;e3e0| : 06678@96(: T|:fp +., , = f , NOA SE SOURCE MODULE FOR M CROMVE TEST
‘S,YSTlgl\/B 25 NO0 Y 2"002 Th| s invention relates generally to aut 2roaNiOY 2852
equi prent, and nore specifically to automatic test equipnment for testing

and ,char act eri zing RF/ m crowave devices. Automatic test equi pnent, commonl Wlm

known as a "tester," has traditionally been used in processes fﬂmmllum"ﬂ““mmll
manuf acturing sem conductor devi ces toldeterni ne whether the ma

devi ces contain defects. |nNGISE SCRRCE MEBUYe/IpoEs of devices can bessicer
tested quickly, thereby reducl ng both tine-to- Eggket and production costs.

More recently, testers have WAYE TeRT §¥SR ting and characteri zing
hi gh frequency 'ﬁﬁﬂrﬁ@ﬂiﬁ#ﬁ’éﬁfes@@ﬁ@r So aoniabic &ste qeﬂdtnqbr@perate in the
radi o frequenf; q),]&RF and Jm crowave r? 8‘ % ' devi ces include
{hose. usedPRARANY 16 ap ETRaE b RUBHERTS 1 ERGE A CHEErSEHEgTF TN | ow cost
product i olewvigegspeci al ly inmportant. One char acteristic that is frequently

nmeasured rel at e@a}to&aﬂ%%@?ecﬂ@éﬂﬁ?t&@ﬁn&ﬁ%l | &l oYaYS nqﬁl{ rﬁgi?ioml\l—,\}gr exanpl e,

testers have be actor m_cro ve devices)
whi ch wherbeex psagsin gaogepsed dayj anuaciuing sc@cemmndyvm@fterdﬁ@ame% hehe noi se

figure of g daWhaEmréd devicks éorﬁﬁ]ﬁ\ﬂﬁfcéts e ﬂ'l!is&l'ayb l@ﬁvﬂ&ﬂ&rﬁfﬂeﬁ&eﬁcm be
conventi onal %est er ‘J@OO use asure t P%IH]S ure f a devi ce under
test (DUT)estagquigklycthereby ’Qﬁ@ﬂ tB““oEPeF‘&‘ﬁ‘é iy g gnS?s ¥ cr owave band,
The tester 100 Mase rectmly; mstehsotthye héed usedfor boihrteitingead aharacteniding higked

o oo § dfsebEndy i Ru06r BOAGE ADHEN ardtielgdedb Bperafih MeYadb Freflibrc{

various te anal ysi s oper a contro
be progr antREd and)nu@nwlam rﬂnse%u%ﬁhfwg@igss deviges. @IUdeaHOWWS%WrtH%C@U}' and

recei vers (tRplbne iAdusty, WRERINEN voluksa, low Bést Broduetisicis eaphelanﬂﬂnﬁdaenRESr e%ﬁ' ver
e

112 generate a8 det ect, ,respectj vel Qtes aﬂnal s for

tester 100 al soOPfERaraRieristic EFF@&BX Reasyiep CHAER IR R FRITTE S t he test
si gnal s beRPdtroivaee tedtesr Fopehampls? tasteds hdve bBbiTused 8o méssmes thiemgisy, t he test
head 104 ipgl t for
directing @ﬁepg?ﬁf ?JE:quBﬂ?é\%bu%ﬁﬁ¥ﬁ®egﬁxp§gsS§%‘ig &%?}8919 (@q&]{k recerver 112,
and t he DuUFferred. tC'Ia!‘albf ﬂ%lf@&ﬂ?ésdw@énf I guration, an external noise source
1f16t Ih s Et)ﬁplﬁg FmT Lﬂl@sﬂoﬁﬁtaﬁhﬂi’e{l’bﬁeﬂdﬁ nU§ﬁ@cd?@éntiBﬁ§l&Hé’té:?m(N§8d{H3: sebfl gure
o] e us e switchin es nal s bet ween
the noi se ‘EB%?P%”‘E?B‘S%\H?&“‘FW aAgeifics § J&iﬂﬁgﬁ Hﬁéﬁ’ﬁ 55 116 i s
typical |y eerate h:ethetRFarnimw:e/elbandarThu:mtboQOa(srmestSlhwdm)l02 whlicth al so

| el udes haRgNRY Led il AIchAFHIRG 106 fral Bl belFBEratibdWy aledilioritilordB. FI G

1B shows a sinpli emat| c |aram(l): e switch 114, which

routes si gPFaf%'mb‘@ﬂﬂBeFPs’tH@ anplysis operationso Fof grampe, ."@cfanvgllcrl Yht€ noi se
source 11 rogmbnﬁétetdlldﬁuﬂamﬁ siphal sewice< (el g Can Rl sduecel 110) iand taceliversde.g.,

R Sour oo Bt e FPs The RESulbe 18 (i Kr WekRef T BEtus BRSEAEE 1 0 e
port connemsmtlvdwﬂqetspmabf@ﬂham&b& 124. Furt her, the pole of the switch
actuated 107 al | oAk g P ey e lbaon el cdmatybakaber o be
"source s.ﬂémal%‘?etwraelﬂmﬂ%r.beéﬁ@ ‘L@eiﬁlﬁegig A&‘foré‘ﬁ@gi&“’fég %Tﬁ) t hr ows
'CI)'];] et g\em ts\éwhmelggésgﬁnrrlxmeg?ﬁa%mt(e@ tacsmﬂnmng)h‘ib(;iiﬂb& lamﬂaraiui:l:tllngg\r/]vg?tses??%mn:li ﬁg %2:6
bt AL RECLELON ) BE BPIUALET bORPRE PP Y 1€

source 110 _ e ot her throw € SW ch 126 is al so
connected to thln DypicEl st qagfigeretion, mhextsoiabneite soyecesiibtis pouplesl todhe oupl ed to

the noise e@maa 154Gind Th&1 ﬁ%%tﬁ%&%e%%?f@éﬂh@m a0, UBRROthe O pass

signals fromthe noise s . In adltla ﬁ t ches
122, 124, apichingsmodyle 114 3 ?a%l’{‘e‘cﬁlgfﬁlsd%&‘%eeéﬁtbﬁa‘i’%e U & shsBUour ce 116
to the RF 1eg.eFvlierlthd noise source 116 is typically attached to a device interface board

(not shown), which also includes hardware for interfacing the test head 104 with the
DUT 118.

FIG. 1B shows a simplified schematic diagram of the switching module 114,
which routes signals between the RF source 110, the RF receiver 112, the noise source
116, and the DUT 118. The switching module 114 includes a directional coupler 120

R
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AIthOugh the noise source 116 is primarily neant to be used for neasuring
- the rioi se figure of the DUT | 18, it is well understood that noi g5 80V 2002
inherent in all electronic circuitry, including the circuitry used to
_inplenent t he neasurenent systemlIt is therefore generally necessary to
take into account the noise contributed by the nmeasurenent system when

measur i Ng ; i t ST i DUT 118,
oA ! 0 IERGE A8 e 1o iy ol 85 DT 21,
~1 GpVf ~.  (BEch 123, apdane prEvegnnectedie %P@wfas;wﬁ% 13%. t he measurenent systemn
FItCVR is the Wrﬁﬁr,fthegptSIEOPﬁxets%clﬂfZZ @eshmwtohﬁew@ml@mz'?hé he gain of

the DUT 118. T n0| ri bute rengnt stemi1s therefore
i ncl uded éW&CEEZ% ﬁc't“ﬁ'égé%y aélawgtangﬁﬁgfreq%rr f?iwrr&tzcﬁsxgm als The
noi se fi guwheithér taay‘sdume s)d)a”torehe'tmtmrslde” dethe dbestidaldonpkai2q, be determ ned

usmgthefor 0 LN V\,hreERlsthe
‘excess noi semr’ila [ﬁmw (}tdﬁ gv’gC'EN§4 %{1 6187&%31@*&%?& r S{ %hdi se power
fromthe tswichézé. Ebvsw@cm\}mmh@wfom@ Ztutedaoipsssisesi signalé fnon tha®F' of P'
respect i vebyrce 110 P& tHel BUrANE, BNR val ues for the noise source 116 can be

determ ned experine i kely, these ENR val ues are neasured by
t he manuf act ur glrrhecﬂ‘tﬁetrﬁ{%" K"o‘?gge §‘6’|5‘ftb%261116|5%ﬁ‘b‘mﬁ?t5%‘ﬁ@& DUT 1% Fathes,

oper at or als phie ofrgetsatiichi 26 swonpled to tHeamokklIFovad UES T swifth 126icae source 116

are typic n f fre V.Z002 3 Eq.
> can { hetir e RPiCAcchls Ropds U HORIAT sl PR s o 0 Pekala 16 eq 1.
When FsYS afditidmtssvitehese 22, A24.andt12h carpe actuasert togrevsigralsdoom e ddie noi se
source 11Ruyfkree a6 kO MIRPREE VA 11ohe DUT | 18, and the switches 122 and 124
are actuated to éwugké?&n out put port of the DUT 118 to the RF receiver
112, However, opss squtce L 40 irRrimariemeit fo heused Sor measuningsthgr e

act uat ed lnmsbfingdf th DU 8] #t8s wél andbnétBodfhat siseBihhdrbit m@@l&cﬁ@ﬂc be

cal cul ate 3) where
T, and TZQE?@ %ig&lﬁgllné%e{wt:m A\ H? {népd "T“itéi? ’B%fs‘frﬁg’ewo%@téms Jhgce 116 when
the noi setwpmqm@ﬂwe@ﬁsmm tabmmt:amconmfthe noiseeenmtriiutadbythek i s t he

Bol tzn'ﬁnnn%a%%hﬁrh@steﬁﬂﬂhengnéa%u pﬂﬁigé"‘ﬁ 1B oPfneDOT Y. 115. The product,

k (T1 - T2) 13 @D o‘%ﬁat eXCEiFH?éQiﬂ éPOV\BI’" fromthe noise
source. The noi é’&“ﬂq@ Tedtt the, B‘”c?ﬂ‘ Bleirddising theformnlat ed af t er

i ncorporating suitable values for Fsys FRCVR, and CGDUT into eq. 1. W have
recogni zed that neasur | ers a.deyi ce, under test in the
manner descri bed abov F%ﬁy@e@fﬁ@a €1V§Jrlglrkr}€m]' uKeé'éﬁ ainties, which can
adversely affect the accuracy of noise figure neasurenments. Hi ghly accurate

noi se fi gwierdiRas urtﬁaﬁéll&&ﬁ eof fHR Rhdaitembit st F.Ic@nl/‘ﬁ‘fﬁc HGYd ﬁ

manuf act urerﬁFbecalésE # $ r’rf‘hem t€ géﬁﬁ. ggs ﬁé"t noi se ec f| cations
for their BVt SESVeEL iR TEURALY ' 'b?*i“r“s"“éﬁ‘?é“ rally
willing t@quawnmnt wsltmamth@sfow inbludétbarilestountedsfer apthe célculatiorosls. It i S
thereforexg; 1that noise paraneters of a device under test be nade as
accurately as ble. One ty of neasurenent uncertainty is caused by

i rpedance ni snﬁ'théﬁ‘ébs? %H@Iﬁ@ﬂh@”WQﬁﬂ@ﬁ@@clﬂéﬂ%@w generally be detemminese and t he
devi ce undgsihgtiesformbhfie noi se source and the RF receiver, and the device
under test and the RF receiver. Such inpedance m smatches can cause Si gnal
reflections that affect the anmount of power provided to the elenents of the
measur enent system FurtRerl0 LopEENRAIENNeR1)] se&t ejles tend to be nore
preval ent in measurenent systens operating in high frequency ranges. For
exanpl e, inpedance m smatches between the noise source 116 and the input
port of tN&eriNR1igtheaisxeess aeise ratie” abihe mojsewelirce rod Nd ad N atdthe Doike 118,

ther eby aggvegfromaRe twbpbit defict Wiiesl BleoleRBAOR u;;seEsaﬁfv arldmRgdance

m smat ches_between the output port of the DUT 118 and the RF receiver 112
can al so AH§° ‘i}hgg'rtal nty to FSYS by affecting the power provided to the RF
receiver 112. $lpm1t1aullay ENRpadenfoe thei mietsotres 1 bé taeisnderdrenimedi se source 116

and the R Vi

recei ver %x éﬁ%n\e@ 3 gﬁé@l& a%;%%gé¥§rb§{u@9?%§?%93}gé p g e ﬂaTQar&uTS'f °€RcvR
These u ncé‘i‘et @lﬁ?tﬁoéécedéﬁ@ﬂﬁw%’@fééa tlﬂﬂntestna@matar &8 dﬂﬂ\lg‘@nh‘angmr Eumigrsur ement s
for a deviigeENRARIet Bsilthe noise soutce 116 afe Byphaty §@Hied as a function of

frequency.




4 Further, different testers can yield different |evels of inpedance

“‘mi smateh. This means that noise paranmeter neasurenents made on tﬁﬁ @@WZ
device mght vary fromtester-to-tester. In addition, testers s

_tester 100 are nmeant to test and characterize devices in volune quantities.
However, different |evels of inpedanc& m smatch m ght result w th each

devi ce tested. Ea%mmeﬂslaemsea%scﬁt BVELES I FASUERROL & P dipge by the

sane tester ht varé Bcﬂm devi ce-t 0-devi ce fester and

devi ce- t oVdey Fews 1§ dpte dhecsyritohd 2§ '%%?t‘i%‘ﬁ?dﬁ@&ﬁléﬁhe n%ﬁe§euqsar1&m er

Keats Er err;aﬂi p ut:c/]ii'drﬁ Bf e DUNJ ¢S, dhdbhd?swq[’th@m a@.anga%d &Ehaﬁiﬁ\/t%)rcﬁ .
not her e 0 ur. erd.ai n se ungertain e3|n e
val ues ofg Rﬁ‘lﬂ{ge?ﬁh &g?qgsF@r@ﬁ??ﬂ%@ﬁﬁb%@'m’tthé’h Y&aSues for the
noi se soudaterniifdl, sheswitghes 624 andsiPéaré acohitedstodbyrpascthe ®@UDMA18.r equency. This
means that a I f scr I e det.erm ned or
provi ded across ahﬁg g g% RTqﬁ 5%3%%c%$ﬁgéﬁé§i§gg%tfﬁggéhof t he noi se

source 116 typically provides a I|mted nunber of ENR val ues across a

bandwi dth as docunent ati @ f QrN{ h@;zml(?g TOUE CE¢e, I-{gwever) it is frequently
necessary to interpol ate between thes NR™val ueg when cal cul ati ng noi se

figure using eg. 2. This results in uncertainty in the ENR val ues, which
al so | eadwhére T, raaddumheaoxwtchiperamwmpbhgw}etheﬁbﬁ@léu&inteorﬁ Whdn th$YS,

FRCVR~ a t » J it,can be both
cunber s oni ik i P1eis Bk W A8 ForP’, BTSN ¥t b Oudply s BRoeit,
tester) P, Bxaths ‘@ﬂd}"iﬂtbpﬂ@ﬁ UT & e The produstek ﬁfll—s'éz)pﬁnmmnmouly

Measur enegiisd thel “ciSesk ABRE et s close as
possi bl e {]& trt1ﬂe c‘i:etvﬂS Ee ﬁb\g ;ﬁ?ﬁt#ﬁ?g@%&\%%ﬁ&ﬁ?ﬁggﬁé é%%%?g‘]@m IS

att ached 115 taRdheratare be paiewate Eéef%%ﬂ@f(‘?\'&& S%H@Mﬂlu?sr@f Fevsi Brevreand 00,
However, @ugiihfossgeitt devi ce interface board is generally needed to test
each type of u S er.ef or e attached to
each device i gtwe/er ggéébg ?jg{r‘%%&a}’ghﬁqe 9°1g é)q"gﬂ%scoéa%&lf%ﬂn&fﬁ Myeneral |y
adds to tthe magger @rscra:esleﬂbm@rmay resylb inl meashremefitoimsettantdhss whighicen t 0 have a

tester thavefsaly JRAEME AcARiyDIRBIEE :eruseagireﬁaitﬁn HI%YWA&%uH?é’ﬁ with |ess
maasuremetrgé uncertainty than conve onal ters a tester would be

abl e to atebufteafsy™f éﬁdwegn?ﬂté @H’&E"‘YE}YF Elb‘ﬁ"o@?ml uigEsReGrSFdnt system
and mi ni nilloevsitherete giavide hetteEiSeaspecifisatiand for diditddevices. Funtlerest . Th| s woul d

| ead {0 MREALEESMVABEADLE AR BEGkALIPARIEANBAY Sord for MBEEL AP "

desirable to have a tester 'S eas and | ess
costly t dbashmrifetheaiisationss Itgs figtefotsdmpertantthat ReisoparmmeternwEndavigl Wt h t he

f or egoi ngﬁaag{@fwnﬂdéﬂg&mqtelyﬁspois@e Ob] ect of the invention to provide a
tester for tesél n ang char acteri Z%Qaﬂg d(r)P\é\{/ave evi ces. Anot her obj ect
of the inventi TSASTETE ANt Y‘St%ai“’ CHERSAtsS aet er s~ of

1t F/ mi cr omeluding enismatchesi betwéentheasisecsoaoeumd ¢he deSiceuindartesthihe nogect of t he

| nVent | 0Ny fed hdRhORFYECARy %ax\qeﬂeaol&%na&%gt%dftw RE ?&Efvé{ tgicpest er and

devi ce-to-devi ce variafi ons erform ‘%6 measur enents.
Yet anot hBIPCEH)CE FPisHHChgfcan ﬁ%‘éﬁﬁgﬁﬂ rplectigng,that Affest @cta&?PéYOffRﬂWWestl ng and

char act erprblviiﬂgd id Herelamenmpofahelmeasuedindnd afstdrh. Pasher thasrdmpgmceost |y to

manuf act ure, tch { gl Qgg ggrgnd agt Qer obj ects ar e achi eved .i Q{gg tester

havi ng an P APEGFSIEd SRRt BRI SR ReTyedr Xigdr and a

pl ur al i t yfresfuepesorgngesnabl e st orage devi ces. The storage devices are

pr %%Z[”JES Wi oy Ireggalsémetﬂq«sm%ﬁg%weey ORI S el | L es of
input port of the DUT 198 can affect the noise power provided to the DUT 118,
thereby adding uncertainty to the determination of Fsys. Impedance mismatches
between the output port of the DUT 118 and the RF receiver 112 can also add
uncertainty to Fsys by affecting the power provided to the RF receiver 112. Similarly,
impedance mismatches between the noise source 116 and the RF receiver 112 can
affect the noise power provided to the RF receiver 112, thereby adding uncertainty to
the determination of Frcvg. These uncertainties generally lead to inaccurate noise

figure measurements for a device under test,




ln, a preferred enbodi ment) the noise source nodule is plugged into a
“‘tester, t hereby swi tchably connecting the nodule to at | east one SN0V 2002
plunallty of neasurenent channels. According to one feature) the storage

. devices are progranned mﬁth reflection coefficients of the noise generator
for both the "bi ased-on" and "bi ased- ofif’ conditions According to another

feature, the p ranma ge devices is_ inplenented using
a plurality of %ﬁmrm ?S ‘faé?r)ﬁeg‘iﬁ'ﬂg ‘(%!s gﬁ@?%ﬁ?%ﬂ‘&g@@h\n'ﬁhﬂ becone
gp ngr\/ egg Ofneanml taatcmm§ mimt?ﬂned?ﬁﬁx&mseﬁhﬁu Ioﬁghsﬂﬁﬁﬁrdbﬁt:é ﬁfgh@ﬂﬁyﬁi}‘oﬁé\ﬂ ”g S.

e invention w| e etter
under st oogfhg)? e %ﬁed{ﬁ [eSt?rﬁf‘l‘c&ﬂsn)be Fe IB@@E%WF% tyESE#t i on and
acconpany#¢hegacierigg deyices in woliirshquanGties] Howeven differdnt tevelb bbirtpedimegr am of a
convent | Ot SShh Bl PwilRabPalliS ELOL i ARIRTAR YR BELIID0 2

simplified schematic dia
di agr am oFCESUIEBRETLS “?ﬁ%BY Besame trstes nnzhtsferywan devieeni@edevicen Theseor dance wit h

the presefbter-by-eddtdrend dEvice-to2Bevice VriaGaR¥a4 1 leﬁd ﬂi ﬁ&‘r@meﬁf ﬁs%rﬁtﬁetglener at or
i ncluded in the n? etg ur ce nD%H e shown %
schemat i c™RSYGFRTH'S WYHCHHF LRdgsHaPlnBymRsS P i“@be"t"g"ﬂlﬂ@tﬁm se source nodul e

of the FIG 2AAapther hipaof meadirdtheéit uicertaindy &lcavsd by tnddtitamtienin@he @ Met hod for

measuring, S e FEl tu ' 5NOV
> 00 DRlfts3R AR B et 22 R thebtinelabhy e AR Wllésor e poiss by ook

di agr am ofouscs bk &g tymienlly spesifiedrag arferstioh of frequengy: cBésuncans\haitai limsited The
tester 20Quhblofdaerctc sﬁgtmuepa@ydezé}ﬁmw Rovidif QER @Bﬁﬂ“ﬂ&:ﬁg%ﬁmb' e

controller c 06. Fu her%the t rimari eant to be
used for PEHR "ngh én %W&Ef’ 55‘1‘Hf§‘h 'aa'a@l%/deé?ﬁ%mﬁ:nmbeaew ces,
such as té&fdSNRuabss acrosed bandsidth ab dpdneatatign farthehoiselddaiR, devi ces are
typically desi eof ab MHz to 6
GHz. For this gggg‘é%} n%ﬁﬁ&ﬁ}cﬁty Rcc%ssé{ﬁ%r%@@ﬂ | nc?elnotggse% U%HF% ty of

RF/ mi cr owiben calgyatingdise digyre(using eq. 3n This resylls incunzartaintyiinithe ENRral i ty of

RF/ nucr ovwpaligesswhithlalse 3€eds Y& mAcduPacies:in e ridlse HgRAlchRASHBF Fal By tester
oper at or SanRE9 l%[yalgnthe controller 206 to péerformvarious opera Y ons

We have also recognized that it can be both cumbersome and costly to
incorporate an external nojse source into a tester, For example, in order to make
accurale noise parameter measurements, it is important that the noise source be
situated as close as possible to the device under test. This is why the noise source 116
is attached to the device interface board (not shown) in the tester 100.

However, a different device interface board is generally needed to test each
type of device. A different noise source must therefore be attached to each device
interface board for each type of device tested. This generally adds to the cost of a
tester.

It would therefore be desirable to have a tester that can measure noise
parameters of RF/microwave devices with less measurement uncertainty than
conventional testers. Such a tester would be able to account for impedance
mismatches throughout the measurement system, and minimize uncertainty in ENR
across a bandwidth of interest. This would lead to more accurate noise parameter

measurements. It would also be desirable to have a tester for RF/microwave devices
that is easier and less costly to manufacture.,



 for .testing, analyzing, and characterizing high frequency devices. For

+ ‘exanple) the tester operator may programthe controller 206 for 2ibr N0Vi 242
the RF source 210 to provide RF test signals for a device under test, and
for directing the RF receiver 212 to detect RF signals produced by the

devi ce under test in response to the $est signals. Because high frequency
devi ces under test often i o) r nal og circuitry and
digital circuitry) the teswy%%@@}mes circuitry (not shown)
for gener ati ngWitlckhel édregdingackgroubd Gommd ly isAG objegnell the indaittionitgi t al si gnal s.
Furt her) circuitry for generating DC

| evel s e‘S Jg%&%ﬁ%)%@r Bpg’%t g%ﬁéhiﬁd&%i"gﬁﬁ romggflg‘%l%egd that the tester
body 202 is neénotllpbobJM®f therinvestion srteprmdematcstart&aalvmédsuﬂennml n the art
and may bﬁ‘a:%tﬂé't@ps 6?@9?&6&5%%%&@ﬁﬁﬁg&aseﬁ%cﬁg Ay | npl enentati on of these

el ements and therr configuration in 202 is therefore not
critical to theti avetherobiect gfthe invention iptropravide 2n H@VWéOGCQO@QthMead 204

i ncor por afektBgitctestep AR dOViIce-ddviveivadativng whee drformbgdidide &gt ai | s about
the general st rue%tture and operation of the sw tching nodule 214 can be

obt ai ned SHE ﬁng to US patent no. 5,572,160, assigned to TERADYNE,

| nc.) Boston, Wesamtheobjetsof thismycmmhahtoi proiudo:mtqsmr fracstingmad n by
reference, rﬁﬁ%{’ﬂ' urallty of
directi onah afdfe IﬁuchHﬁvéH!vichlﬂag{s:Egﬁ%l{ aﬂ?:l?)%s égg'%ﬁuf’ﬁatﬁg ‘plurality of
swi t ches) sucths oFggoinghangd ather @mtsmacmgdmwm kyingrradntegrated al so

i ncl udes ﬁdlieCdﬂufde)/rnédIQé with QWise fgeﬁeraeﬂarmi ﬂ:lhf&ﬁt}&f%ré%&hﬁiabl@ ?tcﬁli el hezoe
n ro er

di rection el e the swtch
gener al | y‘{?1 o fﬂcécﬁc P‘ﬁéag&glérlﬁﬁ B P%"E‘Fﬁn%d Wf‘F @Eﬁa??@m& i “E'BF el ar, the
di r ect i onmismatnhps end platiitiess of BNRIvalper for thewiodse geegatshown in FI G 2A one

port of the di e 210 and
anot her pert Igneacc ﬂﬁ%g%he EH"%B ﬁ%nvél%fﬁpﬁg%&ﬁ& %%ggﬁiﬁ\%ﬁ&# (rr;fay be

act uat ed @1ercebhweeftablyrfenawestthednaq!ulemﬂeast oneeoftadlyrality of seashrernentt est
(DUT) 218&hafesl9r di ngly, one port may be regarded as bei ng on t he
"source-side" of e gi reCfS:f}’%nat cou 1p er, 220, while an%t glort may be
regarded as be{REPTHRE{H Qe jsaRire thestolhpe deviceyape programimed ) Tc FER0. " The RF
sour ce 2l1®effinienthef e ooige gcr@dajmefoahoﬂaﬂhmhmmneamcb‘ﬁmassﬁ-gfﬁl 't ~' 25
N O V 2' 0Qgdgionbat passes fromthe source-side to the DUT-side of the

di rectional coupler, t hrough the sw tch _224) n electrlcal node of
the DUT 218. TﬁéccﬂFl‘l“éé FEH{E?’ E"gl’fﬁ} Eﬁepilzemapgarqsygm% Yerage devigss iar e

coupl ed tmpumméﬂ@hﬁgmﬁlufdnqmﬁmm These ports are commnly referred

to as the "for "and [t t he n 220. In
particular) t héﬂ gurnvbglg gbjf)%tg c%ﬂ?“‘b‘pg‘%ﬂ“z 3c°a © %Pg’%%?hgﬁ‘paf &gﬁgﬁgg& gnal
provi ded ¢ighe hesuirg deseriptionand deavdeessi de of the coupler 220. Sinilarly, the
reverse port can be viewed as being coupled to a signal provided to the
port on the DUT side of the coupler 220. The switch Z22 can therefore be
actuated to connect the RF receiver 212 to either the forward or the
reverse port of the directional coupler 220. The sw tching nodul e 214 shown
in FIG 2Ais a sinplified version of a switching nodule used in the tester
Z00, Practical swtching nodules generally include a plurality of paths or
channels to a device under test. For exanple, FIG 2C shows a nore detailed
bl ock di agram of the sw tching nodule 214, which now includes two channel s
238 and 239 to the DUT 218, The channel s 238 and 239 nay be used for
appl yi ng and neasuring respective signals at |eads of the DUT 218.
Alternatively, signals on the channels 238 and 239 tray be conbi ned usi ng
the internodulation (IM path interconnecting directional elenents 245 and
259 and switches 246 and 260. As mentioned above, the tester 200 is
primarily meant to be used for testing and characterizing RF/ m crowave

devi ces. Such devices are generally used in | ownoi se systens. It is
therefore inportant to be able to neasure the noi se paraneters of these
devi ces as accurately as possible. One noise paraneter that is frequently
used to characterise RF/ m crowave devices is the noise figure of a device.
O her noi se paraneters include the Y-factor and signal-to-noise ratio
(SNR). The noise figure of a device can generally be determ ned by
connecting a noi se source to the device and then measuring the input and
out put noise levels of the device. For this reason, the test head 204 al so
i ncorporates a noi se source nodule 216, which includes a noi se generator
221 and a plurality of progranmable nenory devices (e.g., device 223). In
the preferred enbodi nent, the nmenory device 223 is inplenented using an
EEPRCNI such as the X24645 EEPROM wanufactured by XICOR Inc. M Ipltas
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.The out put of the noise generator 221 is connected to the other throw of
*the'switch 224, which may be actuated to connect the noise gequaNGH 22 to
the DUT 218. The noi se generator 221 can therefore produce a noise signal
t hdt passes through the switch 224 to an electrical node of the DUT 218. In
the preferred enbodi nent, the noise generator 221 and the EEPROM s (e.g.,

EEPROM 223) are situat lol ectively constitute
t he noi se source nodul Mg.ﬁﬁcm@ﬁﬁfﬁgﬁmg&ors (not shown) are
used to faciliThe énventéont witliee betser undersfood by seferenca tolike folle®ingmoreo t he
controll eg, 2 ,dﬁﬂﬂ, e 1,551 : I sesignals fromthe noi se
gener at or&eéé%gto t]ef[fog\%ntg .%g;aﬁn@&%@é‘wfﬁ% i@l&ﬁ;r di ngly, the noise source

nodul e 216 is PHEfkh it Rartial blagk diggram of heonvertionpl tosiel; ~ t her eby naki ng t he
noi se source nPIE B Btke FRE.I 1A/ apparin@Ghabdify 2 BishplifiddycRaAL OB Nrem ofg
ment i oned above, the nqi.se figure value is often used to characterize the
performance of an Rﬁ?”rtr‘f'clg‘?%%ﬁ ®device. A sinplified process for measuring

t he noi se fi guFEG.JXA & sddoclcdiagramief attessdr incocparating 4 odsesberes nafduledpl vi ng

noi se signals to th@cc%?d’efné@wﬂp%er rh&ﬁge@é}giokhen measuring the resulting

out put noi se power. Accor |ngé¥, KRS source 213, the noise generator

221, and the sW&@cB Baschematisaliagsem af & doish generaiorangededrin thegioisthe control | er
206 for applying nok&fcSmBBAL Shdvh fnMAGDRA; 218. Further, the switch 224, the
directional co %%3220 t he, syitch ﬁZZ,,gﬁ? the RF r ceivgr 212 can be
sinmilarly contFof4dsaRchematic fidgrymofa syl &‘iﬂﬂﬁﬂtﬁﬂp Bk wever, in a
practical neasur emesdurcombigjei ofithedlG. 2Aappargtus; andd out put i npedances of
vari ous el enen ; r EQ&?HQE‘ t ched.
Conseguent | y, E?%%gf%ﬂg? e%?ﬁ% S cg%é%%%ﬁghgfﬁ%g e ?%§%§#¥§§?on pat hs

bet ween the syst em BsiBgHeHG. 3Aiapparaliiss t hat noi se signals applied to a
devi ce under test by a noise source may be partially reflected by the

devi ce under test, thereby affecting the anmobunt of noise power provided to
t he devi ce under test and causing uncertainties in noise figure

measur enents. These uncertainties are comonly called "m smatch”
uncertainties. For exanple, the output inpedance of the noise source nodul e
216 is generally not matched to the input inpedance of the DUT 218. As a
result, when the noise generator 221 produces a noise signal and the
switching nodule 214 is configured so that the noise signal is applied to
the DUT 218, a portion of an incident noise signal will generally be
reflected back toward the test head 204. Because there nay al so be

i npedance m smatch between the DUT 2J,8 and the sw tching nodule 214, a
portion of the reflected noise signal is generally reflected fromthe
switching nodule circuitry back to the DUT 218. This phenonenon nay be
referred to as the first order effects of the reflected noise signal. 25
N OV Z002 >l o Further, because the switching nodule 214 is configured so

t hat the noise signal passes fromthe noise source nodule 216 to the DUT
218, a remaining portion of the reflected noise signal is generally passed
t hrough the switching nodule 214 to the noi se generator 221. The i npedance
m smatch at the noi se generator 221 will then cause another portion of the
refl ected noise signal to be reflected fromthe noise generator 221 back
toward the DUT 218. This phenonenon may be referred to as the second order
effects of the reflected noise signal. A novel way of conpensating for the
effects of reflected signals in mcrowave test systens is described in US
pat ent application no. 08I955, 782, assigned to TERADYNE, Inc., which is

i ncorporated herein by reference. That application describes a calibration
procedure that includes the step of determ ning the "sparaneters" (i.e.

S", 5,2, 52,, and S22) of switching nodule circuitry, These sparaneters can
be viewed as form ng a mat hemati cal nodel of the sw tching nodul e
circuitry. For exanple, a vector network analyzer (VNA) and known
calibration techniques nay be used to determ ne s-paraneters for the

swi tching nodul e 214. The VNA may al so be used to neasure the reflection
coefficients, INl and rNx, of the noise source nodule 216. rN, and T'N2 are
the reflection coefficients of the noise source nodule 216 when the noise
generator 221 is biased "on" and "oil', respectively, using the switch 230.
Further, the VNA may be used to neasure reflection coefficients, tour, w
and tour, our relating to input and output ports, respectively) of the DUT
218. Once the s-paraneters of the switching nodule 214 and the reflection
coefficients of the noise source nodule 216 and the DUT 218 are known, the
first and second order effects of the reflected noise signal can be
cal cul ated and used to make appropriate corrections when determ ning the
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For this reason, the )rEPROM s included in the noise source nodul e 216 are
-+ al'so 'used for storing ENR val ues for the noi se generator 221. T? a5 N (Pt P06
ENR val ues are used with the stored rN, and rNZ coefficients fof ‘obtaini ng
. hore accurate noise paraneter neasurenents. Noi se generator manufacturers
have traditionally provided a |imted7nunber of ENR val ues across a
particul ar bandwi dth of interest; for exanple, twenty-eight (28) ENR

val ues. However, tmmb’ QR THERRERFRRED FMBQ rce nmodul e 216
preferably stogg %Eh‘?c%te?@@@h'd&gorﬁﬁiﬁc%ﬂﬂﬁé febed‘tor the

noi se gener at or 2%A These ENR val ues_ can i‘ erm ned using known

t echni queBventiepadde testra 20D dnciigena taster bedy EQRW\%’ HEQTROSAEY hst ant i al | y

]gr eat er t;{?@glrlah{?ﬁeﬁblé/%r@ﬂbﬂbﬁcmgitﬁﬂioby Fﬂftﬁéﬂ decdesteEPsBo ssrmmtsztﬁay fhibir o b noi se
i gure cal culLations are,subs eCcrease LN € Nnai se source
rodul & 28550 RIeRRE T SRS HEh FéaeEY FERCERP SRR AT 20 Trne,

m ght be thosersdd imcallatap eddéphone Efuiiradvt.s These dhdcesarstypisally designeditd e 216.

However , (_ﬁerﬁ@ﬂ}‘ig @%nugﬂﬁgéaf)@@@coe{@ CSAG! FEPMS rgAoR! heResfeer storing

t he ENRv ues icrents Is not critical to the
i nvent i orbo Am@taﬂs@dne\adqaetrévrm.oﬁ&Ff@mwaﬁaeawéﬁerrges (&goran &F &queceno. se

figure, ofjpandk lHrﬁlitS?W@RFhﬁex\d\ﬁ% sigﬂtﬁlired‘cmis (EE., aﬂmpesrgmlaecwerlzqapnt ed in
accordance wt rocedur e shown Eﬁﬁ?ﬁ rocedure is perforned
under contr ol ﬁesgngFRRéq%gr qaﬁgfogrgmﬁlpeotbqn AP 3""? YaBI0EP 8P§iate rf}

i ncl uded fontesting, tanslyeing bend\ch@@@erifing bigh froiwmey déviatat Hor eXaatplen thet o

refl ecti L I D;gp.g [ | 310. This
m snatchqggfgfaé?éﬁ%?ﬂ ﬁ’f%:’%é _cec gérfezgéjef f‘?'%lce ,surlf‘iﬁs Olg%gtﬂ'llg&é In the
preferr ecpfewﬂeﬁﬁw@ﬁtﬂgftaﬁéo? pegvicerunger testetnd for digecting the RE Frgeiver21 24pe

nmeasur ed depddd RiSsigis (510 alﬁtea dhet devidd@indéritee usrw;ﬁdz-@e nmha ket Sighals.Whi ch is
unpl ugged fro the t

Er co rdlnq BIA SidLes the reflection
coef ficients) N:au%ﬁig %unqn%g?vh S {updes 353(88?‘3'"'2‘](‘51 eﬁ{j €%t the noise
sour ce noghalog cit@itryFandtdigita)l cmmmushe ﬂckterbuﬂy%%lsnemmdss ciautry énodlesi gned to

fr equenci SAuAh frkentltinf i deciin@ it BEGIRPIAHSR LRt Bl Doe

| ooki ng i Pusther ke grstar bpdy 20%-alen insloylesgirsuityifprieaigrating HGlkkesteog. 28Grent i oned
above, atgdup@si13§00 ENR val ues are preferably corrput ed) with each ENR val ue
correspondlng i.fferent C dwi, d f the noise
gener ator 221. H?‘Elﬁé’F ungigrstop %l}agﬂ}eqs%er 5’(5‘?’ ?6%5 ag’?ﬂ) ]ﬁcoéﬂﬁ?r N2, are

pr ef er abl glerentp that drei welbkraokn iB 110 a1t andwmsebs fowad mmrémehegtcrpo Thes. After
the desir %ﬁﬁfﬁ | figd Rie/RbltdEBodrm2det er m ned
in bl ockssgfg@ éthnfcfefég%%%?&gﬁe%é F\lﬁe&rﬁd&? ec?kﬁbgﬁycoe?ft:dgl ec?\'{s and the
ENR val ueléﬂéﬂféfc‘ffr%‘g‘rcé eFE'EPK%(]\/I s in block 314. For exanple, one
EEPROM i n t he TRé &8tes Q00 GEo Iim(thdkea febOheud @04 idverguratizeanieast dier st oring t he

ENR | dth i EPROM
mont - be. SrimamEa ok ARRRGN el SRNERE EheraliihchIE al PGB EPROM ©
cor r esponthiersyitching merdules?! 4 cah e ohtairied by yeferring|te £1S paterd vef 3.5¢2.86.s and ENR

Uhe EEPRCE ® N Oh &[@dn‘red into
t he EEPRO\j gﬁlgﬁ EB;EEQAE’YNE ﬁ@@o@tﬁﬁ%%ﬁ&m@&ts 1S AWt i9Bc t

acen nrermr [ ocat e rce.no
accor dancBerginty VFfFéc"’ﬁF’e Bhex f'hel SB‘H{CﬁWEF%‘Qaﬁéﬁ ‘?ﬁ 82 Bl tl"?g gener at or
and EEPROWréctiphaigslermgriy sudti 4 o difekdoral couptare@0] andenglumlity (El‘smltclbnsa directly
el aling. {0t A wARha AR Olne FIRHY EHO 1L RS R HaEs BRYNIGR: DO

pl ugged i use s to reduce
ni smat ch siovigNer crmt@ﬂhrml the pe%'aw&th%d@c@peallemﬁs@dﬁbﬁ %‘e“%%ts'ﬁh"errent
accuracy Fc%'i'arﬂﬁlﬁ lcBntedllee zdéﬁ&éélﬂrd%écﬂs iBhel %&rﬁ%ﬁm@ ci'rémlg_ed to conmpute
thereflegtlon coefficlent rN2, CORRECTED | ooking into
a port, such adnaagsieplar, 2%‘11(’5!‘?1@31 se)%ﬁ%ot%fogwwmer’f&enﬁmb%wafn The
correct ed FIGSTA! Gt pbat of the dirédienilebhpl26Z20ne yoluec@d 1 titeckiF smrngZIme f or mul ae
EL\:IE i S |%r *[‘):Sﬁer(P é%l%%é{eu% a(ﬂ%mr & R%sw{th\q?[ﬁ) VJhE% s-par argraegt ars g ;O(Srp
S2,, and Semnecof cuerﬂeresmnabmup@;r@aam edmme mnﬁgmeﬁg(mdwlﬂqef\mimelm are al so

neasur ed. ect ed
measur ed. y?i@go@ﬁagés{ (TEL G &Y 62t G B ARucdTRASUI1ARe HRiCHBnA HMecoID)

exanp &Hm% be con ted to a
tester pi ol aaowewerémambem%d@éaﬁlageﬁdhe 4! therd as an
i nterface BgpveeIn. t g REséurbearh 2RAheratbrd pﬁ;dwaﬁns/ma*mve aﬁt signgdi N may in
turn be connected to the port 268 (FIG 2C) of the switching nodule 214.
Further, the s-paraneters are preferably neasured at the sane frequency
points as the reflection coefficients and ENR val ues determ ned in bl ocks
310 and 312. The data stored in the EEPROM s and the s-paraneters of the
svm tchl ng rmdul e 214 are al so used to conpute correct ed ENR val ues. The
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.The corrected m smatch and ENR data may then be stored in a nenory (not

- shown) included in the controller 206. Both the manner and meansgcﬁ NEXVo 2088

the corrected m smatch data are also not critical to the invention. As

_ nentioned above, noise contributed by the neasurenent system nust be taken
i nto account when nmaki ng noi se figuregneasurenents using the noise source

nodul e 21 For this reason, .the noj flg f the RP receiver (e.g., the

RF recei \/gﬁ“ BRF5SS QR thFROYrGersi ‘iehtB ﬂ?"e@ﬁirs“kﬁ)# y@@%tgma}@%é‘éﬂi n bl ock 316.

The noi sethtmgwtae shirth224Rko nredeatkd&inade?t)ftm Ztay be measured using known

t echni ques ex 3 4 § £ chi nodul e 214

(FIG 20 rrayo'ggc {Q?,g‘ﬁ alcf% assal.ﬁaq?aggwglpéﬁ hgtner %gemrfﬁf ggogﬁ)urce

modul e 2ad the switeh 222F ”ﬁhetswpmks @6 Sommmnlyi rsfeugdttmaﬁttb@l“fdrwad‘fb.sd to a bias-T

net work 2 Yot i b t & nd 250 may

%vertétgfoﬂa s BfRfl mcttgﬁe ﬁ c%l\%{ &w%#@as_ Rl%é%l

al so be actuated to pass t noi s et wor 251 to the

RF recei vgwed 83 %&Q}El’éedttﬁérsg“ﬂspf@éﬁé‘t&qhypﬂﬁ‘ §H15*Fo‘ﬁ“¥5§t%é’ﬁ thehe noi se
sour ce nmoghupir226. SﬁﬂﬂirbethREe\FeE&q:loYﬁfan$é3mw%B@ﬂﬁémg’ @Jdpﬁ@ttb@rssgnat the RF

receiver 21 fect t d to the RF

recei ver gfﬁ”ﬁ%%ﬁ?ﬁ“c%%@ﬁ%@ﬁﬁfﬁg&‘ﬁﬁf’gﬁg#@M?&Féwg ii@fcai'—‘RC\/R For this
reason) atheefdrede |aot11atadeb fconneetmhc Rﬁiéhﬂi\\/er i2$2 treeither thel forsiand) oBtheNA;

S- par ametiree Taég ? | ooking into the port 269; and) a
correcte lttl on coe ?I Cl en R, _CORRECTED, is conputed as rRCVR
CORRECTED - S Pbe switching modnle ﬂ@m)mﬂG 2A Reweplifig] version of ) where S
S'1Z, S 2Witchitk Modde aked ih e :sstétagcmrrmre;rﬁéammmﬁ fodhes gétﬁrﬂ?;hﬂhﬂiezx‘l

port 26, ”aﬁr%w T e s g R

ENRCO?REG’EEE detdildR block didgram 2f the stvitchifig inoidule/d14, whith now inchidss two CORRECTEDY

(IR&;&H%DZ {ﬁ% i [ conput ed
u5| ng eq urt é%éd iﬁtta% em %im?%héhh%k?ﬁga{g;ﬁ ?ilytbg niiulﬁ? CORRECTED,
rN2, CORRIRDIYEE FESPeetivs si ap-ipma to make
corr eg t 11 Ogtignalléﬁén tmehweeezaﬁmgsﬁ _Itpﬁl § be cbtgbaéuiudﬂzg the irdefenduRtivn m@)Zt _ t14
provided to, the iLver re rtainty cause
byt he' | R BEEOMEEHIEK B eeP Pl ATant 25t St hetALas 0and (ho Re
recei ver 212. Abeentoms ghows thetester200 s psimarily meeef rlehisgd fardesting

conput ati %glféh' aﬁﬂ‘}izﬂﬁ RISHIRbGSadviRal. Sich déOféX%a:E gﬂ%ﬁ’é}@/%séﬁhﬂlb in this

art. Furt € nQl'se power, corrections na e controller 206
when anal YAsgysters- ﬁbisé’éﬂrEf@fee'é‘tP@HWDtbﬁébhF" F@é%ﬁ'@/@'\e nggpa.qam%qqs,gfd be

under st oothefd@videb@s Bocacdiclyas Pesgibles eOhnet nbtsiqiﬂﬁntdm&bat(l@ﬁ‘é@ﬁhﬂpﬂ&dl t6 not
O S AR ORI S UL IO B 0P B, (iR © SO

FIG 3 ar® calibration of
t he neas ummterweluémheer -Saskas aadelgnﬂrtgughﬁesat@ )t Hateetotﬁpeﬁgp@mfcar med

rel ati vel ol dReRIY be BAMRHRI byloRkting holsD S UEAoTRA ddbiee Bid S 1 | Y

meant to be perfor rred r epeat edl ufacturing process for quickly
measur i ngMARLEBES e 5003}“\1}%15‘{.[%}(01&]&&?@9}’1&% of RF/ mi crowave devices. In

particul ar, anFEtFt/htﬂ xeasmathe t€be Heae2 04Nl ind @ Porates b abisa Sodrbenddble 216S, s

Conmec oo STl s A5l Sty AR i oo o1 1Y
connect i ofesg. bétm@e’&i% hlan the \preferrethetabodiment, tin anerrosy d@stt@e?Bntay be, made in an
autormatic uﬁlﬂéﬁé&& YShden BEPRONG, %E@Qs e D@4B@S‘ﬂé?ﬁ@b@&ﬂﬂﬁﬁ&&§cd by

ARG e i R R S UL AT ngt nown
t echni ques. AcEofiBérngieyoise genctuvot CREH p?&Braalydmﬁﬁment&dtahehm inahé ng nodul e
Fo the bi SepeHEparEe obEtE 2RO R Saflotif SileB Bb B enB B €8 e put
port of theltwe@l,gv’s, F!mbtvezperaangamppgqugﬁﬁwntamlaw: bzgédownconnect ed to
the bias-J.d Ogﬂ?rh‘éa?r%d\?c'éja ddideGig n%P)TmsTﬂ%é%taQ'B% Tgﬁ%)no%‘é%en&%r%@@ may then

be actuate “ass noi se_si na s at PL bias-T network] 251 to the RF
recei ver 2amp. andyoff; E&sq%ﬁ b¥s s BPPliet Brdg - stachol i the Irstegpodisys, of
t he neasupgrpent system Accordingly, suitable msmatch and ENR data (e.g

rN,, coRxecTED; rNa, CORRE r W, ~ NRcOR~~cT=. 0) .zy be used to
make correcti ond a&%‘t‘“ﬂ’ ﬁéeﬂ%@53%_0??‘3%%850{‘8@%%&&9?5 éigéé %1 arly,
sui t abl e dicsleRBe lisolkat the(leC devel, MxOvein BORRECTEERal antgufl" Bigher doW)noise be used
to make corrections for the noise power provided to the RF receiver 212 by
the DUT 218. Again) these corrections are preferably nade conputationally
by the controller 206 using techniques that are known to those skilled in

this art. The gain of the DUT 218, GD,.,T, is then conputed in block 322.
Eq. 3 may be used to corrpute the galn GDUT. In addition, the controller
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o ~~ ~2 5 NOV 2 ?~2 15 Finally, the noise figure of the DUTSE&%’
“'Four; |s conputed in block 324. Accordingly, the values for FR-" R §,ﬂm2
and Gaur conputed in blocks 316) 320, and 322 may be incorporated into eq.
.1 to conpute the noise figure, Four. Having described one enbodi nent,
nunmerous alternative enbodi nents or vagiations mght be nmade. For exanple,
It was described that the noise source nodul e of the present invention is

pr ef er ablnAlifebLPHAXR EYandatisnbation Ppdudidonnd 286 adiagithelguelmitha noisdonever, this

was ner elgeman stration. The noise source nodul e might alternatively be
% ottphiy 9 y

d with t ot ed. test syst Furt h t
o chi tect ur o VB QEBGTHatE o 221 faerie iR st b Wead

However , sifich 224 swhich may&:e@hwaad to bonnsttrthe haise ge"n'bmdrameo $eUDUT modul e may

be used h-a te 5.8 .00J: [ C may al so
be used % Th ?&F&?ﬂ%ﬁtﬁ% ? n@ﬁ{ %‘ﬁ Oteauar eﬁod em%‘ﬁ&%ﬁ#’@p‘?ﬁgﬁ%ﬁgﬁop use.

| n addltltbmwmh PR todasalediticadinodecnf theBUAG18e source nodul e can be used far
perform ng noiggnf R&%fed‘%%ﬁﬁ&ﬁ?ﬁhén&fke&?&a&ﬁ%gl'E\Qd‘ﬁx\é‘?i dﬁk’lfisewas nerely

an |IIustrat|on e _noi se sour.ce podu 0 use term ne
par anet er(& EsFFPRQOMh 311 are siaisd onyoe smeqssemblyand; qolegtively °ﬁB§‘§\§erﬂéﬁ io. In
addi t i on)noide soBfcedasduld DES Frher, SHBBE\Gotnevtérs (s dhd o) 3¢ asedtg ENR and

T ot Rl s PR ot Y AGTBEEE RO Bl by B8 Bl Y

al t er nat |tvzmlsyuslsmnwsfedxse kignalsiftomitbeoisd ganeaBProRdws the ssdtchingmoduléi agr am of a
I h
particu af Wc%%ﬁ%gtthé’ﬁ?% o%:g& @6’%@]{2%‘§Eaér%ly Bﬁ%kﬁ’ﬁf‘o k& noise

sour ce m) ustratlve Any

usef ul n@@etf@r unaking Gepoise E%%WP%F? $easiigeepneetgblegad ti on, it was
descri bednehdhn@QBleENR val ues are stored in the EEPROM s of the noi se

sour ce nodul e. Wev e ustrati Fewer, or nmore ENR
val ues m ght oM Wﬂté?qege@%weoéheﬁ%ﬁ;% Eyva?%ﬂﬁog%n Q*@E%gl&aq?ﬂze ﬂﬂet er pol ati ng
bet ween HidRoymhnesf@o é@’/mowaa@dletnce nAaimplifiad peqeessifbemeasueihg the HoidR

uncert ai Ngfire 5f~'£ Hé\ﬁée urider Y@ﬁmgﬁé&rth@ﬁgpstmb e n@QQ sﬁhﬁs ¥Pihd@Rviter the

noi se source nodule are conputed using known tec n| ]ﬁ %e this was
al so mer éingentest and, then HEpYRNE ﬁ*ﬁé’eﬁlmg\f’éﬁt%ém%sﬁ&?wgr 64 ¥ithe noi se
sour ce nsduteR 21i3gtHe riotsegenkeatoNR2 1, ahd e gwirhi2dé dable (bﬂbeateﬂiﬁndemﬁwr er and/ or
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system elements. This means that noise signals apphed to a device under test by a

noise source may be partially reflected by the device under test, thereby affecting the
amount of noise power provided to the device under test and causing uncertainties in
noise figure measurements. These uncertainties are commonly called “mismatch”
uncertainties.

For example, the output impedance of the noise source module 216 is generally
not ratched to the input impedance of the DUT 218. As a result, when the noise
generator 221 produces a noise signal and the switching module 214 is configured so
that the noise signal is applied to the DUT 218, a portion of an incident noise signal
will gencrally be reflected back toward the test head 204.

Because there may also be impedance mismatch between the DUT 218 and the
switching module 214, a portion of the reflected noise signal is generally reflected from
the switching module circuitry back to the DUT 218. This phenomenon may be
referred to as the first order effects of the reflected noise signal.
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bccause the reflection coefficients, I'y; and Iy, stay with the noise source module 216.

Accordingly, when a noise source module is added to a tester, or when a noise source
module in a tester is interchanged with a different noise source module, it is not
necessary to measure the reflection coefficients I'ni and Iy, before using the tester to
perform noise parameter measurements. This is because the reflection coefficients Iy,
and I'y; are easily accessed from the EEPROM’s included with the noise source
module.

As mentioned above, the calculation of noise figure values generally includes
the “excess noise ratio” (ENR) of a noise generator. ENR is generally defined as the
amount of noise power above the noise floor. Further, ENR values for a noise
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decreased using the noise source module 216.
The ENR values and the reflection coefficients, I'ny and ., might be stored in
respective EEPROM’s in the noise source module 216. However, it should be
understood that the exact configuration for storing the ENR values and the I'y; and
I'n2 coefficients is not critical to the invention.
A method of determining noise parameters, such as the noise figure, of an
RF/microwave device under test is preferably implemented in accordance with the
procedure shown in FIG. 3. This procedure is performed under control of software
that is programmed into the controller 206 included in the tester body 202.
First, mismatch data relating to reflections at the noise source module 216 is
measured in block 310. This mismatch data includes the reflection coefficients Iy and
I'ne. In the preferred embodiment, the reflection coefficients, 'y and Iy, are
measured using a VNA connected 1o the noise source module 216, which is unplugged
from the tester 200. Accordingly, the VNA measures the reflection coefficients, I'y,
and [z, looking into a port 267 (FIG. 2C) of the noise source module 216. Further,
because the noise generator 221 is designed to cover a bandwidth, I'y; and Ty, are
preferably determined at various frequencies across the bandwidth.
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noise generator 221. Further, the reflection coefficients, I'ni and T'n,, are preferably

computed in block 310 at these same 600 frequency points.

After the desired number of reflection coefficients and ENR values are
determined in blocks 310 and 312, respectively, the reflection cocfficients and the ENR
values are programmed into EEPROM’s in block 314. For example, one EEPROM in
the noise source module 216 might be programmed for storing the ENR values and
their corresponding frequencies, and the remaining EEPROM’s might be programmed
for storing the reflection cocfficients and their corresponding frequencies.
Alternatively, reflection coefficients and ENR values corresponding to the same
frequency points might be programmed into the EEPROM’s in adjacent memory
locations.

A noise source module in accordance with the present invention therefore
includes a noise generator and EEPROM’s programmed with reflection coefficient and
ENR data directly relating to the noise generator. The noise source module may then
be plugged into a tester, which uses the data stored in the EEPROM’s to reduce
mismatch and ENR uncertainties and therefore increase noise measurement accuracy.

For example, the data stored in the EEPROM’s is used to compute the
reflection coefficients, I'ny, correctep and I'nz, correctep, looking into a port, such as a
port 268 (FIG. 2C), of the switching module 214. The corrected mismatch data for
the port 268 may be computed using the formulae

i, correetep = Saz2 + (SaiS1alnu)/(1 - TniSyy),  (eq. 4)
T'N2. correcTED = S22 + (S21512I'N2)/(1 - TnaS1i).  (eq. 5)

Accordingly, the s-parameters Sy, S12, S21, and Sz; of the switching module
214 looking into the port 268 are also measured. The s-parameters are preferably
measured using a VNA connected externally to the tester 200. For example, the VNA
may be connected to a tester pin on a device interface board (not shown), which serves
as an interface between the test head 204 and the DUT 218. This tester pin may in
turn be connected to the port 268 (FIG. 2C) of the switching module 214. Further, the
s-parameters are preferably measured at the same frequency points as the reflection
coefficients and ENR values determined in blocks 310 and 312.

The data stored in the EEPROM’s and the s-parameters of the switching
module 214 are also used to compute corrected ENR values. The corrected ENR
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The corrected mismatch and ENR data may then be stored in a memory (not
shown) included in the controller 206. Both the manner and means of storing the
corrected mismatch data are also not critical to the invention.

As mentioned above, noise contributed by the measurement system must be
taken into account when making noise figure measurements using the noise source
module 216. For this reason, the noise figure of the RF receiver (e.g., the RF receiver
212) included in the tester body 202 is measured in block 316.

The noise figure of the RF receiver 212, Frcvr, may be measured using known
techniques. For example, switches 263 and 264 in the switching module 214 (FIG.
2C) may be actuated to pass noise signals from the noise source module 216 to a bias-
T network 265 that is connected directly to a bias-T network 251, thereby by-passing
the DUT 218. Switches 248, 249, and 250 may also be actuated to pass the noise
signals at the bias-T network 251 to the RF receiver 212.

Because there is generally mismatch between the noise source module 216 and
the RF receiver 212, signal reflections at the RF receiver 212 may affect the amount of
noise power provided to the RF receiver 212, thereby causing an inaccurate
measurement of Frcyr. For this reason, a reflection coefficient, T'rcyr, is measured
using a VNA; s-parameters arc measured using a VNA looking into the port 269; and,
a corrected reflection coefficient, I'revr, correcTEDs i cOmputed as

Trevr, correctep = 8722 + (8°218 12l Revr)/(1 = TreveS 11),  (€9. 7)

where S’y}, S°)3, 8’21, and S°;; are the s-parameters of the switching module 214
looking into the port 269.

Further, ENRcorrecten values looking into the port 268, which is now coupled
to the port 269, are computed as

ENRcorrecrep = ENR |Szl lz/ | 1-Snh |2 | 1 — Ty, correcten] RevR, corrECTED |2,
(eq. 8)

The noise figure, Frcw, may then be computed using eq. 2. Further, suitable

mismatch and ENR data (e.g., Iy, correctep, I'ne, correcTeD, I RCVR, CORRECTED, 8Nd
ENRcorrectep) Mmay be used to make corrections for the noise power (i.e., N; and N;)
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e RF reccwcr 212. It should be undcrstood that the exact method used to make
these corrections is not critical to the invention.

Blocks 310 through 316 of the procedure shown in FIG. 3 are primarily meant
to be performed during an initial calibration of the measurement system. Blocks 310
through 316 are therefore performed relatively infrequently. However, blocks 318
through 324 are primarily meant to be performed repeatedly in a manufacturing
process for quickly measuring noise parameters of volume quantities of RF/microwave
devices.

In particular, an RF/microwave device under test, such as the DUT 218, is
connected to the tester 200 in block 318. A device under test is generally connected to
a tester through a device interface board. Further, connections between the device
under test and the tester may be made in an automatic fashion using an automated chip
handling apparatus. Alternatively, these connections might be made manually.

Next, the noise figure of the measurement system is measured in block 320
using known techniques. Accordingly, the switches 263 and 264 in the switching
module 214 may be actuated to pass noise signals from the noise source module 216 to
the bias-T network 265 (FIG. 2C), which is now connected to the input port of the
DUT 218.

Further, an output port of the DUT 218 is connected to the bias-T network
251 (FIG. 2C). The switches 248, 249, and 250 may then be actuated to pass noise
signals at the bias-T network 251 to the RF receiver 212.

Eq. 2 may then be used to compute the noise figure, Fsys, of the measurement
system. Accordingly, suitable mismatch and ENR data (e.g., I'ni, correctep, I'ivz,
CORRECTED, 1 but. N, ad ENReorrecrep) may be used to make corrections for the noise
power provided to the DUT 218. Similarly, suitable mismatch data (e.g., Trevr,
correcTeD> and I'put, our) may be used to make corrections for the noise power
provided to the RF receiver 212 by the DUT 218. Again, these corrections are
preferably made computationally by the controller 206 using techniques that are known
to those skilled in this art.

The gain of the DUT 218, Gpur, is then computed in block 322. Eq. 3 may be
used to compute the gain, Gpyr. In addition, the controller 206 may access suitable
mismatch and ENR data (e.g., I'ni, correctap, I'nz, correctens Iyt v, and
ENRcorgecten) to make any necessary computational corrections to the noise power
provided to the DUT 218, thereby reducing uncertainty in the computed gain, Goyr.
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Having described one embodiment, numerous alternative embodiments or
variations rmight be made. For example, it was described that the noise source module
of the present invention is preferably incorporated into highly autornated test
equipment. However, this was merely an illustration. The noise source module might
alternatively be used with less automated test systems.
Further, particular tester architecture was described including a tester body and
a test head. However, this was also merely an illustration. The noise source module
may be used with a tester of any architecture. The noise source module may also be
used with measurement instruments that are designed for bench-top use.
In addition, it was described that the noise source module can be used for
performing noise figure measurements on devices. However, this was merely an
illustration. The noise source module can also be used to determine parameters such
as noise factor, Y-factor, and signal-to-noise ratio.
In addition, it was described that EEPROM's are used for storing ENR and
mismatch data in the noise source module. However, this was also merely an
illustration, Any programmable non-volatile storage devices might alternatively be
uscd.
In addition, FIG. 2B shows a schematic diagram of a particular implementation
of the noise generator included with the noise source module, However, FIG. 2B is
only meant to be illustrative. Any useful noise circuit might alternatively be used.
In addition, it was described that 600 ENR. values are stored in the EEPROM’s
of the noise source module, However, this was merely an illustration. Fewer or more
ENR values might alternatively be stored so long as the need for interpolating between
ENR values does not result in an unacceptable level of ENR uncertainty.
Further, it was described that the 600 ENR values for the noise source module
are computed using known techniques. However, this was also merely an illustration,
The ENR values that are stored in the noise source module might include ENR values
provided by the manufacturer and/or ENR values computed by the tester operator.
In addition, FIG. 3 shows a particular sequence of steps for performing noise
figure measurements using the noise source module. However, this was also merely an
illustration. The steps shown in FIG. 3 may be performed in any useful and convenient
order so long as the noise source module is fully programmed before any noise
measurements are made. Further, other useful formulae might be used when
performing the steps for computing values for noise figure, ENR, and gain.
Therefore, the invention should be limited only by the spirit and scope of the
appended claims.
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1. A module for use In a tester, the tester including computerized control

circuitry, pluralities of signal sources and receivers, and a plurality of channels
for selectively connecting the sources, the receivers, and the module to
electrical nodes of a device under test, the module comprising:

a noise generator coupled to at least one of the channels; and

a non-volatile memory coupled to the noise generator for storing calibration
data relating to electrical characteristics of the noise generator including
mismatch data and Excess Noise Ratio (ENR) data for the noise generator,

wherein the computerized control circuitry is coupled to the non-volatile
' memory for accessing the calibration data and applying the calibration data
for making noise measurements of the device under test, and

wherein the calibration data are stored in the module prior to installing the
module in the tester, and the non-volatile memory preserves the calibration
data even when the module is removed from the tester.

2. The module as recited in claim 1, wherein the test system has a tester body
and a test head, and the module is incorporated into the test head.

3. The module as recited in claim 1, wherein the test system has a tester body
and a test head, and the module is incorporated into the test body.

4. A method for testing the noise of a device under test, comprising:

measuring characteristics of a noise source to ascertain calibration terms
indicative of mismatch and ENR for the noise source;

storing the calibration terms of the noise source in a non-volatile memory
provided with the noise source;

installing the noise source within a tester, the tester including computerized
control circuitry, pluralities of signal sources and receivers, and a plurality of
channels for selectively connecting the sources and receivers to electrical
nodes of the device under test; and

testing the device under test using the tester, including the computerized
control circuitry accessing the calibration terms stored in the non-volatile
memory and applying the calibration terms for determining measurement

results.
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7. A method as recited in claim 4, wherein the terms indicative of mismatch
include a plurality of mismatch terms corresponding to mismatch at a plurality
of different frequencies.

8. A method as recited in claim 4, wherein the terms indicative of mismatch
include terms corresponding to both a biased-on and a biased-off condition of
the noise source.

. 9. An automatic test system for testing noise of a device under test, comprising:
computerized control circuitry;
a plurality of RF sources;
a plurality of RF receivers;

a plurality of channels for selectively connecting the plurality of sources and
the plurality of receivers to electrical nodes of the device under test; and

a noise source for generating noise signals for testing the device under test,
the noise source including —

a noise generator coupled to at least one of the channels, and

‘ a non-volatile memory, coupled to the noise generator, for storing
calibration data relating to gain and mismatch characteristics of the
noise generator, the calibration data being stored in the non-volatile
memory prior to installing the noise source into the automatic test
system,

wherein the computerized control circuitry is coupled to the non-volatile
memory

for accessing the calibration data and applying the calibration data
for obtaining accurate noise measurements

wherein the non-volatile memory preserves the calibration data even when
the noise source is removed from the tester.



