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		 '$7$ 6+((7
$35,/ iaac
/;3cii
5HYLVLRQ iii
/RZ-LWWHU 0XOWL5DWH &ORFN $GDSWHU o&/$'o
*HQHUDO 'HVFULSWLRQ
7KH /;3cii 0XOWL5DWH &ORFN $GDSWHU o&/$'o RIIHUV SLQVHOHFWDEOH IUHTXHQF\ FRQYHUVLRQ EHWZHHQ 7i DQG (i UDWHV DV ZHOO DV a DGGLWLRQDO UDWHV IURP iieee 0+] WR aiiae 0+]i 7KH RXWSXW FORFN LV IUHTXHQF\ORFNHG WR WKH LQSXW FORFNi :KHQ DQ LQSXW IUDPH V\QF SXOVH LV SURYLGHGn WKH &/$' SKDVHORFNV WKH LQSXW DQG RXWSXW FORFNV WRJHWKHUn DQG ORFNV WKH a N+] RXWSXW IUDPH V\QF SXOVH WR WKH LQSXW IUDPH V\QF SXOVHi 7KH IUDPH V\QF SRODULW\ LV DOVR SLQVHOHFWDEOHi )LYH GLIIHUHQW KLJK IUHTXHQF\ RXWSXW FORFNV DUH DYDLODEOH IRU DSSOLFDWLRQV ZKLFK UHTXLUH D KLJKHUWKDQEDXG UDWH EDFNSODQH RU V\VWHP FORFNi 7KH KLJK IUHTXHQF\ RXWSXW o+)2o FORFN YDULHV ZLWK WKH LQSXW FORFN IUHTXHQF\i /HYHO 2QH(c)V SDWHQWHG ORFNLQJ PHWKRG HQDEOHV WKH &/$' WR SHUIRUP IUHTXHQF\ FRQYHUVLRQ ZLWK QR H[WHUQDO FRPSR QHQWVn ZKLOH JHQHUDWLQJ YHU\ OLWWOH MLWWHU RQ WKH RXWSXW FORFNi 7KH FRQYHUVLRQ LV GLJLWDOO\ FRQWUROOHG VR WKH RXWSXW FORFN LV DV DFFXUDWH DV WKH LQSXW FORFNi 7KH &/$' LV DQ DGYDQFHG &026 GHYLFHi ,W UHTXLUHV RQO\ D VLQJOH oe 9 SRZHU VXSSO\i
)HDWXUHV
 7UDQVODWHV EHWZHHQ ii GLIIHUHQW IUHTXHQFLHVi *HQHUDWHV EDVLF DQG KLJK IUHTXHQF\ RXWSXW FORFNV DQG IUDPH V\QF IURP DQ LQSXW FORFN DQG LWV IUDPH V\QFi  +LJK )UHTXHQF\ 2XWSXW FORFN IRU KLJKHUWKDQEDXG UDWH EDFNSODQH V\VWHPV  /RZ RXWSXW MLWWHU PHHWV $7/7 3XEOLFDWLRQ ceeii IRU iieee 0+]n DQG ,78 5HFRPPHQGDWLRQ *iaee IRU eiiea 0+]  'LJLWDO FRQWURO RI IUHTXHQF\ FRQYHUVLRQ SURFHVV  1R H[WHUQDO FRPSRQHQWV  3LQVHOHFWDEOH RSHUDWLRQ PRGH  /RZSRZHU e 9 RQO\ &026 LQ ieSLQ SODVWLF ',3 RU eaSLQ 3/&&
i e e e e c ae a a ii ii ie ie ie ie
$SSOLFDWLRQV
 ,QWHUQDO WLPLQJ V\VWHP IRU &KDQQHO %DQNVn 'LJLWDO /RRS &DUULHUVn 0XOWLSOH[HUVn ,QWHUQDO 7LPLQJ *HQHUDWRUVn HWFi  &RQYHUVLRQ EHWZHHQ 7ii(i FORFN UDWHV DQG KLJKHU IUH TXHQF\ EDFNSODQH UDWHV o7ii(i FRQYHUWHUo  6SHFLDO EDFNSODQH LQWHUIDFHV oHiJi 17, eiec 0+]o
/;7cii %ORFN 'LDJUDP
CLKI Input Divider Analog Phase-Locked Loop Output Divider HFO CLKO
Feedback Divider SEL FSI P1 P2 P3 P4
Frequency Converter Frame Sync Generator FSP FSO
Frequency Select Logic
L1
cii
/;3cii /RZ-LWWHU 0XOWL5DWH &ORFN $GDSWHU o&/$'o
)LJXUH ia /;7cii 3LQ $VVLJQPHQWV
QiF QiF )62 3e 9&& 3e QiF
7DEOH ia 3LQ 'HVFULSWLRQV
3LQ u
',3 3/&&
6\P
,i2
'HVFULSWLRQ
i ae a ie e e e c a ii ii ie ie
i ie ic eae e c ii ie ie ei ee ee ea
3e 3i 3e 3e )62 +)2 &/., &/.2 *1' 6(/ )63 )6, 9&&
, , , , 2 2 , i , , , ,
3URJUDP 3LQV en in en ei 3URJUDP SLQV FRQWURO IUHTXHQF\ FRQYHUVLRQ DQG )62 SXOVH ZLGWK LQ FRQMXQFWLRQ ZLWK WKH 6(/ SLQ DV OLVWHG LQ 7DEOH ei )UDPH 6\QF 2XWSXWi )UDPH V\QFKURQL]DWLRQ RXWSXW DW a N+]i )62 LV V\QFKHG WR &/.2 DQG WR )6, oLI )6, LV SURYLGHGio $FWLYH /RZ XQOHVV )63 ii +LJK )UHTXHQF\ 2XWSXWi $ KLJK IUHTXHQF\ RXWSXW ZKLFK FDQ EH XVHG WR FORFN H[WHUQDO GHYLFHVi +)2 RXWSXWV DUH GHWHUPLQHG LQ DFFRUGDQFH ZLWK 7DEOH ei &ORFN ,QSXWi 3ULPDU\ UDWH FORFN WR EH FRQYHUWHGi &ORFN 2XWSXWi 3ULPDU\ UDWH FORFN GHULYHG IURP &/.,i *URXQGi 0RGH 6HOHFWi &RQWUROV IUHTXHQF\ FRQYHUVLRQ DQG )62 SXOVH ZLGWK LQ FRQMXQFWLRQ ZLWK 3URJUDP SLQV ien DV OLVWHG LQ 7DEOH ei )UDPH 6\QF 3RODULW\i :KHQ +LJKn FDXVHV )6, DQG )62 WR EH DFWLYH +LJK SXOVHVi )UDPH 6\QF ,QSXWi )UDPH V\QFKURQL]DWLRQ SXOVH oa N+] RU DQ\ VXEUDWH PXOWL SOHoi $FWLYH /RZ ZKHQ )63 ii $FWLYH +LJK ZKHQ )63 ii 3RZHU 6XSSO\ ,QSXWi oe 9 SRZHU VXSSO\ LQSXWi
cie
QiF &/.2 3i *1' 3e QiF QiF
/;3cii1(
ie ie ie ie ic iae ia
3e )62 +)2 QiF &/., &/.2 3i
i e e e e c ae
ie ie ie ii ii a a
9&& 3e )6, )63 6(/ 3e *1'
QiF +)2 QiF QiF QiF &/., QiF
e e e i ea eae ec
e c ae a a ii ii
/;7cii3(
ee ee ee ee ei ei ia
QiF )6, QiF )63 QiF 6(/ QiF
L1
)XQFWLRQDO 'HVFULSWLRQ
,I DQ LQSXW IUDPH V\QF SXOVH LV QRW SURYLGHGn WKH )6, SLQ VKRXOG EH WLHG +LJK RU /RZi &/.2 DQG )62 DUH VWLOO JHQ HUDWHG ZLWK WKH &/.2 IUHTXHQF\ ORFNHG WR &/.,i
)81&7,21$/ '(6&5,37,21
7KH &/$' FRQYHUWV DQ LQSXW FORFN o&/.,o DW D SDUWLFXODU IUHTXHQF\ WR DQ RXWSXW FORFN o&/.2o DW D GLIIHUHQW IUH TXHQF\i ,W DOVR SURGXFHV D IUDPH V\QF RXWSXW o)62o DQG D KLJK IUHTXHQF\ RXWSXW FORFN o+)2oi 7KH +)2 IUHTXHQF\ LV D PXOWLSOH oe[n e[n e[n RU e[o RI &/.2i 7KH VSHFLILF IUH TXHQFLHV DUH GHWHUPLQHG E\ WKH 0RGH 6HOHFW o6(/o DQG 3URJUDP o3i  3eo LQSXWVi 7DEOHV e DQG e OLVW WKH &/.2 DQG +)2 IUHTXHQFLHV DYDLODEOH ZLWK D JLYHQ LQSXW &/.,i o7DEOH e LV NH\HG WR 3URJUDP 3LQ VHWWLQJVa 7DEOH e LV NH\HG WR &/., IUHTXHQFLHVio 5HIHU WR 7HVW 6SHFLILFDWLRQV IRU RXW SXW IUDPH V\QF DOLJQPHQWVi &/.2 LV DOZD\V IUHTXHQF\ORFNHG WR &/.,i :KHQ D IUDPH V\QF LQSXW o)6,o LV VXSSOLHGn &/., DQG &/.2 DUH DOVR SKDVHORFNHGi 7KH &/$' DFFHSWV )6, SXOVHV DW a N+]n RU DW DQ\ VXEUDWH PXOWLSOH oLiHin in e RU e N+]oi 7KH IUDPH V\QF RXWSXW o)62o SXOVH LV V\QFKURQL]HG WR WKH )6, SXOVHi :KHQ DQ a N+] )6, LV ILUVW DVVHUWHGn WKH &/., DQG &/.2 ULVLQJ HGJHV ZLOO EH DOLJQHG ZLWKLQ D PD[LPXP RI eii PVi )RU RWKHU )6, UDWHVn WKH DOLJQPHQW SHULRG LV FRUUHVSRQG LQJO\ OHQJWKHQHGi )RU H[DPSOHn DW e N+]n WKH )6,i)62 DOLJQPHQW LV FRPSOHWHG ZLWKLQ D PD[LPXP RI RQH VHFRQGi 7DEOH ea 3URJUDP 3LQ )XQFWLRQV 0RGH 6HOHFW 3e 3e 3e 3i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i &/., iieee eiiaa iieee iieee iieee ciiaec iieee ciiaec eiiaa eiiaa eiiaa iieee ciiaec ciiaec ciiaec ciiaec 6(/ &/.2 eiiea eiiea eiiea eiiea eieci eiiac eieci eiiea eiiea eiiac eiiea eiiac eieci eiiac eieci eiiac i +)2 ciiee aiiae ciiee aiiae aeicai aiiae aeicai aiiae ciiee aiiae ciiee aiiae aeicai aiiae aeicai aiiae
2XWSXW -LWWHU
7KH &/$' RXWSXW MLWWHU PHHWV WKH IROORZLQJ VSHFLILFDWLRQVa  eiiea 0+] RU eiiac 0+] WR iieee 0+]a ,Q WKLV PRGH RI RSHUDWLRQn WKH &/$' PHHWV WKH RXWSXW MLWWHU UHTXLUHPHQWV RI $7/7 3XEOLFDWLRQ ceeiii :KHQ WKHUH LV QR MLWWHU RQ LQSXW FORFN &/.,n WKH PD[LPXP MLWWHU RQ &/.2 LV iiiei 8, SS ZLWK QR EDQGOLPLWLQJn iiiii 8, LQ WKH ii +]  ei N+] EDQGn DQG iiiie 8, LQ WKH a  ei N+] EDQGi  iieee 0+] WR eiiea 0+] RU eiiac 0+]a ,Q WKLV PRGH RI RSHUDWLRQ ZKHQ WKHUH LV QR RQn MLWWHU LQSXW FORFN &/.,MLWWHU RQ LQSXW FORFN &/.,n PD[LPXPn WKH MLWWHU RQ &/.2 LV iiiee 8, SS RYHU WKH PD[LPXP MLWWHU RQ &/.2 LV iiiee 8, SS RYHU WKH UDQJH RI ei +] WR iii N+]n iiieen DQG 83 SS LQ WKH iaiii .+] DQG iiiee 83 SS LQ WKH iaiii N+] EDQGi
V
6(/ )62 /RQJ o/o 6KRUW o6o / 6 / / / 6 / / / / / / / / &/., eiiea eiiea eiiea eiiea eieci aiiae eieci aiiae eiiea eiiac eiiea eiiac eieci aiiae eieci aiiae &/.2 eiiaa eiiaa iieee iieee iieee eiiaa iieee iieee eiiaa eiiaa eiiaa iieee iieee eiiaa iieee iieee
i +)2 ciiaec ciiaec ciiaec ciiaec aeiaeei ciiaec aeiaeei ciiaec ciiaec ciiaec ciiaec ciiaec aeiaeei ciiaec aeiaeei ciiaec )62 / / / / / / / / / / / / / / / /
L1
cie
/;3cii /RZ-LWWHU 0XOWL5DWH &ORFN $GDSWHU o&/$'o
-LWWHU 7UDQVIHU
7KH &/$' LV VHQVLWLYH WR MLWWHU RQ WKH LQSXW FORFN LQ FHUWDLQ IUHTXHQF\ EDQGV 7KH MLWWHU WUDQVIHU FXUYH LV GHWHUPLQHG E\ WKH IUHTXHQF\ DQG DPSOLWXGH RI WKH LQSXW MLWWHUi 7HVW 6SHFL ILFDWLRQ )LJXUHV e DQG e VKRZ QRPLQDO MLWWHU WUDQVIHU PHD VXUHG LQ QDQRVHFRQGVi 7KHVH ILJXUHV JUDSK RXWSXW MLWWHU oOHVV LQWULQVLF MLWWHUo GLYLGHG E\ LQSXW MLWWHU oiiee 8,oi -LWWHU WUDQVIHU IURP D eiiea 0+] &/., WR D iieee 0+] &/.2 LV VKRZQ LQ )LJXUH ei ,Q WKLV PRGHn MLWWHU LQ WKH FULWLFDO a N+]
EDQG LV DWWHQXDWHG ZKLOH MLWWHU LQ WKH ia  aei N+] EDQG LV WUDQVIHUUHG ZLWK D VPDOO QHW JDLQi -LWWHU WUDQVIHU IURP D iieee 0+] &/., WR D eiiea 0+] &/.2 LV VKRZQ LQ )LJ XUH ei ,Q ERWK PRGHVn ZLWK DQ LQSXW MLWWHU OHYHO RI iiee 8,n MLWWHU WUDQVIHU LV KHOG EHORZ D QHW JDLQ RI iiiiii o-LWWHU WUDQV IHU YDULHV ZLWK WKH LQSXW MLWWHU OHYHOi 3HUIRUPDQFH LQ D SDU WLFXODU DSSOLFDWLRQ VKRXOG EH YHULILHG LQ WKH DFWXDO FLUFXLWio
7DEOH ea ,QSXW WR 2XWSXW )UHTXHQF\ &RQYHUVLRQ 2SWLRQV &/., iieee iieee iieee iieee eiiea eiiea eiiea eieci eiiaa eiiaa eiiaa eiiac eiiac ciiaec ciiaec ciiaec ciiaec aiiae aiiae &/.2 eiiea eiiea eieci eiiac iieee eiiaa eiiaa iieee eiiea eiiea eiiac iieee eiiaa eiiea eieci eiiac eiiac iieee eiiaa +)2 ciiee aiiae aeicai aiiae ciiaec ciiaec ciiaec aeiaeei ciiee aiiae aiiae ciiaec ciiaec aiiae aeicai aiiae aiiae ciiaec ciiaec )62 /RQJ o/o 6KRUW o6o / / / / / / / 6 / / / 6 / / / / / 3e 3e 3e 3i i i i i i i i ; i i i i i i i i i ; ; i i i i i i i i i i i i i i i i i i i ; i ; i i i ; ; ; i i i i i ; i ; i i i i i i ; ; i i i i i i i i i i i i i 6(/ i i i i i i i i i i i i i i i i i i i
cie
L1
$SSOLFDWLRQ ,QIRUPDWLRQ
6ZLWFKLQJ SRZHU VXSSOLHV ZKLFK RSHUDWH EHORZ iii N+] PD\ SURGXFH QRLVH VSLNHV ZKLFK FDQ DIIHFW WKH DQDORJ VHF WLRQV RI WKH &/$'i 7KHVH VSLNHV VKRXOG EH ILOWHUHG ZLWK DQ 5& QHWZRUN DW WKH &/$' 9&& SLQi
$33/,&$7,21 ,1)250$7,21 )UDPH 6\QF *HQHUDWLRQ
$ IUDPH V\QF SXOVH LV UHTXLUHG WR V\QFKURQL]H WKH LQSXW DQG RXWSXW FORFNVi ,I D IUDPH V\QF SXOVH LV QRW SURYLGHG RQ WKH EDFNSODQHn RQH FDQ EH JHQHUDWHG IURP WKH H[LVWLQJ eiiea 0+] EDFNSODQH FORFNi $ W\SLFDO )6, JHQHUDWLRQ FLUFXLW LV VKRZQ LQ )LJXUH ei
7\SLFDO $SSOLFDWLRQ
3RZHU 6XSSO\ 'HFRXSOLQJ DQG )LOWHULQJ
)LJXUH e VKRZV D W\SLFDO DSSOLFDWLRQ FLUFXLW XVLQJ D SDLU RI /;3cii &/$'V WR FRQYHUW EHWZHHQ WKH eiec 0+] EDFN SODQH IUHTXHQF\ DQG WKH iieee 0+] 7i UDWHi 7KH &/$' DW WKH WRS RI WKH ILJXUH SURYLGHV WKH iieee 0+] 7&/. IRU WKH 7i IUDPHU DQG WUDQVFHLYHUi )RU FRQYHUVLRQ IURP eiec 0+] WR iieee 0+]n 3in 3en DQG 3e DUH WLHG /RZa DQG 3i DQG 6(/ DUH WLHG +LJKi ,Q WKLV FRQILJXUDWLRQn WKH /;3cii +)2 LV aeiaeei 0+]i 7KH &/$' DW WKH ERWWRP RI )LJXUH e SURGXFHV WKH eiec 0+] EDFNSODQH FORFNi )RU FRQYHUVLRQ IURP iieee 0+] WR eiec 0+]n 3in 3en 3e DQG 3e DUH WLHG +LJKa DQG 6(/ LV WLHG /RZi 7KH +)2 SURGXFHG LQ WKLV FRQILJX UDWLRQ LV aeicai 0+]i
7KH /;3cii &/$' LV GHVLJQHG WR PHHW $7/7 3XEOLFDWLRQ ceeii VSHFLILFDWLRQV IRU MLWWHU LQ WKH UDQJH IURP ii +] WR iii N+]i 3URSHU SRZHU VXSSO\ GHFRXSOLQJ LV FULWLFDO IRU PHHWLQJ WKHVH VSHFLILFDWLRQVi $V VKRZQ LQ )LJXUH en D VWDQ GDUG iii ") E\SDVV FDSDFLWRU LV UHFRPPHQGHGi 7KH &/$' LV D PRQROLWKLF VLOLFRQ GHYLFH ZKLFK LQFRUSR UDWHV ERWK DQDORJ DQG GLJLWDO FLUFXLWVi &/$' DSSOLFDWLRQ FLUFXLW GHVLJQ PD\ UHTXLUH FORVHU DWWHQWLRQ WR SRZHU VXSSO\ ILOWHULQJ DQG E\SDVVLQJ WKDQ UHTXLUHG IRU VWULFWO\ GLJLWDO GHYLFHVi
)LJXUH ea )UDPH 6\QF o)6,o *HQHUDWLRQ &LUFXLW
o e9
/6ice %LQDU\ &WU /6ice %LQDU\ &WU
eiiea 0+] 6\VWHP &ORFN
'e 'e 'i 'i
4e 4e 4i 4i
'e 'e 'i 'i
4e 4e 4i 4i
LS74 PR D Q 6\VWHP )UDPH 6\QF 2XWSXW )6, WR &/$'
&/. 7 5LSSOH 3 &DUU\ LD CL
&/. 7 5LSSOH 3 &DUU\ LD CL
CLK Q CL
L1
cie
/;3cii /RZ-LWWHU 0XOWL5DWH &ORFN $GDSWHU o&/$'o
)LJXUH ea 7\SLFDO $SSOLFDWLRQ &LUFXLW
/;3cii &/$' 3i 3e 3e a N+] a N+] 7Ri)URP 6\VWHP %DFNSODQH aeiaeei 0+] eiec 0+] )6, )62 +)2 &/., QiF )63 *1' 9&& 6(/ 3e &/.2 iieee 0+] /;7eie$ 75$16&(,9(5 oe9 iii )
7&/. 7326 71(*
7&/. 7326 71(*
%$&.3/$1(
7i i (6) )5$0(5 51(* 5326 5&/. iieee 0+] 51(* 5326 5&/.
eiec 0+] 7Ri)URP 6\VWHP %DFNSODQH aeicai 0+] a N+]
/;3cii &/$' &/.2 +)2 )62 3i &/., 3e 9&& *1' )63 6(/ QiF
oe9 iii )
oe9
3e 3e a N+] )6,
cic
L1
7HVW 6SHFLILFDWLRQV
7(67 63(&,),&$7,216
127( 7KH PLQLPXP DQG PD[LPXP YDOXHV LQ 7DEOHV e WKURXJK a DQG )LJXUHV e WKURXJK ii UHSUHVHQW WKH SHUIRUPDQFH VSHFLILFD WLRQV RI WKH /;7cii DQG DUH JXDUDQWHHG E\ WHVWn H[FHSW ZKHUH QRWHG E\ GHVLJQi 7DEOH ea $EVROXWH 0D[LPXP 9DOXHV 3DUDPHWHU 6XSSO\ YROWDJH oUHIHUHQFHG WR *1'o 9ROWDJHn DQ\ ,i2 SLQ &XUUHQWn DQ\ ,i2 SLQi 6WRUDJH WHPSHUDWXUH 3RZHU GLVVLSDWLRQ 6\PERO 59on 79o 9,2 ,,2 767* 3' &$87,21 0LQ iie *1'  iie ii ce  0D[ aeii 9&& o iie ii oiei eei 8QLWV 9 9 P$ *& P:
([FHHGLQJ WKHVH YDOXHV PD\ FDXVH SHUPDQHQW GDPDJHi )XQFWLRQDO RSHUDWLRQ XQGHU WKHVH FRQGLWLRQV LV QRW LPSOLHGi ([SRVXUH WR PD[LPXP UDWLQJ FRQGLWLRQV IRU H[WHQGHG SHULRGV PD\ DIIHFW GHYLFH UHOLDELOLW\i ii 7UDQVLHQW FXUUHQWV RI XS WR iii P$ ZLOO QRW FDXVH 6&5 ODWFKXSi
7DEOH ea 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV 3DUDPHWHU 6XSSO\ YROWDJHi 6XSSO\ FXUUHQW 2SHUDWLQJ WHPSHUDWXUH 6\PERO 9&& ,&& ,&& 723 0LQ eiaee   ei 7\S eii    0D[ eiee a ie ae 8QLWV 9 P$ P$ *& 7HVW &RQGLWLRQV 1R 77/ ORDGLQJ )XOO 77/ ORDGLQJ
ii 9ROWDJHV ZLWK UHVSHFW WR JURXQG XQOHVV RWKHUZLVH VSHFLILHGi
7DEOH ca 'LJLWDO (OHFWULFDO &KDUDFWHULVWLFV o2YHU 5HFRPPHQGHG 5DQJHo 3DUDPHWHU ,QSXW /RZ YROWDJH ,QSXW +LJK YROWDJH 2XWSXW /RZ YROWDJH o,2/ oiic P$o 2XWSXW /RZ YROWDJH o,2/ a oii "$o 2XWSXW +LJK YROWDJH o,2+ iie P$o 2XWSXW +LJK YROWDJH o,2+ a ii "$o ,QSXW OHDNDJH FXUUHQW 6\P 9,/ 9,+ 92/ 92/ 92+ 92+ ,// 0LQ  eii   eie eie ii 0D[ iia  iie iie   ii 8QLWV 9 9 9 9 9 9 "$
L1
ciae
/;3cii /RZ-LWWHU 0XOWL5DWH &ORFN $GDSWHU o&/$'o
7DEOH aea 2XWSXW -LWWHU 6SHFLILFDWLRQV 6\P 7-i )UHTXHQF\ 1R %DQGOLPLWLQJ ii +] WR ei N+] a N+] WR ei N+] ei +] WR iii N+] ia N+] WR iii N+] 6SHFi iiiei iiiee iiiee iieii iieii 7\Se iiiii iiiie iiiic iiiee iiiie 0D[ iiei iiiii iiiie iiiee iiiee 8QLWV 8, SS 8, SS 8, SS UI pp 8, SS 7HVW &RQGLWLRQV &/., eiiea RU eiiac 0+] -, i FSI DSSOLHG &/., iieee 0+]n -, i FSI DSSOLHG
3DUDPHWHU 2XWSXW -LWWHU RQ &/.2 &/.2 iieee 0+] 2XWSXW -LWWHU RQ &/.2 &/.2 eiiea 0+]
7-e
ii 6SHFLILFDWLRQV IURP $7/7 3XEOLFDWLRQ ceeii DQG ,78 5HFRPPHQGDWLRQV *iaee oIRU iieee 0+] DQG eiiea 0+]n UHVSHFWLYHO\oi ei 7\SLFDO YDOXHV DUH DW ee & DQG DUH IRU GHVLJQ DLG RQO\a QRW JXDUDQWHHG DQG QRW VXEMHFW WR SURGXFWLRQ WHVWLQJi
)LJXUH ea
1RPLQDO -LWWHU 7UDQVIHU  eiiea 0+] &/., WR iieee 0+] &/.2 o,QSXW -LWWHU
iiiei
iiee 8,)
1HW *DLQ QViQV
iiiii iiiei iiiii iiaei iiaii i ei N+] ei N+] ci N+]
ai N+]
-LWWHU )UHTXHQF\ )LJXUH ea 1RPLQDO -LWWHU 7UDQVIHU  iieee 0+] &/., WR eiiea 0+] &/.2 o,QSXW -LWWHU
iiiei
iiee 8,)
1HW *DLQ QViQV
iiiii iiiei iiiii iiaei iiaii iiaei i ei N+] ei N+] ci N+] ai N+]
-LWWHU )UHTXHQF\
cia
L1
7HVW 6SHFLILFDWLRQV
7DEOH aa 7LPLQJ 9DOXHV oVHH )LJXUH co 3DUDPHWHU &DSWXUH UDQJH RQ &/., /RFN UDQJH RQ &/., ,QSXW FORFN GXW\ F\FOH 5LVHiIDOO WLPH RQ &/.,n )6, 5LVHiIDOO WLPH RQ &/.2n )62n +)2 ZLWK D ee S) ORDG )LJXUH ca 5LVH DQG )DOO 7LPHV
7UI 9,+i92+ 9,/i92/ 7UI
6\P    7UI 7UI
0LQLPXP `iiiii `iiiii ee  
0D[LPXP   ce ei ei
8QLWV SSP SSP o QV QV
7DEOH aa 7LPLQJ 9DOXHV oVHH )LJXUH ae WKURXJK )LJXUH iio 3DUDPHWHU FSI VHWXS WLPH IURP &/., ULVLQJ FSIi&./, KROG WLPH FSI SXOVH ZLGWK o/RZo &/.2 GHOD\ IURP &/., &/.2 GXW\ F\FOH )62 GHOD\ IURP +)2 )62 SXOVH ZLGWK oORZo &/.2 GHOD\ IURP +)2
ii 7&/., LV WKH SHULRG RI &/.,i ei 7&/.2 LV WKH SHULRG RI &/.2i
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