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Insulation Design and Analysis for Medium-Voltage SiC-based Power
Electronics Building Blocks

Joshua L. Stewart

(ABSTRACT)

In this dissertation, a design approach for medium voltage (MV) PCB-based components,
such as the dc bus, is detailed. Key considerations, including electric field (E-field) grading
near power terminals and PCB edges, cable feedthroughs, and the integration of components,
are explored from the perspective of E-field management. A design example of a 3-level dc
bus for a 6 kV-1 MW Power Electronics Building Block (PEBB) is presented. This PEBB
was assembled using an array of low-voltage (LV) capacitors to create 3 kV PCB-based
capacitor daughtercards, applying the same design principles as the dc bus. The scalability
of this design approach is demonstrated with a 9-level dc bus rated for 24 kV. The insulation
quality and MV performance of all PCBs have been assessed through partial discharge (PD)

analysis using an Omicron MPD 600.

The high-voltage (HV) design approach takes into account the mitigation of peak electric
field intensity to minimize insulation degradation caused by electrical stress. In addition
to electrical stress, the current carrying capacity (CCC) of these printed circuit boards
(PCBs) was assessed concerning steady-state thermal performance and short-circuit (SC)
robustness. Multiple configurations were examined to determine the current density, with
the aim of reducing temperature. The insulation performance following repetitive fault events

was monitored. Although the Partial Discharge Inception Voltage (PDIV) reduced by 50%



after 140 SC faults, it remained higher than the operational voltage. This demonstrates the

feasibility of utilizing HV PCBs in practical applications.

Finally, the insulation performance of a complete 6 kV PEBB assembly was assessed. The
PEBB was assembled component by component, with a focus on tracking the PDIV at
each stage. This approach allowed for the qualification of the PEBB for use in a 24 kV
PEBB-based converter with a common mode (CM) PDIV of 33.2 kV.

Subsequently, multiple PEBBs underwent testing to simulate their operation within a 24 kV
converter configuration, ensuring dependable performance when assembled. Custom support
structures were also designed and tested to accommodate the 24 kV PCB bus and dc-link
capacitors, serving as interconnections between multiple phase legs and the external voltage

source.



Insulation Design and Analysis for Medium-Voltage SiC-based Power
Electronics Building Blocks

Joshua L. Stewart

(GENERAL AUDIENCE ABSTRACT)

Power electronic converters are used in many applications ranging from low power to high.
Some applications include cellphone chargers, electric vehicle chargers, and even power dis-
tribution systems on land and sea. The electronics devices that are at the heart of these
converters are rapidly advancing. Newer devices are being fabricated using so-called wide
bandgap (WBG) materials such as silicon carbide as opposed to their older silicon counter-
parts. These WBG devices allow power converters to shrink in size due to their enhanced
performance. As these device technologies evolve, the need to completely redesign systems
to fully leverage their benefit arise. In this dissertation, the work centers around computer
based simulations, coupled with hardware experiments, to design custom components that
will allow engineers to significantly reduce the size and weight of medium voltage (MV)

power electronic converters while also increasing their power.

The printed circuit board (PCB) is a standard component used in every day electronics.
They are used to host electronic components while creating precise electrical connections
between them. Although these are very useful in circuits operating at lower voltages, their
use has not been widely explored for applications requiring higher voltage such those as
where these advancing WBG devices would provide the most benefit. A design method is
introduced which allows these boards to be used at relatively high voltage (HV). The ro-

bustness of these HV PCBs were evaluated to ensure the feasibility of their continued use



after multiple fault events.

The size of power converter can be largely affected by the cooling system. Although the
WBG devices can withstand higher temperature operation, the temperature of the device
can still be a limiting factor. It is preferred to extract heat from the devices, allowing them
to process more power. A standard component of cooling systems using forced air is the
heatsink. The standard heatsink has corners that create sharp corners which are not ideal in
high voltage systems; spacing between components must be increases to mitigate the effects
caused by these sharp corners. Computer simulations were used to aid in the design of a
heatsink profile which eliminates these sharp corners and was shown to reduce the clearance

between cooling system components by up to 50%.

Each component was individually designed and tested to ensure its reliable operation. How-
ever, it’s crucial to verify their performance when assembled with other components. In
addition to designing components for high voltage operation, the insulation system for a
complete converter assembly was evaluated. Once a full converter was successfully qualified,
a similar approach was taken to evaluate multiple converters when assembled together, much
like building blocks, to construct even larger converters. This rigorous testing and assembly

process ensures the reliable operation of the entire system.
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XRj.SA0 2bmHib 7Q s>0@N KQ/mH2IX XiX X@XGXpR BFRERX X X X

ttB



GBbi Q7 h #H2b

KXR .2bB;M S "~ K2i2 b7 QK 61XaBKmX XBQMbBX X X X pe X X X X
kXk S.Ao7Q e Fo"mb G v2 *QAKEBMXIiEKQMEK X X X X X98 X X X )
kXj S.Ao7Q jFo* T +BiQ . XXX X/ X X X X X X X BdX X X X

kX9 S.Ao7Q k9 Fo .*@GBMFXAKIIR X XMMX+X X X X X B9X X X X

XR J tBKmK pQHi ;2 rBi?BM KQ/mH2 # b2/ QMX+ & NMNp X RS Ki XT Q H

ttBB



GBbi Q7 ## 2pB iBQMb

Lous "mb ai> v AM/m+i M+2
* Hi2 "M iBM; *m " 2Mi
*Rx o *mTT2Mi* TvBM; * T +Biv
*m *QTT2°
x B 2+i*m " 2Mi
l@6B2H2+i B+ 6B2H/
1JA 1H2+i QK ;M2iB+ AMi2 72 2M+2
L : HHBmK LBi B/2
>0 >B;? oQHi ;2
Jo J2/BmK oQHi ;2
S*" S'BMi2/ *B +mBi"Q '/
S. S 'iB H.Bb+? ;2 AM+2TiBQM 0oQHi ;2
S. S 'iBH.Bb+? ;2
S S.S? b2 _2bQHp2/S 'iB H.Bb+? ;2 US_S.S ii2"MV
Z TT "2Mi *? ;2
a* a?Q i *B +mBi

ttBBB



aB aBHB+QM

aB* aBHB+QM * "#B/2

lq": IHi> @qB/2" M/; T

0S1 0 +mmK S 2bbm 2 1TQtvUo +mmK S'2bbm 2 1M+ TbmH iBQMV

q": qB/2" M/; T

ttBp



*?2 Ti2 R

AMIi Q/m+iBQM

RXR " +F; QmM/

_2+2Mi /p M+2K2Mib BM rB/2 # M/; TUQ":VTQr2 b2KB+QM/m+iQ 'k
#B/2 UaB*V JPa61lhb-? p2 QT2M2/ mT M2r TQbbB#BHBIiIB2b 7Q" /2bB
TQr2' /2MbBivX *QKT 2/ iQ i?2B" aBHB+QM UaBV +QmMi2 T “ib- i
HQr2  QmiTmi + ToB+ MHBR+B 2M #H2b 7 bi2° brdB/idtYBM/ bTR 2/ D@
BM; 7 2[mgM+V?Bb- BM im"M- HHQrb 7Q" i?72 "2/m+iBQM Q7 T bbB,
+ T +BiQ'b M/ BM/m+iQ 'bX //BiBQM HHv-i?2b2 K i2'B Hb+ M QT2
6m i?2 KQ 2-aB*2t?B#Bib ?B;?2 i?2 K H+QM/m+iBpBivX h?2b2irC
i72 HQr2° +QM/m+iBQM HQbb2b "2bmHIBM; RQ ¥ \HQHQMQ B @hi2i PQ 2
bB;MB7B+ Mi /2+ 2 b2 BM +QQHBM; bvbi2K "2[mB ' 2K2MibX PM2 M
+QMi2ti Q7 q": /12pB+2b Bb i?2 Ry Fo aB* JPa61lh #v qQH7bT22/X h
HQr2/ p BQmb +QMp2 i2 iQTQHQ;B2b i? irQmH/ iviB+ HHv 2[mB
aB AMbmH i2/:i2"BTQH ~h" MbBbiQ UA:"hV ii?Bb pQHi ;2 iBM;

q?2M +QMbB/2'BM; +QKTQM2Mi /2bB;MiQ ‘2/m+2T * bBiB+b M/i?2
KBMBKBxBM; BM/BpB/m H+QKTQM2Mi /BK2MbBQMb Bb pB #H2 T
7Q° HQr2 pQHi ;2 bvbi2Kb- ivTB+ HHv QT2 iBM; i 72r ?mM/ 2/
T bbBp2 +QKTQM2Mib M/ ' M:BM; i?2K BM +HQb2 T 'QtBKBiv Bb 7
H2p2Hb BM+'2 b2-BMbmH iBQM +QQ /BM iBQM #2+QK2b + BiB+ HX

R
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K22iBM; bT2+B7B+ +H2 ~ M+2 M/ +°22T ;2 "2[mB 2K2Mib i #Qi? i?
H2p2Hb + M #2 +? HH2M;BM; #mi 2bb2MiB H iQ T 2p2Mi BMbmH iB
QTiBKBXBM; TQr2' /2MbBiv Q7 K2/BmK pQHi ;2 bvbi2Kb M2+2bbBi
K2 bm 2b 7Q b 72iv M/ T2 7Q K M+2i?°Qm:? BMbmH iBQM +QQ /B

AM K2/BmK pQHi ;2 bvbi2Kb- i?2 bB;MB7B+ M+2 Q7 BMbmH iBQM +
T? bBx2/X M BMbmH iBQM 7 BHmM 2 ii?2b2 H2p2Hb ? bi?2 TQi2Mil
+QKTQM2Mib #mi HbQ + mb2 bB;MB7B+ Mi /Bb" mTiBQM iQ i?2 2MiE
+ Mi+? HH2M;2 r?2M BKBM; iQ 2M? M+2 +QKTQM2Mi /2bB;M 7Q" br

RXk JQiBp iBQM

F2v +QKTQM2Mi BM K2/BmK pQHi ;2 UJoV +QMp2i2 b Bb i?2 TQr2
i2°+QMM2+i #2ir22M +QKTQM2Mib BM i?2 TQr2  HQQT- BM+Hm/BM;
brBi+?2b-i?2 /+ #mb TH vb + BiB+ H QH2X J BMi BMBM; KBMBK H
+ VBM; +QM/m+iQ b Bb /2bB" #H2X 1MH “;BM;i?2 bT +BM; BM+ 2
i iBQM HQQT U**GV M/ /2+ 2 b2b Kmim HBM/m+i M+2- +QMi B#mil
iQi Hbi> v#mb BMARVK M2BH2AB¥2p Bim2 H2 /b iQ BM+"2 b2/ 2M2 ;v
BM i?2 K ;M2iB+ 7B2H/ Q7 i?2b2 T > bBiB+ 2H2K2MibX .m BM; brB
"2H2 b2/- H2 /BM; iQ mM/2bB  #H2 2772+ibX b +m  2Mi i?2 Qm;? i?
2 +°Qbb Bi 'Bb2b- KQK2Mi v pQHi ;2 bm ;2- FMQrM VRV- MbB2M
Q++m bX h?2 "2H iBQMb?BT #2ir22M +QMp2i2° b BKT2/ M+2 M/ |
BMp2'b2Hv T QIR hBQMKRAHB MRA2 BYO7/B 2+iHvV T'QLR IBOMMH iQ

i2 Q7 +2 M:2 Q7 +m "2Mi rBi2d/atVIR £ i@ BB BMbmH iBQM “2[mB’
K2Mib "2 "2H t2/ M/ +QKTQM2Mib + M QT2  i2 +HQb2 iQi?2B " i2
iQ MQi2i? i Qi?2 T > bBiB+ 2H2K2Mib BM i?2 **G- blms\?- bHbo @ +BiC
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+QMi'B#mi2 iQ i?2 K \[,MWBXnh/Ri Qi7BM Lig, #8bM 222 KBM2/ #v IHWRIBQM U
(22 2 BM+HmM/2b i?2 BM/m+i M+2 Q7 i?2 TQr2  KQ/mH2- +QMM2+iQ
2ti2°M H +QKTQM2Mib MQi 2tTHB+BiHv HBbi2/X

Leq= Lbus+ Leap* Lext URXRYV

Vos B 7QmM/ mbBMRXn iBQM U
di

ea gy URXkV

6B;XXBRHHmMbi® i2b /2pB+2 pQHi ;2 M/ +m "2Mi iim MQ7VX% h?2 K tB|
Bb /2i2 " KBM2/ #v i?2 /+WmbHREPHD b2 QrM BM 1[RXBEQM U

*QKT '2/iQi?2+Q@TH M "~ #mbrBi? /D +2Mi +QM/m+iQ b- > M;BM
TH M " #mbH vQmi ? b#22M b?QrMiQ BM+'2 b2 K ;M2iB+ 7Hmt + N
Lus (NRBX a2p2° H 2t KTH2b Q7 i?2 TH M ~ #mb ? p2 #22M /2KQMbi®
T K2i2'b "2QTiBKBxXx2/bm+? b+QM/m+iQ bT +BM;- +QM/m+iQ"
/2bB;M Q7 i2RKBMKkEK( AM //BiBQM iQ i?72 Apb+; MMQK2 T A/-m+2/ #v
b?Q i2MBM;i?22772+iBp2HQQT 2 2tT2 B2M+2//m BM; i?2brBi+?
#vTH +BM; /2+QmMTHBM; + T +BiQ b MR B X2ABIHDIRVKBMbHLBT2b2
/12+QmTHBM; + T +BiQ b "2#mHFv M/ + MM2; iBp2HVBKT +iF2v K2
g2B;?i- M/ SQr2 Uaqg SVX

AMIO-i?2 mi?Q b /2p2HQT2/ T BMi2/ +B +mBi #Q / US*"V @# b2/
JPa6lhb BM 2H2+i B+ p2?B+H2 UloV TTHB+ IBQRBXYyHW2 /@bB:M +
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6B;m 2 RXR, hvTB+ H/2pB+2 im MQ77r p27Q K

2bQM Mi7°2[m2M+v Q7 Ryy F>xX h?2 S*" ?2Qbib /Bbi'B#mi2/ "~ v Q
+2° KB+ +?BT UJG**V + T +BiQ b- 2772+iBp2Hv BMi2; iBM; HQr

+ T +BiQ X h?2 S*™ BM+HmM/2/i2 KBM HbiQ KQmMi ? H7# B/;2 KQ/
HmMKBMmK TH i2bc i?72 TH i2b r2°'2 BMbmH i2/ 7" QK 2 +? Qi?2 #v

h?2 ~° M;2K2Mi HHQr2/ ?B;?@7 2[m2M+v +m 2MiiQ T bbi? Qm;?
reBH2 i?72 T°'BK v /+ +m "2Mi 7THQr2/ i?2 "' Qm;? i?2 i?B+F2° HmKBMr
/2p2HQT2/ bQHMIBQM b?Qrb T°QKBb2 7Q " HQr pQHi ;2 UGoV #mb2b-
i? ii?Bb TT ' Q +? Bb HBKBi2/iQ Go #mbb2b /m2iQ i?2 +QMbi- BMib
/I2bB;M i2+?MB[m2b M/ i?2 TQHVK2 /B2H2+i "B+ b2T " iBM; i?2 Hm
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j@H2p2H TH M ° H KBM i2/ #3wb7/QbBPN22/Q4W 2H2+i QK ;M2iB+ BM
ULJAV b?B2H/BM:X 7Q0m @H v2 +QM7B:m’ iBQM r?2 2 H v2 +QN
UJA.V Q7 i?2 /+ #mb r b TH +2/ QM #Qi? bB/2b- rBi? TQbBiBp2 UY.
Hv2 b BM #2ir22M- T QpB/2/i?2 ?B;?2bi H2p2H Q7 1JA b?B2H/BM;

K@QH2p2H #mb rBi?Qmi JA.- M/ MQi?2 i?'22@H v2 ' p 'B Mi Q7 i?
JA.HQ+ i2/H v2  #2ir22Mi?22Y.* M/ @.* H vBD iM2 ZH2mti/ NKICE B/p2
7Q°+2 U1J6V r2°2 "2/m+2/ #v NyW M/ NjW- "2bT2+iBp2HvX +QMp2]
I+ #mb- /2bB;M2/ rBi? j@H2p2H TT Q +? M/ 72 im BM; 7Qm" H v2
+QKK2'+B HHv K Mm7 +im' 2/ M/ BMi2M/2/ 7Q QT2  iBQM BM e Fc
US.V K v MQi M2+2bb "BHv BM/B+ i2 M BKKBM2Mi BMbmH iBQM 7
7" K2-#mi Bi b2 p2b b p Hm #H2 BM/B+ iBQM Q7 i?2 Qp2  HH ?2 t
iBQMX 2T2iBiBp2 /Bb+? ";2b HQ+ HBx2/ BM /272+ib M/ pQB/b + M
2p2Mim H #°2 F/IQrM #2ir22M +? ;2/ +QM/m+iQ bX S. M HvbBbr b
i ;2iBM; T 'iB H/Bb+? ;2 BM+2TiBQM pQHi ;2 US. AoV Q7 i H2©D
+? BOVUH2bb i? MRy T*X J2 bm 2KQMib80@DMHIRMBM8XkKj Fo r?2M
K2 bm BM; #2ir22M Y.* M/ @.*H v2'X hQ +?B2p2i?2 M2+2bb ‘vi?B
#2ir22M +QM/m+iQ b BM +QMp2MiBQM HTH M “H KBM i2/ #mb 7Q
2 bKvbi +F KmHIBTH2 Hv2 b Q7 bQHB/BMbmH iQ -bm+? b :SP
iQ:2i?2° M/ iQ i?2 K2i H +QM/m+iQ b mbBM: i?BM 7BHK- bm+? b
Hi2US1hVX h?2 S1hBb +Q i2/ rBi? /Qm#H2@bB/2/ 2TQtv rBi? i?B
Rd8'K- BM+HmM/BM; TT QtBK i2Hv k8 'K Q7 2TQtv QM 2 +@®B/2 7Q"
/2i2 " KBM2/ mM pQB/ #H2 pQB/b M/ /272+ib BM i?Bb BMi2 7 +2r2 2
iQ i?72 HQr2' i? M 2tT2+i2/ S.AoX MQi?2  HQ+ iBQM r?2'2 bB;MB7B
Bb M2 " i2°’KBM Hb M/ "QmM/ i?2 2/;2b Q7 i?2 #mbX AM i?Bb ivT2
+QKKQM iQ mb2 M 2TQtv 2/;2 7BHH iQ 2HBKBM i2 i?2 +QM/m+iQ "¢
rQmH/ Qi?2 rBb2 #2 T 2b2MiX >Qr2p2 - /m2 iQ i?2 "2[mB 2K2Mi 7Q
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i?72 2TQtv BM TH +2 /m " BM; +m BM;- 2p2M mM/2 p +mmK T 2bbm 2
M/ pQB/b "2 HBF2HV iQ 7Q KX S. K v Q++m’ QmM/ i?2b2 2/;2b- |
2TQtv 2/;2 7TBHHX JmHIBTH2 K Mm7 +im "2 b BM/B+ i2/i? i +?B2pBI
Q< 10T* rQmH/ "2[mB 2 /Qm#HBM; i?2 BMbmH iBQM i?B+FM2bb +QK
BeX h?Bb rQmH/ BM+" 2 b2 i?2 #mb i?B+FM2bb 7 QK k8 KK iQ jk KK:
i?B+FM2bb Q7 k3WX

h?Bb Bb mM/2bB" #H2 b i?2 2MH *;2/ T i? M/ 2/m+2/ Kmim H BM/r
Qp2° HH BM+'2 b2 BM iQi H bilpy \#Xn th BB BBiA2HAHUIN2 H2 /b iQ BMG
+'2 b2/2M2 ;v biQ  :2BMi?2K :M2iB+ 7B2H/ Q7 i?2b2 T > bBiB+ 2H2
T Q+2bb-i?Bb biQ 2/ 2M2 ;v Bb "2H2 b2/- ;BpBM; "Bb2 iQ mM/2bB" ;
i72 /2pB+2 /2+°2 b2b M/ pQHi :2 + Qbb Bi BM+'2 b2b- KQK2Mi v |
i° MbB2Mi pQHi ;2\QM2QbA@QbX¥ h?2 KVLBiBH 2BQZ+UHV T'QTQ iBQN
Lous M/ i22 ° i2 Q7 +2 M;2 Q7 +m " 2Mi rBdi?dt ¥XT Rt i @ KFKQZ iUMi iQ MG
i? i Qi?2 T " bBiB+ 2H2K2Mib BM i?2 TQr2  HQQT- BMHKHmYBM; TQr!
M/ + T +BiQ  BMLm@yM-MHBQ+QMi ' B#mi2 iQ in8NXMBim/2 Q7 U

AMOG- M Jo S*"@# b2/ #mb r b T°QTQb2/ 7Q° mb2 BM e Fo ? H7#"
2H2K2Mi M HvbBb U61 Vr b mb2/iQ 2p Hm i2 1?2 2772+i Q7 p BQm
7vBM; Qi?2 ;2QK2i B+ T  K2i2 ' biQ 2/m+2i?2 T2 F2H2+i B+ 7B21
h?2rQ bi+ b2 S.Ao K2 bm 2/ r beXdk Fo #2ir22M Y.* M/ JA.X aBM+
rBi?bi M/b? H7 Q7 i?2 #mb pQHi ;2-jFo-i?2S.AoBb iH2 bikk9wW Q
pQHI ;2X h?Bb #mbr b T "1 Q7 i?2 e Fo8yy Fq S1"" /2KQMbi" i2/ #Q
M/ bT 1iQ7 H ;2 k9 Fo@kJqJQ/mH ~JmHiIiBH2p2H *QMp2i2° U
bi m+i2/ Q7 Re S1""b mbBM; qQH7bT22/6b Ry Fo aB* JIPRR6 hi?2 H7# I
#mb BM+Q ' TQ" i2/ BMi2; " i2/# H M+BM; "2bBbiQ'b M/ ?B;?@pQHi
TQr2 + #H2b M/ i?2 KBbiQ b7Q KQ/mMH2i2KT2 im 2 K2 bm 2K2M
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+B i2/ rBi? "QmiBM; i?2b2 +QKTQM2MiB¢XQhMPIQZ #h2bi2Q;2B 02 H2,
+QMbBbi2/ Q7 mTiQ 2B;?2i S1""bc 7Qm BM i?2mTT2" 'K M/ 7Qm" BN
K2i?Q/QHQ;v mb2/ 7Q  i?2 j@H2p2H e Fo S*" #mbr b 2tT M/2/ iQ +":
r?B+?2 b2 p2/ b M BMi2 +QMM2+i #2ir2R&0iPR inQ' P MR HI;BBIQ"

/| m;?i2 + "/ rBi? BMi2; i2/ # H M+BM; 2bBbiQ br b /2bB;M2/ mbB1I
T +BiQ'b M/ >0bm’7 +2 KQmM/ /2pB+2 UaJ.V 2bBbiQ bX 1B;?i + */
QM i?2 #mb iQ + 2 i2i?2 k9 Fo/+@HBMFX PM2 /+@HBMF #mb bb2k
T'QpB/BM; M 2[mBp H2Mi 2[mBp H2Mi /+@HBMF + T +Bi M+2 Q7 kX

h?2 Jo + T +BiQ / m;?i2 + /b2 b2 "2[mB 2K2Mib 7Q  BMbmH iBQN
iIQ iI?72 K2i H+ M@ivT2 + T +BiQ b mb2/ BM i?2 ? H7# B/;2 S1""X ¢
S1""r b/2bB;M2/ mbBM; + T +BiQ / m;?i2 + /b-r?B+?-BM +QMDm
BKT Qp2K2Mib- "2bmHi2/ BM bB;MB7B+ Mi BM+'2 b2 BM TQr2 /2N
/| m;?2i2°+ “/b- i?2 +QKTH2tBiv Q7 BMbmH iBQM +QQ /BM iBQM r b
MtBHB v TQr2 bvbi2K U SaV #mb BMiQ i?2 e Fo S* #mbX h?Bb 2H
i2°Qm;?2Qmii?2 +QMp2i2 7 QK TQr2 bmTTHv iQ mtBHB v +B +mE

AM T 2pBQmBHBIimHQF BM/m+i M+2 S*" #mb /2bB;M r b BMi Q/m+2
BKT2/ M+2 7Q" aB* KQ/mH2b- #mi Bi /B/ MQi //°2bb +QM+2 Mb “2H
+m "2Mi TTHB+ iBQMbX9aBKBH BIRF2BMI ¢2 ?v# B/ S*" #mb i? i m
2ti2’M H HmKBMmMK TH i2br b bmBi #H2 7Q " ?B;? +m "2Mi TTHB+
QT2 iBQM HpQHi ;2 Q7 e8y oX AM +QMi" bi- JoTH M ~#mbr b /2
S1"" BMEX Ai BM+Q TQ i2/ HmKBMmMK TH i2biQ ++QKKQ/ i2 ?B;?
QM "2/ m+BM; 1JAX >Qr2p2 -S. M HvbBb BM/B+ i2/i? i Bi /IB/ MQi k
"2[mB 2K2MibX

*QMbB/2°BM; i?2 TQi2MiB H7Q  HBKBi2/ +QQHBM; rBi?BM S1"" 2MH-
/1"2bb i?2°K H+QMbB/2" iBQMb /m BM; i?2 S*" #mb /2bB;M T Q+2b|
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Bib ;H bbi® MbBIiBQMIj2KT22 /iBiZB2#i"B+ K i2°B HHQQb2b Bib "B;B/
BMiQ bQ7ibii2-H2 /BM; iQ#Q '/ 7 BHMm 2X _2b2 "+? ? b /2KQMb
im 2b #7H®rM i°B;;2" /2i2°'BQ " iBQM Q7 i?2 /B2H2+i B+KJi2 ' B HX
++2H2" i2//2;° /| iBQM i2bibr2°2 2t2+mi2/ mM/2  2H2p i2/ i2KT2" ir
/IBiBQMb Q7 38é* M/ 38W- "2bT2+iBp2HvX Pp2 iBK2-i?2 BMbmH i
p Hm2b 2t+2@2/BMpb2p2  HK2; Q?Kb-rBi?i?Bb/2;" / iBQM ii' B#mi2/
bm+? b 2H2+i"Q+?2KB+ H KB;  iBQM U1*JV Q" /2M/'Bi2 ;"Qri?X >
rQ b2mM2/i?2 2ti2Mi Q7 i?Bb /2;" /| iBQMX a KTH2b r2 2 bm#D2+i2/ |
7" QK NNX38é* iQ KINX38 E-XKDI2M- thHHQ@ H2p2H /B2H2+i B+ /2;° |
"2bmHIBM; BM 2/m+2/ + T +Bi M+2 M/ bm 7 +2 2bBbi MF2X hQ KE
/2bB;M2 b Q7i2M 272" iQ AS* bi M/ /b R@XSFBM+2?12B2B0M ;M/ /b
?2HTb T 2p2Mi #Q '/ 7 BHM 2 /m2iQ DQmH2 ?2 iBM;X

AM //BiBQMiQ bi2 /v@bi i2 T2 7Q 'K M+2-BiBbpBi HiQ +QMbB/2" E
2p2MibX a?Q i +B " +mBiUa*V 7 mHib+ M ;2M2 i2bB;MB7B+ Mi 7Q
T "iB+mH "Hvr?2M +QM/m+iQ b EeecBM;BNd KBMBKBRD-B7 1?72 +QTT:
T22H 7°QK i?2 /B2H2+i'B+- 2tBbiBM; pQB/b K v #2 2t +2 # i2/ Q" /
H2 /BM; iQ 2/m+2/ BMbmH iBQM T2 7Q K M+2X

RXj PmiHBM?2

h?Bb /Bbb2i iBQM 7Q+mb2b QM i?2 /2bB:M M/ [m HB7B+ iBQM Q7
bvbi2Kb 7Q° QT2  iBQM | i?2 S1"" M/ +QMp2 i2° H2p2HX h?2 S*"
/2i BH2/ BM

AM *? Tk2 ' M 2H2+i B+ 7TB2H/@+QMbi" BM2/ /2bB;M TT Q +?2 7Q S
BMi'Q/m+2/- mbBM; 7TBMBi2 2H2K2Mi M HvbBb U61 VX .2bB;M 2t K-
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e Fo/+ #mb- k9 Fo#mb mb2/ bi?2BMi2 " +QMM2+i #2ir22M T? b2@
p2'i2°- M/ jFo+ T +BiQ / m;?i2 + "/bX h?27Q K7 +iQ° M/ + T +Bi
/| m;?i2°+ /b "2 +mbiQKBx2/7Q mb2 bi?2/++ T +BiQ bQ7i?2¢eF
/+@HBMF #mbX h?2 ?B;? pQHi ;2 T2 '7Q 'K M+2 Q7 i?2b2 +QKTQM2
+? ;2US.V M HvbBb iQ p HB/ i2i?2B /2bB;MX

AM *? Tj2i?2 +m "2Mi+ vBM; + T +BivU***V Q7 i?2b2 S*"@# b2/ +(
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M2+2bbBiviQ mM/2 bi M/ i?2 BKTHB+ iBQMb Q7 p "BQmb /2bB;M /2-

h?Bb b2+iBQM BMi"Q/m+2b 61 @# b2/ /2bB;M TT Q +? 7Q" i?2 >o0
T?vbB+b br2HH b MbvbJ tr2HH|j. M/ Zj. "2mb2/7Q 2H2+i B+ 7B2
2ti° +iBQMX

kX]XR J2b?BM;

6BMBi2 2H2K2Mi M HvbBb Bb MmK2 B+ H i2+?MB[m2 2KTHQv2/ i
Q  bvbi2KbX Ai +?B2p2b i?Bb #v /BpB/BM; i?2K BMiQ bK HH2 - KQ
Q' 2H2K2MibX h?2b2 2H2K2Mib b2 p2 b TT QtBK iBQMb 7Q" i?2
i72 Q°B;BM Hbi'm+im 2X 61 + M ?2HT iQ 2M? M+2b Qm  mM/2 bi
#v /BpB/BM; i?2K BMiQ bm#b2+iBQMb M/ TTHVBM; T?vbB+b@# b2
h?2b2 2[m iBQMb HHQr mb iQ KQ/2H M/ bBKmH i2i?2 #2? pBQ" Q7
2 +? 2H2K2Mi- i?2 ;Qp2 "MBM; 2[m iBQMb "2 bQHp2/iQ /2i2 " KBM2 i
2H2K2MiX hQ ++QKTHBb? i?Bb- i?2 2[m iBQMb "2 ivTIB+ HHv bQH
2H2K2MiX TQHVMQKB H # bBb Bb miBHBXx2/ 7Q° bQHmMiBQM BMi:
bQHMIBQM iQ #2 2ti2M/2/ + Qbb i?2 2MiB 2 2H2K2MiX

AM i?2 +QMi2ti Q7 61 - r2 272" iQ i?2 bBx2 Q7 i?2 2H2K2Mib b i?
bK HH2 K2b? bBx2 T QpB/2b KQ'2 ++m  i2bQHmMIiBQM #2+ mb2 Bi
Q7 i?2bi'm+im 2X >Qr2p2 - i?Bb BKT Qp2/ ++m’ +v +QK2b ii?2 +Q
/2K M/b- b i?2 2[m iBQMb Kmbi #2 bQHp2/ i 2 +? Q7 i?2 //BiBQM t
i72 KQ/2H bBx2 M/ +QKTH2tBiv- Biéb /2bB" #H2 iQ 7BM/ # H M+2 #
M/ bBKmH iBQM bT22/X 6BM/BM; i?Bb 2[mMBHB# BmK Bb + BiB+ H
2Mbm 2bi? ii?2 +QKTmi iBQM H 2bQm +2b 2277B+B2MiHv miBHE
“2bmHibX
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AM M BMbmH iBQM bvbi2K-i?2 HQ+ i BQM r?2'2 +QM/m+iQ° BMi2’
Bb "272 72/ iQ b i?2 i ' BTH2 TQBMiX ii?Bb TQBMi- i?2 1@7B2H/ #
i?72 +QMi° bi BM 2H2+i' B+ HT QT2 iB2b #2ir22M i?2 /IB2H2+i B+b |
+QMi” biBM 2H2+i'B+ HT ' QT2iB2b ii?2BMi2°7 +2 + MH2 /iQ Mm
bHQr +QMp2 ;2M+2 Q MQM@+QMp2 ;2M+2 Q7 i?2 bQHMIBQMX h?B
bi'm;;H2iQ ++m  i2Hv 2T 2b2Mi M/ 2bQHp2i?2 # mTi+? M;2b BN
i i?72 iI'BTH2 TQBMiX J2b? "27BM2K2Mi bi® i2;B2b "2 Q7i2M mb2/ i
M/ Q#i BM ++m’ i2 MmMK2 B+ HbQHmMiBQMb r?2M /2 HBM; rBi? T°Q

aBM+2 bQHMIiBQMb M2 " i?Bb TQBMi K v#2 BM7HmM2M+2/ #v i?2 K2b"
i?2 /Bbi M+2 7°QK i?2 i'BTH2 TQBMi i r?B+? i?2 bQHmMIiBQM #2+QK?2
K2b? bBx2 "2 +?BM; bii2 Q7 K2b? BM/2T2M/2M+2X k. + Qbb@b?2
rBi?BM S*" Bb BHHmbKX & hBBIb6HBQX iBQM 2T 2b2Mib i?2i?2 "2;BQ
TQBMi Q7 S*"BM B  rBi? k Qx +QTT2 X *mi@HBM2b mM2/ 7Q" K2
M- MM3X h?2b2 2ti2M/ Qmir /7 QK i?2i'BTH2 TQBMi i M;H2b Q7 9
i?72 B° M/i?2 /B2H2+i B+X

q?2M K2b?8M; + M/ mbBM; b2+QM/@Q /2 bQHp2 -irQ 2H2K2Mib T
BM H2bb i? MyXRW 2 "Q BMi2 Kb Q7 ;2QK2i "B+ /Bb+ 2iBx iBQMX
K2b?2/ M/ 2T 2b2Mi2/ ++m i2Hv BM i?2 T?vbB+ H/QK BM- i? i
++m° i2 bQHMIBQMX K2b? b2MbBiBpBiv bim/vr b +QM/m+i2/ #v

bBx2 + Qbb i?2 2MiB 2 KQ/2H M/ Bi2 iBp2Hv p VvVBM; i?2 bBx2bX
1'K i@B5'Kc 2[mBp H2Mi iQ ?2 H7 i?2 i?B+FM2bb Q7 k Qx +QTT2'X A
#QmM/ v +QM/BiBQMb "2 TTHB2/iQi?22/:2bQ7i?22 +QM/m+iQ X
T2 72+i +QM/m+iQ  Bb x2 Q- MQ K2b?r b ;2M2" i2/ rBi?BM i?2 +QM/
+QKTmi iBQM iBK2 #v pQB/BM; mMM2+2bb v bQHmMIBQMbX h?2 KQ
i2°Qm:?Qmi Bb b? Qd#XBM 6B ; X
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*QTT2"

S*"

*QTT2"

U#V
6B;m 2 kX9, U VJIQ/2H bBKmH i2/7Q K2b? b2MbBiBpBiv bim/v U#

1@7B2H/ BMi2MbBiv K2 bm 2K2MjbM,2 2MNMg2M 6 BKAMWBHHmbi" i2b

i72 1@7B2H/ BMiMYMBRiIVPHB®Mb K2b? bBx2bX h?2 bQHMiIBQMb +Q
K2b? 2H2K2Midéb /Bbi M+2- B "2bT2+iBp2 Q7 i?2 K2b? bBx2X hQ BHF
HQMy; mbBM; k'K :'B/ M/ j'K;'B/- ;"22K2Mi Bb Q#b2 p2/ #2vQM/
+QKT "BM; "2bmHib 7°QK k'K M/ Ry'K ;'B/- +QMp2 ;2M+2 Bb +?E

6B;mkK2I M/kXQ/2TB+i 1?2 /IB772°2M+2 BM K ;MBim/2 M/ T2 +2Mi ;2
+H "Biv- QMHv b2H2+i ;" B/ bBx2b "2 /BbTH v2/-#mii?Bb i 2M/ Bb +C
+QKT "BM; 2bmHib ;2 i2°i? M QM2 K2b? bBx2 r v-i?2 2 "Q - +QK
bQHMIBQM- 2K BMb i TT QtBK i2HVRW Q7 #2HQrX *QMb2[m2MiHV



k*FNZy T 1Y 24T« O« 70742+né 206é972KT20 eéApna zIT T+#A2Z 72 +

U#V

U#v
6B;m 2 kX8, U VJIQ/2H bBKmH i2/ 7Q K2b? b2MbBiBpBiv bim/v U#

Bb ++m” i2 #2vQM/ i?Bb /Bbi M+2 7°'QK i?2 i'BTH2 TQBMi b i?Bb B
+QMp2;2iQX

h?Bb Q#b2 p iBQMBb T iB+mH "Hvp Hm #H2 bBi HHQrb7Q 7 bi2
i BMBM: ++m’ +vX h?Bb TT Q +?2 T Qp2b #2M27B+B Hr?2M +QM/m-
M Hvb2b + Qbb p 'BQmb /2bB;Mb- 2M #HBM; i?2 mb2 Q7 H ;2 K2
b2bbBM; p "B iBQMb ii?2 bT2+B7B2//Bbi M+2 7°QK i?2 i'BTH2 TQE

h?2 #Qp2K2i?Q/BKT Qp2bbBKmH iBQMiBK2 M/ HHQrb ++m’ i2 7]
/Bbi M+2b /Bbi M+2 r v 7°QKi?2 i'BTH2 TQBMiX >Qr2p2°-7Q" 7BM
+QMbB/2 i?2 7B2H/ +HQb2 iQ i?2 i'BTH2 TQBMi bi?BbrBHH i?2i?
BMbmH iBQM bi*2bbX .m2 iQ i?2 +QM/iM2iN@ 7BQK2BWMiMVIbBiv K v #
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U#V

6B;m 2 kXe, S* JQ/2H rBi? U V K2b? #Qt2b //2/ "QmM/i BTH2 TQB
BM K2b? #Qt M/ bQ7ir "2 ;2M2 i2/ |/ TiBp2 K2bbBM; i? Qm;?2Qmi 2

7Bp2 iBK2b ?B;?2 M2 " iXBX BOHRAQBM2(mb2 Q7 bK HH2 K2b? Bl
bT2+B7BK2DRVAQOPQ MH/ #2 //2/i? i 2M+QKT bb i?2 2 bm "QmM/
TQBMiXk&EBXHmbi® i2b i?2 b K2 S*" + ' Qbb@b2+iBQM rBi? K2b? #Q
"2:BQMX 7Bt2/ K2b? Q7 8'K Bb TTHB2/ ?2°2-r?2°2 b i?2 "2K BM/
MQ 'K H / TiBp2 K2b? r?B+? Bb "27BM2/ #v i?2 61 bQ7ir “2X
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kXjXk 1H2+i'B+ 6B2H/ *QMbi  BM2/ .2bB:M J2i?Q/QHQ;

6Q  i?2 >0 S*"b- irQ BMbmH iBQM bvbi2Kb Kmbi #2 +QMbB/2 2/c BM
i72 bm 7 +2 BM B X 6B bi- 1@7B2H/ BMi2MbBiv rBi?BM i?2 S*" b?
i72 1@7B2H/ BMi2MbBiv BM B  b?QmH/ #2 +QMi QHH2/iQ 2Mbm 2 +
+miQmib- M/ #Q “/2/;2b-b?QmH/ HH #2 M Hvx2/7Q 2 +?2 Q7 i?2b:
i72 @H2p2H #mb mb2/ BM i?2 +Q KP 2Mi/A3bBIb 21 20N 22 BM (

kXjXj *'Bi2'B 7Q 1H2+i B+ 6B2H/ ai 2M;i?
S*" .B2H2+i'B+ a2H2+iBQM

h?2 1@7B2H/ BMi2MbBiv BMbB/2 Q7 i?2 S*" Kmbi bi v rBi?BM i?2 k
B " 2p2 bB#H2/ K ;2X PM+2 i?2 1@7B2H/ BMi2MbBiv rBi?BM i?2 #Q
9- " TB/# 2 FIQrM rBHH Q++m X Ai Bb BKERIBMH i/Q+2KDRA#QRPZA? iBK
b ;BM; Q++m b-bQ Bi BbBKTQ i MiiQ /2bB;M mbBM; /2" i2/ p Hm:
BM i?2 K Mm7 +im 2 6b /i b?22iX 6Q bi M/ "/ M/ ?B;?@i2KT2"  im
7 +iQr b 7QmM/iQ " M;2 7 QRYX88@yXdd (

PM2 Q7 i?2 Q#D2+iBp2b Q7 i?Bb T°QD2+i Bb iQ /2p2HQT +Qbi@:
2 bBHVvK Mm7 +im 2/ mbBM; bi M/ "/ T ' Q+2bb2b-i?2 2#vBM+ 2 bBN
/IQTIBQMX 7i2° +QM/m+iBM; bm p2vb KQM; K Mm7 +im 2 b- AbQH
+QKKQM M/ 2 /BHvV p BH #H2 ?B;? T2, 1BQ ™ Mi2 b +@QbBM?7 Q" #Qi
KQ/2HBM; M/ 7 # B+ iBM; HH #Q “/bX h?Bb /2+BbBQM r b # b2/ QN
M/ 2H iBp2HvV HQr2  +Qbi BM +QKT 'BbQMiQ KQ 2 bT2+B HBxXx2/ #Q
?v# B/ Hi2 "M iBp2bX //BiBQM HHv- Bi Bb +QMbi m+i2/ mbBM; M 1
iQ +QM/m+iBp2 MQ/B+ 7BH K&Mi &ni 632 KXQi2-(BM "2H iBQM iQ * 6
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i?Bb /2bB:M K2i?Q/QHQ:v 7Q+mb2b QM "2/m+BM: 1@7B2H/ BMi2Mb
i?2 HBF2HB?QQ/ Q7 * 6 7Q K iBQM- b T 2pBQmb bim/B2b ? p2 b?Qr
mM/2  ?B:? 1@7B2H/ BMiZMBBewXQM/BiBQMb (

h?2 /IB2H2+i BEPD2ZMBQH jdy>_ #27Q 2 /2 iBM; Bb 89 FofKK URj8
272 2MKR = 38:3701KBH IKXB#H25:4'KX *QMbB/2=BM88@yXdd- i?2 ;2/
" iBM; Bb #2ir22M R3@k9 FofKK U99e@ey3 ofKBHVX AM i?Bb rQ F
+QMbB/2" iBQMb Bb ky FofKK U8yy ofKBHV r?B+? Bb iQr '/ i?2 HQ
T M;2X

h?2 #°2 F/IQrM bi2M:i? Q7 B  Bb +QKKQMHvV 272 °2M+2/ b jFofKKc
bi M/ "/ +QM/BiBQMb r?2°2i?2i2KT2 im 2Bb k8é&* M/ B T 2bbm" 2
h?2 B> b?QmH/ HbQ #2 7°22 7°QK BKTm BiB2b M/ “2H iBp2Hv / v
?mKB/Biv- BKTm BiB2b- M/ 2p2M i?2 /B772 2 M4 XBMRQHT 22 IRQX |
_2b2 "+?22°b ? p2 bim/B2/i?22772+ii?2b2 T > K2i2'b ? p2 QM # 2 F
+Q QM BM+2TiBQM K@ Hd ;2 jB+A)Y AM i?Bb rQ F- i?2 i? 2b?QH/ 7Q
BMi2MbBiv BM B r b b2i ik FofKKX

kXjX9 .2bB;M J2i?Q/

h?2 irQ + Bi2°'B 7Q 1@7B2H/ BMi2MbBiv i? 2b?QH/ Kmbi #2 K2i BM
BM B X

CEF’CB ky FofKK

CEar k FofKK
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