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SERI AL DEVICES This invention relates generally to autonatic test equi pnent
for electraqnics, and, nore particularly, to the automatic testing of

el ect roni c YRWEEUO hat include serial 5 communication pBFFYSOEREKGROUND OF
THE | NVENTI ON As el ectronic devices grow in conplexity, greater nunbers of

| eads are required 10 for form ng connections between different devices.
Consequently, the layout and design of circuit boards has becone

i ncreasi ngly conpl ENHASEIELal. OO8BE TESTING QIOSERIAGf DEVIGES partial remedy to
this conplexity, as they allow devices to communicate using far fewer

|l ines than parallel devices. Serial ports communicate via only two

| i nes-one for Thisimenatiantelags generally hyauematicdest pqpmept fo elgetrenicsndse | i nes

g apf be si ngdre partictaatly, io the aut@ilaﬁicléstis'g ghele cﬁo&fzﬁéﬁé&fﬂﬁ; in@hﬁ$ guﬁamﬂ_) (r)]r_

i fferenti s B conpl enmentary signals, neither o ich is
ground;%. f?npﬁguﬁs?%lrp%g%ta at rates conparable to parallel ports, serial
ports tend to operate at much higher speeds than parallel ports. Mdem
serial ports operate at BAGKGROUND OF THE BNMENHONyi gahertz (GHz). Seri al
ports place particular demands on automatic test equipnent. ("ATE"). For
20 exanpl e, sepkalectRAid deviead bro® MeEMpINkity! BERP HmBASE of RER! YErefiiitd

si mul tanequ .. To thorgugh test serial \ports, the tester, jtself should
be abllg t or%]%%‘ﬂng ?oélﬂgcﬁ‘f)?sol& eﬁélgzgeﬁ%aevd‘fff'ac Ifsﬁ‘lﬁef’%g?ﬂgxoﬁ a@éi"?‘&? ports can
al so t r anghtitcuit hdardelye beepnideacasinglyi cofmplesn Senad tesmunicationipogs ¢ffiat t he tester
shoul d opgirikiGebdydb tioRiPlexitil R Shey AN ABACATRNS bordhSHibakd Y thy/fewes el | al
pofts teng twer tle at e>r§t r.énellag/ %ﬁlﬁh .sq?eeds, vvhlﬁh are ch faster than
the pin 280 RAARARIFIACVISHe SSEY POHS EURIUNIEA LA Pily 849 BRes—oFe Mfoadl y speaki ng,
t echni quetadsoiittingdits agl ome forabcepring datd. dlliesel limeocantbesimgleamdgiieeene ful |y
funct i pnakef lgéf.freﬁcea : b&'}ﬂz o@diﬁa&twgge@ b EdrhflCinerR i ggn@ibﬁi%rbpstl ng.

Ful 'y funcf) ona 7 al festing enpl dys.co ex, pattern-based

i nst r ument&C b?gﬁ‘g‘ﬂizgi&{‘?"ﬁ’é e‘éé"f‘?glrafgﬁ 'Wafabﬁ’éﬂﬂa@ﬁ}lpﬂ%ﬁ?rﬁ*?%‘%i al

r esponsesto opbmteat mmeli hiphee spesdd thip padlle) pape Mddernaseridlipghts speesel st dad0

suffici enﬁtd{%\l/] ?o%evérglr%iéaﬁéﬁi' ﬂp;t serial ports, and provide a great deal

of contro t he mng of “signals and their anplitudes. A though they
are flexible agalgdRaplass OPaﬁwulay derhaids bh tGhatehl 16Kt E?ﬁpmm.t‘fmmt Bort end to be
cost| % aned requi r.gllﬁr?gtg? %vel 1?Pglgent .tta&rees . an&ﬁgs of .f u{. | y functional
digi tH tREPIRET A EERE PG RPN aad espiv e da piangpsly. To

thoroughly test serial ports, the tester itself should be able to both transmit and receive

data simultaneously. Serial ports can also transmit and receive data at different rates,

meaning that the tester should operate at different rates. Perhaps most significantly,

serial ports tend to operate at extremely high speeds, which are much faster than the pin
') 25  electronics operate in conventional testers.

Broadly speaking, techniques for testing serial ports fall into three categories:
fully functional digital testing, algorithmic testing, and loopback testing. Fully functional
digital testing employs complex, pattern-based instruments for generating serial stimuli
and for monitoring serial respenses. These instruments typically operate at high speeds,

30 sufficiently fast for testing most serial ports, and provide a great deal of control over the
timing of signals and their amplitudes. Although they are flexible and capable, fully
functional digital instruments tend to be costly and require long development times.
Examples of fully functional digital test instruments include the Gazelle™ and Super
Speed Serial Pin™, both from Teradyne, Inc., of Boston, MA.




Speed Serial Pin(err), both from Teradyne, Inc., of Boston, 3—; fl' j EL%
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expensive than fully functional digital testing. Al gorithmc testing

i nvol ves g&¥@p25#2d¢) serial bit streans according to any BETHSBEMEr of
predeterm ned algorithnms, and nonitoring serial responses to ensure that

they match expected responses to the serial stimuli. Stimuli can be
arranged according to a wwde 5 variety of al gorithm'c patterns, for
exanpl e, pseudo-random patterns, narch pattern g,..a "1" through a
field of "0 s")Algosithraie festing.gnds tp bp Lest eipprsive doan f\a\%}f@ﬁm%'rdggﬁa &{n%ough

al gorit hm&lgbzﬁﬁﬁﬂm@tmg irlvoE/6s gonpRting seiak Yindiredmd deyortlingad monafla nimbéd ng, it is

al so | ess r.9 [ |y not able
to control® ftpﬁgcwl%gge Onﬂ%ﬁg&{ Om criﬂg ér&%[&e&n%er?’z&rlés%gﬁet@&%g%{a%gerl al port.
Because i texn@@ﬁ resppisas fodbe sesil %ﬂnl‘ﬂia$tifé'#1’r@ﬂ arranegdreceriifedopadds ng al so
cannot st e&tanétblefﬂgdﬁth@wpaﬁelﬁs Feriixhriyle, qj‘seudadanaodmuexde,vmaspanemopback

testi ng is t a Jest serial
ports. mg%% ﬁpbﬁ'?%’&hlsg% i E E)gnnle?fatth@ §{t ;igiéfantsﬁm E}%nﬂi‘;o ;’é() of a
serial por wghialgarishric destinghis dese expeasiyg ctippal EeBIS2SOHEN nade to
transmt %&&@W FREd@PR, ﬂéontﬁﬁfc't@dtm@ﬁtg%ne t ke toddingoli the placnem tted, the

tester m)nlt I ee i ns_of the ' ates that
depend up8ﬁ @@%ﬁgscf{fg‘g!ﬁg?gﬁ %‘??ngkpolr% el gge%ﬁlm{ccdget%?ﬁw et er m ne
whet hao t latgotithgtic pags@bsommfoatestghc nas@pﬂ!?aékcmiéis@ﬁ indjvidgalgeviesmel y conveni ent .
The test flxturefor a seri %‘%ﬂﬁ ee[gwres a wre for.gonnecting
the transnmit | Forpback testiag %?‘9’@ ePVﬁ' per thempst popplaro 0 testSEil i t s seri al
dat a nor pereilwepbmk tdstihg ittadlaes cdéndotingthe tasg line (T Xhofieesesal portivack t hi s 20
conveni e“gﬁ&&ﬁf&cé{f IH%;RRS’ Sh@&evfc@?gtﬁéﬁ%ﬁﬁsﬁtrmﬁﬁﬁ@éﬁﬁ% e?ﬁ‘ﬁf al port

recei ves It transmts ﬁata ¢ oopback
testing déwial A¥e. @%Cﬁéhea"laéﬁlﬁ‘ff‘%‘—ﬁl“?%&e“ESFPémOP’rt%fﬂg’Pﬁef'SPqe augpiteserial port
can opser atievxad, whicH hiVeastaeitha degdd ip@nthé bereredpeiation bf the TXTnd RX lsser can

thus fail (Iﬁ%e ‘e%he&@}tﬁéﬁaqﬂ&%gﬁaﬁs' n a device's synchronizing circuitry.

Ve have ( cogni 'z ecause the tester does not directly create
the serial bity Bﬂ%sugélsteﬁﬁeﬁlﬁ§kﬂveﬁl&ﬂn%e fe@ﬁixtﬁr@%rta%leﬂﬂ@ﬁﬁmeﬁlya seri al

Bl ¢ ucde TR PE et B D A (1 Prare beRpiien ErebRiBer T TG o
direct|y trewsisseriahdatsaoriredeives seriabdatas t Wehavsiregoghiged, howeves ihat thihat t hey have
corregh  aiRbhibiid 8SmaNH tHeicBitdY tHoRAIpRkdsE ' Bethse $he serial port receives data at
the same rate at which it transmits data, loopback testing does not separately test that the
transmit line of a serial port can operate at a different speed from the receive line. The
tester can thus fail to detect internal defects in a device’s synchronizing circuitry. We -
. ) have also recognized that, because the tester does not directly create the serial bit stream,
' 25  the tester cannot test the tolerance of a serial port to imperfect input signals. These
include input signals having amplitude errors, distortion, and timing jitter. Neither can
the tester directly measure the serial port’s output signals, to ensure that they have correct
amplitudes and timing characteristics.

Still, the convenience of loopback testing offers significant promise for achieving
30 low-cost testing of serial ports. What is needed, however, is a way of enhancing the
flexibility and test coverage of loopback testing, without significantly increasing its cost.




Still, the conveni ence of | oopback testing offers significant pr 0‘[71453 lo?
achieving 30 |lowcost testing of serial ports. What is needed, howe y \ Q@
a way of enhancing the flexibility and test coverage of |oopback testing,
without sigvoé¥esely increasing its cost. 2 1 4 JUL 2008CT/A4GE/#62P1054240
PCT/ USO01/ 46391 SUMVARY OF THE | NVENTI ON Wth the foregoing background in
mnd, it is an object of the invention to test serial ports thoroughly and
at relatively low cost. 5 To achi eve the foregoi ng object, as well as other

obj ectives and advant ages, syMMARReOE CHEIINTERETENt echni que is enpl oyed for
testing serial ports. The fechni que include a receiver and a transmtter

S
each having an_i nput _.and,an out put.. The receiver receive test signal at
its input fromW q'g@r?goﬁ'@qﬁfk%g@gﬁ @fn%p%fsta.n °¥ﬁ‘ét({f r‘fg‘Fﬁ"ﬁ?@p t'f)sfovi des a
test si grsatialfpoanthotosghdy ayulut relativelydowREosdti ne of the serial port. The out put
of the receiver is 1 o coupled to the input of the trangsmtter for
est abl isshi ng aTeeelieysdhe Prmermgrbise. as willas plrerepiscvesmd ¢ayREF oM t he i nput
of the recahaeéd losphaditiebiafigieds emplayed Fmitesting seviabsortse Theteclniiquetindiydes or
eval uati ng steady-state [ [l Sti- ' Serial port.
The out pu%rf)‘fflvteﬁ%“_ltar%aﬁ’gnﬁ ¢ %ar%ﬁtrhrg‘flngiqg‘sf %g&dc%nﬁtpgg Jtﬂ(!._)at%%eg‘tef)géragﬁ%t ric
measur eneiest signat afjits inprug fromthe TXdine of atedialpprts The Eanspalics Prdeg R 1685 of the RX
line of tRpnallffonbRy duput RPtht RXBRQF thcReridl pord Micwitput &f thatdceiver i& he out put  of
t he recei v%l l{it %}%u_gﬁ%g %‘o a ti'ﬁ&fgr@%ﬁ?sﬁu@"%% %L{ cc%ﬁ%%{i?r[ measuring timng
char acter (*SHESO 5! f thg frangmieL) “génera & {ﬁp k_he Mi'ne of the serial
nver posed bet AoeniiEly GRFAGon B¢ inphchibe behil B b Aimb B paRnEtC L he
tFansni t t SeaRErment ¢iiguth ’%ﬁ‘@e uaijbg sipadysiate "h"f“ia?FF’iiﬁji"%lP":‘B%ﬁ(:]WﬁSP&‘S the test
si gnal betatatpirt. Tiee optpay oftheltriramitive mB)also becanpled heths patamktrigor t . Accor di ng
to still S0eLAGheny Qi foPBralhtifl et Yard haleib:RRROGAfle REUMENENE OU pul of
t he recei ver an e Ihput of the tfansmtter, for selecting between the
out putlSof seriéport.ecei ver and a direct input, wherein the direct input
provi des a predetermned serial .bif 25 str L i r fromthe
t est signal reg%‘io{){%'bg tt?)?“f’%gr W&%ﬁ%é’? outpyl Ofﬁ%%%ﬂﬂ%&fguﬁ bd &Y
' measurement circuit for measuring timing characteristics of the test signal generated at

the TX line of the serial port.

According to yet another variation, a time distortion circuit is interposed between
20 the output of the receiver and the input of the transmitter for providing predetermined
timing distortions to the test signal before it is provided to the RX line of the serial port.

According to still another variation, a selector is interposed between the output of
the receiver and the input of the transmitter, for selecting between the output of the
. ) receiver and a direct input, wherein the direct input provides a predetermined serial bit
25  stream that is different from the test signal received by the receiver.




WO 02/ 054240 PCT/ USQO /46391 BRI EF DESCRI PTI ON OF THE DRAW NGS Addi fli onfill 2005
obj ects, advantages, and novel features of the invention wll becone
apparent froma consideration of the ensuing description and draw ngs, in
which 5 Fi gY¥OM/@Sksths a conventional tester architecture BEHEPUHIGIt 0 t he
prior art; Fig. 2 shows an enhanced | oopback device for testing serial
communi cations ports in accordance with the invention; and Fig. 3
illustrates a flowhart for testing serial comrunications ports using the
devi ce shown in Fig. 2.B ] T vy, §54240 PCTNS01/ 46391
DETAI LED DESCRI PTI ON OF conventi onal Tester
Architecture Fig. 1 is a highly sinplified illustration of a conventi onal
architecture 100 for an 5 automatic test system or "tester,” in which the
i nstant i nvent iAQiditioadl obiects Saddlantaies) @fd novebightuie bf thd thventivh veill pecgream f or

testing a devi [ -_'F%@F' 14 I ?Ei el ectronic
hardmare.z%ﬁ?éﬁﬁgﬁgagpghég%g&ﬁl ym%%c$§§§§k§?8$qg |%§¥?ﬂﬁ%ﬁf§ 124, anal og
instrunents 12@j, 2QELWAOVRhvEMBIRI telr drdBtecthtOacBir@Bk iOMRE pribaigwar e is
connected to the DUT 142 via a plurality of lines 130 10 and respective
contacts 140. Fhe2 eavisamtephdhédil igepbacladdvice dansstiag seial cpmungeakiossdeds pi ns
t hat eXte#ﬁm&Eﬁﬁh&hﬁﬂﬁﬁéﬁﬁ%ﬁhIﬂﬁdpinS can be either single-ended or

e S ’

coaxi al . placed on a device interface board, or "DIB." The DB
general |y i ncl pEes jlrefdeicd flotehal 85 Sestifig RAGRGmnunaiidR pots tdaitheat ch the
patterns %%.a?rin Qgga d pins extending fromthe tester. The pins nmake
contact w‘tH %@Wﬁ 2t5 form connections between the tester and 15 the DUT
142. Tie digital instruments 124 typically include, for exanple, clock
generators, serial testing instrunents, and parallel testing instrunents.
The anal og instrunents 126 typically include, for exanple, one or nore

paranetric neasurenent units, for neasuring DC characteristics of circuit
nodes, and one or nore tinmer/counters, for measuring timng

i




20 characteristics of circuit nodes. They may al so include a variet ?f
other instrunents for generating and anal yzi ng waveforns for testi% Ulhezms
DUT 142. Via a control bus 120, the host conputer 110 conmunicates wth
and cont r ol ectronic hardware for testing the DURCHEPYINLccor dance
with instructions in the test program Topology and Operation 25 Fig. 2
illustrates instrumentation 200, according to the invention, for performng
enhanced | oopback testl ng of serial ports The mstrumant ation 200 is
preferably inplleEbEAlld ARIATEON LIF R M NEed within the
tester 100 along with other di gltal mstrurrents 124 As shown in Fig. 2,
the instrunentation.200 includes a receiver 258. The receiver 30 258 is

arranged tQofreritfonal Fdsicp Mchitedture of a DUT 242 via contacts 240. The
i nstrumentation 200 also includes a transmtter 272. The transmtter 272 is

arranged to beFigol it 2ighly sinptifed illyairagipn ofecopymtiong aghifeckye i) ©ra¥ cont act s
240. As S altomatiblesPO0om, ¥Od3i2f,0 bARKith ﬁ@ﬁﬁﬁﬂlﬁﬁeﬁﬁ@d&dﬁ&l@é& kehostn nor e

d | bel th
et | e PO UL SR e BB SIS LR P TP
preferred oéﬁlb@mmmhwdwqrhemeb@ww g@@@llwm@lmé@g@?msﬁ'ﬂ@ﬁféﬁﬂﬁpﬂ%I ifier

260 const fgkguREnt 026, M@Wdr@@pgeﬁlg&f erential signal fromthe DUT 242. The
differential 5 arrpl ifier converts the differential inputs fromthe TX |ine

into a singl e- #hddectwngrhatdwaGoispameadted to tRG2UENd2 264 phoaipz oflindsd 30
si ngl eﬂ)engﬁ &ﬁ@é coﬂa‘:ﬂ 186 OB AITHRAL ?46%5 @x%.ﬁ?!:&msf’&flsfs)ﬁx%eﬁ’ade\f PrhsH and VOD- L,

respectiv rmne et her. e I gn eeds the
t hr eshol d€hat g eI, ﬁﬁe@%ﬂe@)ﬁﬁa@aﬁw eﬁl%wma’qﬂﬁhﬂrﬁﬁ % he i nputs
of the di iafaeascboﬁa ddealilfﬂénfffce board o “DIB.T eEledolB geaerhity niclndds conductive ages,

VTERM H a

progran’maggd 2 co?%{%ﬂngﬁﬁéﬁﬁgmﬂﬂt%ﬂ? ?ﬁk}hﬁ%g{%g?@rﬁnpﬁx |er€lglj§%l wth the
conpar at ofested gbhe i m@@&“‘}/‘?‘él"ﬂ@%ﬁi’i‘# todpam eqnaectiophpriweandhe teterand 5
conpanat othetaT 1420 t ches in response to the di fferentlal i nput vol tage at
TX crossing one or nore predeterm ned thresholds. By providing two
conpar at ors 26Pheatigitad 8utruménts 124gypicatiy mckudeoior 2@mpleaclogh grag@toran edge 15
whenever tdgi Q&tfnfgeiﬁs%‘ilﬁieﬂtk dnﬂ@h&%lieﬁ &aﬁgg inbt@tmehts) mé asi@Sinsthinats 196 the two

for.exa for ve

threshol dfypg:gl? ug<F1 gorfegfnlnﬁlle,r@le Or more parametric meaggremént umts Yo' fagunn% a

devi ce's
DC characteristics of circuit nodes, and one or more timer/counters, for measuring timing

20  characteristics of circuit nodes. They may also include a variety of other instruments for
generating and analyzing waveforms for testing the DUT 142. Via a contrél bus 120, the
host computer 110 communicates with and controls the electronic hardware for testing
the DUT 142 in accordance with instructions in the test program.

Topology and Operation

25 Fig, 2 illustrates instrumentation 200, according to the invention, for performing
enhanced loopback testing of serial ports. The instrumentation 200 is preferably
implemented as a digital instrument, and is housed within the tester 100 along with other
digital instruments 124,

As shown in Fig. 2, the instrumentation 200 includes a receiver 258. The receiver
30 258 is arranged to be coupled to a TX line of a DUT 242 via contacts 240.

The instrumentation 200 also includes a transmitter 272. The transmitter 272 is
arranged to be coupled to a RX line of the DUT 242 via additional contacts 240. As




specifications, which is generally not possible using conventionall todbdbha2{}f§
testing. It can also be used for verifying that the device's output |evels
nmeet - speci fj , Which also is generally not possib i

onventlona 8?% %%gck testing. Alternatively, only 20 on%ggﬁﬁggggfor can be
used, wth correspondingly less functionality. As yet another alternative,
an additional set of conparators can be provided to exam ne the

comon- node conponent of the signal fromthe TX line, to ensure that it
neets the di:ﬁlﬁibbd inGadrt detail Bdlow ke &;{fm of the seivry38icat B Goupditoxhs ple used for

detectlng n 0 often known as "speed
si gnal i ng SI gr?"it’mﬁ @g&ﬁ%pmd@%foogﬁacﬂ‘?%ﬁng‘;ﬂﬁ%ﬁb’%%% of conparators can be
Iolr ﬁ\e” ?ﬁg. for examt Bfemreeéﬁheaméﬂ fBE récbieer BR8N hiftbrettid @ﬁbhﬁérom the TX

speci fi caﬁégﬁ‘g’lsl °t‘fdf1ér%gﬁ?#‘£‘gﬁt ?é’P fgﬂnm@n)ﬁhﬁ%ﬂ%@q‘ﬁﬂsm tter 272

is a disff eamphﬁerazlonv:kn‘usﬂgrdxﬁ‘éramal mpm frdmstha:”ﬁ}fr]hhem sangle-endepuipnai gnal s t hat
vary betweeg, m o x&ﬁn%m Llﬁgi@ lefded sr@almm%g?m&.aa@ﬁu&w evel s,

respectivel |D-H a are or .testing the
t ol er ance"8 3’ XN@D%’GC%PH?SWF Ys@&ﬁ@%*“&ﬁ?%hﬁlt'ﬁ%'fg@?ﬁ“d\?@ﬁl e levels.
Resi st or s eicbédﬁhdthﬁ%ﬁoldsa rResisdis? 54 ed 356inglicily Shelimas)edminatd theidpngnsm t t er

272, Conyete unalnchOnRRGId S5 s Hkiisioh s SR Vifiabl eV, TRasUr

jitter Q overc on, the
out puti0of Theterminaticavoliages pre psef&ralalymgr%e@e WO 02/ 054240 PCTI USOL/ 46391

conpar at or asur enen i rcuit, such a

Coer ] count er DEeBEinatio e FoRA ARSERR o6t Wil e spmBHREs B2 of 1 e Tx
line. It géfyieldsadiffertopal sdmparhtyr, i.apacempmrdtordhdt swijcheninyespousedo Hgr

oL LU A QUL 1 Rk el Bl 3 2 0, 001
time di stB’PY‘_l%Hﬁ tep F%’Hﬁra%éggﬁ r@%i‘l’im’flﬁlf‘?q'(?&&hggmtﬂr ‘%‘i&a‘a?‘i%rt i ons into
t he silgnawhénewenthchdiffazntial mputridnal @t TX) ¢ressknaiberofitlecivottioresholis. Biis| i ne. I n
one node, btk éah%@u@d%?éﬁah@[b f‘dr'ix@ﬁ&'yintg%@%w@@§n§éﬁe%& efitinff | ntroducing

jitter into Lpe. B ter to and mpnitoring the
ovi oo 5 Snelicligan Whichds senggril Renpossible e comyentSnahloppbi ARBRE U1 1od byt he
TX |'i ne), canhbsotbe usddoeribfing thatttheddvi¢eisiongput lovgls meelsp&cﬁ“wamms;whie@endent |y

tested. AQGOE dbdiehiiy o H3siBle BEiRg EGHeARRMAbIIOA tedtilf. Alt8Ratleh 9{;15;' on circuit

268 co rises
r’rp one comparator can be used, with correspondingly less functionality.

As yet another alternative, an additional set of comparators can be provided to
examine the common-mode component of the signal frorh the TX line, to ensure that it
meets the specifications of the DUT. These comparators can also be used for detecting
' ) intentionally-imposed common-mode signals, often known as “speed signaling” signals.

25 In addition, yet another set of comparators can be provided for examining each side of the
differential signal from the TX line individually, to ensure that each side separately meets
the specifications of the DUT.

In the preferred embodiment, the transmitter 272 is a differential driver that
provides complementary output signals that vary between high and low voltage levels.
30  These high and low levels, respectively labeled Vip.y and Vip.y, are prog‘ramrhable for
testing the tolerance of the RX line to input signals with different voltage levels.
Resistors 274 and 276 terminate the signals generated by the transmitter 272.

Conventional loopback testing suffers from an inability to measure jitter in the TX
- line of a serial port. To overcome this limitation, the output of the differential




a selector, a slewrate linited circuit, and a high-speed conparafor.jylhag0s
sel ector selects the output of one of the conparators 262 and 264 for

input to the slewrate limted circuit, and the slewrate |imted circuit
converts an'@JE440 the selected input into a 15 ranp. TREVPSMSHE fed to a
first input of the high-speed conparator, and a threshold signal is fed to
a second input. To introduce jitter, a specified anobunt of voltage noise is
superinposed on the threshold signal. The conparator converts the voltage

noi se int Oclgn#%op% clﬂg;klécﬁro aqgné xh&ésﬁlfemhxgc%@u, %R‘E?? %extléfﬁ?ﬁ?bﬁ% lons are

possi bl e. reshol d
vol t age, Wﬁcﬁmf 286 @deeaﬁlﬁféﬁhet}ﬁ@r elghe TX dige. Jopasniserindepsudeptly can  be

phase- shi flh@dureﬁyﬁsqm@@dﬁﬁ@ﬂieﬂemaacmmmdl ¢ waveform the input signal can
be phase nodu

I e [ t he i nput
si gnal passes ﬁ%g'tl nt(|¥a Iy eren ?‘6’%% ?bglsﬁ%gpmﬂf’%r?en%&lg}gﬁﬁnzoo al so
i ncl udess erirseif 26% dn respanse tpwee%ﬁerdefe%rﬁ, thetime gisiodioa sircg20frgisetivebnt r ol  of t he
QOSE c ?npuﬁ@dduaewtmg% %ﬂ@ﬂﬁ%mﬁ&h&: &:gnamﬁbﬂuhe "ﬁxhh@mef&ﬂeet @uiopw ?a?k ﬁ] he Itl ”f
i stortion, cjLcui Qr S roma. e sel ector
passes th«gh %%ﬁlﬁﬁtmﬁefrﬁge’?]? r?ﬂg?jﬁ%gtf’mlpfllcg tc% 'Pe g%é f Tg{r’ld $"¥oopback
conf i gur agitieriniosheBX digk.| Bhe@ﬂmgmﬁéﬁRxlfneﬂndlpa@mgtthﬁeieglcgﬁal fromthe
3'7 r2 ect Id NR&sporke Gie. tm@gkpi@ prpéy OGN dhta fbviaéd ﬂlegmlnetqrtﬂefolb?aagéggmsm tter
|s ri ir : e direct inpu conveys a
seri al'%bi tthe?ﬁ%k@é °t1 dle?%‘lﬂﬁrf@ Tgﬁt%mthe bit stream produced by the TX
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20 value of the threshold voltage, the input signal from the selected comparator output can
be phase-shifted. By superimposing a periodic waveform, the input signal can be phase
modulated. By providing a stable threshold voltage, the input signal passes substantially: .
undistorted.

. ) The instrumentation 200 also includes a selector 270. The selector 270 operates
25  under control of the host computer 110. It passes to its output either the output of the
* time distortion circuit 268 or a signal from a direct input 290. If the selector passes the
output of the time distortion circuit 268, then a loopback configuration is established.
However, if it passes the signal from the direct input 290, the loopback connection is
broken, and the transmitter 272 is driven by the direct input signal.

30 The direct input 290 conveys a serial bit stream that is different from the bit
stream produced by the TX line of the DUT 242. The direct ini)ut 290 contains different
data from that transmitted by the TX line, and may operate at a different bit rate from the
TX line. In the preferred embodiment, the direct input 290 provides a simple algorithmic
pattern of I’s and 0’s, e.g., a pseudo-random pattern or an alternating “1010” pattern,
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282,284,286, and 288. The mductors avmd the need for providing separate sthches for
20 connecting and disconnecting the PMU. The inductors behave like open circuits to high

speed serial bit streams and like short circuits to DC parametric signals.

Except for the PMU 282 and the associated inductors, the instrumentation 200 is
preferably composed of high-speed electronic devices connected with high-speed signal
) paths. The circuitry may be implemented using one or more Application-Specific

25 = Integrated Circuit (ASIC), with high-speed discrete components, or with a combination
of these. Because the instrumentation is directed at use in an ATE system that already
includes test instruments, resources need not be duplicated in the instrumentation 200 if
they are already found elsewhere in the test system. For example, testers manufactured
by Teradyne, Inc. generally include a separate timer/counter and a separate PMU. They

30  also include clock generators and other parallel digital instruments, which can be used to
create a signal source for the direct input 290. These instruments can be used in
conjunction with the instrumentation 200. to avoid the costs that would otherwise be
incurred by duplicating them within the instrumentation 200.




seri al ports W|th the instrunmentation 200. As the figure indicatesg Vgl izgs
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step 320, franhensnidhe coppatatars 2621apd @é‘htSrf@ﬂ to thettéme distortion circuitry 268. In
accordance with specified factors, the signal is predictably distorted and fed back to the
RX line, via the transmitter 272. At step 324, the host computer 110 polls the DUT 242
- ) _ to ascertain whether the serial bit stream received on the RX line matches the serial bit

25  stream transmitted on the TX line. The test passes or fails depending upon the response.

(=1

In addition, the threshold levels of the comparators 262 and 264 can be
programmed to the limits of the DUT’s amplitude specification for the TX line. The
DUT is monitored as before. A valid signal only propagates to the RX line—and the
DUT only passes—if the DUT meets its amplitude specifications for the TX line.

30  Analogously, the output levels of the transmitter 272 can be programmed to the limits of
the DUT’s amplitude specifications for the RX line. The DUT is monitored, and the
DUT only passes if the DUT meets its amplitude specifications for the RX line. Rather
than, or in addition to, relying upon the DUT 242 to provide stimuli, separate stimuli can
be provided via the direct input 290. At step 320, the host computer 110 controls the
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is appli edVOE/BHMORX | ine of the DUT. At step 324, the ReBUSHH/Fdter 110
polls the DUT 242 to verify that the DUT receives proper data. 5 The
enhanced | oopback techni ques descri bed above are i nexpensive and flexible.
Resources such as the tiner/counter and PMJ are already included in nost
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alternative enbodi nents o vari at i can _be nade 5 descri bed above,
the tinmer/COONFESUGhEF ?ﬂc@“?t%rrﬂﬂflgmﬁeﬁﬂf‘fgjﬁt’%‘g"@%&zF’,Stestyﬁtgg}ls’can al so
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el f - cont o Ao Ao L Tk By RNShpTARAN PO ek WL IbRpBIERUPRABI (D 50 has
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a testmr. dpphealMer testinigthd RX dih¢ with differentdata frorlthesF X dine, wad 3t diffdrent
I nst runentat i on. ; ks ' f d next to the

. ﬂaehg%ieg ﬁﬁ?ﬂg%\pblﬂ%ﬁﬁyﬁ@gg}\@eﬂ%éhﬁg of it R%K A8 TXORRS.

DUF, or can ‘be spl we ocati ohs. According to yet another
alternative, the instrunentation 200 nay be provided within a stand-al one
i nst r umentAR&MAAERES communi cates with the host conputer 110 via a separate

bus, for exanphgyin 'ae%{]:ﬁﬁﬁ'o‘iig SmbSBmBM SmPheréus WibmBiR emBodiRBls@r e€nhanced

| oopback circuit 200 s been described above. Alternatively, multiple
circuits JEURHORRCHLPS uded together, for testing nultiple serial ports.
The tismer/ coumseesceihet dbivie, drninkes/comitdr ahd EMbbareesarnte instrubndnfser ent circuits,

or mul ti phfywelbd Rk CAMMHSrAa &S AERREDRiIRMERE  ost, the
timer/counter and PMU can be integrated within the instrumentation 200 to provide a
more self-contained instrument. ‘

The enhanced loopback instrumentation 200 has been described above as being

20  housed within one or more instruments of a tester. However, its location may vary.
Alternatively, the instrumentation can be placed on the device interface board next to the
DUT,- or can be split between these locations. According to yet another alternative, the
instrumentation 200 may be provided within a stand-alone instrument, which

) communicates with the host computer 110 via a separate bus, for example, an IEEE-488

25  busora VXI bus.

A single, enhanced loopback circuit 200 has been described above. Alternatively,
multiple circuits 200 can be included together, for testing multiple serial ports. The
timer/counter and PMU can be switched between the different circuits, or multiple
timer/counters and PMU’s can be provided.

30 The instrumentation 200 described above allows for a wide range of testing. For
example, the output of the differential comparator can also be coupled to data capture
instruments (not shown) or parallel digital instruments. These instruments can process
signals from the differential comparator for additional testing, for example, to extract data

10




30 The instrunentation 200 described above allows for a wide rangelod JUL 2005
testing. For exanple, the output of the differential conparator can al so

be coupled to data capture instruments (not shown) or parallel digital

i nstrument SWOPHE4MO| nstrunents can process signals fronfPERES W"ﬁ?’ér enti al
conparator for additional testing, for exanple, to extract data 10 14 JUL
2005 WD 021054240 PCT/ US01/ 46391 encoded in serial bit streans generated

by the DUT 242. The extracted data can then, for exanple, be used to
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recei ver for establishing a | oopback connection; and a paranetricl 4 Sl 2005
measurenent circuit, coupled to the input of the receiver, for evaluating -
steady-stat‘gocé5}€5r4%8teri stics of the TX Iine of the serial port. 2. A

circuit as recrted’in claiml, wherein the paranetric nedSHUEREA circuit

is further coupled to the output of the transmtter, for eval uating
steady-state characteristics of the 12X line of the serial port. 3. A
circuit as recited in claiml, further conprising a tine nmeasurenent

circuit, coupled to the output of Chamvgceiver, for neasuring timng
characteristics of test signals received by the receiver. 4. Acircuit as
recited i Lﬁl&h}m f.surther conprising a tinme distortion circuit,

i nt er posed between fl € output of the receiver and the input of the
transmitter, for introducing predetermned timng distortions into the

test signal. provéiftad fdrQestin@sdi¥l pdrid en arPiutdniific RRH dy8lemP&thprisiig: A Circuit as
recited in claiml, further.conprising a_.selector, i nIerq_%sed,gg?_tween the
output of the PECEIVGLIAVIRgn inpat QU far Zeceivineaest sighal trogr a TElige ¢ j ng

bet ween t lndastriabpert; of the receiver and a direct input, wherein the direct

i nput provi desa&aﬂxﬁﬁath@wﬂg&?ﬁpa%a%outpﬁt}fgﬁﬁ&ﬁ&miﬁ Zest sorfdl folaG0OENT from

the test sign recei ved by.thé.receiver. 6. Acircuit as recited in claim
1, wherei ﬂ"’? ﬂgéhF é%@f%f’w tp%@g“ta?%meftfa@?"éﬂ?’i ig poupledip theLppit 45 ng first
and seconaegsivegfonestablislang floephaok dennectionfandi rcuit as recited in claim1,

wherein the tr B&ggﬂ' ; J I i (VA= ing first and
second pro ran:?rabl eétli’lg\%lglﬁés?lm?ﬁléfggcaﬁb &i%ﬁ%%g%%gﬁ t\xf)g%f}é%gvfg% PCT/ US01/ 46391
8-/ A ci r cGraluatige steadyrstatg chagctegistics Of the TXHme of thesepal P98 ¢ est syst em

conprising: a receiver having an input and an output, for receiving a test

signal froma ¥ redied h Gk B WhBiRithe Ak @ASTLA Rnehticigisn | nput and
an output, for transmttin t est s_ngnae[ to a ine of the serial port,
wher ei n t fBterGopled fo QP oh Ui Rt Fog stAMane steadyritate chargicrigicst he

recei ver bbihe BXiladslof theisexgnl pot.oopback connection; and a time distortion
circuit, interposed between the output of the receiver and the input of

the transmtter,, for i nt,ro_duci_ngi redeterm ned timng distortions into the
t est A circuit as recited in claim™], further comprising a time measurement circuit,

coupled to the output of the receiver, for measuring timing characteristics of test signals
received by the receiver.

4. A circuit as recited in claim 1, further comprising a time distortion circuit,
interposed between the output of the receiver and the input of the transmitter, for
introducing predetermined timing distortions into the test signal provided to the RX line
__ ) of the serial port.

5. A circnit as recited in claim 1, further comprising a selector, interposed between
the output of the receiver and the input of the transmitter, for selecting between the output
of the receiver and a direct input, wherein the direct input provides a predetermined serial
bit stream that is different from the test signal received by the receiver.

6. A circuit as recited in claim 1, wherein the receiver comprises a differential
comparator having first and second programmable thresholds.

7. A circuit as recited in claim 1, wherein the transmitter comprises a differential
driver having first and second programmable levels.
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signal provided to the RX line of the serial port. 9. Acircuit as‘]rl}ecl[‘u-\sgu85
in claim8, further conprising a tinme neasurenent circuit, coupled to the
out put of t gﬂfﬁgﬁhver, for measuring timng characteri stics of test

signals recelved by the receiver. 10. A circuit for tesPFHESBEMPL ports

in an automatic test system conprising: a receiver having an input and an
output, for receiving a test signal froma TX line of a serial port; and a
transmtter having an input and an output, for transmtting a test signal

to aI R()j( Isnﬁ Qicﬁdﬁﬁféﬁ?dtﬁ%sﬁﬁlﬁorts\m&{;ﬁitdindﬁb@est%@téh: eémlsrrggl transm tter is
coupled to the u fhe recelve sta n
conhecti on, vt iind el Fnetlnl Rl 8@ i s b%?%%w@ﬁ Wt

t hreshol d efegend@ortt r ansri tter has at | east one programuabl e out put | evel.
11. Acircuit aarahgﬁhbﬁﬁvm@aﬁh@ufanagn ou@ﬁrﬁkﬂaﬁshﬁmhgfa%syﬁgnap@w ses a

d|fferent|al mtter conprises a diffe ntlal
driver. fﬁ;gg%%pgr? ‘1’@5"("?%‘6"&" eaqa“f)tﬂlrnf?r fFouplegiy; é’“fﬂ‘f&‘éfr Fest in an
aut omat i c m@swerf(sysialdnhmg@mpbwkngmectm)l alal uating steady-state

characteristi C%tiﬁfecﬁéterh@@ﬁcuﬁrlﬁte&foseﬁ bltvebh 118 ofpdt GF thiebdifie aff the L NE seTi @l
port; (B) confttgurl ng e. und est to nerat e erial bit

evi e
st ream ‘%eﬁefoglé‘ftrf’ cugipre %‘F’F’é‘ﬁ?ﬂtfr? gwdtsﬁlguelf‘)‘i“p? %St the serial
port of thEgnalqvq’\c@dthé?thmmfthe(sB)laltppansmtt| ng one of the received seri al
bit streamand a direct input to the RXline of the serial port of the
devi ce unger tgcf and 13 .14 JUL WO 02/ 054240 PCT/ USO01/ 46391 (E)
moni t or i ng" t he AdUFHES TEFHEd m tlam 8. R oBPERE SR REL KTl bi ¢ ot r cam
recei ved byupldido te\autpat offtierecties| formbashrhsg thning xeadteribtissesfitast sipdals st r eam
13. A met ho in@@bfﬁ&kéc@lg ed N Claim12, further conprising introducing
predetermned timn I stortions |nto the test signal received in step C
prior to transmtting the test signal to the device under test in step D.
14. A nethdd aA ciret foetsting selidipnt<ia an winemetidtestispsten adepesing:ned ti m ng

distortions  ,receiver having an input and an output, for receiving a test signal from a TX line

of a serial port; and

a transmitter having an input and an output, for transmitting a test signal to 2 RX
line of the serial port, wherein the input of the transmitter is coupled to the output of the
receiver for establishing a loopback connection,

wherein the receiver has at least one programmable input threshold and the
transmitter has at least one programmable output level.

7 11. A circuit as recited in claim 10, wherein the receiver comprises a differential
} ~ comparator and the transmitter comprises a differential driver.

12. A method of testing a serial port of a device under test in an automatic test
system, comprising:

. (A)  evaluating steady-state characteristics of at least one of a TX line and a RX line of
the serial port;
(B)  configuring the device under test to generate a serial bit stream;

- (C)  receiving the serial bit stream from the TX line of the serial port of the device
under test;
(D) transmitting one of the received serial bit stream and a direct input to the RX line
of the serial port of the device under test; and
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include jitter. 15. A nethod as recited in claim12, further conprising
nmeasuring at |least one timng characteristic of the test signal ﬁé%eﬂﬂgdmﬁ
in step Bwith a tinme neasurenent circuit. 16. A nmethod as recited in claim
12, wherei o m#ssmpi al bit streamis received in step C PEYUHESHpar at or
having at |east one input threshold, and the method further conprises
programm ng the at | east one threshold to test whether the device under

test produces valid output levels. 17. A nmethod as recited in claim 12,

‘wherein the ste of transmtti ' 3 | evel s of the
transmitt )si é‘?f’é‘l‘q"?%gtgtﬁ'gﬁ%‘?‘f%‘wger &{O%JFH?%%W&%\E}% unger gﬁ?%%t responds to
i nput _at treesiyed bytiendesive hades fest matehes a expesteriscaal Wed®RBd in clai m 12,
wherein the direct input conprises algorithmic input that is different

fromthe serial, bi treamreceived.in step .C. 19 _A. ecited in
claim!S, \her éﬂe‘ﬁ‘ﬂ‘iaﬁeﬂﬁfli"f f‘r‘f”cle%’ ﬁ"ﬁ@?rc 5P|1?{)1?‘|n§ 8‘3‘ og@@arg@%n%ﬁxg& of a
pseudo- r artining distprtéoms énto fhe liéstsigmtireteivedam step @, priar &9 Wensmittingdgitshce of |'s

and 0's. s?%xalt’g‘ IRE uAGr BChsRPD. N claim 12, wherein the direct input
conveys a séerial bit streamhaving a frequency that differs fromthe

frequency of the serial bit streamof the TX line. 14
14. A method as recited in claim 13, wherein the predetermined timing distortions

T
3

include jitter.

‘ 15. A method as recited in claim 12, further comprising measuring at least one timing
L characteristic of the test signal received in step B with a time measurement circuit.

16. A method as recited in claim 12, wherein the serial bit stream is received in step C
by a comparator having at least one input threshold, and the method further comprises
programming the at least one threshold to test whether the device under test produces

valid output levels.

17. A method as recited in claim 12, wherein the step D of transmitting includes
programming the levels of the transmitted signal to determine whether the device under

test responds to input at the programmed levels.

18. A method as recited in claim 12, wherein the direct input comprises algorithmic
input that is different from the serial bit stream received in step C.

19. A method as recited in claim 18, wherein the algorithmic input comprises at least
one of a pseudo-random sequence of 1’s and (s and an alternating sequence of 1’s and

0’s.

20. A method as recited in claim 12, wherein the direct input conveys a serial bit
- stream having a frequency that differs from the frequency of the serial bit stream of the

TX line.
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