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testing devices and digital busses covering a w de
range of bus interface specifications. 15 DESCRI PTI ON
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DESCRIPTION OF RELATED ART

The military and the commercial sector commonly employ digital busses for
controlling electronic systems. Different types of busses are used in different
applications. For instance, commercial aircraft commonly use ARINC 429 busses for
avionics systems, while the military commonly uses MIL-STD-1553 busses for
controlling aircraft and weapons sysfems. The commercial sector commonly uses RS-
232 busses for computer applications. In addition, military and commercial entities often
develop custom busses, with proprietary interface specifications and protocols, for
enabling communication among different elements of in-house systems.

Manufacturers of devices for digital busses often use automatic test equipment
(ATE) to verify device performance. Customarily, this test equipment is designed
specifically for a particular bus type. For instance, specialized ARINC 429 instruments
are employed for testing ARINC 429 devices, whereas specialized MIL-STD-1553
instruments are used for testing 1553 devices. Manufacturers of proprietary busses often
develop custom test equipment for testing their custom bus devices. Alternatively, they
may adapt general-purpose digital test equipment to suit their particular testing needs.



instrunments are used for testing 1553 devi ces.

Manuf acturers of proprietary busses often 30 devel op
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devices. Alternatively, they nmy adapt

general - purpose digital test equipnent to suit their

particul ar testing needs. 1 WO 2004/013758
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Ckmkﬁ%%%&ﬁ%%?ﬁgggnd/or 5 clock lines; sone do not. Despite

t Sl i BBERSes, WB hdYRchBEAdNhAHe thiig problenegiosetby
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approach to bus testing. 2 WO 2004/ 013758
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t he foregoing background in mnd, it is an object of
the invention for a hardware interface to be readily
adaptable for testing different types of digital bus 5
devi ces. To achi eve the foregoing object, as well as
ot her objectives and advantages, a flexible interface
for testing devices for digital busses includes
transmt lines and receive lines. Atransmtting
circuit is adaptable for transmtting both
singl e-ended and differential signals over the
transmt |lines, and at | east one receiving circuit is
adaptable 10 for receiving both single-ended and
differential signals. The interface supports both
uni di rectional and bidirectional conmunication. 3 WO
2004/ 013758 PCT/ US2003/ 022288
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BRI EF DESCRI PTI ON OF THE DRAW NGS Addi ti onal objects,
advant ages, and novel features of the invention wl|l
woeomrm37sapparent from a consi deration of the easwmiSzg3/022288
description and drawings, in which 5 Fig. 1is a
sinmplified schematic of a flexible interface circuit
for testing a wwde range of digital busses and
devi ces accor di t i nvention; . Fi is a nore
det ai | ed schgﬁgﬁgébgpmgﬁf¥gﬁ§igiqﬁﬁggtﬁ¥nﬁhomn in Fig.
1, Fig. 3is a nore detailed schematic of a receive
circuit as shown in Fig. 1; Fig. 4 is a flowhart
roc s. for e j r e
gﬁe ?qr oing ggr'gun {nﬁ{d F{QS %ﬁ‘glpg#t%)fdl@ ﬁ‘ﬁ%@é féla% f
hard\aare ahtexfacesoibe eeaelrtlv@dap'rebie f@fteﬁthﬂe diffessuttiyees of digital bese
CEVK%%TCUII according to the invention. 4 WO 2004/ 013758
/ US2003/ 022288 DETAI LED DESCRI PTI ON OF THE
RE&EBE%,E}E tﬁé@%&@\gb Eétgas vlelﬁ BowBerdobidctisés dddl ddshitagdsy®

nmhodi _nmen interf or t.
flexiff g‘iltf’%f?c e siney &ﬁeaff gilglzf‘ PRes T %?Psn#ﬁﬁnes Al receive
lines) M adsatging aﬁrcﬁlt fssiﬂa}alble feceadmittiag bothtsirfgld-emdes, andXO

diffed ”%alTsﬁ%wsaé‘v% cihs il ﬁ SERAT%: e85 Shi FeckivifirdHIR Afkbrable
for recBVig bdth smiglesanded embdndfetanaﬁ]sﬂmal% r“ﬁlemt@rfamsupmlzs both
t &m&MBF ignals to TXO and TX1. A

umd#%%@ﬁ%é%ﬁgv¥%ﬁﬁ8¥%g4 I nc ﬁ%’§ first and second
singl e-ended receivers 116 and 118 and a differentia
recei ver 120. The single-ended receivers 116 and 118
each have an input, and the inputs are connectable, 10
preferably as a pair, either to TXO and TX1, or to RXO
and RX1, respectively. The differential receiver 120
has first and second inputs respectively coupled to
the inputs of the first and second singl e-ended
receivers 116 and 118, and generates an output signa
proportional to the differential voltage between these
inputs. The transmtters and receivers are configured
via a control/logic section 122, which al so receives
the outputs 15 of the receivers 116, 118, and 120.
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Fig. 2 shows a nore detailed view of one of the

transmtters 110/ 112. Each transmtter preferably
woned4odessa swi ng generator 210, such as a PCT/US2003/022288

digital -to-anal og converter (DAC), which receives

data indicative of a desired transmtter output

voltage. The swing generator 210 may al so be

i mpl enent ed SMAtChIn reference volta es usi ng 20

bus swi tcheBl%EFé?E"ﬁ(F%lP dal @B SHEPRAYY the swi ng

generator can produce at |east three dlfferent

voltage | evel:s, although this is not required. The

t of ener,at or. O IS upled to.
fiigfa obfices Ririgagk. i BoSA s6etiae S5 8 tRisflion Viforseme
appaséma front @ ensaldjatiohiofi thecsnseing descsiptionuphdedrawings, inovhigiain
driver 214. The low gain driver 214 is preferably
t r Figs 1 at agiinplified echematis of a flswibleciaterfoec pirauitelar fasting mwdde
rangg pgﬁ%ﬁﬂeo%m %%?hevﬁ&%ﬁoﬂdp‘g t§ iR, of a control

An~ exanp a sultable driver is

di F% 0$E4mofe ddhifed s%ﬁétﬁéﬂc Mdnﬁﬁltlc%uﬂf'ﬁlm{ in Fig. 1;
10/ 113,179, entitled "DRIVER Cl RCU T EMPLOYI NG

HI €t SREER ofdlet@led sehérhifi A eIV eirdntt s Bl MENE, 1;
which is hereby incorporated by reference inits

enFig. étiya fléwcharpsnbainga flsessSopopetaingihy flexdbleghtedfa¢aof Fig.
eries with the output of the driver 214 for providing

1;an?series termnation. In 30 the preferred enbodi nent,

thtig, E?seg ﬁg@‘ﬁﬁ%& Sclletn %lo?‘ﬁﬁ Qf?érﬁatWeteﬁl%ﬂirH&ﬁ P theHRITE

50- 0- ohns. her 1 npedances can

Hﬁﬁﬁ@eﬁg@étWW@MBQ%F”hPHé@H@@Ve values are believed to
accommodat e the requirenents of nost digital busses.
To operate a transmtter (110 or 112), the sw ng
generator 210 is programmed wth a new val ue that
produces an output step having high slew rate. The
slew rate adjust 5 WD 2004/013758 PCT/ US2003/ 022288
circuit 212 slows the slewrate (preferably
progranmabl y) to produce an output signal having a
desired slew rate. The low gain driver 214 preferably
provi des both voltage and current gain and drives the
boosted signal via the sel ectabl e inpedance 216. Fig.
3 shows a nore detailed view of the receiver 114 of
Fig. 1. Lines RXOTXO 5 and RXI/TX1 are respectively
coupled to inputs of single-ended conparators 322 and
326. These conparators 322 and 326 are preferably
W ndow conparators, i.e., they
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conpare their inputs with first and second reference
values (HO, LO and H, L1) to generate 2-bit output
weigrais’sgsndi cati ve of the relative |evels of poguUSHPEN22288
signals and the references. Lines RXO TXO and RX1/ TX1
are also coupled to inputs of the differential 10
conparator 120. The differential conparator includes

an analog differential anplifie 32 [

cor T ABEDIESCRAGTGREOF ek PEFEFERES HAaDIES

gai n and produces an output signal proportional to a
di fference between the signal levels at is inputs. The

t géﬁgg]rs‘h%%gpaafém @lﬁs‘%}%}gﬁ ISS crﬁg{ At g&i gt J(’lg’)g?l% 1me§ggé"fior testing
digitadbutseeacoetdihg tethk @vehtiof. Thesinienfaae h@rﬁr st angl See(?@rtéﬂﬁé@!:f
lines hﬁé@éﬁ?ﬂ, ’i‘ Jgﬂ{u?f a{rfdesreg&{c)l BleivelifPR (bRl REOWU §*01al | OWS

erence between Its | nput _ si gna S

commwrgHing il 4 feviecimsohtsF DV [First andrepenbieasmyticss 1? Gand
112 r@%@?@ﬁﬁl}g{?gd RideQuiAl 8ighhlsid TXORRBIT S, M adcsiver bieciaul Iauhstudes
e

t
frst spdse IS SR B 1 | [ RN DaRidtsh 129, The
smglajaﬂdddct%di@éré I gl BECdach haya aaf iapatbind the diptesre cdigictahle,

et SYEL 09gE G ) B0 PRI a0 Pl oty o

diffeientdlanteiver i 20 haefirshantl sscord inpwiy r¢S®¢Ct§1€>bf ¢avigledrie the inputs of
the ﬁ?sﬁc‘ gﬂ% %ééggd ki H:l ed é%c‘éﬂf@fé 26 ah81€18 %ﬁ%’éﬁ‘érﬁtré a 83ﬁpu€3§énal

OW conpar ators, %X(PES
prOp@moned doriherdaf @ﬁegtl%,lafﬁltang‘ﬁ%ﬁm %ﬁeynm%s u“éléf‘dtw%sa}l“efs

recm%r@)ﬂe@oﬁﬂg&&rébi viEsttrofloghd destig 120)whicdh sled Rceives the outputs
in |cat|v§ ﬁf th‘ﬁé espective input voltages. The
° th‘?@@%‘l"?ér 14 8¢ L24hi y al so incl udes termination

h 5. h
| BB oes S LR I B 10 T 08RG,
transmnwbr @1&¢rabb&pduﬂ@%$vwng generaipe2 Kb sedt asis @gmlttﬁ-av&lp& e s
convg%%%ﬁﬁg{) nﬁncﬁzegél%% in@e AVE®f a d%&r&f‘t%}snﬁ’t% output voltage.

or accommo atln a wide ra ge o bus

The gwing genespter 3k¢ way alsaibe arlnlémenteﬁ by gvite ng I G?SP%W{%S? ysing

bus SHRRNGIrSirdil R &gfc@mf&a‘tﬂﬁftﬁé ﬁﬂfﬁg gleﬁet@ior céifﬂvﬁucd zﬂ least
e an

three\mfg?re%@t@af fevpfica °P§h B‘b%’ﬁ no q‘ﬂ’i%ﬂc eﬁfb Lﬁp‘ﬁo"(}% ¥ Swmg

genefm@ 106g Cdlib‘ﬂedabet dav rateadjedingicirbuit 8shent tlneoouépuﬂof the slew

e G405 000 B e 9B 0o az e oo

preferabdx irbsthiable (u s tte quiprieehn bspdased in ¢ bighimpedayicp gtate), under the
contﬁ?@ﬁf%ﬁom GigRAIQRAIABLD) Wa&p‘l@&f SitéBlel RREr is@@stlddedtn

for term natln i:()\/l
US.ga gh@pplg:,atlg% ARimher 49/1 179 entltled ‘[ﬁﬂtﬁ}éﬂ %B&&U\l{
EMPLOYING HIGH-SPEED TRI-STATE FOR AUTOMATIC TEST EQUIPMENT,”
which is hereby incorporated by reference in its entirety. An impedance 216 is preferably

coupled in series with the output of the driver 214 for providing a series termination. In
the preferred embodiment, the impedance 216 is selectable with values of 3-ohms, 50-
ohms, 75-ohms, and 100-ohms. Other impedances can be used; however, the above
values are believed to accommodate the requirements of most digital busses.

To operate a transmitter (110 or 112), the swing generator 210 is programmed
with a new value that produces an output step having high slew rate. The slew rate adjust
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vol tage. 6 WD 2004/013758 PCT/ US2003/ 022288 Fig. 4
shows a process enpl oyed by the control /Il ogic section
wa2v4foas758onf i guring the flexible interface 108CTWS3M8/022288

the requirenents of any of a w de range of bus types.

Al t hough the steps shown in Fig. 4 appear in a

particul ar sequence, it should be understood that the

order e ste t critic d n be varied
circuifid f .Smsrft@e §1a¥§ét%<§?re T} %P?%&%Wa%lﬁfpomf t Signal
havingtesired@sletaarx Ghigtled ghin daivei 2 fepreferabdy ﬂmv;dm ibdthsitage and

currefl e pn e s RO TEN P RS CLhER BBy RS,
S e%%_}%s §1‘E al ﬁgf‘e deIﬁfédkaeﬁ\gg‘f thé ?%eﬁz%l‘ 14 bErig B nﬁln%s RE@MTX0

ort Sl g onmini Ca IOﬂ
and R)ﬁug‘éiltamresmqﬁwarqoume teinphtsiofsinglenendsd campaatorsii and

326. ffh@%c&ﬁ?ﬁatbﬁ@ﬁ%@ 308 8reXr8R ALYy WiowsdiRRakAtorkdi.c. they

uni di rectional comuni cati on and thos t p
compgrefipts sRnusHAKth SEvhaA Seoqns srierepes valygst Eﬁﬁp‘im fb to
genel‘étegllait %ut;fuh igslnindidative af the s€lativeolovdl 3f the ﬁnﬁpLg gigasls and the

refer%nlcaﬁ a]? E@(){X@ %51&% i géls {),rg %lsodcrﬁlléﬁllga & %'gﬁ{s of %Et dlﬁlerentlal
comparatqrak20n gr Healifferegtia womphratos wiakedegen @ndbg dﬁfezmﬁlal amplifier
320 a?xﬁ%‘%ﬁftrﬁtc&gp Wa{oli] SQII] € Thél‘ﬁn Blﬁﬁé}ﬁﬁ%fefeﬁf}ﬁh% ]aQO@{gierI% pt8duces an

output sigpa) preportiont! to Mwé@emetbm\@embe gigna! develiat duinpys. “'The third
compafhtét 32918 Btd¥erably aldoePwihlidw cohaf@dt! Wﬁldh'p@@d&e§@91bllm ut

et e B b A 1T S

ampliffer tlhﬁ aslowg ltiee woidge diffseanpabeatvees itd ifpuapigndld & betoamgmsed with

thres]?\g'fl S asf ml %}%?rﬁfégﬂ%%tgfhe% ﬁn%ﬂetﬁ det\rbqt %%Jt‘ ﬁ?mﬁﬁﬁs grta?sr

In celve nes eac

ST ANA Pl BF GRAAREK b Iaﬁrs‘gj%éegm GRETY B R he

trans are con ur e or si.ngle-ended drive
provigeditaghe pﬁ@rczldoglé @@theﬂ@%) The eorﬁéxl/lqgw S%qtlﬁg peefgipblydncludes

digitd1 R&BpNEe cﬁrcﬁﬁtr? ‘Mrtsﬁﬁh ﬁﬂé)thb Dufu! a*t&& BRYBH, £ﬂ319326 at
recel ve, | i nes %ﬁ?ﬂ hes 111 $. 13 can

predg GnGSHBRANS i Gistigror Sorige nd BportEg el Although

the cirilgzﬁ‘af@shBMB2$ Lamd@aﬁ ald ptefeeably wmdovscmmpafnatom other tfpésopl
the. contro

complaﬁa?%l’s i élltT‘BE)tl\fe'i {) s%l ,'rfe6£ ?ﬁgﬁ}d&ﬁé‘ mé%%uﬁ?%a'tf%ﬂg 8?01&{)‘1?[ data

indicative of the respective 1nput Voltages

The receiver 114 preferably also includes termination impedances, such as
impedances 312 and 314. These impedances are preferably connectable via switches 311
and 313, respectively, and are selectable with values of 25-ohms, 37.5-ohms, 50-ohms,
75-ohms, and 100-ohms, for accommodating a wide range of bus types. In the preferred
embodiment, a switch 310 selectively connects a programmable reference level, VCOM,
to a node at the junction of the impedances 312 and 314. When the switch 310 is open,
the inputs to the receiver 114 are terminated with respect to each other. When the switch
310 is closed, the inputs are each individually terminated to VCOM. Where less
flexibility is required, such as for receiving handshaking signals, a simple resistive load
could be supplied for terminating signals relative to VCOM, ground, or some other DC
voltage.
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25 (step 416). In the enbodi nent 100, this invol ves
configuring one or both switches 124 and 126 to couple
woheosinpisss of the receiver 114 to the transm PCriuse®3/022288
TXO and TX1. Operation requires that one input be

coupled to a transmt line for single-ended
comruni cation, but that both inputs be coupl ed to the
transm{ lines for diff renlal mmnl
¢ hEtEs f Ghas 3 BESa R STAlRed: OB dhs Foreal MRS ine Z?f&t
the fleiblé BitérfaRei100 $ealii tae réh@iementsof auy eSa wite ramgearffome eypes.

10 di t I
At s S0 1 Crp RO JOer RO Paefed “tosalgulgrbebot .
undesstbdCthesthe dddeaiod tie2&ps & o vitieal tthé camprivariedfwittie the scope of
the i \?e‘}ﬁb%{ eFo}ﬂlétahpe 'tﬂ?:esteiji)g &k Y€ el doBRE din 2 %gﬂﬁ‘&g OEQQ' and some or all

ion requires one I nput coupl e
of the steps WYIher%er dmpligneossiged comuni cati on, but that

bot h i nputs be coupl ed 35 t t he .receive I|ne fo
di A sieB i Dathe comrAliREntsclan 123 oqds 2608 0f Sogs The lags

indidafeTtht/Spa Qi3 /222 BRIT it sippprt 42@le-drided \tmintrﬁm&ﬂtlcﬁm and these that

oo RS B B0 255 PR AT e Y i Bon
unidirbrtemhbdanmahioason and thdse that seppoertgdirdetional tommiymagation. For

dlffeké}ﬁgfjﬁ f 1§ tﬁlé gonZt% Eces%ct(tgﬁ ?ﬂs%)gufeg sm%ﬁat Jﬁhdgd transr?ltters for

It el vers.
drivipg §ﬁéegerﬁfed éngnalé deien %1260 Ahisstep gopally epfads a@panng to program

the s%ggj ?&ﬁﬁt&g 210 @@s%mate@'vﬂﬁkth% itRE SrandiiittefsE 0lanl @ 12 kd that they
ion to, dat nes. The, in face 10 '6

vary g 8P%98§EHWW5]& g 111 éfé’élegﬁett}ﬁpgﬁ Wﬂ%&@ &Jegrig phase

relatiaﬁats}&pamfi/smp anme abnttdliedc setioh prqm:rﬁs té eespondoEThedwput of

or a

the ete eRioaklor 128 (M) el RlatiE6 e QMG Tinkl Rended

compayatorol 16 andeld Scelnsdsewitckassitil and d 1 3red opees the awiten3 h@(@r

termj %tiﬁg ﬂ'feqrece-li?fgh dso %%t%r&rr%&f Gt ﬁgnﬁmg kﬁﬂh’sﬂgﬁ@ended

e I nt er ace Part a Si |nterf %1
commygpicatieny $he sansmitier(s) areeionisyied dor singlerg 5 aflé{%r the

receivBRE) dﬂ@ sé 1o ﬁﬁgl&%ﬁﬂ&ﬁrﬁc@@e b §VM’£&S.’» 18n8lclogidgid Riminate the

receiy Hirb 0 YOO SyetiR st 3 A e R Rt B dectnifggon i

desiredr d cage, of an automatic test system The bus test
instrunent is 15 controll able via software, such as

t eFor prscigraisthetsapportipidoactionhbepmmywmipaticsr (ster§&6), the
contxfo!lﬁdﬂipg&tion 122 configures the interface 100 for bidirectional communication
(step 416). In the embodiment 100, this involves configuring one or both switches 124
and 126 to couple the inputs of the receiver 114 to the transmit lines, TX0 and TX1.
Operation requires that one input be coupled to a transmit line for single-ended
communication, but that both inputs be coupled to the transmit lines for differential

communication.

If the signal supports unidirectional communication, the control/logic section 122
configures the interface 100 for unidirectional communication. In the embodiment 100,
this involves configuring one or both switches 124 and 126 to couple the inputs of the
receiver 114 to the receive lines, RX0 and RX1. Operation requires that one input be
coupled to a receive line for single-ended communication, but that both inputs be coupled

to the receive lines for differential communication.
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interface is not limted to use with an instrunent in
a test system however. It can also be used in other
woesi4/0a3758ui t s or other circuits that interfaceCcwiuskos/ 022288
one or nore types of busses or digital signals. The
preferred enbodi nent of the invention primarily
focuses on testing serial 20 busses. l\/UIti pl e copi es

f the jnt 0 f
GRS Trigoiiss Tner e EsngAarL2{FRE Pt paghas well o
the tre&@fmtadlexb WS e\‘EC(UM(lf eseisasy), Harthe theeshald valies dor the qamsrvérs

of data I
114. FeppinBich edatie SRsolec A LB ERATO G BaihlbR g eccivers.
of the interface 100 are generally adequate for
testing nost types of serial devices. These different

COQ i€ knGRA, (HEltaq BREsRS 6fled féﬂﬁfr@@éntrofl Ghed, Sigchi d@%aﬁd&l&lﬁ&g lines,

t hat uire reat er an t nes.and/or
clock et e o, e Eaus et s e 2P bo bR aR)
accon%'ﬂ@@zﬁb ﬁ%@é 5 efcﬁllf)m@bief Seel. At umd#omonhbl Bxesicah be Sad ds a

ded for testi t
DUT ) KB 5 BB e diegh feabt vt 0 ﬁ@g"f
bidirdetionl Gassesdasa widruglcentidldines cametransmiitad dndapéeivastvimd X0

& gggectlon to a single bus device. In the preferred
and/og di ment 30 each group of three interfaces 100 is

p rlﬁ‘fﬁé;@‘éf rd2ndblithi, %ﬁe ﬁéﬂbl@lﬁ@ﬁa&%ﬁﬁﬁ)ﬁf of zagignan Hl@terface

I nstrunment i.nclud %s four such co

for a blﬂ%teﬁtrlgﬁf%éy}uclp\m@éh@ﬁlplﬁ ojrtesting & Wwidg VALl %gas yges and
digitdl Bhals! TAE GasERCaiiAncht ¥ ﬁﬁef@ﬂbgenmﬂuhubﬁ@@gsmmol agcard cage,

such NG e S FaT b ot By 0 PRIl |

contr6ldhe vigpefiware, furh astdseprogrrsns thatemn onjarhost qostutery Jhedlexible

1nterﬁlcgee Jﬁ.nroéﬁr f1t%§ ?q @se\%?t}?zgp ; 1%&11"? rg%n E QE{ éﬁ%ﬂ? Wo%@g@ Gt caal 239 be

€ clrcul ace frees (}o
used spdhef tegireinonits,draithey coehits thatfinies ?f‘oWﬁh PRg/or mP’Eeetﬁ’H%ﬁ fpygses
ord1%';1 :ghQIQ descri bed one enbodi nent, nunerous

ative enbodi nents or vari atl ons can be nmde.

FI The p’&e&h@u@n@em{dﬁbme nnwn&asf?mmlytfomes o testieg serial
a nt er
busseﬁu ﬁ\ﬁ%lPP@rCOP}%O &‘ﬁﬁ%%’if e'sdoaa§° P er ? §aé1%§“ﬁ‘?‘%ng the

numerous signals that different serial busses may requlre Some serial busses require

multiple bits of data, and some require multiple control lines: We have discovered that
three copies of the interface 100 are generally adequate for testing most types of serial
devices. These different copies can be operated together, for testing busses that require
greater than two transmit lines and/or greater than two receive lines. In the preferred
embodiment, four different groups of three interfaces each are provided for testing

multiple devices.

The T/O for each group of interface circuits is preferably provided on a single /O
connector for facilitating connection to a single bus device. In the preferred embodiment,
each group of three interfaces 100 is provided on a single 26-pin D-Sub connector, and

the bus test instrument includes four such connectors at its front panel.

A benefit of the interface 100 is that it accommodates a wide range of busses
while requiring little connector space. This makes more connector space available for
other interfaces of the same type, or for other instruments in a test system. The interface
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It differs, however, in that it provides two receiver

circuits, one for bidirectional communication (514)
wana4mnsrsg or uni di recti onal conmmruni cati on (524pCT/TiS2003/022288

enmbodi nent 10 500 thus elimnates the switches 124 and

126 while preserving the functionality of the

interface 100. The three copies of the flexible

interface (or homever n re used p ro may
also regaFRsiliste cirqyiftboart space Qﬁ%‘%{“ § =R ngPl%é( iéi P‘il?er one
functha BT € copies may be dedicated to sending and/or

recei vi ng handshaki ng signals. This copy may i ncl ude

15 sinpler circuitry with less flexibility than other

copi es, thereby enabling a cost savings wthout
Alterselieasl y i npacting effectiveness. In addition,

al though the description provided herein refers

prilaring describedsene; eabodiment apprerews dlismatiyg pmbadimentsos

variafibAsNen 8 %aadBSF?f,S 2)show§8n ﬁllt&ﬁatweembaﬁﬁﬁérﬁcseo anﬂlerfetximd s

1nterfgg$ g’{‘l]lleglﬁd g ! ar al Sola,]:@? @a cg)ﬁgecglolfll;gs I,lntﬁrsfgce 100.
Tt diffdrd, hoiglaml 1|nt€thatbqﬁﬁeﬂes @Vcﬁ&bﬁveﬁdmmt:t lone dordaghirarsiondl t he

| ent ac t
comnpifisie T TaEh oe for FELgiEio T Kb RATATERAR PhOLER hen
500 theswlzinates thelsaviches PAeatdR6 mdxﬂb@r@emng e dimrdionalify 1 the

intertdSE€fpp, Wi I e the invention has been particularly shown
and described with reference to the preferred

e nﬁ%hf@%%%ﬁe& Beme Qfemb'lé inirfake RS HoR@OErShABLarb Yisdd s group)

skilled in the art za)varlot%ts chagaes i n. form.and
may Breidgniicaept s R g Ay G AN g R
dedicafdid(th bendapthrsitaecedfing hendshalemg igmmls. TTMOCE0mAY IRTER
simp 8%%91.}? g Qm%{lhq%sis e%(gallggpfqan othm%%)les Sthg‘lje gi?e{%h'ng fcé?tjsgvfﬁgs

use in testing ev ce
withowdseversly afipattihg effestivedésgi tal 2 busses havi ng

di fferent interface specifications, risjng
f i Insddition, Jtevsltherdgpesiation peryaded R é‘b?f—‘alal bus

applit&fRk YRIINSA®E 1553, ARINC 429, RS-232), the flexible interface and methods
described herein are also applicable for use with parallel busses or other digital signals.
For use with parallel busses, greater than three copies of the flexible interface may be
used to accommodate greater numbers of data bits simultaneously, and I/O connectors

having greater numbers of terminals may be used.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit

and scope of the invention.
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5 a first single-ended transmtter having an out put
coupled to the first transmt node; 6 a second
weoeingle3msaded transm tter having an out put coupCeaStm3/022288
the second transmt 7 node; 8 a first single-ended
recei ver having an input selectively connectable to
one of the 9 first receive node and the output of the
first single-ended transgtdmgfg 10 a second
si ngl e-ended recei ver having an input selectively
connectable to one of 11 the second receive node and
the aut put of the second single-ended transmtter; and
What 35 ﬁalmeﬁfl%r ential receiver having first and second
i nputs, the first input being coupled 13 to the input
of the first single-ended receiver and the second
L. i npuflextiale myefangpbrusetio t¢shing d4vicesfut a vhridty ef didfeoerd digital
L pgkes | 4. 2 i.hLe interface as
buscBl B R LRGP Shocifedfiond b BRES | 1oTe. anded
r eélest gt sqeend frapwpihsedesbl e to one of the first receive

nogigst andlsdcBed aateRetnofés;t he first single-ended 3

transmtter vja a first_ switch, and the secon .

si ﬁ@% siglrsended c@ngmitier bavine AnwaRtcouplsd a the ffrsfotrantswg node;

seaostdnd siglesended tenanittet havingirpoitpwfcoupled s rndcond transmit

single-ended transmtter via a 5 second switch. 1 3. A

®lexible interface as recited in claim 1, wherein the

f i ndirst amgleseuisd decsivey having aw mpetiselectimslyiconmectabde ® one of the
It l.exl I . testing

first :'rjédelﬁtn@H?Qlllthhe %uﬁrlué t@‘{/ {hgﬁ'ﬁgfggrﬁjéaﬁ{c%ﬁftﬁﬁﬁn{t@ﬁ 5

evices for a va ] us types,
c oAproondl siggleserded secehier hades AYnPRhYpieetively saarectable to one of

the sbédnitrectivek ﬁgﬁgﬁd theeGBpt FARIREondsind1e-Shd NEars8E@R and
rtrve ClIr

i | e-end its, each havi an .out put ,
¢ hé S sEL oo rhaTng Hishuad seaid inpiis e G do Berpk cqppled
o thaitbus eftha dirdtrsamgbevended aeeiver andithtGeBAAARA MR Eo8pled to the

mpuﬁg"ﬁ%ggcggg,/sﬁééz %edzec%{a,e}.east one receiver circuit

nod

Irst-and second 1'nputs respectively coupled to
8 at |l east one of the first and second transmt nodes

2. and ABH1E sl r&8e@Mc1a ks ¢ WEerBRYRS first single-ended receiver is
connectable to one of the first receive node and the output of the first single-ended
transmitter via a first switch, and the second single-ended receiver is connectable to one
of the second receive node and the output of the second single-ended transmitter via a

second switch.

3. A flexible interface as recited in claim 1, wherein the first and second single-
ended transmitters are tri-statable.

4. A flexible interface for testing devices for a variety of digital bus types,
comprising:

first and second transmit nodes;

first and second receive nodes;

first and second single-ended drive circuits, each having an output, the outputs
being respectively coupled to the first and second transmit nodes; and

10
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9 wherein each at | east one receiver circuit includes

a first single-ended conparator 10 havi ng an i nput
woaomploassso the first input of the receiver ci PCEiUS2003/022288

second singl e-ended 11 conparator having an input

coupled to the second input of the receiver circuit,

and a 12 differenti al conparator having a first input

coupled to the fi.rst ut. of the receiver cir.cuit 3
C o e et Orreon AL it gnt REeobE SRS fesfishivaly opda to
at 1etis$ ond y&the Cirstaud secohd 5nansgmft ?ede's lahé thenfirst drelcsecas] needivd wulles,
er.ein_each of t st
o1 nBp BT o FRe R R oo b, 6B RN opartor
havihgen ingutepuptedut theofirst mpef afth@reseuvmmﬂcuttaa aecan@ siggle-ended
com?éﬁteyga\fl % aﬁﬁ%pﬁp&dl.?mdqg t]?ense ?ﬁﬁ?ﬁbuﬁﬂfi@}ecab&p&f&itoﬁﬁl

esli respect]ve
differonsialseAranasetor hangne mirdt inpubpenpiadtte theGst R ecth begefvar circuit

and & btbfid thpunbRipidtotBeiecohd npet dfithstecainer ganand 2
single-ended transmtters conprises a slewrate

adjusting circuit. 1 7. Aflexible interface as
5. reai ﬂlfﬁ{d)lb intedfaderas 4eciteti é elhim éaehereih cabieof the $irstand second

smg% %ﬁn(? F%ns it @lcgpgﬂggsda s%lﬂggéﬂek%t ) ﬁa&lﬁ%%ﬂﬁnlg%ﬁ frd \Agée?vm%

e ln ace as ecl
inpubdatin awd art oragpti fios cstdﬂxshmgamutpuizmgmlgxr@@hm to a desired output

R ietdelive BaSnfttge! ect abl e out put inpedance. 1 9. A
mgn% eX|beékiﬁt%r ace as recited in claim4, wherein each

of the first and second 2 single-ended transmtters

6. C Oﬁpﬂléxﬂﬁé 1nt3rf&e$déﬂrétgte§@[ﬂelﬁﬁﬁ 9 Wmvmrb@claﬁf the fieét ahdsecond
an .ou 4 establishing

L.
singlgefreq BTSN SP TR s Sro R S B iresepiteq out put
signal of the respective 5 transmtter; 6 a slewrate
djy t
7. PONTEA00LIGH & KNP VA B and Liend
mng@émémhﬁ@mﬂugmalsﬁiﬁ@wbkable buf fer having an i nput and

an output, the input being couled to the 9 output of
the slew rate adjusti gcwc - and 10 vari abl e
8. s LR blE PRAFHAR % Aeqite GRS, Yhergin <ach pEgpp s aAd Second
singlerdndéd aa@nsiters @@k b e€ledtable bajpm Mhpedlaeieei n each of the
first and second 2 single-ended receiver circuits
conprises a w ndow conparator for conparing a received
9. A flexible interface as recited in claim 4, wherein each of the first and second

single-ended transmitters comprises:

a swing generator having an input for receiving input data and an output for
establishing an output signal proportional to a desired output signal of the respective
transmitter;

a slew rate adjusting circuit having an input and an output, the input being
coupled to the output of the swing generator;

a tri-statable buffer having an input and an output, the input being couled to the
output of the slew rate adjusting circuit; and

a variable series termination impedance.
10. A flexible interface as recited in claim 4, wherein each of the first and second
single-ended receiver circuits comprises a window comparator for comparing a received

signal from the DUT against first and second threshold levels.

-11 -
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3 signal fromthe DUT against first and second
threshold |l evels. -11 WD 2004/ 013758 PCT/ US2003/ 022288

wao 2004/013958 1 exi bl e interface as recited in cl ai FC#,US2003/022288
wherein the differential conparator 2 conprises: 3 an
analog differential amplifier having first and second
i nputs respectlvely 4 coupled to the first and second

ecei ver. ci.rcuit .and
1 RIS ik e 38 Sl i alfif 4. vafein it SRRl fpparator
comrisesyreen signal |levels at the first and second inputs

of on gnai%dlh%{;e% 1N amchi fx ef H%Vll’l% ﬁrsg c% seané] ? %VPVF?%Q al'fve P

havi n € ou
couplidfte éheefmst and seopid lfnpets of thereasiyrep arrcmgargbambtrﬁputﬁmt pmmdl'mg a
I I
B e el P 1 Sl L S g o
the r“éﬁ?@’ef eegtepdcircuit 2 conprises a sel ectabl e

teg thu?w @U?nidi‘ﬂ@ﬂﬂd\@@ anlinf cofipliel @dtﬂé'o?tpgﬂﬂ beteatsloas
e reln a e
diffetefik AR 55 OEC‘?‘HB%H’&?&‘Z‘ QP 5! SRk rrs heshgld levgls.

at | east one receiver circuit to each other. 1 14. A
fl f e
12. zlg)ﬂe? hb? ir{t]%r?a{ce A ?ficﬁgd fnzc%ﬁn 29 a%rﬂéécr:ééih t%ié(!rﬂm& ﬁeatsm% r‘éééqvérr&?rcult
compm,pm selmtablhéerannat@asmpmc& eceiver circuit to an
adj ustable DC 3 reference voltage. 1 15. A flexible
interface, as reC|ted|n l.aim4, wherein the flexible
i n‘%‘é{ef‘ hleintrtage p Festiod 1 Gl 12 ihsrein thegelgetableriemiinaiion
impetifteclt@hgfdtes theenifBCeS thONIEAsS bitdreativecashit 36 esuhchtisrd
third 3 portions substantially simlar to the first
portion. 1 16. A flexible interface as recited in
14. cl Aiflexibie intdréaceiasrecited inrcaisni2, \nmm:bm'esﬂmrsdlec@bbitmminﬂion
impeiEfHe Tl OB Lk o A BTk bl o BB b BDC
refergficagipiageonnect or nodul e. 1 17. A flexible interface
for use in testing devices for digital busses,

15. ;:o | i;mjggeérgagﬁ fals ;%%%qa 15291%%1% qule}gir? t Senfllembq(e) 1netesrface is a first

portion of a larger interface, the larger interface comprising at least second and third

portions substantially similar to the first portion.

16. A flexible interface as recited in claim 15, wherein the transmit nodes and receive
nodes of the first, second, and third portions of the larger interface are made available to a
DUT via a single connector module.

17. A flexible interface for use in testing devices for digital busses, comprising:

first and second transmit nodes;

first and second receive nodes;

first and second single-ended drive circuits, each having an output, the outputs
being respectively coupled to the first and second transmit nodes;

a first receiver circuit having first and second inputs respectively coupled to the
first and second transmit nodes; and

a second receiver circuit having first and second inputs respectively coupled to the
first and second receive nodes,

-12-
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4 first and second single-ended drive circuits, each
havi ng an output, the outputs 5 being respectively
woamploassso the first and second transnmt nodeBCTAIS2003/022288
first receiver circuit having first and second inputs
respectively coupled to the 7 first and second
transmt nodes; and 8 a second receiver circuit having
i nputs respectively, coupled to the

first and secon
fi W reah@eéﬁet SPCOBE FRASIVRH HiEQuits cqeh ipplusle @ Al fsw%%ended

comﬁﬁﬂotlﬁ&ﬁﬁ@é@ﬂ@B&upﬂda tw‘ﬂﬁ misfhnbﬁﬁ)ff thé sdceivBrcifR@OR Gecond

sinolo8S8LY £ carrtcuhtvc,neac 0 geg a,first (ﬁll n]?qt:q%-ﬁndedvlrl
EConpar aToP ARV MY AR HRB ‘E uplsdip & segondiapy g dhe Feqee

clrclmﬁ andhe difGreitiabcorgparatar havisg s Eosd ngput mmpied'wglthe Brstagput of the

receﬁ?xnaﬁfél?t 23 a%gdﬂaq%ﬁlg |CP{£@|E§ ”coctgg g&?ﬁgﬁ B?tﬁ%‘?&%‘f‘\%r Rt

receiver eren
conmparator having a first input coupled to the first
input of the 14 receiver circuit and a second i nput

co 0.5 he_secon ut of the re r circuit., 1
18. 7gA tﬁ%@ RbEt %Facmﬁt“@ﬁ?%eep t%tpaerat&\ﬂncfgglt buEsesFoPprising,
foremhdhvgctet al busses, corrprl SI ng, 2 for each device: 3

ﬁ&?qer e ﬂ |"§Yl\ll\1@h i ggf h% ﬁi)e‘é 8supAP Oﬁffﬁare%i?é ﬁgi%?ﬁmcaﬁon and

Whlcfl;lﬁmml(s) wippeyt singlectndedtcommniicatioon; 5 differential ly
drﬂl‘ffe%t anfaﬁeﬁg' % o*nin@ tcsi&pgtgfﬂuﬁaﬁa at 8 %T%nzﬁ oﬂmlce

por S renla ni cation,
Suppala$ élf@reﬁnah@qr@néwawnda pyis pEsingleranded, V%bmpﬂ@ce 0pp081te

phas@agﬁﬁsaloagairg aal eft@nd bBdmiaffdessecond transmt |ines;
SN

rivin respqgnsi ve t.o erm
© hne B rBOedts v et e sie it B e e@n@aﬁﬁ%ﬁey SerLSthe Eﬂme
suppoxsisimglecatiedoomatinicsigt atdlegst ohe dhhe pairiof sihgle-ended drivers

' - I f th
alon%? ﬁﬂgz%s? oﬁ@giet%e (Hrga\éﬁ& §ec%9d ?Jaﬁ%?l%t ﬁﬁesl i a(sjte t gpan gl n:] \?\,h i ch

si @qﬁmﬂf{l@pgo’fhwm@g@é@) @fethg dpyios suppnitdiniditectiond communication
and WIRIERYRLEIRd)is gﬁ'a’borﬂﬁdﬁ‘%oﬁﬁ' othrRi@aAohs) support

bi di rection 13 receiving data al ong

nicatio
At TePREE IR Fil528t oS fg@‘d’é‘ﬁée?@ééfﬂ%"q lingg gesponsive to a
deterhﬁﬁa:tmsthalt&hé sighal of thedRVRE mubpéﬂtﬂﬂu&ﬁéﬂtlohﬂféoﬁhﬂﬁﬁ&au@ﬁ and

r%céjl%ngcd%ta aligl?goa{ttlg’astuonﬂe ofr tﬁec hrs? Qr?c{ se%gmgﬁs%%% 1nes res%rc])(rjlswe

to a determination that the signal of the device supports bidirectional communication.

)

19. A method of operating flexible test equipment for testing devices that
communicate using digital busses, comprising:

determining which signal(s) of a DUT (device under test) support differential
communication and which signal(s) support single-ended communication;

configuring the flexible test equipment for differentially communicating with
signal(s) that support differential communication;

configuring the flexible test equipment for single-endedly communicating with
signal(s) that support single-ended communication;

determining which signal(s) of the DUT support unidirectional communication
and which signal(s) support bidirectional communication;

configuring the flexible test equipment for unidirectionally communicating with
signal(s) that support unidirectional communication; and

-13-
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15 receiving data along at | east one of the first and
second transmt lines responsive 16 to a

wdeb@rorssat i on that the signal of the device sBOp@ISR®3/022288
bi di recti onal communication. 1 19. A nethod of
operating flexible test equi pnent for testing devices
that 2 communi cate using digital busses, conprising:

3 determ ning which signal (s). of. a DUT (device under .

{ cConREE Y R A R R IR A A
signal (<) et 6spposithigivectiosal rgh@maickeidn.communi cati on; 5

configuring the flexible test equi pnent for

differentially comunicating with 6 signal(s) that
20. suppmstteddiifstrament foafestugrdemices do1i owjdeZangerifibys types, t he
cmn%ﬁ& |.bl e test equi pment for single-endedly

0 nicating wwth 8 signal(s) that support )

si Algrest eReIHE COBRPRIOT f@aest%ﬂeshmg@emcﬁwﬁ begwosn dayices under test

and the B tesBhs@imétteaddT support unidirectional

co nicatio t.o and which_ signal (s).s ort . . .
o1 BHFBEES BhraRce SR et Bre Y SRl IoF Rgherpiging signals
singletendediy er dEfirerggily, e fbor ommuimicatingestgratsnalidiyectionally or
P jcating with 12 signal(s) that support
IMdﬂgﬁﬂgﬁggctional conmuni cation; and -13 WO 2004/ 013758
PCT/ US2003/ 022288 13 configuring the flexible test
equi pnent for bidirectionally comrunicating with 14
signal (s) that support bidirectional comrunication. 1
- 20. A bus test instrunment for testing devices for a
w de range of bus types, 2 conprising: 3 at |east one
I/ O connector for establishing connections between
devi ces under test 4 and the bus test instrument; and
5 a flexible interface circuit progranmably
configurable for transmtting signals 6
single-endedly or differentially, and for
comuni cating signals unidirectionally or 7
bidirectionally. -14
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