4 NMAY 2004 BUILT-I N SELF- TEST USI NG EMBEDDED MEMORY AND PROCESSOR | N AN
APPLI CATI ON SPECI FI C I NTEGRATED CIRCU T Field of Invention The present
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Background Application specific integrated circuits (ASICs) nust be tested
under a variety of circunstances. For exanple, during devel opnment, an ASIC
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use, an ASIC is often tested to determine whether the integrated circuit is functioning

properly in a system.-

One method for testing an ASIC during production uses a traditional ASIC tester

such as an Agilent 83000 F330 to apply test patterns to the terminals of the ASAIC. The

test patterns ideally exercise all of the functional paths of the ASIC and can uncover any

defects in the ASIC. Developing the test patterns required for thorough testing can take

significant development effort. In particular, develloping a test pattern that exercises all

functional paths in multiple functional units including embedded memory can be difficult.

Additionally, when an ASIC includes an interface to external memory, the test patterns

- must emulate the external memory, and developing a test pattern that emulates the timing
of a high-speed external memory can be time consuming particﬁlarly when the ASIC uses a
serial interface to reduce pin count.
Even if an exhaustive test pattern is -deve]oped', running through a complex test

pattern during testing of an ASIC generally requires time, which potentially increases the

manufacturing cost of the ASIC. Less exhaustive test patterns can reduce test times, but



sinpler test patterns may not catch as many defects, resulting in nore
defective chips being delivered to custoners. [0004] Another [iwi tm\@rb g&
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or devel opnent of the ASICs and generally are inpractical for testing of an
ASIC in comrercial product or system Accordingly, ASICs need at |east two
types of tests, a test inplenented with an external tester and a built-in
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SUMMARY

[0007] In accordance with an aspect of the invention, an ASIC with an embedded
processor executes test routines to test the operation of the ASIC. The test routines can
perform at-speed finctional tests of circuit blocks such as embedded memory, coders and
decoders, and interfaces to external devices. The test implementation requires a small
amount of IC area associated with the memory storing the test routines. External test
equipment can use a simple test pattern that in one embodiment of the invention only
involves three pins of the ASIC. Accordingly, the production testing can be performed
quickly with simple test equipment and without burdening the ASIC with complex test logic.
Additionally, the same or similar test routines in the embedded memory can be used in a self-

test when the ASIC is in a product.

[0008] One embodiment of the invention is an integrated circuit including a pfocessing

core and a non-volatile memory containing test routines that the processing core executes to



-2 4 MAY 2004 test the integrated circuit. An interface block in the
integrated circuit can handle signals associated with testing, In

particul ar, the processing core executes the test routines s’EILe 2004
according to control signals input via the interface block. [0009) In one
enbodi ment, the interface block includes first and second term nals. The
processing core use a first signal on the first termnal to indicate a test
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[0011] Another embodiment of the invention is a test method for an integrated circuit.

The test method uses an embedded processing core in the integrated circuit to execute test
routines stored in an embedded non-volatile memory in the integrated circuit. The test
routines can implement complicated tests such as exhaustive testing of an intemal memory or
) other functional blocks of the integrated circuit and output a signal that a tester observes to
determine a test result. Generally, a first signal indicates whether the execution of the test
routines detected a failure in the integrated circuit. The processing core in executing the test
routines can activate a second signal to mdicate when a state of the first si gnal indicates
whether the test routines detected a failure. The first ignal can be activated before activation
of the second signal to acknowledge or signal that the processing core is executing the test
routines. ( -z ;r more additional signals from the integrated circuit can indicate a type or

location of a failure that executing the test routines detected.

[0012] A tester during productien testing of the integrated circuit thus has a simple test




of the second signal to acknow edge or signal that the processing core is
executing the test routines. ( or nore additional signals fromthe
integrated circuit can indicate a type or |location of a fai Itubelhilag0lt
executing the test routines detected. [0012] A tester during production
testing of the integrated circuit thus has a sinple test -3 4 MAY 2004
pattern involving only a few pins but obtains a test result from an
exhaustive test inplenmented in the test routines. Additionally, during use
of the i pakggn atvelyving erdy p few ping butspiainsa teHieesull Siovrdnsexbiystive testy can easily

initiate.a test of the In rated..ci neuit - and Ltar results. BRIEF
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invention. [0014] Figs. 2A and 2B are tim.ng diagrans of output signals for
a passed™SB¥¥ test and a failed self test, respectively. [0015] Fig. 3 is
a flow diagram of an external nenory portion of a test process in
accordance with the invention. [0016] Fig. 4 is a block diagramof an ASIC
connected to test equipnment for production testing in accordance with an
enbodi [N OB JTHERRAWINGS) 5 js a bl ock diagramof an ASICin
a system capabl e of systemlevel testing. in _accordance with an enbhodi nent
of the t@QHDlng. Figo b 13 bleglediggramypd ag ABKC withspibfrsbeapghBesdn perogdance math
figures jnitedingst 8Mihkadveafion.i dentical itens. DETAI LED DESCRI PTI ON [ 0019]
I n accordance with an aspect of the invention, an ASIC with an enbedded
processqoongs tEigk. 220Mid I sreitihind\diggrRad d SsutpREhNs fdi kS 96d adt p{dsessor
executes the _test routines to test the operation of the ASIC. The test

"y rout i nedeikdlselideshge@etBEASI C production tests and systemlevel power-on
self-tests. For_highly integrated circujt's that

[0015] Fig. 31s a’flow diagram of an external memory portion of a test process in

accordance with the invention.

[0016]  Fig. 4 is a block diagram of an ASIC connected to test equipment for production

testing in accordance with an embodiment of the invention.

[0017] Fig. 5 is a block diagram of an ASIC in a system capable of system-level testing

in accordance with an embodiment of the testing.

[0018] Use of the same reference symbols in different figures indicates dmilar or

idenﬁcal items.

- ) DETAILED DESCRIPTION

[0019] In éccordance with an aspect of the invention, an ASIC with an embedded

processor has test routines in an embedded memory. The embedded processor executes the
| test routines to test the operation of the ASIC, The test routines may be used for ASIC

production tests and system-level power-on self-tests. For highly integrated circuits that

already contain an embedded ROM, the overhead logic for these self-test functions is

minimal.

[0020]  Fig. 1 is a block diagram ofan ASIC 100 in accordance v/ith an exemplary

embodiment of the invention. InFig. 1, ASIC 100 is a formatter for a printer and in an end




al ready contain an enbedded ROM the overhead logic for these self-test
functions is mnimal. [0020]. Fig. | is a block diagramofan ASIC 100 in
accordance ':pith an exenplary enbodinent of the inventiona ‘qggiqmgﬂ,
ASIC 100 is a formatter for a printer and in an end -4 4' NAY 2004 product
woul d participate in comuni cati ons between a printer and a host conputer
(not shown). This exenplary enbodi nent is described here to provide a
concrete exanple of one ASIC application, but broad aspects of the
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100. [0021] As illustrated in Fig. 1, ASIC 100 includes a procéssing core
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device ihterface 150, a print engline comruni cations uni uni t
170, andintegraterbcirsuits gérttaining the specific finttienabehitsiof ASKGN0GuUs 190 conducts
‘communi cation signals anong the various blocks of ASIC 100. [00221
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)

or an EEPROM and stores firmmvare including but not limted to test
routi neqo2. Arroeecseinp oyl 18 execafes irsfictionsithated bk2Brédindaismal hethokyir t her

bel ow a ener al i ncl.udes tests qf. t operation in | nmenory 120 and
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[0023] Internal memory 120 includes volatile memory such as DRAM 122 and SRAM

124 and non-volatile memory such as ROM 126. ROM 126 can be any type of non-volatile

memory such as a mask ROM, an EPROM, or an EEPROM and stores firmware including
but not limited to test routines 128. An exemplary set of test routines 128 is described further
below and generally includes tests of the operation internal memory 120 and associated

memory interface circuits and tests of the other functional units 140, 150, 160, 170, and 180.

) [0024] In the exemplary embodiment, interface 150 operates in a normal mode to
implement a universal serial bus (USB) interface for communication with a host computer,
but interface 150 can also operate to download firmware as described below. Alternatively,
GPIO interface 130 can be used as a memory interface to download firmware from an
external memory such as a serial EEPROM. Downloaded firmware can replace all or
portions of test routines 128 as described further below. Print eﬁgine communications 160
implements a communication interface to a printer, and DMA 170 implements direct memory
access for transfer of print images. Codec 140 performs coding and 'decoding operations on

print images.



| npl ement a universal serial bus (USB) interface for conmunication with a
host conputer, but interface 150 can al so operate to download firmware as
descri bed below. Alternatively, GPIOinterface 130 can be used as_a _nenory
interface to download firmware froman external nenory such a$é KadedDly
EEPROM Downl oaded firmmvare can replace all or portions of test routines
128 as described further below. Print engi ne communi cations 160 inplenents
a communi cation interface to a printer, and DVA 170 inpl enments direct
menory d6ex5s fGPIQ inniteil3bfropdemthe comgpband dityoe ntdrfBe farstlftest codi ng and

decodin rati rint. i.ma .-5.- 4 MAY 2704 [ 002 Lnterface
130 pr ov iSRS 109, T RiEHFD RED iniatfipe da0 Pipiotfve Bt SRCTRAL. of ©
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processi n B xecutes th ofti est roufinpes 128 that input

control %8 %éeﬁgfsg%&u%@“g%r ass:ﬂﬁ Sf’n%gfégééﬂ“tagé'?sgﬁa‘iewm@g? Ehf’ﬁsé ampl e of Fig.

2A, no @BISTERRORUsifections]. Entnpl esespipngno@oeshbd) daddte/afatisrestgn al
processing core 110 fails to activate signal BISTERROR within a period after activation of

the reset signal. After deactivating signal BISTERROR, processing core 110 executes the
portions of test routines 128 that input control signals such as signal ASICTEST designate.
For the example of Fig. 2A, 1o error is detected, and processing core 110 activates signal ‘
BISTDONE upon completing execution of test routines 128. Externaltest equipment during
production testing or system circuitry during in system testing identifies the passed self-test
from the toggling of signal BISTERROR followed by the activation of signal BISTDONE
while signal BISTERROR is in a state indicating no error (e.g., inactive). '

[0028] In Fig. 2B, processing core 110 again toggles single BISTERROR to demonstrate
signal BISTERROR is functional and then executes the portions of test routines 128
designated by the inplit control signals. For the example of Fig. 2B, execution of testroutines
128 detects a failure, and processing core 110 reactivates signal BISTERROR and then
activates signal BISTDONE to indicate the detection of a test failure. External test
equipment or system circuitry identifies the failed self-test from activation of signal
BISTDONE while signal BISTERROR is in a state indicating an error (e.g., active).
Processing core 100 further can use other output signals from GPIO interface 130 to indicate
the type and/or location of the defect or failure.




Bl STDONE upon conpl eting execution of test routines 128.. External test
equi pnent during production testing or systemcircuitry during in system
testing identifies the passed self-test fromthe toggling of~ & JRal 2004
Bl STERROR fol | owed by the activation of signal Bl STDONE while signal
BISTERROR is in a state indicating no error (e.g., inactive). [0028] In
Fig. 2B, processing core 110 again toggles single BI STERROR to denonstrate
signal BISTERROR is functional and then executes the portions of test
routi nes [0229] dehithaateatpldry etnbedimepiuifl ticointention,desy) naitines FAfrare part X dnpl e of
Fig. 2B, ,executi.on troutines 128 detects a failuyre, . an rocessing
core 110 et it AIC 1 et R VR P Rl B A2 el e B SRDOne
t o i ndi caoftidnd eefeteddEro theRih ATBBT! ESEROM, hitl @1tk Bi thakxdn@Siry cRtHodRfiBRE Of
systemcircuitry identifies the failed self-test fromactivation of signal
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active). coR2Q0e3siuld t&PFRinQ01 28 e hidGhpts RV foa R ivaRU RN Ex B AN #letn diy,OM
GPIOinterface 130 to indicate the type and/or location of the defecCt or
fail ure. visgnterfaca\}80 oxdod Hoopojutings 28 aresuensedpyocessingdiorehit0 stirts with the -
inventio%ési-wgﬂemq re part of the boot code that ASIC 100
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execut es g power up, and test routines 128 include three main
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performed for system-level self-tests and not for production tests. Production testing of

ASICs including internal memory such as DRAM often must identify the location of any
defects in the memory to enable conventional laser repair operations. To identify the location
of a defect in a memory array, the simple error signal timing illustrated in Figs. 2A and 2B
can be augmented to provide additional output signals indicating the exact location of any
reparable defect in a memory array. However, the resulfing increase in the complexity of
output of the exrors signals increases the complexity of test routines 128 so that a .

) conventional memory array test method may be suited for production testing. For a system-
level test, repair is generally not an option, and the memory testing that test routines 128
provides all the required information. As notec_i'above, in the exemplary embodiment, the
signal ASICTEST is activated or not to indicate whether a BIST of internal memory is

required.

[0032] After ASIC 100 passes the test in the BIST portion of test routines 128, processing
core 110 executes the EEPROM portion of test routines 128. Fig. 3 is a flow diagram of a
process 300 implemented in the EEPROM portion. Process 300 in an initial decision step
310 checks a control signal input via GPIO interface 130 (e.g., a pin GPI(J13]). If the



interface 150 to download firmvare from an external device. [00311 In one
enbodi nent of the invention, the BIST test of internal nmenory is only
performed for systemlevel self-tests and not for production_ tf%ﬁ&f\ﬂ
Production testing of ASICs including internal nmenory such a %]Iﬂ{*en
must identify the location of any defects in the nmenory to enable
conventional |aser repair operations. To identify the |ocation of a defect
in a menory array, the sinple error signal timng illustrated in Figs. 2A

and 2B  Gahrd1QigAMAS RO B VA&, BfoRvdsihig cafkdi1Dicptates 0Pihp wélFBitgRAId 3 7adifaati ng
the exact |ocation of any reparable defect in a nenory array. However, the

resul ti n@oqtlrl?éfrb?a?se in the conplexity of output of the errors signals
i ncreases the conplexity of test routines 128 so that a conventional nenory
array te£Q03r=Hat hdﬂthmyntmi signaligectivated resssuing e H dnisiep I2¢atterapts ja fesgt | evel

test, T epablieindt ABRGK bt s MiloxRindd Blrl:DREPRO HdeHSHBHREY 1o B4 ok el €51

routlnes provi the required information not ed above, in the
exenpl ar yousintsotiOriEthe ;eSt:tm)eriﬁlpg filed sg OREaEe ing extemalmewmdryds conmected).i Hili cat e

whet her Bl ST of .intern I 100
pnesos. 1 e FslortiatioPi Rl IR alsch cok A S 24 AR os BhEKS sdenblrid®®
110 execddtethat Mﬁumaﬁ}%d)mrth& edternil rhasdry andithemizs chzﬁlonﬁteg 359 dle'aermlﬂdsow

di agram o roces 300 i npl.emented in the EEP Proc ss 300 in
o it | hedf e AR aegrors FBERE Bieeeted BTTBGP & pr S1shiO 19F 2

i nt er f aceyt kthi kEFEF. , Ifthelixforfalnfehibod} Jontdifs ﬂlaexpeaedhdﬂiﬁﬁanaﬂ%&@ﬁhg&drem gnal

I S not actlvat ed, processing core 110 execut es of the selte %portllon 370

of test 140Jnstepds0 dorgnloadsdumarg toipemalmepey 120 gpexeputesthay

yProcessiifgesiiRotifildexeb@iond? Cstloh R8I thei@imal Men@déy 8éd3dor PRAAY Such
as an external serjial EEPROM and then junps to: executi ng9sel test _routines

370 i f tihecxnssied YPERAORJHOTCSTNBEPTE élwmpséea'lﬁg@swa SR PP HgXeRBiRdRY | s

connect edirtest hortibh 876 664t rORAERI2PN i s successful, processing core 110 in
step 340 reads or checks identifying data that shoul d be stored in the

ext er nalfogBor yrigubitith élokd ﬁﬁnﬁi%lfﬁinpékt&hﬁpn&my d@infy th: B&t prodlesy her the
external nenory contalns expected information g., .the f | rst word has a
val ue facilitates iImplementation of tests that are specialized for debnggmg the design of ASIC 100

‘or specialized for the particular system using ASIC 100. A co-owned U.S. patent application

entitled, “Point-Of-Sale Demonstration of Computer Peripherals”, describes use of the

firmware download capability to implement non-testing functions (e.g., providing a system

demonstration) and is hereby incorporated by reference in its entirety.

[0035] The self-test portion of test routines 128 verifies the operation of the major blocks
within ASIC 100. In particular, in the exemplary embodiment, the self-test portion of test
' ) routines 128 tests interface 150, DMA block 170, and codec 140. Additional testing of

internal memory 120 can also be performed.

[0036] The specific tests of particular blocks depend on the specific functions of the
block. For example, for codec 140, processing core 110 can direct data form internal
memdry 120 to codec 140 for coding or decoding. Processing core 110 then determines
whether the output data from codec 140 matches correctly coded or decoded data that is
stored in ROM 126. |

[0037] To provide tests that replicate actual system operation, test routines can try to

emulate the normal data flow in ASIC 100. For example, a normal data flow in the



not equal xFFFF. If the external nenory contains the expected information,
"processing core 110 in step 350 downl oads firmvare to internal nmenory 120
and executes that firmmvare, instead of continuing execution of t@%}
routines 128. If the external nenory does not provide the exﬁelct 2004

I nformati on, processing core 110 junps from deci sion step 350 to execute
the self-test portion 370 of test routines 128. 10034] The ability to | oad
firmvare fromexternal menmory during the boot process facilitates

I mpl enmentegéhliry@mbodiicnt §thad with fpspefdaalto zretpitdIFAdbffen S haerfiesi gn of

ASI C 100, _or_specialized for th articylar, systemusing ASLC 100. A
co- owned I@SF.Ihfb‘éP‘étrﬁIFéngf?r&éP i“?fﬁ“d%é"ﬁ’f’mlfé'ﬁ’,ut paébfrﬂ?’-el‘%pggfnéc%r?g &ration of
Conput er ,PghiRehk path e S6WI1REcHSiBE &re U IEto writé aMR IR0 GRVUAMRIIFOIRERI ity

to i npl enent non-testing functions (e. g1 providing a S¥F§’|‘t em
denonst r i Stashg daindlows Siatlaslyy Progessig Spte: [ capyread dats maneoumt ppiferiqghegky

[ 00351 Ths. ngg gtest portion of test routines 128 verifies the operation of
t he maj or BPocks within ASIC 100. In particular, in the exenplary-

enbodi me t he xs | 3 ' Shsv { ce
150, DIVAwl{)]I%gck ﬁ%u %%‘gé%:“o e%ée?%b “pé,&gldﬁf %Iggﬁjﬁ%fslﬁﬁ?\%g%% In@i El)fyerinﬁé?[f;rrlgrmr y

120 can wtewel penpey 120} Wsdded 130 J61 cotiing, ask it nfegnal msmonoi20p fow iwtaradl bl ocks
d d th i£i¢q ' des 140,
epend Ofehlf DB ek 150 bl od BRia BloBE K70, Mok r?g«;%ggésg%é faapdes 140

processi ng é can dire orm I nt er nal
f or codithgpugh thdentich systemProdéssi high dagree of Y@rifichtion dighe opraratem of WhBHChEGO.t he

e e e L
©)oper at i G@parhteBitest@ndh daestramafer stefy béqauseqiudesding donel iforamabsatet thefdatavatithe ASI C
e T L ey e
i nt er f adgocklif the dhbEfldwiRig., IMADIbEK [70rcan aicluda s IOR(Ecqle solcnlator) sopthat pat h from
cor o 110meginy i Gt o prcd fer p CROPB i g be Bry€puBiP ol 86655, o1
S ar | ¥oao" OCKRsIuaR o Hudoribhal biSHks bERGI 0%k Be Shvaii Rt iU F T Lo check
implementation, spéciﬁc features can be built into various ﬁmcﬁonal block to facilitate test
operations executed embedded processor 110. For example, the DMA block 170 can include
circuitry that performs the CRC calculations to allow error detection without requiring
processing core 110 to monitor the entire data stream. Input blocks such as USB interface
150 can provfde paths that permit processing core 110 to write input values into incoming
FIFO buffers to simulate data input when testing a data flow. Implementations of “loopback
test” capabilities in the functional block can facilitate tests executed by processing core 110.

Such tests would be particularly useful for testing on-chip network interfaces.

[0040] Processing core 110 can also test-data flow through the blocks of ASIC 100 at
specific clock speeds used in ASIC 100 and determine v;rhether the blocks are meeting the
required timing. For this testing, the clock and reset pins of ASIC 100 can driven during
production or system-level testing in the manner required for normal operation of ASIC 100.
Conventional test equipment 400 as illustrated in F1g 4 can easily implement the timing
signal CLK and contro} signals ASICTEST to test ASIC at full speed or at an elevated speed,

for example, to prove tirning margins duning production testing.



data output. [00381 A data flow can proceed fromthe input FIFO buffer to
internal nenory 120, from internal nmenory 120 to codec 140 for, %i 234
bacx to internal nmenory 120, frominternal nmenory 120 to co.d»eé : Q
decoding or to DVA bl ock 170. The proper passage of data through the
entire system provides a high degree of verification of the operation of
ASI C 100. Additionally, testing a data flow through several functional

bl ocks nmay avoid the need to separately test each data transfer step

because pOAAESSIIAEHORe féﬂt?pr&s%@s phiedi dohel 1ahRpAlideASaindt Béde @b@ﬁeupf the
flow to detect errors. rther facilitate error checking, the | ast

funct i onafdition t9agserting signafBISTHRRAR. Bailjire caggiCOIvR seultindieat themaudera CRC
code cal gdl18L0ibn o?@lc elRke fodh® 31?1'?1’%' &) m O6r eihfh %n% gggfqzl ﬁlﬁfaﬁnﬁcr{%ﬁg CrRC

code instead of the entire out put strea oug
f unct i onedn deisigoids ﬂmt whgher the detected faelmosl ingnteinshmbmpry 120p@idecrd4d, DVIAN,

speci fi Ch f H,Jd' %?m‘fe?f‘lc?ﬁlg@ly% into various functional block to facilitate

test opera |or’|s execu edded processor 110. For exanple, the DVA

bl ock 17 n I ﬂ1C| gﬁuctcA%ﬁlu (}Orlgct ha;[:te(g? %ggsténqg‘%me(&ﬂ,cggf‘égls?%{ zf?ﬁr)]f“ Egr t he

al | ow er o det ec on Wt reqw SSi
entire didlustrasddiadig. 5| dpthic ebibodhﬁensux.‘Higaﬂs fd.ﬂSBamﬂbed’xiéiﬁaﬂ irkerBite @80 iPr ovi de
110 .to wjte in into incom ng

pat hs t hat er it processin ut val ue

IO burapE T i anaeint S10 Mt satnsson i st cogpiaiohon Seqpalpemory,

| mpl emerpdiit efgife @mmhHebAC K60 dodsiécts LaRRRidrichiREtol 520 &¥a Jriniéi! ICIHA arfdl OCK
can faC|I|tate t sts e; cuted b process ng core 110. uch tests woul d be

parti culS¥FFR °8§‘E‘? (e, *Egﬁnr?g ol exenahmEReRIo30 spwiertie diming gyapts

B Pr 0cessiigg af@GPIG Iider®dd 130.SPorlsgStbmddeiekdi s;tstkhp&%oi b &h&6ﬁ§1g9151 ASI C 100
specific clock speeds used in ASIC 1 det ermi ne whet her the

bI ocks AYUCTESTtxgeiecha systerprgvel 'GSttai'lfgri"‘Ff@-‘tOlISé}gn{‘lﬁ BISTRONEsgd BIREFRROR and
reset pidgeteimifehiethd e o ﬁﬁ@n&hﬁgﬁ}g erhf Qﬂﬂﬁﬁaﬂs&ﬁaﬁnﬁ{sﬂﬁ%h%{e' |

testing_in the manner required for nornmal oOperation of ASIC

Convent Fifal Whasixeetingset rutingd Waschumax}gqman éxerpg] nmmapry 12¢ endaverdpaded
| Pl eme gy ASTE100 #brh ShenstirP 550 tp%smdmmfmh 1t ﬂﬁ?ﬂé foo%ﬂd%gﬁmeootﬂést ASI C

at full speed or at an el evated speed for exanp ve timng

" mar gi ns SR AMPANSESSP%-0on testing. -9 4 MAY 2004
[0043] - Although the invention has been described with reference to particular

embodiments, the description is only an example of the invention's application and should not -
be taken as a limitation. For example, although the above-described embodiment is a
formatter for a printer, embodiments of the invention can be employed in other types of
integrated circuits. Various other adaptations and combinations of features of the
embodiments disclosed are within the scope of the invention as defined by the following

claims,

=-10-



[0041] In the above test process, processing core 110 can provide a failure
code CODE in addition to asserting signal BlI STERROR Failure code CODE
woul d i ndicate the nature or the location of the failure founddgﬁéi
testing. For exanple, the value a 2-bit failure code can de§ﬁb «ﬁﬁét
whet her the detected failure is in internal nmenory 120, codes 140, DVA

bl ock 170, or interface bl ock 150. [0042] In a product, ASIC 100 is
connected to ot her system conponents 500 such as illustrated in Fig. 5. In
t he enbodi meBCBM Fig. 5, for exanple, external interface 150 is connected
to a host connector 510 for connection to a host conputer or external
menory, and print engi ne conmuni cations 160 connects to a printer connector

520 of a printer. nd. . t control circuit 540 and an optiona
ext er nal ne@bry g?&“%%%ﬁggﬂm¥§¥%?§1'g circuits 180 and GPIO interface 130.

For system|evel Jtaslbdidconystem control 540 controls signal ASICTEST to
sel ect a systemlevel tést and nonitors signals BI STDONE and Bl STERROR to

det er m ne whet hean ASefhall @Rmofy EdhRingd Wsh GouBh@P Mat Yhe bl%c@ssﬁlﬁséo%n such as
illustrated in Fig. 5 when executing test routines, which my be from

i nt er nal neeracytes Rotegtthadotepriaed diedit, and ASI C 100 from nenory 530, processing
core 110 can test ASIC 100 and any of the other system conponents 500.
[0043] - Al t hougR" i'¥fare, geuplen do theapsodsesing ewe da pésedt apfiviation eff @firshce t o

particul ar odinents, the description is only an exanple of the

i nventi on' s°§E@|S|98§5?J&ﬁ?'"%‘asté?ﬁaﬁff fFogeutingdhe iRIEPUURES: 3 | i mitation. For

exanpl e, al thoug - gde ihe odiyyent .is.a, formatter for a
~printer, enbodi n‘grﬁ%rgﬁo@pﬁﬁgrn%n®gﬁbgo%"%?§ %efﬂ]%nspelt 6’?/et§tirﬂ”t5'faﬁé?r types of

ntegrajed Gict@iohdbringPpro@étorPbioF thadidratbd ARGt At SBR) fabigys of features
of the enbodiments disclosed are within the scope of the invention as

def i ned by tohine @dr legeuuting: duchgamis-produdtieét F@dini¥érakbiaireit. 1. An i nt egr at ed
circuit conprising: a processing core; 5 an internal nenory containing
test routines that the processing core

2. The integrated circuit of claim 1, wherein the processing core executes the
test routines in response {o a reset signal.
15
3. The integrated circuit of claim 2, wherein the interface block comprises:
a first terminal on which the processing core activates the first output signal
to indicate the test result; and
a second terminal on which the pr_ocessing core activates a second output

20 signal to indicate when the first output signal indicates the test result.

4, ~ The integrated circuit of claim 3, wherein the processor toggles the ﬁrst.

output signal to verify that the first output signai is functional.

25 5 The integrated circuit of claim 1, wherein the processing core executes the
test routines from the internal memory during a production test of the integrated

circuit.

11



executes to test the integrated circuit; and an interface coupled to the
processing core to permt activation of a first output signal indicating a
test result fromexecuting the test routines; wherein the internal nenory
contains a first set of test routines for 10 execution dudd nopMay Prgpduct i on
test of the integrated circuit ‘and a second set of test routlnes For
execution during an in-product test of the integrated circuit. 2. The
integrated circuit of claim1, wherein the processing core executes the
test routine§ in T%'ﬂ@ﬂ@@dtcﬂcﬁt eiing 1oViprein the test poutimsdnglydedeginefed circuit

of claim2, wherein the interface block conprises: a first termnal on

whi ch the prBEREMAGeEENe activates the first output signal to indicate
the test result; and a second term nal on which the processing core
activates a second output 20 signal to indicate when the first out put
signal indicates 'f’l'léeinfe@%bdr&%b'il bt cim ThEndriih SOEMBLsi |?Jl ?r’(rjb'uI tPfheC! @l m 3,
wherein the processor toggles the first output sign verlfy that the
first outputingh@ralkirdui chrtGiviRaR: the ARt §r seddh8 sbith RUMIMIserk Sleb@st.t of claim 1,
wherein the processing core executes the test routines fromthe internal
menory during a production test of the integrated circuit. 11 4 MA'( 001t
6. The integrated circuit of claim1, wherein the test routines include
tests of thedint eﬁftﬁﬁlm%ﬁ@fwﬂ integratae ciroht. eginpAséd: circuit of claim 1, wherein
a control signal I{]gut to the 5 integrated circuit controls whether the

first or second <& GPPEEENHEYE R eéﬁt@%’ﬁ?gc’f'm“g to X teREPHEES f or an
i nt egr at ed %h%&thm“ﬁ&¥REb§bﬁg using a processing core in the integrated

'"?ircuit to execu routines stored in the integrated circuit;
: 10 observing a first signal output from the integrated circuit as a result of the

processing core executing the test routines, the first signal indicating whether the
execution of the test routines detected a failure in the integrated circuit;
applying a control signal to the integrated circuit; and

selecting the test routines according to the control signal.

15
9. The test method of claim 8, further comprising observing a second signal
output from the integrated cir.cu.it, wherein processing core in executing the test
routines activates the second signal to indicate when a state of the first signal
indicates whether the execution of the test routines detected a test failure.

20

10. The test method of claim 9, further comprising activating the first signal

before activation of the second signal to verify that the first signal is functional.

11. The test method of claim 10, activating an input signal to the integrated
25 circuit to causes the processing core to execute the test routines, wherein
activating the first signal before activation of the second signal is in response to the

activating of the input signal.

12



10 observing a first signal output fromthe integrated circuit as a result
of the processing core executing the test routines, the first signal

i ndi cati ng whether the execution of the test routines detected a failure
inthe integrated circuit; applying a control signal to the~iintMyr 208d
circuit; and selecting the test routines according to the control signal.
15 9. The test nmethod of claim8, further conprising observing a second
signal output fromthe integrated circuit, wherein processing core in
executing t hd2t esifhe feglimnethedsof sioim §cabserving enes erooerd additimal signalsifrodi cat e when a

state of the first si g'nal i ndi cat es whet her the execution of the test
routines det dEricorated ﬁ"t’fvﬁief%@e P9BESHHg Cq'ﬁéoﬁt@éstth?rﬁdﬂf@ﬂa’éTQN@BQ mo,

further conp act the fi bef ore activation of the
second si gna{ H?étgg %é? 91% ‘F{SCLFWgF %S?Eﬂ esidgtefithct i onal . 11. The test
met hod of cl aim 10, actl vating an input signal to the integrated 25
circuit to causes the processing core to execute the test routines, wherein

activating tie fiTmtteSint@ld defm 8, wisdéiy 8l 04 nQJth&dh?pgl%FHQ&jd g“a' isin
response to the activating of the input signal. PEA WY 2804 12. The

t est net hod wbductian afthe intedrsted vircngy one or nore add| t| onal signals from the
integrated circuit, wherein the processing core controls the additional
signals to indicate a type of failure that executing the test routines

det ect ed. 13 Thertest met hod of claim8, wherein the test nmethod is
perforned dufi ng TPBrGYTENCEAT geime Ve furthersgmansing eontrelliigtan "lmlt sigh@d t est net hod

of cIa|m13, r. tr n n i nput, s to the
p nt egr at ed & rh%drlst?gq%tegg {tkféé\j\ﬁ%w nh?fq{“ﬁ% ?’8@[”8? BGfﬁdH'éb% ?ﬁ’%tadl n the
fntegratigd cil&itGhd Sdbitedr € €xecuted. 15. The test nmethod of claim 8,

wher ei n:
15. The test method of claim 8, wherein:

when the control signal has a first state, the test routines selected'

implement a production test of the integrated circuit; and

15 when the control signal has a second state, the test routines selected

implement a system-level test of the integrated circuit.

13



when the control signal has a first state, the test routines selected
i mpl enment a production test of the integrated circuit; and 15 when the
control signal has a second state, the test routines sel ect edfu mqnggm a
system |l evel test of the integrated circuit. 13 4 MAY 2004 ABST ”
BUI LT- I N SEHHARNEIT USI NG EMBEDDED NENL‘RY AND PROCESSOR | N AN APPLI CATI ON

SPECI FI C | enbedded
processor | @%’%ﬁ%ﬁ?‘% %‘%E. R%H&lf %%EE e}#%%§§g‘ed menory or
an ext er naf f oduct I'on, est routines can

-conpr ehensi vely test of the bl ocks of the ASI C Wi t hout a conplicated test

pattern from t&ﬁst mqﬂanb ficerrai Aﬂﬁms&mtenrbedﬁeﬂmemﬁiﬁhsasmétd‘ @feameamr -up

tests in s oducts containjng the AS C I ect
activati orr‘i’}iﬁ P?s%’h‘fnf‘ egllq?‘i)ﬁ'?mt?ﬁ’nmﬁﬁ KR ?ryugA gé'\slé % of the
ASI C.  Fl GestYoutines can comprehensively test of the blocks of the ASIC without a comphcated test

pattern from test equipment. The test routines can also perfomi power-up tests in systems or
end products containing the ASIC. Test selection, activation, and result output can be

implerent using a few terminals of the ASIC.

FIG., 1 ) .
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