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[0001] In conventional testing of bi-directional
signals, each device under test or OUT channel, for
exanpl e each pin, 1is separately tested using a single
channel of a tester. Thus, there is a one to one
correl ation bet TE?S:E@UT ahaRRe lsiagg DUT channel s.
I f the DUT channel only recérves input, a single
tester channel may be used to sinultaneously test

mul ti pl e channels of the DUlgy This is possi bl e because
the data i s conauAsg aedd ik Nahlcyaofesddideest i on.
Therefore, the data can be fanned out from one
channel to several channels, i.e. fromone tester
channel to SERASSaREFFRIAICES TQ REDHTED \ARALICATHERdJed is a
test nmethod and apparatus capable of hi-directional

si gnalPhEDrARRIEatT Sh SLRHRT HEE, PRRRE S SEnettedTorESEpnal
t ;sdl iret had Nendeapies, i as Tideabbe Df29B06dikweGehonz, et
c c el .

BT BPEPHAY Tephe B SR, MR P e R0 porated
| P | TeARRERAS oA, 1S MER6EYor testing nultiple devices
under test using a single tester channel is provided
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[0001] In conventicnal testing of bi-directional signals,
each device under test or DUT channel, for example each pin,
is separately tested using a single channel of a tester.
Thus, there is a 6ne to one correlation between tester
channels and DUT channels. If the DUT channel only receives
input, a single tester channel may be used to simultaneously
test multiple channels of the DUT. This is possible because
the data is communicated in only one direction. Therefore,
the data can be fanned out from one channel to several
channels, i.e. from one tester channel to several pins of a
DUT. What is needed is a test method and apparatus capable of
bi-directional signal communication. Further, what is needed
is a test method and apparatus capable of bi-direction
communication between a single tester channel and multiple DUT

channels.

SUMMARY
[0002] In one implementation, a method for testing multiple

devices under test using a single tester channel is provided
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WD 2008/ 042168 PCT/ US2007/ 020692 whi ch incl udes
providing an input signal with the single tester

channel sinmultaneously to each of the devices under
test. The nethod further includes providing a clock
wiopoed/odsbss each of the devices under test. TRETEEWOK020692

E,br%ﬂl MAvkdsd ptﬂém@ eh tiE@ueevsilﬁ,aalum@ﬁ tesd BBYgle
e successi ve Yy a ocC Si al S | C alr e

et foaren ey LB  qutl ook DREBT Sr ot hedifes napcer
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fest Sone i np ntations
|‘hchﬂfdésgn9d1' oviding an input signal with the single

t goan channel soréd MutdAReeHSAY dn@, eadtheof ddiodeviig@sudes

under, test us series-to-pa [1el nnection
R8T n o B oS ToobT | FEGoRgate Coster channel
i spud ren¢@tslgnsto t%%@hodhe ndbud@@ wedesur teRg - using a

CéHH'eétté!Bpa&%ih?QDS@onrlé?:t%@ﬁeoh”E' BNt at 1, 0NS fbBE board to
met hod i ncl udes detecting an increnental chan
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ﬁgc}%&%g% 45! aL%qu:f J]%ﬂg h t bge Olétlgg%? [tggggl' cﬂannel
e enpodl ment, ‘an autonate tester ca

simultaneously to each of the devices under test using a
series-to-parallel connection located in a test head.

[0004] In some implementations, the method includes
‘measuring a cumulative response. In some implementations the
method includes detecting an incremental <change in a
cumulative output of the plurality of devices under test. 1In
some implementations, detecting comprises detecting a rate of
change of the output.

[0005] In one embodiment, an automated tester capable of
bi-directional testing of multiple devices under test using a
single tester <channel is provided. The automated tester
includes a test channel having a bi-directional input and
output circuit and a series to parallel circuit configqured so
as to be capable of connecting the bi-directiocnal input and
output c¢ircuit to multiple devices under test. The tester

includes c¢lock circuits, each being configured for connection
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bi-directional testing of multiple devices under test
using a single tester channel is provided. The
automated tester includes a test channel having a

bi -directional input and output circuit and a series

Wwo ppesymbisel circuit configured so as to be eapaiste7/aies2
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dévice iNnt erface ard
[0007] Some embodiments include a device interface board

adapted to hold the plurality of devices under test, the
series-to-parallel connection being located on the device
interface board. In some embodiments, the series-to-parallel
connection is located between the bi-directional input and
output circuit and the device interface board. A resistor is
located between the series-to-parallel connection and each of

the plurality of devices undexr test.

BRIEF DESCRIPTION OF THE DRAWINGS
[oo08] The features and advantages of the present invention
will Dbe Dbetter understood with regard to the following
description, appended claims, and accompanying drawings where:
[0009] FIG. 1 1is a simplified schematic illustration
showing an automated tester capable of bi-directional testing

of multiple devices under test using a single tester channel.
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adapted to hold the plurality of devices under test,

the series-to-parallel connection being | ocated on

the device interface board. In sonme enbodi nents, the
series-to-parallel connection is |ocated between the
Wio-dewoazisd onal i nput and output circuit andPChws2007/020692
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e out put voltage on the tester channel in
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@H‘Qﬁﬂé‘?‘ant[ 6’61%1]‘ Ftemaked £egt&Fnplified schematic
illustration show ng another enbodi nent of an
automated tester capable of bi-directional testing of
mul tiple series connected devices under test using a
single tester channel. [0014] FIG 6 shows a bl ock

di agram of a possible '



enbodi nent of an automated tester. 4 WO 2008/ 042168

PCT/ US2007/ 020692 DESCRIPTION [0015] FIG 1 is a

sinplified schematic illustration show ng an

automated tester 100 capabl e of bi-directional

we0esg2168 nul ti pl e devices under test or DUFST/UL207/020692

120 130, and 140, usi nfgserspi@ne tester channel 150.
he DUTs 110, 120 130 and 140 are connected jn
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to the DUTs 110, 120, 130, and 140, respectively

6116619<ltsfl§1”’1all§c1€ﬂ“lf‘cax ﬁeskﬂt{S’ER 2157016’8Rt%d aid téFoc%Pﬂ 105
tatseen hehUSsrido-tiorpasalliedn direuitoubputasd Haeh of the

tDﬁ?QSifd orﬁooflgdw%ngl pgk signals Cock 1-4 are spaced

cause individual DUTs to provide
d@f’b@l trénsr-nptmw@\malelmqvémw@teair gosgll |the DUTs 110,

RROYI @I%?,g a}d rlﬁms'vtlholeﬁg Qégﬁk%lit c‘i’a@nﬁ@f i.-ﬁﬁt erc1%bﬁns_e4,nazs
e C O na OC nd d ock
1201l MG uod" BOER 2 e A Phdchisu i g, SPhaceted

ltor whe DPRy aHCng 12f0r egj@@ncyndflathe reepe¢erivellgck The clock
995‘15 chieg, 11 hey QUi put kR 3%@%@9&‘% &%se the DUTs

urned to its pre-transitioned state, I.e

éjPOl}:ﬁénsb@F%‘r ethfid RUEPEEGnal THRudESnal Fons DE?F ‘El?ﬁ clock

tsignsid iQUdck 1-4 are spaced close in time to cause individual
DUTs to provide output transitions while other DUTs are still
providing a transitioned output to the tester channel 150,
The clock signals Clock 2, Clock 3, and Clock 4 may be delayed
by a period that is shorter than the normal operating
frequency of the tester clock signal. Thus, the output of a
DUT need not be returned to its pre-transitioned state, i.e.
to ground, before a c¢lock signal causes a next DUT to
transition.

[00172 For example, Clock 1 may have a delay of zerc, Clock
2 a delay of 1, Clock 3 a delay of 2, Clock 4 a delay of 3,
and so on, corresponding to the number of DUTs. Each delay,
or the cumulative total of the delays, may be shorter than the
time required to return the outputs of the DUTs to their pre-
transition state, i.e. back to zerc. A combined ocutput of the
DUTs on the single tester channel 150 is detected and/or
measured. This is illustrated in FIG. 2.

[0018] FIG. 2 shows a timing diagram showing the magnitude
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[0017] For exanple, Clock 1 may have a del ay of zero,
Clock 2 a delay of 1, Cock 3 a delay of 2, Cock 4 a
delay of 3, and so on, corresponding to the nunber of
DUTs. Each delay, or the cunulative total of the
Welzagaﬂmzmay be shorter than the tine requir&dTAB2007/020692
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|nput out put drlv IrCUIt 1 [ 0 I

|ﬁ56 i tjg ons meDOd“% then§%§§s§F§ Won%eii Sct “?ﬁir?twe
apuctnahgreol‘wag@utlpu@l vveﬁ t%tg’-@eﬁasn b%maﬁ-’ed oid Hawn compared

RASHEI mg&evewfr&&@tuewelvs)fﬁeaga cF&dx t9%aBPt fon ith @BEect
enbodi nent h%gT . Sta

% currul ative out
VoeEhge | &b st dred “Wc é?‘&ﬂ'/fbgr PLIRE “tHen con%ér et e
tiopfl heerouttpets volragel 4 ions| 24 er214, c|23dk tandn<lBi oim the

o%tgﬂe%ltmt Defert hesHAIE 135 franet IEomm n{&@%&&a am/or
sSone |np enentatlons transitions 2 5

FEBSPREd he® BRI PG oFPagE I 6 Y Shonindit oL EUT%\rélo
detect ey, amd/ 040. neasured to determ ne functionality

t&%l.b?di VII%uaslome lmp}ergénta%zghs 130 asndpolsA'SQ‘ble to measure
the cumulative output 225 of the DUTs shown on Plot E of FIG.
2 to determine whether each of the DUTs are performing
correctly. Typically, each of the DUTs will provide an equal
contribution to the overall voltage output. Thus, whether an
output voltage level is detected and/or measured at individual
transitions 215, 216, 217, and 218, or cumulatively, a single
channel 150 may be used to determine the functionality of the
DUTs, 110, 120, 130, and 140.

[0020] FIG. 3 shows a timing diagram showing the first
derivative or dv/dt of the wveoltage output on the tester
channel 150 (shown in FIG. 1) corresponding to the clock
signals of FIG. 2. In this implementation the detected output
gives and indication of whether a change of the output signal
occurred (the rate of change of the output signal), without
regard to the amplitude of the change. In some embodiments,

this may be sufficient. In this way, if any of the DUTs 110,
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[0019] In sone inplenentations, it is possible to
nmeasure the cunul ative output 225 of the DUTs shown

on Plot Eof FIG 2 to determ ne whether each of the
DUTs are performng correctly. Typically, each of the
WIOT008/M4R168 pr ovi de an equal contribution to PO®US2007/020692

ol ak ko VolindR ooUbRitgesTRUS, sWRL REM 188 o OYWRUL it can be
voltage | evel is detected and/or measured at

RS AN/ OF aPRT (T10RE 91 50he) FHaNgA FIeaziged (@ the tester
ciwemhali2s@.y, a single channel 150 may be used to

1 ne .t f lity S 1 2
Q@%QEEL f&%go?%g Eﬁéf& s@ %%g§él Iﬁl% Qba% 9 Clock
sfhowpﬁgc%% i pse jﬂeﬁtvatﬂ/ea%rlaaw%ﬁ seﬂn@h% \Fé‘lllsag% not
QiétcBHEaQ}n t hind @9bek s%k@ell%ebllaéﬁ { shovdrxd 2,Fk®ocl)3, and

pondi n gothg Jeock Is of FIG 2 In thi
CHSF it di9%nPT hEUHET ot b OISR P 26k0 after
Iarehne &t igringf V\hétmerloakcha;rrgﬂ métth&s Got pato sirgnahuses a
QREUr 58t N, T ke, 0f EQa%%Of ttth aﬁttg!éia S'f%&‘a'a) ' proper

wi thout  regard to the anplitude e change.
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s ou but can
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2{@(}0_[0021] Al t hough the clock signals O ock 1, CI ock

2 c and Clock 4 are.illustrated as |at
sriog?gﬁ?s, EHI 3 |g not %ec%’%&rl§le‘§'he *Bak*Si u§tratl°n
Ghoglng, adek 2pbdtiocht3ofand a@iaeked, tastebalpukspable
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SiI gha returns t Zero an causes a
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Ganikbat taarasponsei fmasuresd an tiheatest er ehanpestadb0a02

ré%%gr E ke %J“é%e Qﬁ% %ESOU”EurgﬂQE?OVSrthls embodiment, it
erren i'ons whe

ls pOSSlble to locate the resistors 427 in the tester 402
rather than the DIB 405.

[0023] FIG. 4 is illustrated with optional relays 437
located between the series-to-parallel circuit 455. The
relays 437 may be located in the tester 102, or on the DIB,
provided there is sufficlent space available on the DIB 405.
The relays 437 allow a particular DUT to be removed from
connection with the tester channel 450, if a malfunction is
detected.

[0024] FIG. 5 is a simplified schematic illustration
showing another embodiment of an automated tester 500 capable
of bi-directional testing of multiple DUTs 510, 520, 530, and
540, wusing a single tester channel 550. In this embodiment,
the DUTs 510, 520, 530, and 540 are connected in series with
each other so that the output of DUT 540 is connected to the
input of DUT 530, the output of DUT 530 is connected to the
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dv/dt is detected, any negative values would indicate
negati ve sloped voltage transitions when the out put

of a DUT returns to zero. [0022] FIG 4 is a
simplified schematic illustration show ng anot her
wdamahfms of an automated tester 400 capabl eCTaB2007/020692

dir %@t b@f‘abzd eSEHengauQEuEbeE' Bbe I34IS: A1Qnnd2Peq 430, the
g channel.  450. In this
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connection with the {este nnel 450,
MRICf BnEEF T SYPeretdc LIS - [ RPZ4FxERE e 5 ifscguld be used to
sjerml Lbkefl saftemtiepiddedsbrat iram, 8how neghearother loss of
[na[?h, of _a utomated tester 5 a able f
ev&l Fecti onar Jtnef:‘tl nga%fanr?uﬁ? p‘fe %ﬁﬁ’f gﬁg 530,
atm26540 Agsiavyaatsgegbé ttbst emréhannehb&Ementn Kissussed
%‘ﬂa@@ rf.%ntt_zhatt h_@t D1 5}.901:@&2& @t@ t@@g §6Qe@re This 1is

connect ed in series. with each_ other so that the
BHFE ot t DT BSAG*PLe c%rfé’é?e&lf%l’ier‘%m?m withpgrsingle
53@pnéhewdDtiouitt refjultihgb3Mhaks thenneched HeO delk@rnegd WD its

2°0‘q§/ RA2 108 BCILIRR00LL DaR09 2, LR, 58 DUT 520, the

out I'S conn to the input of DUT
SP0274nd BUT HrRntggeomfecraidus supdoddmeptsh fpe that the

tiRgbel cRanehndbd. idhitheerdiedberbnt Aeesradhant agea@éing
tgg%ter cost. A further advantage of some embodiments of FIGS.
1 and 4 is that they allow the number of interconnects between
the tester 102 and the DIB 105 to be reduced, thereby reducing
the size of the interface between the tester 102 and the DIB

105. This allows the cost of the automated tester to be
reduced.

[0028] FIG. & shows a Dblock diagram of a possible
embodiment of an automated tester 600. . In the embodiment

shown, the tester 600 includes a tester mainframe 602 and a
testhead 608. In some embodiments of the automated tester
600, the input/output circuit 150a of the pirn electronics
circuitry ({referred to with reference FIG. 1 above} may be
located in the test head 608. The clock signals, referred to
above, may be generated in the tester mainframe 602, and the
clock delay circuitry may be located with the pin electronics
in the test head 608, in some embodiments.

[00292] The series-to-parallel circuit 155 and the resistors
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capability of the DUT to avoid damage due to the

i nherent resistance of the DUTS. [0025] Although in

the configuration of FIG 5, a shorted DUT could ruin
or destroy other DUTS, the present inventors have
weratoB/tkms due to the infrequency of such anPCT/US2067/620692

Q%QUﬁﬁﬁgﬁﬁésedtBﬁévéfﬁ%ﬂh”%&?@@éthWtBGSEGSQQGQm@B%@Slocated
this approach practjcal . for %pger ain t

DUTS.
Earfiivécei tPEDT b S REEd Pestr t88§‘?ead 608.
Mud EOPIOTEES0684 drAMnoettcad, wivhierhet béBI (713533 of sever al

%@%S | %Jﬁﬂgegﬁs&ﬂeﬁntﬁfé’%@&g? Sod :39€00dactl ggzﬁith a

ant a e varil ous e nment s di'scuss
aweperiaf temi?pdmerwa | mpAEfiedd onhel klegrovs peeepintyi suggest

QQ@@MS erd ttwosepglsﬂlkéhelh OtﬁeeSatrtbl - £ rRch, 08 | thvehtiod is
|ng e . chanpel uiring that the o

t put be .
TSPOrABACED 14 sthoh I Geharoe: HIesPRr Y (PGePhg o Fagpired
devitbe. apRORIEM Amaadwanﬁmgeoofmvaauﬁh&henbmbbdmmﬂnSSlsbove
' gu l]iahz% &WSE Q'Iorghweki?e ' Qd&i}ﬁcatg%§t Q:flSEﬁQsQf herein.

ced, reducing tester cost. further advantage of

JorEe efbb diemeRber Gtdvepgages 1th§ﬁdbﬂ°?’%e teﬁ’éf’e‘%é’ypoﬁl Fegfiing
tdte thendeycraptisii.er connect s between the tester 102
and the DIB 105 to be reduced, thereby reducing the
size of the interface between the tester 102 and the
DIB 105. This allows the cost of the automated tester
to be reduced. [0028] FIG 6 shows a bl ock diagram of
a possi ble enbodi nent of an automated tester 600. In
t he enbodi nrent shown, the tester 600 includes a
tester mainframe 602 and a testhead 608. In sone
enbodi nents of the automated tester 600, the
I nput/output circuit 150a of the pin electronics
circuitry (referred to with reference FIG 1 above)
may be located in the test head 608. The cl ock
signals, referred to above, may be generated in the
tester mai nframe 602, and the



clock delay circuitry may be | ocated with the pin

el ectronics in the test head 608, in sone

enbodi ments. [0029] The series-to-parallel circuit 155
and the resistors 8 W) 2008/042168 PCT/ US2007/ 020692
157 (di scussed above with reference to FIG 1) may be
| ocated in the device interface board 606, or in the
testhead 608. Muiltiple DUTs 604 are nounted with the
DI B 606. [0030] Having described this invention in
connection with a nunber of enbodi nents, nodification
wi | 11.nowk @@rtmrlnbyi saggesy intaelfutenatmdaskidd edhen

é e Q&m1 the invention is not limted to the

i'SCl 0sed enbo |nents except as required by the
appended telsaii oy anéuoalmbyeoﬁfdé#&neﬂﬂunﬂeﬁwﬁesuﬂnBMﬂg a
na have one of the, advantages di scussed

e
Y6 FeS e aﬁﬁﬁa bE&°BPREF 1BV ant ages t hat becone

evi dent upon peadiBgngOhnt hepdessrdmil atimd thanddusly to
met hod of testing in an automated tester, the nethod

eadima $iheg Pllué§t1tl’n'§ af pRavares yuRicH eve Hesi Limferthcest

s U @R sc@iNghanhester channel conprising: providing
an input signal simil taneously to each of the

plurality of ®eevidingnderceesiveby rdetdieed stlmgtke signals
td & es%q%n%lleV1eEthgB§9 sugcessiyely delayed clock

si gna to successi ve devices under test; and
det ecting mntuethetsnggWétheshersrﬁg&&mﬂestemnnhﬂnnéhua
der test . usin

t, fromthe f_deyj
g S CBTer ERahRe P 5r ST nt KB B S oot
ustiey eibe &n@@uélmgstbe thpthel .

2. The method of Claim 1, wherein providing the input
signal simultaneously to each of a plurality of devices
under test comprises using a series—-to-parallel connection
on a device interface board to connect the single tester

channel to the plurality of devices under test.

3. The method ¢f Claim 2, wherein providing the input
signal simultanecusly to each of a plurality of devices
under test further comprises providing a switch connected
between the series-to-parallel connection and each of the

plurality of devices under test.

4. The method of Claim 1, wherein providing the input
signal simultanecusly to each ¢of a plurality of devices
under test further comprises providing a series-to-paraliel
connection prior to a device interface board tc connect the
single tester channel to the plurality of devices under

test.
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signal sinultaneously to each of a plurality of

devi ces under test conprises using a
series-to-parallel connection on a device interface
board to connect the single tester channel to the
plurality of devices under test. 3. The nethod of
Claim2, wherein providing the input signa
simultaneously to each of a plurality of devices

under test further copprises providing a switch .

conrct 43¢ BECIanofna el b6k (oY Bt A TETS KoHibcH ori mPut
s iafith leathufc ashlkeusplyucal Eayhobf devipTesa ltherot efdvicks

The nethod of Claim 1, wherein providing the input
ungesn e sd; rﬁh’irttélﬁéoGQI“?WE%%CW%%%“E)? W? af§34S gt between
tHeWGa8% s - HRAGh rhest1f HEhRBEL COAPEhGESadd QY i Plurality

series-to-parallel connection prior to a device
off ifestifanse Wpegrd te6teconnect the single tester channel

to the plurality of devices under test. 10 5. The

met hod of Claim4, wherein groviding the input signa

si mfl -t adéGudeyFhre edchlatimapl rarety RO Rsthe input
si r digeh thwebigh yCOBPELSHNYs PL O¥1 b1 @ I 861 RlPices

between the series-to-parallel connection and each of
undeyr glagtalfivrghesf cdupréesnandepvi@sng 6. swkechdrdiowkaof

|10 erei rovi.di [ t ' I .

oAb e ik A Te T hOLReEt I, P 5ot Wt puratity
ofuntkeri dessstunidenrt hestconpri sing providing a switch

between the series-to-parallel connection and each of

the plurality of devices under test. 7. The nethod of

Cl ai'm 1 Ther teéhodoppr C3any tafsirhgen comxtisliew crmusing a

u dg{ t.est tao provide, an Qul pyt transition _befare an
nex Vi undet eg Lo provide an output trans %on
out put” "of a prior “device under test i returne 0 a

befcerd raansiuttican statepusbngdéhecel oskesigewt .is returned

to a pre-transition state using the clock signal.

8. The method of Claim 1, wherein testing the
plurality of devices under test using the single tester
channel further comprises providing series connections to

connect the plurality of devices under test.

9.An automated tester comprising:

a) a test channel comprising a bi-directional
input and output circuit;

b) a series to parallel circuit configured so as
L0 be capable of connecting the bi-directional input and
output circuit to a plurality of devices under test;

c) a plurality of clock circuits each configured
so as to be capable of being connected to a respective one
of the plurality cof devices under test; and

d) wherein the tester is configured to

11



8. The nethod of Claim1l, wherein testing the
plurality of devices under test using the single
tester channel further conprises providing series
connections to connect the plurality of devices under
test. 9. An automated tester conprising: a) a test
channel conprising a bi-directional input and out put
circuit; b) a series to paraIIeI circuit configured so

a be .capa on ectln dir. ct| al .
oS et RIS LaREb el £OUNeELge Lhe Badlf 8 ATy ces
undiedet ekestyith) the ptusal thynod1 cwqur@vardmng sareaciput

conflgured S0 a be capapl e. of bei connect ed to

S 1GPads JEH FBEORES T OPNERRS b N (3R T | o

plhestitgnd rdhe¢heEsi Andbe L85t eind ScHFAPW b:4t0 geldice
performbi-directional testing of the plurality of

ungeyi cest Gaderovede ﬁPtﬁuth@tt%%@n%#ﬁﬂﬁﬂﬂbQ£Pﬁﬁwﬁﬂ(9Wﬂ§ut
ofaf} g&%‘i fjékr%é' udhED £Q§Ft§§t Sﬁ:aé“eous' y
to a der te

ach o plurality of devices un and
treagditngnastexe devhgesuondesiveby deolgyavidecdn dynpdts

o%%sedt lt%”tsBSEgSf_QQ 88—898& 191f1d p{éﬁ eVésC‘%:o“E‘u%%sure

PHEs s re ransiti on state using
a &mmm&asuwelyedpbayedoﬁtpck ngﬂhéSplmwammtkﬁbﬁ(ﬂev1ces
succeSS|ve devi ces under test so as to neasure a
ung§hult&sitve response out put of the plurality of devices
under test 10. The automated tester of Claim?9,

est rther c ses a q§V|c
e aPraabRoaut Stakhn: et UEh FOI B RE S MR e
te@@rCcEsriRder cbRptisandavher ecd lﬁth@rface board adapted
series-to-parallel connection is |located on the device
tg hedfk Lbe Bég;allty of devices under test, and wherein
the series-to-parallel connecticn is located on the device

interface board.

11. The automated tester of Claim 10 further
comprising a resistor connected between the series-to-
parallel connection and each of the plurality of devices

under test.

12. The automated tester of Claim 11 further
comprising a switch connected between the series-to-
parallel connection and each of the plurality of devices

under test.

13. The automated tester of Claim 9, wherein the
tester further comprises a device interface board adapted
to hold the plurality of devices under test, and wherein
the series-to-parallel connection is located between the

bi-directional input and output circuit and the device

12



11. The automated tester of Caim 10 further
conprising a resistor connected between the series-to-
paral |l el connection and each of the plurality of
devices wunder test. 12. The automated tester of Claim
11 further conprising a switch connected between the
series-to- parallel connection and each of the
plurality of devices wunder test. 13. The autonated

5 &St rceoijodrgi m 9, wherein the tester further
I%oﬁﬁ%ﬁse 2*devi ce interface board adapted to hold
the plurality of devices under test, and wherein the
seri.es-tQ-parallel conn Lonci 0 d het t.he
o1 i el bR TS aE KA 56 Bt CE TR a1 A R dei ce

tek dmtfenftace kboapdist4. aTheiadhobatwee:t esiersafi«d-gion

13, erein the tester further. conprises a swtch
DA B ChiPgs 00 CRGaPForPERREETT Oy ATl Ltor st
uddye playgral ity of devices under test. 15. The

automated tester of Claim 14 further conprising a

resi stor connected between the series-to- paralle

connect itor andogacbdotesBerpbiralaty 04 dHewmilces under
test. 16. The autonmated tester of Claim9, wherein the
CHMPRALNGE & FESdSFPE§ONRBEFSHeBPT YRR cth et BP0

paﬁ_ﬁeflil%g_l.l dea'ftélféc%%a athhekadRdoknt 88 hesriM 1y the ddsitces
channel .
under test.

16. The automated tester of Claim 9, wherein the
output of the devices under test are connected in series

with each other and in series with the test channel.
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