. e3eUrUzz{|” }~6Tr_nC3 0 J U N 2003 PATTERN GENERATOR FOR A PACKET BASED
MEMORY TESTER FIELD OF THE | NVENTION 5 The invention rel ates generally to
automatic test equipnent for testing seniconductor devices, and3npr¢N 2003
particularly a pattern generator for use in a mmary tester to test burst
or packed-based nenory devices. BACKGROUND OF THE | NVENTI ON 10 Rand

MENDTy MATKeY. G §he nurmer ous. Kinds of RAM NGO GS, one of e

dom nant nenory types is Dynam c RAM (DRAM The hi gh per formance angiekow
cost characteristics BATDRBNGRENERAE ORA PACH ASED Ccations in PC
and wor kstation nmain nmenories. {0 | nprove

and from DRAM nenories, menory nem f =Sr&ve devi sed ways of accessing
groups of cells in the nenory corn in bursts or packets. These nenori es,

such as Ranbus Direct DRAM ( DRgRAW TFH rred to as burst or
packet based ne r| es Thecire I ncludes a plurality
of i nput out put LIE Vé°&%t°@6¥1%t°§¥mm&°b@§ms 20 for :

t he devi ce. scﬁﬁﬁhdhéﬁrpwictfsewdm particaleriyla patah goridratbr RFGISE §n & nibRd:

predeterm W%Qerb rtggtbtnesng},hg ba and fromt devr ce. The packets gene aI I y
conpri se respective Séerla S-contain address bits

specifying locations in the rrem)ry for stor| ng data bits. Each packet
i ncl udes a single packet a 7 : RVENTION Ce- under -test (DUT)
colum and 25 row | ocatio ng- a~group of cells from

t he meddry cor e. Repdom,Agegss | ‘B'FOWM Wﬂ the lyrgestsegmens ofither read from
Co b oot ”na“ﬁ‘."n‘m‘éﬁ‘“ﬁ“o“’d B e et il b RO Sherbles Sho 87 RRS I N0
convent i ona T‘g’ﬂméﬁ W‘d&@#’&&%“c W&Waﬁimg‘ mﬂd
gener at e dalpw dost chafasterisgps ERRIAM maketihaitahl€ farrmass dpplicationsth PQandddr ess

i nformat i Onwoﬂet'iﬁ&{'tﬂaﬂi‘ﬂeu@?iké‘ generators typically have single-bit outputs
and re ur re as |nput§ glgt‘fc;drgss t hat desi gnates where the data is to

be appPed in tHi@ Apta rpfss tosand fipsm DRAM memmares memaeryeci f i es
the row andnunifaumksrmaldemsed)nraysidrm&sﬁg@o QO celfiia the i t&eds the

?Sd[ﬁZSsLQchr Bl M8 ReoRER Sl & Thelﬁ?ﬁ?yﬁaﬁ@@ e e

subsequent | mﬁwﬁWsmmmeMnmmmmm gmbuﬂy to
ﬂet erm ne "fﬂemhé“ a playalitpof inp ??OW s"_tﬁt déﬁﬂ&‘i%bﬁ'}ﬁbumwt gvi ces
avi ng atterns are w evi

strai gﬁtof or{t%mf %ﬁﬁeﬂ%&@d’%ﬁ%‘hﬁ’m @Eﬁt(ﬂﬁ’éej%“éf t he
physi cal mmwem%/bumemm&ﬁomeha@wdmt rate of the address and
dat bits t

ata bits typi cajhe/pdeRéts GefQamly é&hﬁﬂi& @%%Ee\;d %%n“x?@!@&‘éﬁn?&g& ng:?n BHT oot

Hovvever) at f.he resent I

DRAM i s an “f@'ﬂf B gg%t‘f’ﬂsﬁ‘ mn%%tsw"es dgta hitsq Lackpackeyener al | y
rrea)ns( t h:at8 intledes s nnglalpackandtjmmd\awdeﬂtzﬁeha dDHIc-uﬁdaae.m(Ble Jcéﬂ-.uﬁt h&% at ha
time ¥’ |nternal, c s of the
nemrﬁcorifmhc i ftrﬁgr%rr crese%%%ftﬁwilsztﬂﬁst#m i R ERBEY ot
be done in ¥ m@dﬁemrmm@tcntwmsorqmurcmmdm dat a
bits for eagﬁmpgmemabm gqgaqym-y@ d®r responding to a
specific cell the cor n order for theteste E ‘geccessfullytrackthe
actual versus e;iﬂ %t? PRGIOEytestess Sor GqRye WII DO Aeviees ut i on
to testing mgmmwmmmmamwhm forppplicatidn mghamlmdccesdingﬁﬂer at or

G garorls (e et {hrdr RNl bl Mo ot SRR ARl et 0" ' T°

i npl ement , GUIPRL aRd regpire as inpyia el Wg%@m&&%@bed&d& tochet a
gener ation @artwmemomm &rt%espwe dﬂ&%{o:i@ﬁdr&tﬁy%ge&fﬁpmdm

dd 20 t est t t |
S 0SS P Rl o Tkt 5 B food fgrddsn RTorRACER 45 théner ot or
proposed abdawegénerdtor. Thedatddita ard memwmnmwehmedmum:a xgmaltrors in

e data rates to

paral |l el, each having respective address generators. A proposal simlar to
this solution is disclosed in U S. Patent No. 5,796,748 to Housako et al.
according to the relationship M=NxL. Althou éggﬂﬁﬂ”tlp|e pat u
generator solution is allegedly easier topy ment ndi VI
sl ower speeds, it requires N tinmes the anmount of hardware. Th|s is WW th
undesi rabl e when attenpting to mnimze the nunber of 3 0 gates on
integrated circuits) and the size of the circuits. Mreover, |like the

To test a nenory having an operating 2 5. frequency Mwith a pattern
srngle hrgh speed address generator approach) unless one of the data b|t S

generator of a frequency L, N pattern generators are used in plmmwwmuu



.2 AMENDED SHEET 3 d J UIl~ 2Q0. wth bit "0", there is only one | egal
address for bits "1" through "N . It could be a fairly rnonunental task to
debug such programred patterns. Further exanples of the conventi%nﬁl
'schenmes are found in U S. Patent No. 5,83S,969, European Patent JUN 2003
Application No. EP-A-a847,bd0) end the article "Meet S Synchronous Menory
Test Chal | enges”, Test and Measurernent World, January. 1997. Wat is
needed and heretofore unavailable is a nmenory-tester that offers a m ni mal
har dware solution to the address probl em descri bed above in testing

packet basgge mmascqmuy edad P4 GRVISUT doBRoRPARAGY ':A#&téd)&até Y&igededTENOI Y

tester to,have 10.s bility with littl'e nodification to conventi onal

menor y ta%ﬁ"é?’“ﬁ%ﬁgﬁgﬁ'cﬂy ureg gy © the need costs for testing
packet - based nForonvetionabmembty devives ading J-bit Wiiths]'dalaGid@edisiang conveni ence
for a use h er th resent innvention
sati sfi es&flﬁgj @tﬁggg\%e @W%%R@%W éﬁ‘k‘@frm based nenory
t est el5 of addhass pf theqphysicalvmermonyrarray o Matesves, the sepal bnm«:fmhgmmatm t hat
offers a g i@,{E;E#g{I |, a
addr esses o?b ﬂat ageg@gg?é%ﬁ gﬂg\nﬁ%ﬁ]ﬁ% packe thggﬁ{(%sg{
sol uti on Fewnt H@e, mestD wideRambus DWEﬁ!lDRMﬁ@nslsc—htwdstl ng
har dwar e ﬁénowﬁ! alwmxﬁgduwwmem& End?RIY REAMALSIGRY RilbRALHeMory NE tester
for a user. ﬁhlee t he for&gﬁc’)l gg a,dva(g;‘ the rnvention i'n one form
conpri sesir&@y p?g g8 AETested 14A Bits gk g ume ﬁgﬁm tester to provide packet
addr ag9s and da&mm:goahmratelyacsummdmisenk mmsmenwiyleoret ﬁ&twmi{ mﬁt tern
enerator r xt er nal . packet
‘Rprrory a resé“s.gﬁﬁ%ﬂgﬁéi B8 B0F mll pP SRR | B PR RS
r'epr esentrmanpep| Ghas, the indtvidualid @sb&bf@ CMMGWB#MGNSW addresses :
MeNDr Y- UnGffespdtdling B 4% &ﬁhbww&eéa&qnm&&memr%%&e&%@ﬂ’y&&npar al I el
rel atlonsg?gfr_‘ ad coupl ed t t he .out of bg,e dress source to receive at
| east a tHR YSFSUS (FAPTSK ‘B‘ 'ﬁ?a]'r’ﬁ)”r£o & BY si gnal . _Each of the data
genel:I.Stors hav@MpqpsnblopxﬂuMnmeeﬁmgwm-é’aMmmﬁemihveﬁds ess fromthe
packet a 5"35‘ sl vi dual
menory cﬁgﬁ%ﬁ%ﬁaﬁ% én tg? tﬁéﬁ}?@é‘b@g&gt |sﬂh%sed at the
out put s dfeviosscxpectedje sasesd é"’sl MW@W@“{% h @n eddrgesgengtater out puts in
a_pac kﬁ] mefbatam‘i:ﬁn t@wleﬁaﬁﬂ Frcher, hhgw?fmme yéué?dtted E&dret ssh@lfﬁgm her
orm e, l.hvention cc | uc ester jncluding a
user wor W&ﬁ‘"&ﬁ&% gﬁ%f"%%ﬂ@;}? HeE és’feﬁqvﬁéplﬁé‘éfhmﬁq Son. The
35 ﬂéstmftlm)ﬂyﬂ' mlumswgddthamtdygemdma@mwwdtgsst est conmands, and a
pattern _ Kﬁe!teﬁiiffve chﬂiﬁbn to%uosni 15/ hbEn2dpasd %ﬁ&a‘ préffiseq at i ng
packet address and dat ar a Ilcatlon tioﬂﬂ"‘g M under -t est.
The patt "ﬁé‘n'&!’é?‘aa ﬁﬁ'@ %lﬂw SERSTRIQLE 1 el F3AHAIMBE of data
gener at orrespeotiys adiiréss gensratorse| Apmplohad sitijardo this solntien 1sTd1mlohwdan §k8erators
ave 'Oglﬂéédmoesemem 1D PobbAk3 e£L1. T8 AThod TSR InSYplfihgand operative
na d ry-un

deri ve respective inter [ esses test fromthe

packats ad¥rqusacy Imgrtbatpp%frrﬁ BgRATRIPRPLE ffFﬁHQ“ﬁE:P Nri@#‘ﬁﬂ’e&cmmﬂ to
distri butmphfmenﬁcar@@glmrtnéMamgmpmgNan packet waveform Conditioning
circuitry is d at out put _of the sequge nthetester body to
format the ma\/é'?%?‘}ﬁ?‘qk”f"éétfp?ﬁgg nagmﬁx’%tgr (Smf‘ﬂbsta@ "é* &nd i ncl udes

i nt er f ac dmplement dn¢ tathepudividuallcslowerspeeds; heeqmmﬂ"yumnsjdte-mm o6 10 drive
signal's tiydWebeC THRAS Right PileSinltl oMb RudtiiRipto Wil Rhizk 8 numbe} ot anot her

form, the invention conprises . a data generat, ttern
geng]ﬁgt org%éﬁﬁ‘t'éwgf"éefgp@"&a?@%he ‘B%Fs%ﬁgﬁéﬁﬁ#iﬁ dMosepvar, h%@eébﬁ gener at or

i 33 | udes mgﬁ-epéeaf dYAsS gerepide dp@foaﬁﬁ,?eﬂm e aruacdaatbn‘mwdd lsteesfnhba col um
address in Y agke [ 88S,44,a0d | ogi c having an

i nput for® B@k@l% ﬁ?f%&%@ggéf ?‘ﬁ% g%ﬁ%g gs f‘ﬁ%'%ﬁjgl c is operative to
derive a pl ur ahpagditipnalpreblemiwithobotk spproadhes abovednyelvesthe aclativs s . In yet
anot her  f APty 16 the \iSdHih ProgrARing S8 RwArd iRk 8l Mo dhata 62 B8ARLseE A CUI L TOT

35  sync as they are applied to the DUT. As an example, for a given address associated
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use in a pattern generator adapted to test packet-based nmenory devices. The
burst address control circuit includes a seed address sel ector for
identifying a seed address, z 0 a counter, end a burst address Iooi-QJp‘UM 2003
‘tabl e for remappi ng predeterm ned internal addresses in the packet colum
address for signal interleaving. The burst address | ookup table is
responsive to the seed address and the counter value to identify the burst
sequence of the internal addresses. 2 5 BRI EF DESCRI PTI ON OF THE DRAW NGS

Th t o J. f tﬁ
ot al PZS”a‘é@@PWp e JE0G ok BEERS RIS A idso 1 e R dtecud bERL D) S0k
di agr am of memm%umdwyssmhwnmwwmspatter n generator of the

pr esent i nvent i iy ngcﬂh&rg&oﬁtfl'l'e%oﬁvéﬂti%ﬁﬁsghéiﬂésaa?%?guntdf}ﬁ%eg?ﬁf@t ner at or

accordi ng to one resent 1 nven Iock

di agr am of 3,839 % ERean RatenbAppli MNQ EPFA {842,060, andahe article $Miskioc k
di agr am of SyhcHvhauMRATHN TestUHANBnEdd" FTUAR ﬁeas%ﬂ&n&h@oﬁd,ﬁn | ock

di agram of@ data generator according to a second 3 enbodi menf "’ of the
present ﬁtlon - 4 AMENDED SHEET 9 0 JUN 2003 DETAI LED DESCRI PTI ON
OF THE | NVENTI OMhBLis needed and hieetofoesnmmapaitable isasmenhbry tetteetiaboffedsya t 0

address one: r y nd then

aut omat i cgﬁ (Lj%pde‘gs additi ongﬁ {gg.?@s éo%llc?]n d&%ﬁéﬁ&@ﬁ%‘lﬁ@%ﬁﬁ 6%17‘ Wi t hout
provi di ng Qaﬁ@! REWOY éﬁ°31 Maeaver, o npehexdsts farsuch & sempory testerria haveldr ess

I i nes 10Th|s%cl@l:$ﬁbﬁ1t§ wmlmeaﬁwmaﬁaﬁs&e&&eﬂéommem&y B ok gn RRBRS W th

. single ress signal ramgt i cal | Mprovi ng the [ he device. A
m)re conplél‘&‘ fidhenee %FF&‘?HB&W@@F‘@@W%%H“?W@@?M figg in U S.
'P“Zt ent  No.mixifui’opeBRing tonvertienceTpn s hssenDhispadkistsiasek ipatlny tdoiiraf (g DRAM

Referring nEﬁ fﬂtﬁﬂ(%es%e@% Ort|c test system 10 for testing such a-

10 device un ding to one formof the invention,
i ncludes a conputer based user workstation 12 coupled to a tester body 14.
-The taester body houses a p§ Y ligias tenms, including control

logic 16, failuge Si CII‘CUI tern enera.tor 30 to
gener ate addres éﬁﬁgﬁf;ﬁe‘gﬁﬁ m%ﬁﬁ IPB?’(F ‘é‘%"f?& %’BP‘QB'Bsed at
t he out putpatemt geaegatarthat ofigesemininal hardwiareshased sdlbtion s ﬂlgnmyﬂngme matting

oper at i ONSpfafhal ?Qﬂd her

I ncl udes ;i ?‘%thg&?%?f g'g?ééone proxﬁ%?ﬁg%t% é

i nterface 5@8“&?&@%"“{1@ 'H!‘l%?blgm‘ffﬁh gigimal medifi %ﬂ?ﬁa@éx&WMWQS for

ggl v:c ngharu&sz%ﬁﬂ&tmammﬂalmeb Peratifly EdrvehicRceThe tb@tﬁt- o vgeit put (1/0 DIBBS
of the [t [ring.to ur e the pattern generator

of the presentzllgnvgﬁf %ﬁf%g&gﬁag}' ‘b’?g’l ‘f‘?”o\’\/%‘gaﬂﬁf SRSl ution to

gener at e tRiemEcaeiatar fmesséacmmmtear defpackes adduoisy andidatadignalsbi ts in

a packet. t§ ral packet-baseAaHBhb eb-mermk e&e&eﬁé&nﬁéﬁds@wméz for

Joupl od 138 VT dé%ﬁ?ﬁ%ﬁ?ﬂé?’ Bt e T et L

t he padketmerioryaddresssignal gepresants & plutality of avdressiable imgmry elen(ehisgn e 2) 25
to derive

Ref er i ng 'fn'%“éﬁ‘?““‘““v i %ﬂ“ﬂty ﬁﬁi‘ﬁ?ﬁa‘s b eed ASpdiBd BEphaMR ERlEnd D,
pattern gemdcavpled tmﬁe)oumsna mm%aa P@@@"}S’&@P&Et

addr esses pakRAguARkcssegs aﬂ.SEadm&tRe‘ldata FRrnaR 0kos IopilsRsaps wr e def i ned

W Ohin t ndtepug e rs}%fféi%%r% f{qﬁ%”ﬂ%%?%%#ﬁ it Ftreel AR | ses
| ogi c30el Itolandndividnakrhemenytelernenivdthic theanSRdrytunder tpstt Afsequéneeriisng packet X
and Y addrfes,«QHiRbd §ut¥ﬁ¥??‘£hc¥%l?5§%é¥§trs k%%%d@@f&%ﬁl&&%ﬁﬁ% data

generati on I’CUI ts

i nst ances,in@mpac t”‘&"ﬁf% PHaRp 8@%@%?35@%%@!&?‘1 n different 35

sequences. Tin lamafdethe forme therifivashtion comptisdsisaBmidondBgtoK fiehiopgliei@guenci ng)

the patte rmcludx%g a user workstation and a tester body respounsive to the user workstation. The

35 tester body includes control logic for generating test commands, and a pattern
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J~'" 4ENDED SH-~EI 3 0 JUN 2003 generator 30 optionally enploys a burst
address control circuit 40 (identified in phantom Figure 2) to allow

vari ous nmappings of the data bits to occur based on a Y seed ad$953UNA2003
‘seed address is the address of the first data bit in a packet. The burst
address control circuit includes a 128x6 RAM 42 that receives the Y address
seed 5 address output fromthroe 16:1 nultiplexers 44. coupled to the
address source 32. An internal counter 46 is provided to track the burst
address and is responsive to a oontnmlJer 48 via respective reset comand

i nes 50 gmi:r&arfoﬂgenmramg packernddresse andhdata signals fyr- applicatioacse theput from a

mode i ¢ o fieiiby SnSiiele, P pifork Bfnefdty MO AREAPI RS udSSad s urafivanly -
becones i date rgcwarats GRipleddn mgraﬁabgéhmadﬂm; sompedTh ddta géneratorsshaveeset
si gnal by !P%& Netdive 4 Pou%n of Bfe fakkdtdbdiaks .h?unput o? five fo ected co an OR

gate 61. OR gate I'ncludes as a second e output fmm_a xcond

AND ga e Bspective infemshaddimysesofithe memory-Budardpstdrony therpacketaddrass.<Fhgnal .
Col | eCt i V@istbm b&rﬁwf@a&@m&&ﬁl& Sucerrlf@disﬁmtém&dﬁé %%idmt&%u@}% gate 151

conpri se s hol d .ci r cui on the 0o he bur st
ad(rjrp ess cUWR Fapcket waye ”EO& %‘?‘H?%&“%n%y b ‘ﬂsQﬂﬁP‘b [gBﬂ"n?‘Af?/f at provides
t he re- napmuencer irf theresterdody to fammatthe sdiveformi oX telsfhtadrdoaples & thegestérur t her

f i dth
ol £1 - i ¢ 2oy G HHEIB0E) nkeofac bkl dibpliao B ofe hidoly- bR e B85 ("€
di st r3dut éﬂ"%@%&“’dﬁﬁmﬂ °Wﬂ9ﬂ5ﬁtﬁ¥! array conprises
sever al wltlpt@y&&nauheummb&hemm:mﬁa@:h hE¥NeralbOfP usdinl d1des a

‘Phural ity of rrutl | ex that in du i t connections

Io\gupl ed %/B AU, 8 acﬁa,p%eg i\l‘rﬂ %‘g‘ﬁ 1558"3%'@0 gﬁﬁ Hﬂﬁ?ﬁ@a@% Thattern
menory XYinehdess sow m@dmksmpﬁh&ﬂk&i)ﬁhg 4 parketrowr addressg goldmhaddregmal S
MVEMPAT~AT out put
signal s Sﬁykj fbﬁﬁﬁf%ﬁ%ﬂ%&é ggﬁl{&%d%%r%é‘gmw% Qﬁfﬁh ve si gnal S Por
Logi c1§ athe pagknt commnmaddressTh °1ﬁﬁFt'$ﬁm%‘s= tgdesiye 8 ei%’eb'qfemynm stributes
and contrgacﬁeggbgﬁ-bmhbe@aﬂ@tm&gned to respective m]ternial X and Y addlress
busses d2 and I u ers so sel xt
which bits add R e e 3"%??%5“#88%%)“"5’ SRabRre 5 o
RAM | 50 (ysedop mRBprn mvm@rm&tmmmt(@s&memyy deyicest Thenburst pl exes RAM
I 42 (gr ouRddyiss coaummnﬂcxwalszad Sdle€y3 et fot 1aém£fyﬁagraq.e%hﬂd¥és%, (group

RAM 1 1
are B oot st podi biash pdbiess s Bie' B orbeeine pefciencitbod U888 ot e wi th
each mul th@rm;n the padket eadEiDn BHdEss for Slgﬂalhmrlaﬂdﬂg I%ieémrstngdmsv to Figures

2 and 3, eS1on! i & Jln b j on of four
(or nore) d& %iebﬁ{es?t oﬁ{(gl}%c?%g 0 toﬁgde%g?g?@%ﬁguigﬁd\b/%g*é data bits
for packeP“’Blﬁ‘Q t"}’f'smqu Gaﬁh‘iﬁ‘stl ght. Each data generation circuit
includes a data generator 72 and logic 74 that incl udes a DY scranbl e RAM
'7§ 5‘3 derive the mterﬁ £ Y i L3 gegerated fromthe
packe% X) Y and Z addresS: geTTe ,_ 1 X addr ess
i nformation di FBeinventipnmill hebweaauwst@%hs rﬁqrem tothe fqilqwmgm

nul ti pl exa&d&a&eﬁpﬂ&ﬁaﬁ@c&u gfamw@s BYwhlN 76 and the packet Y
address fromt s Hus ‘gz é%a&ut%t of the,nnul [Ebﬁpltxer 78 is
fed along a DY dlg P CAtst SYSEI STIPLOMInE 6 PREET, by ovi de
al o col gmraokjofahepmcmpamm;data bit. -~ Wth particular reference to
Fi gurg, 4, eachggat { generator (LFGQ
82 that recei vggﬁ'l %o%%lgéﬁlp &Z‘ffltﬂgnéﬂ%ﬁﬁﬁ%%%&n&cw}% ?@ses bus 80 and the
X addr ess ewshedigzent of (haipresent inyontionyy| ti pl exers 84 and 86 sel ect between the

i ncom ng sour cmammaéwh @mbatemger&kmadh%mhhwghenespectl ve six15
bit static regi eis _2 .gi fci,r £§sgec |tveh¥ and K bus puts (not
shown) of the 1 Eﬁ?fgf yn A“Ef%?% ‘i?@ of nodes that
ate sel ect abl e FIGaS mhlﬁdkdnmmwfm@mmmamadmgttamcmw menory 96

(Fi g 85@&?5 er 48. Each data generator has its own

fi eI |n %ﬁllb at aggfﬁﬁﬁﬁcﬁﬂ{% lc])ws each generator to select its logic
function, output and invert independept,fromthe other data generators. 2 o
Di sposed at the output of the LFG 82 is a 4:1 nultiplexer 98 that selects
the data bit source according to a control signal DS~MEM DGO QUTPUT_SEL
provi ded by the dataset nmenory 96. Ot her sources at the input to the

mul tipl exer 98 besides the LFG include a coin g [parity signal, and-
respective logic 1 and logic O j bits. ThﬁENBEd1 ﬁﬁce/ parity signal

originates fromrespective coincidence arid parity 25 circuits 100 and 102
and is selected V|a a COI n/parlty rrultlpl exer 104 that couples to a static

-, A N~ —— Y " o o o o D T ~ s




invert circuitry 110 (in phantom) to provide topological invert bits, if
necessary. This feature is inportant since many DRAM nenory core ﬁlﬁ n‘gsz[ms
invert the data bit witten to predeterm ned nmenory elenents in tNevc

-The topol ogical invert r~;~ ~N~EO ~ 30J UNZ2003 circuitry takes into
account any inverting by the DUT to maintain consistency for a user when
thinking in ternms of logic 1's and logic 0's. The invert circuitry I 10
includes a 34:1 input nultiplexer 1 12 that receives the X address X ADR,
the DY address DGO _DY_ADR and Loglc 0 and Loglc 1 bits. 5 The output of the

mul ti pl exer provi deggpgalp ‘ Wat al so receives
as an i nput a _databl 0p0 0 addr ess generat or
CSAnE <0 dut. The

116. A PG BUSBusstor pagket i

out put ofméra&?mwdmr“ packat!’ addresy and hiegi antomiatitlPaddress piditiondes a 10- bit
addr ess 5|

The | npurcoNis b audhterblaetifos? Yanoit brt AR E e g 4Bl | ona

nmode Bit didressw on cxzermd addresy lingisc Thizallows simmitdoewas| messmg dfanpltipie22

;)ngtjgﬁfsmigé}n e Si gna%ﬁg?%wés{xg %%n&ﬁg ﬁI’rgrﬁgl égﬁan I nvert

sel ect or thedevie,thmoreiermapists deserption pf Q’&xm%ﬂ’po RAM 120

and incl ygs. ﬂéeﬂ:wwla\wsmﬂew@ﬁw&%aom%tw Dat/mat mmafrabl e

t he
SR:agggl:t P\?eEW'ﬁ%ff‘Qg “ﬁ’é ﬁ%’%ggg}!ﬂ’&]ﬁk ‘?’Iﬁtég'#\’lﬂe‘gof?ﬁ <fipd gtgﬁ%aa act to XOR

t he 1Qverdevice undsrttést (DUTXCR-abcO@inywAnk furrd ofthe inventici ischidaze out puts of

t th
o e pRLearaiReE BoRE R 47 Shgpiatic Enirbany X4, Jue SRAREET) V) one

aenerat or 8 nse uent ) one bit
‘t-f om eacthogsasa IQ'&#B%&%?“%‘L%‘BD‘F?‘E%&E piing gontral ‘Eﬂ’cfl Lﬁ%q P‘é“f\ﬂé bits
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and 160 ass conn 164 cou&lte the unscranbl ed X
and Y adoBC’éS'@I‘Q'P gw‘a41§ P&@PG ) F‘@’&%WPE"CISE"M fhgzdata ~fi | DE~

{S:I‘;lEFl :?ss&:xalé&\hvitﬁ(i& parkpe. Bact da@akeritignadingit dadludesegic 74@@@230 )i _cl)_ E a
pgst -topo cf reuit N rgisgener at or e
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D B b o
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out a e signals
ol ong %" of Rl blefY EeiEfotd “bﬂﬁ'ﬁ*ﬁﬁg‘gﬁﬂaﬁ%é fitko ploabes ’“‘é?* ire 2 as
separate Bt B?‘P“‘aﬁ‘?ﬂffmma“%’d%é%‘a Y address quiputs ﬁ%&%ﬁr}a t head

bus is c ommgmt DATAW thedatagenération cbgirits170 @id a failtveotor Rignjorst @VM) ations
that are known in the art. The test head sel ector array 1 b$ conprises
a group o S|xteen 58:1 multiplexers that individually receive as inputs
respective al t brmanyeinstasc¢eshthadatsibits id & packst may Wusdersd in differentgnal s,

scranfy edgnANis Vi edE 3 SeSdiinBlse variations in packetized sequencing, the pattern
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15 post topo signals, alternative invert signals, logic O and logic 1
signals. The inputs are sequenced through the selector array 1b8 gﬁk 3
pre-programred static registers (not shown) to produce a 16-'bit p%plggg
‘the test head bus 176. For the ADS bus 174, upper and | ower nultipl exer
arrays 170 and 172 simlar to the test head selector array 168 are enpl oyed
to distribute the various. output 2 0 signals. The upper ADS mul ti pl exer
array 170 distributes the upper 8 bits of the ADS bus according to

- d ti ' t to th
Tl pl o APREERI J0gplioRdifk i Birbagoria ool il o ddkBiieibn. hon

sel ect or . ﬂerl 2) tmraltdvevaﬂmemppm,t of theldarrbisitg vatr. ba&&(@@&a&f the
upper an &S tal rom o. M171
that provi hes c%énggmnd%gée&eﬂd%%é%ddpékyﬁﬁ%i@%éq gga&fﬁ ﬂmﬁ%’ﬁ ADS
sel ect or #Adregs qopprol gireyikinchudes » 128x6 RANG42 that meeives ther¥igddrassseedpl oy's
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gener at or ¢ntélledvinggenerate the plurality of data bits associat ed W|th each

packet address. C to F| qyEs 2 and
3) the pattern gen%#ﬁnﬁggjﬁh{erz@s‘w% p%ﬁ"g(’ffﬁm? ‘{”’
al gori t himegtitbjt agdress seusee pripris MEME MRATC @tee i nput
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t he opgfgqq -R& % PSR rpdata G -ﬁﬁ

.i.ht er22av eontealirounit bitpats; cordnbd cutpst sngnaleSVMgmmmsCt[m fasrh thd N ei t her

case 20 faﬁg& u trol

circuit i é@ﬁlgﬁaggg‘g@ge&fw%ﬁ I nter eééiapdc}‘dﬁc@ Tﬁé @qgélgﬁ@lﬁg%pf or the

RAM under 2fra¥;coliestyehin wdamvelwmwﬁtmwwmmsm istomabach

i nt er nal aﬁﬂrﬂ%&i&w&m &2ind §450VR) M2)\Thel ifpdttuerayaRbifp mér@%o%%ed

1 amoasa 7R eﬁ?ﬁ%@@%ﬂ?%m&w& Tt b .
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starting h,ﬁg ach dat a
bit of thgggg%@ ﬁ‘%\ﬁaﬁﬁ Q??génh%wgw&g ﬁ{@%?&%gres ount

"nt ernal | 409 4n outmE mukiplexerRANCITE (growp MS), Jhe jndivisiug! soummesars 3 6 10 3
~ 7 ~ fragélected By Predprogfamansbsiatidregisteraqiorshdwa) dssbiatedoniticeathpped packet
address o gél )gee,nerat ed by the burst address control circuit 40 is they

di stri but a source input across the input nultiplexer array t50. 1n
order to identify the internal addresses for the data generators 72, the

| ogic 74 receives the packet XY information fromthe output of the first

mul ti pl exer group M. The XY informat+of addresses the dstagen scranbl e RAM
76 that outputs the 2 0 internal addresses of the DUT associated with the
packet address. The internal address are derived by pre-progranm ng the DY
RAM consi stent with the expected DUT mappi ng net hodol ogy. A per bit bypass
mul tipl exer 78 sequences the derived internal addre generated by the DY
RAM with Y address infornmation on the Y addn%ﬂmﬁﬂss'ﬁ%gf 25 The DY internal
addresses ace then passed fromthe logic 74 to the data. generators 72 over
the DY address bus 80 (F| gure 4) The X address and DY address 5| gnal s are
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.3 0 DS_MEM DO LFG FCN_SEL. The node sel ect determ nes what |ogic function
wiTl “be performed on the 1-bit J and K inputs. The 1-bit result |‘? ?@ﬁ gm
the following table: 35 "' - 11 .nctl .~ ~~~ 3 0 JUN 2003 8

-25 30 FCN_SEL3 FCN_SEL2 FCN_S) ELJ FCN_5ELO FUNCTI ON 0000Zer 00001J* AND
K*o~t oW rr D KOol i Ko~aoJ* AND K0101J' ~0110J X(JR K0111J* OR

K*1000JANDK' 1001J XNOR K1010J1 011JORK1100K1101J'" OR KI 110~ OR Kl 111Cae The
LFG output is then used as an input source to the source select nultiplexer
98, and XORed with the pro-topo invert bit DS MEM DGO | NVERT. The resultant

out put conpri s {1 L Qr | cat DY_address.

The data bL!':t_ ou Eérgg_if 984"(% F%;’;:’ ‘Pﬁp-’o %ec%wﬁ%abb%oqg&g#%daﬂ @It;l tributed

t 0 respectonisg ne ey (oBBO TARRNEBHONCING it genenate gheiadiv i nvert
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sequenced!® 02 t fcludes iR, if

i nfor ngt i amidmmmmmvmdﬁr&wbzggmfﬁémﬁm lﬁe chsvranulZ eddt hr ough
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t he sel ect 11 t he address. re r. th

t he 10- bi 4’8&04@3& %P%‘?Eorf?{‘ﬁég{ %@ﬂﬁﬁ‘f‘mgﬁ 50" rﬂi@ e invert

bits for uidrestchius 64 Acpexibit bypass miltipleabt 7R tescises the outpht gtﬂtaD‘éHAMkup t abl e

to produc 9&&%@ gSes 62
and 80. P?gagg?n{ﬂtpr?gk%% ﬂ%?n&ﬁe{% %\sgo#@%at | on | S corrpl i shed

VI a a dat 3Bisfed dgr‘ﬂﬁ‘ﬁﬁ‘ﬁﬁ G‘é“mt ProddeAn produces

one oIotvvaommma:ebspa- aakbidamunespondl ngly configures the RAMas a 1 K

dee for two f ~CNDE~
‘8 EET( 303 UW%%L‘S‘%‘%WF‘(A <dtn g ﬁg’h&’g&{ 72 "u S?naafgﬁc

‘réspect i véungtion generator (’Lf@) Jpeeives *emmts mmsgmwmwst LFG data bi't
by XOR gah&ﬁeasaﬁscodn&a&xae&ewmqszba& ait 6f $2:0 wiudtiplexdri) 84 dad 86 belesr are fed

to the resgpect DCDATA sel ect .ope e ncing to the
out put muPEGER e ncaping saiss A tyboe TR ﬁ%ﬂ%ﬁwm AEsDY The
data b§t sbnrsmudmneﬂa&edd@beionrh@ebﬁmu bl boe irgotsqnotid®wn) of the LSt head
bas 176) téDa? Referring
now t o Fi urelwf‘s(;pnﬁ‘l 5res’%ﬁg%ﬁuﬁ§' gna?aﬁ%ﬁtes?‘gf@%b‘eytﬁﬂﬁgattern
gener at or Tuwtign geleqt from “W‘WW‘M ’r@"'g’r eqrtad ip wdcompEller 48nat s and
1 o nodif 'Ea&:ﬂhemﬁhmsmandwdﬁﬁddm thealaasétR AN thin atlows Bath geérgraadr toor mat .

The genef@gsg- “%%ov. 3889 &%ﬁd%ﬁn&g&&mﬂm&awg&@% (Figure

2) 177 to arlson apture ata_si gna om t he DUT
at the®same ad&'—%@é‘qﬁéﬁﬁ?'ﬁﬁ%“’ Tt LFQ 828 2 4 ‘B‘é’é‘?@f‘e‘éﬁﬁjﬂ‘g& eftHthgat a

si gnal s aﬂﬁa&h@&u&ﬁﬁh&&nﬁ@ohb&tﬂﬂﬁfgﬁﬁrmndmm OUTRUM _SELf t he DUT 29

by the d | oaded b
Che. DT nBISHER Uil bitkect emblPod, Q0 sty off RN BleiERpR@i B 00 DY
Those ski besidesithe LRG ing pdw foing maatxenmtm yesmw.l?@c fpadilegia pnal

/ addr esses bit@rHMxmdénct@ﬁ ihétes fromasipepivkdindidunce andipirty DUT' s
& gﬁ%ﬂg ;g%?@ s | r?nfl H@Z {5 lfctscd%)a cézglpgnwlaaﬁﬁerolf ttﬂ& c%ﬁbfé? ko genory
static register 106. The output of the source select multiplexer 98 is XORed by an
XOR gate 108 with a pre-topo invert bit DS_MEM_DGO_INVERT from the datasct
memory 96. This *pre-topo” output is then fed through a r=gister 109 and to a second
portion of the FVM memory 97 (Figure 2) for subsequent comparison to captured data
30 fromthe DUT 29.
Further referring to Figure 4, each data generator 72 includes topological
invert circuitry 110 (in phantom) to provide topological invert bits, if necessary. This
feature is important since many DRAM memory core elements invert the data bit
written to predetermined memory elements in the core. The topological invert




2 0o TThe data bits witten to the DUT are subsequently read therefrom by
the conpare circuitry 26 that captures packets of data bits identngQﬂvaﬂm3
respecti ve packet addresses fromthe DUT. The captured packet signha

-fed to the failure processing circuitry 18 where they are conpeted to
re-generated address and data signals ft~omthe pattern generator. If the
captured data signals match expected val ues) then the 25 correspondi ng
menory el ements of the DUT are deened acceptable Per the particul ar test
carried out _ Referring nowto Figure 5 a logic circuit 200 for use in a

dat a gen%i.@%am&‘g%aag&naggo Ay BIERRE PRI TR0 It onRAR a1 | O

m ni m ses e anoun f% requ to derive as 1 ntern addr ess
froth a paendhenthinkingisdempcof] %@‘Fésiimé logi¢ @it includes a first array of

si X| FO 1 mult Imbemrs@Txaﬂary DED inBluaesCHe: ampu?n-lm:tplenliu}thztm%ﬁed\?a}egtéweI y

sma | re 0 ress

di sconti stgl){m &’E\[% %&MM § 32{{61 retb‘sto derive

t he i Bt eThaloutpupdfithe spultiplescaproyides mIO-bmelgMNblassemdlbyhaals&(CR gate Z06
with the I 6-"'bit
nom nal #éﬁ%?&%:@u?@ﬁ&ﬂﬂqﬂ#ﬁk%é%&&%aé%%ﬁeﬁ{ e logic
74 di scl 34644 PG BUSY, hikactetosslect e sourcaofhe salestorouipyt. @\R/P’e"l?&! obrovi des a
DGdY agdr&sﬁm&wu 1e§h>tea rrgb wprdvmesbqo&ﬁ@mmleﬁd md u!tir-rel y

i ndi cat es en vert a ress pr edet ne criteria. e
wi dth of “!% mw 1{@ R ﬁ?’ﬂ&g&ﬁ%ﬂ?ﬁﬁﬁf‘m‘ tiplexgeis coupled o dept h
of the 5tirédgh mn:gidtnr mhafuxmﬁndps & mode bt fori mede b}edmmvlognyzm'ﬂmont inuities
there arg, @% BSig [ LRPE thQﬁ’(;ﬁ hnOne- hal f
0% an array I'S ?crror g‘ tsrt%‘%ﬁtlﬁ réegl‘t#ﬁ‘?e ul r|§ng one lhtlo descri be-
‘(the nosinvergs PNEEHHMH fsigngbd TRRE wmmﬂﬂw t‘mt hal f way
down t he jiVeftai¢lectorqa6.,s i Ng one bit to descrl be (the nost-significant-bit of

the X add : |t ,
e ng_ one el ot 4 doSpiec ot Okl
and 13) fespectivelANNR gaesd 32iaad 184hat AHDfmynammrmanBLEHﬁwnbm ring 3

bi ts to Féﬁmrm%ﬂﬁéﬁﬁ&ﬁﬁhé’iop& ghibe 136 SRe19 the Y

dd th L 'l
Four b ot the ANTRElouBFE & 83 % efn%‘@‘%nf%{sﬁt%eﬂ@%pem%'zﬁspir
packet . Ibit fedrh tedlFG BR! %Qmmmﬁmmmmwe}(@&wmidpowem\ml y one bit
i's requi rdgﬁt bite! debehdiBz OH ﬁm%&crﬁﬂﬂrﬁﬁég%rga geribes which of

t he four os(tlonS, the ener at or &gse illed in
e 53" Gopedienis. oradi TR S PARAERIOY SIBRRAS A PUGEOLIPROMBR by t he
present itersdits from each genaratof suppotts paghertiursicof ¢ight he mi ni mal har dware
required to d lau g&ﬂp&?ﬁ@ ses through
use of the da%l’%n ragﬁr)lraaé % iﬂgdﬂ%ﬁtf 1&58 IS allow |&§§emant ation of
rel ati velSHneatrs ”85%?&@%!“’%1'3@P@§?§§%ﬂ -b[ﬂ‘e pe W@Fﬁ zes any

r eqw r ed conebiiddbyta D6xd 2fdata o RAM i1 4D 1¢da atda&t:ﬁﬂs charrdliveis d44.aTHedstaat or

b R AN ph bAoA LR Bl B 4 Y B, oo Ct D
by t hose o§Rn¢ pEdicicight H@ss ible inp4t vari ous changes in fans and detail may be
made therein viddigiide @&a%%m:amrm AhBYRdifREs SRirmbling MbpeaRRX Bid Yhe
| nvent Or;.ddmsslémnblmg DE[f)s ?L«—F and 148 are disposed between the pattern generator
input and output multiplexer arrays 60 and 166. The scrambling circuits include
30 respective 256K X and Y scramble RAMS 150 and 152 that act as lookup tables
between the physical and logical X and Y addresses. The outputs of the scramble
RAM:s connect to respective selectors 154 and 156 that distribute the scrambled
signals along respective X and Y scrambled address busses 158 and 160. Respective
bypass connections 162 and 164 couple the unscrambled X and Y address signals to

35 the selectors 154 and 156.
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3 ~J UN 2003 WHAT 1S CLAIMED I S: 1. A sem conductor nmenory tester ( 10)
“including: a user workstation ( 12); a tester body ( 14) respo hvg hozﬁ%id
user workstation and including control logic (16) for generatiﬂg Q
- commands, 5 a pattern generator (30) for generating packet address and data
signals for application to said nenory-uadertest, said pattern generator
I ncl udi ng an address source (32) and a plurality of data generators (70)
coupled in parallel co said address source, said data generators having
logic (74) to receive a portion of said packetized address signal and

operative to cﬁr 391 gac %6 géﬂqé%,pﬁjfomwmpggpﬁw“am igenory

under -t est from ress and a uenc rdcg gkto distribute
sai d dat an‘lplﬁmnmddﬂ wwe@mwé aWE@W ¥ ng

cir C]lc,ll t rxoé@Wufpﬂﬁ?Mdek hQ—!fiUb irt tofa pairioff )Mlgmsédvs.t The MOR saidd
wavef or nt er ci rcui sai

menor y15 8k PPIPER an ﬁﬁﬂ’\?{é"%%% %P'g i@cf @gﬁ%gggu{sll&gnﬁ#s efer%% sai d
MeNDr - Ungidial MEMPAT. DATSﬂenTthdleutpmmhqn fedss en altemateiatysignalc| ai m 1
wher ei n an al gor thmc attern
gener;toﬁ-%&?gtﬁiggaﬁ# g@"‘ﬁmé&s’?gf accorgl nlg p I m1 wherein:
sai d plurali twuhcammxegeﬁsm thepaterm geBeraey lB M of said
addr ess (m[!]% g eel%l wﬂ?nﬁa&eﬁﬂﬁm mdrrsyai d | ogi c4| S
operative erl VE_S j nterna resses frams ddpess. 4.
Apsem ::\c/)nlﬂe a“f F@““a’é@yﬁlﬁgﬁ g & H‘gﬁﬁ% (ﬂﬂgi sl ‘tiﬁrrermry
underygt eSfor élaﬁby xhlﬁtgm‘dEQS sepprate Bebitand Zﬂebluhtﬁsaﬂdmbs test hﬁﬁrbﬁtlﬂén accor di ng
toanpre WgSd o *s@nmenmtxmpﬁmmam fifell 1 RET)applictioages a

rzok up t |nversely scr e said ngﬁgddress I n orrra fon with’
‘réspect tﬁhﬂm WGBM!G%’PGP therast Thertastibread splectey mx SOMRIEE & FEMAIEt or
mem)%lt %At%lén(%?%tﬂh Exdr® thiak pidividudllyaecdive asinpuls tes wpa!teﬂﬂaatcsmprlses a
scranbl e

sem condu’é‘taéls‘ ‘rls'eégéifgz o} Tmbﬁd?( and ; éﬁer gIghr'}c'l udi ng: a
bur st151ddpdss&pomgnn.lsl almlmamletln‘(edm} lw @ ead logicgt M%‘lbu'lrgf iINpUER Afice of

sai d int e%ﬁinc@&'% %@Qg‘“tﬁr Wﬂbem&‘eéﬁskqnotaccordl ng to

claim erern sal ss conttgcgéa it (40) includes: a seed
"%

addr ess S&W&P‘Pﬂ%’?bégitd’@?ﬂw ¥ess, a counter (46)) and 5
a burst adds | Berkthe ADSbus mzypywmdmmm@lmmymm 173 smHag

to the test head selector array 168 are employed to distribute the various output
20 signals. The upper ADS multiplexer array 170 distributes the upper 8 bits of the ADS
bus according to pre-programmed static registers (not shown). The inputs to the upper
multiplexer array are similar to thosc identified with the test head selector array except
for the alternate test head signals. Moreover, the upper and lower multiplexer arrays
include an input from a command RAM 171 that provides command packet data to
) 25  the ADS bus 174. The lower ADS selector array 172 is similar to the other sclector
arrays and employs twenty-four 52:1 multiplexers to generate the lower 24 bits of the
32-bit ADS bus. Unlike the upper ADS selector, the lower ADS selector responds to
source select bits from a 64-deep output mux RAM 178. The owput of the mux RAM
breaks down into 24 sets of 6-bits, with each bit going to one 52:1 multiplexer for the
30 sclection of the lower portion of the ADS bus (last 24 bits). The ADS bus couples to
a third portion of the FVM 177.
Prior to operation, the DUT 29 js connected through the DUT interface 23 to
the test head driver and compare circuitry 24 and 26. Depending on the type of DUT
being tested, a test program comprising predetermined test control, address and data




~addresses is said packet colum address for signal interleaving, said burst
address | ookup table responsive to said seed address and said counter val ue
to identify the burst sequence of said internal addresses. 8. A3 0 JuN 2003
- sem conductor nenory tester according to claim1l wherein: said burst
address | ook-up table (42) conprises a RAM 9. A sem conductor nenory
tester according to claim7 wherein: said sequencer ( 166) is responsive to
sai d burst address control circuit to change the order of said data
generator outputs within said packet. 10. A sem conductor nenory tester
accor di angnﬁlsCfbﬁéd&h pindfahe DUR#hbefoaded il tHoéchuid Wepic!l 6, aad (idhitored t her
I ncl udes: . row ad Eﬁss I pput for receiving a packet mw address; a col um
addr ess | ?ﬂ% a packet columm address; and S a bank addr ess
i nput for recdnopagtm.padkdcni@gmbwddtﬁsu‘sl th&commiéoyodéchrrgasmt thei ng
addr ess f |

uﬁgﬂareqt@% tgt; p?bgﬁﬂ:hﬁdal n i | l&ﬁétiv@fé th@ger &E&n@@?@ﬁ produce

menory- oI y: under-te ve to aSS|gn menory

el eneht s addres £ signals, 105 RRPICAHOR 10 1g ally, theBateER hodol ogy, sai d
net hod i &dﬂoﬂmmhﬁuaﬂwccs mdeesddrmcmnaﬂieaummmamr ess

a pl 5?3?#&6&?%"%#@%@?% aé@sés%r?#i%b%ﬁ Farael Geon, ool o

packet addfidatageneratbfs 70 to-genddEibe plifliy of &mbmmamed wéith eachpackstl of

generat i ress and data signals according to claim1l wherein said step
of deriving 1ncludes the s s, of . determn ni sg’cqufa(:ka col um address; and
i nvet8el y nappMong spesilic W%rquandef&gc ithePRPIR SERETMONT 5

nMappi ng regtdpeey sw)ﬁrstl&mléudngtthe fitgsiedlyodenagreddacbadanss dat a si gnal s

ol orm nEMEATAS. bholl Bt R BBl Bofl o0 Pkl %a&gﬁwéﬁﬁed“ e o
di scont i nqmqt'usgpoamn OﬂanVMBﬁgn rbumaamaqon@ra | efrquin 40hthroughithe s based
on said g w ek s4PNt | nU| ties. 14. A nmethod of deterni ni ng the

g DRE S

bur st sequenc raI | t . nt al eSSEes acket menory
addr &8s, said §4§e‘ %"Pﬁéﬂ"‘ %ﬁi{ 'Qg't“ system

for appl ite el Imtsthddmww 32, u'ﬁlimdmmr 46ssalmtmﬁzedmxbe|gnn¢omnng ontnathst eps of:
S i dent i Tyl g fess Rrdb U, O fbeeidhg oPthe Shum 38 U6} GtioR With the sced
address is determined by the operating mode of the DUT 29. For exarnple, the DUT
may be in interleave mode or linear mode, as is well known in the art, In either case,
20 the re-mapping of the Y address by the burst address control circuit is often necessary.
In interleave mode, a typical case is for the RAM under test to XOR the seced address
with the internal count for each internal address location (or frame) as shown it the

table below:
") 2 seed address count intemal address
frame0 3 0 3
framel 3 1 2
frame2 3 2 1
frame3 3 3 0
30 frame4d 3 4 7
frameS 3 5 6
frame6 3 6 5
frarne7 3 7 4
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.-remappi ng sai d sequence based on said seed address. 15. A method according
to claim 14 wherein said step of remapping includes the steps of taunting
said internal addresses to determ ne a count value; and XORi ng ?@i @UTFQUU:‘}
-address with said count value. ", 5 16. A nmethod according to claim14
wherein said step of remapping includes the steps of starting said packet
address at said seed address; and increnenting said internal address from
said seed address. _ 17 ~;, ~~l:h~I 7EC~ S| ~| | =E~""

A LAY. Al . A A@ AYAy. AFh. Al . S. Al y. Al a. AFu9. A9. A3N. Al . A39. AyR. A3BCZ./ J+| Y,

M 2?&%&&%@4@]&%}&@ @?%ﬁf@fﬁﬁf detemmine} 1 PFKS SRR ca) ca

U] c”a] c Taaddfess.aThe iternshagdrsis\her incoementer for each data bit of the packet as
U c”a] ca]y ﬁ?]v a ijgb ] caU] cal ca] cay caU] caU] cal] cal] ca] cal] cal] ca] cal]
cal] ca] ca caU ca] caUl caU] cal] car JA " 8## $( Bt INABEE

((0({(ysnmgaZThc”"YR U] U] ca
U] cMald] cal] cal] cal] cal] c U] ca] ca] ca] ca] ca] c&a] ca] cay
caj caU] cal] ca ca cal] cal] c caf ( (( *E kK ****++ , V-.<00. lelnlv22344R
5ztoje [V U U ca] ca] ca] cal cal] ca] ca ca] caj ca]%a] caU] caJcaV]ca]ca U c"a
U c”a]calcalc IcaU] cal caLﬂ cal] caU] chU] caU] caRbX5l 5y5x6a8>l >>??7?@u@AAAA
Bj BkBBB CC8CCQREESF| vake_ZT
Ul U] ca] cal] caU ca] cal ca]iaU] cal ca] caU] cal caicaU] cal] ca] cal] ca]ca]ca] ca
] ca] caU] ca] ca] -- ] ca] ca] ca]ta] ca
8F| FREGOH#I SIMWJJJ#KvKKI\/WNNnNODPPR?@RARR/ Szsmoa[ U vgke_ZT
L UU] cal] cal] ¢ U'ca W]c 5
f cal] cal] ca cal ca] cay ca] caU] cajca] ca] ca] C%U] cal] ca] ca] ca] ca] ca] caU]
caU] ca/ STTTTT YY zKzzZ[[¥I1\\*W_ 6 ~ C D }wnherYT
U ] ca] ca] ca] cafgmdrcal] call ca] cal] ca] caUga] cal] ca]ga] cal] ca] cal] ca] cal] ca] ca
] caU] ca] ca] ca] calU] ca] ca] cal] cal] ca
D blccPdddJee_f bf nf f gg#ggghehl hiiiniij dj pj kQkakl ~ysnhc] XS
U] cajisaU] ca] c alliecrmimapped phoketaddrtss mutpun pormritedby theburst address) aajroh] ca] ca] c”a
oot ok el Lepbahe bt s s e i s 0
In order to identify the intermal addresses fi or data generarors 72, the logic
74 receives the packet XY information from the outpur of the first multiplexer group
ML, The XY information addresses the datagen scramble RAM 76 that outputs the
20 internal addresses of the DUT associated with the packet address. The internal
addresses are derived by pre-programming the DY RAM consistent with the expected
DUT mapping methodology. A per-bit bypass multiplexer 78 sequences the derived
internal addresses generated by the DY RAM with Y address information on the Y
f«) address bus 62.
N 25 The DY internal addresses are then passed from the logic 74 to the data
generators 72 over the DY address bus 80 (Figure 4). The X address and DY address
signals are distributed to the topological invert circuitry 110 and the logic function
generator 82. The logic function generator then processes the address information
according to a function set by the 4-bit mode select signal
30 DS_MEM_DGO_LFG_FCN_SEL. The mode select determines what logic function
will be performed on the 1-bit J and K inputs. The 1-bit result is based on the
following table:

35
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.U U] ca] caU] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca]c
a) calU] ca] cal] cal] caU] cal] ca] ca] ca] ca] c .
_g] cal] cal] ca] cal] cal] ca] cannnnnnnnnnnnnnnnnnnn2pqppquququqssz\,§Jﬁj 3UP‘GT%U]3X

U] ] ca] cal] caU] ca] caV] ca] cal] ca] cal] cal] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] c
aU] ca] cal] ca] cal] ca] cal] ca] caU] ca] casssptttttttttuubuxuxyz{g{y{~
~~~&~3~~~~sx~yt 0j e_ZThc] XS
Ul U] ca] cal] ca] ca] cgﬁéa cakté‘a cal] caU] caU] cal] ca] caU] cal] cal] ca] cal] ca] cal] c
al] ca] caL!“%H].LEDPC gaﬁE i?hﬂaﬁEblBt ILG,{R«&ES_ Zzﬂ%d!ﬁHQNI fa[ Vhc] XS
U U ] cal] ca] gaU] ca] calUjgca] cal] capca] ca] caUpca] cal] ggpd cal] cal] cal] cal] ca] ca
U] ca] cal] caU| ca] ca] ca] ca] ca] ca] ca] ca23~sA YnoU { vqk&Wc’uﬂ cal] ca]ca] ca]c
a] ca] ca] cal] €a] ca] cal] can] cal caa] cal] cal] ¢a] cal] c & cal] cal] ca] cal]
cal] ca] cal] cgU] cal] canN] * &RTPVr Eg~xsnhc] Xh@] U] cal] g aANDekeaU] ca] ca] cal] ca] c
ay cag cal C@U] ca] ca] cg] ca] ca] C%}JJ caj ca] ca]lcaU] caj QU] ca] call ca] ca] cal) ca]c
a] caz@ yi f kbXUEz~xsnhc]Xhc] U] caUJ cal] ca] cal] ca] ca] €al] ca] cal] cal] ca] ca] ca] ¢
a] ca] ca] cal] 8aU] cal] cal] cal] ca] c@] caU] cal] 6al] caU] ¥aNIdK] cal] caBCZ. J_=!
@y#10% | & (- 4! OF "109& ()--!9Fn"10% < <&)()-- %0 ()-Y
109&' ()-3%0%& ()- J+| {Y7!0, $g#18% & ()1, $0#10% T T&'@é) -
, $g#10%pe& @) - 0@ y#109& () -4y & y#10%9EO() - 41 v BRRR Zane: () -4
r}oP19' 1 10966 ()-SY0%® ()- 10 10 1 J* OR K*
10! 3f,9109%& (%- 10, $g#10% " & () -! \g, $g#109& 6) -r &zxggﬁrg @109 ()-3
FIOY@Z&LO0Y&' () - 9! SY@&I0%&' () -9 3#10%& ()- "'y ~3#10% 'I}g/)- 1 3#10% / & () -
ByZ8oP1!'! ~ 31ly#10%8& @ -1.! 1098 ()-g!, YI@10%& I KNORIKY @10%& ()-3
I POY @109 ()-3 OY QL0 "{& (-3 }rg\=!p&l0%& (§J- 10 10 '
10="10%&' ()-F! NY3: 109%&’ ()-!t 36F" 10%& ()-yS?‘ 109&' () - l&C%z[ 9g\ =!'!'l| &10%BHBH&
()-"L"109& (¥-1tL"109&% ) - 109& (%- o
" Syl 109& ()1!Sy! 10%& (1) -VrJa?g\@!!!!1S0"f#00% & (K-f"f#109& ()-f
109%& () - F 109 ()- f109& ()- ! O, &L0YBB& () yJ
H 9g\1:(5>! I'la” Of #109%& ()-q!gLOf #109%& g) - f, 1 J*ORK
109 ()-! | FR&10oug ()L ! oyl F(&1d9& ()- % 90wk ()-BORK
<"#_=11111/"&10%a& ()-1@ X&10%&' ) - @ %d0%&1()-Z 10048
10f >910%&' () -9109& () - # $nAB&E yWo_=!p0l "10%!& ()-"!tl
"109& ()- ! #0&109%& () - @ NO&IOA{& ()-@1 0&10%& ()- @ 0&10%. h& S) -@
(O({ (( (#) aB_=!"Hei LG ogiput is-rhem e ag jn inpoygouer-to timgpupge selprt multiplexer
10%& 20) - * 98 ARFRORext )i the piré-topddivert bit DS_MEM_DGO_INVERT. The resultant
output comprises the data bit for application to the derived DY address. The data bit
output is stored in the second FVM portion 97 and distributed to respective XOR
gates 136 and 138 for XORing with the generated invert bit(s).
. The topological invert circuitry 110 also receives the X and DY address bits
) 25  and sequences them through the input multiplexer 112. The sequenced address
information is paired with the topo RAM address information from the topo RAM
address generator 116 and distributed through the selector 114 to the address register
118. The register then produces the 10-bit topo RAM address to the topo RAM 120,
which provides the invert bits for the data generator 72. The RAM acts as a
30 configurable fookup table to produce invert bits based on the respective X and DY
address busses 62 and 80. Programming the mode of the topo RAM configuration is
accomplished via a databus (not shown). The programming specifies whether the
RAM produces one or two invert bits, and correspondingly configures the RAM as a
1K deep (for two output bits) or 2K deep (for one output bit).
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10L=MLO%' () - MO10%& () - 710%& () - 310%& () - f 210%&' () -1 0L0%&' () - ****+- - . oM/ |
YOROU& ()-, 11 3L"10%& ()-'!a% 3L"10%& ()-'!\ 3L"10%~& ()-'13L" 10%& () - y&@
- 10%&' ()-F U
10. K/ <00. 11v2wWU3+/ ! | CO%RA0YA-A~E& ()--!, A0YR ()--! ~3SHFL0%& ()* S' é»al% 10%&
T()-1y" 39" 100%S& ()-1139" 100%& () - v22344R5X5aB+ | | COYWAFIL0%&E () - Y7ri 100& ()
- L6z10%& ()- | yFO" 109& ()-, T 109& ()-1+ 109 ()- X5i 5j 5k5l 5y5x66a8_:! 00!
"100& ()-1,"10%08& ()- 10%& ()- @yl0%& ()- 10 10 1003= |er0%& () as:
<S| >wUe_=! / 10?& fopo RAMBIRE M8 s optpuDASag R Yespaeiye datY Sgts

A O R S B 160 et 5oy TR s 1 WO BRIRE () 1_OF+10%
10, > 10% () - Rcﬁm‘(ck'mwm@mbMMZKGNSMtWDQDM?& () It #10%

& ()-'1S far 9} & |
ESEJ&@E ﬁ%ﬁﬁ%@ﬁéﬁ%@%& Mi’%gm mbu &éﬁiﬁ{zl ag! 10%& ()-S$@

10= 10%8%0.@@&]1% the R301dka bus 58, APy the ATSE SE1€16ns- 170K HIBAG I8 YNC! ! ! T1 y94.0
U%=& ()-1.] oR ()-!1 m 109RR& ()-10 109ZZ& ()-  10% & ()-f&S10%& () -

MYNN %Wg& 10940% r& ()-f!09%A0%& ()-f!940%& ()-f!,
L"10% ' & () - TREFEOIY §ow b FightisOly@he(add0ssadSHTa signalh gkncodied &y the-

2" oy PR el 19 b torod o the cqnlining ity 20 tha formats and

| Faygmoyifies ghejasiczess pnd data mﬂ&«( matgh theRUT)Signal formgt. The gencrated
10Y=10%pddre sy VHIX me%m)m MG 09/877 do- 18tk piOVIR%E () - & NOI F
@ 0%&05@,99,,.' L0 L Qo IRSOBS s s o AL ()7 172

%uu& (
109%& ()-!" #wmwmmmqyammmw apphedtotlwc b@!! y#10%
& ()~ 1Y) dpotiche nicaiey Elcmbnis oY HLBUT 29 by e drWlir cireni

éo\(/\gpglo @@%«4’%‘] fbfm&f%ﬁ'@éﬁ@ ~0# 0%& '10’?1:? é‘)(;ygjglg:%

giggjg Egamagﬁm pping m%f n’;?ft@?wg a&ﬁﬁ npreciaty #RvEy ( ) .
0, a 1 0 0,
1000 (SMER S T e %%3 ] ;04%"‘3;’ Mo -

)10%& ()eleirﬁ%d@ssﬁ:i fHefHVM\i?D-@ #! ) 109%& () )10%& () #3' B! ) 10%&' ()-!

% |
VLo ()1 ) 100y gggg@%@* r%%@fo%y R Eron I hoye ()-
) 10%&: () corapae cirawitny 26 #gg}um-m § X TeSPeRvIRRERh O \ & () - %
1" F‘V&O‘Vd’a&lrés)se%&ﬁ%ﬂmé eaﬁzﬁdredw&iﬁn@s and: £2116 31 BaBluxe)processing

circuitry 18 where they are compared to re-generated address and data signals from the
. pattern generator. If the captured data signals match expected values, then the
”) 25 corresponding memory elements of the DUT are deemed acceptable for the particular
test carried out.

Referring now to Figure §, a logic circuit 200 for use in a data generator
according 10 a second embodiment of the present invention minimizes the amount of
memory required to derive an internal Y address from a packet Y address. the logic

30 circuit includes a first array of six 50:1 multiplexers 202 that produce a six-bit input to
a relatively small 64x16 RAM 204. The RAM stores information relating to Y
address discontinuities to minimize the amount of information required to derive the
internal Y address. The output of the RAM is XORed by an XOR gate 206 with the
output of a second multiplexer array 208 that outputs a 16-bit nominal Y address.
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nidjakl mmi[:0B5!'10 | 93 10%Rd(&&' ()-m | F7 10%&) && ()- ~FUOAK & ()-%
YOF%A0% & ()-%  FU0W & ()-% | aOFYd0%&) &&' () - YermmmmmmmmvU4! | 109% & () - 2003
| @109 & ()-3 1y10% & ()-G | 1940% & ()-310&) &108&) &108&) & I‘>10‘V&)&838JUN

) [vU4l | 1109 & ()-1 130 109 & ()-1 13) 109 & ()-1 |3#10% & () -

| 3YI0% & ()- 13s10% & () -mmmnnn_5vU4! )? #A 1099 & ()-eA 10%9 & ()-eA
109 & ()-eA 109 & ()-eA 10%9 & ()-en nnnnnnd: vU4! ))? #A 1099 & () -eA
109 & ()-eA 109 & ()-eA 10%9 & ()-eA 10% & () -ennn! n#n+n, nd: vU4! ))? #A

0 ' _ ! - ! - 0, ! -
10% & () 6. n. BN AR HE 7 Wietops B pE Bl mabodiBent, rstaTizes A RAM & (- en
109%) & () -1ba provides § PG Yreddress-oumtpiintheRAMEMYIpgedin thosdcand pribAdifEs () - eA
109 & () -férely indicates when to invert a Y address based on predetermined criteria. The
width of the RAM is determined by the width of the DG Y address. The depth of the
5 RAM, on the other hand, is determined by how many discontinuities there are.
Examples of discontinuities include cases where:

(1) one-half of an array is the mirror of the other half, requiring one bit to
describe (the most-significant-bit of that axis):
10 (2) column lines twist halfway down the array, requiring one bit to describe
(the most-significant-bit of the X address); :
! ) (3) two-column bits that twist halfway down the array, requiring one bit to
describe (the most signiicant bit of the X address); and
(4) four-column bits that twist halfway down the array, requiring 3 bits to
15  describe (the MSB of the X address, and the 2LSBs of the Y address).

The last case assumes that the same data generator writes all four bits, or in
other words, only one of the four bits is written per packet. If all four bits are written
in the same packet, then only one bit is required, and two output bits are required

20  which describes which of the four bit positions the data generator is addressing.

Those skilled in the art will appreciate the many benefits and advantages
afforded by the present invention. Of significant importance is the minimal hardware
required to derive internal column addresses from packet addresses through use of the
data generator logic. Not only does this allow implementation of relatively few

'\ ) 25  conventional address sources, but it minimizes any required modifications for
conventional testers to the data generator construction.

While the invention has been particulacly shown and described with reference
to the preferred embodiments thereof, it will be understood by those skilled in the art
that various changes in form and detail may be made therein without departing from

30 the spirit and scope of the invention.
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109 & () -
109 & () -
109 & () -

1049 & ()-eA 10% & ()-eA 109 & ()-eA 109 & ()-eA 10% & () -ezn| n~nnnnn

eA 109 & () - el nKnMhOnMUnVnd: vU4! ))? #A 1099 & ()-eA 109 & ()-eA
eA 109 & ()-eA 10% & () -eVnXnZn\ n*ngnhnd: v4! ))? #A 10%9 & () -eA
eA 10%9 & ()-eA 109 & ()-eA 10% & () -ehnj nl nnnpnynznd: v%!g)mgﬁm

))? #A 109 & ()-eA 109 & ()-eA 10N & ()-eA 10N & ()-eA
1099 & () -ennnnnnnd: vU4! ))? #A 10%9 & ()-eA 10%9 & ()-eA 10% & ()-eA
109 & ()-eA 109 & () -ennnnnnnd: vU4! ))? #A 1099 & () -eA

10

15

WHAT IS CLAIMED IS:
I. A semiconductor memory tester (10) including:
a user workstation (12);

a tester body (14) responsive to said user workstation and including
control logic (16) for generating test commands,

a pattern generator (30) for generating packet address and data
signals for application to said memory-under-test, said pattern generator including an
address source (32) and a plurality of data generators (70) coupled in parallel to said
address source, said data generators haviog logic (74) to receive a portion of said
packetized address signal and operative to derive respective internal addresses of said
mernory-under-test from said packetized address and a sequencer (166) to distribute
said data generator outputs into 2 packetized waveform:;

conditioning circuitry (20) disposed at the output of said
sequencer to format said waveform; and -

interface circuitry (24, 26) adapted to couple to said memory-
under-test to drive signals to and compare signals from said memory-under-test.

2, A semiconductor memory tester according to claim 1 wherein:
said address source (32) comprises an algorithmic pattern generator.

3. A semiconductor memory tester according to claim 1 wherein:
said plurality of data generators (70) are coupled to the output of said
address source to receive a packet column address signal; and
said logic is operative to derive said internal addresses from said
packet address.

4, A semiconductor memory tester according to claim 1 wherein said
memory-under-test (29) includes logic to map column address information according
to a predetermined scrambling sequence, and:

said logic (74) includes a look-up table to inversely scramble said
column address information with respect to said predetermined scrambling sequence.

3. A semiconductor memory tester according to claim 4 wherein:
said Jook-up table-comprises a scramble RAM (76),
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109 & ()-eA 109 & ()-eA 1099 & ()-eA 1099 & ()-ennnnnnnd: vU4! ))? #A

109 & ()-eA 10% & ()-eA 109 & ()-eA 109 & ()-eA 109 & () -ennnnnn d'véﬂl ng)ag ,
#A 109D & ()-eA 109 & ()-eA 10%9 & ()-eA 109 & ()-eA 10% & ()-ennn:énﬂn N
2))? #A 109 & ()-eA 109 & ()-eA 109 & ()-eA 10% & ()-eA

10% & ()-ennnnnnnd: vU4! ))? #A 1099 & ()-eA 10% & ()-eA 10% & ()-eA

109 & ()-eA 1099 & ()-ennnnnnnd: v4! ))? #A 109 & ()-eA 10% & ()-eA

10 & ()-eA 109 & ()-eA 109% & () -enn2pgpssssa@410X) 3=MLOMX) & ()-Y

99MLO%X) & ()- 0! 10% & ()-'e 0! 10% & ()-" ! 109%) & ()- A
6. A semiconductor memory tester according to claim 1 and further
including:
a burst address control circuit (40) for determining the burst sequence
of said internal address data.
5
7. A semiconductor memory tester according to claim 1 wherein said
burst address control circuit (40) includes:
a seed address sclector (44) for identifying a sead address,
a counter (46), and
5 a burst address lookup table (42) for remapping predetermined internal
" addresses in said packet column address for signal interleaving, said burst address
. ~\) lookup table responsive to said seed address and said counter value to identify the

burst sequence of said internal addresses.

8. A semiconductor memory tester according to claim 1 wherein:
said burst address look-up table (42) comprises 8 RAM.

9. A semiconductor memory tester acconding to claim 7 wherein:
said sequencer (166) is responsive to said burst address control circuit
to change the order of said data generator outputs within said packet.

10. A semiconductor memory tester according to claim | wherein each of
said data generators (70) further includes:
a row address input for receiving a packet row address;
) a column address input for receiving a packet column address; and
§  abank address input for receiving a packet bank address.

11. A method of generating address and data signals for application to a
packet-based memory-under-test, said memory-under-test operative o assign memory
elements to said data signals according to a DUT mapping methodology, said method
including the steps of:

5 selecting a packet memory address representative of a group of cells in
said memory-under-test: and
deriving a plurality of internal addresses corresponding to seaid cells
from said packet address.
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includes the steps of:
counting said internal addresses {o determine a count value; and
XORing said seed address with said count value.

16. A method according to claim 14 wherein said step of remapping
includes the steps of:

starting said packet address at said seed address; and
incrementing said internal address from said seed address.
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