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conponents and nore particul arl i on methods for such systens to
i nprove accuracy. M crowave devi ces *abe6*nore and nore bei ng nmade using
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i nportant way chPlSt’%@fm% alesgepelaip o [esheystemsSHPHLIOVAY SRPUENE AN mat ed
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and a series of are run qn.the device. grn aut onat ed
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power. The 3‘5‘8%"%‘?‘?{ ORing afaReseny dscantpstodiRditiop bEHRs ed
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calibration process used to allow accurate calibration with internal calibration references.
30 The above described calibration processes provide what is sometimes called VNA
calibration. VNA measuremenis are used to determine what are essentially transmission
and reflection coefficienis ¢f a device. These coefficients are based on the ratios of
measured incident, transmitted and reflected power. The actual power used does not
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However, the above described calibration measurenents do not. adjugt APRr2002
errors which change the power provided to the | oad. One such error is

cal | ed "sourwe 9gmioes". Source match introduces an error when @CT/vsssdesil
signal is partially reflected by a device under test. The reflected portion
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m nd, §9 i ST ?fndfﬂ" FHSOFSTE! gf)%:)]#1 e:/%’hrcre omzﬁaﬁ Qgrggﬁésqﬁgggngl%ég%ﬁr ate way
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that can be swtc y connecte cal i r‘f\é‘hl on routine
i s perf or neRfherciighitenviiler ssill rapptaining %F%Fbﬁ"‘?‘&%%’@é‘opsTE‘Efﬁ 268 o t he
devi ce and then a second calibration reference is connected such that the
phase rel ationship of the nmeasurenents made with the first and second
calibration references is preserved. These neasurenents are used in
conputing an adjustnent for source match 10 error, which is then
subsequently used to reduce the effects-a2 the error.




-“4 7 ~ 2 APR 2002 wo 99n 02s PCT/ US98n1541 BRI EF DESCRI PTI ON OF PHE APR 2002
DRAW NGS The invention will be better understood by reference to the

fol I owi ng noMeO ee21829 ed descri ption and acconpanyi ng draw ngs PATMS$PYRISEI G

1 is a sketch of a prior art automatic test systemfor testing mcrowave 5
conponents; FIG 2 is a sketch of a prior art internal calibration system
FIG 3 is a flowchart show ng a novel calibration process according to the

i nvention. isfances whefe ASR adQRacy it/ r g%_aﬁﬂwﬁ%wsﬁ%hgﬂr@ﬁg:

THE PREFERRED EMBODI MENT FI G I shows prior art test system of they type
used to tesbe FﬁTEQVGMWQU&%ﬁ%gFPéWPQCWH@U%Q{CY§§F‘s%f§4%-i Ohtien ‘g?‘cécsttester
body 100. Tﬁxsirememﬂbeiﬂ&)ﬁsddaomm@txmggﬁ@oﬁa devéecer thodeB doagiredsidd Poik0h

t hrough test .head 10 Tester body,100 .contains control circuitry 108.
tqhe geyienos SR tp

4.
Control ci r@dV‘PPE}aritdgmitEc YRS PBYGELE CYENRT AT HIEES W Ehput er that can
be progrsanmed t oUndes$ some machaniss is @sdd taradjuspfor adbwnce natar dreare, pfawmrtsensisveand
to generall -' t Al kOk ey it could
be | mpl emerl Sl By L W ey vyt pIRERU! A, soBINE Bl Wil e
conput er woHie 183t Preasss will exhitiisdeyicsNdowiek vastatien.orhiciHs weerndesiseblexact 10
ar chi t ect ur pik@bieOpSw&H sefdifiteinbdMreh®R s illlvafleR R thedB AL AR nQ6RFiciede Togithef

the test systemapd i§ not critic Q.the i'nvention. Control _circuitry 108
control s va?qlgﬁ%aﬁlﬂ‘ss HER Pracess ‘Hﬁ]'oe"%lg’l‘titéﬁ%" IRAEHFRIIBERRS. 1AM foRee devi ces

ge ger ati® andarimiagliﬂi lti*letteﬁtprSci;cegS’lﬁﬂ #h duedmddkd fal:ﬁﬁy isﬁ_ﬁ]ﬁl?ﬁﬂ@dsirﬁbﬂﬁb%e&foﬁ@ur _cleis
and receives_and also the functions that they w : set to perform w

15 depend. ol 4 Petd & GBS uRPR ald RisutalEValta pull BEios REChRATE! <
and are not critical to the invention. In addition, a test system m ght
contain instrunents that generate or neasure other types of test signals.
For exanple, there m ght be sources that generate DC vol tages of |ow
frequency AC signals. Further, a test system mght contain circuitry to 2 0

generate and neasure digital signals. However, these additional conponents
are known in the art and are not expressly shown.




Tester body 100 al so contains data capture circuitry 116. Si.gnals recei eﬂm
by a receiver 114 can be routed to data capture circuitry 116. Dat?aZcifEﬁu 2
circuitry 116y6Qpb@hes high speed sanpling circuitry and menor pcorhidsgni1idie
signal can be stored in 2 5 digital formfor processing by control

circuitry 108. Test head 104 routes signals between tester body 100 to DUT
106. Test head 104 contains a plurality of sw tching nodul es 200. Each

swi tching nodule 200 is like i in,the above nenti oned
patent 5,572,160 to Wadell. Tﬁ@@“ﬁ%&@bﬁ@?ﬁﬁ@ﬁ@kﬁﬁggﬁﬁqfron1DUT 106 to be
routed in vari ouWiate fomgoimgrbackdremidihenipd,dcis aniobipct 8f he@nveatien talptoxides

are provide i ] i i ing nowto FIG 2) a
sinplified SF rélggﬁdsgﬁc?g%% %9%%%F%Mfé%§u}-§rgﬁgl&%f%& eferably) sw tching

modul e 200 i s naddedeteggng@hd ather abjects erershieredsin antasitenaticigst YbteBY nat i ve
constr ucs | O'Eoﬁtﬁ.ﬁmﬂ%' QUBR1BR Y Erefides thdd @arf BL bidRiHably cofinecte®info @Ex?_nﬂ ¢h, V0

991 21025 PCTI US98/721541 SMAtChIQ?_ﬂDdUIgTZOO cqgtalns P.dlrec i onal , coupl er
210 that cofRisationgugneispepfarmed s whishfirsi,ene ibigtipp Felersngs Isconprctsd oy the s
connect ed t dewied ahthed 2)se¢didicalitiration! referaite hecdintdted eudtpthapme ghbset o DUT 106.

In this way, ,swtchi modul e 200 can be confiqured t s..a signal f.rom
Source. 11 2 eEaB Al End BEMFerkenl: SRR Wy iR Ten i REed B ARG HBRR
refl ected sipgneatved.albesecaeaspmyentsackused im cgrhputingeacidjustmentdougiuece @a@h The

refl ect Si | St ik | I f ek i onal coupl er
210 t ha?éii S e%gﬁr@gét%eg t{x%}pg%?{qgﬁﬁt%@d gcéﬁdgﬁe @%th%tg 0sfe c(ra%f&[]bet ween pgr ts of

directional coupler-210 and pass the signal at that' port to receiver | 14.
Thus, switch 21i4 can pass a signal reflected fromDUT 106 to receiver 114
for 10 nmeasurenment. The secpnd throw of switch 214 is also connected to
directional coupler 210. However, it is clonnected to a different port of
directional coupler 210. This port outputs signals that are applied to

di rectional coupler 210 fromthe source side. In this way, i receiver 210
can neasure signals that are applied to directional coupler 210 fromeither
15 the source side ~r the DUT side. Switc~g nodul e 200 al so contains
calibration references 216. As described in the above nentill ned patent to
Wadel | ) these calibration references can be used to quickly and accurately
performa VNA calibration of the test system Switch 212 can be used to
connect directional coupler 210 to calibration references 216 such that
signals form2 0 source 112 can be applied to calibration references 216
and reflections fromcalibration i references 216 Gan be routed to receiver
114. CalibratJ~on references 216 are nmade up of several calibration
references of different reflect'on characteristics. In general, there wll
be an open 220, short 222, load 224 and thru re erence. The open and short
ref erences appear as open or short circuits. 2 5 respectively. The | oad
reference appears as a matched | oad. The thru reference connects directly
to another port that is used to nake two port neasurenents. In the
preferred enbodi nent, c~bration is based on a one port arrangenent and the
thru reference is not used and is not ~~hown in FIG 2. One of the
references can be selected at a tine through switch 218. 3 0 In gener:, al,
the calibration references will not be precisely open, short or matched

| oad. Howeverf it is possible through known calibration techniques to
determ ne the difference Corrections ¢ :en the actual open, short or

mat ched | oad val ues and the ideal values. then be made nat hematical ly using
known conputation techni ques. For
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match error, it is inportant that there be two references that can be
connect ed t ovOe2838ir ce. The exact val ues of those references RGI/USNS/21541
critical to operation of the invention. FIG 2 shows the problem of source
match error in greater detail. An incident 5 signal having a power, Pi, is
applied to DUT 106. A portion of the incident signal 250 is reflected back

towards the source. The WDEEC@TI@NWHE@RQWS he inpedance of
DUT 106 in relation to the | npedance of the circuitry connected toit. A

portion of si gnaiheasysnipp wﬂbbe Pcéfqr@e@@aosé@w refsreneerto g folRIng mMareaches

swi t ching edut®desfptidihaid dc@&ﬂn@&iyu%rﬁﬁ)ﬁf Singvaith W I 1 be gl ven by the

s- paraneters of 6 10 cllg @g% érOf switc m&ém)du 200. e of the
s-paranmeters is FGnbtf ASECIELP] BHFIFAT Hamgis tﬁﬁ@“h%ﬁ‘fﬁméfmfrﬁé{‘fave
reflectbon. The s-parcampoeentsrodel of switching nodule 200 is typically

cal culated as p LeSt system Thus, this
val ue can be de%?mgneﬁsﬁgﬂgﬁﬁoqwﬂﬁ ?‘ﬁ £t]c{n@§'ﬁmﬁlmes Because t he
value of es is ﬂ@mﬁmﬂ@w]‘charstsh@mera netveleelibration pracess aseewdingsioghal 250 can
be conputed and an aghugtiggnt can be 15 nmade when determ ning the total

i nci dent power on DUT 106. However) just accounting for first order -effects
does not address the whole effect of reflected signal 250. Signal 250 will
pass through swi tching nodul e 200 and appear as a reflected signal 252.
Signal 252 will reflect fromsource 112 to create signal with power P-.
Thus, the effective power fromthe source is Pg ¥ P,. P~‘is the actual
power 2 0 fromthe source. It is inportant to note t hat Pg and P~ m ght be
in phase or out of phase such that the total power could be nore or |ess
than Pg alone. It is the termP~ that represents the source match error and
must be corrected to nake accurate neasurenents. In the sinplified diagram
of FIG 2, all of the circuitry between source 112 and 2 5 DUT 106 is
represented a switching nodule 200. In actuality) there m ght be nunerous
physi cal conponents between source 112 and DUT 106. However, they can be
nodel ed mathematically as a single device with one set of s-paraneters.
Turning nowto FIG 3, the process of correcting for source match error is
expl ai ned. The process indicated in FIG 3 is perfornmed under control of
software that is 3 0 progranmed into control circuitry 108. At step 310, an
external calibration process is perforned. External calibration is
performed by replacing DUT 106 with calibration references (not shown) that
are known to be highly accurate. A series of neasurenents are made on the
external calibration _ g _ 2 ~ 2 APR 2002 wo 99nlo2s PCT/ US98n1541



references and the differences are conpared to the expected.val ue?eizaﬁ:q{j
the values of the calibration references. Any differences between pect ed
and- actual valgesn@se taken to be the expected and actual val ueeTar®s21541
attributable to distortion introduced by sw tching nodule 200 and are used
to conmpute the s-paraneters of switching nodule 200 to 5 represent the
distortion. Such a calibration is well known in the art. An additional step
of the calibration prm{mi i i escribed in

t he above nentioned p QWP@%ME%@%@‘EM calibration
references 216. KiExdshewsatpsionnr tesh dystam obtel tyrfe ushd tacwsi mickoweve r ef er ences
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referense woul d naed oy 6o eonestalraRiselinga sl CBHEoldRuisy ydglsd the same
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calibrati omnﬁefpefm&rﬁeeﬁmsmhstand d@gaidiﬁtmepevmhueﬁath@mbfcauaﬁﬁpﬂt@ﬂioﬁshe
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performed relatively infrequent such ‘as at nonthly servicing. "The val ues
assi gned t(f"ﬂflﬁén‘i"rﬂr&cﬁldp tb"@"%‘ﬁl"?’bratl on references are stored in a
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bet ween st\e\ipls % a“%ﬁfﬁca HECAPE FeaSUR ARG S8PHS 1 i'Of SBEC B PR st
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312, th adﬁp hd 9& dpScif€ FJpg£ g? Jfl:%%r Sy g’i'és?{ed' ;{}Ih%ﬁ'é?'fa&@xls A 9&5‘1 gritical

references erna on references are neede
step. It i stodbﬁmé’ﬁ?ﬂ% ed that step 312 will be perforned periodically whi I e

a t]§3t S)éStem l Sldddtidit&ﬁx @ﬁs@sﬁs&% fight tbMam. md?ﬂfméﬂ}%&lm' @ng%}teg}ﬁze&suﬁe ¢ st
erforned on ay..or after_ever of use i bratjon at ste
D D per (OPHPEy0 e Ot En ot AR Crore Fogh e SPUER oMt ST BREES 236) one
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U, I Bl AENER: Bich ot HRWALLO LI HRIGESob o pkER 8RS 1 N

val ues that WEr e Co redin noh VO
The resul t lofthtsarepMilZ nog expresshpdommet er nodel of the circuitry dep| cted in

FIG 2 as swi tChTE@eH%?'I@O%QQCORBh@ datagcapture Eiritty Rl(?%)%néﬁ@r&%l\%&%%
PCTI US98l 21541 nodel gi ves a_value for es hat czh:ﬁ%e used .to, corréct for

a part of (iegeieTr et bF Fowsd &ttaéacgetawaqﬂczety 1on Raipeapiprefiresigpti®or FI G
3, a gain fanitgns high spsgduhmglingocicaltryeaid thanotyh@husgtat sipng cef bectosedin t he

refl ected sj I St 4 ref.,epence of the calibration 5
referetrztges ‘;‘g%ﬁ fgrr%gorr*aegfeg%;ig EI!E&SI'?] gltl{r 1%‘2 Switch 214 is configured to
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that the so I r s
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the 15 sour éléCféﬁtMecFOBé‘ﬂtﬁﬂ@grt%{-‘rhﬁﬁHe&\S%‘ﬂ@lﬁod@ S&It%té%t signal that contains
mul tiple frequency conponents. In that case, spectral processing would be
required to separately analyze each frequency conponent.
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Once the test equipnent is set) data capture circuitry 116 is triggepe I
Sat iR, 202

begi ns storing sanplesLof the reflected signal. In a preferred enb
about 40 2 0 wioawesesonds seconds of data is collected. Wile dﬁéﬁaﬁgghggp
is still in process) switch 218 is actuated to connected open reference

220. Changing the calibration reference changes the anpbunt of reflected
signal 252 and therefore changes the anount of incident power on

cont | nues t o capt aVsk mbaf 25 5fantd LR Tl 23 TidBulip 4 < hmce.
Once suf fi cisentcedd@piQse roft efadicectionté coupler 210dscamadiet itoswitah 212,akarih tetat a
capture is shoppe@itale bW 10 BULIER Hfis v{]al}es&fr?gtgr‘g ﬁﬁlaﬁ’gtz@) yged to

conput e the source nmatch, e source ernB) rg
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and stof@d gheaSireResdO- |, and |z are the neasurenments nade by receiver 114
with the | oad andrd_ﬁpen cal i br a%| on references connected, respectively.

Specifically, |, BEdeFondtheowiar swich Bht ipalse spmicaigd o Birsetienabequnlari2dp.
Tr ansf or m orHdwves dnjlcesneeted @ dlﬁex@ﬂm&f 6f d—'ll'ercﬁéhhzil eYudidi&n ttﬁf'ptt@ éﬂd.)u?%l}t?r
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nunber of sangg’ S AT SPRIRA IR g ‘oﬂgé:&uPlSr g soyree sifg [n gus washe DFT
provi des a desepleallBg meas}plrs/tnggalathaam'pIapphudeoalmdctmrmhmlc&tz1@ fean kit ar

frequengy. LR ﬁ)uPEee&&"é ,eﬁllcejﬁ)apgidgent) the nunber of sanples between the
first sanple used nput DF' T of |, and the first sanple of the

DFI' of Iz is sel%‘é‘t gslaocttﬂeﬁo@ Rlso seriaing galibeatinnanferdngee Kanp$ desciibedaim
i nteger nul tth@a!ttﬁ)v@fménlﬁan&?ﬁdt@ﬂ tefwideg, t%bmhbxlaﬁbﬁgef&%aéegrc%ﬁ be hled § q%

t he phase rel &tl onshj f?? the éfé ngs e sets |s reserve

i nportant t S*HEtEHf tpef Edu “PW"E%C USYSEE TR 0 ﬁ%ﬁﬁe?%uscldrto

ot her words, comtaeydinmzmgblatduphr mh@m tahﬁ&naﬂdetbdea&s 26155506111 ﬁtaedxoml.t forlkhem I n
the prefgrr i that ur.e
changi nﬁggt hég%rggtig?a éagﬂltegrtczﬁ%%§§m[otnt{ou g saznlg? ‘H‘g p?clﬁ'é)fls %’ﬁgl Csagsltait’ﬁﬁs on
source | i 2Zefgreneescd be rqutgd do zdcsiven! 13t WI thout interrupting data
collection. In ”Ea‘-hbm n réRRnBOASI® £r&hAkd Qﬂ%ht&emtmwlotnh%feméy&ed val ues

of 1, and 1, makes it possible to solve EQ to obtain
a val ue of Fégf PFU‘EFéCtS’F’S‘tcﬁelI(rF %ﬁfqe&f’étlgﬁfcﬂlﬁﬁala“ opon Q%Qt Shﬁ’érzéfioltoédt he

magni t ude of22@and thru reference. The open and short references appear as open or short circuits.

25  respectively. The load reference appears as a matched load. The thru reference connects
directly to another port that is used to make two port measurements. In the preferred
embodiment, calibration is based on a one port arrangement and the thru reference is not
used and is not fhown in FIG. 2. One of the references can be selected at a time through
switch 218.

30 In general, the calibration references will not be precisely open, short or matched
load. HowevcrE it 1s possible through known calibration techniques to determine the
difference between the actual open, short or matched load values and the ideal values.
Corrections can then be made mathematically using known computation techniques. For




depends on the anount.of reflection fromDUT 106. Thus, no corr:?rfzi RP cmz
be made 2 5 until the reflection coefficient of DUT 106 is conp d:

step 324) a swedohigsDUT |06 is connected to the test system Tﬁnmg;mshs
part of the normal testing of DUT 106. Connection m ght be nmade with

aut omat ed sem conduct or handl i ng equi pnent, such as a wafer prober.

Al ternatively, the connection m ght be made manually 3 0 Wth DUT | 06

connect ed, the ref ion.coefficien DUT.is nme des i bed
above) pri oPYHES ‘tf‘%m% e hc ﬁgﬂf IS e é@ﬁi@t eéeﬁsb‘gf’é TS of a
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val ues doe dn of tiR ﬁvc@?& 2002 WD 99/ 21025 PCT/ US98/ 21 41 not suffer
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di stinct refpemenPesTinsuthd effectieqbwas fiohethbasurse isdt; <Pl 1snge hovoalgmpuadri ons
in two y&kn% hcré%hr%l | ow conmputation of the source match. 2 5 In
addition, a'pre FESPEE or der is given for the steps in correcting for source
match errors is dtisdmporienideapte thitd’;sind B's mighy bel irophase of owntnafcbhiase suchdbat any

order. The jgd Wk fRWRELoREBE %&b b¥ 1e¥d thbn PEaiSRY. € ithe 36rn@P, Mht 1R prelénts the
|nplenentat|on conveni ence.

gover aut omat ed aut omatic test

system was GRUKFmALch ersorand ‘?Hsé %F?ré?ft%dagﬁ?ﬁfura*ﬁfﬁeﬁséfﬂ%“&%e woul d still
be useful where llashe sittplified didgraysdf@IG. 3, 4 ke tis@itry bdtweas salesct I Daell t hat
the gai f;conpuf-ga &g&%@a's&it&%ﬁg'mtoﬁuﬁ%lisﬁ? %Q?alﬁﬂ%&% g h P ‘]\rﬁ%rgg To

achi eve™great ér "accur necessar e sour€e a
physical components between source 112 and DUT 106. However, they can be modeled

mathematically as a single device with one set of s-parameters.
Turning now to FIG. 3, the process of correcting for source match error is
explained. The process indicated in FIG. 3 is performed under control of software that is
30 programmed into control circuitry 108.
At step 310, an external calibration process is performed. External calibration is
performed by replacing DUT 106 with calibration references (not shown) that are known
to be highly accurate. A series of measurements are made on the external calibration
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Therefore, the invention should be linmited only by the spirit anll SchRRe 2002
the 15 appended clains. - 14 | a 2 2 APR 2002 What is clained is: 1. A
met-hod of caldpssdiosyy autonatic test equi pnent for source mat chctaRORRE4Ng
the steps of a) connecting a first calibration reference to nmeasurenent
circuitry; b) measuring a first signal incident on the neasurenent
circuitry froma first direction; , c¢c) connecting a second calibration

f , ' ' . d ' d. si |
i dont - ofRATLENELA (HEREE A4l bt e B rolRa T potetf FRCEG < Resteg
t hat presersignal 230 phase rel ati onship between the first signal and the

N oo ! . ! ! t
o Pdi cat! o ofihgttheRerk 8ps bEFIG. 3! Han AG: koBrBERAd (oRIRor U, BUPL €
gai n based remaining efeets of ghetreflosiedagignal t At spPdé. hadead raferengajofi she ¢adibration

anpl i t ugle_ Qéfe?bn@ém@ is Bé@éb@@@h@ﬁg@s&%ﬁ ZR2. @nit&h@lmkbﬁ)ﬂgtﬁéd & pasd 1
wherein si gg{al s, i nci dent 1fr.omdt he fi s& direction are i EQ dent from.t he
direction ORFO48R IR Fecaiverl 14riReident Signalsydn pthst Wosds, FREFIVED Wﬁp REHYS Beng t he
step of conjyakl thet i@ ipident badecttionaltdoapler 2 b0 frafd the dirta@lineofisoukeurnee That ch

and adjusti.ng.the anpli.tude signal provided by the source. 4. The
nmet hod of é?‘gﬁierxﬁt i‘°ﬁ?1me)“r'lgill?1cq'f‘iﬁg§‘§"ta%ps of (a) connecting a first calibration

reference and ccSrmlegrt ] H’gi_s P2l a;pmcfmrtd(mﬂlﬁold_tradzm configfred @rmcwmsiin_sevasrwiat ehi ng
S oS! WP LA AT SRt Sl B et
i ncl ude 15 range of 0MH2 t\pRHxy (Ehecslecied frgaenrydnmbrenvrycy nbwhighthetesvnen t he
first cali kyatmerilbelopertgie Typicaly\nRE t@fcdlthich vallbe AHuRdtioarof thikguéemrsond
calibratio r.efereertlci ii.s connect d. 5. '#@ met hod (‘)JE. | ai m 4 .vvh,_erei n the
Step of  meAlEE AGTHE TERsedlPBF saftie milaeegt mtvple BedisngeiSghiee
i ncl udes congpcit iemys chrebaldsenmenel fdwppbed streants froqumanoy. It is also possible that the
15  source could be programmed to provide a test signal that contains multiple frequency
components. In that case, spectral processing would be required to separately analyze
each frequency component.
Once the test equipment is set, data capture circuitry 116 is triggered. It begins
storing samples of the reflected signal. In a preferred embodiment, about 40
20  microseconds seconds of data is collected.
While data capture is still in process, switch 218 is actuated to connected open
reference 220. Changing the calibration reference changes the amount of reflected signal
252 and therefore changes the amount of incident power on directional coupler 220. In a
preferred embodiment, data capture circuitry continues to capture data for 40
25  microseconds after the switch is made.
Once sufficient samples of data under two load conditions are taken, data capture
is stopped at step 320.
At step 322, the captured data is used to compute the source match, I's. The
source match is made up of two terms, I'; + e, The value of e is determined from the
30  VNA calibration at step 312. The value of T is computed from the captured data.
However, it is not necessary that the value of I'y be separately calculated. The value of
T's can be computed directly according to the equation:
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segnents of the continuously sanpled signal. 6. The nethod of GZLZI ?IPR 2002
fiu~ther conprising the step of connecting a sem conductor devi 0 the
automati c t ewbseauizpnent and nmeasuring the reflection coeff cigrtu$smisie
sem conductor device and using the reflection coefficient and the conputed
source match termto conpute a gain. 7. The nethod of claim6 additionally
conprising the steps of adjusting the anplitude of a source in accordance
with the conputed gain and thereafter ryunning at |east one test on the
senmi conduct or device. 8. met hoﬂ(b‘l"e“é‘pgrdt ilngf,E,uiorratic test equi pnent of

the type having a source, ‘a Tecej ve th dgata gapture nenory coup ko
M ST abe dofli i"gﬁfﬁ B

the receiver and a calibration? le to have one of a
plurality of values connectable to the source and the receiver, the nethod

conpri si ngyhhe Bt apg meélhe%ﬂ{étféyrcbé‘fﬁcwﬁ n?e%%;%l@& o 00 14 GRS taﬁd have a
first value and tonneting it to the source, applyrng a si gnaf1 romthe
sour ce; c)opscailibrangn refetehcd banneetedi respectivels iThesd are s ddnes thavaret he

directison @dmpited aRVE@Rde et N0 NY AAd ) raé tHel HEBhreénf madHY Reeifl: 11he
received signal in the data capture nmenory; d) configuring the calibration
ref erence Wihhbg load aséepericalibratien refprepegseiopnested, Wispectiviedy- r ecei ver, a si gnal
i nci flent ;rorr:w t Bpediicatiof i(,pztmdolf2 &héexﬁ@d@@eﬁfomg@rmmea Bc&meﬂdr?i_swrﬁi oty of
sanples O the recelved, sighal In.t ta capture ne y,_te I rst
plurality HEG2FRES S @%Bwaﬂrwﬁ%f lgﬁ?ﬁs{eégﬁﬁi&rH@Cgﬁﬁreuon-refereﬁseé 2 APR
2002 pr edeswiteiede d ot énserercvhsistenys thesame nugiberd yfzdanglet findsishetildpewsed td y and
the seeondcghpig! j taﬁdoﬁz.mppgg&kg@a%mfnm rﬁlnﬁ)QPEf%ﬁgtrm;utég?pﬁtﬂ&é g pased on

the difference bet'vve.en the valu of the first plufa sanples and the
second pl upldsetaya phrtisaiapfreguengy. Thepretartedcmbodipheat.rthg nauhtiet ¢ ovasiples _
conpri si ngbéthees tRMAiref a1 @E4d tdGompaeihe DFIUSH Or ardant Eestisemblreofakd Drat i ¢

the. measur B leHaPdE) FOEE e PR ic BBt Bt Curnieraet Bregs b el e
adj ust nent pérasd 6f thé SigniinRingateRereanh tHi¢/dl8y, the phase relationship between the two
15  sample sets is preserved.

It is important to note that the quantities in EQ. 1 are complex numbers. In other
words, they have both a magnitude and phase associated with them. In the preferred
embodiment, it is described that I, and ], were measured by changing the calibration
reference without changing either the settings on source 112 or receiver 114 and also

20  without interrupting data collection. In this way, the phase relationship between the
measured values of I, and I, is preserved, which makes it possible to solve EQ. 1 to
obtain a value of T

The magnitude of the reflected signal 252 and therefore the magnitude of P,

depends on the amount of reflection from DUT 106. Thus, no correction can be made
25  until the reflection coefficient of DUT 106 is computed.

At step 324, a specific DUT 106 is connected to the test system. This step is part
of the normal testing of DUT 106. Connection might be made with automated
semiconductor handling equipment, such as a wafer prober. Alternatively, the connection
might be made manually.

30 With DUT 106 connected, the reflection coefficient of DUT is measured. As
described above, prior art automatic test equipment can measure the s-parameters of a
DUT 106. Measurement of s-parameters, because they depend on ratios of values, does
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10. The method of claim9 additionally conprising the step of adj uzréélﬂgcgm?
source anplitude based on the conputed adjustnent factor. 11. Th

cl airm 10 addivwe ofrsloky conpri sing the steps of disconnecting thecrt/useszissi
sem conduct or device and connecting a second sem conductor device and
repeating the steps of neasuring a characteristic the second devi ce,
conmputing a second adjustnent factor and adjusting the source anplitude.

12. The rret I 0 t.i ng,
cai i br at 1 ot e e Ak Rte) 0P B RIBILE B O SER M- B AR Y
measur enentRBUBTl06hE, eat be madsucesl beforatcoomctionf for enures mated enmirng t he
nmeasurenents to i hr n
reference confi ]ﬁfr&regg%gvﬁlﬁéﬂﬁfﬂeﬁgégsﬁfﬁw%gﬂ%ﬁg%g?g G@e{%lfggh tg s‘?éln "

met hod of &l élil%cen bp aiteipyablp o theesoyrasrmaetviermds-a Thisrgatn grmisgiven by EQs arrp| es
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At step 332, DUT 106 is tested. In particular, any test where the magnitude of

m

the incident power, and not just a ratio of incident powers, is important is performed at
step 332. For example, measuring the 3dB compression point of the device under test is
performed at this step.

Once DUT 106 is tested, execution proceeds to step 334. At step 334, the next

15  DUT is connected to the test system. This step could again be manual or automated.

Execution then returns to step 324. Measurements that depend on the value of
the reflection coefficient of DUT 106 are repeated and correction is made for the next
DUT. That DUT is then tested.

Having described one embodiment, numerous alternative embodiments or

20  variations might be made. For example, it was described that measurements were made
at step 314 and 318 using a load and an open calibration reference. The specific values of
the calibration references are not important for the invention. Any two distinct references
could be used as the basis for creating two equations in two unknowns that allow
computation of the source match.

25 In addition, a preferred order is given for the steps in correcting for source match
errors is given. However, the steps could be performed in almost any order. The actual
order preferably will be selected as a matter of implementation convenience.

Moreover, a highly automated automatic test system was described as the
preferred embodiment. The technique would still be useful where less automated systems

30  are used.

It was described that the gain computed with EQ. 2 is used to adjust the source
output level. To achieve greater accuracy, it is not necessary that the source amplitude
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computed separately. In particular, there will often be a fixture between the switching
module and the DUT. However, it is well known in the art how to combine s-parameters
20  for separate circuits into s-parameters that represent the combined circuitry. It is also
known in the art how to relate reflection measurements taken at a first point to reflection
measurements that would be observed at a second point when the s-parameters between
the first point and the second point are known. Therefore, it is not necessary that the
measurements be taken at exactly the point described herein. One of skill in the art could
25  easily translate the equations given above into other formats based on the way the
circuitry is physically defined for the purpose of determining s-parameters or taking
measurements.
Further, the invention is described in terms of eliminating errors attributable to
source match. It should be noted that there could also be error introduced by a receiver
30 match term. However, the receiver match is generally much smaller than the source
match term. Moreover, the computations described above will calibrate in part for
receiver match. Thus, while the term “source match” has been used to convey the notion

of signals incident on the test circuitry after being reflected from the direction of the
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Also, it should be noted that it was described that discrete calibration references
are shown connected to through a switch 218. Other ways to change the value of the
calibration reference might be possible. For example, a variable load as described in US
10  Patent 5,434,511 might be used. For the preferred embodiment, it is sufficient if the
value of the calibration reference can be switched between two distinct, but predictable
values, fast enough that the data capture memory 116 does not get full before samples
after the switch are taken.
Therefore, the invention should be limited only by the spirit and scope of the
15  appended claims.
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e) using the first signal and the second signal to compute an indication

of error attributable to source match; and
f) computing a gain based on the error attributable to source match and

adjusting the amplitude of a signal provided by a source.

2. The method of claim 1 wherein signals incident from the first direction are

incident from the direction of a source.

3. The method of claim 2 additionally comprising the step of computing a gain
based on the error attributable to source match and adjusting the amplitude of a
signal provided by the source.

4. The method of claim 1 wherein the steps of:

(a) connecting a first calibration reference and connecting a second
calibration reference comprise switching a connection to calibration references
internal to the automatic test equipment; and

(b) measuring a first signal and measuring a second signal include
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5. The method of claim 4 wherein the step of measuring the first signal and
measuring the second signal includes computing the discrete Fourier transform of

segments of the continuously sampled signal.

6. The method of claim 1 further comprising the step of connecting a
semiconductor device to the automatic test equipment and measuring the reflection
coefficient from the semiconductor device and using the reflection coefficient and

the computed source match term to compute a gain.

7. The method of claim 6 additionally comprising the steps of adjusting the
amplitude of a source in accordance with the computed gain and thereafter running

at least one test on the semiconductor device.

8. A method of operating automatic test equipment of the type having a source,
a receiver with data capture memory coupled to the receiver and a calibration
reference configurable to have one of a plurality of values connectable to the source
and the receiver, the method comprising the steps of:

a) configuring the calibration reference to have a first value and
connecting it to the source;

b) applying a signal from the source;

c) receiving, with the receiver, a signal incident from the direction of the
source and storing a first plurality of samples of the received signal in the data
capture memory,

d) configuring the calibration reference to have a second value;

€) receiving, with the receiver, a signal incident from the direction of the
source and storing a second plurality of samples of the received signal in the data

capture memory, the first plurality and the second plurality of samples having a
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analyzing the first plurality and the second plurality of samples to
determine a source match factor based on the difference between the values of the

first plurality of samples and the second plurality of samples.

9. The method of claim 8 additionally comprising the step of connecting a
semiconductor device to the automatic test equipment and measuring a characteristic
of the device and then using the measured characteristic with the source match factor

to compute an adjustment factor for the source amplitude.

10.  The method of claim 9 additionally comprising the step of adjusting the

source amplitude based on the computed adjustment factor.

11.  The method of claim 10 additionally comprising the steps of disconnecting
the semiconductor device and connecting a second semiconductor device and
repeating the steps of measuring a characteristic the second device, computing a

second adjustment factor and adjusting the source amplitude.

12.  The method of claim 8 additionally comprising the step of connecting,
calibration references external to the automatic test lequipment making
measurements of the external calibration references and using the measurements to
compute values representing the configurable calibration reference configured with
the first value and the second value.

13.  The method of claim 8 wherein the steps of storing a first plurality of
samples and storing a second plurality of samples comprise continuously taking
samples while the calibration reference is configured to the second value and for at

least 20 microseconds thereafter.
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