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RELATED APPLICATIONS

[0001] This application c¢laimg pricrity from U.S.
Provisional Patent Application 61/338,745, entitled
*Programmable Test Engine For Emerging Memory
Technologies”, which was filed on February 23, 2010, and

is incorporated by reference herein.

Field of the Invention

[0002] The present invention relates to a programmable

characterizaticn debug test engine (PCDTE).

RELATED ART

[0003] Conventional built in self test (BIST) engines,
such as that described in U.8. Patent 7,168,005, only
implement fixed test patterns. It would be desirable to
have a BIST having test patterns and counters that are
programmable. It would further be desirable for such a
Programmable BIST to have approximately the same gate

count as a conventional RIST.

SUMMARY

[0004] Accordingly, the present invention provides a
programmable characterization-debug-test engine (PCDTE) on
an integrated circuit chip. The PCDTE includes an
instruction memory that stores instructions received from
a chip interface, and a configuration memory that stores

configuration values received on the chip interface. The
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RELATED ART [0003] Conventional built in self test (21ST) engi nes,
such as that described in U S Patent 7,168,005, only inplenent fixed
test patterns. It would be desirable to have a 21ST havi ng test
patterns and counters that are programmable. It would further be
desirable for such a Programmabl e 21ST to have approxi mately the sane
gate count as a conventional 21ST. SUMVARY [ 0004] Accordingly, the
present in 0 oV} P% 0G4 by el i.an-debug-t est
engi ne (PCE%E?EOﬁlEE ?%gggﬁg?e% %%rCU|?u%%ﬁgg&ﬁﬁgﬁgé%%éb?ngludes an

i nstructi oRloeAdiyyt Aat cotpkessiasd rivctlioms plevewilviéd bifodraachi p

interface, nt g i t hat-.sfores configuration
val ues recgggggegﬁgt%% %%?%b?% g???%%é éﬁh§1433§%é0§1§8 %ﬁ%|ﬁ%8§e%
control | er ithaheconhf jgnest dopl wembity dlperauniter paandetkelkksod the

I it f dat I st ' .to th fi ti I
Stored in FREPEGRFI GUPat ToR FERDTY - Chelhtiang Faralbt &S of the

counters thahfagereonbhguseded Nife€BpRns ey Hdie cehentbgutatkonyryal ues
i ncl ude: whether the counters are increnented or decrenented, the

nunber of <PEPETFHPFENBRt BECHT et ot rdinbeke ot &5€85ze of t he
counters anfplbRches@l byat HES-Ohntdies COUM &tep S8leCHed thaUALEHE-£4N

be configured to inplenent a special counter function, wherein the
reset val uéngf thReredaht 62 118S | pEridiemamiegch t iSrderhas acubbatrer

expires. OLhgrpcoupheisufad o8 i&é%&ﬁ’e ' t Lote

counter, whereln a ?r%% counter 1s céﬁ?ﬁggﬁggqgg ggpg§ggdgpgégg% "a
menory acc®bsraddr ebs, rasseconbueocuhtiEre icouwdEft dur edctrempnowiideaah

col um addge he nmeno access address, a third counter is

conf 1 gured tBepf B ot SPURETEr S Hnas GIIie SRuPy st aBs e abiphed,
and a fourth cephteent sasonhitgyrected cqurdrde whehank addiess of the

menory access Eddress. %gOOS%IQe controller. al so ecutes the
i nstruct i ofiSYBt&F ed®i ROTHEITNSY rietd P SSE&ch @ RSTPLEL Pon©=®

includes andaeeess geperahd 0P &O0R: afth@ Jueel FanpRukakkon
op-code. The_access generation op-code specifies a read access and/or
a wite acEessMopdREeEPerht Fioh TMIYY 1353956 RERBAFSundet st . Read

and write é%ﬁﬁ%é?siéocénﬂ?l%@fé/dW%réﬁ%e can e Mpliareateds the
si mul t aneously by the PCDTE. The access generation op-code includes a

read addr egsmpsyneereeharddpess f izl vihifchigh deengeunter son§igeredt ed

whi ch of t fig PEaRiBEC M Pl ol 208 N SR ki PRRE LTS

wite datalpobbler tfhhe specrdlbsr whish eofeditesdatha regtstiecsons
stored in the instruction memory. Fach instruction
includes an access generation op-code and a loop
manipulation op-code. The access generation op-code
specifies a read access and/or a write access, or no
cperation (NOP) to the memory under test. Read and write
accesses to a memory under test can be implemented
simultaneously by the PCDTE. The accegs generation op-
code includes a read address pointer that specifies which
of the counters isg selected To provide a read address, a
write address pointer that specifies which of the counters

is selected to provide a write address, and a write data

pointer that specifies which of the data registers is
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selected to provide a wite data value (or a read conpare val ue).

[ 0006] The | oop mani pul ati on op-code includes a | oop counter pointer
that specifies which of the counters is selected to operate as a | oop
counter for the associated instruction. The | oop counter specifies
the nunber of times the read/wite accesses specified by the access
generation op-code will be repeated. The | oop manipul ation op-code

i ncl udes p%%@%%@&Stéhﬁi‘o@lcﬁQV\éEl_xﬁgiﬁsc%aat\%q lNSLEUGH Lan st A are

| i nked to anot her instruction op nani pul ati on op-code a
i ncl udes parameters that allow nultiple counters (e.g., the Ioop

counter, a addr t ﬂ?% r ess nter) to be
updated in B§?§ IeI $§%ef$%% fian J%Z |on op codéng sgesncluagg
paraneterscbhatealpomnsersthﬁtt$@ﬁmxﬁmﬁgﬂwhﬂmh ke mhéabednters is
sequenti al | 0 The PCDTE o resent |nvent| rovi

rex bi | 11 5oL RCOBRerat TRE-TRS(<heft L G7oRs SUPHE £hE. FAtegrapbimted
circuit. ThesPEIEibS. ea"shéylcs@@l@ﬂmaeher@ém&hb@%ﬁg AeRBELRest havi ng

a large nunber of ports to be tested. [0008]I Eartlcular
enbodi ment t1PRE PEBTESRF/ Yﬁ%t%r%%ﬁﬁﬁsﬁ%nﬁﬁﬁﬁ%§ﬁeﬁs ¥ §8°c86prEd to a

transm tte@eﬁéréh@ohné}ﬁgé@&@%ﬁli%tréﬂ?a'af%edvmeri‘ﬁ'enlBBE menory access
signal s generated b e PCDTE are serialized and transmtted off of

t he |ntegr@ﬁéépélﬁéa@ﬁ @mr%Odqhégéi#EWDmW%@@@é§§Ssﬁ@ﬁél§1éaw bee
routed to 98c§%£é§' 12400, LELSL Lec§ dﬂ&l exaly 'aPHEgr Lated circuit
ac on

chip (in a oop configurati timate e provided to
t he nennryluﬁdenCtegm (oﬂhQrkpwpumgﬂxnuiﬁumomcwptcoﬁepﬁlsbnlnhlsdes

enbodlnentP thﬁ E ﬁdvanig eQ?SHXgaer%hﬁ %r%h% transght ?OOP

recerve circultry gra I‘CUI'[
counter a read address counter and a write address
counter) to be updated in parallel. The loop manipulation
op-code also includes parameters that allow sets of the
counters to be updated seguentially.
[0007] The PCDTE of the present invention provides
flexibility in generating test patterns within the
integrated circuit. The PCDTE is easily scaled, thereby
allowing memcries having a large number of ports to be
tested.
[0008] In a particular embodiment, the PCDTE of the
present invention is also coupled to a transmitter of the
integrated circuit chip, wherein the memory access signals
generated by the PCDTE are serialized and transmitted off
of the integrated circuit chip. These memory access
signals can be routed to a de-gerializing receiver of the
same integrated circuit chip (in a loop-back
configuration), and ultimately be provided to the memory
under test {(on the integrated circuit chip). In this
embodiment, the PCDTE advantageously exercisges the

transmit and receive circuitry of the integrated circuit
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chip. In an alternate enbodi nent, the nenory access signals can be
routed to a de-serializing receiver of another integrated circuit
chip, and be provided to a nenory on this other chip. [0009] The
present invention will be nore fully understood in view of the
foll owi ng description and drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0010]Fig. 1 is a block diagram of a progranmmabl e

char act eri zgf j on-flelg-4 s8Ry RerCACRERY, WhLChehscfabiicated on an

integrated citcuit chip, in accordance wi th one enbodi nent of the
present i nvestdoh.cfrOd¥Kl|RgeRAd & debberkadiagranrétée ety arf ng

speci al i ze 8%?%6 .addr.es ne [ | ELEY
I mpl enent e%mgy e{%(%l!%%@r%%%,%%f? ?ﬁggéc%rﬂéaﬁ%eg%méfﬁ&%%et%n%odi ment
of the presentry nwernthion.ot{312jEipg. 2B is a bl ock di agram
I||UStrath90¥5fte The present invention will be more fully

understood in view of the following description and

drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

[0010] Fig. 1 is a block diagram of a programmable
characterization-debug-test engine (PCDTE), which is
fabricated on an integrated circuit chip, in accordance
with one embodiment of the present invention.

[0011] Fig. 2A is a block diagram illustrating
specialized counters and read address generation circuitry
implemented by the PCDTE of Fig. 1, in accordance with one
embodiment of the present invention.

[0012] Fig. 2B is a block diagram illustrating write
address generation circuitry implemented by the PCDTE of
Fig. 1, in accordance with one embodiment of the present
invention.

[0013] Figs. 3A, 3B and 3C are block diagrams
illustrating configuration registers used to configure the
specialized counters of Fig. 2A, in accordance with one
embodiment of the present invention.

[0014] Fig. 4 is a block diagram illustrating data
generation circuitry implemented by the PCDTE of Fig. 1,
in accordance with one embodiment of the present
invention.

[0015] Fig. 5 is a block diagram illustrating and
instruction op-code implemented by the PCDTE of Fig. 1, in

accordance with one embodiment of the present invention.
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address generation circuitry inplenented by the PCDTE of Fig. 1, in
accordance wi th one enbodi nent of the present invention. [0013]Figs.
3A, 3B and 3C are block diagrans illustrating configuration registers
used to configure the specialized counters of Fig. 2A in accordance
wi th one enbodi nent of the present invention. [0014]Fig. 4 is a block
diagramillustrating data generation circuitry inplenented by the
PCDTE of Fi I n or 0 d r
i nventi on. ?%%)%5] Fi g]aa:L Ifa%c% \gﬂgl?%(]j{‘l ggﬁgggﬁ }ng?%%tp%%gggné) ﬁg&tm
i nstructi ohhap- @%ﬁ% tihrep | RS ef 1Rict-hé PCDTEpoOEmMENyY. pogramedeior dance
with one e ' Of ¢ the pr n 00 Fig. 6 1s a
bl ock di aggg%j’%l us ra |4r%g8tp %&1 ahd gh%t lL ﬂ rgpalr

(BISR), in accordance with one embodiment of the presgent

invention.
[0017] Fig. 7 is a block diagram of a bandwidth engine
that may be implemented using the PCDTE of Fig. 1 in

accordance with one embodiment of the present invention.

DETATILED DESCRIPTICN

fooig} In general, the present invention provides a
programmable characterization-debug-test engine (PCDTE)
engine, which is located on an integrated circuit chip.
The PCDTE can be used tco implement characterization, debug
and test functions for circuitry {(e.g., one or more
memories) located on the chip. In addition, the PCDTE can
create transactions that are transmitted off of the chip,
and are either returned to a receiver of the same chip, or
provided to a receiver of a different chip.

fool9l The PCDTE of the present invention can be used
for characterizing the timing, voltages and patterns that
can be exercised to achieve the optimal cperating
conditions of the memory. The PCDTE of the present
invention can also be used as a debug engine, for
debugging various on-chip circuits that interface to the
memory bit-cells. The PCDTE of the present invention can
also be used as an on-chip built-in self tester (BIST), to
test the memories with the programmable patterns that are
discovered during the characterization and debug phase.
The PCDTE of the present invention can also be usged for
burn-in and hot temperature operating life (HTOL) studies.

[0020] The PCDTE of the present invention works well in
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t hat uses the PCDTE of Fig. 1 to inplenent programmuable built-in self
test (PBIST) and built-in self repair (BISR), in accordance with one
enbodi nent of the present invention. [0017]Fig. 7 is a block diagram
of a bandw dth engi ne that nmay be inplenented using the PCDTE of Fig.
1 in accordance with one enbodi nent of the present invention.

DETAI LED DESCRI PTI ON [0018] 1 n general, the present invention provides

a program@%fu&@ﬁ@%n%égfﬁ{g} %r%%b,léghbg%ta agina%gf’lg@?@ SR

which is located on an intedgrated circuit chip. CDTE can be used
to i npl enenmnd chbglaciresd atdinnil tdebilng Lgndateseifilngt dohsvwigrtcicouit ry

(e.g., onesgr agggsaere@a@ﬂxe%&eﬂo ti%%tgﬂcghsrcaggglag,gﬁgg%ﬁﬁ& the.

PCDTE can cre transactions that are transm e chip,
and are eidhenoretaf nate tteenmyedeistencet tnhe saneaghhpt los tite\daded

to a receiver_of a different. chip.. 019] The PCDJE of th [esent
invention tAn"He"used Tt c thctwé‘fii[t% 9 }Egv?FmIﬁa?Y%ojr é%%lﬁ'and
patterns t&etaansikm exefici sed to achieve the optinmal operating
conditions of the nmenpory. The PCDTE of the present invention can al so

be used as!@%%ehug énfine: ot FdGEgPAGIVaNI Bis2 oRCERE pl &9 r cih i

that interfacesdeo dhedeipran bideeehkeq The-REPTELOE 1H€, present
invention can al so be used as an on-chip built-in self tester (BIST),
to test thRCHPRATES Wik tth Qlife g9ksgiasmabré phet Braserhainggriion.

di scover edpgyfd ngyd mqmcﬂ@&%c?gagg%maglgggngepagt%ﬁ%gerﬂgﬁ REDTE of

t he present 1 nvention can use urn-1n an

t enper at ur eropexratang |ddred (HEAL) oot agivesy 00203 ThenPCPTEDf1Ghe

present i“Y&ﬁ@éﬁ”E%%%%& gw%ﬂeiﬂ}ogram counter 104 of the PCDTE},
several specialized counters 105, transaction generation
unit 106, chip parameter controller 107 and chip failure
accumulation engine 108. Transaclbion generation unit 106
includes read address generation circuit 250, write
address generation circuit 300 and data generation circuit
400.
£0022] Programmable instruction memory 101 stores
instruction op-codes, which are described in more detail
below. Programmable instruction memory 101 is
implemented, for example, using a random access memory
(RAM) or a flip-flop array. Programmable instruction
memory 101 can be programmed through the serial or
parallel interface of chip 150, in accordance with one
embodiment of the present invention. Programmable
instruction memory 101 can store M instructions, wherein M
is dictated by the gate count reguirements, type of memory
technology, chip interface and overall characterization,
debug and test strategy of chip 150.
[0023] Programmable configuration memory 102 stores

configuration parameters of PCDTE 100. In general, the
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eval uati ng energi ng dense single and nulti-port nenories and

hi gh-speed circuits while maintaining a | ow gate count for a
particul ar nenory instance or nenory instances. One or nore of the
menory instances nmay or nay not be the same in terns of size, data
wi dth or flavor (Mosys 1T-SRAM eDRAM SRAM etc). [0021]Fig. 1 is a
bl ock di agram of a PCDTE 100, which is fabricated on an integrated

circuit chj i N ggﬂ it i f.the present
invention.&g%%ﬁggﬁ%%ﬂﬁﬁgﬁa esq%?%%ﬁgﬁﬁgglggPﬁg%ggg%?%%l%ennry 101

pr ogr ammabtentomfraguirat ingemarenarog k32, uaedohbr obhBigdH3 v CAl ized
controls the progr ount e 4 of the PCDTE), several_specialized
count ers 16%1}19??%%?5;8c§'i oﬁeagcgr?e]agd&ieisﬁngﬁﬁlﬁfa 08 Eﬁff)ub'ér%ﬁ‘gt efrite
contr ol | eraddide syt i tfiadd wigcdeunvbathandengi fendO8: i I afnsaatiiton

generation unit 106 includes read address generation circuit 250,
wite addr8d: geMdt AU BT 366287Gd8t 8 gEReraY i BFPEF ¥R %400.

[ 0022] Pr ogeaavadhs d st idGid 9N 1Rk S48 BEQSihNSLFHICHE O 1
op-codes, whjch are described in nore detail below Programmble
i nstructi opShehor VAT 3 ¥ emadiegratepneranplrs, 103 ¢rp ¢ andom

access menpry; LRAMCOF @ f ldpafhian aena -an@;)amglgrwtr%i on
menory 101 can be programmed through thée serial or parallel interface
of chip 158ccéydaeorditend temborld memboditnehe pfesdret prwssmtion,

i nvention._ P bl e instructi.on [ can store M
instructid%g%é%ééﬁggﬁslﬁq%;%ﬂ%%%ﬁgﬁlgg%gﬁé ég%ec%%u%is?gaﬁirenents,
type of nmeposyrdmchhdlogygichile isetrdnflace aadablVeralhterface of
characterizatio debug and test strategy of chip 150.
[0023]Prog?%ﬁ%eih%‘configuration nmenory 102 stores configuration

par anet er s[@§2PCOTE Ak rdIn egenenalis thapled to programmable
instruction memory 101 and programmable configuration
memory 102. As described in more detail below, controller
103 configures specialized counters 105 and transaction
generation unit 106 in response to configuration
parameters received £rom programmable configuration memory
102. In addition, controller 103 uses specialized
counters 105 and transaction generation unit 106 to
initiate read and write transactions to a memory being
characterized-debugged-tested in response to instructions
retrieved from programmable instruction memcry 101. 1In
the i1llustrated embodiments, PCDTE 100 includes one read
port (which carries the read enable signal RE and the read
address R_ADDR) and one write port (which carries the
write enable signal WE, the write address W_ADDR and the
write data DATA) for accessing the memory being tested.
Although only two ports are iliustrated in the described
embodiment, as described in more detail below, transaction
generation unit 106 is easily modified to implement other

numbers of ports in other embodiments.
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configuration paranmeters stored by programrabl e configuration nmenory
102 are used to configure specialized counters 105, read address
generation circuit 250, wite address generation circuit 300 and data
generation circuit 400. The configuration paranmeters stored by
programuabl e configuration nenory 102 are described in nore detai

bel ow. Programmabl e configuration nmenory 102 can be inplenmented, for
example, ugbogsp 114 I daR.ant atn bnoaecpedance, L one gpbadl el
of the present nvention, progra bPe’ con i'guration nmenory 162 “can
al so be progreammek tthouglerdia ngercvaliotoparaf | @ip mt=r f @ce.qf chip
150. [0024 ntroller.103 .i s .cqupled to programmabl e instruction,
rorory 101 GNP ErOG i S ol GEPRPNGR NRnaryE T 1S RACHADat | n
mor e det ai progtaomasionti-aldeicti®d aenbi-gules. speshaly zed 1gount ers 105
and transacti on generation unit 106 in response to configuration

P

par anet er s>T LRt Tt GHPrAmEBre SEBRE | Gt S orP 3ol Y 3162 oFn
addition, epntdold.ef EHXEAUIPEIPeCLahbIAH s Ll S aldh be used
transaction generation unit 106 to initiate read and wite
transacti of® ?b- daRenory sElRy ehaeacterfzed- debugged-tested in
response teghst r uctdons J.etird eved from anqﬁpl N i on
menory 101? I%ékhe ifﬁﬂstrafg%%ﬁﬁggﬁ%hgggé?gécb 1%%1?%%{%%%% one
read port £wédiohl iczad iesutthe s dd¢ emablceosignat RE-andnt hemvadidnent
address R n ne wite port (which carries.the wite enable
si gnal WE,O%he %;bﬁ%é%gldfé§§HV¥' gﬁﬁthgpﬁf%?el At " TR or

accessi ng iiel wbor ik el 4ig it estederAl thoughsoniyet woi posdés are
illustrated in the described enbodi nent, —as described in npre detai
bel ow, tranS&eTToM yerferatitn i £T168°1d EFETFG Toal i it

i mpl enent  pidREdSHINRANS DIHIROT (shaln )ottbenhterbodi penis, add02Sidin
general, chip paraneter controller 107 is used to change the

oper ati ng ¥ndrt | B fCXHTFTF 7. yhictolnggedeantowt nffmikdt i n
response t e 1St § UShi S-SR Jan pm%aﬂgﬁbkﬁe' BLELGL T 0N, SRRy
101. Menory failure accunul ati on engine 108 can store Data 0, Data 1
failures ofsfedsdmigegDaitra Cravatticomdithed) pdat acuhhf chirean e used
to bit-map ry. W 10 Fi i b . oH m
that 111wty e doct Mt inddsocd Shabe e GekP Bronferifl SR
enbodi ment cofintdmws prsertn ivw estsidly. mbdeséedpeci ahcede cotimter s

i nclude six _20-bit counters 200-%?5 %h.e., garge cougters % hd first
set of smalf"ToUNters” Shbhi A9 A GE& 31 8BV TBIbPY ?Eh%} S Tount er s
210-213, ansbseEcond ms&f. ofa ST iQQurtetse20¢henWhbsh dactasies four
8-bit (snal%% counters 220-223. Al though the present invention is
descri bed $RTOHNES? | OF Hitth %2 &t | ACHr-BlpIBrCER LRI 1T t1(%
under st oodykha 1, GOUR Feripetilinzedauntgrss40R £oPrbe wasd |y

modi fied to_include other nunbers of counters, and counters having
ot her wi dt#ddress generation circuit 250 includes read address

gwitch 215, which is coupled to receive counter valuesg
from 8-bit small counters 210-213, read address switch
225, which is coupled to receive counter values from 8-bit
small counters 220-223, read address multiplexer 230,
which is coupled to receive counter values from 20-bit
large counters 200-205 and read address switches 215 and
225, and read address scrambler 235, which is coupled to
receive a counter value from read address multiplexer 230.

{0028] Fig. 2B is a block diagram that illustrates the
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[0027]Fig. 2A also illustrates the read address generation circuit
250 of transaction generation unit 106, which is used to generate the
read address R ADDR. Read address generation circuit 250 includes
read address switch 215, which is coupled to receive counter val ues
from8-bit small counters 210-213, read address switch 225, which is
coupled to receive counter values from8-bit small counters 220-223,

read address. pulti r i.ch,.i u d to _receive.counter

val ues froﬁ?ﬁggb%%g%%%%ég%§§%1%g§§'266%§g§ ghg ?%aargﬂa?%géogmﬁtches
215 and 22§¢neandt ie@adumaddre®s, sdrianiblier u2s8, twhiyehetrsteotipt edriios
receive a cggnter fqu1read dress nuItLEIexer 230t %& 28] Fi g.
2B is a bl 38k @fagh4 at 111U EE 5t BERCHAT ¢ 8P adF 684t geher at i on
circuit 300nefud¢ansactd audenss avwidrnunint , 186icwhighcbspusedtd o
generate the wite address WADDR Wite address generation circuit
300 i ncl udBSCHFYE e AHYr &s sVBWRTH 29T 8 -Riitc AVP& - cBAPTPEETE 02 F beet e
counter valuesefromSsdidw St |3 00UnEaS: 2503031 W LEeraddI$SS
switch 325, which is coupled to receive counter values from8-bit
smal | counferBteROuabP®es Wik Sdditesdadil cPpherer 33029k ctiri e
coupled to I I f 2Q-bi e.go 200- 205
and wite %%%%giﬁqggjtc %%m%ﬁéﬂgﬁd“ggg%'gﬁdbkﬁ ?%gaggrggéggi?anbler
335, whi chepsneeuprebugs feweidle ke tcdunmter coanbertr AP wWE Db eamddr ess
mul ti pl exer_.330. e that. w.ite ress neration.circuyi,.t 300 is
coupl ed tow¥%§%i%e % %fcﬁﬂﬁ1%§e%na %ggngr3%$de8ngyw€%ﬁﬁt%rgriﬁﬁ-205,
210- 213 andc22@=P23,33%), patiadd els wdupledadcaddressegenevahton caodli t
250. [0029]lThere are seyeral types of counters_which can co-exi st

Wi thin spetfafi%et-e Y 1‘@étlﬂ4€§€rcéaﬂterNP%eEhEEnWFhE‘F ude,
exanpl e, nQaaBLsE Oy &F $6 1 it @OFAtied 30eUAkeESUEMBECHoUSEcEeVET Bhe
smal |l counters to 1 nplenent a |arger counter), and special function

counters. SPERFEF faHeRTF FF COHREAY GPréRERt é4°by 0P he2 pPedbhtand

i nvention baglusle |]mnear-{erdbagk 1shiddy Legheter gbLEPR) 1 6RUBL£ESI ¢
(whi ch use LFSR Bool ean functions to provide a random count), and
counters thBaP.generate count values to inplenent noving inversion
tests. At partj r eci f.u i.Qn GO r cr.ibed
her ei n, itwﬁggg%der§¥%%%§i$é§)éﬁﬁ%ﬁﬁlt$' ggoP%sgggﬁ%?r?uﬁE??%nééﬁ
count ers can-beisupheneit esbeai ot iwrd emvadiement o5 .| NThheei tbusteat ed
exanpl e, 20-bit countqgf 00- 205 can he conf%%ﬁred tg i npl enent

nor mal couhYBFE, SFantidnT t&unt &rs B Spéei AP anctPBR Cotnters. The
sets of snphtegounderSouZ@6randddth cae keveenli gunaed touhoptenest
normal counters, random counters or in%éﬁ{ated,countersu When snal |

counter set™PHBTFRE cRdNFFERFECITGHHI-e SRR Ate§FEEEd Rount er, the
four 8-Dbit eoHPLess 2d0ecdil, ridded i Rl3iahe Uspdehenskbar By Coham,
row, sector and bank addresses. Simlarly, when snall counter set 207
i s confi guPEESEBE | FpYerehen aling hdgyrdred rc desdenckt RB1EBuFeglShBEY
count er s 220pRPleodRe AN (AR TREH G010k EBhUTRonEORe Sector

and bank addresses.
provide a random count), and counters that generate count

for

values to implilement moving inversion tests. Although
particular special function counters are described herein,
it is understood that other types of special function
counters can be implemented in other embodiments. In the
illustrated example, 20-bit counters 200-205 can be
configured to implement normal counters, random counters

or special function counters. The sets of small counters



[ 0030] The counters 200-207 are progranmred (configured) in response to
configuration values stored in configuration registers within
programmabl e configuration nmenory 102. [0031] Figs. 3A, 32 and 3C are

bl ock diagrans illustrating configuration registers CRO-CR10 of
programabl e configuration nenory 102 in accordance with one
enbodi ment of the present invention. In the illustrated enbodi nent,

progr anmabl g. cont i g gt W H%d Rel Y e iguration
regi sters CR%-%%ﬁo, eacéh (r)bf I cf%l I'S éj4?%i Fgg\%\ne@%ﬁy[lg%%%% g. 3A
i |1 ustrat escenhd Fguratndm reygirgtears cCRANLERSatEleseunbef s guridiemn

CrGs 51 63: OF ki SRULGRT 1 G0 & Tor e “OotCer £2260 £0P 208 F c&bect  vel y.
[ 0033] Fi g. iBRedtdiusd rahest onfilgurfatiros -begi sbent€R6 and, CR71, 212
Confi gurat | og regi st eru% stores c%nfi gur atrioon val ue CFG_ 6] 63: 0],
whi ch conf Fgdres® st | Mttt erE 210 Sand™@11%%onPEGurat 790 st er
CR7 storesag@nés gl at | oimvad g, Chilaef] 6@l cwhhebrcoati gy ess smal |
counters 212 and 213.
configured to implement an integrated counter, the four 8-
bit counters 220, 221, 222 and 223 are used to store
column, row, sector and bank addresses.
[0030] The counters 200-207 are programmed {(configured)
in response to configuration values stored in
configuration registers within programmable configuration
memory 102.
[0031] Figs. 3A, 2B and 3C are block diagrams
illustrating configuration registerg CRo-CRip of
programmable configuration memory 102 in accordance with
one embodiment of the present invention. In the
illustrated embodiment, programmable configuration memory
102 includes eleven configuration registers CRy-CR;o, each
of which is 64-bits wide.
[0032] Fig. 3A illustrates configuration registers CRg-
CRs;. These configuration registers CR,-CRg store
configuration values CFG _0[63:0] tc CFG_5[63:0], which
configure large counters 200 to 205, respectively.
[0033] Fig. 3B illustrates configuration register CRg
and CR;. Configuration register CRg stores configuration
value CFG _6[63:0], which configures small counters 210 and
211. Configuration register CR; stores configuration value
CFG_7[63:0], which configures small counters 212 and 213.
{0034] Fig. 3C illustrates configuration registers CRg-
CR1p. Configuration register CRg stores configuration

value CFG 8[63:0], which configures small counters 220 and
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[0034]Fig. 3Cillustrates configuration registers CR8- CRi 0.
Configuration register CR8 stores configuration value CFG 8[63:0],

whi ch configures small counters 220 and 221. Configuration register
CR9 stores configuration value CFG 9[63: 0], which configures counters
222 and 223. As described in nore detail below, configuration

regi ster CR10 stores a configuration value CFG 10[63:0] that is used

to configu dat 4 t

generatl onéﬁnlt ?%Igf{]f%os%f %§qqulgs%errag%av%£g#] é%?%%c%]lo?n t ﬁeluéel X

confi gur at €B@_9 égs st br sviviatluesorGRGU@es0 c@ﬁﬁtérsn@lzadasdt 2B3 1 esks ved

bits RESVD 2.3 ec alnfanrcélé)@ bllt bSI?LF N, an ncreEIent decrege 11@)@

| NG/ DEC_N, 9&°50* ¥ Steps VAl ggn§+g|5§a TO8 SBIhFICor At

val ue OFFSETofEs aaadcmﬂﬂgdmatnrc&sexal\xm ME‘GRS'ﬁiVALO[N thubei ei Bsd&EOcd or

conflguratlon re |st r_ value CFG O N=1 for conflguratlon re ster

val ue CFG TOREIE TS FUonG IR e foritd8c f GRoHL LU AR UBS TGS

i ndi cat es @@@éf@@l@ﬂg%@%m@l ed counter is increnented or

decrenent ed égs]g I NG/ DEC N = '0' causes the associated counter to
whi

be decr enehf &3 i 1% |:NdLE§EGEN’e'd by Fdguséd t ReChsSbctheedi®ount er
to be i an@Hi%f\i@&i}atJ ré@’f@@é’ Ol St eRs CF&abugoSEEBS5'\|1ﬁ@fﬁ&éé es,d he

nunber of steps that the associ at ed counterwi Il count. The offset
vaI ue OFFSEFseN¢ddvtlat REFHR sileaoetﬁlaéa(fhm@mlmleblStébFﬁ& gan OFFSET

= 2 causg ré#ﬁn@s%&%f%ﬁqu: Gniol@t]ﬁcéﬁ)%g;% ' EC%S”E”EE%SSB ﬁ”&f‘t ed in
steps of two e 2 reset va VA Specifires e val ue
to which theeps’ value STEPS N, a 20-bit offset value OFFSET N, and
a 20-bit reset value RST VAL N, (wherein N=0 for
configuration register value CFG 0, N=1 for configuration
register value CFG_1, etc.}.
[0036] The increment-decrement value INC/DEC_N

indicates whether the associated counter is incremented or

decremented (e.g., INC/DEC N = ‘0’ causes the associated
counter to be decremented, while INC/DEC N = ‘1’ causes
the associated counter to be incremented). The ‘number of

stepzs’ value STEPS N specifies the number of steps that
the associated counter will count. The offset value
OFFSET N indicates the size of each counter step (e.g.,
OFFSET N = 2 causes the associated counter to be
incremented-decremented in steps of two). The 20-bit
reset value RST VAL N specifies the value to which the
corresponding counter will be reset upon expiration (i.e.,
upon counting the number of steps specified by STEPS N).
[0037] The special function bit SPF_N indicates whether
the associated counter implements a special counter
function {(e.g., SPF N = ‘0’ disables the special function
in the associated counter, while SPF_N = ‘1’ enables the

asgociated counter to implement the special counter
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correspondi ng counter will be reset upon expiration (i.e., upon
counting the nunber of steps specified by STEPS N). [0037] The speci al
function bit SPF_N indicates whether the associated counter

i npl enents a special counter function (e.g., SPF N = "0" disables the
special function in the associated counter, while SPF_ N = '1" enabl es
t he associated counter to inplenent the special counter function).
I'n the enbpdi Q?[ r u rs_200-203 are
configured to |np 5#{1Hf (§%§§Pg% ggﬁ%?lg%g %ﬁdefaf ea%%%nters

204- 205 arecconét gl &d- 2@ |arq:d enmﬁga;reetctmdmpéemahtfmnﬁif@m

diff t than.t f 1 |, f t f Iy, wh
the Speci afPRbi o HURTT b I YT S8 H-EREn ARy  BACSEF L he | ar ge

counters 206n203urddero theTeaset: wlseeoat %bé&l@@uﬂ{tﬁétiénl ncrenment ed
by '1' upon expiration of this counter. For exanple, if the special

counter funttforctts fettetmtéteffdrr%tars@ecee&nffenctzeen(. ¥oregpr 3 = 1),

then each é]?@@lff@éli}hl Sy %é@ﬁ&%&lZQ%u%BH €Snct Denr eselnMaldie
RST_VAL_3 this counter is increnented by As known to those

skilled i nwiHelmrany (9 %fpé@t%liafre@ctcpeﬁteﬁabtzeg Eh2. crlesimi e of a
movi ng i nv?ééé@“\réﬁ?é patderd. o4 Le38] \D'@e@nt:?@méﬁt‘?&&a}!; COH“B@S%S

function is enabled within any one of the ge count e 2
then this ¢tapgeattountef tisierabirgdgzt.o Fn:pl eﬁempla, LFSRcheum@cr:,aJsuch

that this Large counter. I‘OVI des r count _out r exarrple
i f the spe%?a nguﬁ rE& unc 5 oer?%b?egﬁgﬁfe “fer F%lrl%e coun? 2904’
(i.e., SPFsAFr=313, ll,hafhetrhleﬂadl’ﬂl’tgﬁtecmhllateK:h2@4laSgeOﬁéu@tkEﬁd2t]tZD

operate as an, LFSR counter. In _the foregoing e counters

| a
200. 205 caFF BT A0 URTSF e 0ot RSUr-GATA g1 FBXFbFE REThot® o

provi de a yh@eehamged Ay count ernHMricans tof €838EAsKi L 1 ¥st 1at ggk hyr-Fi g.
3B, the configuration register CAG stores a correspondi ng 64-bit

confi gur at FohS vaPeel -G BIH3 V] SNANIEH Chel Ggeatang| pEta3pohing

confi guratiQpeval e (EG §J3k ), and a second 32-bit configuration
val ue CFG 6[63:321. The first 32-bit configuration val ue CFG 6] 31: 0]

is used toleehd] gur digbiths maldcicdurrenterofuaAticheiseeo@dl S2- bi t
Conf'gurat%gphzn any one of the large counters 204-205, then this

large counter is enabled to implement a LFSR counter, such
that this large counter providegs a random count output.
For example, if the special counter function is enabled
for large counter 204 (i.e., SPF 4 = 1), then this large
counter 204 is configured to operate as an LFSR counter,
In the foregoing manner, large counters 200-205 can
advantageously be configured in a flexible manner to
provide a wide range of counter options.

[0039] As illustrated by Fig. 3B, the configuration
register CRe¢ stores a corresponding 64-bit configuration
value CFG 6([63:0], which includes a first 32-bit
configuration value CFG_6[31:0] and a second 32-bit
configuration value CFG 6[63:32]. The first 32-bit
configuration value CFG 6(31:0] is used to configure 8-bit

small counter 210, and the second 32-bit configuration
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val ue CFG 6[63:32] is used to configure 8-bit small counter 211. The
first 32-bit configuration value CFG 6[31:0] includes three reserved
bits RESVD, an increnent-decrenent bit INGDEC SM O a 4-bit
configuration value CONFIG O an 8-bit 'nunmber of steps' val ue
STEPS SM O, an 8-bit offset value OFFSET_SM O, and an 8-bit reset
val ue RST VAL SM 0. [0040] The i ncrenent-decrenent value | NC/ DEC SM 0
i ndic whethe, SsQci I e LS.{ncrenmented
or decrenea%lfgg]é (e.(gfé,g[ef:ﬂ%%Eé%CSl\{stS%ﬂt%gﬁogggggggc%u%%gré@ijofto be
decr enent edoumbet e21NC/ DEG SM1Gt B2 -tausesncdogntreti@dOvibude

i ncrenente 8-bit 'nunber .of steps' value ST M O specifies
t he nunberg%%—gpgb'okrﬁﬂc¥%%g%§§ggﬁhﬁgﬁegﬁﬁalB&BﬁngggwgiﬁaﬂﬁII count .
The 8-bit offsetevadde- £IfSET SM ANoYdiEcakesot he sigecof _ _ each

step of counter 210 (e.qg., OFFSET N = 1 causes small counter 210 to
be i ncr eneRPRU: UEE eridht Bt Y SERFE_GF 8Ref PFhe 'BUBPET reset SR ue

RST_VAL_SM:£ spegirtressi he, vl ueie Wrrghrsiahhecoppiet 240 Widilg be
reset upon expiration (i e., upon countlng t he nunber of sTeps

speci fied &  SMVEY) . VaRHEe oV i 8n val ue CONFI G O i ndi cates
whet her th ci at [y i i bank
Mdr ecs (CINETH 2 BRGHERori bdc iRt S1AE JRCPERL S 2 07" 4

row addr essn¢ OONR G Whethe0 1018 aswostlurd atdlésso(OONEI O s

o ) LaSHESed 1 AR IS o O 07l 900 )
causes counter 210 to be decremented, while INC/DEC SM 0 =
‘1’ causes counter 210 to be incremented). The 8-bit
‘number of steps’ value STEPS_SM_0 specifies the number of
steps that the associlated small counter 210 will count.
The 8-bit offset value OFFSET_SM 0 indicates the size of
each step of counter 210 (e.g., OFFSET N = 1 causes small
counter 210 to be incremented-decremented in steps of
one). The 8-bit reset value RST VAL SM 0 gspecifies the
value to which small counter 210 will be reset upon
expiration {i.e., upon counting the number of steps

specified by STEPS SM 0). The configuration value

CONFIG 0 indicates whether the associated counter 210 is

configured to provide a bank address {(CONFIG 0 = *1000'),
a sector address (CONFIG 0 = '0100’), a row address
(CONFIG 0 = '0010’), a column address {CONFIG_ 0 = '0001'),
or none of these address types (CONFIG 0 = ‘0000').

[0041] The gecond 32-bit configuration value

CFG_6(63:32]1 includes similar bits/values: RESVD,
INC/DEC _SM 1, CONFIG 1, STEPS SM 1, OFFSET SM_1 and

RST VAL SM 1, which configure the 8-bit small counter 211
in the manner described above.

[0042] Ag algo illustrated by Fig. 3B, the
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CFG 6[ 63:32] includes simlar bits/values: RESVD, |NC DEC SM 1,

CONFI G_1, STEPS SM 1, OFFSET_SM 1 and RST VAL SM 1 which configure
the 8-bit small counter 211 in the nmanner described above. [0042] As
also illustrated by Fig. 3B, the configuration register CR7 stores a
correspondi ng 64-bit configuration value CFG 7[63:0], which includes
a first 32-bit configuration value CFG 7[31:0] and a second 32-bit

configuratj fv%]l‘ -G 63 ~pln L.rst_32-hi J_gqurat i
val ue CFG 7 31% 1'!ﬁ@tnjg}:uges ?%tf% &éﬁ?ug%&%{%\ﬁ)%%é%&ﬁgl G 2,
STEPS SM 2¢oitFR8ER SM? enidieRSFCOVALL 6SM02 , wihéhhconfigdes 4 hiiBsthi t

smal | counter, 212 in the nner.__descrihe oye. _Sim | arl t .
second 3;-{;’%71?1%0%'1#91 ' a}n%nonvé’iaué‘lecggg?‘?éggééf ?ﬂ%l%d%%c%ri’“}s%'aqltfes

RESVD, | NGt&EEL SMa3; 1 SBONF @3, CESTERS 153, OFRSET: 8b4 33 arnshi RST VAL SM

3 which configure the 8-bit small counter 213 i.n the nner descri bed
above. [Ooﬁ%‘]‘gégli“?qiﬁscfpr atFd hy-HE-g. 13300 tﬁ@ciHﬂ??gﬁ%%gF‘é?nl‘r‘%@i sters

CR8 and CROgstm) enfcd/mid sonf i gonaticon ,valrues ShG 8[68rOfrand 2 and
CFG 9[ 63: Oxl’ reslfe vel'y. "The confi guration value CFG 8[63: 0]

cti
i ncludes a*3R-Wl bt gitlr'sdh ciPnfaicue eCEbesp3hib] snadl t@=len i G e
snal | COUniz@rt@@%ér{héf‘%é%ﬁrﬁgedj%%%t?EdS%Q?Zer?Pdtﬁ?l?’gécpéﬁd 32-

configuration value CFG 8[63:32] used to configure sma counter 221
in the manbkf destigueat abovel FhEFeonflegupal i onclafiee IOFRG Of6310]

i ncl udes a,32-bit i tio e .CF 1.0] ,us confi

smal | coun%%%v]g‘zfl\l&gﬂ%%cg—%n@néde% y eslghrﬂsbeg‘; g%%v%&—%hﬁ%%@h@?—j L
confi gur atkRen VAl e CEG {631 32nfligedet cheoAfbyur emshil towmonat 31223

in the manner descri bed c;labove.. 4d8044 In the above-descri bed manner,
the confi gt? atiol VEteFE @ 9 enable the 20-bit large

counters 2000295, thes Sihidstsrmldd egurtiers32]10tR4 3cohf Courdeioset
registers CRg and CRs store 64-bit configuraticon values
CPG_8[63:0] and CFG_9[63:0], respectively. The
configuration value CFG 8[63:0] includes a 32-bit
configuration value CFG_8[31:0] used to configure small
counter 220 in the manner described above, and a 32-bit
configuration value CFG_8([63:32] used to configure small
counter 221 in the manner described above. The
configuration value CFG_9[63:0] includes a 32-bit
configuration value CFG_9([31:0] used to configure small
counter 222 in the manner described above, and a 32-bit
configuration value CFG 5([63:32] used to configure small
counter 223 in the manner described zbove.
[0044] In the above-described manner, the configuration
values CFG_0 to CFG_9 enable the 20-bit large counters
200-205, the 8-bit small counters 210-213 of counter set
206 and the 8-bit small counters 220-223 of counter set
207 to be independently configured to implement a wide
variety of counters, thereby providing flexibility to the

read/write address generation capabilities of PCDTE 100.
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206 and the 8-bit small counters 220-223 of counter set 207 to be

i ndependently configured to inplement a wide variety of counters,
thereby providing flexibility to the read/wite address generation
capabilities of PCDTE 100. [0045]As illustrated in Figs. 2A and 2E,
the configuration values CONFIG Oto CONFIG 3 stored in configuration
registers CR6 and CR7 are used to configure read switch 215 (Fig. 2A)

Counters 21008801 A0 WIS Cie TAG 28 ROSoR() B, bank

sector, rowenf igmrwm)n spelids eIDI\tFyEG fve t@OIG,‘bNg‘U]GaBI shovallues
CONFI G O CONEIG 1, CONFIG 2 and FI G res ect ely. For exarrpl e,
it the confPgttart oht VAl ted BN %% %ﬁ@% < G598 6% RATLEINEI G 3

have val uesegfi s@046h,2140001g. mo@ndamﬂltéoﬁﬂzltchesmsctFis./§| yast hen
read switch 215 will route the counter values fromcounters 210, 211,

212 and 213°33 FHUEChHanC TRHTT Aivd RGP OAdaPEREEES 2E8pettivel v.

Wite switghs3dhgopes at @Scid atazfrés%rr%u@%@nqu as, readi SWeLefoR15-dip
response to the configuration values CONFI G O to CONFl G 3. [ 0046] The

conf i gur at PENCohRTRs TEAA G 9 ty ¢beFicgnfiguration values CONFIG_O,
CONFIG_1, CONFIG_2 and CONFIG 3, respectively. For

example, if the configuration values CONFIG 0, CONFIG 1,
CONFIG_2 and CONFIG 3 have values of ‘'0010’, '1000’,

‘0100’ and ‘0001°, respectively, then read switch 215 will
route the counter values from counters 210, 211, 212 and
213 as row, bank, sector and column addresses,
respectively. Write switch 315 operates in the same
manner as read switch 215 in response to the configuration
values CONFIG_ 0 to CONFIG 3.

[0046] The configuration values CONFIG_ 4 to CONFIG_ 7
stored in configuration reglsters CRy and CRy are used to
configure the read switch 225 (Fig. 2A) and the write
switch 325 (Fig. 2B} to route the outputs cf counters 220~
223 in the manner described above. As a result, the
contents of counters 210-213 and 220-223 can be flexibly
routed to provide bank, section, row and column addresses
for accessing the memory under test. Note that four 8-bit
counters are used to provide 20-bit access addresses at
the outputs of switches 215, 225, 315 and 325 in the
iliustrated embodiments. This is accomplished by properly
gselecting the ‘number of steps’ values STEPS_SM 0-7 and
offset values OFFSET_SM 0-7.

[0047] Read address multiplexer 230 (Fig. 2A) receives
the 20-bit counter values from large cocunters 200-205 and

small counter sets 206-207. Read address multiplexer 230
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stored in configuration registers CR8 and CR9 are used to configure
the read switch 225 (Fig. 2A) and the wite switch 325 (Fig. 2E) to
route the outputs of counters 220- 223 in the manner descri bed above.
As a result, the contents of counters 210-213 and 220-223 can be
flexibly routed to provide bank, section, row and col um addresses
for accessing the nenory under test. Note that four 8-bit counters

d de_ 20: b dd h
ui tohes 2180935588 e He S5 M EIREY ParbaCemtott ReRtES it

is acconplrshedah@rémsum%iqc&mﬂmxﬁjgnpulma wuﬁbarlefdsbepﬁbeaaiues
STEPS SM O 7 an off alues OFFSET, SM 0- 7. %0047 Read address
nultlpleer°§§0 3°Wece| ATEESHSCTBERAEEr 293l BEERPHRT

| ar ge count:ﬁéSra@QI«Z@@ @neh sl da GRUNLEY rge S p2@Be207mi Reads agddy ess
mul ti pl exer 230 routes one of these 20-bit counter values in

response t 834r PRRAS GERIFREENS ol Wt G SitRRAICPRAPE R EANE st iR sERRBed i n
nor e detai Lghelow) v, Read; addiiess, salamhfr23na8¢r apkles the received

counter value, using a predeterm ned fixed address scranbling
functi on, t[ﬁ@ﬁéby pr vl argl ¥ hevigerd aaiﬁme%smuétmelmﬁmwo(?h@-

menory U”d% t?é&el‘{r%"‘%es Iard ¥ othetrev%%rES%r EE@%SXS uz?fgé’rs

(Fig. 2B) recerves coun er val ues trom oun
200 205 andosnabt modintrexlketcuR(6: 2Et.s mmﬁveoaddr@sstauhﬁdpéexer 330

routes one_o se 20-bit_counter vaI in response to . a w

it eus ooTBLETBEEERE k) VES o GIPT S eDertnal P nePH HEE arF L fes
bel ow) . Witeraggeess seraniteie Iahirsyankiiestibe segahvenaCOuni el
val ue, using a predeterm ned fixed address scranbling _function,

t her eby pr&%i @FRGT AR vk tROER HESE v A" ADBRE 6 Pﬁ@rﬁﬁﬁnry under

test. The éggéﬁ§§e§Cﬁ?@h%éfﬁhﬁlggﬂﬂﬁg1ﬂéa@ﬁ%@%nE%QnEérr%éﬂuéddu§§§g
scranbl er 235 and wite address scranbler 335 is selected in view of

the addres3 PraéetwrBineg §iptemdiassop aRebréner junAdépnt eshereby
thereby en yy\/‘?&lﬁ?%hé hﬁr{@g‘)ﬁ&'df%%e 483! W 86BkVES LRE RELABES

addr ess va ues at menory int
under test. The address scrambling function implemented

by read address scrambler 235 and write address scrambler
335 is gelected in view of the address line twisting
implemented by the memory under test, thereby ensuring
that the memory under test receives the proper address
values at the memory interface.

[00489] Returning now to Fig. 3C, the configuration
register CRyp stores a 64-bit configuration values
CFG_10([63:01, which configures data generation circuit 400
within transaction generation unit 106. The configuration
value CFG 10[63:0] includes 45 reserved bits RESVD, a 3-
bit data scrambler wvalue SCRAMBLE, and a 16-bit data
register value DATA_REG[15:0].

[0050] Fig. 4 is a block diagram illustrating the data
generation circuit 400 of transaction generation unit 106
in accordance with cne embodiment of the present

invention. Data generation circuit 400 includes data
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[ 0049] Returning now to Fig. 3C, the configuration register CR10
stores a 64-bit configuration values CFG 10[63: 0], which configures
data generation circuit 400 within transaction generation unit 106.
The configuration value CFG 10[63: 0] includes 45 reserved bits RESVD,
a 3- bit data scranbl er value SCRAMBLE, and a 16-bit data register
val ue DATA_RE(F 15:0]. [0050]Fig. 4 is a block diagramillustrating

the data gg\%ﬁﬁﬁ%gg B%%C%ﬁ ﬁ}?a(_)m? é%nsa%tnleq_,gt%en%rgtl onbgnlt t106 in

accordance one e SO RVenton”
gener ati onmailttpl &xd4068 4nhel adessdat al_n\x‘eﬁcg:laﬁt ans BRA BR6z sandapl dat a

gener at or , ite data multipl exers 410 and 420, inverter 415 and
dat a scrarrggér %%talﬁ?%l?téﬁlﬁtzgﬁ BRE, SpR2 P §’r’ida5ﬁ3P5Pgrammeg

progr ammedtbos 8608 e hbedsdas aré@ﬂéiﬁézﬁfblbjé @A@ATAEBEQ, 310], DATA
REF 7: 4], DATA REF 11: 81 and DATA REJ.15: 12 res%ﬁctl veI , from
confi gur at PBRALREFST ef ] CRPATA REG Hedils 2a1ss D $1and2 are

pr ogrammdrteepézz@{@ewe Wb 6 A RS S BBidrs NALARDRL-3-R] ;. WRARRR] 7: 4]

and W ADDR[ 117 8], respectively, fromwite a dress generation circuit
300. Thus, réaéﬁt@rStD%4da@%5r@@ﬁsﬂﬁﬁwﬁny%pnuaga@mﬁdbéOpségranﬁb@ Wi th

a correspoggaeg 4a8LL 0908 ¥3) UghpatfY 6) o3 BBRysed )t gugenerate data

values to be witten to r' t est bé provided as read
conpar e dawarvakies) 8] Randepedal eelgeneratonrd@t phdviedesganeaatoom 4-

Pgée?SLS Y%éuﬁ ag ?8OOUtPhuS,[é§Eng¥ éf %%E% @%Eﬁ% EgéeBRé BRG can

be programmed with a corresponding 4-bit data value, which
can be used to generate data values to be written to the
memory under test (or be provided as read compare data
values). Random data generator 401 provides a random 4-
bit data value as an output.

[0051] Write data multiplexer 410 receives the 4-bit
data valueg from data registers DRO-DR6 and random data
generator 401. Write data multiplexer 410 routesg one of
these 4-bit write data values in response to a write data
selection signal WD {(which is described in more detail
below). Inverter 415 inverts the write data value routed
by multiplexer 410, such that write data multiplexer 420
receives both the write data value routed by multiplexer
410, and the inverse of the write data value routed by
multiplexer 410. Write data multiplexer 420 routes either
the write data value routed by multiplexer 410, or the
inverse of the write data value routed by multiplexer 410,
to data scrambler 425, in response to a write select
signal W# (which is described in more detail below). Data
gcrambler 425 scrambles the received data value, wherein
the scrambling function is selected by the data scrambler

value SCRAMBLER provided by configuration register CRie.
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data values fromdata registers DRO-DR6 and random dat a gener at or
401. Wite data multiplexer 410 routes one of these 4-bit wite data
values in response to a wite data selection signal WD (which is
described in nore detail below). Inverter 415 inverts the wite data
val ue routed by multiplexer 410, such that wite data nultipl exer 420
receives both the wite data value routed by nmultiplexer 410, and the

i nverse of e |t V. ted.b | tiplexer 410. ite data
mul ti pl exeFB§28¥\$%u ce]g%}?phrgé uﬁhr{e&\t/\{ﬁnt é%ésgge\?g ﬁlelquoﬁ%%‘ﬁ %%fvthe
mul ti pl exedadd0lioe tihesiiwverisglefndritedvbyt @ hdamamsal uendeut eds by

mul tiplexer, 410, to data scranbler 425, in response to a wite sel ect
si gnalo W %Wlf%lﬂyi%n%%?c??? b nﬁ}?bﬂ?“ﬁ’gﬁfaiuP SEI GRFE BARERIEET ahbt er

425 scranbpespthedsegerypgesain tral uRmoryeraikBriRgescrambl i ng
function is selected by the data scranbl er val ue SCRAMBLER provi ded
by configutdPreh regietertiesd o-ne Ardadfca2Eblangl fRYCELARLL®N i s

sel ected i ﬁrg'%ﬁavn@ébmeugfﬂ@ ddri¥e JuM=stiiong reBRLeaenERd, by pkhepgenory
under test, thereby ensuring that the nenory under test receivés the

proper dat @ndalires BEDTHel et yod msed &ce tep00g2fRerent hayreheodat a
scranbl i ng LURES ] i ad{%ﬁ@ Si coenti.g I regi ster
CR10, therrg%yggn%%ﬁﬂrl%t%%%% 0 t%r%ed%ggdggggt gg’t@gg???erent types
of menori eshthattéavetdiédferent data |ine twi sting characteristics.

[ 0053] The 4-hit. data_val ye proyided data_scr | er,_425 (Dat S
Fopl | cat od 1 80B kot P rec i dP et org SeReRy ceha Bat S vaT e
DATA. For ezanmpb&tz]) fid heesibi@nteal ue RDATAckagiacH dtiibet F2- bidss
(i.e., the_ width of read/ wite operation to the ggm)ré¥ under test

at

i s 72-bits¥® tHheRtt e a-Hit? ditd's AA0é pr 6T dEd=BY stranbtet 425

i s repeatedal8ctoies Ko{2/4 widd) 40 ©reake theedat anvalugrPAIA a
[0054]Fig. 5 is a block diagramillustrating a PCDTE instruction
op- code 500SRNSTT BEE (PP ERT PED 106 "eHoaYcHREgHCcEeRFt S one-Pits),

enbodi ment 9k t fge P 8SLNT 34 Ny SR AN o ARIMEALLT MaPE LRSLKHELL O, 5
op- codes, each having the sane format as i1nstiuction op-code 500, are

stored in proyeReaedd el nsirest { G1 drendidy tOlcreatehehdeder i beaflue
exanpl es, programabl e instruction nmenory 101 has the

[0054] Fig. 5 is a block diagram illustrating a PCDTE
instruction op-code 500 INST{35:0] for PCDTE 100, in
accordance with one embodiment of the present invention.

A plurality of instruction op-codes, each having the same
format as instruction op-code 500, are stored in
programmable instruction memory 101. In the described
exampleg, programmable instruction memory 101 has the
capacity to store up to 32 instruction op-codes (i.2., M =
32) . However, programmable instruction memory 101 can
have other capacities in cther embodiments. In general, a
largexr programmable instruction memory 101 will allow more
characterization-debug-tegt operations to be performed on
chip 150.

[0055] Although instruction op-code 500 includes 36-

bits in the illustrated example, it is understood that
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capacity to store up to 32 instruction op-codes (i.e., M= 32).
However, progranmmabl e instruction nenory 101 can have ot her
capacities in other enbodinents. In general, a |arger programabl e

instruction nenory 101 will allow nore characterization-debug-test
operations to be perforned on chip 150. [0055] Al though instruction
op-code 500 includes 36- bits in the illustrated exanple, it is

understood.that _instruction op-codes vin iff nt w dfhs can be
inplenentean?ﬁr% %?ne%%a%?ﬁ%%f%?“ﬁ%%‘%ﬁﬁ%% 8% ﬂé%%gsiﬁgPr Ttion

op- code 500mdienatesdthe wiithh @fbqrogrammbias BsHeUCHEORCIERDr Y
101. [0056] As,_described in re dg&g;l bel ow, PCDTE instruction

op- code 500°FETUSBUCE PR T AT ¢ qﬂﬁeFetgéeW&gFBngfoPrﬁﬁrﬁﬁﬁ?%&?on

(MOP) to aipepphyc{6h MdeFy Ccidcuitry) under
characterization-debug-test. PCDTE instruction op-code 500 is able to
access di f fBPeft addtesdeeoniRed I GiRTH Crérdnt PeheY  oPCPRE

speci al i zegcopnt €4 5n 105. c &EDTHR d NSt TilGdd @B AR €9deeSPO k3, al 89 gg'f}e

to access different sources of data fromthe data registers
(and the rapdoatdana gene? @rRraf0idln WiNdH)n tor anggobicen (genethet on

uni t 106. Ny r L.on -C : .has abiLlity op to
itself, asggggﬁi%£§{h%8%%lI?#%%?é¥§%é%%%£Q%1d%%§go? St'PC%ﬁﬂig
i nstruct i ohnsprgodeon RGAEdasiTUctd aiblepteodect6d dsfabkento

i ncr enent l.ti ple counters 105, arallel. PCDTE instruction

op- code 50BOTECAF SEORBTES tbr Rt ErRherIPIEs! 85 bit BPECT05t20a
sequenti al byunt 0571 PCDTER MR rigd - taprcegde cbB88 E80Spki h1k8t hiao
op-codes, including a, loop nmani pul ati on op-code 501 that controls

pr ogr am cobfit 3F°a%3 Jhibit Pt ai T PeF Tolntets 165 &he dAtaccess
gener ati on-gp: 0L SO0 1hed panerate S ditid vakhoRedepgpdentor)

transactions. Access generation op-code 502 can al so be used to
change thevke)iparawpteeslol IFera P smitsdéR -asPEPREngnakhguction

vol tage, ugbngoggigogaﬁggﬁﬁﬁg éﬁgﬂfévlﬁﬁfl%g%'to itself, as well as
the ability to loop with any other PCDTE instruction op-
code. PCDTE instruction op-code 500 is able to increment
multiple counters 105 in parallel. PCDTE instruction op-
code 500 is also able to increment multiple counters 105
sequentially.
[0057] PCDTE instruction op-code 500 is split into two
op-ccdes, including a loop manipulation op-code 501 that
controls program counter 104 and specialized counters 105,
and an accesg generation op-code 502 that generates
instruction dependent transactions. Access generation op-
code 502 can also be used to change the key parameters of
the chip 150, such as timing and voltage, using chip
parameter controller 107.
[0058] Access generation op-code 502 includes a read
access enable bit (RE = INST([23]), a read address pointer
(RA = INSTI[26:24]), a write access enable bit (WE =
INST[27]), a write address pointer (WA = INST[30-28]), a
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[ 0058] Access generation op-code 502 includes a read access enable bit
(RE = INST[23]), a read address pointer (RA = INST[26:24]), a wite
access enable bit (VWE = INST[27]), a wite address pointer (WA =

| NST[ 30-28]), a wite data bar select signal (W = INST[31]), a
wite data nultiplexer select value (WD = INST[34:32]), and an
operating paraneter selection bit (OP = INST[35]). A read access

enable bit_ RE haying .a logic '0' .valuye indic no read
operation %ﬁ%ﬁ?dg%%gh%?¥o§%éﬁfir@i%?a'wﬁhﬁe=a§?§2&52§2e3% Bhabt Hid
RE havi ng aulogptexdr walere: indicate® a tEad (epesal j onamill dnbe
performed. Controller 103 passes the regp access enabl e

. I RE
t hrough t r 8RSHRT &% BRIt orP S 66t 1o lFo(Pﬁe=n§Nﬁ?§3Eﬂh;r'%e%ﬁad

[0059] The neadsadski@sse pointes If&%‘i!r%;diaca'b%&cmbﬁhvgmﬁeoin&ﬂ@ates
specialized counters 105 will provide a read address for an indicated

read oper atldh. "€oRTFS| PRI AP SAIR8Hk $ot RerfesncdddieBs. poihtera RA

to the read-gddresssulidipl &x8re 230 Haihead addressigepgigli on bl ock
250 (Fig. 2A). In response, read address™nultiplexer 230 routes a

sel ect ed okedbfathe 20-id ewrnrteony aliddsbpr perdednbs. | afget colirer s
200- 205 a”?o§"‘$£§£‘§ &1 Iaér%? 2a2c5c%15% re%%%l%dg%sﬁﬂsﬁl%%ﬁr 235. Read
r 5 scra

addr ess scranbl e es the recelved counter vafue in the
manner destrabeaciaboveytmeprovrdd ggireadcaddr ebs ReADDR tuod¢hetsenory

under test 0] Ret.urni ng, Now. t 0_acces eperati.on_op-code 502, a
wite accegggg%gblee%?? Eﬁéﬁwﬁﬁ%ﬁfﬁfIR&jpiegoﬁgvéFﬂéc?ﬁgfc%?%%ht?éﬁ no
write operafi one shewt th bezgerdantmed o NOB) winhi beoainei heraggess
enable bit having a logic '1 value indicates that a wite operation

will be peffoffied. tTCorfth ot1ECAFTE FESe SPERE WPt e GRERESL ERRLIY bi t
VE t hrought5aneacs | O Genet alda d-0@ante kA therABMDEYyuLgeFedest .

[ 0061] The wite address pointer WA indicates which one
multiplexer 230 in read address generation block 250 (Fig.
24). In responsge, read address multiplexer 230 routes a
selected one of the 20-bit counter values provided by
large counters 200-205 and switches 215 and 225 to read
address scrambler 235. Read address scrambler 235
scrambles the received counter value in the manner
described above to provide a read address R_ADDR to the
memory under test.
[0060] Returning now to access generation op-code 502,
a write access enable bit WE having a logic 0’ value
indicates that no write operation should be performed
(NCP), while a write access enable bit having a logic *1°
valiue indicates that a write operation will be performed.
Controller 103 passeg the write access enable bit WE
through transaction generation logic 106 to the memory
under test.
[0061] The write address pointer WA indicates which one
of the specialized counters 105 will provide a write

address for an indicated write operation. Controller 103
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of the specialized counters 105 will provide a wite address for an
indicated wite operation. Controller 103 transmts the wite
address pointer WA to the wite address nultiplexer 330 in wite
address generation block 350 (Fig. 2B). In response, wite address
mul tipl exer 330 routes a selected one of the 20-bit counter val ues
provi ded by | arge counters 200-205 and switches 215 and 225 to wite
addr ess scraghler, 336, Wit e addiess seramler,s3s seragbles the
received counter-value in %%e manner: descri bed above to provi de a
wite addr eddr¥¢ ADDRL t bpldrec ey yirundert o estirek8062hAksoivht bidck
access gen tign op-code 502, the wite .data register.select val ue
WD | ndi cat GSOWAFER- oF8) of I pieRRIIYY OF e A9PGRPEt BRLERPLRIRT 250

transacti opogeser at sletiéd A6 ¢ aHdes -the wouheedataihes an
indicated wite operation. The wite data bar sel ect signal W

i ndi cat es RREVREFItRE dRT9e GRS GT 3% 205y énse SHE LERBSWE LB 1@t a,

is used tobAPLENBALct heqardd e Qperalian.zsgont golilker 403 LEkansm ts
the wite data register select value Wb to the wite data nultipl exer

410 of dat ACHeRetar of 3 20T FY. o) theay egesoeicheguabeveyahut ipl eker
410 rout esgg@%kg&ég&mgd oApdhe 4 ﬁoﬂ%reaaylg%%a 8&8}4&99de%@1§'§; a

regi sters and random dat a gener at or i'n response to
wite dat atreghsteensey egtdemalwmsstAD. Controller 103 al so transmts

the wite ar select signal_ Wt to wite data nulti.pl r 420 of

it o genor 39082500 (RIS w5t antess ST aaouEn Rl EPBRestr: 408

sel ectivel yriodt @stei thetstde deleartyaldled omt eddhyamdkt Whl exesnd 108

or the inverSf of .t he dgigqvalue routed by nultiplexer 410, to data
e

scranbl er 22B1PR3 1 Epons R P tHIWFITE 988 HarTeBFBEE 1S gnal We.

Dat a scrangkger42boRrevidesod hersata v alse WPATA Backheopennry under
test in the manner descri bed above. [0063] The operating paraneter

sel ection BPEIEPLed YHELS RS guher fcovrépec 886252 T caflBBt used to

sel ect an gperaiipg PREANBLISE eGP IR0 £8+Q qa8UPPLY VAL 3G PEe
signal timng) during inplenmentation of the correspondi ng

instructiont Foe exappl@tan bperwd iy dardeseat sekepriba bit OP
having a | gL, 0o, val g, LNd LAl o4 Nl A, hiLst,supRly vl age should

be i npl erented on chip € an opérating parametér selection
bit OP haviagiacéogselédt valwe Windicdthes wirtiate dasecondtspppkyr 410

vol tage, different than the first_supply valtage, should be
ol onent SR ER SEHERRt hotod el Y an e CEREEAPRR. SBONEr of | o1
103 i nstrugh$tcpi pxpar anet esucontd adielctll dne o€t thhessyppl ¥aval t age

specified by_the operatingﬁgaraneter selection bit OP.. Note that in
ot her enbodPHEREsPTAUHFEF oral deretg i) SFar et OR6s 8PedctPBACBI #8F2an

be used toy8gkegtoPDEG tHAN-dMOSIPRlY iRl Lagdedl exeks relbEeaYeTr,
addi ti onal ogeratln par anmeter selection bits can be uséd to control
Sp

ot her chi psparakereiss Ehch GRnEiyhar déifap! sLOGEATEBSpSTRAFPYF AEF on
op- code SOaatgcbgge§e§eéQOQignal W to write data multiplexer 420 of

data generator 400 {(Fig. 4). As described above,
multiplexer 420 selectively routes either the data value
routed by multiplexer 410, or the inverse of the data
value routed by multiplexer 410, to data scrambler 425 in
response to the write data bar select signal WH#. Data
scrambler 425 provides the data value DATA to the memory
under test in the manner described above.

[0063] The operating parameter selection bit OP of the
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counter pointer (LOP = INST[3:0]), a loop to instruction indicator

(L21 = INST[4]), a looped instruction address (LIA = INST[9:5]), a
sequential small counter enable signal (SCE = INST[10]), a sequenti al
smal | counter select signal (SOS = INST[11]), parallel large counter

enable bits (PLE = INST[17:12]), parallel small counter enable bits
(PSE = INST[ 21:18], and parallel small counter set select (PSS =

| NST[ 22] ) . ]The 1 oop counter inter L i ndi.cat es ich_counter
of the spe%%ggggé%ﬁ%%ﬁﬁlék% 53F§nggdcg§ gglggﬁdc Gnt8refor®t he

cor r espondbpgranshg usdiamnetdhed oop rcawnt €. . poi, NEeppl OPvbSt agd- b t
val ue, which al|lows any one of the |arge counters EOO-ZOS, any _one of
t he count eP*S%% tﬁ%%ﬂib IS S GO AL R8s R FRE oGRTEFEP2ARLEA 3

or 220- 223nterbe: seh ectiesh asxduisl d 0ep eperberngf phhgnkastructi on.
[ 0066] A | oop-to-instruction indicator bit L2l having a logic 'O

val ue i ndi EateSt Mt thePpriedeits indieict i'6n Yadsensbdi eapewi trptary
ot her instgugti o,y |X%?ta}]§§)%ﬁ&1ﬂd1%ter Yebh QRehBELCBHOER DL T, 42
having a logic '1'" value indicates that the present instruction |oops
wi t h anot heRl]fsip yeRe ot O cdenat g Gglerrabhebi psPPubs v OIS enor y
101. The | L st ' I oi 0 d
progrannab?%g?%st$u6{#%%é%gﬁgﬂg%%%%t#ﬁ?t%s g%ég&aﬁ E%g?rﬁgff%égthat

i s | ooped wifhetdet prissenthe nSitrauc tsuppl vAvbdweng, | abbrldtbens to | oop

ith t dvant (YA the r f ti
that can bb"PhEIEhERt o by POOTS 1060 T05671AL HescPi BBAC ABOVE t he

speci al i zefogotpt BES APH instructs chip parameter controller 107 to
set the supply voltage specified by the operating
parameter selection bit OP. Note that in other
embodiments, additional operating parameter selection bits
can be used to select more than two supply voltage levels.
Moreover, additional operating parameter selection bits
can be used to control other chip parameters, such as

signal delay.

[0064] Loop manipulation op-code 501 includes a locp
counter pointer (LCP = INST[3:0]), a loop to instruction
indicator {(L2I = INST[4]), a looped instruction address

{LIA = INSTI[9:5]1), a sequential small counter enable

gsignal (SCE INST([10]), a sequential small counter select

signal (SCS INST[11l}), parallel large cocunter enable
bitg (PLE = INST[17:12]), parallel small counter enable
bits (PSE = INST[21:18], and parallel small counter set
select (PSS = INST[22])}.

[0065] The loop counter pointer LCP indicates which
counter of the specialized counters 105 is used as a loop
counter for the corresponding instruction. The loop

counter pointer LCP is a 4-bit value, which allows any one

of the large counters 200-205, any one of the counter sgets
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include six large counters 200-205 and two small counter sets

206- 207, wherein each of the small counter sets 206- 207 incl udes
four small counters (i.e., 210-213 and 220- 223). A sequential snal
counter enable signal SCE having a logic '0" value indicates that
sequential counting is not enabled within either of the two sets of
smal | counters 206-207 (i.e., each of the small counters 210-213 and

220-223 is e ed_as nt.er ). rsel a uent.i al
snmal | coun%gg %ﬁ%m%ﬁs‘?‘%ﬁg?%%@é %g'l\% r?S“%ﬁ gg’?%%ﬁfs %%1 uzefgﬂodfca%(gﬂs

t hat sequehgBatocoant¢eertiei enablted Iwidchicouanerobft hieet Wos sebst Din .
smal | coun 06- 7 (i.e.,.one of .the.small counter ts_206-207
i's operateigéé6 n iﬁ%gb?éﬁ?ﬁ??ﬁﬂﬁ%ﬁﬁQf}ofhénggﬁﬁéﬂfigFts | DEGU &
sel ect signayi&SCS i e D@d esnduale0n@=0f chieptweeset snof rsdldn
counters 206 or 207 is configured to inplenment sequentjial counting.
For exanpl 8929 BR4ue?Ry afl dhetty Gdsirer PStgHSF18B8 WAl fig? al ¥ ue of

0" indi cat 85c rh Bl oS Rk i AWM &1 S8 1208 visgoReLabed as: apa1ye
integrated counter, while a sequential small “countéer signal SCS
havi ng a vangdcates 1thahdilatizeseidt iSwacEdant épopet wRol7 arother

oper at ed a§n§9r£g%fggEgéﬁyégﬁEQH?&ucéggﬁﬁkﬁggafg cH08c $6X ﬁ@&%% el

| ar ge counter enabl e bi I's "assocl ate a correspon g one
of the six1pargeTitoumarsd 200205 tiidnhiakdidspeei &fAzpdivbanteran 105.

The parallel .large counter enable .bits PLE identif i ch of the six
Farge- countersto b abte S 4 P ebsaeh: Saract Sbaraty 11P-2
paral | el . &npariatiedtiat gehaolnt droopieablve thi thPLErBaghtg a | ogic ' 0

val ue indicates that the corresponding |arge counter is not updated
'n paral | eFGE PR EHE ot HEr 5D JRITEEESOMaht Pe 9oPal AFR oP2F ar ge

counter enghbendi tadkdnthasddigs 18, li0@reasts vakueahpdi 6at 8setdatodde
corresponding | arge counter is updated in parallel with other |arge
count ers aF88t ha®t e alMoteented pyr AOPIE L8Pge counter enable bit

PLE. [0069]8opaf al | els sumdd, gQuitgio g€t 19l 8pkcshgnalaPaS eyl oo &
logic '0'" value indicates that one of the two sets of small counters

(e.g., smainctedmteix seargpeiours-eamalflodd 208 prgl ewensnpht abdepter
updati ng, LLe | I u r,.se e Lgpa Vi ng
a logic '1$Q€%I%§5P%%?ba é§§ afﬁﬁﬁéggfﬁg% %ﬁé?gf8%H§£%€o£%§§§m2$
smal | coungersifelgdes shabt wint eroweter201) .S, enabl 23t and NPk @nent

paral lel u ing, As descri.bed ove ach set .of snal ters
Paciudes {00 smah SSaimRers KPurEat shfbns, aPar L sHar) DCGh er
enabl e bits PSiHits: assegiwd ethdlddtex Goitespondnngadnecohtihg four
small counters in a set, A parallel small counter enable bit PSE

havi ng a | BEF cemaPLl§R) vt H e St fathenéWeorrEEpBAdFHGL Sl |

counter iscaehtc&pdatesl-3dy par ad | eleawid et Recothan 1SpBLh 695N €6 S2 0f
the set, while a parallel small counter enable bit PSE having a

logic '1' wBfuL2P Nk TatesOoRSERteheE S cor NESPORdCRYNERE] | cOORYRFSELY .
updated i n.paLahlels i thof heloalmll SoMILeLs A ! BeaSaL 1Rgt . al SO
gic paral |l el small counter enabl it PSE.

logic '1’ value indicates that seguential counting is
enabled within one of the two sets of small counters 206-
207 (i.e., one of the small counter sets 206-207 is
operated as an integrated counter). The seguential small
counter select signal SCS indicates which one of the two
sets of small counters 206 or 207 is configured to

implement sequential counting. For example, a sequential

small counter signal SCS having a value of '0’ indicates
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In an alternate enbodi ment, where instruction size (gate count) is
not an issue, two sets of PSE bits can be used, wherein each set of
smal | counter sets 206 and 207 has a correspondi ng set of four PSE
bits. In this alternate enbodi ment, the PSS signal is not required.
[0070] I n accordance with one enbodi nent, controller 103 sequentially
fetches and executes the instruction op-codes stored in programuable
instructio 0 e r.m sequence of
read/mmitegkggn%%%%%t%%ﬁéﬁéét %%Qﬁﬁigﬁgkgg§%&ﬁ e?stggt?ntegrated

[ 0071] Execobunnenf @ini bx earpdaquen nistlr waetaildn copntede siwghhl news be
described. In.this ex€qgle the instr ctig%¥9p-cog sgecifies t hat
read acces28¢ 8Ronl T D" gt f or med TG Sa ks SBe ErS FBEDT b§=Yt af G
counter 200s(&peratle@ngs Rfn =indJrecanduntick-e accesses shoul d be
performed using. addresses provided by | arge counter 201, and wite
dat a proviggasgb dat%@?%gﬁgt%ﬁe[ﬁ%?(ﬁﬁ?aélf} WACSe geYnteprrrabhpy
and W# = Obitsnpibi Ss X880 £t d AMES I QURIERH- 202N 3¢hYESnaSoE Nend 0P
counter, the instruction is not |ooped with another”instruction, the
smal | count@FJ8efQUPPBLD 0 Grad hotl e specpatized10ounters=105. L| A =
XXXXX S?Fre: Qx‘als.gé. = X g‘?:'%u:n Qéna%%% Bith }?LEI Ed&g{:§fga‘§ﬁlcﬂ ead
and wite oper%tlons are ﬁ%rforne in parall'el to the nenory under
test. The eréathadsieskadargmuomus ¢1002Q0p, attkeunirtedaddr ess (I arge
counter 20 and the counter..(l.arge _counter 202)_ a pdat ed
(increnenté%?ﬁﬁ%?%%%ﬁééé%h€?9?ﬂﬁ%ﬁ% éflg}xFﬁEF%é |§08;E%%§?§rg?¥%?ge
counter 202yuekerresalfle éoit R HavihH@0'1pgiAs *a’ resllik, ihhlecates

i nstruction,_op-code na% cause, a l.arge nunber of sequential read/wite

oper at i ons 3" peP¥ of TR GHEL Sedf. BhoHPdRE 8Lt g t hat

the | oop cpuntere( |l @ie GO EIe202rfeasRMRERR], wBONEN 8l heFalDS1
fetches the next instruction op-code within progranmabl e 1 nstruction

nenory 10113588 eXertfeschHse iHist Midt itGwWiss- odegifo0¥2] valen

instruction,gp=£0de sehectise %ﬁaﬁéﬁﬁg'ﬂar&%u%%té?t $5208520431 0
operate as an integrated counter (SCE = , controller 103 Iinks the

smal | countereavtlisk whil | odmmtlarasetcounitekienglehehswang 8ol es s

is like set&in%?gégiégg%é%%gfcééggﬁxj ting the ¢ounters. For exanple,

if small count se O operate as an integrated
(sequenti alipoedplunt erdr ward¥odl esmall3 arayntiencsenestlsonl Eigoaht 2$S 210

until this,_counter ires,, then increnment small counter 211 until
this countQ?VéQ%i?egé then’i n&t %ﬁﬂﬁniiﬁﬁqescgﬁﬁFePnflﬁﬁuﬁgFItY%is
count er expetesef afflal hefoumnes e . pneldmagounbent2t3sant bbei his

counter expires. As described above, these small counters 210-213 can
be confi guFBEPASI cHP uHPLTRRE RAFDL IndBsi@AR "Feldi'BiscauRtERrsie!

small counter set select signal PSS having a logic '1°
value indicates that the other one of the two sets of
small counters (e.g., small counter set 207) is enabled to
implement parallel updating. As described above, each set
of small counters includes four small counters. Each of
the four parallel small counter enable bits PSE is
asgoclated with a corresponding one of the four small
counters in a set. A parallel small counter enable bit
PSE having a logic ‘0’ wvalue indicates that the
corregponding small counter is not updated in parallel

with the other small counters ¢f the set, while a parallel
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[ 0073] As descri bed above, transaction generation unit 106 generates
accesses for the nenory under test by multiplexing counter values to
provide read/wite addresses and wite data (or read conpare data).
This flexibility allows the nunber of ports inplenmented by PCDTE 100
to be increased with a mniml increase in the gate count of PCDTE
100. That is, additional ports can be added by addi ng additi onal

mul ti pl exi r . Fqr .exa .1.0,ad
additionalgggg% %%é#{%% %%%#ﬁ%p%gé%qgﬁ:gﬁﬁﬁgéogghggé%d %ul ?p Txer
(simlar tondutaiesexext 230 end-empcadding emalllr eadnaddr £ssusdataand| er
(simlar to_r ess, ,scr.anmbl er 5). woul d be_c l ed_to counters
200- 207, 5ﬁd8§%%?ﬂ$%ﬁgﬁt¥ﬂ?é?%ﬁnﬁnl%gec&&&gﬁrﬁoogcgggssﬁgnﬁ?%ﬁi% ©
op- code 50Rate speediy el T esd-=scedssmenabkevhttr( BEpbierbihi sse.
addi tional _read gort, and an additional read address pointer (RA) for
this addit{OnaP Je%%lr%"r?.e[&b‘?ﬁ%“i%l “REFEe 1PEFFECEAAN bR 4B dEPR 1O
PCDTE 100 k8ugcsi g a5t nmnedsud 0G4 Eie@ts 65 $s8 Bl esK-ghagt ameq,
illustrating a system 600, which uses PCDTE 100 to inplenent built-in
sel f test BFSTIRARFBUTET -3 Sl Ccopaiter( BESA) 206 nanécd? dame® it h
one enbodi ABRLc Oford Mend’ SSCMW ¢ | AYENH@N 1 PUST €7 600 & ngiyﬁﬁ%a&CDTE
100, which has been descri bed above, and PCDTE 100A, which is

i dentical eobPEDTEY00:hPEFE slialadnd sSPEDTEr¢Q0Arate coupled to a
menory und t 6 der. .te 601, incl S gone wite port
and two regélo?oglrsts. Oﬂ]%e%&lean%r Sqlé_‘tr?d%ﬁ-‘ﬁeg Pngm‘%g‘gd ;8)%15 "D ferrr\::rr[)ry
601 are coupk esedoeRCETE U st and tthel seeondereade pdntt ofictesmryp-601
is coupled tg PCDTE 100A. Menory 6 pr.ovi des read data val ues R DATA
and R DATASA'TH Fedpohst! t%mr%rﬁ”@g? atPERE PR P alelobh the first
and secondthedsh PasdSt HfmIRI hfibndeesgeebhdgly i c Muhdb pbexedt £H%
routes a selected one of the read data val ues R DATA or R DATA A as

t he out put VHERE? RIFOE"oihe BirgFuttefit-a R DOUT is provided to

excl usi ve @it cui tz 808, Read copaengata Dﬂé‘trﬁct§oﬁr@%lét§c§jefrom
the wite port of PCDTE 100A to excl usive OR circuit 605. PCDTE 100A
al gorit hmi ¢all ynelete? rAerer ihrd r edd cHipacEatnl e, DATA Mehreesbynse
to the test _p r .. ot W i QAs ified
by PCOTE 108, Cae P aes i o i oy Serert: Aan et BEhePRRfed 20
readi ng dataifigonddrenorss GOdgvideeh dyhé aggepubudata R DOHE shoul ahd

match the read ¢ re data DATA A Excl usive circuirt 60 .
i vat oo BEoS POPRAL = 8 At Yt BhRE TopE PR E S HIRS v st
and t he readdcespes eotat B3dINTA A fdgee coupteer 30w, t Bhdl eI ydattdl) .
Excl usi ve OR ci r%:(ﬁit 605 transnmts this information to E-Fuse/ Bl SR

circuit 61BTOVATRh Perddrde ori et e 48 ond i HAraspBiter tH the

detected dirpherenges/ ¥ rorg.. in this example, large counter 202
serves as the lcocop counter, the instruction is not lcoped
with another instruction, the small counter sets 206-207
are not used (LCP = ‘0010‘, L2I = 0, LIA = '‘XXXXX', SCE =
0, 8C8 = x, PSE = 0000, PSS = ‘x’). 1In this case, read
and write operations are performed in parallel to the
memory under test. The read address (large counter 200),
the write address (large counter 201) and the locop counter
(large counter 202) are updated (incremented-decremented)
in parallel until the loop counter (large counter 202)

explres (i.e., PLE = ‘'111000’). As a result, the
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[0075]Fig. 7 is a block diagramof a bandw dth engine 700 that may be
i npl emented within chip 150 in accordance wi th another enbodi nent of
the present invention. Bandw dth engine 700 illustrates one option
for locating PCDTE 100 within chip 150. Bandw dth engine 700 i ncl udes
CEl physical l|ayer receiver and bit aligner 701, physical coding
sub-layer (PCS) lane and franme aligner 702, nenory control |ogic 703,
Menory mact o I 7 and l_p ical serializer and
transm tte?ﬂségﬁqﬂ&%ﬂ%ﬁb%%ﬁ% C%ﬁ'gien% ‘}ggggf p%?%grﬁ%ﬁqlﬁ%?telrasft o]
a serial cossdnvcate orperdterdec e preirdoainesiuch aket hemong dh&et osed
in US. Paten lication Serial Nunber  12/697, 763 ich is

assi gned to° Sys,p?rﬁcéef%%%%%ha&h;%ec&Popa§8pnggée;?€%¥9%nﬂoﬁEer
al i gner 70210 nchadesxpiredal @ghfrdanterends( AekErréi0+hbhahekecei ves a

hi gh speed stream of serial data froma source_external to the chip
150, and alPPFPUFtbpt 720 €HH “HtiTys B 2g8eR 16 RS RTBFBERD STEHTY
PCS | ane andifrane akigmess 402 d nglddestacsl bp-bukker 712 that stores
the aligned serial data and inplements a |ane offset function, a
de-serial i 28P7713 t hbf ae-SetiEIGEes e codeasplevtdedndyof hehslip
buffer 712 - SET ambl s - antl -

provi ded b)s/mgggsg?%%er 71%06%12?& r)}%fzgg)t%rr%fg%l ggi §ﬁ7%§€?%€%€%%s a
command decodere7155¢Hat Hecodws mrdimry 188césskeonhmandsalt onvtiescat a
received fr SCI | er 714 d heck.l ogi.c 6 _t hat .

i dentii fi esoggldg%o%?%ﬁ)sg%%ﬁ%%% Slaenq: t %ﬁ%tlggr ie:&él(%i 78 Z%r ORTde2ETF ahbl er
714. Menoryikenteotidegh coml eal iynclfudes RGBRE: 160 hdboonuyt 8BEr 0 Thid
receives controJ(, adfgress and data si%al s from m)rg control logic
703. Note PRaPPthe 1LotiF ot CithiEs$%nd atd SPYREFSTr BRePRETR Y
Menory nNecgs AR4imeyghe: ¢ ovddlatndl J19Spensek0 sehtabldatal secriyed
by APE 710 (and transm tted through bl ocks 711-716). Alternately, the
control , adbfesBeRhdSTRth @W%%ﬂﬁoﬁﬂ&é& t8ifeABE) ABCEOP7ORS may be
provi ded by, BCOTE- 10041 ddhe mennsrc Hesqni hed jabeves LQQ{7ibata read
frommenory macro 704 is provided to data scranblers 705. In
response, S¥Pareer anptersnqOSngtovEdd Is crambesd2d3t ant bl deleds
serializer n S se serjali rQvj serial data
o anal og BaBk s STERONn e RS BBl SRR QlagE- ot R ot
the chi p 160ti] 00783 | eoaccor dancieras .t h 2eneéeenbotiedeabove hetnesor y

small counters 210-213 can be configured as column, row,

sector and bank address counters.

[0073] Az desgcribed above, transaction generation unit
106 generates accesses for the memory under test by
multiplexing counter values to provide read/write addresses
and write data (or read compare data). This flexibility
allows the number of ports implemented by PCDTE 100 to be
increased with a minimal increase in the gate count of PCDTE
100. That isg, additional ports can be added by adding
additional multiplexing structures toc PCDTE 100. For
example, to add an additional read port to PCDTE 100, an
additional read multiplexer (similar to multiplexer 230) and
an additional read address scrambler (similar to read

address scrambler 235) would ke coupled to counters 200-207,
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access signals generated at the read port and/or wite port of PCDTE
. 100 are routed directly to data scranblers 705 (rather than directly
to menory macro 704). As a result, the nenory access signals
generated by PCDTE 100 are scranbl ed (by data scranblers 705),
serialized (by data serializer 717), and are transmtted off of chip
150 as hi gh-speed serial data by anal og back end 718. In accordance

with one e di t. of -the.present, jnventi t hese nenor ccess
signal s arggﬁréégg%%?%ﬁ} thgngPﬁgg %ﬁi%g*%53%@agcsgﬁdﬁfa?ﬁag%@ﬁrﬁ?“
simlar tocthe bandw digeciy nerZ00 afceds pribiQe Phics (ranf fguratiion

advant ageousl.y exer.ci ses the transmt h of handw dt h _engi ne 700,
and t he reéagg%;?ﬁﬁ%1?ﬁaQIRQrEXtEP aﬁnbgﬁ Rl oy eﬁ&ﬁﬂe?dﬁﬁﬁg?yp%&QE%%

signals trapspm tdedHiromdmndendl hreagi per700 repulkdohal ugedid opdast a
menory macro in the other chip. [0079]In an alternate enbodi nent, the

anal og back®@ntF ABS odpiPed 80t he andiWd &7 8RPTERd 710, such that
the menory g6¢eps Signgl Ss ggney aﬂ%@m@@%ﬁ 19%@93&;@38&} Lyeded rom

anal og back end 718 are received by anal 6g front en nthis
enbodi ment 60¢ hewldbga paeh RIRVUGH SdcDasrtleagsni buatt708, sSbf Degst
receiver 7 | f amy i r. 7 dec I iC
703 to thegﬁ%ﬁgfigﬁgggéﬁggiugre égéi .séd(%ﬁsgwrog§n§§§ﬁg§§%ég Wi@g

[ 0080] Al t honghetibedimsmntebn: rapeemtdesernbédni. n €égahnent 00 with

several enbodinents, it i ndersstood that this invention is no
it ed ol LRE nbos Heh L0 d SEShd DiE oPs CEapAbPE IO PURF | oHe
modi fi cat i bOBTE W @, wahil ¢h bies apparterialt @cargersonoski | bedTenidhe
art. Accordi ngl the present invention is limted onlz bg t he
fol | owi ng epgi%éﬁTE(igé%ﬁﬁre coupled to a memcry under tTest 601.

Memory under test 601 includes one write port and two read
ports. The write port and the first read port of memory
601 are coupled to PCDTE 100, and the second read port of
memory 601 is coupled to PCDTE 100A. Memory 601 provides
read data values R_DATA and R DATA A in response to read
operations initiated on the first and second read ports of
memory 601, regpectively. Multiplexer 602 routesg a
selected one of the read data values R DATA or R _DATA A as
the output data R_DOUT. The output data R_DOUT is
provided to exclusive OR circuit 605. Read compare data
DATA A is provided from the write port of PCDTE 100A to
exclusive OR circuit 605. PCDTE 100A algorithmically
determines the read compare data DATA A in response to the
test pattern (i.e., the write and read operations)
specified by PCDTE 100. Thus, assuming no errors exist in
writing data to, and reading data from memory 601, then
the output data R DOUT should match the read compare data
DATA A. Exclusive OR circuit 605 indicates any
differences that exist between the output data R_DOUT and

the read compare data DATA A (i.e., errors within memory
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| daim
i nterface
chi p; and

1. An integrated circuit chip conprising: an
that receives signals external to the integrated circuit
a programmabl e test engine coupled to the interface

t hat i ncl udes: a programmabl e instruction nenory that stores
one or nore instructions received by the interface; a
progranmmabl e configuration nenory that stores a plurality of

confi gur at

es; of counters,.each configured

| ! : | ural |
by a correégghé?ngx%%%§5$eﬁﬁgtgﬂﬁﬁﬁﬁt%ééi5ﬁa9gwﬁgé;tgﬁﬁ Inforngfion

control | ercbhat raceSeEs ¢heoine €0 ,Meihe chngkeikdethensotrestihe

progranmmabl e instruction nenory, and in response, retrieves nenory

access addfEELRRS (IR TR GUrtRrdie detected difEerRPEgFARREOET r cui t

chip of C

abowdy whergiN 7 is a block diagram of a bandwidth engine
700 that may be implemented within chip 150 in accordance
with another embodiment of the present invention. Bandwidth
engine 700 illustrates one option for locating PCDTE 100
within chip 150. Bandwidth engine 700 includes CEI physical
layer receiver and bit aligner 701, physical coding sub-
layer (PCS) lane and frame aligner 702, memory control logic
703, memory macro 704, data scrambler 705, and CEI physical
serializer and transmitter 706. In the bandwidth engine 700
of Fig. 7, CEI refers to a gerial communication interface
protocol such as the one disclosed in U.S. Patent
Application Serial Number 12/697,763, which is assigned to
MoSys, Inc.

[0076] CEL physical layer receiver and bit aligner 701
inciudes an analog front end (AFE} 710 that receives a high
gpeed stream of serial data from a source external to the
chip 150, and a fiip-flop 711 that aligns this data with a
clock signal. PCS lane and frame aligner 702 includes a
glip buffer 712 that stores the aligned serial data and
implements a lane offset function, a de~serializer 713 that
de-serializes the data provided by the slip buffer 712, and
a de-scrambler 714 that de-scrambles the data provided by
de-serializer 713. Memory control logic 703 includes a
command decoder 715 that decodes memory access commands from
the data received from descrambler 714, and CRC check logic
716 that identifies and corrects errors in the data received
from descrambler 714. Memory control logic also includes
PCDTE 100. Memory macro 704 receives control, address and

data signals from memory control logic 703. Note that the
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the controller is coupled to receive the configuration values from
the counters, wherein the controller updates the counters in response
to the configuration val ues. 3. The integrated circuit chip of
Claim1, further conprising a nmenory, wherein the nenory access
addresses retrieved fromthe counters are provided to access the
menory. 4. The integrated circuit chip of Cdaim1, wherein

the progra C { L-an i 0.t he_i r

wher 61 1t he Ra T o o o ueaay S AELy MRl L Rk B A6
5. The int @9t ated g moavideli pnofe€banse 1o faentilkér devapreseirged by
transmtte 0 ed to .receive.the nor ccess d es fromthe
count ers, éﬁ%rz?% %ﬁékﬁ%%%fﬁﬁ??gg Fﬂg% £ %%%E ﬁ§§6&§220cess

addr esses nitepiatdie/ i rnitegrahedoli r eddtesdignd data sifnalBeprovided
integrated circuit chkgiof Claim5b, wherejn the transmtter includes

a serializEP THERT%&MANT 788 TRE Rendry Haedy §§8Fasdaq. in the 7,

The i ntegratede€idedd-ii vl prefeC aim5, further conprising a receiver
coupled to recejve the nenozz access addresses transmtted off of the
i ntegrated[BPFELIi t PR BipachE roraNsiPYY gpacro 704 ig prREifpdelr at ed

circuit chipe9f s Ridnelys Wher el int hegpliral idy 0k canpiers +a¢! ude:
provide scrambled data to data gerializer 717. In response,
data serializer 717 provides serial data to analog back end
718, which transmits high-speed serial data off of the chip
150.
[0078] In accordance with one embodiment, the memory
access signals generated at the read port and/or write port
of PCDTE 100 are routed directly to data scramblers 705
(rather than directly to memory macro 704). As a result,
the memory access signals generated by PCDTE 100 are
scrambled (by data scramblexrs 705), zerialized {(by data
serializer 717}, and are transmitted cff of chip 150 as
high-speed serial data by analog back end 718. 1In
accorcdance with one embodiment of the present invention,
these memory access signals are transmitted to another chip
having a bandwidth engine similar to the bandwidth engine
700 of chip 150. This configuration advantagecusly
exercises the transmit path of bandwidth engine 700, and the
receive path of the external bandwidth engine. Memory
access signals trangmitted from bandwidth engine 700 could
be used to test a memory macro in the other chip.
[C079] In an alternate embodiment, the analog back end
718 iz coupled to the analog front end 710, such that the
memory access sSignals generated by PCDTE 100¢ and transmitted

from analog back end 718 are received by analog front end
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a first set of counters; and a first switch that routes
contents of the first set of counters as a nenory access address.

9. The integrated circuit chip of Caim8, wherein the controller
configures the switch in response to the configuration val ues stored
in the programmbl e configuration nmenory. 10. The integrated
circuit chip of daim1, further conprising a first plurality of data
registers, ch storing a.configuratjon,value provided. by the
progrannab?ggéonlf&ﬁpai%ﬁ?dﬁéﬁggg’aéh% %%ﬁ%#?wgb%é§§u8§té@€€?%e_

11. The i ntegnatedcer rioud,t sehiDpsof-eCkair-er 101 ,f brisheeneoapsdi Siage a
second plurality of data registers, e gLstorin a portion of a
nenory acc® égﬁ%ﬂr%%% |W%%?§§ FPBH?%ﬁ FEOUNtEs Ees FEEnBRBr Y @S
data val uey04 are exekciHR® iint egnabgdpgd Gide chip of Caim 1,
wherein sel ected ones_of the confjguration_ val ues specify whether or

not a resef®@8Plie ofAECRIIFR rhe sLTiRTEENTEE REER ﬁﬁécéghﬁ@ein

expires. connecdBon Thech S A LA HILHS S Rr0f s akB-de RSN
sel ected ones of the configuration values specify the sequence In

whi ch a nehbry aecessiearidiesyol sligomresée fhemeabsdimehtehe counters.
14. The !”&?9&?&?9%9'6&%“%5‘%Hﬁ%éqe‘Sf“dgr%bu@h%§8&@iSQEEOQ%,t&%ﬁch
instructions ncludes read paraneters for specifying a read access
and write panaddebersplorespend fayipey seonvsiktié ladcéssthe art.
Accordingly, the present invention is limited only by the

following claims.
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15. The integrated circuit chip of Caim1, wherein each of the
instructions includes paraneters for specifying one of the counters
as a |loop counter for the instruction. 16. A nethod of

i npl enenting a programrabl e test engine on an integrated circuit chip
conpri si ng: ) storing one or nore instructions received froma

| ocation external to the integrated circuit chip; and executing
t he one or-fRf@gi Nstructions on the integrated circuit chip, wherein
executing a first instruction of the one or nore instructions
conprises: I Claimge|ecting a first counter froma plurality of

counters in response to the first instruction; routing contents
of the first counter as a first nenory access address; and
1. An integrated circuit chip comprising:

an interface that receives signals external to
the integrated circuit chip; and

a programmable test engine coupled to the
interface that includes:

a programmable instruction memory that
stores one or more instructions received by the
interface;

a programmable configuration memory that
stores a plurality of configuration values;

a plurzlity of counters, each configured by
a corresponding one of the configuration wvalues;
and

a controller that accesses the one or more
instructions from the programmable ingtruction
memory, and in response, retrieves memory access

addresses from the counters.

2. The integrated circuit chip of Claim 1, wherein
the controller is coupled to receive the configuration
values from the counters, wherein the controller updates

the counters in response to the configuration values.

3. The integrated circuit chip of Claim 1, further
comprising a memory, wherein the memory access addresses
retrieved from the counters are provided to access the

MEmory .
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accessing a nenory in response to the first nmenory access address.
17. The method of C aim 16, wherein executing the first instruction
further conprises: sel ecting a second counter fromthe
plurality of counters in response to the first instruction;

routing contents of the second counter as a second nenory access
address; and accessing a nenory in response to the second

menory access agdresfhe integréé%d & TBkheg ; fo@‘%hgk$61, ﬁéf%{h

executing the first instruction further conprises: selecting a
first datathegbsearatinaple pinfiautatich dereryegestensled tespomse to

the_firSt EH§ %Egéépnﬁherei {ﬁg“ééﬁ%i %@%EQ%% %gl£gg ggés£egg£9éd
register as a ftirst data val ue, an
by the interface.

5. The integrated circuit chip of Claim 1,
further comprising a transmitter coupled to receive the
memory access addresseg from the counters, wherein the
transmitter transmits the memory access addregses off of

the integrated circuit chip.

6. The integrated circuit chip of Claim 5, wherein
the transmitter includes a serializer that serializes the

memory access addresses.

7. The integrated circuit chip of Claim 5, further
comprising a receiver coupled to receive the memory accesg
addresses transmitted off of the integrated circuit chip

by the transmitter.

8. The integrated circuit chip of Claim 1, wherein
the plurality of counters include:
a first set of counters; and
a first switch that routes contents of the first

set of counters as a memory access address.

9. The integrated circuit chip of Claim 8, wherein
the controller configures the switch in response to the
configuration values stored in the programmable

configuration memory.
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witing the first data value to an address of the nenory specified by
the first nmenory access address. 19. The nmethod of C aim 16,
further conprising: storing a plurality of configuration
paranmeters received froma |location external to the integrated
circuit chip; and configuring the plurality of counters in
response to the configuration paraneters. 20. The nethod of C aim19,

uherein the Stepool £ROMIGULLNG ING PIUIA! It OLCRYALR! S COIRELSPS:
setting a reset value of a first counter of the plurality o
counters; &pdprisingjacfenehtPhgralicy edetdaral wegdoktele, f Ersh counter

each tine Eggrgﬁésg Sngigﬁrggfgﬂe@alue provided by the programmable

configuration memory as a memory access data value.

11. The integrated circuit chip of Claim 10, further
comprising a second plurality of data registers, each
storing a portion of a memory access address retrieved

from the counters as a memory access data value.

12. The integrated circuit chip of Claim 1, wherein
selected ones of the configuration values specify whether
or not a reset value of a counter is incremented when the

counter expires.

13. The integrated circuit chip of Claim 1, wherein
selected ones of the configuration values specify the
sequence in which a memory access address ig composed from

a set of the counters.

i14. The integrated circuit chip of Claim 1, wherein
each of the instructions includes read parameters foxr
specifying a read access and write parameters for

specifying a write access.

15. The integrated circuit chip of Claim 1, wherein
each of the instructions includes parameters for
specifying one of the counters as a loop counter for the

instruction.

16. A method of implementing a programmable test

engine on an integrated circuit chip comprising:

33



21. The nmethod of Claim 19, wherein the step of configuring the
plurality of counters conprises: routing contents of a first counter
of the plurality of counters as a row address of the nenory access
address in response to the configuration paraneters; and routing
contents of a second counter of the plurality of counters as a col umm
address of the nenory access address in response to the configuration

paraneters. 228tprnﬁmgﬁgxbfﬁm5gemﬂﬂskguckgghgeEeggﬂpé&Sff@h a
sequentially executing the first instruction then a
location external to the integrated circuit chip; and

executing the one or more instructions on the
integrated circuit chip, wherein executing a first
instruction of the one or more instructions
comprises:
selecting a first counter from a plurality
of counters in response to the first
instruction;
routing contents of the first counter as a
first memory access address; and
accessing a memory in response to the first

memory access address.

17. The method of Claim 16, wherein executing the
first instruction further comprises:
selecting a second counter from the plurality of
counters in response to the first instruction;
routing contents of the second counter as a
second memory access address; and
accessing a memory in regponse to the second

memory access address.

18. The method of Claim 16, wherein executing the
first instruction further comprises:
selecting a first data register from a plurality
of data registers in response Lo the first
instruction;
routing contentg of the first data register as a

first data value, and
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second instruction of the one or nore instructions, in response to
the first instruction. 23. The nethod of C aim 16, wherein
executing the first instruction further conprises updating a first
plurality of the plurality of counters in response to the first

i nstruction. 24. The nethod of C aim 16, wherein executing the
first instruction further conprises: sel ecting a second counter

fromthe plurality of-counterse i FASRENSE 1 heof LhShakPekEUSEi on;
and routing contents of the first and second counters as the

first nmenory ackBsstng@dresspecified Ips thehdimsthogmetyCharasis,
further conprisigg. transmtting the nmenory access address off of the
integrated circuirt chip. 26. The nmethod of C aim 25, further
conprising receiving the nenory access addresses transmtted off of

the integrated ghrcuph,chlpuh il % S500ET Q140G Lakggiateg, of rouit

storing a plurality of configuration parameters
received from a location external to the integrated
gircuit c¢hip; and

configuring the plurality of counters in

response to the configuration parameters.

20. The method of Claim 19, wherein the step of
cenfiguring the plurality of counters comprises:
setting a reset value of a first counter of the
plurality of counters; and
incrementing the resget value of the first

counter each time the first counter expires.

21. The method of Claim 19, wherein the step of
configuring the plurality of counters comprises:

routing contents of a first counter of the
plurality of counters as a row address of the memory
access address in response to the configuration
parameters; and

routing contents of a second counter of the
plurality of counters as a column address of the
memory access address in response to the

configuration parameters.

22. The method of Claim 18, further comprising

sequentially executing the first instruction, and then a
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second instruction of the one or more instructions, in

response to the first instruction.

23. The method of Claim 16, wherein executing the
first instruction further comprises updating a first
plurality of the plurality of counters in response to the

first instruction.

24. The method of Claim 16, wherein executing the
first instruction further comprises:
selecting a second counter from the plurality of
counters in response to the first instruction; and
routing contents of the first and second

counters asg the first memory access address.

25. The method of Claim 16, further comprising
transmitting the memory access address off of the

integrated c¢ircuit chip.

26. The method of Claim 25, further comprising
receiving the memory access addresses transmitted off of
the integrated circuit chip with a receiver on the

integrated circuit chip.
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