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QWURGXFWLRQ

7KH QHHG IRU UHOLDEOH KLJK VSHHG GLJLWDO FRPPXQLFDWLRC(

7KH UHFHQW H[SORVLRQ LQ GDWD FRPPXQLFDWHRRYXDY OHG WR D UDSLGO\ LQFUH]I
IRU KLJK EDQGZLGWK FRPPXQLFDWLRQV OLQN® IRKILV LQ WXUQ KDV VSXUUHG WKH G
KLIJK VSHHG RSWLFDO WUDQVPLWWHUVHRVY oRHRIWRGMLMWRRPPXQLFDWLRQ V\VW
DFKLHYH LQWHURSHUDELOLW\ EHWZHHRRY  HKOPFRUVHYWMDR EBWEY RUIJDQL]DW

RI WHVWYV ZKLFK WUDQVPLWWHUY PXVW SDVV D@ REGHU WR EH FRQVLGHUHG FRPSO
RI SHUIRUPLQJ FRUUHFWO\ ZLWKLQ DQ RS HAKDLW LORSBIDA FIRPPXQLFDWLRQV V\VWH
WLRQ QRWH ZLOO GLVFXVV SURFHGXUHY D@QG EWVZAKBWDIFWLFHY IRU FRPSOLDQFH W|
FRPPRQO\ FDOOHG WKH SK\VLFDO OD\HU 6XBPKMWMYVMWAQJ LV RIWHQ UHIHUUHG WR DV
WHVWLQJ 7KLV DSSOLFDWLRQ QRWH ZLOPH BGRAPDRQ PMUEDPHWULF WHVWLQJ LQ WKH
ZLOO GLVFEXVV H\H GLDJUDP PHDYV XTheisk QM ger@@ly DVN WHVWLQJ

SHUIRUPHG ZLWK D SDWWHUQ JHQHUDWRUHDQG GLJLWDO FRPPXQLFDWLRQV DQDO\]

H\WLJKW 7HFKQRORJLHV ,QF LV D OHDGLQZIMXWBOLHU RI VSHFLDOL]HG ZLGH EDQ
VDPSOLQJ RVFLOORVFRSHY WKDW DUH DOV BWMEHUUHG WR DV FRPPXQLFDWLRQ DQD
CH\WVLJIKW $ DQG WKH QHZ .H\VLJKW $ DUPPXVHG WKURXJKRXW WKH WHOHFR
QLFDWLRQV DQG GDWD FRPPXQLFDWLRQV GQRRASRBDIHIMNVR HQVXUH WKDW KLJK VSH|
DQG FRPPXQLFDWLRQV V\VWHPV DUH IXQFWIIRAWJ DFFRUGLQJ WR LQGXVWU\ VWDQ

OHDVXUHPHQWY VWDQGDUGYV RUJDQL]DWLRQV DQG UHOHYDQW

7KLV SURGXFW QRWH ZLOO IRFXV RQ WKH WHWMLQJ Rl RSWLFDO WUDQVPLWWHUV X\
FRPPXQLFDWLRQV WHFKQRORJLHV 621(7 &H &HDDBIHW (WKHUQHW DQG )LE

7KLV SDSHU ZLOO GLVEXVV WKH IROORZR QM LPHWNNUBPHQWM H[WLQFWLRQ UDWL
SRZHU ULVH WLPH DQG PDVN WHVWLQJ 7KH .H\VDIKW $ KDV D QXPEHU Rl RWKH
LQ PHDVXUHPHQWYV IRU H\H FKDUDFWHWHQDWIRQIDQPOWGPAJ FURVVLQJ SHUF

RQH OHYHO ]JHUR OHYHO H\H KHLJKW H\HFDHG®IKYWRUQOLGR@ R QRLVH DQG GXW\ F\
7KHVH PHDVXUHPHQWY DUH VRPHWLPHV UHFRPBHQGHG EXW QRW UHTXLUHG E\ WKH
GDUGY RUJDQL]DWLRQV DQG DUH WKHUH IRLRQEPRRMG WKH VFRSH RI WKLV DSSOLFD\

621(7 6'+

621(7 RU 6\QFKURQRXV 2SWLFDO 1HWZRUN LV WR&HQURUWK $PHULFDQ VWDQGDUG JRY
KLJK VSHHG RSWLFDO WHOHFRPPXQLFDWQRQMUB'UFRUY 6Y QK B QiRoXaVbaldmbLidVeBs
LQWHUQDWLRQDO HTXLYDOHQW RI 621(7 621\(7DZQ&3\/Z®H/YH@W§ﬁ€Dy%WKWM'@UMHQF\ z
F
L

RULJLQDOO\ EDVHG RQ PDSSLQJ WKH $16Bdlcos,DarHV RQWR RS WLFHE TR 0UTHGE !
NQRZQ DV 7HOFRUGLD ZDV LQVWUXPHQWDO HQ W RUNLRH LMK $ 08k bQ QWK FGIHY HO R

621(7 VWDQGDUGV 7KH %HOOFRUH 2& VA8 S/ VWD QB UGV GIREX PHOWDL SRZHU ¢
&25( 6\QFKURQRXV 2SWLFDO 1HWZRUN 621(7 H@BQWRSRUMW GWATHEY &HpBROI®Y P°
&ULWHULDy DQG WKH %HOOFRUH 2& SE V VWD QG DAH®V x@ RFMXIPH O3 LA ki*w L HV v

&25( 621(7 2&  7UDQVSRUW 6\VWHP *HQHU QR RDWWRIQV DY VK WH I OIPER BB WLFDO UHF |
.QGXVWU\ $VVRFLDWLRQ 7,$ LQ DVVRFLDWVR®@ FADMK R Ho bk WIR B - Rz WL R
(,$ KDV DOVR SXEOLVKHG UHFRPPHQGDWLRQGDRIGV AKO HRWQ Wi QR WKFb 6217 HEW D w

WKH GRFXPHQW k2)673 $ 2SWLFDO (\H 3DWWHUQ OHDVXUHW K GWHIRREHEX UMY QJ WK
WHUP VFLOORVFRSH L XVHG L

VFRSH ZLWK WKH HQKDQFHG PHI
6'+ VWDQGDUGY ZHUH FUHDWHG DQG DUH PDRRMXQIQHG EK D KHL 0QWIHY QD W GRQ /O o7 Hr

FDWLRQV 8QLRQ S 7THOHFRPPXQLFDWLRQ 16QVDHEGHDYGL]DWPRBOSHEPWRU ,78 7

6ZLW]HUODQG 7KH 670 DQG 670 0E V DQGY *E V yﬁg@gﬁﬁygﬁgmmﬁﬁw

HQFHG E\ VWDQGDUGV * DQG * 7KH , QWSHRRPDLWLRQDO (OHFWURWHFKQLFD

VLRQ KDV DOVR SXEOLVKHG WHVW SURFHGXUHYQRU&LPSOHPHQWLQJ WKH 6'+ VWDQG
7HVW 3URFHGXUHV IRU 'LJLWDO 6\VWHIRRUP2HWGFDO (\H 3DWWHUQ :DY

([ WLQFWLRQ 5DWLR
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*LJDELW (WKHUQHW

*LJDELW (WKHUQHW LV DQ HYROXWLRQ RI WXGDWEKHWQIHWDGDWD FRPPXQLFDWLRQV VW
VKDUHG FRPPXQLFDWLRQV PHGLXP WKDW LW X¢YGE ® HRWZRUNK VSHHG DSSOLFDWLRQ

EDFNERQHV W XVHV % % HQFRGLQJ DQG UXQVODW D ELW UDWH RI *E V ZKLFK UH
LQ D GDWD WUDQVIHU UDWH RI JLJDEDXG 7KH UWDWOHQFRGLQJ SUHYHQWYV WKH XVH
ELW SDWWHUQV ZKLFK DUH SURQH WR HUURUWB\ WYNRLQJ DQ DGGLWLRQDO ELWYV EL
UHSUHVHQW HDFK ELW ZRUG 7KH *LJDELWQ WHKHUIHBW VWDQGDUGY DUH FRQWDLQHG

,((( GRFXPHQW ,((( 6WG &DUULHU 6HQVR @ XIOWHBWHRIFFHVYV ZLWK &ROOLVL
&60% &' $FFHVV OHWKRG DQG 3K\VLFDO /D\MWGB/SHALBEDWQR@\R 7KH VWDQG
HWKHUQHW V\VWHPV UXQQLQJ DW WKH *E V; UDWH DUH FDWHJRUL]HG DV % $ 6 (

JLEUH &KDQQHO

JLEUH &KDQQHO LV XVHG SULPDULO\ LQ VWRURIHQIWUMR QHWZRUNV DQG IRU KLJK VSHLI
SRLQW FRPSXWHU FRPPXQLFDWLRQV 7KH )LBUH &K ABWWDQGDUGY DUH VSHFLoOH
LFDQ 1DWLRQDO 6WDQGDUG IRU ,QIRUPDWLRQ 7THEEQRORJ\ GRFXPHQW $16,

&KDQQHO § 3K\VLFDO DQG VLIJQDOLQJ ,QWMU)DFEWHH &KX R@QHO&XUUHQWO\ PRV

VIVWHPYV DUH UXQQLQJ DW D ELW UDWH RI *@JV +RZHYHU DW WKH WLPH RI WKLV
VRPH FRPSDQLHYVY DUH ZRUNLQJ RQ SDUWV IRU WKH QAGW DSSURYHG GDWD UDWH RI
WKH VWDQGDUG DOVR VSHFLoHV D IXWXUH GDWD UDWH RI *E V

'LWK VR PDQ\ VRXUFHV WR UHIHUHQFH LW IDUGNIERPOW WR SUHFLVHO\ GHOQH kVWDQ
SOLDQWyY 7KLV SDSHU LV DQ DWWHPSW WR GREFXPHQW D VHW Rl WHVWYV WKDW FDQ EH
WR GHWHUPLQH ZKHWKHU DQ RSWLFDO WUDQW®PEGWWEW LV FRPSOLDQW +RZHYHU VLQI
DUH FRQVWDQWO\ HYROYLQJ DQG VLQFH WHKH WWEREBWGVRGRFXPHQWY WKHPVHOYHV
LQWHUSUHWDWLRQ LW LV VWURQJO\ UHFRVABQBEKIGQW KKM WKH UHDGHU VSHQG WLPH
RULJLQDO GRFXPHQWY WR HQVXUH WKDW WKHLU WHVWLQJ SURFHGXUHV DUH DGHTXD\

SDUDPHWULF WHVWLQJ RYHUYLHZ

'LIJILWDO &RPPXQLFDWLRQV $QDO\]JHUV DQG %LW (UURU 5DWLR 7H"

W LV LPSRUWDQW WR XQGHUVWDQG WKH UWODWIRRPPKIQUF EHWZHHQ WHVWLQJ ZLWK D
WLRQV DQDO\]HU DQG WHVWLQJ ZLWK D EMWWMWHUDRY URWQROWEVWHU % (57 7UDQVPLW
E\ XVLQJ D GLIJLWDO FRPPXQLFDWLRQV DQDO\PHHUHVR SHUIRUP PDVN WHVWYV DQG PHD\V
SDUDPHWHUV VXFK DV HIWLQFWLRQ UDWLR WMHWWMLW 1A OHCMLR'WHU %LW HUURU UL
TXDOLI\ D UHFHLYHU RU D FRPSOHWH FRPPXQLFDWLRQV V\VWHP

,Q VLPSOH WHUPV ELW HUURU UDWLR %(5 LV WRHLYBWLR RI WKH QXPEHU RI HUURQH
WR WKH WRWDO QXPEHU RI ELWV UHFHLYHG $ ERWRHUWRU UDWLR WHVWHU XVHV D SD
JHQHUDWH D VSHFLOF VHTXHQFH RI ELWV ZKLFK DWH LQSXW WR WKH WUDQVPLW VLGH
FDWLRQV VI\VWHP 7KH WUDQVPLWWHU VHQGA WKDRE G/ WKH® DFURVV D OLQN WR WKH L
WKH % (57 FRPSDUHV WKH SDWWHUQ FRPLQJ RXWHRIFWKH UHFHLYHU WR WKH RULJLQDO
FUHDWHG E\ WKH SDWWHUQ JHQHUDWRU DQG RQBFXODWHY WKH ELW HUURU UDWLR )I
WLRQV VIVWHP WHVWLQJ WKH SDWWHUQ JPIQMWBWR®QEHQGY WKH VLIQDO WR WKH WU
WHVW ZKLFK LV OLQNHG WR WKH UHFHLYHU XQGHWWHYW DQG WKH %(5 LV GHWHUPLQ}
VI\VWHP )RU UHFHLYHU WHVWLQJ D UHIHZHQFMHQW H]Q\PIEWWRQ ZLWK D VSHFLoF SR

UDWLR LV XVHG IRU WKH WUDQVPLW VLGH RI WKHAMWHVW DQG WKH %(5 LV PHDVXUHG I

YXO0O0 % (5 WHVWV FDQ EH TXIDMHN MRPFHDORBVXPHGIXFH WKH WLPH SHU WHVW

E\ LOQVHUWLQJ D ODERUDWRU\ TXDOLW\ YDUKB ERGH R B Q. FSIREHBWY W HIFPXD W R UX L4 AWMKIF & E
Q;OOO r tprvabbltrr tjo of

RI WKH OLQN LV LQFUHPHQWDOO\ UHGXFHG DQGUDW t66Y HU Y XV REWLEH O $RZHL sy

7KLV FXUYH LV H{IWUDSRODWHG WR HVWLPDWHVZKRX\O @ KEHI UH WX OW ¥RRO D W XIOHO SRAHE U

7KH ORZHU SRZHU WHVWLQJ JHQHUDWHYV FoﬂwlepwLQU(FPLE\H@@@LMWWWEWWLFDIOO\EVngt
VvV HF 6U RU K S

HUURUV LV DWWDLQHG LQ D PXFK VKRUWHU wnmlmﬂomaﬁﬁ,@ ,@,L,J@LF\MHRQ,W%;,&MF&H

SRZHUHG % (5 WHVW ZLWK D IXO0 % (5 WHVW DQG WKHNORZHY SRZHG MGNA(5 WRYW LV )

ZKDW WKH IXO0 %(5 WHVW UHVXOWV ZRXOG EH



_ .H\WWVLJKW _ &KDUDFWHULJLQJ +LJK 6SHHG 2SWLFDO 7UDQVPLWWHUV &RPSOLDQFH 7HVWLQJ ZLWK WKH .H\VL.

7KH FRPELQDWLRQ Rl WKH ELW HUURU UDW L RQIQRDIGVH PHVN WHVWV DOORZ GHYHORSHUYV
WXUHUV WR EXLOG FRPPXQLFDWLRQV FRPSRQIRDMY ZRE Y \VWHPV ZKLFK ZLOO EH IXQFW
GHSOR\HG DV RSHUDWLRQDO V\VWHPV ,| WKRIVBDDQPRMWWWHWSYWWHY D VSHFLoOF VH
H[WLQFWLRQ UDWLR DYHUDJH SRZHU WKWW WK HPDNNX HWHE VBQBLWKH UHFHLYH

WLYLW\ % (5 YHUVXV SRZHU WKHQ D SURSHLPOX\GLHMIL WKHE QG LPSOHPHQWHG V\VW
FRPSRQHQWYVY VKRXOG EH DEOH WR DFKLHYH D PRQLPIXPN% (5 IRU D VSHFLoHG WUDQVPLVVL

2VFLOORVFRSH 7THVW %ORFN 'LDJUDP

J)LIXUH RQH VKRZV D EDVLF EORFN GLDJUDPHRODWBVYWM)J RSWLFDO WUDQVPLWWHUYV
HPLWWLQJ GLRGHV /('V &' ODVHUV DPEU\FBNURW \OOMBEBEM B B GWWHILQN

ODVHUV 9&6(/V 7KH RVFLOORVFRSH LV WKG FEHDDALXUHQWWHXPHQW XVHG WR YLHZ DQ
ZDYHIRUPV JHQHUDWHG E\ WKH RSWLFDO WRH QW XIMWME HUR QL IHWHU QDO FORFN VRX
WKH GDWD DQG DOVR WR WULJJHU WKH VDPBRO I VRXBEFALDO®RVFRSH 2IWHQWLPHYV WKH
WKH GDWD VRXUFH DUH LQWHJUDWHG LQWR D $LRRUGHKHKDVVLV VXFK DV WKH .H\VLJKYV
.H\VLIKW % 7KH RSWLFDO WR HOHFWUSHBIOD PRQ GHHWWHPH@ ( DORQJ ZLWK V
OOWHUYVY DOORZ WKH RXWSXW IURP WKH RSWLFD® BXUDKHPLWWHU WR EH YLHZHG DQG
RVFLOORVFRSH 7KH .H\VLJKW $ LOWHIGMHWNWY OVKKIRPYRQWK VZLWFKDEO

oOWHUV WR FUHDWH 6'+ 621(7 UHIHUHQFH UHFHLYHU SOXJ LQ PRGXOHYV

$GGLWLRQDO HTXLSPHQW ZLOO EH QHFHV VOWLFDKWHIR Y WYWLQJ KLIKHU OHYHO FRPP
WHPV LI DQ HIWHUQDO FORFN VRXUFH LV QRW DQ'D VO KO®H DQ WKLV VLWXDWLRQ LW L
FORFN UHFRYHU\ VIVWHP DQG QRW XVH WKH GDWIIPOIRYO WR WULJJHU RQ 8VLQJ WK
D WULJJHU ZLOO UHVXOW LQ DQ LQFRPSOHWH VBP¥QVQJ Rl WKH VLJQDO DQG GXH WR
WHQFLHV JLYH LQDFFXUDWH MLWWHU PWWMRURRHQW W V7RHDRDRFN UHFRYHU\ V\
RSWLFDO VSOLWWHU D VHFRQG RSWLFD 6@ RRR HOHFWEFXEM FRPYHUWHU DQG D FORFI
CH\VLJIKW $ PXOWLPRGH DQG $ V0UDIPORIGKRGIV HDRKEN UHFRYH

SURYLGH DQ LQWHJUDWHG VSOLWWHU \ RSMWFDO UHFHLYHU DQG WLPLQJ UHFRYHU
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SHIHUHQFH UHFHLYHUVY DQG WKH %HVVHO 7KRPSVRQ oOWHUHG U}

$00 WKUHH VWDQGDUGV 6'+ 621(7 *LJDELWTOWKHUWKB/W HQKE )LEUH &KDQQHO U

PDVN WHVWYVY EH SHUIRUPHG ZLWK DQoR& BesseD@oropgddhHLYHU WKDW KDV D

OOWHUHG WHVS ROHWH/ HO 7TKRPVRQ ORZ SDVV UHVSRQVH PXVW KDYH D VPRRWK UROORI
DQG SURYLGH D G% DWWHQXDWLRQ DW WKH UHIHRHQFH IUHTXHQF\ ZKLFK LV GHOoQHG
WKH GDWD UDWH XQGHU FRQVLGHUDWLRQ ,W WLRSRRIUWMODHOW WR QRWH WKDW LW LV \
oOWHU DQG WKH 2 ( FRQYHUWHU WKDW PXVW RHHAHWKLY UHVSRQVH QRW MXVW WKH
VHO 7TKRPVRQ oOWHU DQG WKH 2 ( PXVW EH PDWVKHG WR DWWDLQ WKLV IUHTXHQF\ UFE
ZKLFK LV ZK\ XVLQJ D FRPPXQLFDWLRQV DQRWHRWXUWK D IXOO\ LQWHJUDWHG DUFK
LV SUHIHUDEOH 7KH .H\VLJKW $ HYHQ JRHWYWQBHVWHS IXUWKHU E\ KDYLQJ WKH H
PHDVXUHPHQW V\VWHP LQFOXGLQJ WKH oOWHW FWKFHXEWWFRQYHUWHU DQG WKH VFRS
PHHW WKH %HVVHO 7KRPVRQ UHVSRQVH US KOWHRHQW\Y.Q7KH .H\VLIKW

%HVVHO 7TKRPVRQ oOWHUV WKDW FDQ EH VZLWERURBZDYHHWQG RXW ZLWK KLIJK EDQGZLG!
VZLWFKHY 6LQFH WKH HQWLUH SOXJ LQ PRGSSHF LYVFOWVYRGE WR UHIHUHQFH UHFHLYH
DQG WKH oOWHUY DUH SHUPDQHQWO\ SDUW RdGMKQHF W MWRKHDOLWHU WKHUH LV PXFK KLJKHI
WKH V\VWHP UHPDLQV D*UHIHUHQFH UHFHLYHU

7KHUH DUH WZR UHDVRQV IRU XVLQJ D VSHFLo@GRQWHUHG UHVSRQVH 7KH oUVW LV V
VLVWHQF\ DPRQJ GLIIHUHQW PHDVXUHPHQWRWQWA HPY \RXDYLQJ D VWDQGDUG UHVS
PHDVXUHPHQW V\VWHP DOORZV PHDVXUHPHQWY X\WKIPM QWUH WDNHQ RQ GLITHUHQW P
VI\VWHPV WR EH FRPSDUHG 7KH VHFRQG UHDVRQURKWR OLPLW RXW RI EDQG IUHTXHQ
ZRXO0OG QRW EH GHWHFWHG E\ DQ RSHUDWIRQBPHUMNHMEYHU /LPLWLQJ WKH UHIHUHQF
EDQGZLGWK ZLWK WKH oOWHU VKRZV WKH ZDYHIRGRVRYV LW ZRXOG DSSHDU WR D ORZH
RSHUDWLRQDO UHFHLYHU 7KLV DOORZV PHDMWXWHPHOMNOMVWRREH WDNHQ ZKLFK DUH PR
WKH RSHUDWLRQDO XVH RI WKH WUDQVPLWWHU

8Qo0OWHUHG PHDVXUHPHQWYV

,Q DGGLWLRQ WR oOWHUHG PHDVXUHPHQWYV VVXHFRKRFPWPIRPQEN WHVWLQJ VRPH VWDQGDU
WDNLQJ XQoOWHUHG PHDVXUHPHQWYV 7 KHR X QW WHH MKXIRHRURUHPHQWY DOORZ \
EDQGZLGWK RI WKH PHDVXUHPHQW V\VWHP WHRUYX@&BHMWKH EHKDYLRU RI WKH WUDQVPL)
WHVW +LJK IUHTXHQF\ ULQJLQJ DQG RYHUVKRRWQEBEDI@WE®E YLHZHG DQG PHDVXUHG 5LV
WLPH PHDVXUHPHQWY DUH PRUH DFFXUDWH VLWRFEZRGWKDYH JUHDWHU PHDVXUHPHQW
DYDLODEOH WR PHDVXUH WKH VLIJQDO VRXUFH ZLWK

6HH ,78 * RU ,((( 6WG IRU WKH PDWKHPDMKIRFMRGHOQLWLRQ RI WKH %HVVHO
WUDQVIHU IXQFWLRQ

:LWK KLJK VSHHG VLJQDOV VOLJKW LPYHBGO® FiR ®QWFEIREKHNDIQ RN @06 HO H
UHIHUHQFH UHFHLYHU QRQ FRPSOLDQMWO /MHRIFLR® 0®@MW HUWVHRFBY WX DM W\R P H
FRPELQDWLRQV RI UHFHLYHUVY DQG 0OWHUWY HW ® FHWWWK® WHYXHOHGKBEAVSRQVH DQ
VRQ 0OWHU ZLWK D FHUWDLQ UHFHLYHU P DRHIRAMW SEXVH/ VWRI W K H IQUF 1 QW IR B D ¥ MW RIGI T X L U H
DQG WKH UHVXOWDQW RYHUDOO UHIHUHQFH UHFHLYHU V\VWHP IUHTXHQF\ UHVSR
7KH UHGXFHG EDQGZLGWK RI WKH 00WHUH® PHIDTVXHGP\HOLW § /X FRONWVHGW W KH KL
LQKHUHQW LQ WKH IDVWHU HGJH VSHHGV 7KW IXRQQDOV HQ ¥IGI R W DLW R ZHKQWVWIKLK H DG G
ODVHU LV DFWXDOO\ GRLQJ E\ SURYLGLQJ PRW B @F RMRZW & JURYHUW KRR WHDVXUHPHQ
DQG ULQJLQJ



_ .H\WWVLJKW _ &KDUDFWHULJLQJ +LJK 6SHHG 2SWLFDO 7UDQVPLWWHUV &RPSOLDQFH 7HVWLQJ ZLWK WKH .H\VL.

/ULJIJHU VRXUFH

,Q RUGHU WR DFFXUDWHO\ VHH KLJK ITUHTXHQF\GVRYEDO FRPSRQHQWY VXFK DV ULQJLC
VKRRW LW LV GHVLUDEOH WR KDYH EDQGZLGWK IHUIRPJ WR WLPHV WKH ELW UDWH RI
WHVWHG +RZHYHU ZLWK WKH FXUUHQW DWHHUOG DWW LIRIQWRIIVWKH GHSOR\PHQW RI IDV
0QGLQJ WKH LGHDO FRPELQDWLRQ RI '& FRXSOWYIG BREGZLGWK pDW IUHTXHQF\ UHVSR
VHQVLWLYLW\ FDQ EH GLIOFXOW 2IWHQWL®EWWKMWKIRBHWWWU PXVW FRPSURPLVH D
EDQGZLGWK DYDLODEOH ZKLFK PD\ EH OHVV WKDQ WKH LGHDO WR WLPHV PXOWLSC

OHDVXUHPHQWY PDGH ZLWK D GLIJLWDO FRPBXQIGHQW. RQVWXQD O\]HU DUH KLJKO\ GH
VLIQDO WKDW WKH '&$ LV XVLQJ DV D WLPLQJ UNHKHURWFH RU WULJJHU 7KH EHVW VRX
D WULJJHU LV D UHIHUHQFH FORFN VRXUPH GbWHFWO\GDWD WKH RULJLQDO HOHFWULF
JHQHUDWRU WKDW LV GULYLQJ WKH WUD @G OCPH WOWWHHFRFEHHGVHVW I WKLV LV QRW DY |
FORFN ZLWK D PLQLPDO DPRXQW RI MLWWHU MVKW KD WHDFRIQI®Q EE VWO ¥FRRLF

DV D WULJJHU VRXUFH LV QRW UHFRPPHQGHG IRU$D QXPEHU RI UHDVRQV )LUVW RI DC
QHHGYVY HLWKHU D ULVLQJ HGJH RU D IDOOLQJ HGHWWIRIWULJIJHU RQ 7KLV PHDQV WKD
JHULQJ RQ GDWD DQG KDYH D VHULHV RI ~ jVj RU EQYj \RX ZRQjW EH WDNLQJ DQ\ VDPS
WKLV SHULRG $ GDWD WULJJHU FDQ PLVV XS WRFH \RXWKH ELWV EHLQJ WUDQVPLWWF
ZRQjW EH WDNLQJ VDPSOHYV GXULQJ WKHVH SYRXLRGOOZRHQVWKHUH LVQjW D WUDQVLWI
WKDW SDUW RI WKH VLIJIQDO DQG QRW NQRZ KRH ZH@WO \RXU WUDQVPLWWHU GRHV GXU
VHTXHQFHV

7KH VHFRQG UHDVRQ QRW WR XVH D GDWD VLIJQDO WY D WULJIJHU LV WKDW WKH GDWD
MLWWHU DVVRFLDWHG ZLWK LW DQG WKHUFHRUKHL WLZRWHW EH D VWDEOH WLPLQJ UHI}
RQ WKH GDWD ZLOO DIIHFW WKH WLPLQJ RI VRRYHMWWMWHHULQJ ZKLFK FDQ FDXVH HUU
PHDVXUHPHQWYVY 8VLQJ WKH GDWD VLJQDO DOVRUD IDWKBILIJJHU PHDQV WKDW \RX DUH
VLIQDO WR LWVHOI LQVWHDG RI FRPSDULQJ LWIW®R BPDWWDEOH WLPLQJ UHIHUHQFH $ C
PDNH WKH GLVSOD\HG ZDYHIRUP ORRN PRUH RU OHVV MLWWHU\ WKDQ LW UHDOO\ LV

OHDVXUHPHQW 6\VWHP )UHTXHQF\ 5HVSRQVH

,W LV FULWLFDO WKDW WKH HQWLUH PHDVXUNBRQWHVXYWHKP H[KLELWYV D pDW IUHTXHQ
D VPRRWK UROORII $ ORZ RU D KLJK IUHTXHQHR\YHRSKIDO/QAV ZLWKLQ WKH UHIHUHQFH U]
distort how the signal is displayed and can lead to waveform aberrations wibh are not

DFWXDOO\ EHLQJ FDXVHG E\ WKH GHYMFMHQOX\Q KD W M\KWM P, WDMX DIDFHRQWP S R

V\VWHP KDYH D pDW I[UHTXHQF\ UHVSRQVH DOO MXWXPDB\ EDFN WR '& ([WLQFWLRQ UDW
PHQWY UHTXLUH WKDW WKH '& FRPSRQHQW RI WKHKNGIJQDO XQGHU WHVW EH DFFXUDW

35%6 VWDQGV IRU 3VHXGR 5DQGRP %LW 6HTXHQFH

7KHUH DUH IRXU SRVVLEOH FRPELQDWLRQV RHWZWKEHH WWRSH WR WDQBIHU<RX FDQ V

RQ HLWKHU D WR RUD WR WUDQVLWLRQ EXW QRWOBPRWK 7WRV WULJIJHULQJ RQ D ULVLQJ W
HGJH PHDQV WKDW \RX ZLOO EH JHQHUDWLQUIRWHULIRKWVRD S SIRF/NLIPEDOVH O\ RI WKH W

WZR ELW FRPELQDWLRQV
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Calibration

,Q RUGHU WR HQVXUH DFFXUDWH PHDVXUHPHQWVDWWVKWHLPSRUWDQW WR FDOLEUDWH
UHFRPPHQGHG LQWHUYDOV ,Q SDUWLFX\ODUHHXWUR AFWIORE WIDWILRQRHDVXUHPHQ

DW UHJXODU LQWHUYDOV WR HQVXUH DFFXPPWHLDIOG WKISHDWDEOH UHVXOWYVY 7DEOH
UHFRPPHQGHG FDOLEUDWLRQ F\FOHV IRU WKH .H\VLJKW $

7TDEOH 5SHFRPPHQGHG FDOLEUDWLRQV

Calibration What is calibrated Measurements Affected Recommended Interval
Service Horizontal Time base of the main- All time base measurements such as Asmually at the Keysight Service Center or if operating
(Time base) Calibratidrame time, fall time, eye width, jitter, etc.  temp has changed and remains 5° C or more from

FDOLEUDWLRQ WHPS 6HH VSHFLOF

Optical Channel Ser- The photodetector re-  All optical channel amplitude based m&anual factory re-calibration of standard wave-
vice Calibration sponsivity surements at factory calibrated standéedgths.
wavelengths.

Optical Channel UserThe photodetector re-  All optical channel measurements at u$ep Q X DO UH FDOLEUDWLRQ RI XVHI

Calibration sponsivity GHoQHG ZDYHOHQJW K Wavelengths. See online help.

User Vertical (Ampli- Vertical offset and verticAlny optical or electrical amplitude meRerform after any power cycle or once every 10 hours

tude) Calibration scale accuracy for both surement (Vp to p, eye height, extinctiduring continuous use or if operating temp chang-
electrical and optical ratio, etc.). es > 5 °C or a module has been removed and then
channels. reinserted into the mainframe. Note: For the highest

possible accuracy, a recalibration is recommended if
the operating temperature changes by +1°C.

User Extinction Ratio Measures the channel Extinction ratio ER calibration is recommended when: 1) the vertical

Calibration signal without any light scale or vertical offset is changed, 2) the module is in-
present and this value is stalled or removed, 3) the operating temperature has
used in the extinction ratio changed £5 °C from the last vertical cal temp, 4) the
algorithm. scope has been operating continuously for 10 hours,

or 5) the power is cycled. Note: For the absolute
best accuracy, a recalibration is recommended if the
operating temperature changes by *1 °C.
External Scale (featut@ompensates for gain orAny amplitude measurement taken Whenever using external devices such as a clock
not available at initial loss associated with ex- through an external device recovery system.
release) ternal devices (calibrates
vertical scale to external
device)
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SHFRPPHQGHG 7THVWY DQG OHDVXUHPHQW 3URFHGXU

ODVN WHVWLQJ

$ PDVN WHVW GHoQHVY WKH DOORZDEOH VKDSHNRWWYW WWDQVPLWWHU ZDYHIRUP 7KH
KLIJKO\ HIoOFLHQW VLQFH LW TXDQWLoOHY ERWK WHBNXOJHG DPSOLWXGH SDUDPHWHUV LC
PHQW +LJK VSHHG GDWD DQG WHOHFRPPXR IPEPDMWVRNVVWPHE&GDUGY KDYH VSHFLO

IRU HDFK GDWD UDWH 7KH .H\VLJKW $ FRPHVY HTXLSSHG ZLWK D QXPEHU RI GHoQH
PDVNV DQG D IHDWXUH ZKLFK ZLOO DXWRPDWLFDOO\ DOLJQ WKH PDVN WR WKH ZDYH

ODVN PDUJLQV

7KH .H\VLJKW $ DOORZV WKH XVHU WR SODFHVDNGOGNMXVWDEOH PDUJLQVY DURXQG WKH
SURYLGH D PHDVXUHPHQW EXIIHU LQ DGGLWLR@DWMR WIKH FRPSOLDQFH PDVN WHVW 7K
DUH TXLWH XVHIXO DV D PDQXIDFWXULQJ SURPBQ¥FHRQWURO PHDVXUH WR WUDFN SHL
YDULDWLRQV DQG FRUUHFW DQ\ GHIJUDGDWUR @ KBHPDWH IDFWKDO PDVN IDLOXUHV RF
GHoQHG DV D SHUFHQWDJH DQG WKH $ ZLOO UREDWBWHO\ WDEXODWH WKH QXPEHL
PDVN YLRODWLRQV DV ZHOO DV WKH QXPEHU RI RZNWZLWKLQ WKH PDVN PDUJLQV )LJ
PDVN WHVW ZLWK D PDVN PDUJLQ DFWLYDWHG

Fie Control Setup Measure Calibrate Utilities Help 24 Jan 2000 11.04 [ZJ

Mask

5THB4/0C192 region violations
total wims 5.697 k 1 (1]

failed smpls 0 % g

1 ale:254 W /div 2 cale:35.6 my/div 3 cale: 263 4 cale: 10.0 mvV/divy Time: 156 ps/div | Trigger Level:
fset89.6 u ffset0.0 V ffset: 108 ffset0.0 v Delay: 24 1061 ns -218 mV J
JLIXUH ODVN WHVW VKRZQ RQ .H\VLJKW $

File Control Setup Measure Calibrate Utilities Help 24 Jan 2000 1107 l I

Eye/Mask Mode
Eye Measure
=S
Mask Test
Mask Test
- o Mask ——
- STHG4/0C192
Filter total wims 9.380 k margin 10 %
failed smpls 1 laslk :_lg A
! n hi 0
=lhs “otal nits 1
3
e 254y Adiy 2 cale: 35 6 mv Adiv 3 cale: 263 cale: 10.0 my/Adivy Time: 156 ps/fdiv | Trigger Level:
LDifsetfa & i ,ﬁnsm 00V set 108 Hifsetn 0 v Delay:24 1061 ns 718 mV
JLIXUH 7KH .H\VLJKW $ DOORZV WKH XVHUMRLBW&6HQH PDVN PDUJLQ SHUFHQWD

WKDW DFXWXDO IDLOHG VDPSOHV DUH WDHXOIDXWRIG YH\EVWHG®WHO\ IURP WKRVH VDPSO
WKH PDVN WHVW EXW IHOO ZLWKLQ WKH PDVN PDUJLQ DUHD
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A
—100%
Yy $-25%

A A §+25%
+100%

y . "
........................................ Mean '1' Level

A
+100%
+25%
_250\

-100% -25%
iy

Standard Mas!|

+100%
A —25%

+25%
+100%

e I I Mean '0' Level
'
+100% '

+25% Mask Margin

§+25%
A[ §-25%

Y

—1009

One bit period

JLJXUH ODVN ODUJLQV

ODVN PDUJLQV DUH GHOQHG DFFRUGLQJ WRHWEKHRLHQODROPNVIWY) DQG VPDOOHVW SRVVLEC
ERWK WKH SRVLWLYH DQG QHJDWLYH WKH IGRUHRWMRIXY )RU H[DPSOH

ZLGWK Rl WKH FHQWUDO SRO\JRQ KH[DJRQ RU VTKODUH LQ WKH PLGGOH RI WKH H\H L
ative to the crossing point of the perfect bit period for the positive margirs and relative

WR WKH FHQWHU SRLQW RI WKH PLGGOH SRO\JR@DNWW QHJDWLYH PDUJLQV 7KDW LV W
margin extends the horizontal axis of the central polygon to the crossing pints both be-

IRUH DQG DIWHU WKH H\H EHLQJ WHVWHG PDUNLRG WKGBHHKRUL]JRQWDO D[LV RQH IXOO E
1HIJDWLYH PDUJLQV XVH WKH GLVWDQFH I[URPRY KHRFWRMWHUSRLQW RI WKH FHQWHU SR
KRUL]JRQWDO HGJH RI WKH VWDQGDUG PDVN DW GLVWD@RFNPDOOHU QHIJDWLYH PDUJLQ
DUH VFDOHG SURSRUWLRQDWHO\ WR WKLV GLVWWKMQKRIUIZFR FUHDWH D PDVN PDUJLQ RI

JRQWDO D[LV RI WKH PDUJLQ LV FUHDWHG E\ WMVRVMPE®LVKLIQJ SRLQWYV ZKLFK DUH DQ D
WKH KRUL]JRQWDO GLVWDQFH RXWVLGH RI WKHUPDQ® ORIZAHYLIXUH 7R FUHDWH WKH X
ERXQGDU\ RI WKH FHQWUDO SRO\JORQ WKH GLWQMNMHH EHWZHHQ WKH XSSHU OLQH RQ
SRO\JRQ DQG WKH DYHUDJH RQH OHYHO LV GHoQHG DV DQG D PDVN PDUJLQ RI H
WKH XSSHU ERUGHU RI WKH FHQWUDO PDVN E\ \ RIWMKHY GLVWDQFH 7KH ORZHU ERX
FHQWUDO SRO\JRQ LV FUHDWHG WKH VDPH ZDMH YHODW.EDKW WR WKH DYHUDJH JHUR OHY
GLVWDQFHV IRU QHJDWLYH PDVN PDUJLQVODEHYMIHDPMNGZ MXKW OLNH WKH KRUL]JRQWD
WKH q GLVWDQFH EHLQJ WKH GLVWDQFH IURPLWIRH WWBQGDUG PDVN WR WKH FHQW!
SRO\VJIRQ

JRU WKH XSSHU DQG ORZHU SROVJURQV ERWK WEKH BRVLWLYH DQG QHJDWLYH GLVW
GHoQHG DV WKH GLVWDQFH IURP WKH UHJXODU PCSVSMERXQGDU\ WR WKH DYHUDJH RQ't
SRO\JRQ RU DYHUDJH JHUR OHYHO ORZHU SRR GRIG- RUKHLSWRO\IRQV DUH HLWKHU HJ
GubzQ WKH DSSURSULDWH SHUFHQWDJH RI VBGKQWI®WMWMHQFH WR GHoQH WKH SRVLWLY
PDVN PDUJLQV UHVSHFWLYHO\

ODVN 7THVW 3URFHGXUH

1RWH $ UHFHQW YHUWLFDO FDOLEUDWLRQ YW QHIFNEKWOWWDW\, WRLREWDLQ WKH EHVW PDV
UHFRPPHQGHG WKDW D 8VHU 9HUWLFDO $PSWIHWXIEQH SIMOHEUDWLRQ EH SHUIRUPHG D
F\FOH RU RQFH HYHU\ KRXUV GXULQJ FRQWLQXRX\Y&VH RU LI RSHUDWLQJ WHPS FKD
RU D PRGXOH KDV EHHQ UHPRYHG DQG WKHQ UHLONWWWHG LQWR WKH PDLQIUDPH )RL
SRVVLEOH DFFXUDF\ D UHFDOLEUDWLRQ LHUBDWREPMHERKXDHE HY WKH RSHUDWLQJ WHPS
E\ ¢ &
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&RQQHFW DQ RSWLFDO VLIJIQDO WR WKH RSQHIFRQ LRG&W WXUQ WKH DSSURSULDW
SUHVV WKH $XWR 6FDOH KDUG NH\ WR WKH ULJKMKRI|I WKH GLVSOD\ 7KH DXWRVFDO
for an appropriate trigger level, and set the horizontal and vertical sckes to achieve
D JRRG H\H GLDJUDP

3X00 GRZQ WKH &DOLEUDWH PDLQ PHQX DW WK$HOWRS RI WKH GLVSOD\ ZLQGRZ DQ

Calihratinne
Calibrate Utilities Help

All Calibrations...
Front Panel Cal Output...
Horizontal Skew Adjust...

6HOHFW WKH 9HUWLFDO $PSOLWXGH LQGH[ WDE

Vertical (Amplitude) | Horizontal (Time base)

i User Vertical [&mplitude) Calibration

Left Module Calibrated

Current user vertical calibration is valid

Calibration D ate 30NMov 1999 08:07
Elapsed Cal Time 0:47 (hours:minutes)

Cal AT 07°C
Model # 861014
Serial # US34670002

f»talibrate Left

i Module

'"HWHUPLQH ZKLFK PRGXOH ZLOO EH XVHG WHRPSCSXVK WKH &DOLEUDWH /HIW ORG)>
EUDWH 5LJKW ORGXOH VRIW NH\

'LVFRQQHFW HYHU\WKLQJ IURP WKH PRGXOH DQG SUHVV &RQWLQXH

VYertical [Amplitude] calibration
E ?3 Disconnect everything from right module
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7KH URXWLQH WDNHYVY DSSUR[LPDWHO\ RQH DQG D KDOI PLQXWHYV WR FRPSOHWH

$IWHU WKH FRPSOHWLRQ RI WKH YHUWODWDRQ-FBERREOBWHRQ WKH PHVVDJH k&DOLE
LV GLVSOD\HG LQ WKH PHVVDJH EDU

EJ Mask

STH1/0C3 region
Filter... total wfms 2i
3

violations
failed samples

L~ § WV,

Clear Meas. Lo I i More...
) ) Calibration completed
Scalet u'w//div Scale:10.0 mv/divy Time: 1.08 ns/div | Trigger Level:
[Eiictiesan 2) Not Present 3J0ifset1 v/ oifset0 0y Delay:30.3658ns |  damv |

5HFRQQHFW WKH RSWLFDO VLIQDO WR WKH IRV'SS®OIDARDO LQSXW DQG WKHQ SUHVV WK
KDUGNH\ QHDU WKH pRSS\ GLVN GULYH

BUHVV WKH (\H ODVN ORGH KDUG NH\ RQ WKH IURQW SDQHO WR WKH ULJKW RI WKF

7RXFK FOLFN WKH ODVN 7HVW VRIW NH\ LQ WKW WIRS RI WKH YHUWLFDO ZLQGRZ RQ
the display

File Control
Eve/Mask Mode

Eye Measue ~
———ea

Mask Test -

7TRXFK FOLFN 6HOHFW ODVN 7KLV ZLOO EWKIHQPDMND GLDORJ ER[ ZLWK D OLVW RI I
IRUPDWYV
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6HOHFW WKH DSSURSULDWH PDVN IURP WKH OLVW RRO2®WHY DQG SUHVV WKH 2SHQ VRI\

part of the window

Load Mask File - C:\scope\masks m m
Look in: I 3 masks (C) v 5 ‘ =) | >\ | ﬂ ‘ (:[’-)l |
Name [ size [ Tope [ Modified [ & I
] STMO_DCT.msk 220KB Mask Files 12/01/93 02:32 AM

£] STM16_0DC48.msk 209KB Mask Files 12/01/33 0232 &AM

STM1_0C3.MSK 2.20K8 Mask Files

5] STM4_0C12msk 221KB Mask Files 12/01/93 0232 AM
Mask Files 12/01/33 0232 AM

12/01/93

[E] 5TMB4_0C192msk 210KB
E] 5TM8_0C24.msk 2.20Ke Mask Files 12/01/33 0232 AM — I

File Name: Files of type:

FTMIOCIHSK Open Mask Files % msk) A4

7TRXFK FOLFN 6WDUW ODVN 7HVW

Mask Test

fy— L

7KH PDVN ZLOO DXWRPDWLFDOO\ DOLJQ WW WHMXZDWW IRWPODQG WKH PHDVXUHPH

DSSHDU LQ WKH PHDVXUHPHQW WDE ZLQGRZ :DKYfHIRUPV ZKLFK ZHUH WDNHQ SULRU
vwbuw RI WKH PDVN WHVW DUH LQFOXGHG LQ DKM UHVXOWY 7R FOHDU DOO ZDYHI
D PDVN WHVW ZLWK HQWLUHO\ QHZ GDWD SUHVS/SWKH &OHDU 'LVSOD\ KDUGNH\ QHEL
GLVN GULYH I \RX ZRXOG OLNH WR VFDOH RUDSRWLWLRQ WKH PDVN PDQXDOO\ SX

7THVW 6FDOLQJ VRIW NH\ LQ WKH VFUROO ZLQGRZ RQ WKH OHIW

Mask

STHM1/0C3 region violations
total wfms 1.146 k 1 1
failed samples 0 % g

ODVN ODUJLQV
6WDUW WKH PDVN WHVW DV GHVFULEHG LQ OUMANSWKMWKURXJK
VRIW NH\ LQ WKH VFUROO ZLQGRZ RQ WKH OHIW RI WKH GLVSOD\

DERYH 7KHQ WRX

=)

_-__-E

R

Margins...
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7TRXFK FOLFN WKH FKHFNPDUN LQ WKH GLDWORQOGRYKHRO WXUQ RQ \RXU PDVN PDUJLC
FKRRVH WKH SHUFHQWDJH PDVN PDUJLQ WKDW \RX ZDQW

&ORVH WKH GLDORJ ER[ DQG WRXFK FOLENWFKRGW 22U® ODVN 7HVW LQ WKH YHUWL
GRZ RQ WKH OHIW RI WKH GLVSOD\

1RWH WKDW WKH PDVN KLWV DQG WKH PDVN PDUJLQ KLWV DUH WDOOLHG VHSDUDYV

(IWLQFWLRQ UDWLR

([ WLQFWLRQ UDWLR LV GHoQHG DV WKH UDWLR RHUWKH PHDQ RQH OHYHO GLYLGHG E\
OHYHO RI DQ H\H GLDJUDP ([WLQFWLRQ UDWLR FDQ EH H[SUHVVHG LQ RQH RI WKUHH

-dB

Extinction ratio dB = 10log, One level — Dark level

Zero level — Dark level

-%

Extinction ratio percent = 100 I Zero level - Dark level

One level — Dark level

- ratio
One level — Dark level
Zero level — Dark level

Extinction ratio =
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KLOH WKLY PHDVXUHPHQW LV VLPSOH LQ FRQKHFWXUWFAY GLIOFXOW WR DFKLHYH ZLV
VLQFH WKH PHDVXUHPHQW LV D UDWLR ZLWK WKEB GKRRPLQDWRU EHLQJ WKH PHDQ ]H
WKH PHDQ JHUR OHYHO DSSURDFKHY DEVROKWHQWVRPIDWROHYDULDWLRQV LQ WKH PHDVX
PHDQ JHUR OHYHO WUDQVODWH LQWR ODWHMHVXDUPBWWRQKDW WKH H[WLQFWLRQ UDWL
WKLV PHDQV LV W KDAM WKLH) GADKUIN FOMHFLKD@W RVFRSH PXVW EH VXEWUDFWHG IURP ERWK
WKH PHDQ RQH DQG WKH PHDQ JHUR PHDVXUHPH®W®JIJ6LQFH GDUN OHYHOV FDQ YDU\ (
XSRQ WKH YHUWLFDO VFDOH RI WKH RVFLOOHRY ERISHHRDW LV LPSRUWDQW WKDW WKH G
VXUHG DW WKH DFWXDO YHUWLFDO VFDOH OBYNOHPHIBNWR PDNH WKH H[WLQFWLRQ Ul
7KH .H\WLJKW $ ZLOO DXWRPDWLFDOO\ SUR®@ IW WIKRH XVHU WR PDNH DQ H[WLQFWL
FDOLEUDWLRQ ZKHQHYHU WKH YHUWLFDO QBDWHPISBWEWKQH KDQJHG RU WKH RSHUDW
RU PHDVXUHPHQW SOXJ LQ?PRGXOH KDV FKDQJHG

JLIXUH  7KH .H\VLJKW $ GHWHUPLQHVY RQH D QG/ WRUR DR\ & LFHDRRP EH WKBIWKH H R 1 K
IRU YDULDQFHV IURP SDWWHUQ GHSHQGHQW DQG QRLVH LQpXHQFHV

,Q RUGHU WR PDNH DFFXUDWH H[WLQFWLRQHOHYHOUPPODMXUHPHQWY WKH UHIHUHQFH
KDYH D pDW I[UHTXHQF\ UHVSRQVH DOO WKH ZD\ EDBWWR '& (YHQ D VI\VWHP ZKLFK LV
ZLWK WKH VWDQGDUG %HVVHO 7KRPVRQ |UHTWHQR\ UMMBRQVH ZLQGRZ PD\ H[KLE

KULVHY RU kIDOOyY ZKLFK ZLOO VKLIW WKH HQHF WLRQUDPWLQRG UHVXOW LQ LQDFFXUDWH
PHDVXUHPHQWYV

'DUN OHYHO RU GDUN VLJQDO UHIHUV WR VL 1QD®&W FMRSHVHLY B ZHKGQUW WHHIBHZ LWKLQ WKH RVF
LV QRW DQ H[WHUQDO VLJQDO EHLQJ LQSXW '®IRGWLGODAVRKDQHHVMWQHUDWHG E\ SKRWR
RIITVHW YROWDJHV I[URP HOHFWULFDO DP®Q@IGo RWK i Q LK 2 LOMUR FZHIW KILUQ FW K FIX L W
RVFLOORVFRSH

0 WKH _H\WVLJIKW $ DQG WKH .H\VLIKWV ZK$ @ KRID & X UIHQUH B MW UG KX 0 RQ
UDWLR LW LV UHFRPPHQGHG WKDW WKH PHDVXUWHRHOWHIHR P QFCH 7KW L IKW $ EH J
HAVLIKW $ XWLOL]JHV DQ LPSURYHG D O JRRXUIW KIPQ\G KFR/D WIHVAX B @W D Q IPQR\WH WV K R

RI HIWLQFWLRQ UDWLRYV



_ .H\WVLJKW _ &KDUDFWHULJLQJ +LJK 6SHHG 2SWLFDO 7UDQVPLWWHUV &RPSOLDQFH 7HVWLQJ ZLWK WKH .H\VL.

7KH .H\VWLJKW $ DOORZV \RX WR GHoQH WKH BRWQGDULHV RI ZLQGRZ ZKLFK LV XVH
PDNH WKH HIWLQFWLRQ UDWLR PHDVXUHPHQRY LAKW-IGHH EFHX®OW YDOXH IRU WKH H\H ZLQ
WuDO RI WKH ELW SHULRG <RX FDQ FKDQJH WH WRMLWLRQ RI WKH ERXQGDULHV W
H\H ZLQGRZ VHWWLQJ LQ WKH &RQo0JXUH OHDVXUHPGEHURNS GLDORJ ER[ XQGHU WKH OHD\
GRZQ PHQX 7KLV VHWWLQJ GHWHUPLQHYV ZKBW BRKUEZHRQ RI WKH H\H ZLOO EH PHDVX
IDXOW YDOXHV IRU WKH ERXQGDU\ SRVLWLRQV BDWXKH H\H ZLQGRZ DUH WKH (\H %
DQG (\H %RXQGDU\ VHFWLRQV RI WKH ELW SHULRG

JLIXUH '"HIDXOW SRVLWLRQV IRU H\H ERXRGBDRHQW VRNDUH[ YWQFWRLRQ UDRWILW KHH E LW
SHULRG

&KDQJHV LQ HIWLQFWLRQ UDWLR PHDVXUHPHQWY IRU WKH .H\VLJ
,QOQLLXP '&% LQ FRPSDULVRQ WR WKH .H\VLJKW $

8VHUV RI WKH .H\VLJIJKW $ ZKR EHJLQ PDNHQWN[RQQFWLRQ UDWLR PHDVXUHP

WKH QHZ ,Qo0QLLXP '&$%$ ZLOO OLNHO\ QRWLFH WKXDWWKMKRHDVXUHPHQWY DUH UHSRUW
UHSRUWHG YDOXHY DUH HI[WUHPHO\ VWDEOGHVWREOH WKKHGHYLFH XQGHU WHVW LWVH
PHDVXUHPHQW UHVXOWY DUH YHU\ UHSH@W DE CH GH JD QBOQWKHWLDO PHDVXUHPH

D QHZ PHDVXUHPHQW LV SHUIRUPHG HLWKHU EQG&G®PNURQI) WKH GLVSOD\ RU VHWWLQJ
D PHDVXUHPHQW KRXUV RU HYHQ GD\V ODWHU

7KH DOJRULWKP XVHG IRU HIWLQFWLRQ UDWLRRPQZWHXW ,Q0QLLXP '&$ KDV EHHQ DOWH!I
PRVW XVHUV KDYH H[SHULHQFHG ZLWK WKH HUONQFKW LW $ 7R H[SODLQ WKH GLII

LV ZRUWKZKLOH WR UHYLHZ WKH KLVWRU\ RI WKEADN\VLIKW $ :KHQ WKLV SURGXF
LQWURGXFHG LQ WKHUH ZDV QRW D VWURQJILRQGXMWIUR FRQVHQVXV RQ KRZ DQ HJ\
VKRXOG EH SHUIRUPHG 6SHFLOFDOO\ L® FRIQMHVWKFAWLRILKLYVWRJIJUDPV WR GHW

DQG OHYHOV VRPH HQJLQHHUV SURSRVHG XXLOH \RMHKISH®YN YDOXHV RI KLVWRJUDPYV
SURSRVHG PHDQ YDOXHV $0OVR VRPH SURSRVH®R EWRIQWIKFDWD RYHU WKH HQWLUH ELW
H\H GLDJUDP ZKLOH RWKHUV SURSRVHG XVLQJ WKHR FHQWUDO SRUWLRQ RI WKH H\H
WR VDWLVI\ HYHU\RQH WKH DOJRULWKP XVHG IR EKHE RWWKLJIKW $ ZDV GHVLJQH
PH[LEOH DQG UREXVW RYHU D YDULHW\ Rl WHVW FRQGLWLRQV
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JLIXUH 7KH .H\VLJKW $ KDV DQ LPSURRHG H[WLQFWLRQ UDWLR DOJRULWK

*UDGXDOO\ WKH LQGXVWU\ JUDYLWDWHG WRZDUDBK XVLQJ WKH PHDQ YDOXH RI WKH H\
KLVWRJUDPV IURP WKH FHQWUDO RI WKH HIMW WKBJUDP +RZHYHU WR EHWWHU VDW
HQWLUH FXVWRPHU EDVH RI XVHUV WKH .HHW\DIQKRULWKPDLQWDLQHG LWV pH[LEO
XQWLO UVHFNWN@WIBORQH ZDQWHG WR WHVW RYHU WKH IXOO ELW SHULRG RI WKH H\H GLD.
DOJRULWKP QHHGHG WR EHYyVPDUWY HQRXJKWRI WRRWAHVKH ULVLQJ DQG IDOOLQJ HC
DV WKH\ DUH QRW JRRG LQGLFDWRUV RI WKH WOWHKRXQIRQG RIl OHYHOV RI WKH WUDQ"
WKH ULVLQJ DQG IDOOLQJ HGJHV RI WKH H\R PKRXXGHPRVOWIIHFW WKH HIWLQFWLRQ U
ZKHQ PDGH bW WKH FHQWHU RI WKH H\H WKH JHQHHULF DOJRULWKP FRXOG JHW IRROH
GLDJUDP KDG VLIQLoFDQW RU HYHQ VXEWOHOSMDLWBMWHURWBHSHQGHQF\ UHVXOWLQJ LQ P
OHYHOV )RU H[DPSOH LI WKH OHYHO KDG WZRB GHWFUHWH PRGHV RQH RI WKH OHYH
FRQIXVHG DV EHLQJ D ULVLQJ IDOOLQJ HGHHFWAKXORFKHRQROWRULWKP FRXOG LQFRUU
WKH RWKHU PRGH DV WKH WUXH OHYHO ,I| WKH GKRBVLWLHYVY RI WKH PRGHV ZHUH FOR
DOJRULWKP PLIKW HYHQ MXPS EDFN DQG IRUWK BWKW ORFNLQJ RQWR RQH PRGH DQG
HU 7KH UHVXOW ZRXOG EH DQ HIWLQFWLRQ UDWLRHYDIGXH WKDW ZRXOG MXPS LQ YDO
H[FHVV RI G%

7KH ,Q0QLLXP '&$%$ KDV XSGDWHG LWV H[WLQFWWWK® UDWLR DOJRULWKP WR EHWWHU PD
LQGXVWU\ LV FXUUHQWO\ PDNLQJ HIWLQF® RSQVUPWHR MHRODVKUHPHQWY W KDV EHH

FXUDWHO\ GHWHUPLQH WKH PHDQ DQG OHYHOVUDHUWKH FHQWUDO SRUWLRQ RI W
VKRXOG QRW EH DGYHUVHO\ DITHFWHG E\ RBWWHUQ GHSHQGHQFLHYV VXEWOH RU VWU

,Q DGGLWLRQ WKH SURFHVVLQJ SRZHU RI WK QBWULRYWUXPHQW DOORZV YHU\ IDVW
WKH PHDVXUHPHQW UHVXOWY IURP WKH DFTX¥XMLIQG 6RXIMDU 7KH FRPELQDWLRQ RI SURFI
DQG D PRGLoOoHG DOJRULWKP DUH WKH NH\ WR WR UDMWM.RVWDEOH DQG UHSHDWDEOH F
PHDVXUHPHQW QRZ DYDLODEOH LQ WKH ,Q0QLLXP '&$

([ WLQFWLRQ 5DWLR OHDVXUHPHQW 3URFHGXUH

I1RWH $ UHFHQWO\ SHUIRUPHG XVHU YHDWILRDEDPLEUPWDLWDRRIQYDQG H[WLQFWLRQ U
QHFHVVDU\ WR REWDLQ WKH PRVW DFFXUD/GH HIJWLTKFHWHRQ UDWLR PHDVXUHPHQW UH
WLQFWLRQ UDWLR FDOLEUDWLRQ ZLOO OXWREREWLWRRQ\LWKEAHNGWHREVHH LI D YHUWLFD

7KH XSGDWHG DOJRULWKP KDV EHHQ LQFRUSRYDW.HR® LQWRGKHIKHU$ LQ oUPZDUH U
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7KH YHUWLFDO VFDOH VHWWLQJ DIITHFWV WKHIRDPOWWNGEGH RI WKH GDUN OHYHO RIIVH

WLQFWLRQ UDWLR FDOLEUDWLRQ DW WKH YHRHDIVEODJHRHEQ®WH DW ZKLFK \RX ZLOO PDNH
Increasing the vertical scale sensitivity for a large eye diagram displaypically yields a
PRUH DFFXUDWH PHDVXUHPHQW

&RQQHFW DQ RSWLFDO VLJQDO WR WKH RSWIQFHDDR@®SXW DQG WXUQ WKH DSSURSU

3UHVVY WKH (\H ODVN ORGH KDUG NH\ RQ WK® WEBHUWUXPHQWjV IURQW SDQHO RU R
6HWXS PHQX DQG FOLFN WRXFK (\H ODVN ORGH

&OLFN WRXFK WKH (\H OHDVXUH VRIW NH\ SOOPWKH XSSHU OHIW FRUQHU RI WKH GL

3UHVV WKH $XWRVFDOH KDUG NH\ RQ WKHOLWRRW $WYHO ULJKW VLGH RI GLVSOD\
completion

3UHVV WKH ([WLQFWLRQ UDWLR VRIW NHMIM WLIGH YHUWKIHFDO VFUROO ZLQGRZ RQ
display

/IRRN LQ WKH PHVVDJH ZLQGRZ DW WKH ERWWRFROMWKH GLVSOD\

1 DQ H[WLQFWL
EUDWLRQ LV UHFRPPHQGHG SHUIRUP WKH IROORZLQJ VWHSYV

3XO0O0O GRZQ WKH &DOLEUDWH PHQX PDLQ PHQX DQG VHOHFW $00 &DOLEUDWLRQV
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6HOHFW WKH ([WLQFWLRQ 5DWLR LQGH[ WDE

7RXFK FOLFN WKH ([WLQFWLRQ 5DWER G FGDRUHOLRIQLEKXKWRWRQ IRU WKH RSWL
DUH XVLQJ

YROORZ WKH RQ VFUHHQ LQVWUXFWHRB®G ,IW HUNQFDOVRDOLEUDWLRQ LV Q
PDWLFDOO\ EH VWDUWHG $ YHUWLFDQ FDPLEXNWWVYRQYKHOO WDNH DSSUR[LPDWHO
HIWLQFWLRQ UDWLR URXWLQH WDNHV D IHZ VHFRQGY WR FRPSOHWH

'LVFRQQHFW HYHU\WKLQJ IURP WKH PRGXOH DQG SUHVV WKH &RQWLQXH VRIWNH\
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$IWHU WKH FRPSOHWLRQ RI WKH XVHU IFFDOQDERPBOH®RGY WKH PHVVDJH k&DOLEUDW
displayed in the message bar

5HFRQQHFW WKH RSWLFDO VLJQDO WR WRHSEBIOVEWRWHG RSWLFDO FKDQQHO DQG
&RQWLQXH VRIW NH\ RQO\ DIWHU \RX KDYH UHFRQQHFWHG WKH RSWLFDO VLJQDO D
VWDELOL]HG

7KH PHDVXUHPHQW UHVXOWY ZLOO DSSHDU LQ WKH PHDVXUHPHQW ZLQGRZ

Jitter

,Q RUGHU WR IXO0O\ FKDUDFWHUL]H D GHYLFGBVWDVHINDQDUGY FRPSOLDQW WKH VWDQ
DGGLWLRQDO VSHFLDOL]HG HTXLSPHQW M DQEGDMVBNUUWHXMIHJI 7KH 621(7 6'+ V

WKDW WKH GHYLFH EH WHVWHG IRU ML WWHHUWRQHUWD@AHR ZLWMKWWHU WUDQVIHU DQG
WHVW VHWXS VXFK DV WKH .H\VLJKW 7K H&) ME WHNV & K)D@MH®\ \DIQ/G VWKW H P

*LJDELW (WKHUQHW VWDQGDUGV UHTXLUH R MDHAXW IMHWMXWVWQHU ZLWK D ELW HUURU UT
D GHOQHG WHVMDISIRWWHKH@®DLQ UHDVRQV WKDW WKH VWDQGDUGY UHTXLUH DGGLWLRC
WHVWLQJ LV WKDW GXH WR WKH VDPSOLQJ WHBKRDLJ®RW XVHG D FRPPXQLFDWLRQV D
JXDUDQWHH ZKHWKHU RU QRW D GHYLFH DFWK IMKOWS BMNVOY WKH MLWWHU VWDQGDUG
VDLG LW LV FRPPRQ SUDFWLFH WR WDNH MLWOQHDWHRYXUHPHQWY XVLQJ D GLJLWDO
DQDO\]HU ZLWK D VRXUFH FORFN RU D UHFRYHUNWXFO®FN VLQFH WKLV LV D TXLFN WH
JLYHV D IDLWKIXO LQGLFDWLRQ Rl WKH MIHGWHMUSUHVHYWHRQ WKH VLIJQDO $V PHQWL
TXDOLW\ RI WKH WULJJHU VLJQDO FDQ JUHDVDMWW I IHFW WKH MLWWHU PHDVXUHPHQW

$ MLWWHU PHDVXUHPHQW RQ DQ RVFLOORVYFRBEHHU WGLILR WEKHFRPPXQLFDWLRQV DQDO
PHDVXUHPHQW RI WKH WLPH YDULDQFHV Rl WKHJDBPVRWJ DQG IDOOLQJ HGJHV RI DQ H\
WKHVH HGJHV DIIHFW WKH FURVVLQJ SRLOQWWWRISWBN WR{ -LWWHU LV PHDVXUHG DV H
SHDN MLWWHU ZKLFK UHIHUV WR WKH IXO0 ZLBWHKRWWHKH FURVVLQJ SRLQW RI WKH H
ZKLFK LV GHoQHG DV RQH VWDQGDUG GHYLDWLRQ IURP WKH PHDQ RI WKH FURVVLQJ S
KLVWRJUDP

YRU PRUH LQIRUPDWLRQ RQ WHVWLQJ MLW W HIUQR M BWWHUWHIG/ ZUBBHUS 7 2 7LP
PHDVXULQJ HTXLSPHQW IRU GLJLWDO V\VW HPR/QARXF IG IDILK B D VKHG RUWKH SOHVLRFK
3'+ DQG ,78 * YRU MLWWHU WHVWLQJ RI 621(RQ2& HHDQ B ®@AE&FRUWUBQVPLVV

&25( 6\QFKURQRXV 2SWLFDO 1HWZRUN &R P R QU DHQHSURLLFWE B/ \\WVHHLPL\D
DQG *5 &25( 621(7 2& 7UDQVSRUW 6\VWHP *HQHULF &ULWHULD
6HH ,((( 6WG &DUULHU 6HQVH 0XOW LFSFOVHL RFF HAB\D ¥ I&W K$ B RIDVLVLRQ "HW
OHWKRG DQG 3K\VLFDO /D\HU 6SHFLOFDWLRQWQHL6,3K\WLFDO NLEE W KKQDOLQJ
,QWHUIDFH )& 3+ DQG WKH 1DWLRQD 8 RKRFRPARIW BEW DRG DQ IR PRWRRQ 7
1&,76 7 SURMHFW JLEUH &KDQQHO SHBIif WKFROGRIRRILHY IRU -LWWHU 6
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JLIJXUH 3HDN WR SHDN DQG UPV MLWWHU

7KH $ FUHDWHYV KLVWRJUDPV WR 0QG WKH FURM®LQJ SRLQW RI WKH H\H GLDJUDP C
WDNHV D YHU\ QDUURZ VDPSOH LQ WKH KRUL]RWQW.RO D[LY DW WKH YHUWLFDO OHYHO
SRLQW 7KH WLPH GLIITHUHQFH EHWZHHQ WKH HQGWLDWPSWHY RI WKLV VDPSOLQJ ZLQGR
WKH SHDN WR SHDN MLWWHU PHDVXUHPHQWJ DKKLYVMAR MULDWWHU LV IRXQG E\ FRQVWUXI
of the samples between the end samples and determining the mean and standard dea-

WLRQ RI WKH GLVWULEXWLRQ RI WKH VDPSOHYV

5LVH WLPH

5LVH WLPHY DUH JHQHUDOO\ SHUIRUPHG LQ WKMHOXRDOWHUHG PRGH LQ RUGHU WR XVH
ZLGWK RI WKH FRPPXQLFDWLRQV DQDO\]HU WRVJIKHWMEKMWWPRVW DFFXUDWH PHDVXUHPH
(WKHUQHW DOORZV DQ H[FHSWLRQ WR WKLV SHRARQ®WXUH E\ WDNLQJ WKH ULVH WLPH P
LQ WKH oOWHUHG PRGH DQG WKHQ UHPRYLQJONKN WKIHFWYVY RI WKH oOWHU PDWKHPDW
IROORZLQJ IRUPXOD

7ULVH IDOO 7ULV*Hq IDOIOVB PIHDDWXB H® WHU

, W VKRXOG EH QRWHG WKDW WKLV PHWKRG PIHHKWVIHGRHUDEBO\ DIITHFW WKH DFFXUDF\ |
WLPH PHDVXUHPHQW VLQFH WKH oOWHU ZLD®OWXIUAH W KHKKLRYX FLOORVFRSHjV DELOLW\ \
IUHTXHQF\ FRPSRQHQWY ZKLFK FUHDWH WKH IDVWHU HGJH VSHHGV

7KHUHIRUH WKH UHFRPPHQGHG SURFHGXUH LK WHRHPIKDWXUH WKH ULVH RU IDOO WLPH
XQoOWHUHG EDQGZLGWK

JLIXUH 5LVH WLPH
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5LVH DQG IDOO WLPHY DUH XVXDOO\ GHoQHG DV WR RU WR 7KH .H\VLJKW
$ o UVW FUHDWHY D KLVWRJUDP WR GHoOQH VULIRMWPHDQ ORFDWLRQ RI WKH FURVVLQJ
WKH ULVLQJ JHUR WR RQH DQG RQH WR JHUR WUDUH WKIHRQV RI WKH H\H GLDJUDP +LV
created for the one and zero levels and a mean one level and mean zero level is deter
PLOQHG 7KH LQVWUXPHQW WKHQ FDOFXOD®WHY WKIH XSSHU WKUHVKROG OHYHO XVXDO
Rl WKH GLITHUHQFH EHWZHHQ WKH PHDQ RQH DQ&RRH®Q |JHUR OHYHOV DQG WKH ORZH
OHYHO XVXDOO\ RU Rl WKH GLITHUHQFH EHWZAHOMW WKH PHDQ RQH DQG PHDQ ]JHU
+LVWRJUDPVY DUH FUHDWHG DW WKHVH OHYHOV DRA®HW XSSHU DQG ORZHU WKUHVKRO
PLQHG $ OLQH LV GUDZQ IURP WKH ORZHU WKUHVERMIRG PHDQ WKURXJK WKH H\H FURYV
WKH XSSHU WKUHVKROG PHDQ 7KH ULVH WLPHHLQY WBIO OKRYDWHG DV WKH GLITHUHQFH E
HU WKUHVKROG PHDQ DQG WKH XSSHU WKUHVKRDGXRHIIGQ /LNHZLVH IDOO WLPH ZRXO
WKH VDPH zD\ ZLWK WKH PHDVXUHPHQW EHLQJ WKKR®OGIHUHQFH EHWZHHQ WKH XSSHL
PHDQ DQG WKH ORZHU WKUHVKROG PHDQ

J)LIXUH .H\VLJIKW $ ULVH WLPH PHDVXUHPHQW

Average power

7KH .H\VLJKW $ ZKHQ XVHG ZLWK LWV LQWHDUDWB® 2Q SOXJ LQ PRGXOHV KD
WUXH RSWLFDO SRZHU PHWHU WKH RSWLFDDR®RZHOFXWO PWBGXUHG LQGHSHQGHQWO\
IURP WKH ZDYHIRUP 7KH LQWHUQDO SKRW®D®HWRMWRWOHFQYHUWY WKH RSWLFDO VL
WULFDO VLIQDO DQG WKH LOQVWUXPHQW PHDDROUHM QWMKH '"BKHRPSRQHQW RI WKH HOHFW
DYHUDJH SRZHU LV FDOFXODWHG DFFRUGLQJ WR

$YHUDJH 3RZHU GF FRPSRQHQW RI SKRWR GHWHFWRU FXUUHQW >DPSV@ SKRWR GHW
UHVSRQVLYLW\ ODPED >DPSV ZDWW@
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7R HQVXUH DFFXUDF\ WKH SKRWRGHWHRIWWRKH/EDMBSRQNQYIUWWM\ LV GHWHUPLQHG IR
EHLQJ PHDVXUHG DQG WKH DSSURSULDWH IDAHWRUKH X¥YHGE WR FDOFXODWH DYHUDJH
DWRU FDQ FKRRVH WR KDYH WKH DYHUDJH SRZHU PHWHU UHSRUW UHDGLQJV LQ G%P I

JLIXUH $YHUDJH SRZHU PHDVXUHPHQW ZLWK .H\VLJKW $

$YHUDJH 3RZHU 3URFHGXUH

1RWH $ UHFHQW YHUWLFDO FDOLEUDWLRQDMWHQMHHFHWD/IHU\ WR REWDLQ WKH PRVW DFF
SRZHU UHDGLQJ ,W LV UHFRPPHQGHG WKDWWMLBGHHIHUWLFDO $PSOLWXGH &DOLEUL
SHUIRUPHG DIWHU DQ\ SRZHU F\FOH RU RQFH HYRHWLI KRXUV GXULQJ FRQWLQXRXV XV
RSHUDWLQJ WHPS FKDQJHV ! i & RUD PRGXOH KDV EHHQ UHPRYHG DQG WKHQ UHLQVF
WKH PDLQIUDPH )RU WKH KLIKHVW SRVVIFRPHP DGEKEDIH\WKMHFDOLEUDWLRQ LV UH
RSHUDWLQJ WHPSHUDWXUH FKDQJHV E\ @ &

3XO00 GRZQ WKH &DOLEUDWH PDLQ PHQX DW WKH WRS RI WKH GLVSOD\ DQG VHOHF
All Calibrations

6HOHFW WKH 9HUWLFDO $PSOLWXGH LQGH[ WDE
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'"HWHUPLQH ZKLFK PRGXOH ZLOO EH XVHG WHHQ SXVK WKH &DOLEUDWH /HIW ORG X
&DOLEUDWH 5LJKW ORGXOH

'LVFRQQHFW HYHU\WKLQJ IURP WKH PRGXOH DQG SUHVV &RQWLQXH
7KH URXWLQH WDNHYVY DSSUR[LPDWHO\ RQH DQG D KDOI PLQXWHV WR FRPSOHWH

$IWHU WKH FRPSOHWLRQ RI WKH YHUWRDWDLBG ¢ FPEBPSOBWIHRQ WKH PHVVDJH k&DOLE!
LV GLVSOD\HG LQ WKH PHVVDJH EDU

&RQQHFW DQ RSWLFDO VLIQDO WR WKH RSWLFDO LQSXW
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,] \RX DUH LQ 2VFLOORVFRSH ORGH VHOHBWFWNKMRMFXOLWXGH PHDVXUH EXWWRQ
$YHUDJH 3RZHU

,/ \RX DUH LQ (\H ODVN ORGH VHOHFW (\H OBDMXUH EXWWRQ &OLFN WRXFK $YH
3RZHU

BUHVV WKH &OHDU 'LVSOD\ KDUG NH\ RQ WKNHURQW SDQHO QHDU WKH pRSS\ GLV

7KH PHDVXUHPHQW UHVXOWY ZLOO DSSHDU LQ WKH PHDVXUHPHQW ZLQGRZ
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6XPPDU\

+LJK VSHHG 0EHURSWLF WUDQVPLWWHUYIDQW IFIRGKHGISONS VWDQGDUGV FRPSO
FULWHULD ZKLFK DUH SXEOLVKHG E\ WKHWHWHI L FBDQFROIMELPQDO 6WDQGDUGY ,QVWL
%HOOFRUH WKH 7HOHFRPPXQLFDWLRQVU@BWYRQDGVHMRAFRWLRQ DQG WKH ,QWH
PXQLFDWLRQV 8QLRQ 'LJLWDO &RPPXQLFRWWKQFLSQWOM UV DUH ZLGH EDQGZ
RVFLOORVFRSHV ZLWK VSHFLDOL]HG RAPXQ®UFPW QRN EXQD®AJHUVLILWDO F

DUH XVHG ZLWK RSWLFDO UHIHUHQFH U HFHL YWUUD/QNAL WWWWY QURKLIK VSHHG RSWL
GHWHUPLQH ZKHWKHU RU QRW WKH WUDQVPIHWWHWEVoFRPSOLDQW ZLWK WKH SK\VLFD
WLRQV GHOQHG E\ WKH DSSURSULDWH VWDQGDUGV

7KH .H\VLJKW $ ZLWK LWV LQWHUUR W 136 WIRKLD/QHF HWDXQ®G LQXVSXLWLYH

'LQGRZV XVHU LQWHUIDFH LV WKH QH[W VHQHUIDWHWRQUEBPILWDO FRPPXQLFDWLRQ
.H\WVLIKW 7THFKQRORJLHV %\ IROORZLQJ RMKPWD/SBQ B SMIDQVNHWKWD QGDUGYV GRFX
SURFHGXUHY DQG UHFRPPHQGDWLRQV RXWOLRWHGDLEXWKLY DSSOLFDWLRQ QRWH WKH
WXULQJ (QJLQHHU FDQ HQVXUH WKDW WKHLU SURGXFWY DUH VWDQGDUGY FRPSOLDQW
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dards are constantly evolving it is strongly recommended that the readenot consider this a compre-
KHQVLYH OLVW DQG FKHFN ZLWK WKH VWO Q®DRGFDRWUWLIFD@RLIDWLRQV IRU DGGLWLRQD
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