10

15

20
" controlling aircraft and weapons systems. The commercial sector commonly uses RS-
* 232 busses for computer applications. In addition, military and commercial entities often
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DEVELOPMENT: Not Applicable. Reference to Mcrofiche

Appendi x: Not Applicable BACKGROUND OF THE | NVENTI ON

10 FIELD OF THE I NVENTION This invention rel ates

general |y to UULPpOETHE INVENEONg el ectroni ¢ devi ces

and busses, and, nore particularly, to test equi pnent

FLEXIBLE INTERFAQE EORINMERSAlgBYS/ TEST INGTRUMENT al
busses covering a w de range of bus interface
speci fications. 15 DESCRI PTI ON OF RELATED ART The

A TR RS oS PRt LY
ST ngﬁlﬁ é‘gf ?%WF. ns aniléfgggiﬁrgrﬂmﬁlé%@ﬁR

comonl y us PBRENOPNEN T, Nesaeplicahle.20 avi oni cs syst ens,
while the mlitar nmonl y. u M |- STD- 1553 busses
for* cOMUFERIEtY Igrpﬁ@ﬁa*‘fwe'ﬁ%ﬁéast@g stems. The

commercial sector commonly uses RS-, 232 busses for
conputer applications. In addition, mlitary and
.commer ci al Bﬁﬁ‘ﬁdﬂwfdfeﬁﬂ folgust om busses, with
proprietary interface specifications and protocols,
for enabling comunication anong different el enents
"of in-house systens. 25' Manufacturers of devices for
FORIGD ORI THRBSEENTIONN use automatic test equi pnent
(ATE). to verify device performance. Customarily, this
Thisgtveator latastgenesallyde eqriprdent for testing electronic deévices and

" busses, and, more particularly, to test equipment that is adaptable for testing devices and

digital busses covering a wide range of bus interface specifications.

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

devélop custom busses, with proprietary interface specifications and protocols, for

- © enabling communication among different elements of in-house systems.

25"

 30.

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 devjces, 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.




specifically for a particular bus type. For i ndtkaboggry 2007

speci alized ARINC 429 instrunents are enployed for
testing ARI NC 429 devi ces, whereas specialized
- SID- 1553 instrunments are used for t 0 553
wozdyg\{ﬂs s. Manufacturers of proprietary buggt@S&”"g]‘gZzﬁo
devel op customtest equipnent for testing their custom
bus devices. Alternatively, they may adapt

general - purpose digital test. equipnent to suit their
" Thespetiglidation indmb tenipqnipedst is dttribufeblerin pay toXbofact i
4]

interfac ége%ﬁcg&%gi% dftggén F@gﬁa%'ﬁz@ﬁe%b Piﬁefﬁﬁrﬁ'ggérs?széh'o é}aﬂen

at differentfsequencies gw@e@p@@r’ﬂrrweﬁ%acéﬁ@ 5f GWIsSeP panchoyiding ]ypes
“or bldnedtﬁhm thl‘@bﬂded& diffeepid]. DuESBSsG@Povidetiaalsbaking and/or

fnt frequenci es, €dge speeds, and/or voltage
ckmkhn? on8ksses can be unidirectional or

S S ré]gegé (lhﬁg%%%ces %JH%IVE %B%ﬁ&d(ﬁéﬁt ﬂ:leftéﬁ%hg glto'bE}:ns He S, S one

digital btws ﬁmessem@éwsm A e it @rﬁléﬂm& akbusygs, fw&\ﬂ@ recogni zed

manufactud cdillitbeh R ioRCa :ﬂbﬁb:bﬂzlaﬁalwﬁﬁdclbw busliegtirigal busses are
essentially simlar across different types of busses,
and that rmanufacturers could benefit froma nore
uni versal approach to bus testing. 2 1 February 2007
WD 2004/ 013758 PCTI US2003/ 022288 BRI EF SUMVARY OF THE
I NVENTI ON Wt h the 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 devices. To achieve the foregoing
object, as well as other objectives and advantages, a
flexible interface for testing devices for digital
busses includes transmt lines and receive |ines. A
transmtting circuit is adaptable for transmtting
bot h si ngl e-ended and :
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differential signals over the transmt |ines, dnfkbabiary 2007

| east one receiving circuit is adaptable 10 for
recei ving both single-ended and differential signals.

T terface supports both wunidirectio
wo 2%’:‘?@13%% 3 1 Februar 3 %’5@%3/ s

I'r'ecti onal conmuni cati on.

2004/ 013758 PCTI US20031022288 BRI EF DESCRI PTI ON OF THE

DRAW NGS Addi ti onal objects, advantages, and novel

features of the invention will becone apparent froma

consi der aBRIEF STMMAR ¥rORITHE INVENTI@N i on and dr awi ngs,
in which 5 Fig. 1is asinplified schematic of a
flexible interface circuit for testing a wide range
of digital busses and devi ces accog%kng to.the
With theipreppingrhagkerounddn gipgs itds aroetisct effhs INERoniiY o a
hardwaré In8dfi0% to b irdadily hdaptblfot Wsting diffetent typegof digitabbus nor e
dlaVmesdetalled schematic of a receive circuit as shown in
Fig. 1, Fig. 4 is a flowhart showi ng a process for
’IQ)%EJ@% {8 erék%uf#lpo% cp Ia§wbl@ Ese(;tﬁé%% e&fveé: hufli advhﬂagles gnd
Fig, 5.1s :é 5- % emati C an a{_‘%‘ﬁ tive
flexible wides fiketngrderies foT Sgithusses ﬁ‘el&siqsa@%sn&lr j2pd recetve
lines. Aaeaafiting@iréut it Bdaptableciot frasmittinglbofedingleeyded@dd WO

mfferenuﬁfégé;%é%@g% E&%@%ﬁ’ %@%ﬁl@s@ ol R gt OF

for receiying bsﬂlrsmgiewﬂéd@imddifﬁ@mhah@mabf The intesface supppitt kot ace
unidirectidal RHdiREond @hindniddtisges according to the

i nvention. The interface has first and second transmt

5 lines, TXO and TXI, and first and second receive
lines, RXO and RX1, for comrunicating with a device
under test (DUT). First and second transmtters 110
and 112 respectively provide output signals to TXO
and TX1. A receiver circuit 114 includes




first and second singl e-ended receivers 116 and HebBuary 2007
and a differential receiver 120. The single-ended
receivers 116 and 118 each have an input, and the
[N are connectable, 10 preferably as _a pair
wo it B0C S ang X1 or to RX0 and Rx1PCTAUS203022188
respectively. The differential receiver 120 has first
and second inputs respectively coupled to the inputs
of the first and second single-ended receivers 116
and 118, BRIHF DESORIPEONOF THEDRAWINGS  proportional
to the differential voltage between these inputs. The
transmtters and receivers are configured via a
control/logic section 122, which also receives the
Hdditinmekobjects, advantagesy adaiova fepturasef ﬁlmlavcnanm wilblgecope g, 2
apparenBHEME cnsiRFfiod 8F M bRlingl lWripfiorORE dedwihfeinlwWiagsm tters
110/ 112. Each transmitter preferably Tncludes a sw ng
- Hignds atiafplifitd schemetic & ﬂtxi’dleghﬂ‘gl;ﬁ“hceto@mﬁﬂﬁ:? wgﬁxag}omde ‘rj ter
[ [ . i.ndi catiive of a desire
range of il bust8 s A BRI T8

e Sw ng generator 210

Ry iéh ﬁﬁr@&tﬁ&@%&ﬁﬁﬁﬁ@&k Mmﬁgg Ledingosaianence

I'tages using 20 bus swtc or simlar devices.

F?%%fieﬁ ate/detdifee sehotmatc GRBdeRleRlrc it SAORHUCEgal, | east
three different voltage |evels, although this is not
Figds a 8adwchBnshowing atprabsstfvepsatingthe dlexibledttorfac2 b8 Figs
1:and COUpled to a slewrate adjusting circuit 212, and the
’ output of the slew rate adjusting circuit is coupled

Rif 53s & Q}glpﬁﬂbd‘:_scﬁéﬂﬂtﬁf of 48 Aiterddfi®c brAVOERER off te\fRKibRL4 1S
a

L r.ef.er tri-statable (i.e., its output can be
interfacq Gitpif aecp tmﬁﬁ#W%%@ﬁance state), under the 25

control of a control signal (ENABLE). An exanple of a
suitable driver is disclosed in U S. Patent
Application Nunmber 10/113,179, entitled DRI VER

- CIRCU T EMPLOYI NG Hl GH SPEED TRI - STATE FOR AUTOVATI C
TEST EQUI PMENT, " -which is hereby incorporated by
reference inits entirety. An inpedance 216 is
preferably coupled in series with the output of the
driver 214 for providing a series termnation. In 30
the preferred enbodi ment, the inpedance 216 is

sel ectable wth val ues of 3-ohns, 50- ohns, 75-ohns,
and 100-ohns. O her inpedances can be used; however,

t he above values are believed to acconmodate the
requi renents of nost digital busses. To operate a
transmtter (110 or 112), the swing generator 210 is
pr ogr ammed
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with a new val ue that produces an output step hasbagry 2007
high slewrate. The slewrate adjust 5 - - -------
--- 1 February 2007 WD 2004/013758 PCT/ US2003/ 022288
circuit 212 slows the slew rate (preferabl
wozo&@gfs{gmbl y) to produce an output si gnaIPC¥’W§%PP?{b22§8
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.
DEHOETEDRSCRIPARO R IJETHY PRAFERREDEMBOPIMENT114  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
Fig. h dlovwcofpbilingtetivs embodiment Heof aclleible iatorfhes fpr st s
digital bﬂylhé)s%édr&jﬁg tﬂﬂgiﬁ@%ﬁgggﬁ@ﬁgﬁmt s \iadt Fﬁﬁse@ﬁ@d_ trah;t Ehid ndf H
] ener a - Qut.pu n icative o
ines, TXOy0 I o] srcenireoiion O BRI % ¢ he
communfoefiy witlc £ devidel under tEXURO FminxedonX rassites 51 208 upl ed
112 respieivdt) ?ﬁqegﬁmgg S b 95%0ha %B(& (13 A RORE el 142Rmathe

arator jncludes_an ana 0odg

first and goprcesingle-crded sepsiversilee and3Ui§ and @ differantialeecdveh A e

single-endédirecdités ATWPArdl 1118 eadhhevendbput, #hd Shednpasarg adrimectaisde,

_ roduces. an u [ I al

* preferablyos § BE Bt e DG TRL LR RED LRI Gt The e
 differentiahieralverd8frpas firstomd 8@and inps espactiingly ceiipiad i thsampy@ﬁ,qf .
" the first egl?@?%ﬁétsﬁ to-eld CBceRRAUB R0 P18 aft Senidtcl dh outhit@igadlt | ve

e refat|ve | eve L a r ef.erences,

[ of dit
proportiopp) ta e difisrontiaL veliags prweRRthgse mpUE e RISFEOR s | ows

recejverstai€confibined eiadi cohteslAoiesebitdn 2 nwhick alsopestives theaitpuis 0 be

c r.ed, \ hreshol d | evel s, independently of the
Ofthere‘:gg’%-%hggé&@ollzpage of its input signals. The outputs

F zgﬁkﬂvﬁ BIRULANPALRLRSD 0P A tradeflitteRN 0320 BHE

. prefer Yy rovided to the confrol/lpgic section 122.
mSmlﬁwef@’@ﬁbfrla?lmﬁéQi%@&%ﬁfﬁw PPesush 2t (18 léP“ﬂJa‘g%g di gi t al
converteS@WIL), Which iréceived daga indicativaoph desired hrensenitiqywnipuiioltage.

. CO /
e i SRR 1o B0l SR Gl
bus switcheperrsitiley dewises Preforpbly.bgring etneraby epapadeicat s 324,
three difRREt VABgaletell aRhGIzR Miyis Wb TdQuteaOMREb@pRI0F the@iviigr t ypes

S

: generaif.ox.p 510 is coupled to a slew rate adjusting circuit 212, and the output of the slew
rate adjusting circuit is coupled to a low gain driver 214. The low gain driver 214 is

preferably tri-statable (i.e., its output can be placed in a high impedance state), under the
control of a control signal (ENABLE). An example of a suitable driver is disclosed in
U.S. Patent Application Number 10/113,179, entitled “DRIVER CIRCUIT
EMPLOYING HIGH-SPEED TRI-STATE FOR AUTOMATIC TEST EQUIPMENT,”
which is hereby incorporated by reference in its entirety. An impedance 216 is preferably
coupied 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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conparators can alternatively be used, for provikREbagary 2007
any nunber of bits of output data indicative of the
respective input voltages. The receiver 114 preferably

WO aI sQ_includes term nation inpedances, such 25
i pe®inces 312 and 314. These |npedancesPQT’Q52°°3’°22288

preferably connectable via switches 311 and 313,
respectively, and are selectable with val ues of
25-ohns, 37.5-ohns, 50-ohns, 75-ohnms, and 100- ohns,

gircuit 2 mevame mew&a& (prefe@biperanagey)ab plodtcd dnRRatut dignal he

having el e TR oo Rt A b B S B s e

current gaman.ié dgvesttheebosted siganh viafthe wbctahhemwd@w 262 and 314.
When the switch_310Q is open, 30 the_jnputs to é}w%
Fig & shongy a move dgtafled dewphithe scinpn H 408 Eige bt Lings REVFXO0

and RX 10X sire ré8hedtively eoﬁiﬂﬂdtt@ fhpu b smgleiéh@@leﬂmphfaﬁrsl ETLB uhdé are
erm re less

326. o Eppfi 27 8nd Tt el e PP o 05

compare h@nﬂspﬁkwﬂé figst gtdme@nd aefsnenw luee §1& £.0vwad Hbdld) teoul d be

generate akwmligﬁ@l s in@ichiive @rﬁﬁgem@né\}efs Jfﬁie%ﬁdt

referencdbey 750 RN B b6 8% S piputs pf ?ﬁa&?@ﬂ%ﬂm

comparaor b2k SEheatiffidrentiaticampatalve imhrdes ol ddatogidtffesentinl auplifi2P f or

320 and %%b&%g&t%g 3% erhfe 'aﬁgiflﬁér%réfgk&ﬁpﬁescﬁo&og%}g aﬁ&d?wdhcésféﬁ

~output swai Ponefhiona & %dléfp@n@th@men thersiggal lnveésioqé dsippyts 'Ehe third
‘comparafdf834 8 Bi’e@éraiﬁ? A& B GBidowicombaraiof] wich pi&ﬂﬁééﬁ Zlﬁi@ otipat the

indicativ P i Feiyis RS EEHIGE PSR rHSRIF TR S TRERIRERAL e
amplifiershegrdlowa thetvoliageaitifirade betwaerdits ifput exgnals tai@rcomamd uithre

thresholdbvel, hdeﬁénd&ﬂil? gﬁ%gﬁrtnfr}%?i ﬂkﬂﬁe SYRE e s MpHlidnaReous! y.

At step 410 ogi ¢ sectlion 12 reads a
TEEbU s afthé bvaﬁ%w cEEiﬁgar&domz msiaﬁaegze afd’piefétaﬁnyw s from

* povidd i e corsfos R 122 e SRl Bie SO BIRE AR B,

digital safipling cuaduﬁw ﬂonshmpekngeﬂm Ioetpatsgxﬁ edmspardters 382 3@érand 326 at
predetemgiﬂ 2 eCt : O@H;ﬁa}?é ah @& g'a:iﬁﬂ réﬁaﬂﬁl% rEfe. AleRhgh t

conmuni ¢at | o n.
the comparators 322, 324, and 326 are preferably window comparators, other types of

comparators-can alternatively be used, for providing any number of bits of output data

indicative of the respective input 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-ohims,
75-0hms, 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 ate 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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differential signals, the control/logic section febiuary 2007

configures single-ended transmtters for driving

differential signals (step 412). This step generally

alls preparing to program the sw ng enerators 210

Wozoiyéla]:ssat ed wth the two transmtters 1109 2258

that they vary in opposition with each other, i.e.,

to values that change with a 180-degree phase 15

rel ati onship. At step 414, the control/logic section

- Hig.ephbesa p@cése sploded 1y thé\eontrul/lopit sedtion t 22 fod chiifpnsmt i al
. ar at st e . 0 I puts
the o SR TRRERE Ao v NRAER R LR AR P SRR 20
Although tietstspe shommn Higd4 apger inngativdassegrrace ijshewld a0, f or
understoo@ {5 fh%tokdég of € steRGLhOL %n{léa‘l‘ &l daf b6 ¥HAASHiE the K¥Wpe of

the inveitjll &pt P BHACciPS HFES B RF PO BRI GTE A SO

of the stemRadayrbetehecuizd sinadteneceslys) are set for si ngl e- ended
receive. The switch 310 is closed, to term nate the
Atstepial0, the enstrollogivemtipn 04 readsaseriasof fags. 10hs flagn be

indicate tHfsign l@]@%{éﬁi Jtnmr fhe@ altppaﬁfsmg@ eh§ed cﬂﬁﬁmhﬁﬁtwﬂ:zﬁﬂttﬁbés th(at t

na alt su on Icatl on (step
support & HEARaisl LB R o e A AT o SPT PGP « ho ©
umdmecnmabﬁdnanmdaﬁﬁn ﬁnﬂthdmed{hat suppm bmihreﬂmnhmnmucamn Tor

d1fferent§a§ E@Ralé :Ii@ contrbi/1b %oe segﬂaﬂpiz%ﬂﬁ%ﬂ %%J‘énﬁe& YRhYESs for

ring one SWtcC 26 to coupl‘e

|—r

driving dlﬁ@remtwb pistep Y2 diisisiep rgeqexﬁlmataalﬁ arepRrigdpPIoLathes,

the smngé&em&s 2 M) assodiRer with me t\fz@ﬂmsma&rd hatan@ N &2 sovhsttthdye

transmt ne f.0
vary in 3Bl vt s B 4 qptoRipt S P R0 e g, ¢ e
relationshipa g iwiep 414, Vescontool/1ogié Sestiempieperes to rsnendito sheicwiput e | f
the dlffefelﬂﬁal%b%?%am? 18N 1ﬂ1|ef el 10ARRbuSREBIRE GiAdIb-Lftedt he

contro sec |on J configures. the i rface
and AN

comparaiqypl 6nd dﬁ dalqseﬁm hesi 1 éa%{ﬂé qpgps the

' terminatRftiecieteivd inkOfh eacH dtha. FovainaIhat euppogeingtegendae or bot h

commu Y S5 R o p B SORP b Dd g Bl
receiver(@hase st ifmmg@qmdﬁcbgcftlheatTt@rsmtch@@us plesedtouienmaepts e o

receive 36 & VEOM. Hyifchls 131 BEd £138036 86 1RUPBR Tn6 MrindihtioRist t hat
both inputs be coupled 35 to the receive |lines for

desu"3‘1'di fferential communication. 7

For bus signals that support bidirectional communication (step 416), the
controVlogic section 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 fo 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 unidiréctional 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 to the receive lines for differential communication.
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PCTIU820031022288 At step 420, the voltages for the
SMAng generators 210 are progranmred, as mell as t he
transmt slewrate, VCOM (if necessary),

WO 2004P¥&01 d val ues for the receivers 114. P?@Pﬁ%"ﬂ%‘lzfz@ﬁ
i npedances are selected (step 422) for both
transmtters and receivers. 5 As is known, digital
busses often require control Iines, such as

Abg &imlmew cH 8% the swﬁﬁgcéenéramﬁszwamcbmgrmmb&es wichh as
the transrﬂg grrgt& @80%@8 ¥ D) ém}dﬁg i!hPetsﬁ&E@ ]iQpﬂlg?eEewers

eC|a ose sl gnal s.

114. TerBdnation nupegdrncenart séctddi (E@BQ%@@@WFIDF@S&H 1SOTVEFa
TXO and/or TX1, and can be received fromthe DUT via
RXO and/ or RX1. For bidirectional busses, data and/or

e S B SR BS  LPDL h fTaB s DO

 clock linés) mnd thé kike, int aidition & date linss.pEe intstface l@pgwapreferﬁb face

accomm«{d‘élfsettlﬂesg ggecfafgﬁrpés@ §fgﬁél£‘%;%ta adr Bl Liaskadah dB kit fod

variety q

DUT via Skhaatiior TRheand g besseaeddome U Ge BRDealabRyToror

bidirectidharbtlsses] dbdi anBlot GhtioNlines danttrichnaraiied andsecdived izl XAX|
Y Tﬁﬂrd cage, of an autonmatic test system The bus test
and/or 1o hstrument is 15 controllable via software, such as

Ir& tﬁé treﬁrfég BB diBA the UBxiPR iRelRRE tforﬁ@?ﬁﬂﬂ b4 sigrkld fterface

I nter, s not |im th
for & bus ast oplopranm. WAL aGigiebie uteine fdgwro e Pab el 1.
digital sigtfa@d The baé R&iinsambnids prefeiably ecmodlﬂdmat rdugsdutb asandieage,

h di |
o S o i B Py g, 01

controllaple ivivesoitiwaref sch setsstrograsas that gusen # best compuiys Jbe? exible
interface I}Mlog R4 FPRE %ﬁth% ulsﬂ'@mblﬂ‘ hﬁi feﬁc‘s?stéﬁg:o&feeelp Tefag GBO by

use i i oA ORT T YRR O O B o s

or digitaleigales require multiple bits of data and sone
require multiple control lines: W have di scovered

Thénprefertetl embodimpites thsfinveniéon primsrily fasusepon ispinggendr al | v
busses. gqﬁ@ 1e§ Bf thé ﬁﬁérfa@@lm prefeRBEy wEd ff btodnmadennghes .

nmeroup g;g)@ ﬁ abc&% b nt ﬁq%%dﬁqlay?rgc?uﬁreo %%E%tsgnal hegst xjgc?lﬁte for
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 diffetent 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 /O for each group of interface circuits is preferably provided on a single I/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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two receive lines. In the preferred enbodinent, four
di fferent groups of three interfaces each are provided
ting nultiple devices. The 1/0 fqr r oup
wo 2‘?)0?[0?2?8; face circuits is preferably pr ov?’gg@@gﬂﬂygn%é
single 1/O connector for facilitating connection to a
single bus device. In the preferred enbodi nent, 30
each group of three interfaces 100 is provided on a
also requgien tjttle cRGutiioardsp Sepwhickh frecstuprspacafiel providing uthet est
ﬁnmﬁomhﬁﬁtrunent i ncl udes four such connectors at its front
pahel . A benefit of the interface 100 is that it
acconmmodat es a wi de range of busses while requiring
little connector space. This nakes nore connector
Alfernatipace avail able for other interfaces of the sane
type, or for other instruments in a test system The

Hanmgdpsegbedong embpdivanty ngaggus aliemadesnodipests or
variationSedd bR F2 2 43Rrsah AR BN efif®Sdibiehit 08 of iHeGltkibid0ar d

. space, [ frees up space r providing other
interfaces ﬁﬁemﬁ%}%? 25 e SerpHIORE Of f@c P%Ea%%e%%fe&ﬂ%
It differschdweedterinrthat itpoowides inso sdctieenvirciitsporefboiidinetivsal or

communt ool Aia GYor i FRE Gondl Lo SARH T2, P Gipahiore

500 thus jelimizates ths swisehen 424 audel 26 avhile prassseing dre fanatiorglinettie ons
interfaced®0t he interface 100. It differs, however, in that it
provi des two receiver circuits, one for bidirectional
Thethmeervopias oftihe fléxiklg irderfhco(ve hbweverimiany gre asddgragroup)

meyve R AL P ER b, IS BTG b RO e |,
dedicateqd fossendipganiigneaceivipg Sandshaking signalss This copomaymeluder ee

simpler ¢2@Bitg wilflest Aexibillifthid @hértbsied, @eeebly @havliaya \¢edt sty ar e
be identical, but this is not

without si%g%glyl%gé@g%&%@ée%%e, one or nore copies may be
flGfieal ﬁﬂ{% HERLLSHioR PR geg g@%ﬁi‘ RS AARAS 33K A1 Bus

St ghal S

: S CO may I n
_ applications%VHLSTD-lSS 3, ARJE{J\}/C 4292/ 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 /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.




15 sinpler circuitry with less flexibility than rRdbagdry 2007
copi es, thereby enabling a cost savings w thout
severely inpacting effectiveness. In addition,
al t hough the description provided herein refers
primarily to serial bus applications (M L-STD 1553,
ARI NC 429, RS-232), the flexible interface and net hods
descri bed herein are al so appl icable for use with
paral l el busses or other i ARls signals. 20 For use
wi th parallel busses, great er t an three copies of the
W*&iﬁoéﬁ“@eqlﬁterface may be used to accommpbdate greater
nunber s affledidleantbitics fos byt kamggiuahay ?ﬁﬂﬂerér{t nglxtal .
V] t nunbers of term nals may be
b%gslggﬁg{ﬂ%d%fmfl lnte&&eg%tﬁigﬁm as Jeehs ‘particularly shown
and descﬁtsmdswnmﬁmsfnén@me to the preferred
enmbodi e fisBanl BEORPceivelnolids! | be understood by those
skilled in t vari Qus _changes in form
and det af FoH8 rﬁiapﬁéa’ecof“ﬁé FRiAnSRYIt AR (FECTEaEIR S fHige firtpus;
t he spi rafirst aodmiEopepoodivetth theiconnehitr] thefirsQransmitter-having an

ohfpﬁfdo;(p%{ tﬁﬁl%rf#&& s Q4de £ AlalRa mghidlz?sﬁaﬂlh%ggeé@graxgmable

e interface for use in
dafive Ieesleaseordingyiortha intexfage speeifippiipnsd thidigitalrtanit i nterface
S p e c i i Cﬁieb@iﬂstranﬁrﬁlﬂafrh@bﬁhi}/e td thé &dntrél[wl txeeend uhlsAi&Nhdving
and econflr%rec troller

DR sopries e BRSBTS el B e S o
prageanghiagyletdaibe loveds accaudihg toghe itterfass srctifieationsed genligiteldbus;o
the conty gl sﬁ{fe-énﬁ&i rrede[vélt regp'bm% ft @Jntxgﬁ’éfl thO X Yeceiver

out put 0011 to the first transmt node and adapt ed
havipe e IR SFipotss Y FRIecaRlg? RS 95 S sk Rt node #id; theeoutnut of e
fiaiC coklittagant addptee td Ecdvelsagds Sd@adgfantrable @Resholfls 4@ ding to the

spgélﬂéaﬁﬁ’isopéﬁédlgﬁal%@ond transmtter responsive to the

ont Second transmitter havi ng
a second single-ended receiver responsive to the controller, the second receiver

having an input selectively connectable to one of the second receive node and the output of the
second transmitter and adapted to receive signals and programmable thresholds according to

- the specifications of the digital bus; and _

a differential receiver responsive to the controller, the differential receiver having
first and second inputs, the first input being coupled to the input of the first single-ended
receiver and the second input being coupled to the input of the second single-ended receiver

and adapted to receive signals and programmable thresholds according to the specifications of

the digital bus.

2. A flexible interface as recited in claim 1, wherein the first single-ended receiver
is connectable to one of the first receive node and the output of the first 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 transmitter via a second switch.

3. A flexible interface as recited in claim 1, wherein the first and second -

transmitters are tri-statable.

-10-




an out put coupled to the second transmt node darkbruary 2007
adapted to transmt signals having programuable drive

| evel s according to the interface specifications of

the digital bus; a first single-ended receiver

responsive to the controller, the first receiver

havi ng an input selectively connectable to one of the
first receive node and the output of the first

dransm t tefiexfbnREAR TR Lshif o £GE ﬂﬁgeﬁésg 'ﬁ@:l Bvild\Whder test
@ %rannable t hreshol ds accordin

ng t

Bling 3 Latal Brysthe Hexigheinirtefe s comppigs a s ec ond
si ngl e- efigkeshdrse@ad wasmit @O MRApted ok Cortriitmy Wit thedevice
& sgcond receiver having an input selectively
connedtable to one of the second receive node and the
out put offirst ansl seapad rpprivernogys addpted dor camahuzientipg with the device under
tegcei ve signals and programmuabl e threshol ds accordi ng
to the cificati.ons he di |taI bus; and a
i 1 1 or endTFPEOR oPerRehE T S E Bt p ovpus
tiehng rgpdctivaleenuplad tortlecfestwad seband itragpmitfiodest andnd second
i nputs, the first input being coupled to the input of
the first single-ended receiver and the second i nput
bei ng coupled to the input of the second single-ended
receiver and adapted to receive signals and
programmabl e t hreshol ds according to the
specifications of the digital bus. 2. Aflexible
interface as recited in claiml, wherein the first
singl e-ended receiver is connectable to one of the
first receive node and the output of the first
transmitter via a first switch, and the second
si ngl e-ended receiver is connectable to one of the
second recei ve node and the output of the second
transmtter via a second switch. 3. Aflexible -
interface as recited in claim1l, wherein the first and
second - transmtters are tri-statable. 10 1 February
2007 4. Aflexible interface for testing a device
under test, the device under test including a digital
bus, the flexible interface conprising: first and
second transmt nodes adapted for conmunicating wth
t he device

-10a -




under test; first and second receive nodes adaptfesbrhay 2007
communi cating with the device under test; first and
second singl e-ended drive circuits, each having an

out put, the outputs being respectively coupled to the
first and second transmt nodes; and -10a 1 February

2007 at |least one receiver circuit having first and
second i nputs selectively coupled to at | east one of

t h e fir S'élt I@égfjong' ?e‘éa{?é? citr(.r Iﬂ§‘qhé ﬁrgtq.\g@ s?‘ea@d?iqnp\?\lk SLIQ&%&“-}I‘Y one

the first and _second recéive no
%lt‘%% 9 @ least qne of the firand sreendyrapsipis podes ang pideastrpe af the
i&ammﬁkahﬂﬁamhamm&g |nputs coupled to the first input

of the recgeiver ci ro bl e
Chr oorol el e ElhEHde LG0T 3t iFE o LRTRATT™
Hapipg tirputs @almleédo the first input oBtboredeiven pignuit ofid dnker mereei ver

pRbdidikthdblAREsHORIE a@EcoMl?glé)&ﬁgcf&mﬁMoﬁhatvﬂﬁ G dSpleRd
@?dlfferentlal arator having i nputs coupled to_a

PP dipe Fheé?calﬁ%nmf%&%@?? F ST Frobrapmaie higabolnd
ardéffepényielrcompargton Haging ighuid Reupbsd tavDdifferpdtabyighalibleen the

sl bPRON Spoctdr chofif it B or 2R prodtemdbelid SRR
Interface Tor testing devic a variety of digita
bus types, conprising: first and second transmt
nodes; first and second receive nodes; first and
- second single-ended drive circuits, each having an

out put, the outputs being respectively coupled to the
first and second transmt nodes; at |east one receiver
circuit having first and second inputs selectively
coupled to at | east one of the first and second
transmt nodes and the first and second

o -11-




recei ve nodes; wherein at |east one receiver cilrfabrgary 2007
i ncludes a first single-ended conparator having an

i nput coupled to the first input of the receiver
circuit, a second single-ended conparator having an

I nput coupled to the second input of the receiver
circuit, and a differential conparator having a first
i nput coupled to the first input of the receiver

S T Ui ieheacs 85 ngd JARILs f&%t&xahégo#&? ifal s fpeQNd 1 nput
of the receiver «circuit; and wherelin each "at | east
CHE"$®Eei ver circuit conprises a sel ectable

t er m nat ifiesnardnp@dd nasmithadesst er m nates the i nputs of

the at | Men circuit to an adjustable DC
referencgﬂg&wgggmgggg% ?ébruary 2007 6. A flexible

i nterfacérsd Sa@éd pingle-ensled driyegirguits caghthavingjin aitpub hsses,

&@mf truﬁﬁg ecﬁielfy do 1edtrta@lﬁ firs? @FQBLhna &gﬁmhme@d tnﬁd e and
our node a apt ed a

dovi ce uAder PesEHvg Rrydtving GG rea ity s e
@uplpdto ateaspinedf tho fitshandfséosd trameroien@laciang deefire dnd gecondr i ve
kh&ehbdest node to at |east two programmable drive
| evel s; a second transmtter having an output coupl ed
to the s@BYHENEHECRSAFCIVEFHpidacydss yfisstanalef@dedecond
d’c)mﬂa'atbﬂlaaihg hieiapit covpledps g RRNEHR bEthélfcbaieer bzamaj #second
sulg €= etn%h% co%barfggrurhalvln% El%e 1%1% \égl{p}gl:la ?{y tb%%c?qqlfnlgpa of t lgc(x)a}ve{ he
direwis endractififerential cauippttethaviog e Grspapw couptedfta 1ths ﬁrst inpueft o

't@&%cewer mmm gndmse&ha IRRL&IdNS &:3 bRbAfinp R o SRERBGver
sin e-ended recei ver havi ng a secondpl nput

?ﬁﬂ‘&?ﬁvely coupled to either a fourth node or the
second nebeciangdhadapt @d réceivaeimaremptises $st@tble | nput

t&rﬁ'ﬁl{aﬁ&l 1%9&5&% H:E'Iﬁmlltgg e 1'%11%9&‘ theBY f%ast one receiver circuit to

an adjustable DC reference voltage.

-12 -




a differential receiver adapted to produce a 1 February 2007

differential signal fromthe first input and the

second i nput and conpare the differential signal to

the programmabl e thresholds. 7. The flexible

interface as recited in claim6 wherein the first

transmtter and the second transmtter are

tri -statabl e. 8. The flexible interface as recited in
laim7 f ' peratively

€ oupl ed {0 TE pEREPIE Fichpicade o Gt flkepl

@EPEEEE vel y coupl e the f| rst input to the third node

or the fhaEsk ndaecteconaﬁuiie AhiSBa0 shaTwirthGlddoekaiddel Y
cou singl e-ended receiver 13 1

?%umggmg%%f de“ﬁe ‘én Fr &&tively coupl e the second i nput
to the f o dirst answifter loving kreovgme ompled todhbe firstdodeTind adapted

tB el td s Iﬂa@t@faﬂ%t%pfo%&hhﬁgwldﬁv&lk@elsm 6 wherein the
first and second ges conpri se two |nde endent

uni di r ecf PR ‘“@?"Hﬁ?f a‘é’l‘ﬁ)"é‘d’“@ﬂ'tcﬁﬂﬁlgd tq SF%‘E 2F Y and
ddapedith dvadBe o hodeeo it\astitnd ppaatenble divedéveRCt | onal

single-e 1 Ap . fleexi

recited Pﬂﬁﬂ:f;}g@&@‘?d reéle%e ka%ﬁ f‘f&q g{lt%elk(gltvag];@uﬁgd nodes
catharhei thied noggor thﬂjférﬁé'ﬂ@iwﬂ a@meél foreempire Hafirss infg e onereed
r@&&ﬂldg@mﬂle‘gethk@hdldy rd and fourth node corrprl se one
unidirecti onadr dentJ al 1. Th Xi bl e
"t er f aohbaa R snglercufF el Y s R s and
coer@itd eithepd fogrttcmdp 1 thesecme nodei add n@pied trrampae fhe eecemt | al
lfﬁmgqﬁewalﬁg%lﬁme&gmg%dfourth nodes conprise one

uni di rection ferenti al 12. The flexible
i nt er f ac@&difisreptist repeiver pgapied inge cmﬁf@mak sevakfrqusthe ang

@ @piarthnd ARAESnCRAPR AhERNPRL tHerifttkdnaflsighn @ theli f f erent i al
(I?OUtd[l)lJuabPr}gr §th% third and fourth nodes conprise two
N Rfependent uni-di recti onal  si ngl e-ended inputs. 13.

The fI exible interface as recited in claim®6 wherein
A he firsi,aMdivkSmaRRAe as recited in claim 6 wherein the first transmiitter

and the second transmitter are tri-statable.

)

8. The flexible interface as recited in claim 7 further comprising:
a first switch operatively coupled to the first-single-ended receiver to
selectively couple the first input to the third node or the first node; and

a second switch operatively coupled to the second single-ended receiver

.3




nodes conprise two single ended bi-directional 1February 2007
i nputs/outputs. 14. The flexible interface as recited
in.claim6 wherein the first and second nodes

conprise a different bi-directional input/output. 15.

The flexible interface as recited in claim6 further
including a slewrate adjusting circuit operatively
coupl ed to one or nore of the single-ended

transmtters.. .16. The flexible inter recited
o1 ai G BRreRve I R R bR el
nodansnmitters has sel ectabl e out put inpedance. 17. The

flexible interface as recited in claim®6 wherein the
ingle-epnded .transmtters conprise: a swn ener at or
oo SR B RERT Rli0 R s ers i e R ot
tfodes cemprash W sindapgndent uoidirgtionabsigalatndpd appistandhathitiand
fgﬁ'ﬁll r{oﬁéj%o ?iQeUc@v%ﬁig%{%ﬂ&enﬂ.}nicfhjg&ionﬁ@ﬁg@%ﬁdeﬁ?n Etrs..ansm tter;
0 a ]

141 February slew rate adjusting circuit
having an i nput and an output, the input being coupled
00 the oUhdAHxibBfinttiiRe SVedi@d B Stwhereinahd firbt-abd &tail e

buf fer havi ng.an . nput. and an_out pu the i t .being
g B hor2 L B Bae Q0B Db gl ol AP Hlra'aRl
feurthgwile comprigd oae ymdirealivinel diffaréntia! inpat-ni nat i on i npedance.
18. The flexible interface as recited in claim®6
wherein e or nore of the  receivers include a

el ectab Qe Rextbleipierfacoa rF?Fﬁ%H’ePﬁ"&‘E? .e‘“ﬁ?£f?tla%&%em%
niodds eorharize omsintdéredtived differeatizh buwput 8ndvhethiad mdt faath nodes

. ' ' .] npedance term nates the first
c?ﬁb%%%%%%ﬁ?g%%%%ﬁ?%%ﬁ?ﬂP%HEaCh other. 20. The

flexible interface as recited in claim 18 wherein the

13el ect abge fidx@ldtinRARde Q8lrelifEA SLARNME WiRFIM B@ti8Eanll B&ond
nEJ e% %é)r}llpenrse 'IDII;] ulﬂ}dirgc?ioga? di%giezlilt?atl gl?tllmet ar%c%hg t%Ir ermed glﬁ‘th n\cla ést age.

comprise two independent unidirectional single-ended inputs.

13. The flexible interface as recited in claim 6 wherein the first and second

nodes comprise two single ended bi-directional inputs/outputs.

14. The flexible interface as recited in claim 6 wherein the first and second

nodes comprise a different bi-directional input/output.

15. The flexible interface as recited in claim 6 further including a slew rate

adjusting circuit operatively coupled to one or more of the single-ended transmitters.

16. The flexible interface as recited in claim 6 wherein one or more of the

single-ended transmitters has selectable output impedance.

17. The flexible interface as recited in claim 6 wherein the single-ended
transmitters comprise:

a swing generator having an input for receiving input data and an output
for establishing an output signal proporticnal to a desired output signal of the

respective transmitter;
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21. Aflexible interface for a test instrument 1 February 2007

conprising; an 1/0 connector with at four |east nodes

for establishing connections between a device under

test and the test instrunent, a first transmtter

- circuit and a second transmtter circuit adapted for

transmtting on two of said four nodes; a first

receiver circuit and a second receiver circuit adapted

for rece r t he

Dot b oo HelSote il B3k ol té‘onz?‘e"%"é’r LHRHELL
Weééﬂ@eOW‘ttﬁftflﬁ@“H%Sanrétounder test in one of the

fol | ow nltrpaaémgwf@i haQAE an (ngyt ahdh Afput, B idpatieidzodes
n dlrg%¥donal si ngl e- ended

en

Cgu?qp(ftf’é’egﬁtau Oﬁ@ 8’? %e %H%%Clrtcw our nodes conprise
t wo i ndepeardblaseriegiigindnation inmpsdance.si ngl e- ended i nput s;
or (b) two of the four nodes conprise one
unldlrectlonal differential , output and the other two
15t the foufflenblraaertashpyedtsd Bwéauaﬁ.“tw@@w Bfrapre of the
relichvbr irehide atelectabip tdhinadon(i@pediwe. of t he four nodes
conprise two single ended bi-directiona
I nputs/outputs; or (d) two of the four nodes conprise
1Bne bi di e fedheinicefpoorag rositdiimplainy I§pderchptectaiga 1
ter@RaHe MpefAfct terdithated the fifst MyhtlahEsetbdili fiphae @achforef. ai M 21
further |nclud|ng an additional configuration for the
flexible interface to communicate with the device
20nder t eSlic flewirkerigenfacn axdestedn ddive 18 Whoreib ke sélndtebld ace
g&%ﬁ&i G5 da &t G hd %&%Aﬂﬁ &8 QIE'LH 6B *e%éﬁl\ffeﬁe%ncet he

evice under test via one unidirect!ona erentia
v8igut on two of the four nodes and two independent
uni di rectional single-ended inputs on the other two of

ﬁhe f our

A flexible interface for a test instrument comprising;
an [/O connector with at four least nodes for establishing connections
between a device under test and the test instrument,

a first transmitter circuit and a second transmitter circuit adapted for
transmitting on two of said four nodes;
a first receiver circuit and a second receiver circuit adapted for receiving

on two of said four nodes;
wherein the flexible interface is selectively configured to communicate

with the device under test in one of the following configurations;

(a) two of the four nodes comprise two independent unidirectional
single-ended outputs and the other two of the four nodes comprise two independent
unidirectional single-ended inputs; or

(b) two of the four nodes comprise one unidirectional differential
output and the other two of the four nodes comprise one unidirectional differential
input; or

{c) two of the four nodes comprise two single ended bi-directional
inputs/outputs; or

(d) two of the four nodes comprise one bidirectional differential

input/output.
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nodes. 23. The flexible interface of claim 21 flirebhery 2007
i ncluding an additional configuration for the

flexible interface to communicate with the device

under test wherein nodes of the flexible interface

are selectively configured to communicate with the

devi ce under test via two independent unidirectiona
singl e-ended outputs on two of the four nodes and one

iﬁm dir ecq‘hé)ﬁ%kblé%ht%lfffcgg\ﬂ? 11?1'21 E]G@E‘Lné?ﬁhug aﬁ’#nh&lgil two of

four interface for use in

alguratign fr the dedble ingrrigpeta FO%H%C@@ withdbggsvicapndertesy i r st
mdﬁl nod&CF i fRABIE intdrRtd Ae RRASBNDnfi@LdtibconaslRicak with
N e
o tmll ledﬁpmiemt haidir¢ctinal siegikeendenidpusdaphedher ovedtpdre t he
dolidsst i nput to one or nore programmabl e threshol ds; a
second singl e-ended recei ver having a second i nput
coupled to the second node and adapted to conpare the
Becond i Tpuflexibb: intadace bf daih @1 pirderiadindidy) «8 addifivnels hol ds;

gﬁf%p?augﬂ fof ﬁ‘a]% ABlibie) nlte'i‘t?&qb ch%m&%?@;\@@ i de9i é’&‘dgr‘%%sﬁ

erenti a

véereBigdesioh the ﬂS’ﬁg‘ ¢ Eaaesase ae}@etwaiwop@fi@w@ |tfa¢0n§wgweﬂe withy
- (R R vioE urldiBY 165t vid W&ﬁl@é}i@ﬂiﬁﬁt%ﬁﬂésﬁ&ﬁ@h ¢-erfled biltilis on two

sn1t havi n e ect | coupled, to

oI T rodebngiins b paelch S as Srepc tﬁ%‘&tﬁe"é‘ﬁ?j&]ﬁbﬂ%ﬁ?red

&mdrlve the first node to at | east two programmabl e
drive levels; a second transmtter having an out put
selectivegé coupled to either the fourth node or the
2decond nddisxibls éf’t%ﬁﬁo’éﬁe figesipg Jifferepdigialysgsnode to at
cb@pdsingt wo  programmabl e drive |evels. 25. The flexible
I nt er f aceqas, 18 Sl Ghhdal oo £ ARG LSk B!
communicating w1th a device under test;

a first single-ended receiver having a first input coupled to the first node
and adapted to compare the first input to one or more programmable thresholds;
_ a second single-ended receiver having a second input coupled to the
second node and adapted to compare the second input to one or more programmable

thresholds; and
a differential receiver adapted to produce a differential signal from the

first input and the second input and compare the differential signal to one or more

programmable thresholds;
a first transmitter having an output selectively coupled to either the third

node or the first node and adapted to drive the first node to at least two programmable
drive levels;
a second transmitter having an output selectively coupled to either the

fourth node or the second node and adapted to drive the second node to at least two

programmable drive levels.

25. The flexible interface as recited in claim 24 wherein the first transmitter

and the sc_econd transmitter are tri-statable.
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and the second transmtter are tri-statable. 14February 2007
February 2007 26. The flexible interface as recited

in claim24 further conprising: a first switch
operatively coupled to the first transmtter to
selectively couple the output to the third node or

the first node; and a second switch operatively

coupled to the second transnmitter to selectively

%g 3 2 l'e 12?&% ﬁéﬂb&l‘ihteltfa%c gmcifeg 'i‘hrJleHmQQ gﬁthgrr coL’nBr?siﬁ?g.e cond

a first switch operatively coupled (o the first transmitter to selectively
couple the output to the third node or the first node; and
a second switch operatively coupled to the second transmitter to

selectively couple the output to the fourth node or the second node.
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