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OF THE | NVENTI ON The invention relates generally to automatic test

equi prent  aW@ %B#e77 particularly a high speed and hi gh adiVese32%twer

supply for use with a sem conductor tester to provide precise voltage
| evel s to a hi gh-speed devi ce-under- 10 test (DU ). BACKGROUND OF THE

| NVENTI ON Semi conduct or devi ce manufacturing typically includes test
processes at both the wafer and packaged deV| ce levels. The testing is

normal |y carried out by 15yg34 : ADPIA T g)m (ATE) that simulates a
variety of operating condi onality of each
device. As is well knownCARIE : evi ces generally
require a source of power in cnnmpmmmmm One function that the ATE
often perforns involves suppl ( devi ces-under-test (DUTs).
This is typically carried outh 0 Sh%'P'@uppl y 20 nounted in the
tester. 5The power supply also perforns the dual function of measuring the

power it supplies to the DU&'IETJEQF'TMW?EN‘I‘!ONEM measur enent s under a
variety of conditions; ConSFq_«ﬁ LNt al | lon and accuracy
over time, the péfgwen @&ﬁﬂ?‘fs g‘iﬂﬁﬁé{hﬁ‘}m{ﬁ%@rtﬁ% %’8 ?Bﬁ%o%al i bration.
Convent i onajafmmaﬂahhighapeedgndhxghacmmmpommppi}efmmemthcw try for a DUT 25
power supply in Eg,\%t dh-dpBed ddvitefnfi@l St andards
Traceabi | i ﬂﬂ)@f’?%&pﬁ’ nen?é;&?o es Q%l t?%’e cal i bration gain and
of f set 10al m(DﬁF&e standards typically conprise known precision resistors
mounted to a.custom zed calibration _

BACKGROUND OF THE INVENTION
Semiconductor device manufacturing typically includes test processes at both
the wafer and packaged-device levels. The testing is normally carried out by
15  automatic test equipment (ATE) that simulates a variety of operating conditions to
verify the fumctionality of each device. As is well known in the art, semicond_uctor
devices generally require a source of power in order to function.
One function that the ATE often performs involves supplying power io the
devices-under-test (DUTs). This is typically carried out by a DUT power supply
20  mounted in the tester. The power supply also performs the dual function of measuring -
the power it supplies to the DUT. This includes current measurements under a variety
of conditions. Consequently, to maintain precision and accuracy over time, the power
supply typically undergoes periodic calibration.
Conventionally, calibrating the current measurement circuitry for a DUT
25  power supply involves the use of external National Institute for Standards Traceability
(NIST) components to establish the calibration gain and offset values. The standards
typically comprise known precision resistors mounted to a customized calibration
device-interface-board (DIB). A calibration DIB is not part of the tester, but rather a
board assembly for a device handler (or prober) that couples to the tester. The power
30  supply current is driven through the custom DIB resistors and the voltage across the
resistors measured by a NIST compliant voltmeter. The current value calculated from
the measured voltage and the measured resistors is then compared with the current
value dstermined by the current measurement circuitry internal to the power supply.
The differences are identified and calibration terms generated to compensate for the

35  detected differences.
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02/ 02/ 2006 WO 03/ 021277 PCT11JS02/ 27616 SUMMARY OF THE | <NVENTYON The DUT
power supply of the present invention provides a way to conveniggidx/ambé
cost-effectively calibrate and validate a DUT power supply w thout

undocki ng tWeos/ede®r fromthe device-under-test handl er @®CTAIS6LEM6I6 Thi S
mnimzes 5 tester down-tine, correspondi ngly maxi m zi ng devi ce throughput
for sem conductor manufacturers. To realize the foregoi ng advant ages, the
i nvention in one formconprises a power supply for use with a

sem conductor tester to power a device-under-test. The power supply

i ncl udes a housi ng and powew hin the housing to 10
generate power for the devi iﬁﬁ&ﬁﬁ?—& oad circuitry is
di sposed wit hi n tFhe DB pewsrgupplyoftbe plesat ingention ppavides agiay éui try to
;g{éft'svg:o?/ ﬁﬁf&diegﬂoaﬂd&t hersﬁéﬁ%{e%h braie%tdwﬁlmafefaﬁml%w 9leﬁthbﬁtst ?n the
u e I nyventjon_ conprise au tic tes
equi prent f\é‘F Q°g@g%|‘Fg‘e§ %‘%Frg@éeﬂﬁﬁl%‘?‘def E'§tthanq’1ﬁ'é° EZEE qui prrent
i ncl udessa mdam-m;mwmmaﬁz&gdmmmmmmmm he
conput er V\onﬁ?@ The test equipnment further includes a
r-tes

devi ce- unde power supply including a housing and power circuitry
di sposed wi t hi nTe reelizadhe foregoing adusniagss. dhejnvastion yone famupompEisesinder - t est

I nt er nal Iog&vﬁlsﬁmfdrmewﬁhds&ﬂa&ﬂw&&em b@emceanmsaouw ed to the

power circulitry to sel tivel Si Iatethe | ect of a

devi ce- undeP? ﬁ‘g %%%n%ﬁ%%”” ‘5@?" ‘?’)‘L"? Fh“ﬁ}?]l?’f?%‘?e i nvention
conpr i sk agmahntmffmﬂa@wm«m@rmﬁﬁmaﬁbaém@mﬁsmwmmesur enent
unit w thoug “gﬁl,% &gﬁéﬁfhgr Al e dRMieq handling
appar at us. T gﬁﬁ&(}@l ng?ﬁ%?() e st tgsgof géelyg%{% gn in- tester |oad
having a kn8 Ainder e on themow, ﬁ“ll?Bleew ce-under-test with the in-
tester | oad, sudhaﬁdtﬁérﬁﬁﬁﬂﬁTx&mﬁmmmprbde&Meqm&ﬁMym t is

ot e BT TR Sl S
vol t agd5ac reigst beatcoupled &asthe compiter, wog el fegkpaipmen dncfudese by t he
known i npedadisRe-ubiérRes poderlsugply iﬂcﬁidmglﬂﬂo&ﬁhg Sl po@r circuitry disposed ,
within the housing to generate power for the device-under-test. Internal load circuitry
is disposed within the housing and coupled to the power circuitry to selectively
simulate the elecirical loading of a device-under-test on the power supply.
20 In yet another form the invention comprises a method of calibrating an ATE
power supply current measurement unit without undocking a semiconductor tester
from a device handling apparatus. The method includes the steps of selecting an in-
tester load having a known impedance; substituting the device-under-test with the in-
tester load, such that the ATE power supply current measurement unit is coupled to
25  the in-tester load; measuring a first current with the current measurement unit;
determining a second current by detecting the voltage across the in-tester load, and
dividing the voltage value by the known impedance; comparing the first current to the
second current to calculate an offset current; and assigning calibration values fo
compensate for the calculated offset current.
30 A further form of the invention comprises a method of validating a DUT
power supply without undocking a semiconductor tester from a device handling
appatatus, The method includes the steps of selecting a dynamic in-tester load having
variable dynamic load characteristics; substituting the device-under-test with the in-
tester load, such that the DUT power supply is coupled to the in-tester load; driving
35  the dynamic in-tester load with the DUT power supply; and confirming that the DUT




second current to calculate an offset current; and assigning calibration
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vari abl e dynam c | oad characteristics; substituting the device-under-test
with the in- tester |oad, such that the DUT power supply is coupled to the
in-tester load; driving 35 the dynamc in tester |load with the DUT power
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present i nvent i oro fatis ARPRVikect SR &mtaqaﬁwbgg@egg%gesmpﬂon

when read i unct e corrp nyl ng /2006 WO -
03/ 021277 P%@G?ﬁ%‘%&@i’ {eREOMPERYINg IV ent | on
will be [Bet tdrawingsier st ood by reference to the foIIovvl ng nore detailed
description and acconpanying drawings in which FIG | is a block di agram of

a sem conductor tester according to one formof 5 the present invention;
FIG 2 is a block diagramof a DUT power supply according to one form of
the present invention; FIG 3 is a block diagramof the calibration and
validation circuitry enployed in the |load board of Figure 2; and 10 FIG 4
is a block diagramof a DUT power supply according to a second enbodi nent
of the present invention.



5 02/ 02/ 2006 WO 03/021277 PCTI US02/ 27616 DETAI LED DESCRI PTI ON OF THE

| NVENTION Referring now to Figure 1, the device-under-test ([1”)
supply of the present invention, generally designated 30, is ad ;%f@$2%ﬂ96

use by aut } st equi pment, generally designated 1 r supply
inplenentsqgg?%%g%gr load 5 circuitry 36 (Figures 2 andqg?ﬁﬁﬁyﬁgﬁfnlze
calibration and validation process tinmes. By providing on tester | oad
circuitry available to the DUT power supply, costly hardware nodifications
for calibration/validation procedures are avoided. Further referring to

Figure 1, the automatic test equi pnent, or ATE 10, generally includes a
conput er workstation 12 tﬂﬂﬂ@@ﬁ@ﬁﬁ@gﬂﬁﬂﬂﬂq(ﬂﬁTﬂm a cable 10
bundl e 16. The tem&meﬁﬁbnhﬁn%eae&rahd&@éddtbgr@&mﬁMWfoﬂMgn(o?@t shown)

and power boards 3 nly one bq inrelatrve close
proxinmty tglue@i ‘BE%/BYWE@FR ngsJn g ductl on

devi ce-i nt erface%drﬂabEbBﬁlaﬁlﬁmufhaemmm&nfoam’&radcbﬂdingtthen&ﬁsnolﬁead via a
tester igtey é The tester interface provides an

i nt erconnect | Q S|gna round a ower paths between the ATE and the
DUT. 15 Wth ref@%@ééa &ig&fﬁ@ D&ngﬁéév ppltaceprdingitorann fopp of the DUT
power supplpumﬁ@uﬁﬁﬁmn@nploys t he |nternal calibration/validation circuitry

34, intornal | aﬁf@??ﬁcﬁﬁ?%&%&ﬁﬁﬁtﬁg o3 et P S ool *

circuitry 3 theloed bessd of Biggre@aand: o- anal og cont r ol |nterface bet ween t he

tester gnd the @%@iﬁ/ﬂmw@dmoffm p? fh a ddom? ON€
enbodi nment, t.,ake %ﬁ ﬁ forn1 lom1n0|se smn chi ng - DC converter, as
nore ful | Y& %%m? p H“Eﬁl U.S. Application Serial Nunber

09/ 718,780, titled SMntchlng DC-DC Converter with Noi se Suppression
Circuitry, filed Novenber 22, 2000, assigned to the assignee of the
present invention, and expressly incorporated herein by reference. Further
details of the anplifier circuitry 50 are found in co 25 pending U.S.

Pat ent Application Serial Nunmber 09/797,511, titled "H gh Current and

H gh- Accuracy Linear Anplifier", filed March 1, 2001, assigned to the

assi gnee of the _



present invention, and expressly incorporated herein by reference.
Referring to Figures 2 and 3, the digital circuitry 32, power circ % 34
and anplifier circuitry 50 of Figure 2 may be thought of coll eORARE 4 96

one embodi g of a power generation circuit 60 (in

pur poses of ?he Zg%gsent I nvention. Wth continued refere%?“zﬂ{sgﬂ%ﬁéure 3,
coupled to the power generation circuit is a current nmeasurenment unit 62
for providing accurate and precise current output information to the power
circuitry to effect proper regulation under varying |oads and operating
conditions. 6 02/02/2006 WD 03/021277 PCT/ US02/ 27616 Further referring to
Figure 3, the on tester DPEJAILE mm%wmmﬁbbs i nt er nal
calibration circurdfening noM@ng&em Bk deViceadeNRst!(D 9wcr%ﬂ§bjr ot @e nal

validation circuitr | acitive load 82. In
one enmbodi meffE=® l*’;g aﬁ%&%‘@%ﬁ%&%‘gﬁﬁ?“&“ﬁ oRao 185 ansi st ors FC
| - FCN coupﬂq9i1>mmt, gemmﬂyde&gfatﬁal(ﬂh The powersupply implements @i-esteddyada cont r ol
circuit gﬁﬁg hﬁﬂr‘ﬁﬁ%s I ' .1 hr ough
varying tgerrper at‘:%'(rggrsmi ar ame edrgjs}&a%@\}t Bf@ﬂﬂ&ﬁgﬁﬁﬁh&gy'ﬂ%gl n the form
of a pl ur al iB%PreYiding; Opct?ﬁée; @dpmmss’mﬂaﬂp&wmw@mmmmyme DUT 40
for the act ihiivaeasodificnORS cAllbertidaMEkdatioh ggmt:édi:yes%btmidedn response to

sof tware-driver ferr ment .t he e load 70, the
AC 10 | oad 80 an%%ﬁé%%ﬁb@ﬁa@mﬁ Sﬁﬁplgﬁlltt?f‘gﬁ%\lm% traceabl e
current sougererally inclades alcompuierworkstatiom k2rthat cpyrles to a testhend e suaraablent uni t
62, thepgct byl m}ﬁrﬂ&esthéa(fﬂo&ﬁ% a‘i)ﬁirélf H%rﬁf‘&ﬂnﬁb? b {aBEsHR anld B %ﬁbge

non-vol at | | STRATHFBRGD SO0y ote et aUrLE SRR osE PRBRRI A BRDUTD. cxanpl o

1. 000 anper &ks DI mpits toc praduetimideried-intbrfacedoad (DIR) 18pihak intarfacks withquence.
NUST 7 acoat ey Bty Rtk Eflacd (bt AP Tho B Weckl Moledon 200 WP

NI ST traceapl e vo t,age measur CI I‘CUI
the known HHF¢ERECH 56‘%@&& E%\We?‘bﬂlﬁét aaithe BYE. preci se

resi starge val u eWxﬂm&feleﬁﬁd‘to Figlrd Z, ane s—;&bﬂb embodiment of the DUT powert supply
30 that employs the internal calibration/validation circuitry of the present invention
includes digital circuitry 32, power circuitty 34, internal load circuitry 36 and
amplifier circuitry 50. The digital circuitry 32 provides a digital-to-analog control
interface between the tester and the DUT power supply. The power circuitry 34, in

20  one embodiment, takes the form of a low-noise switching DC-DC converter, as more
fully set forth in co-pending U.S. Application Serial Number 09/718,780, titled
Switching DC-DC Converter with Noise Suppression Circuitry, filed November 22,
2000, assigned to the assignee of the present invention, and expressly incorporated
herein by reference. Further details of the amplifier circuitry 50 are found in co-

25  pending U.S. Patent Application Serial Number 09/797,511, titled “High Current and
High. Accuracy Linear Amplifier”, filed March 1, 2001, assigned fo the assignee of the
present invention, and expressly incorporated herein by reference.

Referring to Figures 2 and 3, the digital circuitry 32, power circuitry 34 and
amplifier circuitry 50 of Figure 2 may be thought of collectively as one embodiment
- 30  of a power generation circuit 60 (in phantom) for purposes of the present invention.
With continued reference to Figure 3, coupled to the power generation circuitis a
current measurement unit 62 for providing accurate and precise current output
information to the power circuiiry to effect proper regulation under varying loads and
operating conditions.




Once the active |oad resistances for FETs FCI - FCN are known, they may 20
then be activated individually, or in conbination, as calibration |oads for
the current neasurenent unit 62. For any given known |oad, vol0 /2006

measur enent taken (again, using voltage neasure jrecuitry, not
shown) to d%?g?/m?}e% t he out put current (using basic Chrng’ éw?gm S
nmeasurenent is taken in addition to the readings fromthe current
measurenent unit itself The measured current values are 25 then conpared.
Calibration offsets and gain factors are then cal cul ated, and stored in a
cal i bration nmenor not shown) for future current neasurenents nade by the

power supply cir eramgtﬁé?lm?nﬁheQmetwt@'doadsmvmh'g%ﬁefa:al&mmbhdat i on of
circuitry anmtmemmmwﬁhé\& ﬁa&&%@i&m@%&%&hﬂ he power

supply current asur e.rrent wi.t hout, hayi e tester
(or test headj™Pd g@JPa%HGIW?YQ%g% @%Pﬂ&‘gﬁlﬁ@r i ng
condi ti ons. mmloadamludmaa:lplnmht}mé'lﬁ'ﬁlé'mansﬁo@lh‘m JFCNdwpIéﬁdpzmlleBO and t he
capaci ti h‘aﬁﬁst@ﬁk‘fégh@ d t o the
power su\p%Iy the act| y o? %@TW{% %%‘%ﬂcapam ance usually

present on t Wﬁ@@“@%mﬁ@bﬁpmﬁﬁplmwﬂgnstant aneous.
current to tdi:emeﬂhtthmﬁw:ﬂ df svhieheSWT - 8 sleddify M REPBE277

PCT/ US02/ 27636149y Wi tches o nd off in a dynam c

fashi on, the vary| ng acgge%’%?%%cr (93’3’:?}5’ gﬂiﬂ g’[“g 6Pt chi ng

di fferent n@ﬁﬁ@ﬂg-duwewpmwmﬂs;rlsa(prcferrdd@nﬂpbdlhwnyﬂmfacmeﬂaam\ﬂle Aipply to

are i ghly Cosop i teRAcfe e o2 A uplad K NI Rfuoco &é“?‘.‘ﬁ focedures

envi r onment . ‘%ﬂ@ﬁ%ﬂt g‘&?oyﬁ‘p‘f}f’éyé t?"W&'@% tac%‘fe “hi ¢ | oads

i ncl udi ng i@sisiahbmteﬂhsmgmNISTmbeabhrcuﬁeﬂt soevecl, SIhapfbcEE?ﬂud:bﬂthe FVN t hat

are sel eCt'\éﬁi-éﬁtsd%‘fééﬂﬁPx%ﬂlﬂQnéH%tﬂg oty A THR froB Y Bhowit PP Y 1O 1 he
re5| tors SN paraIIeI t he

| oad resistors

current | evEfreEhyAlg, QF e Ioﬁgﬁ;lg%gﬂ:iﬁ applifdl to saekdTRT, afdhe astive lad imci udes a
pl ural i1% o$eqbéats. FBMgemeE&h‘éhéﬂWre taken, for example at the terminals T1 and T2
(by NIST traceable voltage measuring cirduitry, not shown) and combined with the
known current in accordance with Ohms Law to determine the precise resistance value
for each FET transistor.
Once the active load resistances for FETs FC1 - FCN are known, they may
20  then be activated individually, or in combination, as calibration loads for the current
‘measurement unit 62.- For any given known load, voltage measurements may be taken
(again, using voltage measurement circuitry, not shown) to determine the output
current (using basic Ohms law). This measurement is taken in addition to the
readings from the current measurement unit itself. The measured current values are
- 25  then compared. Calibration offsets and gain factors are then calculated, and stored in
a calibration memory (not shown) for future current measurements made by the power
supply circuitry during normal device testing.
Thiis combination of circuitry and process achieves a NIST-traceable
, calibration of the power supply current measurement unit 62 without having to
30  undock the tester (or test head) from a prober or a handler during its normal operating
conditions,
With continued reference to Figure 3, the AC load 80 and the capacitive load
82 emulate the dynamic load currents presented to the power supply by the activity of
the DUT and the bulk capacitance usually present on the DIB to minimize voltage
35  droop by supplying instantaneous cuurent to the DUT. By switching different




10 selectively switch-in respective capacitors C - CN Use of these two

circuits in conbination allows the load to enul ate a w de range of

DEB test conditions, with a wi de range of currents and | oad |h98@(&‘%é3005

One of the ﬁ&@}dﬁi)ﬁl ng aspects with having the load circ F&@ﬁﬁgggth' n the
ed

ATE test head, as described above, is that unlike extern
val i dati on 15 schemes, the actual interface parasitics to a DIB are not in
the validation | oad path. As a result, the performance of the ATE supply
when driving a |oad through the in tester parasitics may not be fully
val i dated. Further, WB%EI uallty of the path fromthe ATE power supply to
the DUT nay Wgbersaf SWite Smmﬁ?ﬁmmm&mﬂ@m@aﬂq
pRo]Eentlal ¢ DUT eatfesermilithd. SBisvii mefmﬁﬁﬁb@@om éiﬁ&ﬁroh,bﬁ@algﬁ%%w 20 i
eferring n es above .ar ed Dy providing
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90 and powarocsdiped are Mdeﬁmblempwmmmmammommu y or in
par al | el Respe or each
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i nt er connec GIP tan% %@%@q‘-ﬁ%ﬁg%ﬁé Dalk; 'lt?%?lll%fﬁ’sgor ower supply A

90) and 95, or “power onne dr| ving the
paths to thﬁmB‘aQY:l the eanapitivnle: g’&,\;@plud@@mhmghtypﬁFE'Es(w <F2\%thet supply A
and fomgcikd@hﬁmsmﬁ}@ peEive Gdpak zﬁsmtm\ﬁ %eo@@xeébttl%rcu&%{%\%y Epowlger
supply e e rom
the overal @”%"%@*‘r“ﬂégﬁg"&%ﬁﬂ‘%@%"pﬂ‘ﬁ? a @%@fﬁiﬁ?}@&& tics from
the first ﬁmdetreuger@cmr@mdlqddsmpedaacepar asitics from t he DI B back to

the | oad associ aiRebf i dRlidnB: ﬁié?&ldy B’g%mhﬁiﬁlth?
| nt er connec ar SI t | cs the a %/ wer supply to
properly su‘%t]?

ﬁlﬁﬁlp%d 02/ 02/ 2006
V\o03/aslzwzhmxmsmﬂmspmwamwmhﬁhewmaﬂ@ih atlen, the

g;l ![ h)rea;:/\not chi Chi ng CI r gﬁ{fbr y Wé% su@%@%m lghl&%m%hﬁ{ fpdeactivated
tester parasitics may not be fully validated. Further, the guality of the path from the
ATE power supply to the DUT may not be verified filly. The inventor has addressed
these potential challenges with a unique modification as described below.

20 Referring now to Figure 4, the challenges above are alleviated by providing an
ATE power supply 100 comprising two power supply units, power supply A 90 and
power supply B 92. The supplies may be operated individually or in parallel.
Respective internal loads 94 and 96 are provided for each supply. The loads are
similar in construction to the selectively switched AC and capacitive loads described

25  earlier, and warrant no further description,
With continued reference to Figure 4, both supplies are interconnected to the
DUT 40 via separate paths 91, 93 (for power supply A 90) and 95, 97 (for power
supply B 92). The connections allow driving the paths to the DIB 18 from one power
supply (for example, power supply A) and connecting the load 96 associated with the
-30  other supply (power supply B) to that supply's path to the DIB, At that point, the path
- from the overall combined power supply to the load incIndes the parasitics from the
first supply to the DIB and also the parasitics from the DIB back to the load associated
with the second power supply. Thus, the interconnection parasitics and the ability of
the power supply to properly supply power through those parasitics may be verified.



DUT .40 switched into the power supply circuit. At this point, the power
supply is ready for device testing, where accurate current neasu /eme
capability is critically 5 inportant. Those skilled in the art 04i/1Q2/2006

appr eci ate@g_ﬂ& rous benefits and advantages affor deg'cmﬁsﬁzr/}% resent
I nventi on. particular inportance is the in-tester load "circurtry that

enabl es the elimnation of any undocki ng procedures associated wth the
calibration and validation process. By elimnating the undocki ng steps,
substantial 10 savings in throughput and tine associated with calibration
and val i dation af realized _by the sem conductor device manufacturer.

Wil e the invent ikoHowang gl @ﬁﬁwﬂﬂwﬂaﬂ%@m@mmddﬁb@hmmdwmh
ref erence t&ﬁﬁnﬂ@ZF{F@ﬁﬁf aft RINEEABY S sk tx}ySWMSW% 4Aggr st ood by

t hose ski Ilejgm. & Rt t.hat varlo s.chan rmand defail may be
made t her ei n W tR I%Fgﬁlénptﬂ? WP’F%’HP g‘gﬁﬁﬁsip?m&r‘i@%b%@ 3 he

i nvention. Ready mmiwwmmﬂemmmtmmmmwmmcn bed in
detail far oﬁghtpackaged device | evel applications, minor nodifications

coul d be rrade to t he power_supply in wafer-pr obe plications. In
such applicati onﬁ%@ﬁ@@%@ﬁ?ﬂwm"@% the gumergps é@ﬁf aflyantages eover

i mpl enent at |aEnr®deEiEﬂrdssaniﬁm$hﬁmﬁ Gﬁﬁrt&ﬂh@inﬁpo@ﬁhdeﬁsﬂﬁ%ﬁebifeﬂ%ﬂdfor use in

the in test |nv tion. Wi.le. F Ts are

preferred, %{rc&@ythg?%]aﬁ ers 00 oﬁﬁaﬁﬁﬁ%@% ur?sr‘?‘s?o@@w‘gr Ris are
within the SdByprtiogmand M@hqgtl@sm@ess rﬁzedmaahnmths:unmlqggstgpssmbm esistors
and ot hgo f gavifis @i @ﬂpﬂt@h@h&%ﬁﬁ%@%&%bﬁ&ﬁh%@@ﬁidaﬁan&Qﬁe cription

herein ofte fers t.est er s being within the testhead. Wile

this is con@l’%’g \%‘ﬁq’fog %’b‘&@&%qrthe present inventio i, the 25 "in
tester |oads" na%éeﬂieam@uhmwheen@mulaﬂgshmm&smme@f&menm nf r ame
and/ or theto ePrdd BlnBodimieits fidreof 101 %%’u&@&& Pﬁé&%&@%&ﬁtﬁ?&%ls‘m 27616
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tester to
15  the spirit and scope of the invention. For example, while the present invention has
been described in detail for use in packaged-device level applications, minor
modifications could be made to employ the power supply in wafer-probe applications.
In such applications, device boards take the form of probecards. Moreover,
implementation of FET transistors are specifically identified for use in the in-tester
20  load circuits of the present invention. While FETs are preferred, it is to be understood
that any type of in-tester loads are within the scope of the present invention, including
discrete resistors and other forms of transistor technologies.
Additionally, the description herein often refers to "in-tester" as being within
the testhead.- While this is considered within the scope of the present invention, the
25 "in-tester loads" may be placed anywhete in the tester, including the mainframe and/or
the power supply housing.




devi ce-under-test, the power supply circuit including: power generation

circuitry disposed in the tester and having an output to generate r
for the device-under-test; and 5 load circuitry selectively couﬁﬁéaﬂfzgp@é

power generah DRk cui try out put and di sposed within tpg @5&;2%16t0

sel ectively si rrufate the electrical |oading of a device- er-test on the
power supply. 2. A power supply circuit according to claim1 wherein the

|l oad circuitry conprises calibration circuitry. 3. A power supply circuit
according to claim2 wherein the internal «calibration circuitry includes:
an active DC load. 4. A power supply circuit according to claim3 wherein
the active JéSoCLﬂWﬁ’a = a pl urality of FETs disposed in parallel to
sel ectively cooperate and provide a variable resistance. 5 5. A power

supply circuit accordi,ng to cl and f rther, cludin

NI ST-traceabl e C‘L:}I’rentA &ffﬁ‘ﬂ’pg'eﬁ"@i?f ﬁfﬁ"ﬁff’"ﬁgct? ﬁ%‘“’%&??%erlﬁc | oad. 6.
A power suppﬂeylcéﬂlndﬁmtest,ah%mvmm@pbmmwmduﬁmgnd further including: a power
suppl y housing; and tg @wa%éﬁémﬂﬁfag&@&y &hﬂﬁﬁhé{e%‘tﬁrﬁlﬁ‘ﬂaﬁﬂg circuitry

and the sw tchin circ are |spose e power y housi ng.
02/ 02/ 2006 \fbg?@?@ de¥gormgetestand A power supply ci rcwt according
to cl ai n61 wherein: thadpmﬂry@hﬁﬁe@ht@pledtdﬁblpéw lone@Guifry ' st and
second power, . e tive
onfbUP Rl ispda e SRR sglceﬂegl : .wa@si JMAPAESPSE T Ve

out put s, eac povver pl aving re
coupl ed to dedceu @ﬁ& e power supply.

(D::

2. A power supply circuit according to claim 1 wherein the load circuitry
comprises calibration circuitry.
3. A power supply circuit according to claim 2 wherein the internal
calibration circuitry includes:
an active DC load.

4, A power supply circuit according to claim 3 wherein the active DC

load includes:
& plurality of FETs dlsposed in parallel to selectively cooperate and
provide a variable resistance.
5
5. A power supply circuit according to-claim 3 and further including:
a NIST-traceable current source selectively coupled to the active DC
load. '
6. A power supply circuit according to claim 1 and further including:
a power supply housing; and
the power generation circuitry, and the load circuitry and the smtchmg
circuitry are disposed within the power supply housing,
5

- 10 -



5 the load circuitry conprises first and second load circuits
corresponding to the first and second power supply units and di %S/Seg
respectively at the power supply unit outputs, the power suppl@ iG4(2006

further i nq{,ggj'l?}gzﬁvm tching circuitry operative to sel e?g:'g.éjgb%%@ll ace the

load circuitry fromthe second power supply wunit in ac €uit with
the first power supply unit and the force and sense lines 3.0 fromthe
first and second power supply units. 8. A power supply circuit according to
claim2 wherein the load circuitry further includes: validation circuitry
di sposed within the tester and coupled to the power generation circuitry.
5 9. A power suppty addwmgt supplysireuibacsp@dingtieclaionl whereimnt er nal val i dat i on

circuitry includes: Afhelpdae dhérilidd didnit3BmpRRARE ddBodrfdBbuct byt 1Y 10-
A power suppl ﬁljgécgﬁ“ ac glllrdl .to claim1 wherern the internal”toad
circuitry cd'}'%tf 13 ’r?tH?‘Pﬁ m@ﬁﬁ?%%‘ﬂ‘.ﬁ‘i“ﬁ‘?“&%?%ﬁ pewer uppiFRAit suppl v
circuit accdatinggspestive forenahd senselinds cotgiel th itedWE) andval i dation circuitry

i ncludesg AC | oad ci rgyi ; n@gﬂgﬁé Lt; Froui.try. 12. A power
supply circuit accgr dﬁ‘%&“?ﬁ"% i an aé?g%%ﬁﬁo%f:%t%g: Jinternal

cal i br at i on eirsseendingfodiedusiaed serpadpever fepphewnits pnddigpasedipsspadtivaly att he power
generation dierpowiet supplyamfl Stipdts H80 Fo WP sOiplPdredit furttier ihbipARib wfidifing 3. A powver
suppl y aCCObbfifl fRedtlv8td NetkonillHiite nd 1351 SRLRY Him 68 sbddnd bl sufiiy €11 Y

unit in a closed-circuit with the first power supply unit and the force and sense lines
10  from the first and second power supply units,

8. A power supply circuit according to claim 2 wherein the load circuitry

further includes: ‘
validation circuitry disposed within the tester and coupled to the power
generation circuitry.
5
9. A power supply according to claim 8 wherein the internal validation
circuitry includes: '
AC load circuitry; and
capacitive load circuitry.
10. A power supply circuit according to claim 1 wherein the internal Joad
circuitry comprises internal validation circuitry,
11. A power supply circuit according to claim 10 wherein the internal
validation circuitry includes: -
AC load circuitry; and
capacitive load circuitry.
12. A power supply circuit according to claim 10 and further including:
internal calibration circuitry disposed within the tester and coupled to
the power generation circuitry,

- 11 -



an active DC |l oad. 14. Automatic test equi pnent for testing a device-under

test, said device- under-test disposed on a device board, the ag o/rﬁgé*go
test equi pnent including: a conputer workstation; a testhead co ?I toﬁse

conput er wowéeseiron; and 5 a device-under-test power suppiiigodBie

devi ce-under-test power supply including power generation circuitry

di sposed within the testhead to generate power for the device-under-test;
and load circuitry disposed within the testhead and coupled to the 10
power generation circuitry, the load circuitry operative to selectively

sinmul ate the trical | oadi of elceuder test onthe ower
supply 15. A meﬁﬁ %f g)?‘f d‘&ﬁ A(;#Emp@vvgb" é)‘?3Peasurerrent

unit wt houtcwnmmllulysa seni conduct or tester froma deV| ce handl i ng
apparatus, the devicg, handigdgagpparatus nounting a device-under-test, the
ATE power supply current neasurenent unit being initially coupled to t he
devi ce-under-test, the nethod 5 including the steps of. selecting an in

tef':]e{ hI oad havi 4. a hﬁﬁmnct?f&dlaipﬁﬁntfwf%?n o\ e liDg ub bR té3E %&ﬁeﬁ%&der test
Wi ein r s en
measur enent %ﬁ%ﬁg&di ?%cetn??@‘rd; ﬁeag@pgq@%mpmﬁﬁt&ﬁﬂp% a first

current with the curr%mmmgmmn, unit; 10 determ ning a second current
by detecting the vol tp@ahélc88sled Bd%hd ddmp hﬁ%@fksdaﬁﬂ:ﬂa? @nd dividing the
|

second chrrent to Eiwai‘ﬁ‘%ﬁc“ﬁ-@hﬁﬁetsﬁ?”ce SERR B deVigtrandes SRS S br ot | o
val ues to ciowpdingate for the cal cul ated offset 15 current. 02/02/2006 WO
03/021277 PCT/ US02/ 27616 power generation c!rcmirydmposedmthmthe testhead to
generate power for the device-under-test; and
load circuitry disposed within the testhead and coupled to the
10 power generation circuitry, the load circuitry operative to selectively simulate the
electrical loading of a device-under-test on the power supply.

15. A method of calibrating an ATE power supply current measurement
unit without undocking a semiconductor tester from a device handling apparatus, the
device handling apparatus mounting a device-under-test, the ATE power supply
current measurement unit being initially coupled to the device-under-test, the method

5 including the steps of: o
selecting an in-tester load having a known impedance;
substituting the device-under-test with the in-tester load, such that the
ATE power supply current measurement unit is coupled to the in-fester load; .
measuring a first current with the current measurement unit;
10 determining a second current by defecting the voltage across the in--
tester load, and dividing the voltage value by the known impedance; '
_ comparing the first current fo the second current to calculate an offset
current; and '
assigning calibration values to compensate for the calculated offset
15 - current. ' '

- 12 -



16. *A method of validating a DUT power supply w thout undocking a

sem conductor tester froma device handling apparatus, the devi /ﬁﬂ#h
apparatus nounting a device-under-test (DUT), the DUT power sugg 3'%

initially opopkedaro the DUT, the nethod including the $teRSP76165
selecting a dynamc in-tester | oad having variable dynam c | oad
characteristics; substituting the device-under-test with the in-tester
| oad, such that the DUT power supply is coupled to the in tester | oad,
driving the dynamc in tester load with the DUT povver supply; and 10

confirm ng that t oS atedW| red rm ned
per formance par, amet ers lgurﬁt&f‘{aﬁgﬁ%&gﬁﬁﬁl;pgwﬁup ‘ﬁ # validating
a DUT power W@Wﬁﬁmﬁomcdh@d&ngmwﬂdEuwMﬁ@apﬁMa devi ce
|tr;€cj)l\r/]vce]”rI Qgpgloﬁﬁé adé‘gwﬂggpﬁ&@ ral UTéng é\zrbﬁg ppdgrt %ﬂgd gcﬁgd

u di | I i E g u u [
swi t chabl y &%ﬁm eﬁ’r?alﬂﬁ&ﬂp t| ve force and sense lines, and

each uni & havi ng respsabictiuga dynasic invtestes wadmeving virbblealynahiio dHdC | oads, the

met hod InClHQhﬁ&%%? steps of selecting the first power supply unit for
coupling with the 20 substltutln the in tester | oad associated with

the second power suppf cefiadentimst withithe indestdrdoadesmothat thet est er
| oad througmumw@gmtigw@ﬁ@tsqleqﬁt@es@em lines with the first power

supply unit and confiymn that the fir unit. operated within
25 predeg er mi ned perf%’r eaypamic fR-desfe f%ﬂﬁ?@?ﬁ%@tﬂ’@@‘tgﬁ

confirming that the DUT power supply operated within predetermined:
perfonnance parameters during the driving step.

17. A method of validating a DUT power supply without undocking a
semiconductor tester from a device handling apparatus, the DUT power supply
15  comprising first and second power supply units disposed in parallel, each power
supply unit being switchably coupled to the DUT via respective force and sense lines,
and each unit having respective first and second in-tester dynamic loads, the method
including the steps of:
, selecting the first power supply unit for coupling with the DUT;
20 substituting the in-tester load associated with the second power suplly
unit for the DUT;
driving the second in-tester load through the respective force and sense
lines with the first power supply unit; and '
_ confirming that the first power supply unit operated mthm
25  predetermined performance parameters during the driving step.
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