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1o B Lha et BCHGLOND QPUUISTRION o1« ce oo hanal
Semiconductor device manu?‘acturmg typlcalle MeTudes 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 functionality of each device. Asis well known in the art, semiconductor
devices generally require a source of power in order to function.
One function that the ATE often performs involves supplying power to the
devices-under-test (DUTs). This is typically carried out by a DUT power supply
50  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 determined 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.



30 supply current is driven through the customDI B resistors and the

vol tage across the resistors neasured by a NI ST conpliant voltneter. The
current wabwe/ozalrul ated from the nmeasured voltage and tReTnSayemed
resistors is then conpared with the current value determ ned by the
current neasurenent circuitry internal to the power supply. The
differences are identified and calibration terns generated to conpensate
for the 35 detected differences. WD 03/021277 PCT/ US02/ 27616 While this
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conveniently and cost-effectively calibrate and validate a DUT power supply
wi t hout undocking the tester fromthe device-under-test handler or prober.
Thi s m niwD28®287t ester down-tinme, correspondi ngly maxi m PCAGSABYicte
t hroughput for sem conductor manufacturers. To realize the foregoing
advant ages, the invention in one formconprises a power supply for use
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simulate the electrical 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 to
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
apparatus. 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



apparatus. The nethod includes the steps of selecting a dynamc in-tester

| oad having variable dynamc |oad characteristics; substituting the
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FIG 2935 s é&abliggk di agram of a DUT power supply according to one fornlof
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 nment
of the present invention. 5 WD 03/021277 PCT/ US02/ 27616 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Referring now to Figure 1, the

devi ce-under-test (DUT) power supply of the present invention, generally
designated 30, is adaptable for use by automatic test




equi pnent, generally designated 10. The power supply inplenents on-tester
load 5 circuitry 36 (Figures 2 and 3) to mnimze calibration and

val i dat i owopsoerss tines. By providing on-tester |oad ciPcarusoy2mvai | abl e
to the DUT power supply, costly hardware nodifications for
calibration/validation procedures are avoided. Further referring to Figure
1, the automatic test equipment, or ATE 10, generally includes a conputer
wor kstation 12 that couples to a test head 14 via a cable 10 bundle 16.
The test head houses a phngIfb%l b wn) and power
supply boards 30 (only o goat-t—StHov roximty to the
DUT 40. The DUTh@rbwnntéort wilhbqotpemuuumdemfuo@bw rséerenvedo fhedellpwimgdn@®l B) 18,
that interfg ‘fe?ld@s&%tz}logl%dta@ \V: - ) §1°ns&rﬁ?h' nterface (not shown). The
tester inter ace es an Int gonnec ion o ghal, ground and power
pat hs between tﬁ herk diegrpupt afstnwmuqt@ft@%rr?@eorflwgﬁpgaﬁ orm ofpne

speci fig efHqH éggﬁﬁnéﬁudhhe DUT power supply 30 that enploys the internal
callbratlon/val tj.on |rc r resent. i nventiaon cIu digita
Chreut try 3o, pEltEr P fonicdtgrah of e HudF WIS SRubAS Sty ont Kmet e Ut i o1
circuitry ﬁﬁmnEMamduthal circuitry 32 provides a digital-to-analog contro
interface betwe t t er. cuitry
34, 11 20 one colbal AU @R i BBty SRRk o HIEp BBl T
convert er , inathe fanddoard 0fiKjgure; #usk t h i n co- pending U.S. Application Seri al

Nunber1009/ 718 78fG. 4iktlupstk c@xgrsxﬁmfasb@ﬁ We@lﬁipﬁfrdc%rdﬁigttb aNeésn@ Suppr essi on
Circuitry, d Nove 2000, assigned 16 the assignee of the

pr esent |n?€ IHWnt@mgbB¥5W5§§W9uthorporated herein by reference. Further
details of the anplifier circuitry 50 are found in co 25 pending U. S
Patent Application Serial Nunber 09/797,511, titled "H gh Current and High
Accuracy Linear Amplifier", filed March 1, 2001, assigned to 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 anplifier circuitry 50 of Figure 2 may be thought of collectively as
one enbodi nrent 30 of a power generation circuit 60 (in phantonm) for

pur poses of the present invention. Wth continued reference to Figure 3,
coupled to the power generation circuit is a current neasurenment unit 62
for providing accurate and precise current out put




information to the power circuitry to effect proper regulation under
varying | oads and operating conditions. - 6 WO 03/021277 PCT/ US02/ 27616
Furt her reDesienrg7to Figure 3, the on-tester |oad circuitePgTAGopewier abl y
i ncludes internal calibration circuitry in the formof an active |oad 70,
and internal validation <circuitry conprising an AC | oad 80 and a
capacitive load 82. In one enbodinent, the active |oad includes a
plurality of FET transistors FCl - FCN coupled in paral lel. 5 Each
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stored in includes digital circuitry 32, power circuitry 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 to 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 ofapower generation circuit 60 (in phantom) for purposes of the present invention.
With continued reference to Figure 3, coupled to the power generation circuit is a
current measurement unit 62 for providing accurate and precise current output
information to the power circuitry to effect proper regulation under varying loads and

operating conditions.



a calibration nenory (not shown) for future current neasurenents made by
the power supply circuitry during nornmal device testing. This conbination
of circuiwpyw3and7pr ocess achi eves a NI ST-traceabl e cal i bratriusn2/ofe1d he
power supply current neasurenment unit 62 w thout having to 30 undock the
tester (or test head) froma prober or a handler during its nornal
operating conditions. Wth continued reference to Figure 3, the AC | oad 80
and the capacitive load 82 enulate the dynamc |load currents presented to
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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.
This 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 current to the DUT. By switching different



ATE power supply to the DUT nmay not be verified fully. The inventor has
addressed these potential challenges with a unique nodification as

descri bedwbeBo2720 Referring now to Figure 4, the chal |l ergedasaboies ar e

al l eviated by providing an ATE power supply 100 conprising two power
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tester parasitics may not be fully validated. Further, the quality of the path from the

ATE power supply to the DUT may not be verified fully. 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 includes 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.



by the sem conductor device manufacturer. Wile the invention has been
particularly shown and described with reference to the preferred

enbodi menwe oBloerenf, it will be understood by those skill @dTiusorbmsiart

t hat various changes in formand detail may be made therein w thout
departing from15 the spirit and scope of the invention. For exanple, while
the present invention has been described in detail for use in
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enpl oy the powen P i 1.0Ns. a i cations,
devi ce boards tglgzluwg %agrgﬁ\eﬁl%{ﬁg 2%18%2? Ig’gﬂé k@%@é}ﬁm ":aﬁr%zf%}eé?’?’g% déltO)iOOn of FET
transi st or $02nd 82 4Eigurg Dare Jeactivaied by B spidfiching sirpuitry [$Va nSWes et the0 | oad

circuits oﬂ)wmomwammme@bmww dirRuft EAS 113§ SoiRf, §feSfdvid su Cﬁly i to be
understood that any type of . in-testér | oads are Wlthln.ﬁ e sc¢ope of the
present i nveAi %,eva/"r‘?c%%’&‘ﬂn}ﬂherﬂia%“é}r%tf’ Surrerimgasiremspiappilty 1 srifieallyt
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or the dey|ce-under-test; and 5 circuitry selectively coupled to the

power gene‘tég?l?eo%mgforngﬁftﬁ %ew%eu]fl%‘ffg%ﬂlﬁr‘di sposed within the tester to
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|l oad circuitry” conprises ca ration circul ”ﬁ 3.7 / supply circuit
accor di ng that ¥arigus changes i fosmy and detpilapaighe made therein without departing from

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 anywhere in the tester, including the mainframe and/or
the power supply housing.



calibration circuitry includes: an active DC |oad. 4. A power supply
circuit according to claim3 wherein the active DC |oad includes: a

pl ural i t ywofo3®&EE37 di sposed in parallel to selectively cooperaisearsds
provide a variable resistance. 5 5. A power supply circuit according to
claim3 and further including: a N ST-traceable current source selectively
coupled to the active DC load. 6. A power supply circuit according to
claiml1 and further including: a power supply housing; and the power

gener ati on g &f L {‘\ﬁ@@% fde load circuitry and the switching circuitry
are disposed wthin e power supply housing. 5 - 10 WO 03/021277

PCT/ US02/ 27616 7. A power supply circuit according to claim1 wherein: the

power generati on, Ci I CAliphiér &RPRY dif £or Uss Wit iR BERHAHCBPWRIer RURRISF o UNI 'S

di sposed in, paral l.el and havin specti.v ut puts, each power supply unit
havi ng resp® g&CF\}‘Qd‘F tteﬁeq’iri’@w%g‘g@?xg leﬁwﬁp%»d to the DUT; and 5 the | oad

circuitry conprises fpowss gamtdatﬁmaﬂmdnﬂyaﬂsjao%dmuhé&steﬂm{dw ito t he
first and %8%9&%‘:?@%%?09%%é’ev%%'&nﬁf:raedtr dsposed respectively at t he power

supply unit ower “supply &t Uit further includi ng swtching
circuitby operative tloaCb@rCElm’y sedgcjively soeplehis the power gepeiatioy cirewiry t he second

power Supplom o 3hd di!s osféd%ﬂﬁr?ﬁle%é%é‘r% Eelwtfvgl slﬂﬁulfa{ertﬁé RONMRAL 18&&99%%5%’”” and

the force a sen I nes fromthe first secon power supply units.
8. A power SUiSHU %rrtreﬁttﬂntt %E%‘@?rcﬁuﬁblyt o claim2 wherein the load circuitry
further includes:

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:
a plurality of FETs disposed 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 switching
circuitry are disposed within the power supply housing.
5
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validation circuitry disposed within the tester and coupled to the power
generation circuitry. 5 9. A power supply according to claim8 wherein the
internal weligdakron circuitry includes: AC |oad circuitrpcrasd/2sapaci tive
load circuitry. 10. A power supply circuit according to claim1l wherein the
internal load circuitry conprises internal validation circuitry. 11. A
power supply circuit according to claim 10 wherein the internal validation
circuitry includes: ACload circuitry; and capacitive load circuitry. 12.

A power supply Gircuijt ccord to.cla nd further including:
internal cali bl’gtl on ACP itk lyg%rgmggcgar%g%i b%rgl(ner and coupled to

t he power generati on tld pmrtgﬁlyeraﬁncuxmltmﬁ@?ﬂlzveﬁlmmﬁweﬁﬁmﬁy 13. A

PP roui £y L PEEA5A Moph NG o Wﬁ%“%ﬁm °ﬁ%ﬁ‘fs' SRpBRer RN L0 for
testing a HaVing&spadbefoiws and sopselipgs\soupled thbe Y Bsindii sposed on a devi ce
board, 4he autonati ctﬁ@l@hdeﬂwn@ﬁaﬂhpxﬁsra@ﬁrsdamsecan@waﬂléiremﬁsv\orkstatl on; a

e R b e e T e Sk B ) e e =
gener at i on the poovsr sugplyusip ospdtsyibe powet supplyesichit didtheo including switching
circuitry operative to selectively place the load circuitry from the second power supply
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 load
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.
5
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generate power for the device-under-test; and load circuitry di sposed
within the testhead and coupled to the 10 power generation circuitry, the

| oad ci rcwiDtosp22pErati ve to selectively sinulate the el eecmiusat2ieo@di ng of
a devi ce-under-test on the power supply. 15. A nethod of calibrating an ATE
power supply current neasurenent unit w thout undocking a sem conductor
tester froma device handling apparatus, the device handling apparatus
nounting a device-under-test, the ATE power supply current measurenent

unit being initi;ally e | ce-under-test. .the method. 5

i ncl udi ng the _stlgios c‘){% 8 ESl‘géerl 5218{) 1&%@03%%%9 ?%%#é?%fhgﬁe ﬁg\}?tﬁgaggaém)%?n

i npedance; coowsyinaludasy t he devi ce-under-test with the in-tester |oad, such
that the ATE power suyRBfive BENp&Nt Measurenment unit is coupled to the

in-tester load; neasuring a first current with the current neasurenent
unit; 10 determ ning a second current by detecting the voltage across the

in- tester | oadil4and Alitvgfici@stdaaiprant & €esvial ddetiye-uhdertenaid deRadance;

conpari ng thg fti rtst curJent tQ tbhe ngl%:on C%r re t to ca{cuingte_an of f set

current: anfIgETtgHiPAsdon ¢ fivviss Rdrd; fh AorpgHc TS AR MRt GIMgs cal cul at ed

of fset 15 current. -acohpu®vesksdRbay7 PCT/ US02/ 27616 16. A net hod of

val i dating a DUT po"‘%ﬁes‘ﬂ‘rﬁ&ﬁ'cﬁuﬁk&ﬂ)@&l&c ﬁ%gfvggisﬁﬁglgrgngonductor tester from
t'he dev and f

a devi ce handling apparat us, I ce ndl 1 ng apparatus nounting a
devi ce-®inder - t est ( D@Bevicey@dendrstiower swppp e dedicarnden-teptnomer semly ed t o
the DUT, thelugddod including the steps of. 5 selecting a dynamic in-tester
| oad havi ng variable dynamic |oad .characteristics;..substituti t he
devi ce-under-test with t h&Mt geélgfa@PnIC{f&‘B%ryéllfBﬂsegH@fhl’Pﬁ@te%ﬁ?ﬁdggmer suppl y
i s coupl edgemrath@oivar for icadeviceader-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:
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-tester load;
measuring a first current with the current measurement unit;
10 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 to compensate for the calculated offset
15 current.
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driving the dynamc in-tester load wwth the DUT power supply; and 10
confirmng that the DUT power supply operated within predeterm ned

per f or marwe pacamret ers during the driving step. 17. A net red/ush2/ymhé dat i ng
a DUT power supply w thout undocking a sem conductor tester from a device
handl i ng apparatus, the DUT power supply 15 conprising first and second
power supply units disposed in parallel, each power supply unit being

swi tchably coupled to the DUT via respective force and sense |ines, and

each unit havi nggrespegt.i ' : IS9F I N . ¢ | oads, the
met hod i ncl udi %glt h%g{e{e}l\ég Og;"g‘ﬁfisaél?ggtj nggﬁﬂ‘iéIJ @Pﬁ’@?*’%é"&ﬁ‘@@ﬁ%ﬁa unit for
coupl i ng wistHicopductaytestarframy pslevice handding peparpius.dhe devi¢edwadhingappiazatesd wit h

the secondnpfivBhg & dBVibsundbditést (DUTYH,RBe DU pdivedr sy b@iﬁﬁ $SEANHCJuptdaast er
| oad t hrou hiéﬂﬁ‘ﬁgﬁﬁﬁﬁ%iyelfor%ﬁ %nd sense lines"wth the Tirst power
suppl y uni t*€ g Sthodt mgludingcthe HEPY9% st power supply unit oper at ed
wi thin 525 predet er nselectinger dymaminmetegtarlankhanisg thifabhglynh@iclohdi ng step. -
13 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 the dynamic in-tester load with the DUT power supply; and

10 confirming that the DUT power supply operated within predetermined

performance 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 switchébly 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 within
25  predetermined performance parameters during the driving step.
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