 30 August 2004 17 signals are
active, each |ead of each nmenory part electrically connecting with a
corresponding | ead of its respective sdcket; and e. substrate |eads carried
on the substrate connecting the sockets to the termnals, the substrate
| eads connecting the plural address signals, the row address strobe
signal, tbkegahlsl east taveql WarHAdE5SoEt AR skfba), papd thecatikeasi
one wite signal frongthe termnals.to the r sgective | eads of every
socket, CRBPEGHBLTY At SaFETEERERETY UiRd 8 PrIRA-TH 5o6rgbF e2nd
signals fromthe termnals to the corresponding | ead of each socket in a
row and the su%strate | eads connecting.the certain unher of data I/OP
signals in each grolp to dnty etarr%lgs sceatr'g%fagdgfla%?/@?%arg?s%eofcoélﬁ‘(‘?ﬁtté%ké ®in
a respect ispekessunte ofthsoctketrsinatllse tla¢ a subBtlretds lefadsachomeskeing the
corresponding. 40 Ihg Jast t,he a O_l&ads, of h Ly par.t
remai ni ng%uncgnnect ed to e er mgﬁéal gl.jz"_?ﬁd%ug%%t ngggelg ?.naii’p?to %s&%of
testing me@ey paet sobwmpradsinegs gtrpbevedingd mendr jhpart slasisth cae write
operating J7gd@1! Rr¥R Efe terminals to the respective leads of every 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 I/0 leads of each socket corresponding to the rest of the
data I/O leads of each memory part remaining unconnected to the

terminals.



all data 1/O leads are active to access a contai ned array30fAugest@0age
cells, a design for test node in which a set of the data 1/0O |eads |ess
than all of the data I/Oleads are active to access the contained array of
storage cells and a chip select or output enable lead that is active to
enabl e operation of the nenory part inl$oth the operating node and design
for test node; b. loading the nenory parts in arrays of rows and col ums
on substrates in a batch test machine containing plural substrates; C
connecting 8nly fhereegssfofidrestiing hemdsy afamwac kompeieiygpart in each
colum to the sets of data I/O leads of the other nmenory parts in that
colum and to a group of data I/O termnals on the substrate while |eaving
the. remaining data |P¥Pvidids meAmasac pamsomitharn wremandabedotde the which

remai ni ng data 1d=@a | £A§ls h t ! [ i_ncl udi n ovi din

separate groug of data I/Otermnals for each co ;
chip sel ect SbPT3%E pie ! thabt edeekdls 7r t@ndr yiodeerr whpaht ai meeaol thw idata

the chip selgotlesdoutdns wnrablke1 beadse adhe of het YaPRd S Jn that
row and to Egchigﬂgel ec{i o outpUt enapl & Forminal “an The %ﬁ%%‘feraoe,access

i ncl udi ng proVi GPAGE A ePardf Pt @elds aardh@t @rizblseleetniomalouftgrt
each row aadaBle Algatst ti2004 dl i veP@bakhBB1 b NepSRID  oh R tshd hehlle LG

test machi ng ,
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



one row at a tinme in only the design for test node. 3. Tha0 pugeeE04f claim
2 including subjecting the nmenory parts to increased tenperature during
the operating step. 4... The process of claim3 in which the operating

i ncludes operating one row of nenory parts on plural substrates at the
same tinme. 30 August 2004 20 TEST BOARD AND PROCESS OF TESTI NG W DE WORD
MEMORY PARTS Abstract of the Disclosure Wde word nenory parts (608) are
tested in a design for te "DET" node at el evated tenperatures. The parts
are nounted on Fest Boar %&%’6[0253 AR Y yPRAES séb dfedatat 9l o-eehdgaghine
active in o FT atpde timki th o1y egse (eadghh€ototast nwydeer of data 1/ 0

| eads 0-15, connect to substrate termnals (604) that connect to tester
receivers. This provides for using existing test equipnment wth only a
change in the té&te hvmodss( 8F0r lahinl 2 ¢hthu@im@ gubjﬁqﬁﬂmg ehbi Gleaney bgrts
testing a | gelouuther «Ohp DEORLY. RALLSA NAR obl-allof g data /O Teads

were connected to the recefvers I gur

4. . The process of claim 3 in which the 6perating includes

operating one row of memory parts on plural substrates at the same

time.





