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The packets generally comprise respective serial-bit waveforms that contain
address bits specifying locations in the memory for storing data bits. Each packet
25 includes a single packet address that identifies a device-under-test (DUT) column and
) ) row location for initially accessing a group of cells from the memory core. A plurality
of data bits in the packet are then read from or written to the core with respect to the

single packet address according to a DUT mapping methodology.
In conventional memory testers for conventional 1-bit wide memory devices,

30 data generators in the tester generate data bits for application to the DUT according to

the address information. Conventional data generators typically have single-bit

outputs and require as inputs a cell address that designates where the data is to be

applied in the DUT. An algorithmic pattern generator generally specifies the row and

column location, or address, for each data bit and feeds the address information to the
35 data generator. The data bits are then written to the specified addresses in the DUT
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30 gates on integrated circuits, and the size of the circuits. Moreover, like the single
high-speed address generator approach, unless one of the data bit’s addresses can be
used for the DUT, the tester must, for example, generate a 9™ address.

An additional problem with both approaches above involves the relative
difficulty for the user in programming software to keep all the data bit addresses in

35 sync as they are applied to the DUT. As an example, for a given address associated
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3 0 JUN 2U03 WO 00/ 40986 SUMMARY OF THE | NVENTI ON PGI/ US00/ 00278 The
packet - based nmenory tester of the present invention provides a LBniJHlNEZUUB
pattern WOn94898r that offers a m ni mal hardwar e- based sol BETRIS00/60278 .
identifying the internal addresses of a DUT that are associated with a DUT -
packet address, The 5 solution provides thig capability with mninal
modi f i catithit {Q, theresisionly ongrlegah pddragssion s ahgthxeughm N esltionaldhes at i ng
conveni efgfy Morubifentab sk o débugustbprograhtmé€patietis.t he foregoi ng advant ages,
t he i nvention one formgconprises a pattern generator for yse in a nenory
tester to pro ’Wﬁ%‘{a@&wngg TS HeaY QF €45 g Hipmony Jesterfyaliierp ased
MeNOry - Ukifimal Q&idwafé;fbhﬂﬁin}(telﬂﬁb RIS @fo(ﬂerh ebatited albav$ﬁdfeeﬁﬁg ﬁaaclesour ce for
- generati n_exter et mepor ress signal . e exterpal packet
meorS alihed ey depices Wotonere the nepd eXistS o Sich fupemort 1SSt 1Y, el errent s
i n t he nauvhreapabiliyrwitlelttle nfodificatiohito gomfentiaha memeoryatestes canstrudiioysosed i n
- paral | el t] iR [ . ess source
to recei E{éﬂé ’1}%%2?& %‘%%F it%s?}iﬂg% 9@%&%&?&8&%‘5&58@&@@@? | . Each of
t he dat amgsivewrnoperatingicanverighee fopamseri The packesbased memary testerofithe addr ess
from t hepRaGkShventich Sasfieifede debli€r nal address corresponds to an indivi dual
menor ePement wthin the nmenory under test. A sequencer is disposed at the
out s of the data generators to distribute the data generator outputs in
a packet waveform for application to the nmenory-under-test. In another
form the invention conprises a sem conductor nenory tester 2 0 including a
user workstation and a tester body responsive to the user workstation. The
f"gster body i ncludes control logic for generating test commands, and a
pattern generator for generating packet address and data signals for
application to the nenory-under-test. The pattern generator includes an
address source and a plurality of data generators coupled in parallel to
t he address source. The data generators have 2 5 logic to receive a portion
of the packet address signal and operative to derive respective internal
addresses of the nmenory-under-test fromthe packet address. The pattern
generator further includes a sequencer to distribute the data generator
outputs into a packet waveform Conditioning circuitry is disposed at the
out put of the sequencer in the tester body to format the waveform A test
head couples to the tester 3 o body and includes interface circuitry
adapted to couple to the nenory-under-test to drive signals to and conpare
signals fromthe nmenory-under-test. In yet another form the invention
conprises a data generator for use in a pattern generator adapted to test
packet - based nmenory devices. The data generator includes a row address
i nput for receiving a packet row address, a colum address 3 5 input for
receiving a packet columm address, and | ogic having an input for receiving
- 4 WO 00/ d0986
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operative to derive a plurality of internal addresses from
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packet memory address signal. Each of the data generators have logic operative to

15 derive an internal address from the packet address. Each internal address corresponds
to an individual memory element within the memory under test. A sequencer is
disposed at the outputs of the data generators to distribute the data generator outputs
in a packet waveform for application to the memory-under-test.

In another form, the invention comprises a semiconductor memory tester

20 including a user workstation and a tester body responsive to the user workstation. The
tester body includes control logic for generating test commands, and a pattern
generator for generating packet address and data signals for application to the
memory-under-test. The pattern generator includes an address source and a plurality
of data generators coupled in parallel to the address source. The data generators have

25 logic to receive a portion of the packet address signal and operative to derive

' ) respective internal addresses of the memory-under-test from the packet address. The

pattern generator further includes a sequencer to distribute the data generator outputs
into a packet waveform. Conditioning circuitry is disposed at the output of the
sequencer in the tester body to format the waveform. A test head couples to the tester

30 body and includes interface circuitry adapted to couple to the memory-under-test to
drive signals to and compare signals from the memory-under-test.

In yet another form, the invention comprises a data generator for use in a
pattern generator adapted to test packet-based memory devices. The data generator
includes a row address input for receiving a packet row address, a column address

35 input for receiving a packet column address, and logic having an input for receiving
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Burst or packet menory devices offer the ability to address on8 (qJUNT2003 a
menory array with a "packet" address and then automatically address

addi ti ondYOORMfs in a predeternined manner without provi &GT{'I0pE0278
additional internal colum 5 addresses on external address lines. This

| f mu| th i ngl
addr oos aRiRee G BRARRERSY relopllt Pl B RER e BeRERD BLtiedel a”rore
conpl eteadémssastfrommhmpamttddaesaew ce is found, for exanple, in U S. Patent
No. 5, 8l 2, 488 nghr t " 10
Ref erring now ﬁ%'ﬁaﬁﬁggfﬁ}ﬁaﬁl@éﬁ%ﬁg @H&?ége?%ﬁis?g d;ggé 8&%%%9 such a
“devi ce umsein a paterp mr;ragg)ad@med)mpﬁgnapketcha@cdfmcmpbtdeths i Thednrston,

I b dy 14.
| ncl ugles adxgomdy ol c%ﬁﬁ%&@&% aw$§a&tgs%ene&%r ﬁgq@énﬁi’ylt#ga Seddlfiss,n00Y

The tester ouses ur@?lty tester su I.nc |ng control
| ogi ¢ 163 cpupterand s by é’saéﬁﬁ‘@ ig fopremapping qsetteteémmegemm! or 30 to
gener at eaddidsRs $n ﬂtécbdékétaco‘hhﬂﬂ aadiesstoE s@ﬁmh&ﬂeﬂxm Thé bﬁt%t hddfestO di sposed

at the o attern ener a aryies ou rmatting
oper at i oﬁ%"?‘Hﬂ t@lﬂg ’Saﬂ’ag Seed @ é&’@ﬁ%@d’tﬁ‘éﬂ'}‘% g‘tﬁ‘“ %Uﬂ‘?her

i ncl udesmehEE]uemﬁemfmeentaﬂxabarkir&ssemed proximate to the DUT. The DUT
interface con i 26 for

dri \?"iJng and sgjr?isil&ftfeg@f%tt \ﬁ%vgdtﬁa%eg 1tf n&%%%gg’ggﬁﬁge}%ﬁp%ﬁpggt fjﬁm(’l/O) pi ns
28 of t htheffoliowing detail¢d deshrdptionavhen tead in confungtion with théaccpmpanying gener at or
30 of thg égnt invention offers a straightforward hardware solution to
generate Fhe nternal addresses associated with the individual data bits in
fa)packet This is acconplished by enpl oyi ng an address source 32 for
generating a packet address and a plurality of data generation circuits 70
coupled to the address source to generate the data bits 2 5 associated with
the%ﬁhcket. Each data generation circuit includes logic 74 (Figure 2) to
derive respective internal addresses for the respective data bits.
Referring now to Figure 2, the address source 32 conprises an algorithmc
pattern generator (APG to algorithmcally produce and feed packet
addresses along an i nput address bus 34. The packet addresses are defined
algorithmcally in terms of 3 0 row (X), colum (Y) and bank (Z) |ocations
within the DUT. Preferably, the algorithm c pattern generator conprises
logic well known in the art to produce a 32bit output for feeding packet X
and Y address out puts MEMPAT XY and optionally MEMPAT DATA to the data
generation circuits 70 and a fail vector nenory (FVM 36. WO 001 40986 3 0
~uN zoo3 PCT/ U500/ 00278 I n many instances, the data bits in a packet nay be
ordered in different sequences. In order to accommodate variations in
packeti zed sequencing, the pattern generator 30 optionally enploys a burst
address control circuit 40 (identified in phantom Figure 2) to allow

vari ous mappi ngs of the data bits to occur based on a Y 5 seed address. A
sged 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 address output fromthree 16:1 nultiplexers 44 coupled to the address
sowce 32. An internal counter 46 is provided to track the burst address and
is responsive to a controller 48 via respective reset command |ines 50 and
52. The counter includes a 10 "count-by-tw" node input froma
"count - by-two" circuit 54 for use dw ng operation at 100 MHz. A 50MHz node
circuit 56 produces a 50 MHz node signal (when selected) that becones
inverted at 55 and is subsequently ANDed with the first reset signal by an
AND gate 57. The output of the AND gate is connected to an OR gate 61. The
OR gate includes as a second input the output froma second AND gate 59. |5
The second AND gate is responsive to the reset 0 signal. Collectively, the
AND gates 57 and 59, the inverter 55 and the OR gate 61 conprise a hold
circuit. Based on the node of the DUT 29, the bwst address control circuit
40 generates a 6-bit output BA RAMthat provides the re-nmapping information
in the Y address for DDR interleaving.52-0 Further referring to Figure 2,

t he burst .address control circuit output and the nmufti-bit address sowce
out puts MEMPAT XY and MEMPAT DATA are distributed across an i nput

nmul ti pl exer array 60. The array conprises several nultiplexer groups M -
MB. Each nultiplexer group includes a plurality of nultiplexers that

i ndi vidual l'y include input connections coupled to six groups of 2 5 signal
sources. The sources include the pattern nenory XY address signals



MEMPAT XY, the pattern nenory data signals MEMPAT DATA, the bu ﬂ{i@ﬁ
control circuit outputs, control output signals SVM | NMJX I;lﬁ r

cont rol | EVOLY4LR respective signals for Logic 1 and Logic ﬁut

mul tiplexer array collectively distributes and controls whi ch bits get
assigned to respecti VRpIgg bR éhﬁ&fldﬁWTﬁﬁggﬁy%§ses 62 and 64 (via
group M2). The i nput ch bits address a DY
scranmbl e RAM 7Bhe(ipventiprowp! g better undarsiood dyanfsrencripshedolloyingmag) . a Y
scranbl e f2fied desdriph EH%Wcon?paﬂ?ﬁ@dfﬁ%ﬁ%Ah%ﬁEh RAM 142 (group MB), a
command RAM 171 ( r.ou ost "t opo M 143 (group M/) and an out put

mul ti pl exer 85 e&l%ﬁlw o%-mgautoxgatxc ‘%YGGM@QBE’Y?EJ‘ hgpattegp3

PC TN§00/BQQ&3ﬁ,r|opmc skl irhehfiGies are sel ected by pre programed static
regi sters (not 8 ; E{c?(éﬁlated ﬁ\{lﬁth each nul ti e Referring now to

Fi gures 2 and Fi; Aeap agreym QE ths pattern gengrator g ngé?&PFa configuration
of four (egatbodiment off e xgmmhm CI rcuits 70 to gener ate the individual 5
.data bits for §agket@§) lat a generation

Ieng !L f our or Fa
circuit includd %g}g{l 7?3 o eFRgT 8r M T RS trdes a DY
scranbl e RAM ‘HGtél:daablook didgeam nf adatagenératorishesm ihdiguresd;dada bit gener at ed

fro he pack Y, T glrag,[ ives the X
addpgés mforg'{Ia?l)%ns%lmrbg]ét rgfr?daﬁagﬁ pég{)faaecgs Lgtto%serciﬁger-blt bypass
mul ti pl eg@bodgnent b thearesenbinyentini of the DY RAM 10 76 and the packet Y
address fromthe Y address bus 62. The output of the nultiplexer 78 is fed
al ong a DY address- bus 80 to an associ ated data generator 72 to provide a
»‘(WI um address per packet data bit. --) Wth particular reference to Figure
4, each data generator 72 includes a logic function generator (LFG 82 that
receives source inputs fromthe incom ng DY 15 address bus 80 and the X
address bus 62. A pair of 32:1 nmultiplexers 84 and 86 sel ect between the
i ncom ng sources and distribute single-bit signals through respective
sixbit static registers 88 and 90 for respective J and K bus inputs (not
shown) of the LFG The LFG operates according to a plurality of nodes that
are selectable via an LFG function select froma dataset RAM nenory 96
(Figure 2) located in the controller 2 o 48. Each data generator has its
own field in the dataset RAMthat all ows each generator to select its logic
function, output and invert independent fromthe other data generators.
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 2 5
provi ded by the dataset nmenory 96. Ot her sources at the input to the
mul ti pl exer 98 besides the LFG include a coincidence/parity signal, and
respective logic 1 and logic O bits. The coincidence/parity signal
originates fromrespective coincidence and parity circuits 100 and 102 and
is selected via a coin/parity nmultiplexer 104 that couples to a static

gi ster 106. The output of the source select multiplexer 98 is XORed by an

0 XOR gate 108 with a pre- topo invert bit DS MEM DX _|I NVERT fromthe
dat aset nmenory 96. This "pre-topo" output is then fed through a register
109 and to a second portion of the FYM nmenory 97 (Figure 2) for subsequent
conparison to captured data frmmthe DUT 29. Further referring to Figure 4,
each data generator 72 includes topological 3 5 invert circuitry 110 (in
phantom) to provide topological invert bits, if necessary. This g _ ~ 0
J U N 2003 WO 00/ 40986




PCT/ USO0/ a0278 feature is inportant since many DRAM nmenory co@oeﬁg 2
invert the data bit witten to predeterm ned nenory elenents int cor
The t opoWOI0E886i nvert circuitry takes into account any i rREEFUSMPOBI t he
DUT to maintain conS|stency for a user when thinking in terms of logic 1's -
and logic 0's. S Th 4:1 input

nul ti pl exer 112 th& Y address DX DY
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1362F or ORISR ERnERIST R oF aich rl%%ii ¢ opiasrt oAVt BB cal i mvert
Ci rcui t pynetdtor wl select s dogie funidtion Xoutput 40 invhit independent fibnd thergtherequences
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s pair M topo RAM address information fromthe topo RAM address
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memory 96. This “pre-topo” output is then fed through a register 109 and to a second
portion of the FVM memory 97 (Figure 2) for subsequent comparison to captured data
from the DUT 29.

Further referring to Figure 4, each data generator 72 includes topological
35 invert circuitry 110 (in phantom) to provide topological invert bits, if necessary. This
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sequenci n to t.he ou a 166.a t he data
o AN 1488 TrSRAnS e ey GV ey cofecpERents B HBSHe@ Nt Cror 168
to the testriteend pbddtte‘rﬁﬁnedand'nbxy etlhncn@sDS tbed:aret'ﬂrestoﬁﬂlﬁgﬁaﬂnﬂz@ﬁ to the ADS
bus 174. Referri n r -t h d data s ener at ed
by the pat l’rg}’ﬂrygfg%&’ﬁ't arcc°o’1 %v%gwgfbgéﬁetd@ “an‘f%’ﬁ k’g lf?c%mry 20
t hat fornn!ssrwhnnthmdimg)mmmmﬂlhgcamdmlaﬂd data signals to match the DUT

si gna v'RAf ?rF ."SE ; eﬂ@%&ggasanf,gl i T 99411 ﬂg}u@nmmale% ﬁﬁm'ré&ngé ghgd in

the F ter provid onpari'son to ca

si gnal s f Poaddress Ry thedaY Qﬁ‘i‘fﬁssa’aﬁp‘e'%‘éj@gaﬁﬁdmlc @ and LOSTFHeblﬁ%r mat t ed
packet adM%%t;ﬁﬂdfﬂetraulﬁpmaJp?oaaesa manit a«gﬁmltsdsél@c&h@mﬂa{ gRbi ate menory

el enents of {he DUT, 29 er cuitr i ndi vi dual nenory
el ement s EFETYES AR@inpyt %H@a%woa% : estscfrqnfﬂétw&é& adp S sensraion DUT
mappi ng M oA BUS Yrisissctsiol seleetithe Bourtofahé seledibr aipputeThebepuhat by

deri ving r nal ach packet

d h di dat a. bi.t
based bn %}P‘Fe ekﬁﬁgl"?\szo'l‘Fﬂﬁ?)g’ré'%gggeﬁdﬁg@@E prt%ﬁ']éigf a!bi’ aﬁdgr%ﬁ?ign?‘lotg I?\Ie‘gﬁﬁ{ rack of
t he act uamaderepoRAMemeniory di20. eAs elerventha bit i the inp@ nmlﬁpbxdas @obpled Witten
h uh 26 th
to the %?rcﬁ st Lﬁ@tt%ﬁnfcﬁ gl?g&rl?ﬂo&e%l&ﬁgﬁ’ f’(%g CE}J[’ Gﬂ'lgt ry that

captures pa Its 1 éﬂrespec Ive dr esses

fyom the mgre sqin@w@alagwléa ‘W‘dﬁ%tansﬁ%]ﬁ:SP% ghat SNI's themodg pjtywish gnocessi ng
circuitr Wn%%rﬂé@ﬁ{ogrdnlﬁﬂld fiode SiPARIRZ FOPO) MOPEIS Heédiced RHEbERgnaARE aflat a

Si gnal s fromt ‘B L%grn generator. If the captured data signals match
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3 0 ci rcwefceave%elmgea dutputd ardldcBio ROR Thein&ht bit Withithe beyReSDEO DA AL
pr oduce X 16 RAM 204. “The RAM

Si X a rel ative
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fi rst embodi nentdmily i Flgufes, the BN Ao M 188 rebpBGIE lr ess out put,

the RAM enpl oyed_jnt secon mare I cates when to invert a
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-D

(

To provide for conventional X and Y address scrambling, respective X and Y
30  address scrambling circuits 146 and 148 are disposed between the pattern generator
input and output multiplexer arrays 60 and 166. The scrambling circuits include
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
RAMs connect to respective selectors 154 and 156 that distribute the scrambled
35  signals along respective X and Y scrambled address busses 158 and 160. Respective
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genekt oP“@H é WP‘F‘E“WH@P ity of gHtpHbaddsess myltiplexe,amaYS shown and

dezcrl tbeqi(ajsy mtﬁaf Hmtlzﬁf?clilblglbtlﬂa&@ﬁl@‘alﬂhgchutﬁg‘l@@dﬂraﬁr(hﬂ)smsﬂw (slfléwﬁ\/l I dbe
under sto 0ose S e A \/ orm an
Herai ! B Atk BB 2 ap etatele & BF Bl o bt BlisseRl dnd el R Husii D

t and scope
‘ the i 'tfhetﬁst bead busi$conveslietlyioipleicntedFod tdgdQOBH lthRIBSO@bﬁWRmH\HAT IS

pa?L (I\a/tE Da r ess an@%fmgsﬂgffg‘s P ;{ega Sélﬁ&ml %@e@wﬁ(ﬁ@éghﬁ ‘?‘é@{

pat tXr n gixteep ABdrmphiplexgr

packet nRsRA
menory el erren s.in sahtd rrermr}é/ under, - est Iur? n% of_.d

di sposedP9sh QP sigh

ema Y RYHT Fenly %ﬁBﬁeﬁ

ovi de -
) said

at %vréuﬁ}yegge%eﬁ iaputs gespgetive altarnafe s¢stext er nal

%ﬁWAESIS’HSI BUS) BIG da@m;gwtsarammm afd m Adcbdstsy, %xm‘ls addressabl e
a enerators

18t pihe 1BPUS 31 addr ess

sour ce t sequenced\throath tieestlector pray 168byofre paogramaredetativaepisteradsbtess si gnal ,

each of

i nt er nal
cor r&spondi ngF@bthatAIPﬁ(bllS/i

om sai ress, sald’internal address

ﬁ%&ﬂp é e0g18 &Jﬁ)‘%r%%&q{egdg&e{ ive to derive 1 o an
apparendloyes aikiplexariarmay 1 4G pad T2 similary of

me;mr %’ eioQHE EHsﬁh%d&ts‘éPécfbr AREP 168 &t@@ﬁglo%& fo diskbuit the FBOELoHutghs Posed at the
out puts ngﬁ —flhe ;’i‘p&, muinprlesxer a(l)rrayI 15710 cilstn{)utes the upper 8 bits of the ADS

25

30

35

bus according to pre-programmed static registers (not shown). The inputs to the upper
multiplexer array are similar to those 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
the ADS bus 174. The lower ADS selector array 172 is similar to the other selector
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 output of the mux RAM
breaks down into 24 sets of 6-bits, with each bit going to one 52:1 multiplexer for the
selection 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 is connected through the DUT interface 23 to
the test head driver and compare circuitry 24 and 26. Depending on the type of DUT
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menory 15 under-test. 2. A pattern generator according to claim1 wherein:
sai d addV&%48¥hrce conprises an al gorithmic pattern gener BFGUSOY00278
pattern generator according to claim1 wherel n: said plurality of data
generatoys a ed to ut o ddress SO cesc?ng eceive a

packet ¢ ?ﬂ%‘lfsgg %é‘sprgg a?°maﬂﬂg§8f e&éﬁl%ed gStgoniral pddre 1%e said
i nt er nal sxgttds fos sach ]blnmﬁtlmeBwﬂhbklmdaﬂidrﬂas sontfol 16gipd 6t endimgaineredt or

accordi nﬁi J lésg [ (9S€ in a nmenory tester to test a
a4 fﬂvg} tatly

menory-u sald nenory-under-test having logic to map colum
address infor hmpemmoacarcﬁquxgng oow torkagureds; Hierneatroklogienl 6 crgrisxontahee,

wher &f ”5 eggédiie o?ﬁi Ay G%n?anhﬁ?&(a Rraicatlﬂle ‘gaﬁé}n féﬂé’rﬁ%ﬁ '3grur§n§fd?f§x@£e .

col um ress’ | or rrat | on Wt sal pre scranbl i ng

res
sequenceaddresg apd dataysignals forapplicavose 'BEﬂIIUE@@/ 6premlly, tha pgliemer n gener at or

accordi nEFbtd%'aﬁt}{HléndMl? &)mdmceﬁacqte{ SRifesdbs wﬁhlﬂee S0ARE Is8Ee @vgcr anbl ebRA'Vi
I ncl INg. a ours

6. A pat enerator ac to clai rther

addr ess ‘g‘P“S Forg fhg p g %@f‘gﬁs?ﬁﬁftﬁﬁe"tnf}‘?é Fgliaﬁdﬁ{?élﬁé@ tBUERHQN i nt er nal
addr ess (Cf&iam gefieratdrp A0 tegenegte dieplaralivg 6 Dd4th biys hssociard With vdthpacketsai d
burrs1]to ess control circuit includes: a seed address selector for

i de |f % seed address, a counter, and 5 a burst address | ookup table
for remappi ndvlpteapeciénaﬂmedd mritherefexbnce-to dighres 2 end B sthe patepaeheratarol umm

addr ess abl e responsive
1) U ERN M BB s UAASBRAPEIRS 2 o " 22P00

to said se ter val e to | t he burst sequence

, \Mf; sai d MEMEARIXY aross Sednpg multipls: xsé?rﬁangémeTmb : esiyalse fed ai m 1

er ei N:to 3l firsbporEibn aflthe FOAMI IW0dard e baish 8ddresE¥on&BBbcifcui¥d thlough that t ern
gcnerator < g@ dlgyﬁ to cI |m 7 wherein: said sequencer is responsive to
sai d2bur€t H CI rcuit to change the order of said data

gener at or out'IﬂmtbarsMadﬂness mmmdl pixckied0 identifies the packet seed address for input
to the burst address RAM 42. The counter 46 is initialized to begin counting once the
seed address is detected. The processing of the count in conjunction with the seed
address is determined by the operating mode of the DUT 29. For example, the DUT

20 may be in interleave mode or linear mode, as is well known in the art. In either case,

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 seed address
with the internal count for each internal address location (or frame) as shown in the

table below:
25
) seed address count internal address

frame0 3 0 3
framel 3 1 2
frame2 3 2 1

30 frame3 3 3 0
frame4 3 4 7
frame5 3 5 6
frame6 3 6 5
frame7 3 7 4
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10. A sem conductor nenory tester including: a user wor kstati$ﬂ; tgﬁ;er
body responsive to said user workstation and including contro I(‘JQNC r
gener at i Wg @ag86commands, 5 a pattern generator for gener atAQTU§90/06238
address and data signals for application to said nmenory-under-test, said
pattern generator including an address source and a plurality of data
generat ors coblipt adevige pmlingaranodes thessegd addresssisterminesghe pagkgt stattimggener at or s
having | Gadréss! THeShfRlnNA aBdRSE Is fien HordiblePRE EBU dAFbAYAIRSSCREGRA! and
operative to derive respective Internal addresses of sai nory 10
under - t ehowr igthe sabde pelewit i zed address and a sequencer to distribute said
data generator outputs into a packetized waveform - 1s 3 0 JUN 2U03 WO
»00h40986 PGI/ US00/ 00278 conditioning circuitry di ed at the output of
sai d 3equencer to for rrats—e-%&?é‘}—!ﬁ%ﬁ/ef or Y& g ﬂﬁﬂ&ﬁ@ieséi rcuitry adapted to
coupl e to sai frame@ory-under-t¥®st 15 to @rive sign8ls to and conpare signals
fromsaid rrenﬁ,%%-imder-test. 1. A data;generator 4for use in pattern
generator ada 28 to test packet based menory devices, said data generator
i ncludi ng: a framedddress inpux for recelving a pabket row address; a colum
address inputgfgrsrecei ving a packet cofumm addregs; 5 a bank address input
for receiving a packet bank address; and | ogic having an input for
receii ng saif!a-fpa‘i:ket addr esses and opeftative to derive a plurality of
internal addrgspes from sai d 3packet addsesses. 12p A data generator
according to Iaign 11 for use in a nenopy tester ﬁo test a
menor y- under -¥¥8¢° sai d menory- under-te%t having fogic to map col um
‘agldr ess i nf orfisrhédn accordi n® to a predeterm ned 2cranbling sequence,
erein: said logic includes a | ook-up table to inversely scranble said

col um
15 The re-mapped packet address output generated by the burst address control

circuit 40 is then distributed as a source input across the input multiplexer array 60.
In order to identify the internal addresses for the data generators 72, the logic
74 receives the packet XY information from the output of the first multiplexer group
MI1. 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
address bus 62.
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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5 address information with respect to said predeterm ned scraa‘qj im 3
sequence. 13. A data generator according to claim12 wherein: sai (ggﬂ-up
t abl e conpoiesamsa scranble RAM 14. A burst address contr oPCTiUSowo278 or use
i h a pattern generator adapted to test packet-based nmenory devices, said
burst address control circuit including: a seed address sel ector for

i denti fyiRGNaSEISd HON &2 a FENSEE]  FN SELOUFUNGTIONss | ook-up tabl e
for remappi ng predeternpned intergal addregses in %F&I packet col umm
address for signal interleaving, said burst address |ookup table responsive
to said seedOaddress an@ said codhter valud to idedl NPt burst sequence
of said integnal addresges. 15. A burst adgyess conptARipgkrcuit according
to claim 14 wherein: sajd burst address |ogk-up table conprises a RAM - 19
3 0 J5U N 208 WD 001 40986 5 PCTN%OO/ 00278 16. A nmefflod of generating
address and gata signalp for appldcation t® a packet ANDa

menor y- under test, said mem)ry-urbder-test qperati\r{rg*to assi gn nmenory

el enents to Qai d data s‘gnal s according to a DUT nappi ng nmet hodol ogy. said
met hod i nclufling the stkps of-. 3 selectin@ a packé¢XORKory address
representatiye of a gropp of celljs in saidjnenory-gn west; and deriving
a plurality of internal addresses corresponding to said cells fromsaid
pack®® addreds. 17. A rtthod of ®&eneratingOaddress &NPd&ata signal s
according tojclaim 16 vherein saigd step of jderi vi ngxNORydes the steps of:
determ ni ng packet c?{gurm address; and iaversel yJ mappi ng sai d packet

col unmm addr e$s accordi to sai d DUl
. ) 1 0 1 1 JORK
1 1 0 0 K
15 1 1 0 1 J* ORK
1 1 1 0 JORK
1 1 1 1 One

The LFG output is then used as an input source to the source select
20  multiplexer 98, and XORed with the pre-topo invert 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 actsas a
30 configurable lookup 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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5 mappi ng net hodol ogy. 18. A nethod of generating address a8q) dain 2803nal s
according to claim 16 wherein said step of deriving includes the steps of

det er m ni WQ ®/4p¥éket col unm address; 10 detecting col uim af§T8&90/00278

di scontinuities; and identifying when to invert said col um address based

bur ot SeSSLE?QTﬁ?f’ CeRAP B ] s e 41 1o gt BSRelEve A PRI 1ABRE: romor y
?g(rjr Zssi i ﬁ:g{ fb(])-[aaakaﬂl )ﬁ@ngywﬂlﬂdte?sEG databitdy HORgates 136 tndrdB8.c t est S{’sgstseg:c
5 |deP1ItO| fying g%eg'élgg g%%fr essémgg’stglggg%bni?rec%g{]rﬁeﬁgggs”g& Qg)bdgf‘ﬁg san
sequence S$edeotats dﬁOMpztom;exacmauBlgscmgm thé\ontptihmuiltiplexer alnrangl6@asl aim 19
“wher eizn Sgé‘%nﬁdga&tﬂgd rmpma w'vﬁee&atﬁ B R Jﬂ{t@%’ﬂﬂ?@&% & said

i nter naI res e erm ne count val ue; sal seed addr ess
Wi th sai dsedestort]684p the test head bust/% eed hptigadS @elgqmsﬂ@@n ¢TRusde 00278 21.
A met hod ZpgHidiing. to cl al m 19 wherei n sal d step of remapping includes the

ner ement  ng. sRAGTIHR NI T, b KR e dpia Sgus geneeged by e

. A . AL. Al pattérifpenefs@r 30 40 .tlk\irfed tortie cénditidifing GEOGitfy-R0 that formats and

A —'1%YL' rﬁloélirﬁ'esAt\fieAédél\'{e?ésg anAél:da{ta signals to match the DUT signal format. The generated
address and data signals are also stored in the FVM (Figure 2) 177 to later provide a
comparison to captured data signals from the DUT at the same address locations.

Y The formatted packet address and data signals are then applied to the
appropriate memory elements of the DUT 29 by the driver circuitry 24. The

15 individual memory elements are loaded by the DUT according to the packet address
and a DUT mapping methodology. Those skilled in the art will appreciate that by
deriving the internal addresses for the individual data bits in each packet based on the
DUT’s mapping technique, the tester is able to keep track of the actual memory
element address in the FVM 177.

20 The data bits written to the DUT are subsequently read therefrom by the
compare circuitry 26 that captures packets of data bits identified by respective packet
addresses from the DUT. The captured packet signals are fed to the failure 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 5, a logic circuit 200 for use in a data generator
according to 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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&10%& (desdribt(emiast gignijcant bit of the X address), and

L L AR O WO e it S 3

r P1O&5 10%gsqribe Y(qdd&@ss)9$1ow& ()-& 10jj
10jj 10jj U(tan?rP1|~##10%?R& () - 3&| 1098 () , AOWRE ()- '3, PA0WT7& () -
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109& ( )iﬁ ﬁ]}%@ %ﬁ:k@i ’tl%e]xog/rﬁ‘y Ghe B Q:%‘E‘q\gﬁ'écé 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 particularly 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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coupled to the output of said address source to receive at least a portion of said packet

memory address signal, each of said data generators having logic operative to derive
y ) 10 an internal address from said packet address, said internal address corresponding to an

individual memory element within said plurality of memory elements in said memory

under test; and

a sequencer disposed at the outputs of said data generators to distribute
said data generator outputs in a packet waveform for application to said memory-

15 under-test.

2. A pattern generator according to claim 1 wherein:
said address source comprises an algorithmic pattern generator.

3. A pattern generator according to claim 1 wherein:
said plurality of data generators 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

5 packet address.

4. A pattern generator according to claim 1 for use in a memory tester to
test a memory-under-test, said memory-under-test having logic to map column
address information according to a predetermined scrambling sequence, wherein:

said logic includes a look-up table to inversely scramble said column
5 address information with respect to said predetermined scrambling sequence.
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7. A pattern generator according to claim 1 wherein said burst address

control circuit includes:

a seed address selector for identifying a seed address,

a counter, and

5 a burst address lookup table 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 pattern generator according to claim 1 wherein:
said burst address look-up table comprises a RAM.

9. A pattern generator according to claim 7 wherein:
said sequencer 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 including:
a user workstation;
) a tester body responsive to said user workstation and including
control logic for generating test commands,

5 a pattern generator for generating packet address and data
signals for application to said memory-under-test, said pattern generator including an
address source and a plurality of data generators coupled in parallel to said address
source, said data generators having logic to receive a portion of said packetized
address signal and operative to derive respective internal addresses of said memory-

10 under-test from said packetized address and a sequencer to distribute said data
generator outputs into a packetized waveform;
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109%& 4 ) - | % #109& ( ) bIhK 284#sd E%T‘réc‘éiv?ﬁo%/gbaékgfm%ﬂféss; dndSF$10%& () -

/R -1y o/R' - ' 0 ! -a -
.1 (())/GELG]g % Y | ?{nggéf;&fc%g,g g%\gngég@ﬁﬁ@r(rggéﬁing saf(d) pacfget addresses and operative

to derive a plurality of internal addresses from said packet addresses.

- ) 12. A data generator according to claim 11 for use in a memory tester to
test a memory-under-test, said memory-under-test having logic to map column
address information according to a predetermined scrambling sequence, wherein:

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

13. A data generator according to claim 12 wherein:
said look-up table comprises a scramble RAM.

14. A burst address control circuit for use in a pattern generator adapted to
test packet-based memory devices, said burst address control circuit including:
a seed address selector for identifying a seed address,
‘ ) a counter, and -

5 a burst address look-up table 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.

15. A burst address control circuit according to claim 14 wherein:
said burst address look-up table comprises a RAM.
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’ j determining a packet column address; and .
o inversely mapping said packet column address according to said DUT
5  mapping methodology.

18. A method of generating address and data signals according to claim 16
wherein said step of deriving includes the steps of:
determining a packet column address;
10 detecting column address discontinuities; and
identifying when to invert said column address based on said column
address discontinuities.

19. A method of determining the burst sequence of a plurality of internal
addresses within a packet memory address, said packet memory address generated by
) an automatic test system for application to a memory-under-test, said method
including the steps of:
5 identifying a seed address of said burst sequence; and
remapping said sequence based on said seed address.

20. A method according to claim 19 wherein said step of remapping

includes the steps of:
10 counting said internal addresses to determine a count value; and
XORing said seed address with said count value.
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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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