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TT'Q +? iQ +?B2p2 HH i?2b2 ;Q Hb Bb i?2 /QTiBQM Q7 /22T bm#@KB+"QM
Qz2 +QMbB/2" #H2 #2M2}ib iQ i?2 /B;Bi HT i 2K#2//2/ BM b2MbQ b- AQh M/
i2KbX L2p2°i?2H2bb- b i2+?MQHQ;v b+ H2b /QrM- M HQ; +B +mBib 7 +2 M2r
QTIiBK HT2'7Q°K M+2 r?BH2 QT2  iBM; rBi? i?2b2 bK HH2 i2+?MQHQ;B2b "2
h?2°27Q°2-i?Bb S?X.Xi?2bBb 7Q+mb2b QM /2p2HQTBM; MQp2H M/ BMMQp iB
MQHQ;B+ H HBKBi iBQMb M/ 2M #H2 i?2 "2 HBx iBQM Q7 ?B;?@T2 7Q K M+
# M/; T 272 °2M+2b M/ HQr@/°QTQmi UG.PV "2;mH iQ bX

h?2 QT2MBM; +? Ti2" //'2bb2b i?2 K BM i2+?MQHQ;B+ H +? HH2M;2b "2H i
AMi2;" i2/*B +mBib UA*bV mbBM; /22T bm#@KB+ QM *JPa i2+?MQHQ;vMQ/2b.
i72K BMQTTQ imMBiB2b- HBKBi iBQMb M/i® /12@Qzb BMpQHp2/BM HH i?2 /2
i2+?MQHQ;vMQ/2b "2biBHH Q7i2M +?Qb2M 7Q b2MbQ™ M/ AQhbvbi2K /2bB;
HBiiH2 HBi2  im 2 #Qmii?2b2 bvbi2Kb BM /22T bm#@KB+ QM i2+?MQHQ;B2b:
i?72i bFb Q7 i?Bb S?X.Xi?2bBb Bb b?QrBM; ?Qr bi i2@Q7@i?2@ i T2 '7Q K M+
M2r2  i2+?MQHQ;v MQ/2b M/ rBi? HQr2° M HQ; bmTTHv pQHi ;2b-bm+? bi?2
BMi?Bb rQ FX

h?Bb +? Ti2 " T°QpB/2b M Qp2 ' pB2rQ7b2MbQ b-AMi2"M2iQ7 h?BM;b UAQhIYV
avbi2Kb UJ1JaV- M/ # ii2’v@QT2" i2/ bQHMIBQMbX h?Bb # +F;"QmM/ BM7Q
7Q° i?2 BMi2M/2/ TTHB+ iBQMb M/ mb2 + b2b Q7 i?2 T'QTQb2/ +B +mBibX |
mM/2 bi M/ i?2 Q'B;BM Q7 i?2 /2bB;M bT2+B}+ iBQMb /2i BH2/ BM i?2 7TQHHQTr

:QBM; KQ'2BMiQi?2/2i BHb Q7 i?2T QTQb2 +B +mBib-i?Bb S?X.Xi?2bBb 7
iBQM Q7 ?B;? T2'7Q°'K M+2 +m "2Mi KQ/2 # M/; T 272 °2M+2 +B +mBi U":V /:



*?2 Ti2 > RX AMi"Q/m+iBQM

BM 88MK *JPaX h?2 ": 72 im 2b +m "2Mi KQ/2 bi'm+im 2 /QTiBM; M ?B;? ; BI
M/ i?2 2ti2MbBp2 b2i Q7 K2 bm 2K2Mib T2 ' 7Q K2/ b?Qrb KQ 2 i? M 3y /" Q7 S(
iBQM _ iBQ M/ i2KT2 im 2 /'B7i HQr2 i? M kKo Qp2° R9yé* i2KT2 im 2~
i?2 BKTH2K2Mi2/ +m p im 2 +Q "2+iBQM +B +mBi h2KT2® im 2 *Q2{+B2Mi Q7
mMbBM; @4V M/ mM/2° HH QT2  iBM; bmTTHv pQHi ;2b- rBi? KBMBKMmMK ++2
RXy30X *?jT2€TH BMb BM ;"2 i2° /2i BHi?2 T QTQb2/# M/; T+B +mBiX

AM //BiBQM iQ i?Bb-i?°22 /Bz2'2Mip B Mib Q7 O6HBTT2/@oQHi ;2@6QHH
p2HQT2/ BM 88MK *JPa M/ K2 bm 2/ QM bBHB+QMX h?2 SQr2 amTTHv _2D2+]|
+ " m+B H72 im2Q7bm+? +B "+mBib-2bT2+B HHv BM /22T bm#@KB+ QM i2+? M
2M? M+2K2Mi i2+?MB[m2b "2 /2p2HQT2/ M/ p2°B}2/ QM bBHB# Q2MX i +Qbi Q7
KM ;2iQBKT Qp2i?2 K2 bm™ 2/ Sa__ mTiQKkj/"BMi?2i ;2i7°2[m2M+v > M;2
h?2 Sa__ 2M? M+2K2Mi i2+?MB[m2b +QMbBbi Q7 #mHF@#B bBM; M/ 722/
+B ' +mBib BKTH2K2Mi2/iQ "2/m+2i?2 Sa__ /B 2+ii° MbKBbbBQMX

Pi?2" K2 bm 2K2Mib "2bmHib QM i?2 G.Pb b?Qr ¢8RX3/"Sa__ iRJ>x- HBWN
RR’'ofo M/ HQ / 2;mH iBQM Q7 Rj’'ofK X HHi?BbBb +?B2p2/r?BH2 T 2b2MiE
Q7 eX9 +m "2Mi 2{+B288H%W- RXko MQKBM H bmTTHv pQHi ;2 M/ 3yKo KBM
[TQTQMIX *29Ti2b2Mib i?22 T°'QTQb2//2bB;Mb M/ i?2 "2H iBp2 K2 bm 2K2Mi Qr

aQK2Q7i?2 2bmHib +?B2p2/ M/ T 2b2Mi2/ BMi?Bbi?2bBb ? p2 H 2 /v #22
TT2BK-j08 M/ T i2Mi2/ BM ladX2Mi (



*?2 Ti2 k

Pp2 pB2r

"B bBM; +B +mBib bm+? b # M/; T '272°2M+2b M/ G.Pb "2 mb2/ +°Qbb rB/
h?Bb S?X.Xi?2bBb bT2+B}+ HHvi ";2ibi?2B° TTHB+ iBQMBM b2MbQ b- AQh |
bQHMIBQMbX q?BH2 KQbi Q7 i?2b2 bvbi2Kb "2 #mBHi mbBM; 2bi #HBb?2/ i2+
TQ'iBQM +m "2MiHv miBHBx2b /p M+2/ /22T bm#KB+ QM *JPai2+?MQHQ;B2b-

h?Bb +? Ti2  # B2~vBMi'Q/m+2bi?2}2H/ Q7 TTHB+ iBQM Q7 i?2T°'QTQb2/
K BM+? HH2M;2b M/i® /2@Qzb "2H i2/iQi?2i2+?MQHQ;vb+ HBM;X 7i2 i? i
+B +mBib "2 }'bi T'2b2Mi2/ M/ i?2B  7TmM+iBQM BM b2MbQ b M/ AQh bvbi2KEL

kXR AQh bvbi2Kb

h?2 i2°K AMi2°M2i Q7 h?BM;b UAQhV Bb /2}M2/ b,

6h?2 AMi2 " M2i Q7 h?BM;b UAQhYV "272°biQ M2irQ ' F Q7 T?vbB+ H/2pB+2b-
Qi?2  T?vbB+ H Q#D2+ib i? i "2 2K#2//2/ rBi? b2MbQ b- bQ7ir "2- M/ M2irQ"F
i?72KiQ +QHH2+i M/ ldpX'2 /i 6

6h?2 AMiI2"M2i Q7 h?BM;b UAQhV Bb M2irQ'F Q7 +QMM2+i2/ Q#D2+ib M/ /2
2 2[mBTT2/ rBi? b2MbQ b U M/ Qi?2  i2+?MQHQ;B2bV i? i HHQrb i?2K iQ i I
iQ M/ 7°QK Qi?2  i?BM;b ®Xbvbi2Kbd

b BHHmMbi  i2/kBMRAGE, K2pB+2b- Q7i2M + HH2/ 6i?BM;bd- 2ti2M/ BMiQ p bi
bm+? b ;"B+mHIim 2- BM/mbi'B H miQK iBQM- bK i +BiB2b- bK i 2QK2b- ?2
iBQB N RYyX "v +QMM2+iBM; T '2pBQmbHv BbQH i2/ bvbi2Kb M/ 2M #HBM; b2
2t+? M;2- AQh i2+?MQHQ;B2b mMmMHQ+F M2r QTTQ imMBiB2b 7Q° bmbi BM #H
T2°'bQM HBx2/ 2tT2 ' B2M+2bX + Qbb i?2b2 }2H/b- AQh +QMi B#mi2b iQ 2{+B2
M/ 2M? M+2/ b 72iv- /B ' 2+iHv BKT Q@p&M; [m HBiv Q7 HB72 (

h?2 7mM+iBQM H+Q 2 Q7 2p2°v AQh bvhk Xk Blbi TiDoBWMID2BM @BHX? i+ T@
im2p "BiBQMbBM 2MpB " QMK2Mi H7 +iQ b-bm+? bi2KT2  im 2- 2mKB/Biv-
i?Bb BM7Q K iBOQMiQ +HQmM/@# b2/ M2irQ"Fb7Q° M HvbBbX G2p2° ;BM; /p M
7Q°Kb BMi2 T '2ib2MbQ" /i M/ /2HBp2® +iBQM #H2 BMbB;?ib- HHQrBM; 7Q"
K FBM;X h?2b2 BMbB;?ib i?2M ;mB/2 +im iQ b- r?B+? "2 /2pB+2b /2bB;M2/
2H2+i'B+ H-Q T?vbB+ HT QT2 'iB2bBM i?2B" 2MpB ' QMK2Mi ++Q /BM; iQ "2-
H2bb BMi2;" iBQM Q7 b2MbQ b- +HQmM/ +QKTmiBM;- M/ +im iQ b 2KTQr2 b A
2p2°v/ vi bFb- "2/ m+22M2 ;v +QMbmKTiBQM- M/ "2bTQM/ /vM KB+ HHv iQ +7?



*?2 Ti2 kX Pp2 pB2r kKXRX AQh bvbi2Kb

6B:m 2 kXR, AMi2 M2i Q7 h?BM;b § XQhVX SB+im 2 7 QK (

6B;m 2 kXk, AQh rQ"FBM; T'TBM+&XH2X SB+im 2 7 QK (

6B:m 2 kXj, AQh K "F2i ;"Qri? XRRE+im 2 7" QK (



*?2 Ti2 kX Pp2'pB2r kXkX a2MbQ'b M/ J1lJa

AM “2+2Miv2 "b-i?2 AQh K "F2i? b 2tT2 'B2M+2/ " TB/ 2tT MbBQM- M/ 2+Q]
iQr "/ QM;QBM; ;" Qri? BMi?2 +QKBM; v2 “kXj2ANN T+i2B ¥mHK i?@B RRQ i BM (
T 2b2Mib i?2 2biBK i2/ ;HQ# H 2p2Mm2b ;2M2" i2/ #v AQh TTHB+ iBQMb HQI
7Q° 7mim 2 K “F2i /2p2HQTK2MiX

h?2 /2+BbBQM@K FBM; T°Q+2bb2b BM AQh bvbi2Kb BM+ 2 bBM;Hv "2Hv QM
H2 "MBM:- M/ “iB}+B HBMi2HHB:2M+2 U AVX h?2b2 TT'Q +?2b "2/ i @/ Bp
M/ b? "BM; Q7 bm#bi MiB H KQmMib Q7 BM7Q K iBQM 7 QK i?2 2MpB QMK 2Mi
“2 #2BM; BMi2;' i2/ BMiQ bK “i /2pB+2b iQ ; i?2  i?Bb 2bb2MiB H / i X

hQ K22i i?2b2 M22/b- AQh bvbi2Kb /2T2M/ QM b2MbQ" M/ +im iQ" /2pB+2t
TQr2  2{+B2Mi- +QKT +i- M/ +Qbi@2z2+iBp2 #mi HbQ /2HBp2 '2HB #H2- ?B;"
mQmb K2 bm 2K2MibX h?Bb +QK#BM iBQM Bb + m+B H 7Q " 2M #HBM; b2 KH?2
TTHB+ iBQMb M/ mMMHQ+FBM; i?2 7TmHH TQi2MiB H Q7 2 H@iBK2- BMi2HHB;

kXk a2MbQ'b M/ J1lJa

AQh bvbi2Kb/2T2M/ QM /Bp2'b2"  M;2Q7 b2MbQ " /2pB+2b-K FBM;i?Bb }2H/Q
/["Bp2'b 7Q° b2MbQ " i2+?MQHQ;vX >Qr2p2'-i?2 mb2 Q7 b2MbQ b 2ti2M/b 7 °
a2+iQ b bm+? b #BQK2/B+ H2M;BM22 'BM;- +QMbmK2  2H2+i " QMB+b- miQKC
HH "2Hv QM b2MbQ b M/ +im iQ b iQ BMi2"  +i 2z2+iBp2Hv rBi? i?2B" 2MpB (
[2T2M/ QM T 2+Bb2b2MbBM; M/ 2bTQMbBp2 +im iBQMiQ /2HBp2 b 72- 2{+B:
r?2i?2° Q" MQii?2v "2 +QMM2+i2/i?2°'Qm;? AQh M2irQ FbX

a2MbQ  bvbi2Kb QT2 i2i?2°"Qm;?i?2 BMi2;" iBQM Q7 i° Mb/m+2° 2H2K2Mi
2H2+i"QMB+bX h?2i° Mb/m+2" /2i2+ib +? M;2b BM T?vbB+ H[m MiBiB2b Q7 i?
bm+? bi2KT2 im 2-T 2bbm™2-K ;M2iB+}2H/ Q  KQiBQM- M/ +QMp2'ibi?2b2
bB;M HbX h?2b2 bB;M Hb "2 i?2M T Q+2bb2/ #vi?2 2 /IQmi2H2+i " QMB+bX h?:
KTHB7vBM; M/ }Hi2"BM; i?2 M HQ; bB;M HbiQ 2Mbm 2 T '2+Bb2 K2 bm 2K2Mi
AM K Mv TTHB+ iBQMb-i?2T ' Q+2bb2/BM7Q K iBQM Bb bm#b2[m2MiHv +QMp
K FBM; Bi bmBi #H2 7Q" 7m i?2° M HvbBb-i" MbKBbbBQM- Q  biQ" ;2 rBi?BM
h?2b2 bvbi2Kb "2 mbm HHv + HH2/ /B;Bi Hb2MbQ bX

g?BH2 b2MbQ' b ; i?72° BM7Q K iBQM 7' QK i?2 2MpB " QMK2Mi- +im iQ b rQ"
iBQMX +im iQ b "2+2Bp2 2H2+i'B+ HBMTmib M/i> MbH i2 i?2KBMiQ T?vbB+
bm "QmM/BM;b #v /DmbiBM; KQp2K2Mi- i2KT2' im 2- bQmM/- Q° Qi?2 T = K2
b2MbQ'bh M/ +im iQ'b2M #H2b "2 H@iBK2 KQMBIQ'BM; M/ 2bTQMbBp2 +QMi
+ iBQMbX

kXkXR J1Ja b2MbQ'b M/ +im iQ b

JB+ ' Q@1H2+i"Q@J2+? MB+ H avbi2Kb UJ1JaV "2T 2b2Mi QM2 Q7 i?2 KQbi bB
T M/BM; + i2;Q°B2b Q7 b2MbQ b M/ +im iQ b-rB/2Hv miBHBx2/ BM #Qi? AQh
"2 bX IMHBF2i® /BiBQM Hb2MbQ bvbi2Kb-r?B+? Q7i2M "2HvQMH ;2 T°'BMi
?2Qmb2i?2b2MbBM; 2H2K2Mib M/i?2/Bb+72i2 2 /Qmi2H2+i " QMB+ +QKTQM2N
#Qi? K2+? MB+ H M/ 2H2+i'B+ H+QKTQM2Mib BM bBM;H2- +QKT +i T +F ;2>
h?Bb ?B;? H2p2H Q7 BMi2;" iBQM K F2b J1Ja T "iB+mH "Hvr2HH@bmBi2/ 7Q
b2MbQ b M/ +im iQ b-;BpBM; i?2K M 2bb2MiB H /p Mi ;2BMiQ/ vdb/ Bp2 7Q
2H2+i"QMB+ bQHmMiBQMb- 2bT2+B HHv BM }H2/ HBF2 AQhX J1Ja i2+?MQHQ



*?2 Ti2 kX Pp2'pB2r kXkX a2MbQ'b M/ J1lJa

6B:m 2 kX9, aQK2 TQbbB#H2 TTHB+RMKQMb Q7 J1Ja 7 QK (

BMMQp iBp2T ' Q/m+ib M/ TTHB+ iBQMb-7 QK +QMbmK2  2H2+i"QMB+b iQ mi
e-RkR}R9R8ReRdRBX aQK2 2t KTH2b Q7 i?2b2 TTHB+ iBQMbkXQ BHHmbi" i2/ B

h?2 mMB[m2 bi’2M;i? Q7 J1Ja HB2b BM i?2B" K2+? MB+ H+QKTQM2Mi-r?B+
iQ BMi2® +i /B 2+iHv rBi? i?2B " bm "QmM/BM; 2MpB " QMK2Mi M/ + M #2 "2 HBX
HBi?Q; T?B+ T Q+2bb2bX J1Ja+ M 2Bi?2 b2Mb2 M/ K2 bm 2 T?vbB+ H Q"  +7?
b T'2bbm™2- K ;M2iB+ }2H/b-; b +QM+2Mi” iBQM- i2KT2  im 2- Q" ++2H2" iB
M/ KQ/B7v2MpB ' QMK2Mi H+QM/BiBQMbX b "2bmHi-/2bTBi2i?2B° KBMB im
Q7 T2 7Q°KBM; /Bp2°b2 " M;2Q7i bFb BM #°Q /"  M;2Q7 TTHB+ iBQMbX h?
Bb +QKKQMHv "272°°2/iQ bi?2J1Jai  Mb/m+2> Q  Jl1lJa/2pB+2X

PMi?2 Qi?2  ? M/-i?22H2+i' B+ H+QKTQM2Mi Q7 J1Jab2MbQ b Q" +im iQ"
TTHB+ iBQM@aT2+B}+ AMi2; i2/ *B +mBi U aA*V- r?B+? T Q+2bb2b i?2 2HZ
rBi? i?2 i° Mb/m+2°- i?2 K2+? MB+ H T "i Q7 i?2 bvbi2KX 6Q° b2MbQ"~ TTHB
b+?2K iB+ HHv T 2b2kXi@P B NMI16GR;)R2pB+2 ;2M2" i2b +m "2Mi Q pQHi ;2 QmiTm
i? iBbbm#b2[m2MiHv "2 /- KTHB}2/- M/ }Hi2 2/ #v /2/B+ i2/ M HQ; +B +mBit
iQ bi?2 M HQ; 6QMi@1M/ U 61VX aBM+2 KQbi bB;M H T°Q+2bbBM; mbm H
/IQK BM- M QM@+?BT M HQ:@iQ@.B;Bi H *QMp2'i2° U .*V Bb W B+ HHv BM-
h?Bb .* +QMp2'ib i?2 M HQ; bB;M Hb +QKBM; 7°'QK i?2 61 BMiQ /B;Bi H 7Q"
T Q+2bbBM; 2Bi?2° /IB'2+iHv QM@ +?BT Q" 2ti2"M HHv BM Qi?2" /2pB+2b Q7 i~
KQ#BH2 T?QM2- bK "ir i+?kXEB 2b2MeB #Qi? i?Bb b+2M "BQbX

AM i?2 + b2 Q7 +im iQ 'b-i?2T Q+2bb QT2 i2bBM i?2 '2p2°'b2 /B 2+iBQM,
}’bi +QMp2°i2/ BMiQ i?2 M HQ; /QK BM M/ i?2M mb2/iQ /'Bp2i?2J1Jai Mb/n
Tm TQb2bX

h?2 aA* ivTB+ HHv BMi2;  i2b MQi QMHvV i?2 bB;M HT Q+2bbBM; +? BM #mi
KM ;2K2Mi M/ #B bBM; bvbikRXBX h2?BOBBH X0i mMBi Bb "2bTQMbB#H2 7Q° bmTTH
M2+2bb v +m "2Mi M/ pQHi ;2 "272°2M+2b "2[mB 2/ #v i?2 61- .*- M/ i?2J1
h?2°27Q 2- Bib 7mM+iBQM HBiv- "2HB #BHBiv- M/ "Q#mbiM2bb "2 2bb2MiB H



*?2 Ti2 kX Pp2'pB2r kXkX a2MbQ'b M/ J1lJa

6B;m 2 kX8, aBKTHB}2/ "2T 2b2Mi iBQM Q7 J1Ja b2MbQ X /B;Bi H T Q+2bt
+?BT Q" QMHV Qz@+?BT- /2T2M/BM; r2 i?2  i?2 #Bi@bi 2 K :2M2" i2/ #v i?2
Qmi U 2/ HBM2V Q' iQ QM@+?BT .B;Bi HaB;M H S Q+2bbQ  U#Hm2 HBM2 M/

M/ QTiBK HT2'7Q K M+2 Q7 i?2 2MiB 2 bvbi2KX KQ'2/2i BH2/ /Bb+mbbBQM
T'QpB/2/ BM i?2 7TQHHQrBM; b2+iBQMb bBM+2 i?2 +B +mBib T°"QTQb2/ BM i?E
bvbi2K + i2;Q vX

K DQ" /p Mi ;2 Q7J1Jab2MbQ b Bbi?2B" +QKT iB#BHBiv rBi? bi M/ */ *JP
b K2ZMiBQM2/-rBi? i?2 //IBIBQM Q7 72rbT2+B HBXx2/ T 'Q+2bbBM; bi2Th-i?2 I
T°Q+2bb mb2/ BM +QMp2MiBQM H i2+?MQHQ;v MQ/2b + M #2 / Ti2/iQ K Mm?7
J1Ja i’ Mb/m+2°bX h?Bb K2i?Q/ T°QpB/2b bB;MB}+ Mi /2bB;M ~2tB#BHBiv 7Q
F22TBM; //BiBQM HT ' Q/m+iBQM R®bibiQ KBMBKmMK (

6m i?2°KQ 2-i?2 bB;MB}+ Mi /p M+2K2Mib BM #Qi? J1Ja i’ Mb/m+2~ M/ a
2M #H2/ J1Ja b2MbQ b iQ +?B2p2 T2'7Q°'K M+2 H2p2Hb- "2HB #BHBiv M/ /i
i /BIBQM H K +' Qb+QTB+ +QmMi2 T “ib- r?BH2 Qz2 'BM; #2M2}ib bm+? b HQ
+QMbmKTiBQM M/ bBx2-?B;?2 2{+B2M+v M/ KQ 2 p2'b iBHBiv/m2iQ bB;MB}
7 +iQ bX

h? MFb iQ i?2b2 + T #BHBiB2b-J1Ja ? p2 #2+QK2 BM/BbT2Mb #H2 BM KQ/2
TTHB+ iBQMb BM KmHIBTH2 }2H/bbm+? b miQKQiBp2 bvbi2Kb- +QMbmK2™ 2
i'B H miQK iBQM- M/ AQhX h?2B" +QMiBMmQmb K “F2i ;"Qri? Bb "2TQi2/ BM
HBKY{(KRKRX AMT "iB+mkXE-BB2Mib i?2 2p2Mm2 Q7 i?2J1JaBM/mbi'v M/ 7Q
7Q i?27mim 2 v2 "bkXBBEREBQRXi?2 "2p2Mm2 Q7 KQbi Q7i?2K DQ TH v2 b BN\
;72r /m™BM; i?2 H bi }b+ Hv2 “X

h?2 K "F2i M/ + /[2KB+ HBi2  im 2 T'2b2Mi # Q / bT2+i'mK Q7 J1Ja bvbi2K
iviTB+ HHv +H bbB}2/ ++Q /BM;iQi?2T?vbB+ HQ +?2KB+ H[m MiBiB2b i?2v +
(RFREX +QKTH2i2 Qp2'pB2r Q7 i?2 +H bbB}+ iBQMb- QT2 iBM; T'BM+BTH2k
7Q 2p2°vivl2 Q7 J1Ja/2pB+2 2ti2M/b #2vQM/ i?2 b+QT2 Q7 i?Bb S?X.Xi?2bB

L2p2 i?2H2bb-i?2# M/; T 272°2M+2 M/ HQr/"QTQmi "2;mH iQ' b UG.PbV T
2T "iB+mH "HvbmBi #H27Q mb2BMJ1Jab2MbQ b MKX8im?2Q2B8Q BHHmMbi"
# B27BMi'Q/m+iBQM ?2HTb +H "B7vi?2B" "QH2b M/ 2tTH BMbi?2 Q' B;BM Q7
2[mB 2/ iQ K22iX AM/22/-i?2 +B +mBib T '2b2Mi2/ BM i?2 7TQHHQrBM; +? Ti2"
iQ K22i i?2 ivTiB+ Hb2i Q7 bT2+B}+ iBQMb Q7 HQr TQr2  b2MbQ"~ M/ AQh bvbiz
bm#@ KB+ QM i2+?MQHQ;B2bX AM K Mv + b2b-i?2b2 TTHB+ iBQMb "2 +im H



*?2 Ti2 kX Pp2'pB2r kXkX a2MbQ'b M/ J1lJa

6B;m 2 kXe, J1Ja K "F2i 7Qk3)+ bi 77 QK (

6B:m 2 kXd, u2 ~iQ v2 > :"Qri? Q7 i?2 K BM +QKT MB2b :HQ# HHv BMpQHp2/
7 # B+ iBROM (



*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

kXj h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i /2@Qzk

h2+?MQHQ;v b+ HBM; +QMiBMm2b iQ ++2H2" i2 + Qbb HH "2 b Q7 KB+ 'Q2H
#v #Qi? 7Q " i2+?MB+ H M/ 2+QMQKB+ H "2 bQMbX 6°'QK i2+?MB+ HT2 bT2+i
2{+B2M+v M/ "2/m+iBQM BM bBHB+QM "2 - HB;MBM; i?2M rBi? 2pQHpBM; /2
TQr2 ' 7mH /2pB+2bX .B;Bi H+B +mBib "2 i?2 K BM7Q +2 /'BpBM; i?2 /QTiBC
MQ/2b bBM+2 i?2v ; BMi?2 KQbi /p Mi ;2 7°QK i?Bbi*2M/ M/

b "2bmHi- M HQ; +B " +mBib Kmbi HbQ / TiiQ M2r2  i2+?MQHQ;vMQ/2b- B
i Mii® /2@Qzb i?2°"Qm;?Qmi HH i?2 BMi2;" i2/ +B " +mBi UA*V /2bB;M T Q+2bbX
7Q° +'BiB+ H M HQ; #mBH/BM; #HQ+Fb- bm+? b # M/; T 272 °2M+2b M/ HQr(
2tTHQ 2/ BM i?Bb i?2bBbX

kXjXR a+ HBM; i?2 bmTTHv pQHi ;2

h?2 K tBKmKbmTTHv pQHi ;2 HHQr2/Bb + m+B H72 im2BMb+ H2/i2+?2MQt
HHQr2/p Hm2 Bb /m2iQ i?2 K tBKmK 2H2+i"B+ }2H/b r?B+?i?2i° MbBbiQ b + |
[/ K ;2/X AM/2i BH-i?2p2'iB+ H2H2+iEB Q2 HVMBA\G 1h2BHh?KBMaH i?2 /2 ' Bp iBp2
Q7 i?2 TQi2WMiB2HI?2 /2Ti? BMIiQ i2kp? MM2H

d .
Z o dz’

aBM+2 i?2 ; i2@#mHFf/> BMfbQm +2 TQi2MiB H /Bz2 '2M+2 + M #2 i?2 7TmHH b
b+ HBM; Q7 i?2 i MbBbiQ™ /BK2MbBQMb +QmH/ # BM; iQ 2t+2bbBp2Hv ?B;?
/ K ;2 i?2 /2pB+2 M/ T '2p2Mi Bib +Q "2+i QT2 iBQMbX JQ 2Qp2'-i?2 b K2 -
i'm2 7Q  i?2 HQM;Bim/BM H 2H2+i'B+ }H2/ M/ 7Q  i?2 2H2+i "B+ }2H/i?°"Qm;?
#2+QK2 +'BiB+ H bi?2/BK2MbBQMb Q7 i?2 +QMi +ib-i?2i?B+FM2bb Q7 i?2/2
b2T ~ iBQM #2ir22M /Bz2 ' 2Mi /IQTBM; BKTH Mib /2+°2 b2X *QMb2[m2MiHv- iQ
HQr2 K tBKmK pQHi ;2 Bb "2[mB 2/X h?2b2 +QMbB/2" iBQMb b2ii?2 HBKBi 7
i?72 bmTTHvV PRHQ72 +2°i BM i2+?MQHQ;VvX
F2v 7 +iQ"  /"BpBM; i?2 /QTIiBQM Q7 b+ H2/i2+?MQHQ;v MQ/2b Bb i?2 ; Qr
/IB;Bi H +QKTQM2Mi Q7 A*bX a? BMFBM; i2+?MQHQ;v 2M #H2b i?2 mb ;2 Q°
7QQIT ' BMib M/ "2/m+2b i?72 iQiPdg VB;BIBK TBHZ /th2 iQ i?2 HQr2" bmTTHv pQl
Wpp VK9X AM 7 +i-i?2iQi H/B;Bi HTQr2 Bb /2b+ B#2/ #v,

UkXRYV

Paig Tt Cioad Vb : UkXkV

72 Coag BO HQ / + T +Bi M+2 Q7 i?2,HBD; B*2+QHM iBM: 7 2[m2M+v Q7 i?2 /B;E
bB;M HbX h?2fpBbntBEBi2/ #v i?2 K tBKmK ;fjate7 Ripn2RBv? i?2 i’ MbBbiQ"
T bBiB+; i2+ T +Bi M+2 b?mMib i?2 BMTmi fi@te BWYNZKBIm TTHY ~ BHX

Gtunnel . .
fgate Zug:nfn, UkXJV
rBi®in 1?72 iQi H; i2 + T +BigMar2i™/imMM2H i° Mb+QM/m+i MgatX h?2 p Hm2 Q
2TQTi2/ BMXIHM+ 2 b2b rBi? b+ HBM; i?2 i2+?MQHQ;vX
h?2°27Q°2- i?2 BM+'2 b2 Q7 i?2 K tBKmK HHQr2/ QT2 iBM; 7°2[m2M+B2b
BMi2:" iBQM /2MbBiB2b M/ HQr2 TQr2 +QMbmKTIiBQM "2 i?2K BMi2+?MB+ |



*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

6B;m 2 kX3, aBKTH2 +H bb@ KTHB}2 rBi? +m '2Mi KB 'Q  TJPaHQ /X aq B
TQbbB#H2 ii?2 QmiTwWisMQ ®b i?BHKBMBKmMK pQHi ;2 M22/2/ #v i?2 irQ JPa61h
2K BM BMiQ b im" iBQM "2:BQMX

/QTiBQM Q7 b+ H2/ i2+?MQHQ:B+ H MQ/2bX am+? bb2 iBQM Bb T “iB+mH “H
i?72 /B:Bi H+QKTmi iBQM + T #BHBiB2b "2 + BiB+ H '2BM+'2 b2 ;2M2" iBQM

>Qr2p2 - b+ HBM; i?2 bmTTHvV pQHi ;2/m2iQ i2+?MQHQ;vb? BMFBM; /Q2b |
i72 TQr2° +QMbmKTiBQM Q7P.M WH @: reRIK@BIX AWM 7 +i-i F2M b M 2t KTH2
i72 +H bb@ KTHBMRXBM GENHQrBM; +QMbB/2° iBQMb + M #2 K /2X 6B bi- i
QmiTmi bB;M H brBM; UaqV Q7 i?2 KTHB}2 Bb,

SW VDD 2Vds nsat U k X o9V

rBi¥gsnsat i?72 KBMBKmK /> BM@bQm™+2 pQHi ;2 M22/2/ #v i?2 KTHB}2" M/ i?.
b im®>iBQM "2;BQMX RMAH/ MEOMBb2 2[mBp H2NBW# M2ZrR/[imB 2/ iQ bm+?
bi ;2-i?72 K tBKmK aB;M H@iQ@LQBb2 iBQ UaL_V Q%kg?22 +B " +mBi+ M #2r B

2
SNR Vsig nmax SW2 .
Vi 8LeTAZBW
n nout nrms 3 gm \Y

UkX8V

rBiRg i?2 "QHixK MM +Q MR MHQHMI2 i2KT2gmm?2 i MMb+QM/m+i M+2 Q7 i?2
bi ;2X

IbBM; i?2 bBKTH2 /2bBmM 212W iBQ M/ bm#biBimiBM; BkXBaV?1Q 4L X
bm//2MHv #2+QK2b,

2
SNR | 5 SW UkXeV
?K B T Vs nsat A\z/ BW

6m i?72°'KQ '2- QM+2 bT2+BNRpBHM2[@BI122- i?2 "2Xel IMF2LH¥#biBimi2/
BMiQ i?2 2tT 2bbBQM Q7 i?2 TQr2 K4 MV MW HQB#B F@BBiBp2 +QMbi MiV-
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*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

6B;m 2 kXN, a+ HBM; Q7 i?%dh MUKV RQ HQ j22 i? 2b? @/ PMYHQ ;2?2
KBMBKMK bmTTHv pQHi ;27Q° M HQ; ¥Jpan iBr@MbhBER bmm2 BBQM2M 7 QK
k9 X

VB2H/BM;,
2K g T Vas nsat A7 BWSNR Vob

SW? Voo 2Vis nsat o2’

1[XkXeM/ 1[XXH?Qri? i MBM+'2 b2 Q7 i?2 +m "2Mi M/ TQr2"  +QMbmKTiBQ
iQ "2 +? i?2 iISNRi M/ ; BM b i?2 bmTTHv pQHi ;2 /2+°2 b2bX PMiQT Q7 i?Bb
T '2b2Mi2/ "2HB2b QM i?2kbd3r2 BHW KBtBKBx2b i?72 QmiTmi brBM;X P7i2M iBK:
K tBKmK HHQr2/ brBM; Bb 2p2M H2bb iRXMMPR?2MRPIABMQ[X +m "2Mi #m/;2i
Kmbi #2 bT2Mi iQ "2 +? i?2 "2[mB 2/ bT2+bX

h?2°27Q°2-QM2 Q71?2 #B;;2bi +? HH2M;2b BM HQr pQHi ;2 M HQ; /2bB;M /
MQ/2b Bb /2p2HQTBM; BMMQp iBp2 bQHmMIiBQMb M/ +B +mBib+ T #H2 Q7 T Qp
r?BH2 HBKBiBM; i?2 iQi HTQr2°" +QMbmKTiBQM BM+" 2 b2X h?Bb Q7i2M ~2[m
M HQ; birm+im 2 Q" i?2 BKTH2K2Mi iBQM Q7 M2r QM2bX

Pana VoD UkXdV

kKXjXk Pi?2  2z2+ib Q7 i2+?MQHQ;v b+ HBM;

h?2 Qi?2 K BM 2 bQM + mbBM; i?2 aL P2 BMHiBQM2 Mbi#B#2/ BM i?2 T 2pBQr
b2+iBQM Bb i?2 HQr2 T +2 Q7 i?2 i? 2b?QH/ pQHi ;2 b+ HBM; +QKT "2/ iQ i
T 2b2Mi2/ BMX&BAK 7 +i- BM /22T@bm#KB+ QM *JPa i2+?MQHQ;v MQ/2b- i?2 |
POQHI ;2?2 b QmiT +2/i?2 b+ HBM; Q7 i? 2b?QH/ pQHi ;2X h?Bb KBbK i+? ? b bl
Qp2'/'Bp2 pQHi ;2 p BH #H2 iQ #B b i?2 i° MbBbi@pp-?bBM2-2 222 iIPARTTHv pQF
KBMBKmMK H2p2H 7Q° M HQ:; QT2  iBQWHmB Mty i BV iEHQMN "D BN mH -

K Mv /2bB;Mb QT2 i2 rBi? i° MbBbiQ b #B b2/ BM i?2r2 F BMp2 bBQM “2;BQN

RR



*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

6B;m 2 kXRy, J i+?BM; Bb /Bz2 2Mi i2+?MQHQ;B2b M/ i2+?MQHQ;B+ H b+ HB
#2027 1?22 K i+?BM;X ?22};m 2 B®HX F2M 7 QK (

KQ/2  i2 BMp2 'bBQM rQmH/ "2[mB 2 2t+2bbBp2 pQHi ;2 ?22 /" QQKX >Qr2p2"-
BMp2 'bBQM "2;BQM 2t +2°# i2b /2pB+2 KBbK i+?2b M/ HBKBibi?2 HBM2 "Biv C
2tTQM2MiB H /2T2M/2M+v Q7 i?2/° BM +m "2Mi QM ; i2 pQHi ;2X h?Bb K F2b B
+?B2p2 ?B;? # M/rB/i?b M/ HQr hQi H> "KQMB+ .BbiQ'iBQM Uh>.V BM b+ H2/
MQi?2° K BMHBKBi iBQMiQ i?2 b+ HBMVQ Bb?2i22?QZIPIQH2pQ MibBbiQ ™ ; i2
H2 F ;2 +m "2MiX h?Bb T ~ bBiB+ 2z2+i T'2/QKBM MiHv Q°'B;BM i2 7°QK i?2 in
+ "B2'bi?2°Qm;? i?2 ; i2 QtB/2X *QMb2[m2MiHv- Bi Bb BMp2 ' b2Hv T°'QTQ iBCQC
M/ /B 2+iHVT QTQ'iBQM HiQ i?2 2H2+i B+ }2H/ bi'2M;i?i?2°Qm;? Bi- 7TQHHQrl
WKkXVRX h?2°27Q°2-i?2 i?B+FM2bb Q7 i?2 ; i2 QtB/2 BKTQb2b i2+?MQHQ;B+ H
PQHI ;2-iQ +QMbi° BMi?2 K tBKmK 2H2+i'B+ }2H/ +'Qbbi?2; i2- br2HH b QI
Vih iQ +QMi QH i?2H2 F ;2 +m "2MiX
AM //BiBQM-bm+? T * bBiB+ ; i2H2 F ;2 BMi"Q/m+2b M 2ti° TQr2 HQbb i
? p2b b M mMT 2/B+i #H2 bQmk8X QAMKBDbiIKB ++PHK (- Bi H2 /b iQ /2pB+2@iQ @ /2
/IB2@iQ@/B2p "B #BHBiv- BM+°2 b2/ .*Qzb2i- M/ //Bi8 @IXHIm? Qi2M@Bb2 BM i
KQ'2-;i2H2 F ;2+m "2Mib /2;" /21?2 BMi'BMbB+ ; BM Q7 i° MbBbiQ b-rBi?
+QKT * #H2 iQ i?2 # b2 +m "2Mib Q#b2 p2/ BM #BTQH ~ /2pB+2bX
bi2+?MQHQ;v /p M+2b M/ HBi?Q;  T?B+ T°'Q+2bb2b BKT Qp2- #2ii2° K i+
+ M #2 +?B2p2/- b bXXVHBM 6GB;Rp2 - i?Bb BKT Qp2K2Mi /Q2b MQi 2ti2M/ iQ &
oQHi ;2- M/ h2KT2  im'2 USohV p "B iBQMb- r?B+? 2t?B#Bi ;2 i2° /IBbT2 bB
i2KT2" inkgX(aT2+B}+ HHv-r?BH2 ° M/QK M/ bvbi2K iB+p "B iBQMb + M #2 2z
M/ QTiBKBx2/7Q  bi M/ "/ HQ;B+ +2HHb- i?2v #2+QK2 BM+ 2 bBM;Hv /B{+mHi
TTHB+ iBQMb-r?2"2i?2 +QKTQM2Mi "2 Bb kgXBiB#H H?2bi2B+ I Mb'EB/ 2HHIiB Q M
K F2i?2/2bB;M Q7 ?B;? T'2+BbBQM #mBH/BM; #HQ+Fb- HBF2 i?2 # M/; T- 2ti’
h2+?MQHQ;v b+ HBM; HbQ BMi Q/m+2b b2p2° H +? HH2M;2b- bm+? b bB;M

R k



*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

p2HQ+Bivb im”> iBQM- M/ H vQmi@/2T2M/2Mi 2z2+ib- BM+HmM/BM; M@r2HH T°
iBQM UahAV- M/ Qi?2  K2+? MBI K Bi7 MQi7T+Q2bKHv K M ;2/-i?2b2 H vQmi 2.
+ M/Bb mTii?2+B +mBi 7mM+iBQM HBivX *QMb2[m2MiHv- i?2v BKTQb2 ?B;?F
Kmbi #2 + "27mHHv +QMbB/2 2/ /I m"BM; i?2 /2bB;M T? b2 iQQX 6Q 2t KTH2-
b?QmH/ #2 T°'BQ ' BiBx2/- r?BH2 KBMBKmK /2pB+2 /I BK2MbBQMb M/ KBMBKmK
pQB/2/ r?2M2p2  TQbbB#H2X //BiBQM HHv-i?2 mb2 Q7 /mKKv /2pB+2b BM i?2Z
AM i?Bb +QMi2ti- bm#bi MiB H 2zQ i Kmbi #2 /2pQi2/ iQ +B +mBi p2 B}+ iBQN
HvQmi2ti® +iBQMiQ 2Mbm 2 T°'QT2 T2 7Q°K M+2 M/ }ti?BMFb r?2°'2 M22/2/

h2+?MQHQ;vb+ HBM; mbm HHv H2p2® ;2b QM ?B;?2° +QM+2Mi° iBQM Q7 /Q
+? MM2HX h?2°27Q°2- ?B;?2 gn MbMG®/m?BRp2 r?BH2 K BMi BMBM; HBK
JPa6l1lh /BK2MbBQMbX h?Bb H2 /b iQ ?B;?2 /" BM +m "2Mi /2MbBiB2b- i i?2
i° MbBbiQ  QmMiTmimBKIX2bM+DMb2[m2M+2- i?2 BMi'BMbB+ABMBQ7 JPa /2pl
[2+°2 b2/ Im2 i@H "

At gm roy: UkX3V

h?2 "2/ m+iBQM BM i° MbBbiQ  ; BM Bb QM2 Q7 i?2 KQbi bB;MB}+ Mi +? HH2M;
7Q b+ H2/i2+?MQHQ;vMQ/2b-T "iB+mH "HvBM KTHB7vBM; bi ;2b M/ +m™" 2
QM2 TQbbB#H2 TT Q +? +QMbBbib BM i?2 mb2 QrguytXb>*Qr2pi~-m#BrbRM ;iQ BM-
+ b+Q/2 +QM};m” iBQMb #2+QK2b ?B;?Hv +? HH2M;BM; /m2 iQ i?2 HBKBi2/ &
p BH #H2- Q7i2M H2bb i? M i?2 bmK Q7 irQ i° MbBbiQ ™ i? 2b?QH/ pQHi ;2bX
fow + Mb2b ?B;?22° Qz@bi i2+? MM2H H2 F ;2 +m "2Mib-r?B+? BM+ 2 b2i?2 Qp
Q7 i?2 bvbi2KX

PMi?2 Qi?2 ? M/-i° MbBbiQ ™ 2{+RB2M+n2-2/LABIRI?R /> BM +m "2Mi- "2K BMb
BM/2T2M/2Mi Q7 i?2 i2+?MQHQ;v MQ/2X h?Bb T ~ K2i2  + Mi?2°27Q 2 #2 H2p
+B "+mBib BM /22T bm#@KB+ QM i2+?MQHQ;B2b- M/ K Mv /IBKRPMbBQMBM; bi’

6BM HHv- i?72 T2'7Q°' K M+2 Q7 ~B+F2° MQBb2 Kmbi #2 M Hvx2/ BM i?2 +QN
b+ HBM;X h?2 ~B+F2  MQBb2 pQHi ;B @2 bTRbHBbHG2BbBYVW B+ HHv KQ/2H2/

LS
WEL$Co

rBi i?227 2[m@MML: i?22; i2 /BK2MQBOQL-i2 + T +Bi M+2 T2  mMBiIi "2 M/
i2+?MQHQ;v@ 2H i2/ +QMbi Md&- i? 22T € K2 /@F R b2b rBi? i?2 i2+?MQHQ ;v
b+ HBM; /'m2 iQ i?2 /p M+2K2Mib BM "2/m+BM; i° Tb M/ BKT2 72+iBQM ii?2
>2M+2-i2+?MQHQ;v b+ HBM; i2+?MQHQ;v b+ HBM; + M H2 /iQ BKT Qp2/ ~B+F

Stk UkXNYV

KXjXj “M/; T M/ GQr@. QTQmi _2:mH iQ b

7i2° 1?2 # B27 Qp2 ' pB2r #Qmi i?2 }2H/b Q7 TTHB+ iBQMb M/ QM i?2 i2+?MQ
[2p2HQT2/ BM 88MK *JPa /m BM; i?72 S?X.X +iBpBiv 2?22} biBMi Q/m+2/X

h?2 # M/; T "272°2M+2 +B +mBi U":V M/ i?2 G.Pb "2 ii?2 +Q 2 Q7 i?2 TQr
M/ #B bBM; Q7 "2 /Qmi 2H2+i"QMB+b Q7 b2MbQ b bvbi2KbX AM 7 +i-i?2v T Q
+m "2Mib br2HH bi?2bmTTHv pQHi ;2iQ HHi?2 Qi?2  + BiB+ H#mBH/BM; #|
+ ' BiB+ HQM2b 7Q bB;M HT Q+2bbBM;X

AM ;72 i2° /2i BH-i?2 ?B;?@T2 7Q° K M+2 " M/; T _272°2M+2 U":V Bb i?2 +B
;2M2° iBM; QM@ +?BT ?B;?Hv T °2+Bb2 pQHi ;2 M/ +m "2Mi "272°2M+2 bB;M Hb
"2[mB 2/ #v i?2 G.Pb-i?2 M HQ; 6 QMi@1M/ U 61V KTHB}2 b-i?2 [m MiBx2"
M HQ; *QMp2'i2° U. *V rBi?BM i?2 M HQ;@iQ@/B;Bi HU .*V-r?B+? mbm HH
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*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

6B;m 2 kXRR, h?2# M/; T 272°2M+2? biQ T'QpB/2 272 °2M+2 pQHi ;2b M/ +
#mBH/BM; #HQ+Fb- BM+HmM/BM; i?2 G.P-i?2 7' QMi@2M/ KTHB7vBM; bi ;2b M

KQ/mH iQ XkBERIK2b2Mib bQK2 Q7 i?2 ": QmiTmib +QMM2+iBQMbX h?2 H2p2l
i?72": 7272 °2M+2b Kmbi #2 "2HB #Hv K BMi BM2/ +°'Qbb HHr 72 T°Q+2bb +Q
bmTTWy WH2p2Hb M/ rB/2  M;2 Q7 QT2 iBM; i2KT2" im"2bX AMT "iB+mH " -
PQHI ;2 /"B7i Qp2 i2KT2  im 2 Kmbi #2 H2bb i? M kKo- +Q "2bTQM/BM; iQ H2
HH QT2 iBM; b+2M "BQb M/ + Qbb rB/2 i2KT2  im 2 M;2- HBF2 i?2 QM2
40*C iQUO0*CX [//BiBQM HHv- i?2 ": Kmbi +?B2p2 bi'QM; bmTTHv 'BTTH2 “2C
bT2+B}+ + b2 Q7 i?2i ";2iJ1Ja KB+ QT?QM2b i?Bbi° MbH i2b BMiQ SQr2' am
USa__V 2t+22/BM; «3y /" i HQr 7°2[m2M+vX h?Bb Bb #2+ mb2 /2bTBi2 bm+? °
HQr@T bb }Hi2°2/- HQr7'2[m2M+v MQBb2 +QKTQM2Mi +QmH/ bm pBp2 bm+?

6m i?2°'KQ '2-i?2 ": HbQ ;2M2" i2b i?2 "272°2M+2 +m "2Mib i? i "2 KB "Q":
b "272°2M+2b 7Q° HH +B +mBib i?2°Qm;?Qmi i?2 TTHB+ iBQM aT2+B}+ AMi2
2Mbm 2b +QMbBbi2Mi QT2 iBQM M/ T2'7Q°K M+2 +°Qbb i?2 2MiB 2 bvbi2K-
+m "2Mi +QMi"QH 2ti’2K2Hv +'BiB+ H M/ + "27mH +B " +mBi /2bB;M Bb i?2M M

h?2 T'2+BbBQM Q7 i?2 272 '2M+2b ;2M2" i2/ #vi?2# M/; TBbbQ + BiB+ Hi?
m HHv i ' BKK2/ QM 2p2°v /2pB+2 K Mm7 +im 2/X AM 7 +i- #27Q°2 "2 +?BM; i?2
2 +?2/2pB+2 mM/27;Q2b i2biBM;-/m"BM; r?B+?i?2 T2 7Q K M+2 Q7 i?2# M/; T
Bi K22ibi?2 "2[mB 2/ bT2+B}+ iBQMbX

h?2b2 72 im*2b "2BM+'2 bBM;HVvBKTQ i MiBM /22T bm#KB+" QM i2+?MQHQ
/IQTi2/- b+ M#2 mM/2 biQQ/ 7i2 i?2+QMbB/2° iBQMb QM i?2i2+?MQHQ;v Q7
/122/- +?B2pBM; ?B;? T°'2+BbBQMBM b+ H2/ M/ /B;Bi HHv Q 'B2Mi2/ b+ H2/ MQ
b HbQ /2KQMbi® i2/ #vi?2 b+B2MiB}+ HBi2° im 2-r?B+? mbm HHv /QTib KQ~

MQi?2  2bb2MiB H +QKTQM2Mi Q7 i?2 QM@ +?BT TQr2° K M ;2K2Mi bvbi2K
OoQHi ;2 2:mH iQ'bUG.PbVX h?2b2 +B"+mBib "2 /2bB;M2/iQi F2 MQBbv BM
+H2 M-bi #H2 QmiTmiiQ TQr2  i?2 HQr@MQBb2 M HQ; M/ /B;Bi H#HQ+Fb rk
+? BM Ub2RXGBRIXKXRK >Qr2p2°- i?Bb +QK2b i +Qbi Q7 '2/m+iBQM Q7 i?2 2z~
bmTTHv Q7 i?2 "2 /Qmi +? BM +B +mBibX

hvTB+ HHv- TQr2 K M ;2K2Mi bvbi2Kb 2KTHQV KmHIBTH2 G.PbX h?Bb TT Q
+B ' +mBib iQ #2 /2+QmMTH2/ 7' QK i?2 brBi+?BM; MQBb2 ;2M2" i2/ #v i?2 /B;Bi }
2M #H2bi?2 M HQ; M//B;Bi H/QK BMbiQ QT2 i2 i/Bz2'2MibmTTHv pQHi ;2
QTiBKBXxBM; T2'7Q°'K M+2 7Q" 2 +? /IQK BM b r2HH b i?2 /2bB;M Q7 i?2B" G.I
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*?2 Ti2 kX Pp2 pB2r kKXjX h2+?MQHQ;v b+ HBM;, +? HH2M;2b M/ i  /:

6B;m 2 kXRk, hvTB+ HJ1Jab2MbQ~ "+?Bi2+im 2 rBi? ?B;?HB;?i QM i?2 MQBb
pQHI ;2X

+QM+2Mi” i2b QM i?2 M HQ; G.P-r?2°2i?2i2°’K 6 M HQ;6 BM i?Bb +QMi2ti °
i?72 HQ /b #2BM; TQr2°2/ "2 M HQ; +B'+mBibX LQM2i?2H2bb- K Mv +QMbB/
2ti2M/2/ HbQ iQ G.Pbi ";2iBM; /B;Bi HHQ /bX

aT2+B}+ HHv-i?22ti2"M HVegndI«T BM B@BOR2Q i?2 aA*BbiviB+ HHv T QpB/2
#v i?2 .*@.* +QMp27i2° Q7 M 2ti2°M HTQr2 K M ;2K2Mi mMBiX *QMb2[m2MiH
brBi+?BM; MQBb2 bmT2 BKTQb2/ QMiQ Bib .* H2p2H- r?B+? +QmH/ + mb2 +°
/IB'2+iHv iQ b2MbBiBp2 +QKTQM2Mib HBF2 i?2/fphe@ Bh*KI6@ H?2 2K QB2?
b2p2° HQi?2  #HQ+Fb rBi?BM i?2 QM@ +?BT TQr2 K M ;2K2Mi mMBi- M/i?2 b
7°QK i?2b2 +B +mBib +QMi*B#mi2b //BiBQM H /Bbim # M+2b iQ i?2 bmTTHvVX
G.PiQ "2D2+i bmTTHv MQBb2-[m MiB}2/ #v Bib SQr2°> amTTHv _2D2+iBQM _ it
F2v K2i'B+b 7Q " 2p Hm iBM; Bib T2’ 7Q°'K M+2-2bT2+B HHv7Q- M HQ; G.PbX

G.Pb bB;MB}+ MiHv ii2Mm i2 i?Bb bmTTHv MQBb2 #27Q°'2 Bi + M "2 +? +'B
>Qr2p2 - i?Bb +QK2b ii?2+Qbi Q7 bK HH VQHI Vod he® ™Mo RAI2BM
i?72B° BMWIpmixW M/ QmiTmi WRpIZHbAM b2p2° H HQr MQBb2 TTHB+ iBQMb- HB
BMbi M+2-i?2 M HQ; G.P Kmbi +?B2p2 Sa__ Q7 i H2 biesey/"BM T QT2
*R8/"iQ *ky/" +°Qbb i?2 7TmHH bT2+i'mKX h?2b2 p Hm2b Kmbi #2 /2HBp2 2/ n
MQKBM H RXko BMbpieh MT TIHV2UmB "2/ #v i?2 88MK *JPa i2+?MQHQ;vX b 2
i?72 /7QTQmMi pRei Kinbi #2 KBMBKBx2/ iQ i?2 HQr2bi H2p2H T2 KBbbB#H2 7Q
QT2 iBQMX AM/22/-i?2 M HQ; HQ / #2M2}ib 7°QK i?2 ?B;?2bi TQbbB#H2 M |
a2 +iBkKXNX R

hQ BKT ' Qp2 TQr2  bmTTHv "2D2+iBQM "~ iBQ USa__V rBi?Qmi z2+iBM; Qi?2
i?72 HQr@/ ' QTQmi UG.PV "2;mH iQ - bT2+B}+ Sa__ 2M? M+2K2Mi i2+?MB[m2k

p
£
P
£
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*?2 Ti2 kX Pp2 pB2r kX9X P#D2+iBp2b Q7 i?Bb S?X.X i?2bB

i?2bBb BMi*Q/m+2b irQ MQp2H K2i?Q/QHQ;B2b- bmTTQ i2/ #v rBi? bBHB+QM:
TT'Q +? Bb /2bB;M2/iQ #QQbi Sa__r?BH2 BKTQbBM; KBMBK H BM+'2 b2b BN\
bBHB+QM "2 X h?2b2 bQHMiBQMb BKTH2K2Mi KTHB}+ iBQM b+?2K2bi? i 2 |
irQ BMi2'M H MQ/2b rBi?BM i?2 G.P iQTQHQ;v- HH r?BH2 K BMi BMBM; bi #H?2

h?2 /2bB:M Q7 #Qi? i?2 # M/; T 272 2M+2 M/ i?2 G.P Bb ?2 pBHv BM~m2M+
i2+?MQHQ:v- K FBM; Bi T "iB+mH ‘Hv +? HH2M;BM; iQ +?B2p2 i?2 ‘2[mB 2/ T
*JPa T°Q+2bbX h?Bb i2+?MQHQ;v Bb MQi T'BK 'BHv QTiBKBx2/ 7Q" M HQ:; T
i?2 /2p2HQTK2Mi M/ BKTH2K2Mi iBQM Q7 BMMQp iBp2 /2bB:M bQHmMiBQMb iQ

kX9 P#D2+iBp2b Q7 i?Bb S?X.X i?2bBb

h?2K BM Q#D2+iBp2Q7i?Bb S?X.X"2b2 "+?Bbi?27mHH/2bB;M Q7 + BiB+ H N
TTHB+ iBQMb M/ BMi2 " M2i Q7 h?BM;b avbi2KbX aT2+B}+ HHv- ?B;?2@T2 7C
U":V M/i? 22/Bz2 2MiGQr. QTQmi _2;mH iQ° bUG.PbV "2/2bB;M2/ M/ T 2b2
i?72 BMBiB H+QM+2Tib M/ "2[mB ' 2K2Mib M/ T°Q; 2bbBM; iQ bBHB+QM K2 bm
2p2°v bi ;2 Q7 i?2 /2bB;M ~Qr- BM+Hm/BM; K i?2K iB+ HKQ/2HBM;- +B +mBi .
i MbBbiQ> TH +2K2Mi-H vQmi ;2M2" iBQM-p2'B}+ iBQM-S*" /2bB;M M/ H #Q
"Qi?": M/ G.P+QKTQM2Mib 22 HBx2/BM 88MK *JPai2+?MQHQ;v- K FBM;
QM2 Q7 i?2 } bi TTHB+ iBQMb Q7 /22T@bm#KB+ QM i2+?MQHQ;B2b BM i?2 r(
AMT "iB+mH "-i?2 T2 ' 7Q K M+2 Q7 #Qi? i?2b2 +B +mBib bB;MB}+ MiHv "2Hv
MM/2 HVvBM; i2+?MQHQ;vX h?BbrQ°'F HHQr2/iQ B/2MiB7vi?2 F2v /p Mi ;2b N
rBi? i72 88MK i2+?MQHQ;v MQ/2X am+? BM7Q K iBQM + M T ' QpB/2 mb27mH |
+iBpBiB2b M/ bmTTQ ii?2 +iBpBiB2b Q7 i?2 BM/mbi'B HT "iM2" Q7 i?Bb i?2
h?2+B " +mBibT QTQb2/BMi?Bb S?X2LNQbRMT/THNY pRQKBM riBB%? Bb mT iQ
HQr2 i? MK Mv +m " 2MiHv p BH #H2 bQHmMiBQMb T 2b2Mi BM HBi2" im 2 M/
2/m+iBQM-i?2/2bB;Mb "2 HbQ "2[mB '2/iQ K22ii?2bi'BM;2Mi "2[mB 2K2Mib (
~2tB#BHBiv- "Q#mbiM2bb M/ "2HB #BHBiv-r?B+? "2 2bb2MiB H7Q BM/mbi B

PMiQT Q7 i?2 M2r i2+?MQHQ;v MQ/2- #Qi? i?2"_ M/ i?2 G.Pb i “;2i BKT Qg
P2MiBQM H 2p Hm iBQM K2i'B+b +QKT “2/iQ H'2 /v p BH #H2 bQHmMiBQMb B
T iB+mH - F2v7Q+mb Q7 i?Bb S?X.XrQ FBbi?2 2M? M+2K2Mi Q7 #Qi? ": M

_2D2+iBQM _ iBQUSa__V rBi?Qmi bB;MB}+ MiBM+'2 b2 BM i?2 +m " 2Mi +QN
T 'iB+mH "Hv + BiB+ H7Q HQr MQBb2 M HQ; M/ KBt2/ bB;M H TTHB+ iBQMI
iBQMb HBF2 m/BQ-r?22 #Qi? ?B;? Sa__BMi?2 m/BQ # M/ M/ rB/2# M/ Sa_ _
HQr@MQBb2 bB;M HT Q+2bbBM; #HQ+Fb M/ iQ KBiB; i2 7TQH/BM; 2z2+ib BM I

JQ 2BM/2i BH-i?2+? HH2M;2b TQb2/ #vi2+?MQHQ;vb+ HBM;- b /2b+ B#2
+?B2pBM; ?B;? HQQT ; BMb M/ KBMBKBxBM; +QmTHBM; 2z2+ib 2ti'2K2Hv /B
+ iIBQMbX h” /BIBQM H TT ' Q +?2b //°'2bb i?2b2 Bbbm2b #v BM+ 2 bBM; i?2 A
#mi i?Bb Bb BM+QKT iB#H2 rBi? bi'B+i iQi HTQr2> +QMbmKTiBQM "2[mB 2K 2N\
H2M;2b- MQp2H Sa__ 2M? M+2K2Mi bQHmMiBQMb r2 2 /2p2HQT2/- HBF2 #mHF #
BMD2+iBQM- M/ "2 /2i BH2/ BMi?2 7TQHHQrBM; +? Ti2 bX

6BM HHv- i?Bb S?X.XrQ'F? b T QpB/2/ K2 rBi? BMp Hm #H2 2tT2 ' B2M+2 BN\
i?72 bBHB+QM +?BT /2bB;M ~QrX h?°Qm;? i?Bb T°'Q+2bb- A; BM2/ 2tT2 iBb2 B
+QHH #Q iBM; rBi? /Bp2°b2 i2 Kb- M/ M pB; iBM; i?2 /vM KB+b Q7 +QKT2il
BM/mbi'B H2MpB QMK2MiX



*2 Ti2" ]
h?2 # M/: T 272 2M+2 +B +mB]

J BMi BMBM; bi #H2 M/ +QMbBbi2Mi pQHi :2Q +m "2Mi + Qbb +? M;2bBM T (
USohV- M/ /2pB+2 K i+?BM; Bb +'BiB+ H7Q bi #H2 QT2 iBQM BM Mv 2H2+i
i?Bb M22/- HKQbi HH 2H2+i"QMB+ /2bB;Mb BMi2;  i2 i H2 bi QM2 /2/B+ i2/ :
+?BT pQHi ;2 M/fQ" +m ™ "2Mi "272°2M+2bX h?2b2 +B "+mBib THv 7mM/ K2N\
"M;BM; 7°QK J1Ja b2MbQ'b M/ KB+ Q+QMi QHH2'biQ TQr2 " K M ;2K2Mi mMB
i° MbKBii2 f'2+2Bp2° KQ/mH2b-" /BQ 7°2[m2M+v U_6V bvbi2Kb- M/ AQh /2pB

:Bp2M i?2B  #°Q / TTHB+ iBQM- rB/2 p 'B2iv Q7 272 °2M+2 ;2M2" iBQM iQ
P2HQT2/ M/ i?2Q Qm;?Hv "2b2 "+?22/X 1 +?2 iQTQHQ;v //"'2bb2b i?2 bT2+B}+ "2
K M+2 +'Bi2°'B Q7 Bib RMX2MKQMmMb22p2- i?2 # M/; T 272°2M+2 bi M/b Qmi b
i?72 KQbi 7°2[m2MiHv mb2/ M/ 2HB #H2 bQHmMiBQMb- b /2i BH2/ BM i?2 7TQHH

6B;¥XRB;?HB;?ib b2p2" H F2v #mBH/BM; #HQ+Fb i? i "2Hv QM pQHi ;2 M,
T Q/m+2/#v # M/; TU":V+B +mBi7Q +Q "2+iQT2 iBQMX h?2b2 2t KTH2b +(
"M;BM; 7°QK /B;Bi H M/ M HQ; +B "+mBibiQ /i +QMp2'i2°'b- BHHmbi® iBM; i?
# M/; T@# b2/ "272°2M+2b BM 2H2+i"QMB+ bvbi2K /2bB;MX

h?Bb +? Ti2" BMi"Q/m+2b i?2 K BM +QM+2Tib "2H i2/iQ i?2 /2bB;M Q7 i?2 T
2°2M+2 +B "+mBi M/ T 2b2Mib i?2 T°'QTQb2//2bB;M BM 88MK *JPaX +m'p im’
"Q#mbibi Ti@mT M/ M?B;?; BM1 Q" KTHB}2  "2BKTH2K2Mi2/iQ KBiB; i2i
Q;v M/ "2 +?2 0?2 i ;2i T2 '7Q K M+2bX h?2 T°QTQb2/ /2bB;M Bb p HB/ i2/ #v i
i?72 K2 bm 2K2Mib "2bmHib 2ti2MbBp2Hv "2TQ i2/X

jJXR 1p Hm iBQM K2i B+bhb

"27Q 2 /IBb+mbbBM; i?2 /2i BHb Q7 i?2 T°QTQb2/ # M/; T 272 2M+2- bQK2 +Q
K2i'B+b 2?22 BMi"Q/m+2/ M/ 2tTH BM2/X h?2b2 K2i'B+b 2 2bb2MiB H 7C
im2b M/ T2 7Q°K M+2 Q7 pQHi :2 M/ +m > "2Mi 272 2M+2b M/ i?2v HbQ 2M #
/Bz2 2Mi /2bB;MbX hQ bBKTHB7v i?2 i2ti- HH 2[m iBQMb BM i?Bb b2+iBQM "2
HHi?2 +QM+2Tib + M 2 bBHvV #2 2ti2M/2/iQ 272 2M+2 +m "2MibX
PM2 Q7 i?2 KQbi BKTQ i Mi 72 im 2b QW BB2B2MbLR #BHEIy2Qp2" rB/2

i2KT2 im 2 M;2X aT2+B}+ WHV-Mi22Q BEiNF}+ Mi +?2 M:2b BM i?2 bBHB+QM |
T2 im2b?2QmH/ #2 KBMBKBx2/ b Km+? b TQbbB#H2X hQ [m MiB7vi?Bb T2 7.

Rd



*2 Ti2  jX h?2# M/; T 272 2M+2 +B +mBi jXRX 1p Hm iBQM K2i 'B+b

6B;m 2 jXR, aQK2 Q7 i?2 TQbbB#H2 #mBH/BM; #HQ+Fb Q7 KB+ Q@bvbi2K r
M/fQ> +m  2Mi +QKBM; 7°QK 272 2M+2 ;2M2  iQ - # M/; T 222

*Q2{+BR2MBb /2}M2/ b,

Vr’é/Ifo Vrrenfin .
TC 1¢° —yET T UjXRV

ref

yMAX min 5 22 K tBKMK M/ KBMBKMK;p Hdh @72 7mHH i2KT2Tim 2 > M;2

ref

r?BNGY 272 b iQ i?2 i “;2i p Hm2 Q7 i?2 272 °2M+2 pQHi ;2VeivTB+ HHv +Q°

i "QQK i2KT2  im 2X aBM+™2i22M BZi+QM #2 b bK HH b 72r KBHHBpQHib Q

MM/ 2/b Q7 KB+ Qp@HBh-BMi+QQm+2/iQ K F2T€2p Hom2iBMB2 iQ BMi2 T 2iX

*QMb2[mZI@iBWM 1| XBb 2tT 2bb2/ BM T "ib@T2 @KBHHBQM T2 /2;°22 *2HbBm

+m p2i? i T Zh2™Mibb 7mM+iBQM Q7 iPBDP2QKWKQOMHY "272°7°2/iQ bi?2+m'p im
h?2 bT 2 /IBM; Q7 i?22QmiTmi pQHi ;2 Qp2° KmHIBTH2jp) KTH2b Bb mbm HHv |

— 100 % ; UjXkV

r?2°2 M/ "2i?22K2 Mp Hm2 M/ i?2 bi M/ VM2pB 2B/XM-Q72p2 - bm+? K2i B+
QMHvV K F2b b2Mb2 r?2M i?2 b KTH2 # i+? M Hvx2/ Bb H ;2 2MQm;? bQ i? i
K F2b b2Mb2X

MQi?2  + m+B HK2i'B+Bbi?2 SQr2° anPSRRV X200 22mBrQB# 20hBQQRU#BHBIvV Q7
i?72 +B +mBi Q7 ii2Mm iBM;- i Bib QmiTmi MQ/2- Mv /Bbim # M+2- MQBb2 Q"
i?72bmTTHv °~ BSRR BD2/2}M2/ b,

PSRR el .

UjXjVv

Vag IR

AM 1[Xjvee KQ/2Hb Mv /Bbim # M+2 bB;M HbmT2 BKTQb2/ QM 1?2 .* bmTTHV
+Q "2bTQM/b iQ i?2p B iBQM Q7 i?22 QmiTmiviMR /R27RERR DIB H B minB/fi #v
ivTB+ HHvp "B2b bB;MB}+ MiHv + Qbb /Bz2 2Mi 7'2[m2M+BPIRR 7 i?2 BMTmi b
7°2[m2M+v "2bTQMb2- Q" i° Mb72° 7TmM+iBQM- Bb Q7i2M THQii2/ iQ T'QpB/2
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*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

#2? pBQ X Hi2°M iBp2Hv- B7 bBM;H2 Sa__ p Hm2 Bb "2TQ i2/- Bi Bb ++Q
7°2[m2M+v i r?B+? i?2 K2 bm 2K2Mi Q° bBKmH iBQMr b T2 7Q K2/X

aQK2Qi?2"BKTQ'i MiK2i'B+b "2i?2GBM2 _2;mMRVBEM Q2 QBM2iB8MWbBiBpB
bmTTHvV pQfbivVZ WM;2XUS?BRBHHmMbi™ i2bi?2 p HmM2b Q7 i?2 QmWVImii 272 2M+2 pQ
/Bz2 2Mi bmTTHv pQHi ;2 M/ BiBb /2}M2/ b,

v,
LR — " 100 Ujxov
Voo Vref
[?22 2Vier Bb i?2 p "B iBQM Q7 i?2 272 2M+2 pQMNip; QMiZ22GmFTHA, H2p2 H X
q?BH2 PBRR Bb i’ Mb72° 7TmMSIiBOM-122QM+2Ti M/ i?2°27Q 2 /Q2b MQi ? p2
7°2[m2M+v "2bTQMb2X AMbi2 /- Bi Bb ivIB+ HHv 2T 2b2Mi2V,BM ;" T? i? it

+Q "2bTQM/BM;iQi?2 QT2 iBM; TQBMibQ7i?2+B +mBi i/Bz2 ' 2MibmTTHv p¢(
bmTTHv pQHi ;2" M;2-QMi?2Qi?2 ? M/-/2}M2bi?2 K tBKmK M/i?2 KBMBKmK
PQHI ;2 r?B+? 2M #H2 i?2 +B +mBi iQ +Q "2+iHv QT2 i2X

h?2bi "i@mTiBK2Bb MQi?2 + m+B HK2i'B+X AM7 +i-/m BM;i?2TQr2 @n
T272°2M+2 ;2M2° iQ  Bb KQM;i?2} ' bi #HQ+Fb iQ #2 +iBp i2/X h?Bb Bb #2+ m
T272°2M+2 pQHi ;2b M/ +m T 2Mib "2[mB 2/ 7Q  i?2 "2bi Q7 i?2 bvbi2K iQ +?BZ
TQBMiX h?2°27Q 2- mM/2 bi M/IBM; M/ +QMi'QHHBM; i?2 bi 'i@mT iBK2- r?B+
bT22/ Q7 i?2bmTTHvV  KT@mT-Bb 2bb2MiB HiQ T 2p2Mii?2 bvbi2K 7 QK 2 +7
TQBMibX

brBi? Mv KB+ Q2H2+i"QMB+b +B +mBib M/ bvbi2Kb{g?BbQiFRAvtm "2Mi +Q
T2 '7Q°K M+2X 1bT2+B HHv-r?2Mi?2+B +mBiBbiQ#2/2THQvV2/BMiQHQr TQr:
h?2 p HmMg @b bi'B+iHv "2H i2/iQ HH i?2 Qi?2° K2i'B+b i? i /2}M2i?2 T2 7Q"}
M/ Bi Bb mbm HHv QM2 Q7 i?2 KQbi BKTQ"i Mi bT2+B}+ iBQM /2i2°KBM2/ 7"°C
+QM+2TiX AM 7 +i-i?2iQi H+m "2Mi #m/;2i ? biQ #2 mbm HHv i  /2/@Qz rBi?
i?72 Qi?2° +B +mBi K2i'B+bX

P7i2M iBK2b i?2 p BH #H2Il%m MZNMBHBAQIM "2 -iQ;2i?2 rBi? i?2 bmTTHv p(
Vob 2i?2K BM7 +iQ°b/"BpBM;i?2b2H2+iBQM Q7 i?2 272 °2M+2 +B +mBiiQT(
BMi?2 M2ti b2+iBQMbX

J Xk h?2 # M/, T 272 2M+2 +B +mBi

J MV TQbbB#H2 +B +mBib M/ iQTQHQ;B2b ? p2 #22M /2p2HQT2/iQ ;2M2" i2 b
M/ +m> " 2Mi 272 2M+2bX KQM; i?2K-i?2 " M/; ToQHi ;2 272 2M+2b U":V ?
Q7 i?2 KQbi BKTQ i Mi M/ /QTi2/ QM2bX h?2 ": Qr2 i?2B M K2 iQ i?2 BMi BMt
#2ir22Mi?2 2H2+i ' QMB+b # M/b Q7 bBHB+QM U2[m HiQ RXRk20VX AM 7 +i- bm
Q7 i?2": rQ FBM; K2+? MBbK- b rBHH #2 2tTH BM2/ BM i?2 M2ti T ~ ;> T?bX

ai "iBM; 7°QK i?2 Q'B;BM Q7 BMi2;  i2/ +B +mBi /2bB;M- i?2 M22/ 7Q" "2HB
"272°2M+2b ? b /'Bp2M i?2 /2bB;M M/ i?2 QTiBKBx iBQM Q7 ?B;? T2 7Q K M+
+mBibX AM T “iB+mH - bQK2 MQi #H2 /2bB;M iQTQHQ:B2b- biBHH rB/2Hv /C
“2TQi2/jBNk{jj-j9-j8-je)X ai 'iBM; 7°QK i?2b2 /2bB;M +QM+2Tib KQbi Q7 i?2 K
"272°2M+2 +B +mBib ? p2 #22M /2p2HQT2/ M/ T 2b2Mi2/ BM HBi2  im 2X

h?2 # M/; T "272°2M+2 +B +mBib "2 # b2/ QM i?2 bmKK iBQM Q7 S 'QTQ"
h2KT2 im 2USh hV[m MiBivrBi? *QKTH2K2Mi 'v@hQ@ #bQHmi2@h2KT2  im
[m MiBiB2b + M #2 #Qi? +m "2Mib Q  pQHi ;K AM T2biBM2H BM#B.XbB:MBM;

RN



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B;m 2 jXk, " M/; T 272°2M+2rQ FBM; T'BM+BTH2, r2B;?i2/bmK Q7 Shh M,
iQ T ' Q/m+2 i2KT2 im 2@W%d #H22 DX iTmi-

6B;m 2 jXj, " b2 2KBiier pMHi/BZ2 2M+2 #2ir22M i?2 # b2 2K/ iiQ7pQHi ;2b
irQ "Ch rBi? /Bz2 2Mi bBx2b X

bQK2 T'QT2 r2B;?ib 7Q  i?2b2 irQ [m MiBiB2b pQHi ;2 Q> +m "2Mi +QMbi Mi
#2 +?B2p2/X 6Q° '272°2M+2 pQHi ;2-i?Bb K2 Mb,

Viet  KcVerar  KpVprar UujXxav

r?2°%tatr MMNprar 20?2 *h h M/ Sh h pQHi ;2b ;2M2" i2/ #v i?2 /2/B+ 12/ +B +r
r’BHK2 Mkp "2 i?2B  r2B;?ib UKMX6IB;XKEHVE-kp k UrBk?i2KT2" im 2
BM/2T2M/2MiV M/ i?2 +Q¥TF2ZMBbLi BB Zp2/ QMHvV #v /2bBYMBMX T QT2°

b T 2b2Mi2/ BIMj6BSX h M/ *h h pQHi ;2bQ  +m "2Mib + M #2 ;2M2" i2/ IQT
irQ bBHB+QM "BTQH ~ CmM+iBQM h™ MbBbiQ b U"ChVX h?2 "2 bQMb 7Q" i?B
?BbiQ°'B+ HQM2b-i?2 "Ch r2°2 BMp2Mi2/ M/ /QTi2/ iQ "2 HBx2 BMi2; i2/ +E
*JPa i2+?MQHQ;v iQQF i?72 H2 /- iQ #2? pBQ™  H KQiBp iBQMb, i?2 "Ch "2 bB
"Q#mbi- "2HB #H2-T 2/B+i #H2 M/ bmz2 H2bb T ' Q+2bb b2MbBiBpBivrBi? "2b
i?2B # b2@2KBii2 " pQHi ;2 KBbK i+? BbH2bbBM~m2M+2/#v T Q+2bbp "B iBQ
pQHI ;2 Q7 JPa61lhX

6B;)Xb?Qrb i?2rQ ' FBM; T'TBM+BTH2 Q7 i?2irQ /Bz2°2MiHv bBx2/ #BTQH " /2
iB+mH "-i?2# b2@2KREiQ7pQHICRA? b M im™ H*h h +?2Vege+i2+BBiB2IK

ky



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

bi?2 bBHB+QM i2KT2 im"2BM+'2 b2b rBi? bHQT2 Q7 TT QtBK i2Hv *k KofE
[2b+ " B#2jd¥yv (

VBEAT' VBGAT' AVBGO VBE()'l VTIn<l- V'HﬂCéCAT.‘: UJXGV
To To lc " Toe
AVzc Bb +QMbB/2°2/ bi?2bBHB+QM BMi'BMbB+ # M/; TTQi¥®\MiB H-2[m HiQR
Ve T To*Veeo Vee T ToeX JQ 2QpBM 1[X8Bb i?2 +QHH2+iQizKiT2Mim "2
+QMbi Mi "2H i2/iQ i?2 i2¥?MQHQjP2M2 KB TQi2MiB H-r?B+? Bb T'QTQ iBQ|
i?72 "QHixK MMdbkg QMIBIiIMMFIK M/ 2H2+i ' QMq+26 1D °CX AM T "iB+mH -
bBMWg2 Bb ~ i?2° +QMbi Mi Qp2  i2K K& Mn#2-2{XBii2M b,

. . T T "Te .
Ve "T* Vego Veco Veeo*— Vtln<—e¢ Vrin Céc,\ Ll UJXdV
To To I'c"To*

A7 i?72 MQM HBM2 " jX'KB BIM; H22+i2d"TM/Ic"Toe -Vge #2+QK2b,
R R T .
Vee Vego T* "Veco Vee 0'?01 UjX3Vv

aBMg2o Veeo Bb TQbBIiBp2 iPXB2Q% i?72 M2; iBp2 /2T2M/2M+2 Q7 i?2 # b2@2
PQHI ;2 QM i?2 i2KT2  im 2X

AMi?2 K DQ Biv Q7 ": /2bB:Mb-i?2b K2 +m " 2Mi Bb 7Q°+2/iQ ~Qr BMiQ irQ #
T 2b2Mi/Bz2 2Mi# b2@2KBii2 2z2AgiB\p-2 DB MH MBQ Mij2X38HNMM B ; XiB+mH -

Agg 1

VeE Veeo2 Vee1 Vr In < . VT|I’IAN°: UJXNV

BE 2
Vee Bb /B 2+iHV T QT\@ iRBIM HMI/Q+r QMb2[m2MiHV HbQ iQ i?2 #bQHmMi2 i2KT2
Bi Bb Shh pQHi ;2 rBi? bHQT2 Q7 TT QtBK i2HV «yXkKofEX h?2°27Q 2- #
Bi Bb TQbbB#H2 iQ :2i #Qi? St VpRHi *B b QW2 X *QK#BMBM; i?2b2 irQ
[m MiBiB2b #v K2 Mb Q7 i?2 iR BHRI@MN;i?20MQQ "2 +?2 i?2 ": QmiTmi M/i2KT2" im
bi #H2 TQi2MiB H,
Viet VBEAT° k VBEAT': UJXRyV

am#biBimiBMdM/KXBMiQ LXRWB2H/b,
Vref VBGO AVBGQ VBE()°l VTIn<l° VTmCéC,\iT.( k VTInANo: UJXRRV
To To [c " Toe

h?2 +QHH2+iQc +mMM 2RibbmK2/iQ #2 T'QTQ iBQM HIiQ bQK2 TQr2" Q7 i?2i.
b /2b+ " B#3H)}#v (
lc CT; UjXRkV

re2°'2 0B7i?2 +m "2Mi Bb +QMbi Mi BM iIRBIE2BbiBh2h¥Mh?mb- i?2 272 2M+2
TQi2MYE H M #2 /2b+ " B#2/ b,

A T . T . . .
Viet VG o Veco Vee 0'? 'VT|H(?' k VTIn Ne: UJXRJV
0 0

kR



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B:m 2 jX9, J hG " bBKmH iBGMRQM/iQZ #[Qi? i?2 Sh h MM DD 1[X
iXd pQHi :2b +QMi B#MiBM: i@ 1-To 300K-Vego 1206V MAMNgeo O:7V
r2°2 bbmK2/iQ ;2i ik2 BRQINmM i2/ 7" QXRI X

6B XX 2b2Mib THQeQ72PQ i2/ BMXIKK AM //BiBQM- #Qi? i?2 Shh M/
i?72 *h h +QMi'B#miBQMbWmBR/BMQmI/X h?2 MOQM@HBW? BE2MPBQ Q7
iQ i?72 MQMHBM&c RiBQK®D72M2  H bbmKTiBQMb r2°2 K /2 7Q" i?2 +QMbi Mib
L2p2 i?2H2bb- bm+? p Hm2b "2 MQi i?2 2t +i QM2b Q7 88MK *JPa /QTi2/ 7Q"
S?X.Xi?2bBbX

h?22 i2KT2' im 2 /2T2M&2BM21QXRF M #2 b2i iQ x2°Q i +2°i BM i2KT2" im 2
T To#v TTHVBM; i?2 /2 Bp iBp2 rBi? "2bT2+iiQ i2KT2  im 2 MT2p Hm iBM; i?:
k3,

dv;
ey UjXROV
dT 1 7
am#biBimiBM BilQiQ L1XRIP2 2tT 2bbBQM 2T QXiRyBRM /1 X
Veso Veeo - ke T, 4 ke 0: UjXR8V
To q To q T To

h?2 i2°Kb Q7XIRE M #2 2 > M;2/BM KQ'2 K2 MBM;7mH r v- H2 /BM; iQ,

kB To -~ kB TO

IN"N e VBGo .
q

h?2 } bii2 K QXRRbO i?2 272 2M+2 TQi2MiB HXRIPQHIR /i BM To[X am +?
[m MiBivBb b2i2[m HiQ i2KT2 im2@BM/2T2M/2Mi[m MiBiv- BM }'bi TT Qtl
“272°2M+2 pQHIi :2 ;2M2° i2/ #vi?2": + M #2 2biBK i2/- BM }'bi TT QtBK iBQM

Veeo K

: UjXReV

R ke To

Viet 0 Vago 1:206V ~  « 0:026V UjXRdV

k k



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B;m 2 jX8, " M/; T 272°2M+2rQ ' FBM; T"TBM+BTH2, U V pQHi ;2 KQ/2 M/ U

7Q 300K X A74 M/ 1 "2 +?2Qb2MVei32M284V X 1[KXRM/jXRfH "B7v QM+2
KQ 2 r?2vi?2 M K2 # M/; T 272 2M42 Bb /BOZ#IHvV "2H i2/iQ i?2 bBHB+QM # M
PQHiIVas2o M/ Qr2b Bib bi #BHBiv Qp2  i2KT2  im 2iQ BiX

h?2 p HM2 B b2H2+i2/ BM Q' /2" iQ BM+'2 b2 b Km+? b TQbbB#H2 i?2 K i+
"Ch- mbm HHv /QTiBM; +QKKQM +23)\i *@BMA[m2ViNY-bm#biBimiBM; i?2 “2b
1[XXRBMiQ 1XReM 2biBK iBQM Q7 i?2 /XbB ;M #@ MPBIZP2/Ty &3,

VBco Veeo 'LBqT‘J

G UjXR3V
q

i XkXR 0QHi :2 KQ/2 M/ +m "2Mi KQ/2 ": iQTQHQ:B2b

.m2 iQ Bib rBH/@bT 2 /BM; ~ M;2 Q7 TQbbB#H2 TTHB+ iBQMb- K Mv /Bz2 21
"272°2M+2 +B +mBib ? p2 #22M /2p2HQT2/X

}’bi +H bbB}+ iBOQM Q7 bm+? iQTQHQ;B2b + M#2/ rMb2T * iBM; #2ir22M i?
QM2b 7 QK i?2 *m "2Mi JQ/2 U*JX8Q MRDMiBB?2X +QM+2Tim H rQ ' FBM; T'BM+B
#Qi?- ?B;?HB;?iBM; i?2B  /Bz2 2M+2bX AM T “iB+mH - r?2Mi?2 QmiTmi 272"
Q7 ShhpQHi ;2 M/ *h hQM2-i?2/2bB;M Bb +H bbB}2/ b pQHi ;2 KQ/2 QM2
2p Hm i2/ b 2TQ iABWMI/IARG J MvBKTQ i MiiQTQHQ:B2b "2 # b2/ QM bm+? T
HBF2 i?2 TBpQi H +B +njRijtk-j2-T @ ] B2j/eBi™ X

L2p2 i?2H2bb- pQHi ;2 KQ/2 # M/; T 272 2M+2b "2[mB 2 i?2 bmTTHvV pQHi ;.
pHM2 "2TQ i2/{BREHXb M TT QT B i2?22 /'QQK 7Q" 2p2Mim H i  MbBbiQ b b
Vieek€k M/ i?2 bmTTHvV HBM?2,

VI AViet 0 Vasnsat 145 15V: UjXRNV

AM 1[XRIR2 KBMBKmK ?2 /"TQQK Bb +QMbB/2°2/iQ #2 i?2 KBMBKmK /> BM@bQm
#v.  +m > "2Mi KB "TQ iQ QT2 i2 BM b im” iBQM "2;BQM- mbm HHv "QmM/ i H:
6mM’i?72°KQ 2-i?2 p HmM2 "27TXQRKZI B M+H[QXmMi 7Q° S Q+2bb- oQHi ;2 M/ h2KT2"
USohV p "B iBQMb-rBi? bmTTHv ~m+im iBQMb r2@4X +h M #QMWM M2 Q¥+/2-° Q7

PQHI ;2 KQ/2 iQTQHQ;B2b "2 mbm HHv /QTi2/ 7Q° MPEIMMEI BBNMNQKBM H bn

K]



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B:m 2 jXe, *QMp2MiBQM H# M/; T 272 2M+2iQTQHQ;B2b, U V +m "2Mi KQ/2

iX&#V M/ U+V "2TQ ibirQ Q7 i?2 KQbi +QKKQMHV /QTi2/ pQHi ;2 KQ/2iQTQF
i?2v /QTi M1 °Q KTHB}2 U1l ViQ V2Tii2RpRiRR:2 BMTmib +QMbi Mi M/
BKT Qp2i?2Sa__ X AM i?Bbr v-i?2 +m " 2Mi ~ QRBAR+BMKIZDi?2B" "2bBbiQ b

V .

Ir1 lpraT RBElzi UjXkyV

1
G2iiBM; bm+? +m "2Mi ~Qr iR; @Rep VBLPHHIQI?2M i?2 7QHHQIBM: 272 2M+2 pQ

R> .

Vief nb  VBE 1 R, VBE 12 UjXkRV
ROUt .

Viet nc  VBE 3 R, VBE 12 UjXkkV

r?2°2 i?22 7 ki@7 1L[pPXRBb MQr /2}M2/ #v i?2 ~ iBQ Q7 irQ "2bBbiQ bX A7 HH i
"2 Q7 i?2 b K2 FBM/- i?2B" i2KT2 im 2 /2T2M/2M+2 Bb + M+2H2/ Qmi M/ Q
[2T2MI2MMBR2bM/7TVge 21 ? p2 iQ #2 # H M+2/X

PMi?2 Qi?2 2?2 M/-*m "2MiJQ/2 U*JV # M/; TIQTQHQ;B2b HHQr QT2 iBQM
PQHI ;2bX h?2B  rQ'FBM; T'BM+BTH2XKMUEbRIMBERGE BN XBQM 1?72 r2B;?i2/
bmKK iBQM Q7 Shh +m > "2Mi rBi? *h h +m "2MiX LQi #Hv- i?2 QmiTmi 272
Q#i BM2/ H2iiBM; #Qi? i?2 Sh h M/ *hh+m "2Mib ~QrBMiQ M QmiTmi "2bBbiQ

Viet ' Rout “letar  IpTaT * UjXkjV

AQK2 + MG BHIR +B +mBi HiQTQHQ:B2b "2 # b2/ QX&I?BH TZIBMHBTH2X 6B
+QMp2MiBQM H *Jj8XMAIF QmiTmi 272 2M+2 pQHi ;2 Bb,
R»

R .
Vet M Vg1 =2 Vee e UjXkoV
R, R;

k9



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B;m 2jXd, J hG "bBKmH iBQM Q7 i?22QmiTmi 272 2M+2 pQHi ;2 Q7 *J# M/;
Q7 i?2 +QMbi Mib /QTXRIBM GBHXK2/X AM //BiBIEM MR, 2 1.6M X

h?2 7 +iBM 1[XkBb /m2iQ i?2 KB "Q BM; "~ iBQ, i?2 +nX@W RB2Q2BM 6B ;X
i72 bmK Q7 #Qi? i?2 Shh M/ *hh+m "2Mib M/ KB Q' b @UWBMTQ #7BQM Q7 Bi
QmiTmi "2bRRi MHA22 [m MiBiv bBiiBM; #2ir22M i?2 TXKBb 23 mBH BMi2pX
QmiTmi Q7 0J # M/; T-jXRYXKAK/jXKk- K2 MBM; i? i HH i?2 +QMbB/2> iBQM K
BMi?2 T 2pBQmb b¥#iBRMV#QmBHH 2QH/ i jM@X2HRMib J hG " THQI Q7
i72 QmiTmi pQHi ;2 "272°2M+2 Q7 +m "2Mi KQ/2 # M/; T

L2p2°i?2H2bb- i? MFb iQMI2Q RIR BB Qs BM 1[Xk9 M #2 HQr2' i? M
i72 DBHB+QMEM/M/E +QMb2[m2MiHv- Q7 i?2 p HXRITQ2iIQPBM UBM+2 HH
i72 "2bBbiQ LXBKATIX " BM 7 +iBQMb- i?2B  i2KT2  im 2 /2T2M/2M+2 BM QM +:
Qmi M/ ?2 b MQBM~m2M+2 QM,i?% +m p im 2 Q7

qBi?Qmi +QMbB/2 'BM; 7Q° KQK2Mi i?2 1°°Q° KTHB}2 Ul V BMTmi #B bl
KBMBKmMK bmTTHv pQHi ;2 Q7 *m "2Mi JQ/2 # M/; T 272 2M+X-eHBF2 i?2 QM
U V-BbQMHv HBKBi2/ #vi?2 # b2 2KBii2 pQHi ;2 Q7 Bib"Chi> MbBbiQ THmb
72 +m " 2Mi K/BpeaQV,U

VDm[;r| CVee1 Viasnsaa 09 1V: UJX k8V

h?2 p Hm2 "2TQ i2/XKBMhK +QMDbB /2" i?¥egpHM\R/D7i?22 rQ bi TQbbB#H2 Soh
+Q M2 X

LQM2i?2H2bb-i?2 #B bBM; Q7 i?2 1" Q" jK@HBIQ #21+V BMn&tBLtX K M ;2/X
AM/22/-Bi+ MBMi'Q/m+2 HQr2 HBKBiiQi?2 KBMBKmK bmTTHvV pQHi ;2- +Q
i? Mi?2 QM2 "2TQ ij2KBM 1[X

h?2 bQHMIBQM T jBpPRRFBM TBb Bbbm2 /QTiBM; bQK2 /2TH2iBQM KQ/2 i I
@Ok BKTH2K2Mib M M@ivT2 "ChBMTmi T B 7Q  i?21 "Q KTHB}2 Ul VX >Qr:
i° MbBbiQ™ M/ "Ch /2pB+2b 7Q° M BMTmi T B'- "2 MQi p BH #H2 BM bi M/ */

k8



*? Ti2° jX h?2# M/; T 272 °2M+2 +B +mBi JXkX h?2# M/, T 272°2M+2 +B +mBi

6B;m 2 jX3, SQbbB#H2 QTiBQMb 7Q  i?21°°Q" KTHB}2 Ul V #B bB

QMHv JPa6l1lh M/ T  bBiB+ TMT "Ch + M #2 BKTH2K2Mi2/X

AM bi M/ °/ *JPa i2+?MQHQ;B2b- HBF2 i?2 88MK /QTi2/ 7Q " i?Bb S?X.Xi?2
K BMHvV i?°22 QTiBQMb iQ #B b i?2 2M? M+2K2Mi KQ/2 JPa61h BMTmi /2pB+2¢k
QM2 +QMbBbib Q7 /QTiBM; MJPa6l1h BMTmi X&) WBWXBHMmDbQEMBBIQM [R 2b
MQib2i Mv HBKBiI iBQM 7Q" MR b TP piBHH BRI ; Q7 i?2 pRByiR7TH22Q0mM/
1 #2+QK2b +'BiB+ HX AM7 +i- bBM+2i?2 JPa61hi? 2b?QH/p Hm2/2+ 2 b2b b
i? Mi?2 "Ch # b2@2KBii2RMQHMA/(+QmH/ MQi #2 ?B;? 2MQm;? iQ ;m ~ Mi22,

V, Vee AVgs Vain : UjXkeV

b +QMb2[m2M+2-i?221 +QmH/b?mi/QrM i?B;?i2KT2 im 2-T 2p2MiBM; i?2"

TJPa61h BMTmi T B - HBF2 i?72 QM2j XBT#N i/ BivHE BB;XHp2 i?Bb T Q#H2K |
BKT Qp2i?2 HQr 7°2[m2M+v MQBb2 T2 ' 7Q K M+2b Q7 i?2 ":X >Qr2p2 - Bi +QK:
bmTTHv pQHi ;2 r?B+? Kmbi #2 Hr vb ?B;?2  i? M,

Vl:r;?:i)n AVee Vs Visnsat: UjXkdV

h?2 p Hm2 BYXk@Bb ?B;?2° i? M i?2 i “:2i KBMBKmK pQHi jXK®iPQ i2/ BM 1[X
/p Mi ;2 Q7 #2BM; #H2iQ QT2 i2rBi? HQr2 bmTTHvV pQHi ;27 /2b r vBMi-
TQbbB#H2 bQHMIBQM iQ i?2 +QMbjiX KM X KBHQT 12 b BMi 2 [ XU 6 B ; X

ORX AM 7 +i- #VbTHBRBMA/ 2Q@BIMQ+bBM: i?2 TIPa61lh BMTmiT B iQ bm+? BMi2
MQ/2- #Qi? i?2 HBKBi iBQM iQ i?2 KBMBKmMK bmTTHv pQHi ;2 M/iQ i?2 pB im
L KBM; bm+? BMi2 K2MBVi¥ MM/2QTiBM; i?2 pQHi ;2 T iBiBQM "mH2-i?2 #B bl
1 BMTmib + M #2 7QmM/ b, .

2b

Vo, ————W: UjXk3V
® Rza Rz’ )
h?2 +QMbi’ BMibMMI" #2+QK2 MQr,
Vit Vb Vgs: UjXkNV
VDmDin AVh Vgs Vdsnsat Wit Vs nsat ! UjXjyVv

ke



	Introduction
	Overview
	IoT systems
	Sensors and MEMS
	MEMS sensors and actuators

	Technology scaling: challenges and trade-offs
	Scaling the supply voltage
	Other effects of technology scaling
	Bandgap and Low-Dropout Regulators

	Objectives of this Ph.D. thesis

	The bandgap reference circuit
	Evaluation metrics
	The bandgap reference circuit
	Voltage mode and current mode BG topologies

	The proposed 55nm BG
	Literature review

	Design considerations
	High Gain Error Amplifier (EA)
	Curvature Correction circuit (CC)
	Power Supply Rejection Ratio (PSRR)
	Biasing and start-up net
	Trimming

	Layout and measurements setup considerations
	Measurements results
	Conclusions

	The FVF LDOs and PSRR enhancement techniques
	Evaluation metrics and definitions
	The proposed LDO in 55nm CMOS
	LDO topologies and architectures
	Analog, digital and hybrid LDOs
	nMOS and PMOS power stages
	On-chip capacitors and off-chip capacitors
	Flipped Voltage Follower based LDOs
	Several FVF based LDOs

	Design considerations
	Loop stability and frequency compensation
	Adaptive biasing
	Output impedance and Power Supply Rejection Ratio

	PSRR enhancement techniques
	Bulk-biasing FVF LDO
	Feed-Forward Ripple Injection Technique FVF LDO

	Measurements results
	Bulk biasing LDO measurements
	FFRIT LDO measurements
	Comparison with the state of the art LDO literature

	Conclusions

	Conclusions and Outlook
	FVF calculations
	FVF stage loop gain
	FVF LDO loop gain
	FVF LDO output impedance
	FVF LDO PSRR

	Bibliography

