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TESTI NG OF SERI AL DEVI CES This invention rel ates generally to automatic 'J«"“
t est equiwoenossbor el ectronics m mmm ml cularly, tecrhsoawonatic
testing of electronic devices that\ | al conmuni cation ports.
BACKGROUND OF THE | NVENTI ON As el ect r osggoozdevi ces grow in conpl exity,
greater nunbers of leads are required to for form ng connecti ons between

di fferent device i ircuit boards
has becone incr ehmmﬁAQgﬁgﬁm%@ﬁiﬁﬁﬁéﬁé offer a parti al
remedy to this corrpl exity, as they allow devices to conmmuni cate using far
fewer lines t aral | el devi ﬁﬂrﬁ@ﬁ‘t‘ ly two
.lines-one for gﬁgﬂﬁlﬂ ferlt e O%Pgﬁﬁxgjs%héx%%n@%tt | VI ng %J%%C?r()#gs@lah nes can
be si nglmemmaambuqelrlyeto thometonﬁltlsrt@nag ofelﬁetr@mé@/wf@ t@%m’eﬂe seHaldi f f erenti al

(i.es tyua, ﬁ;ﬁj;&hgry signals, neither of which is ground). To transfer
.dat a "at rates conpdrable to parallel ports, serial ports tend to operate at

much hi gher speeds than parallel ports. Mdern serial ports operate at data
rates up to several gi ga%&ﬁ&@@_%%ﬂl—%‘iace particul ar .denands
on automatic test equi pnent ("ATE"'). For 20 exanple, serial ports can

general |y 1T 298 FickHILAERER! 6w 4R E Bl | AARQUBhibersT IEIGuRUBRbYed oSt

serial ports, e tester |tse hou be a q ransmt and receive
dat alOsi n@rtmsweﬂsmsu F“’eﬁBrdt CIEnfifley1c8y ?%f‘ﬁ%‘r‘ﬁ“f YaH8 aryé’BteWedec‘i’ft“a at
di f f er engf di@hR boards A8 mohJeahcrezrsmgnyeemples hBerial coperumication poitf dfferent r at es.

cpeede. mdomrD (nER Sttt kPRSP ARAGE QRoBRELRME Rttt fiAE v 1 of
convent i lomealthdnesdraited de\Bccm(ﬂeylabmmmlqongqummmwa@uest“fodmesesmﬁrﬁg serr aI ports
fall i ntt?%ésg{tﬁﬁgﬁﬁgﬁa n@‘efor rtewl{g}ig fciHﬂaCchgélqtneg'c% B@ém l@%hﬂétg(’l edlogerithmc

testing, functional digital testi ng eogpl oys
conplsex, S@mltrdﬁwng@lstecgrowslr) Puﬂ'éf?t@tlﬁb@ egé‘ﬁ@?@!ﬂplﬁg‘%@ﬁ %tgnaét’rnﬁﬁ §tnd for

moni t or i BgicHge %ﬁahn&)e SRARSRTr d3Aes patésrb%tﬂpamm © paydlieCportsy sere paxtteteau hi gh
speeds, 30 suf

iciently fast for tes erial orts rovide a
great del® ORSrate#ipy é Rerspeads t l%anﬁahagfeggo 3\485 é’f‘fbal RE$ PP Iafﬁ es.
Al t houghratdaaip tarkeverdlgigdblestz €BHzX apabl e, fully functional digital
instrunents tend to be costly and require | ong devel opnent tines. Exanples
of fully funcSérimlabrtsipigce particwst ddanmsids omentomatin tdstiemiprhent Gy EET e HArand

S S d ) WO
157 855 ST TR R gl ‘Fd?’ﬁﬁ’ﬁg"*‘?g%??“ﬁ?da%%mé‘%"%ﬂyf"g‘és ‘expensi ve
t han f ul thprdughbt tegisatialdiogiss the th@s itpaifshon]dys ablgip both wangmHEandFGeRive s

gener ati g, §i‘?ﬁdll%'ne$?isfy %é’rﬁﬁﬁ@’ts@ﬁﬁ%lﬁ'tfbﬂsﬁtﬂ aﬂd'Yec@fveQiaﬁLHﬁﬁﬁfeert rgegdet er mi ned
al gorlthn’B rTDnItOI’In g@er al onses to.ensure that

mat ch
expect edmreé%‘BS)H?ééhettSSt?‘h%‘ ﬂpﬁtates‘tt ?rpnt raep-nhfhaps o & eap ftcgﬂ d according
to a w decrhal pétd ®hy taddpeditgar éxtiemety hlghtspafelds, which aexawqhl festelp'i'wlutl? -pimndom
a5 1 TRRE, AL KA by 1 LoD 3 T1eld of 10 ).

alte erns ot hers. Although algorithmc testing is

| ess_expensi VB“H??XF' éJethh tte ide@%lte& tskfsl, po'rth féllsm?d fheed @ oﬁbsprOUgh For
|

exanpl e, al gor enera to contr | acenent

of i ndi vfldl)’aﬁm@éfg@'sd‘gl"%tlrfﬁﬁ‘ﬁngt a,lawttbmac teghi garm%tw agidestinge iy ﬁy &E@g Al i nited
set of pafgiar t@§tmg&4n§ﬂ6*§ duiled, @)ﬁttctrﬂgaaéédsmsm&ﬂmi fdr gsterativgy seaink stomblar
u

er haps. %wﬁ ot el ey, SR SRfonleRB syl Porebfic 3 T8 Eeag™
i nvoby es seffioieady fasgfdr besting anstierial pores, aidkprovidea greatidadl gfsontrdl aykr tho its own
receive dglfnr}r?g éﬁ?%natl TOR dtﬂ?t\{ 'a&lgll u§e§ hﬁﬂh&%g%é)parg FRRBI dnd@afaevFuipgt tern of

seri al tester monlitors |ower-speed
.pi ns of tﬁmup&aldiegxtat:élstmmeem tm!\)te b§tcafttb'safldﬁﬁ‘tmtfe‘ﬁé&ée‘t?ﬂfmmet"h%méﬁr rect

?pelrat' E'ExQﬂE)q IeE%fﬁPﬂyémﬂctPe?ﬂai d&i R@l te&%s%hﬁﬁﬁlﬁ@?mﬁ @?eﬂe{f@fah@f&p@afsses or
ails Qop S con ien e tes ixture for a
.serial pé'Pfedﬁ%f’é’?%mEng@‘?t*‘ ?rire :ﬁﬁf}é@f‘tw the transnmit line to the
receive line. The tester neither transnlts serial data nor receives serial
data. W have recogni zed, however, that this 20 conve at the
cost of thoroughness. Because the serial port rece| veﬂl‘mmm”mm‘mm’e same
rate at which it transmts data, |oopback testi

that the transmt line of a serial por§ can operate at a erent speed
fromthe receive line. The tester can thus fail to detect |nternal def ects
in a device's synchronizing circuitry. W have al so recogni zed t hat,
because the tester does not directly create the serial bit stream 25 the

tester cannot test the tolerance of a serial port to inperfect input
signa!s These |nclude |nput srgnals havrng anplrtude errors, drstortron

-, ., - M o o -




Still, the conveni ence of |oopback testing offers significant prom se for
achieving 30 | owcost testing of serial ports. Wat is needed, however, is
a way of vembmeraeqng the flexibility and test coverage of | BEpR&EK4@Est i ng,
wi thout significantly increasing its cost. 2 WD 02/0S-t2-10

PCT/ USOL/ ~G391 SUMVARY OF THE | NVENTI ON Wth the foregoi ng background in
mnd, it is an object of the invention to test serial ports thoroughly and
at relatively |low cost. To achi eve the foregoing object, as well as other

obj ectives anglgagimmicageag tards ebelesssk peaxivihak fill ycandtipmel digitaretioged f or
testing seri.al .port.s..The techni gue i.ncl. r i n smtter
each ha |¥$§”§'ﬁ"$%§&ﬂ‘g E}YS?V;EH ggreﬁr%tﬂ}g. Seﬁ'ﬁlgbl{rjgeigeéw\%grc &ﬁg@éﬁég@ gfefxé&srﬁgés}i gnal at
i t's i npuif predetertmiveedB¥gdritimes,aindanandtoriag serial respiisgs ta ensyrd thatgheypmaighdes a
test si | Qe Xk b idthe out put
of “the rABesed fbllsEs e S%ﬂé%%%\“ﬁ%@%ﬁg ke ReoRln @R widt

.est alil i svariaty of algwphaicratismsefor examplacrssndn-igden NSHeMS-APRISE PRHE™S he i nput
of the reeRINEh “IStHizOMR L6618 0f 80°F3| amﬂating biERSefR @A mary @hiérs, for

The. out phithebeRbrbaltanEss g mrats pon il neriont e aBSleE 70

measur en@gfough.” Bot éxanipds, akpesithmicitesting i egayrably abealdt &y cottel itetplassmeft t he RX

line of the,t. eria . ccordi t : | atd ut put of
the.r ecetividbabSlasf lralhea (RERHALIG, Be@R¥ ShLes Kb Aot faREnBLI P O
char mct ealgarithmic tshtingalsq eamottestribe paytiedangivcyitey oftindividual devicest t he seri al
port. According to yet another variation, a time distortion circuit is

i nt er posed beternbackisstingis dhn Fuplest andmerhaps theapst gRAVIARWAY (63t sgRalkt he

tr anslm' Lﬁcgfs. fL%FBzS&Vtééﬁn@QmRﬂ%%ﬁ%é&iﬂg d?e_tt'raﬁisﬂ? 1d1'ﬁs(trw) of é)l@Sridl pott back eséI _
signal before it is proyjded.to, the. in t he .seri ccordi ng
to stil|tOASALTCCHYF fla? {]%g),.d&h%%qv&tlgﬁlepglq%ﬁ?%p%s%ga Bﬁ?%gﬁ{e%%gﬁout put of
t he recedeyial damndOnbethedatatis ohndniiged, thaestet menitors dowaelpest pingobbeween t he
output of the receiver. an ' ' X‘{hﬁf | ' [

pr ovi*des®& e 8’&'5‘?’ ﬁtggsg?ea?flgﬁl’erngﬁlﬁ)?{ig% ;*{OF Sam teﬁdéi{&nitoz%ﬂ¥§§&eﬁtw rom t he

t est si goaletarmire whethérnythe teet passasiov dails. VWO 02/ 0y2- 10 PCT/ USQ /- 4C391 BRI EF

DESCRI PTI ON OF THE DRAW NGS Addi ti onal  objects, advanfages, .and novel
features of theonbavk estingiswkiremplycorkeigial Batest HYNTeIor 8 sl BPRMEHYof t he

tens ;Ji ng Q@E&éé PHArR Todddn bt RpitROGanshiit Nk t6 RhdieBeivd 1iad OTGe @steomeitsi | onal
ester ar

| oopbackirdTHE e g daaat o sl B ek e A e e Bifance wi t h
t he pqVegdrvenicnéebnidsat the dobtl afsharatgimess. Bavandeahe sdriab port seceivgs daia atl
communi C&llteiszct)rrr]l% raie ra{ Fhith iiﬂgdntspl?ts qgt\él ﬁgpﬁ;&%tihg d6éShot gcpatrﬁelﬂf 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.



WO 02/ 05.12.10 PCT/ USQL/.4G3) 1 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT Conventional Tester Architecture Fig. 1 is a highly sinplified
il lustrawmoe/hi2@ conventional architecture 100 for an 5 BOAT/YSBW4639K est
system or "tester,” in which the instant invention can be used. A host
conputer 110 runs a programfor testing a device under test ("OUT") 142
using a variety of electronic hardware. This hardware generally includes
digital instrunents 124, I } nd power supplies 128.
The el ectroni c hardware iWAR OF HiE 01@2 via a plurality of
lines 130 10 and respective contacts 140. The contacts 140 generally

consi st of Sthhghd fosei@ingobaekgtonad iremingni is amubjcdt@fﬂ@smwnnom@tqst ns can be

-either sj ng ‘Wﬁ is placed on a device interface
board, oSf" Oggwffﬁ%%&gé{n@raglvg 1y I nc St}des conductive pads arranged in
patterns thattnphehetherReddisd &ﬁe&fassvpéll [sth& ?ﬁ@tlpésrh'ixd%l@rﬂﬁigdﬁgaﬁ romthe

-testér. The pins nake contact vm pads taq tions li)li ween t he

t ester aqnba%dtlmbwrteih@querﬁénm jSefj g?r tFﬁg‘cgrSGH%lrﬂogsi QHF IRFY9EI ude,
for exarnplegeivél @k 1E@BMItRIr @4ch hairg Al inpesinid Ag outpmit.r nmm:swemclelmram | el

exanpl o, PR EnT A s e rane o2 N G RERERIe £ DeBpifen prouiles 1S '
char act esigral from iof outputcaitic REdize of thedsetalgost Theraatpuit pbthegeeainesis, f or
measyrin UB#EH:SQ%‘&%RP‘&%?E&C&& hﬁt{gércfér éﬁtabﬁkl{lﬁ% %dlibggﬁcscon-f@&}’on”ay al so incl ude

a vari et nstrunment or generati anal yzi ng waveforns for

testing the %Oﬁ(ﬁ to'biik @arﬁlﬁaﬁ rtHé 1n|ﬂH§of1threc51%r f@Q@ﬁpl@@ f@&bﬁﬁm@ﬂrﬁé

comuni cates wt con r ol he electronic ﬁb&rﬂ 1s{l}l ng the DUT
142 in aa@asmmécwahfqrr?yﬁmwﬂs Yerdyrstate ﬁ'éaf?ﬂ‘é%rt‘suﬁﬁ\gg 8981 ¥y and
Oper at | oRrigPpdrt. Whe%dtbdt%f&ﬁ@&ﬁﬁmlmhﬁaymlﬁdoﬁlﬁleﬂ@@theqmcmdrmg to the

i nvention, for erformn n f k. rts. The

i nst r umgREBSHIGHIFNSBIECYIL é’?@'laﬁ g}e?dr}'p% n%rac rzstsdcgg{j& |l?glllh?hg (rgument and
i s hpusesrial pdrt.n the tester 100 along with other digi taI i nstruments 124.
As shown in Fig. 2, the instrunentation 200 includes a receiver 258. The
recei ver 30 256cdrdingie amhet vtauattym @:lm;pltl@t! of thegegerveriipeoupledtoplime 42 vi a
contact s SEridiRS VRS e signalseibfateat272. The
transm t?gégﬁﬂgéﬁ?ghgﬁfrgg \ﬁ-id gggﬁ% ?ot a RX | ?nes g’(rglf %fmgaDU'lél 242 vi a
addi t i on@pTé@hm%ﬁtbezer@lpﬂﬁ 5 V\D 02105-42. 10 PCT/USOL/ - G391 described in
nore detail bel ow, the outp of .the receiyv 258 can be co t he

i nput of the AFSIRELR ¥Ft a?‘?é‘ef Bariftigy; umf g godﬂgrl’(c‘tr%gttlisr\'bte%ofos‘%nbegﬁ# 242. In
the qrefwme Ibﬁﬁbu&ﬁbmd iréoeiMer ahditherigme iof the t2n8mittec fargeevidingiprédeteamined|

anplifi erl}}fsz%(f)dé@g‘?% C@l%qesft?gpglleo%?drg §N9 %vfhe&fuﬂ X e SF eHeabrifirgm t he DUT

242. The' ter converts t fferential inputs fromthe

TX line into REBE Rift EBstwaiithe Qufpat 6f t he
si ngl e- ended glccsdrﬁ'ﬂg & @{}@Qﬂotﬁérﬁ@ﬁhﬁorpﬁm i espglg% W and VoD L.

r.ogr ammab ’etl shol g Vgt}
respect i Khélfs:cel‘teéaﬁl‘éﬂ@ﬂm%é’f\mféf%éﬁmtfq‘i O feleAtine bRywEnd eg‘?m‘g}’“t Meds the
threshol Q@ew&eﬁidfatdlfe‘ét R)‘@ﬁt aitdreld the(dinept inpitl proGifesahpradietbemintdistral bive i nput s

f the different. | Q.1 t It
VTERTA H HFARRBHRRLETHD P RtV BRABES 4F LA BNERCT ably pr ogr ammibl e

The conbi nation of the differenti al anpllfler 260 with the conparators 262
and 264 yields a differential conparator, i.e., a conparator that swtches
in response to the differential input voltage at TX crossing one or nore
predeterm ned thresholds. By providing two conparators 262 and 264, the

i nstrunmentation 200 can produce an edge ~5 whenever the differential input
signal (at TX) crosses either of the two thresholds. This feature can be
used, for exanmple, for verifying a device's risetine and falltine
.specifications, which is generally not possible using conventional |oopback
testing. It can also be used for verifying that the device's output |evels
neet specifications, which also is generally not possible using
.conventional | oopback testing. Alternatively, only 20 one conparator can be
used, with correspondingly |less functionality.




As yet another alternative, an additional set of conparators can be
provided to exam ne the common-node conponent of the signal fromthe TX

i ne, towamewmrsa2dhat it meets the specifications of the DeUT/Uphidseddl
conparators can al so be used for detecting intentionally-inposed

common- node signals, often known as "speed signaling" signals. 25 In
addition, yet another set of conparators can be provided for exam ning each
side of the differential S|onal fron1the TX line_individually, to ensure
that each side separatBRI RIREIGN O THEDRAMINGS { he DUT. In the
preferred enbodi nent, the transmtter 272 is a differential driver that
provi des conplenentary out put signals that vary between high and | ow

-vol tage IeveI e h and | o vel VID-H
and VID-L, ar d%?w&Taga?ﬁtﬁ ?ég'%t?g‘f e@?‘imﬁod'erff@ﬁﬁ)sl gﬁg%@eelg%m{\ﬁleﬂﬁggﬁgne to

i nput  siappadet forhfa cdinfitlemton ofthk eageng dasetiptionResli drawings, A7 4vhaghe—276
‘termnate the signals generated by the transmtter 272. Conventi onal

| oopback t estFipgl showser @nivenionahtestandrchitaciure acoseding kethp ipricearti n the TX | i ne
of a serial port. To overcone this limtation, the output of the
differential g 2 shoveancyhaned peupbesy devicerfontystingsasial %%mumgat&mpea to a
ti me meaguk&irBiice Wik inveftié) al@ a tiner/counter 266. The timer/counter
266 can neasure the jitter of the TX line. It can al so i ndependently
nmeasure its fFlQCBJRmﬁﬁfata@ﬁi flotvoledrt fona¢stiag seria toramunithtorsyioptstusing thée

differen |aI |s al so coupled to a time distortion circuit 268.
In resp §@e§ Qﬁ d factors, the tine distortion circuit 268
selegtively |ntroduces tlning distortions into the signal fromthe TX |ine
before it is |looped back to the RX Iine. In one node, the tine distortion
circuit 268 has the effect of introducing jitter into the RX line. By
adding jitter to the RX line and nonitoring the device's response (i.e

whet her it properly receives data provided by the TX line), the tol erance
of the RX line to jitter can be independently tested. According to the
preferred enbodi nent, the tinme distortion circuit 268 conprises a sel ector,
a slewrate limted circuit, and a hi gh-speed conparator. The sel ector

sel ects the out put of one of the conparators 262 and 264 for input to the
slewrate limted circuit, and the slewrate limted circuit converts an
edge at the selected input into a ~5 r ranp. The ranp is fed to a first

i nput of the high-speed conparator, and a threshold signal is fed to a
second input. To introduce jitter, a specified amunt of voltage noise is
superinposed on the threshold signal. The conparator converts the voltage
noise into timng noise, or jitter. Oher types of tine distortions are
possi bl e. For exanple, by changing the DC 20 value of the threshold

vol tage, the input signal fromthe sel ected conparator output can be
phase-shifted. By superinposing a periodic waveform the input signal can
be phase nodul ated. By providing a stable threshold voltage, the input

si gnal passes substantially undistorted. The instrunentation 200 al so

i ncludes a selector 270. The sel ector 270 operates 25 under control of the
host conputer 110. It passes to its output either the output of the tine
distortion circuit 268 or a signal froma direct input 290. If the selector
passes the output of the time distortion circuit 268, then a | oopback
configuration is established. However, if it passes the signal fromthe
direct input 290, the | oopback connection is broken, and the transmtter
272 is driven by the direct input signal. 30 The direct input 290 conveys a
serial bit streamthat is different fromthe bit stream produced by the TX
line of the DUT 242. The direct input 290 contains different data fromthat
transmtted by the TX line, and may operate at a different bit rate from
the TX line. In the preferred enbodi nent, the direct input 290 provides a
sinple algorithmic pattern of 1's and 0's, e.g., a pseudo-random pattern or
.an alternating "1010" pattern, 7 WD 02/ 0S- 12- 40 PCT/ USOL/ - t13')1 which
can be generated at a variable clock rate. By providing different data from
that generated by the TX line at different speed, the direct input 290
fills a significant gap in the coverage of | oopback testing-it allows the
RX line of a serial port to be tested separately fromthe TX line. 5 The
instrunmentation 200 of Fig. 2 also inchudes a paranetric measurenent
circuit, such as the paranetric neasurenent unit (PMJ) 282. The PMJ 282 is
coupled to the TX and RX lines of the DUT 242, for perform ng paranetric
testing of those lines. As known to those skilled in the art, PMJ s contain
circuitry for forcing voltages, forcing currents, neasuring voltages, and
neasurlng currents They are used for testlng steady 10 state

[ . N o - o I o I N —



20 connecting and di sconnecting the PMJ. The inductors behave |i ke open
circuits to high speed serial bit streans and |i ke short circuits to DC
par amet r moo 8t/graalos. Except for the PMJ 282 and the associ ®CEUSPHhILE or S,
the instrunentation 200 is preferably conposed of high-speed el ectronic
devi ces connected with high-speed signal paths. The circuitry may be

i npl emented using one or nore Application-Specific 25 Integrated G rcuit

t hese. Because=t# éﬁ?‘ﬁo jpgﬁéﬁgli L.(bﬁ?&. S d ER/I@OB E system t hat
al ready includes test instruments, resources need not be duplicated in the
instrunmentation 200 if they are already found el sewhere in the test system
For exanQobavehtiohal TesienArehitectidreby Ter adyne, Inc. generally include a
separate tinmer/counter and a.separate PMJ. They .30 al sq incl cl ock
generators and€ot W&h‘glé]lyéfmglllf?‘iﬁp‘gf‘f%ﬂ“op I\rﬁ’/g? Ff’]’f’?ﬁ%{‘g’}al \ﬂfﬁ?‘btﬁc"@é?nﬁﬁgoﬁg%d to
.Creatse aaBorgaed teStaystem, boftestdre” idiwldch theripsdnt A9@ntidiemebe ussdr Arf@st s can be
used in conjuncti.on with the.inst.r at | ‘ i t.& that
woul d otERES BErsiberbetal® y U AER PL LR AP CIREP R il im0
200. 8 of\Rchdh(:;lmpdwiare. PiF/hagbiare gaseallyTiacludesyligital fiestrmmenty, 129, araleg
flomharihst%mém% #q‘!%a@@grgﬁﬁégﬁmgprocedures that can be perforned on
S W he Tnstru

serial por ntation 200. As the figure indicates, various

tests can be pges fi1e6tese hadWalcle coiéeled & theMAIT 192 {acy praftiey oflinestl36ri tical .
At step 310, the host copputer 110 dilréﬁCts t he insshr)l};rrent gti&)eg 200 to

measifr e and rpspestis sandacts il lhecoptagtsi 4P |Bengpien 'St RESH BBz §ICS IS 250 278,
and 280 @mpckxi@ft frfg the@stEX Biropifdcdn beasthesinglelenddueori codxiat. oFle DBVT,is 284,

286, and 288, with.the, rema nder of\Lbe u i |,.seopnect ed.
At the c%‘ﬁ?ﬂ%&'] %&evé‘fe IBEW%ﬁ%t’?EF@ (irei)tlbhg Tl(h grﬁlgt é@ngr@%ﬁl?nﬁ%%g %P gd%gl??al
testing pelgiamapgedingattenatint @6Eh thepatteprraf saring-kededipias exigdiag fronpthat st ep
312, the t I SrnPbohneés iRt festeaddal dat a.
As a COn@g%}}@%gﬁ%ﬁ%ﬁ’%ﬁ?@ghg?g‘%&érfa seri gﬁ?og%?est ream 0?1 its TX line.
The &erite IIJT 1421 eam propagates to the differential anplifier 260, and
then to the conparators 262 a 264. At step.314, the tinmer/counter 266
measur es t he $hgfwgtal ‘ﬂ?@ﬂ%’éﬁ%@ty{”ﬁéﬂ% A5 PXAMRS, clogk %ﬁr_a%'&g, i ndi cat ed
above, nRaRUfeABNInStrimynts,oH peeallel tebtarg insthunfeneg UBrcanalogringitunemts 126
characteristjcs of,the siagnal on th | i

conput ertyffﬁhyéréfg%det 2 eﬁ@'gg@r Nt rrg}é%a{xlseﬂgﬁ e Sﬁﬁ%\%ﬁ @%lﬂ’]‘{}g? g%%g to
det er ni nBOnthatdveristitseofimimein nedesc it enstamiage itla@r/a@@tvqs;tﬂer MeaREEfineae | i it s.
Rat hg& t&?a%cj?ériétifds gf&%%%d& > TRASHY A1 fER0AE Wafét§ o 6fheP insiriRedt for ne wi th

the 20 trmer/count 6, en I"'oopbac sting,.can be perf d. At
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ascertain whether the serial bit streamreceived on the RX |ine matches the
serial bi I AMgptted on the TX Iine. The test passes or fails
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of the DUT. At step 324, the host conputer 110 polls the DUT 242 to verify
that the DUT receives proper data. 5 The enhanced | oopback techni ques
descri bed above are inexpensive and fl gxi ble. Resources such as the
timer/counter and PMJ are already included in nost test systens, so their
functions can be incorporated by the enhanced | oopback instrunentation at
little or no additional cost. TX and RX lines of a serial port can be

i ndependently tested for anplitude errors and jitter. Using the direct

i nput 290, algorithmc patterns can be |10 applied for testing the RX |line
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Alternatively, the instrunmentation can be placed on the device interface
board next to the DUT, or can be split between these |ocations. According
to yet anodhmes4adot ernative, the instrunentati on 200 may bECHUSII/HEH wi t hin
a stand-al one instrunent, which conmunicates with the host conputer 110 via
a separate bus, for exanple, an | EEE-488 25 bus or a VXl bus. A single,
enhanced | oopback circuit 200 has been descri bed above. Alternatively,
multiple circuits 200 can be included together or testi | tiple serial
ports. Teecritieddn mosudgtail belaw, tmové ofthe Zegetven ot At %“éﬁ'p{]‘%%ég&ier lf‘gﬁ“e nt
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est abl i shing neasur enen C|rcuit,
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char a¢t ef additich, 9t dnbtheRetlof 86mParatofrcandei prdvida 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.s and Vip.., are programmable 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



3. Acircuit as recited in claim1, further conprising a tinme measurenent
circuit, coupled to the output of the receiver, for measuring timng

char act ewabi/es2of test signals received by the receiver. PAT/URIEIBRLI t as
recited in claim1, further conprising a tinme distortion circuit,

i nt erposed between the output of the receiver and the input of the
transmtter, for introducing predetermned timng distortions into the test
signal provided to the RX line of the serial port. 5 Acircuit as recited
i n cl ai napatatort iseoupledpra tinagneasweinentt cicyit sucle apd Hwgr/peunigr 66t Adcout put  of
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establishing a | ogpback connecti on; ,.and tine . djstort.ion circuit.
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an automati'c test system, conprising: a receiver havin n.i nput. and an
out put , $l§nalﬁ%@éitvﬁﬁﬁc%dtlwt-ngpg?%ng“f’? eraaqg@c;fgqq@naﬁungoggql}ag "B5F{S and a
transm t berifipssdiorpthe ikktiHold§ignaAN Thel beparato Cortvieetn tirdi ol tapgnais¢ &8¢ si gnal
to a RX |l.ine of. the.serial port, wherein the input of the transmtter is
coupl ed HBIREROFLHUE0f the receiver for establishing a | oopback

connect 1 on, VBRI hel 08 ihBlSBon AR pBlsibIEAR0r KAMpR, B9 CRRTIAN thelPU!

;
threshol d and t1& YRA0SH Tt er hlgs at_p?eas one pr e out put | evel.
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driver. .. A nmethod of . estllgg a serj al gorlté of ta.deil ce usp%e{an&aelft in an
aut onmt i Eodalsteds ot Ay ing itptl? Hiyeshold Velipken B iyt e gissey SPlentially

char act egh@ittogsd.of at | east one of a TX |ine and a RX line of the serial
port; (B) configuring the device under test to generate a serial bit
stream (C) r&beinstmmentados a0 also bicludes p eelastor D10, tThe stlkcior 4é0 gperpted seri al
port of j e ; t 14 bl B it oEkneed seri al
bi t szgr eggngeé(r%gx‘!é&g}fr ec_tésf%(gﬁ uf?lgﬁzohé{%%?ﬁt%gﬁggtpgﬂgﬂggri al I|Soort of the
devi ce utidwerdistertion cirauit 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 input 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 1’s and 0’s, e.g., a pseudo-random pattern or an alternating “1010” pattern,
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determ ne whether the serial bit streamreceived by the device under test
mat ches WO ex(Fez0ed serial bit stream 13. A nethod as reBCTAGI/H32I aim 12,
further conprising introducing predetermned timng distortions into the
test signal received in step C, prior to transmtting the test a signal to
the device under test in step D. 14. A nethod as recited in claim13,
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y#10% ( Sof(these. PreRist tHOMsRirhdntasdid A%Etéd 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.
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performed, and the order of their performance is not critical.

5 At step 310, the host computer 110 directs the instrumentation 200 to measure DC
parametrics. This step entails opening the relays 250, 252, 278, and 280 and testing the
TX and RX lines through the inductors 282, 284, 286, and 288, with the remainder of the
instrumentation 200 disconnected. At the conclusion of parametric testing (or at
minimum before serial testing begins), the relays 250, 252, 278, and 280 are closed.

10 At step 312, the host computer 110 stimulates the DUT 242 to transmit serial data.
As a consequence, the DUT 242 generates a serial bit stream on its TX line. The serial
bit stream propagates to the differential amplifier 260, and then to the comparators 262
and 264. At step 314, the timer/counter 266 measures the signals produced by the
comparators 262 and 264. As indicated above, measurements may include jitter,

15 frequency, or other characteristics of the signal on the TX line.

At step 316, the host computer 110 reads the measurement results of the
timer/counter 266, to determine whether the measured characteristics are within specified
limits.

Rather than—or in addition to—measuring characteristics of the TX line with the

20 timer/counter 266, enhanced loopback testing can be performed. At step 318, a signal
from one of the comparators 262 and 264 is fed to the time 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.

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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5 The enhanced loopback techniques described above are inexpensive and flexible.
Resources such as the timer/counter and PMU are already included in most test systems,
so their functions can be incorporated by the enhanced loopback instrumentation at little
or no additional cost. TX and RX lines of a serial port can be independently tested for
amplitude errors and jitter. Using the direct input 290, algorithmic patterns can be

10 applied for testing the RX line with different data from the TX line, and at different
frequencies, thus providing truly independent testing of the RX and TX lines.

Alternatives

Having described one embodiment, numerous alternative embodiments or
variations can be made.

15 As described above, the timer/counter and PMU are remote instruments.
However, they can also be provided locally. At somewhat increased cost, 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 VXIbus.

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 digita! instruments. These instruments can process
signals from the differential comparator for additional testing, for example, to extract data

10
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15

f OQSSWs \deléritelr a@BbXie, the PMU 282 is connected to the TX and RX lines via
inductors. Relays or other switches could also be used, provided that they adequately
block high-frequency serial bit streams.

The example described above employs a differential receiver and a differential
transmitter for communicating with differential RX and TX lines of a device under test.
This is not required, however. For testing single-ended serial ports, a single-ended
receiver and a single-ended transmitter could be used. Alternatively, the differential
receiver and transmitter described above could be used, with one input of the receiver
held to a constant voltage and one output of the transmitter left open.

Each of these alternatives and variations, as well as others, has been contemplated
by the inventors and is intended to fall within the scope of the instant invention. It should
be understood, therefore, that the foregoing description is by way of example, and the
invention should be limited only by the spirit and scope of the appended claims.
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I. A circuit for testing serial ports in an automatic test system, comprising:

a receiver having an input and an output, for receiving a test signal from a TX line
of a serial port;

a transmitter having an input and an output, for transmitting a test signal to a 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; and

a parametric measurement circuit, coupled to the input of the receiver, for
evaluating steady-state characteristics of the TX line of the serial port.

2. A circuit as recited in claim 1, wherein the parametric measurement circuit is
further coupled to the output of the transmitter, for evaluating steady-state characteristics
of the RX line of the serial port.

3. A circuit as recited in claim 1, 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 circuit 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.

12



10S; 10%& () - F#109%& ()-! #F#109%& () - ccc4ddef A<~ @1 10! 11 & 10%N& () -

1"& 109%& ()- ! & 10%"& ()- & 109%& ()- "10% & ()-&F F10% & ()-ffghi & jdE~_@
1 10" ' wapenedd ()-s/10% & ()-s+! 1096 & ()-L$:!110% & () - BLT/US01/46391 B
110% & ()-9'10% & ()-j =k@AkBKCkkl I bC 1 10! !'!& 10% & ()-&L0% & () -
&I 10% & ()- 10" 10" 10",;10% & ()-6@10% & () -1 ol nSmmndEbC 1 10!
119s! 10%& ()-9!10% & ()-& 10% & ()-310% & ()- &
110% & ()-2z" 10% & () -ncoFpppqg] q}~?bC 1 10! !!"y)SI0O%W & ()- .s' 10% & () -
LFY409% &.() - A#ireaivd t¢sying sexdal pous@n 4n)autoralicligsSyXen) CQrapfing:ur r dEbC 1 10!
2 0 5,0 109% & ( r'e,céilg ﬁiga%ﬁ%' ffn)ihﬁﬁland an output, for receiving a test signal from a TX line
10%' ()-0 -110% & tE)-f -110% & ()-fs@10% & ()-rrasdsesfsgss!tbC
of a serial port;
a transmitter having an input and an output, for transmitting a test signal to a 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; and
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.

9. A circuit as recited in claim 8, further comprising a time measurement circuit,
coupled to the output of the receiver, for measuring timing characteristics of test signals

received by the receiver.

10. A circuit for testing serial ports in an automatic test system, comprising:

a 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 a 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.

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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signal to the device under test in step D.

14. A method as recited in claim 13, wherein the predetermined timing distortions
include jitter.
15. A method as recited in claim 12, further comprising measuring at least one timing

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 0’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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