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KZ[e bSbWd bdWeW`fe S ,- ]N 8:*;: e[`Y^W(bZSeW baiWd egbb^k fa _WWf fZW Ydai[`Y baiWd VW_S`Ve

[` VSfS UW`fWde Vd[hW` Tk fdS[`[`Y hWdk ^SdYW 8@ _aVW^e) KZW Ua_T[`Sf[a` aX `ahW^ /++M J[: DFJ=<K

VWh[UW fWUZ`a^aYk S`V _g^f[(^WhW^ faba^aYk SdW WeeW`f[S^ [` SUZ[Wh[`Y fZW VWe[dWV baiWd VW`e[fk $,++ N*[`u%

S`V WX!U[W`Uk fSdYWf $" " 42)0#%) KZW [`fdaVgUf[a` aX /++ M J[: DFJ=<K fWUZ`a^aYk Td[VYWe fZW YSb

TWfiWW` -++ S`V 1++ M egbWd(\g`Uf[a` DFJ=<Ke S`V [e UZSdSUfWd[lWV Tk ^ai ei[fUZ[`Y ^aeeWe S`V ^ai

a`(efSfW dWe[efS`UW) @` adVWd fa ]WWb fZW ^aSV fdS`e[W`fe aX 8@ UZ[be SiSk Xda_ fZW 8: ^[`W' S `ahW^ Ua`fda^

Ua`UWbf [`ha^h[`Y S baiWd(bg^eSf[a` TgXXWd U[dUg[f [e [`fdaVgUWV' iZ[UZ SUfe Se S` SUf[hW !^fWd S`V S^ea

bdah[VWe Xg^^ Ua`fda^ aX dW(dgeZ UgddW`fe SXfWd ^[`W(UkU^W Vdab(agfe)
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KZW YdaifZ aX baiWd Ua`eg_bf[a` aX VSfS UW`(

fWde ZSe Z[efad[US^^k TWW` Vd[hW` Tk fZW [`UdWSeW

aX baiWd Ua`eg_bf[a` aX fZW :GLe) KZ[e Z[efad(

[US^ fdW`V' ZaiWhWd' ZSe TWW` fdW_W`Vage^k SU(

UW^WdSfWV Tk fZW SVhW`f aX ^SdYW ^S`YgSYW _aVW^e

$CCDe% iZ[UZ dWcg[dW _See[hW S_ag`fe aX bSdS^^W^

>GLe*KGLe fa fdS[` fZW_) KZWeW >GLe*KGLe Ua`(

fS[` fZageS`Ve aX Ua_bgfW UadWe Ua_bSdWV fa \gef

S XWi [` U^See[U :GLe S`V fZWdWXadW Ua`eg_W _adW

fZS` fi[UW fZW S_ag`f aX baiWd bWd VWh[UW) =gdfZWd(

_adW' i[fZ WSUZ `Wi YW`WdSf[a`' fZW baiWd Ua`(

eg_bf[a` aX fZW >GLe*KGLe [`UdWSeWe Tk Sdag`V

0+#) <jfdSba^Sf[`Y fZWeW `g_TWde fa fZW Y^aTS^

eUS^W aX VSfSUW`fWde eZaie fZSf fZW baiWd VW_S`V

aX VSfSUW`fWde aX -# aX Y^aTS^ W^WUfd[U[fk Ua`eg_b(

f[a` faVSk Uag^V d[eW fa 2# [` -+.+' WcgSf[`Y fa fZW

W^WUfd[U[fk Ua`eg_bf[a` aX @`V[S)

@` adVWd fa UabW i[fZ fZW Wjba`W`f[S^^k [`UdWSe[`Y

baiWd VW_S`V aX ZkbWdeUS^W VSfSUW`fWde' fZW Sd(

UZ[fWUfgdW aX fZWeW VSfSUW`fWde' Se bdabaeWV Tk fZW

Ua`eadf[g_ aX fZW FbW` :a_bgfW Gda\WUf' [e V[X(

XWdW`f Ua_bSdWV fa U^See[U W`fWdbd[eW VSfSUW`fWde)

F`W aX fZW ]Wk V[XXWdW`UWe [e fZSf fZW baiWd egbb^k

g`[fe $GJLe% SdW b^SUWV [` baiWd eZW^Xe Sf fZW fab

S`V*ad Taffa_ aX fZW dSU] [`efWSV aX a` fZW _afZ(

WdTaSdVe) KZWeW Ua_bgfW eZW^Xe ZageW fkb[US^^k
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6IG$ '0 >dai[`Y baiWd VW_S`V aX 8@ fdS[`[`Y

>GLe*KGLe $S% S`V Y^aTS^ VSfSUW`fWd
W^WUfd[U[fk Ua`eg_bf[a` $T%)

e[j GJLe i[fZ S 0&, dWVg`VS`Uk) Kkb[US^^k' fZdWW

fa Xagd baiWd eZW^Xe SdW b^SUWV i[fZ[` a`W dSU])

FhWd fZW ^Sef XWi kWSde' fZW baiWd dSf[`Y aX fZWeW

e[`Y^W(bZSeW GJLe ZSe [`UdWSeWV Xda_ .). ]N fa
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6IG$ (0 JUZW_Sf[U ahWdh[Wi eZai[`Y fZW faba^aYk geWV [` fZW ,- ]N VW_a`efdSfad5 KafW_(ba^W G=: i[fZ .j
[`fWd^WShWV .(^WhW^ "k[`Y USbSU[fad Td[VYW ^WYe' baiWd bg^eSf[a` TgXXWd i[fZ -j [`fWd^WShWV .(^WhW^ "k[`Y

USbSU[fad Td[VYW ^WYe' S`V g`dWYg^SfWV ;:O Ua`hWdfWde [` @JFG Ua`!YgdSf[a`)

0)0 ]N fa 3 ]N iZ[UZ i[^^ TW VWb^akWV eaa`) =ad

Z[YZWd dSU](baiWd ^WhW^e' fZWdW [e S U^WSd VW_S`V

Xad Z[YZWd GJL baiWd ^WhW^e' egUZ Se ,- ]N GJLe

Se bdabaeWV [` fZ[e bSbWd)

KZW abWdSf[a` aX ^SdYW S_ag`fe aX ek`UZda`[lWV

>GL U^gefWde ^WSVe fa SVV[f[a`S^ UZS^^W`YWe Xad fZW

baiWd egbb^k [`XdSefdgUfgdW) NZW` S `Wi fdS[`[`Y

TSfUZ [e [`[f[S^[lWV' fZW baiWd VW_S`V aX fZW >GLe

d[eWe Xda_ +# ^aSV fa Sdag`V -++# Xad Sdag`V

0++ #e S`V fZW efWb(i[eW dWUWVWe fa ,++#) KZWeW

^aSV efWbe aUUgd WhWdk ,(- e S`V eZS^^ `af TW eWW`

a` fZW 8: ^[`W Se fZWk UdWSfW egT(ZSd_a`[Ue [`

fZW VSfS UW`fWd baiWd [`XdSefdgUfgdW S`V bafW`f[S^^k

[`UdWSeWV Uaef VgW fa S bWS] UZSdYW Ua_ba`W`f

fa fZW fafS^ W^WUfd[U[fk T[^^ Q,R) F`W baee[T^W ea^g(

f[a` Xad ZS`V^[`Y ^aSV \g_be SdW egbWd(USbSU[fad

eZW^hWe' iZ[UZ' ZaiWhWd' ZShW S VW^Sk aX S XWi

_[^^[eWUa`Ve TWXadW dWSUf[`Y S`V SVV[f[a`S^^k fS]W

SiSk hS^gST^W ebSUW [`e[VW fZW Ua_bgfW dSU]) @`

fZW ekefW_ bdabaeWV [` fZ[e bSbWd' S baiWd bg^(

eSf[a` TgXXWd efSYW [e W_b^akWV iZ[UZ S^^aie fa

Ua_bW`eSfW ^aSV \g_be)

8 eWUa`V UZS^^W`YW Sd[eWe Xda_ fZW _Sj[_S^ fZWd(

_S^ TgVYWf S`V bZke[US^ ^[_[fe fa S[d(Uaa^[`Y) 8e

egUZ GJLe fkb[US^^k SdW ^[_[fWV fa S e[`Y^W /+ __

XS`' _Sj[_S^ S[d ha^g_W S`V bdWeegdW SdW ^[_[fWV)

KZ[e bdaT^W_ [e WjSUWdTSfWV Tk fZW XSUf fZSf ^SdYWd

GJLe `af a`^k YW`WdSfW _adW ^aeeWe [` fafS^ Tgf

S^ea WjZ[T[f [`UdWSeWV bdWeegdW Vdab VgW fa fZW[d Wj(

fW`VWV ^W`YfZ' _S][`Y ZWSf WjfdSUf[a` e[Y`[!US`f^k

_adW UZS^^W`Y[`Y) F` fZW a`W ZS`V' [X Ua_ba`W`f

b^SUW_W`f [e faa dWefd[Uf[hW Xad S[d fa "ai' fZW baiWd

USbST[^[fk [e bW`S^[lWV Tk [`SVWcgSfW Uaa^[`Y) F`

fZW afZWd ZS`V' [X Ua_ba`W`f b^SUW_W`f [e faa YW`(

Wdage' fZW fSdYWfWV baiWd VW`e[fk _[YZf `af TW

SUZ[WhWV) 8VV[f[a`S^^k' dWS^ iad^V Ua`efdS[`fe ZShW

fa TW fS]W` [`fa SUUag`f) ;gW fa U^aeW bdaj[_[fk

aX eWhWdS^ GJLe [` a`W eZW^hW' ZWSf V[ee[bSf[a`

fZdagYZ fZW _WfS^ Zage[`Y [e ^[_[fWV S`V fab(e[VW

Uaa^[`Y fZdagYZ fZW Zage[`Y [e `af h[ST^W [` efWSVk(

efSfW)

KZ[e bSbWd bdWeW`fe S Ua_bdWZW`e[hW efgVk aX S

,- ]N eWdhWd GJL' fSdYWf[`Y fZW ebWU[!U UZS^^W`YWe

S`V dWcg[dW_W`fe aX _aVWd`' 8@(XaUgeWV VSfS UW`(

fWde) KZS`]e fa [``ahSf[a`e [` eW_[Ua`VgUfade' V[Y(

[fS^ Ua`fda^^Wde' faba^aY[We Se iW^^ Se S Za^[ef[U VW(

e[Y` SbbdaSUZ fZSf [`UadbadSfWe _WUZS`[US^ S`V

fZWd_S^ Ua`efdS[`fe i[fZ fZW abf[_[lWV UZa[UW aX

faba^aYk' [f iSe baee[T^W fa ahWdUa_W fdSV[f[a`S^

^[_[fe [` GJL VWe[Y`)

( =WQREL 3NMCEOR

@` fZ[e eWUf[a`' fZW ,- ]N GJL [e [`fdaVgUWV S`V

fZW g`VWd^k[`Y VWe[Y` bZ[^aeabZk [e bdWeW`fWV) KZW

_S[` ebWU[!USf[a` aX fZW ekefW_ SdW ^[efWV [` >AB$ ')

($' 4EQIGM CNMQIDEPARINMQ

@` adVWd SUZ[WhW fZW abf[_S^ fdSVW(aXX TWfiWW` WX(

!U[W`Uk' baiWd VW`e[fk S`V fZWd_S^ VWe[Y`' fZW

,- ]N GJL Ua`e[efe aX fia 1 ]N g`[fe i[fZ ^Wee

fZW` ,*- L ZW[YZf' iZ[UZ SdW efSU]WV faYWfZWd egUZ

fZSf fZWk !f [`fa S , L ZW[YZf) Jb^[ff[`Y fZW VWe[Y`

[`fa fia _aVg^We ZSe fZW SVVWV TW`W!f aX S i[VWd

dS`YW aX ShS[^ST^W Ua_ba`W`fe' Web) fZW UZa[UW

>AB$ '0 DS[` ebWU[!USf[a`e aX fZW ,- ]N GJL)

;APALEREP ?AKSE

=g^^ baiWd [`bgf ha^fSYW dS`YW "! ' #!) ! $!&,d_e

;W(dSfWV [`bgf ha^fSYW dS`YW "! ' ")! ! #!),d_e

8: [`bgf XdWcgW`Uk %(%( !'$+7

ISfWV agfbgf baiWd "#3-

Fgfbgf ha^fSYW Sf Xg^^ ^aSV %*,

Fgfbgf ha^fSYW Sf `a ^aSV &!,

?a^V(gb f[_W #!46

GZke[US^ V[_W`e[a`e $Nj?jC% ')')j%!%!j(!&44$



aX XgeWe S`V dW^Ske a` fZW [`bgf US` afZWdi[eW TW

^[_[fWV) =geWe a` fZW [`bgf aX WSUZ _aVg^W US`

S^ea TW dSfWV Xad S ^aiWd UgddW`f ^WhW^' fZge k[W^V[`Y

XSefWd T^ai f[_W)

KZW eW^WUfWV faba^aYk aX S 1 ]N g`[f [e eZai` [`

6IG$ () KZW faba^aYk Ua`e[efe aX fZdWW Tg[^V[`Y

T^aU]e' `S_W^k fZW G=:' fZW baiWd bg^eSf[a` TgXXWd'

S`V fZW ;:*;: efSYW' iZ[UZ i[^^ TW VWeUd[TWV [`

fZW Xa^^ai[`Y)

($'$' ;63 QRAGE

@` adVWd fa dWVgUW fZW e[lW aX fZW _SY`Wf[Ue [` fZW

G=: S`V fa SUZ[WhW S Z[YZ WX!U[W`Uk' S fZdWW f[_We

[`fWd^WShWV' fZdWW(^WhW^ "k[`Y USbSU[fad fafW_(ba^W

G=: faba^aYk [e UZaeW`) KZW TW`W!fe aX fZW "k(

[`Y USbSU[fad Td[VYW(^WY SdW fZW [`fdaVgUf[a` aX S

fZ[dV ha^fSYW ^WhW^ [` fZW ei[fUZ[`Y iShWXad_e' iZ[UZ

dWVgUWe fZW ha^fSYW Sbb^[WV SUdaee fZW Taaef [`VgU(

fade) 8VV[f[a`S^^k' VgW fa fZW [`fWd^WShWV abWdSf[a`

aX fZW ei[fUZWe i[fZ[` S Td[VYW(^WY' fZW WXXWUf[hW

ei[fUZ[`Y XdWcgW`Uk aX S Td[VYW(^WY [e fi[UW fZW

ei[fUZ[`Y XdWcgW`Uk aX fZW eW_[Ua`VgUfade) 8e S

Ua`eWcgW`UW' fZW ha^fSYW f[_W(SdWS eWW` Tk fZW

Taaef [`VgUfade [e dWVgUWV Tk S XSUfad aX Xagd Ua_(

bSdWV fa fia(^WhW^ Td[VYW(^WYe' ^WSV[`Y fa Xagd f[_We

^aiWd [`VgUfS`UW hS^gWe) 8VV[f[a`S^^k' Tk [`fWd^WSh(

[`Y fZdWW "k[`Y USbSU[fad Td[VYW(^WYe' fZW UgddW`f

efdWee a` fZW [`VgUfade Se iW^^ Se fZW eW_[Ua`(

VgUfade [e dWVgUWV bdabadf[a`S^^k) KZ[e g^f[_SfW^k

S^^aie fa W_b^ak ^ai bda!^W [`VgUfade !ff[`Y [`fa fZW

ZW[YZf ^[_[fSf[a` aX ,*- L) KZW bSdS^^W^ [`fWd^WSh[`Y

fZW Td[VYW(^WYe [`UdWSeWe S^ea fZW WXXWUf[hW ei[fUZ(

[`Y XdWcgW`Uk eWW` Tk fZW <D@ !^fWd S`V [e e[j f[_We

Z[YZWd fZS` fZW ei[fUZ[`Y XdWcgW`Uk aX fZW [`V[h[V(

gS^ eW_[Ua`VgUfade $ )ei ! )!3+7%' [)W) fZW !def ZSd(

_a`[U i[fZ[` fZW <D@ TS`V [e Sf /3+ ]?l' iZ[UZ

S^^aie fa dWVgUW fZW e[lW aX fZW <D@ !^fWd fa !f [`fa

fZW ZW[YZf dWcg[dW_W`fe) 8` SVV[f[a`S^ SVhS`fSYW

aX fZW eWd[We S`V bSdS^^W^ [`fWd^WSh[`Y Sbb^[WV [` fZ[e

GJL [e fZW WXXWUf aX ZWSf(ebdWSV[`Y S_a`Y _g^f[b^W

[`VgUfade S`V eW_[Ua`VgUfade iZ[UZ bdWhW`f fZW

UdWSf[a` aX Zaf(ebafe)

($'$( ;NUEP ;SKQARINM 2SFFEP !;;2"

8e VSfS UW`fWd abWdSfade VW_S`V fZW g`[fWddgbfWV

abWdSf[a` aX fZW eWdhWde WhW` [` fZW USeW aX ^[`W(

UkU^W Vdabagfe $C:;F%' S^^ GJLe SdW dWcg[dWV fa

ZShW S Za^V(gb f[_W' [)W) -+ _e' Vgd[`Y iZ[UZ fZWk

ZShW fa bdah[VW fZW Xg^^ S_ag`f aX baiWd $,- ]N%

fa fZW agfbgf) KZ[e _WS`e fZSf Sf ^WSef -/+ A aX

W`WdYk ZShW fa TW efadWV [`e[VW fZW GJL' fkb[US^^k

i[fZ[` W^WUfda^kf[U USbSU[fade) @` adVWd fa dWVgUW fZW

e[lW aX fZWeW USbSU[fade' [f [e [_badfS`f fZSf Vgd[`Y

S C:;F S e[Y`[!US`f badf[a` aX fZW efadWV W`WdYk

US` TW WjfdSUfWV Xda_ fZWeW USbSU[fade) =ad fZ[e

dWSea`' S baiWd bg^eSf[a` TgXXWd [e geWV' iZ[UZ

VWUagb^We fZW W`WdYk efadSYW USbU[fade Xda_ fZW

;:(^[`] S`V S^^aie fa VWb^WfW fZW_ fa Sdag`V ZS^X

fZW ha^fSYW Vgd[`Y C:;F' fZge WjfdSUf[`Y Sdag`V

20# aX fZW ShS[^ST^W W`WdYk) KZW GG9 U[dUg[f US`

S^ea Ua_bW`eSfW fZW fi[UW ^[`W(XdWcgW`Uk baiWd

bg^eSf[a` Xda_ fZW Yd[V S`V bdah[VW S efST^W ;:(^[`]

ha^fSYW [` S^^ Ua`V[f[a`e' WhW` Vgd[`Y ^aSV(\g_be)

KZ[e W`ST^We fZW geW aX S` g`dWYg^SfWV ;:*;:

efSYW Se S fZ[dV efSYW) KZW Td[VYW(^WYe aX fZW GG9

SdW S^ea VWe[Y`WV Se fZdWW(^WhW^ "k[`Y USbSU[fad

Td[VYW(^WYe fa dWVgUW fZW e[lW aX fZW [`VgUfade) KZW

Z[YZWd WXXWUf[hW ei[fUZ[`Y XdWcgW`Uk Ua_T[`WV i[fZ

^aiWd [`VgUfS`UW Xad fZW eS_W UgddW`f d[bb^W ^WSVe

fa XSefWd fdS`e[W`fe S`V Z[YZWd Ua`fda^ TS`V(i[VfZ)

($'$) 43%43 =RAGE

;gW fa fZW bdW(dWYg^Sf[a` aX fZW ;:(^[`] ha^fSYW Tk

fZW GG9' S` g`dWYg^SfWV ;:*;: Ua`hWdfWd efSYW

US` TW W_b^akWV) Kia eWd[We dWea`S`f Ua`hWdfWde

$;:Oe% abWdSf[`Y Sf fZW dWea`S`f XdWcgW`Uk SdW W_(

b^akWV [` S` [`bgf(eWd[We agfbgf(bSdS^^W^ Ua``WUf[a`

i[fZ _Sfd[j fdS`eXad_Wde) KZ[e faba^aYk aXXWde fZW

SVhS`fSYWe aX

o ^aSV([`VWbW`VW`f eaXf(ei[fUZ[`Y Y[hW` Tk fZW

_SY`Wf[l[`Y UgddW`f'

o dWea`S`f UgddW`f i[fZ ^ai ZSd_a`[U Ua`fW`f Xad

dWVgUWV 8:(^aeeWe'

o dWVgUWV `g_TWd aX Ua_ba`W`f Ua_bSdWV fa

CC:e Tk gf[^[l[`Y fZW ^WS]SYW [`VgUfS`UW Xad

fZW dWea`S`UW' S`V

o eW^X(TS^S`U[`Y aX fZW efSU]WV [`bgf USbSU[fade

VgW fa @JFG Ua`!YgdSf[a` Q-R)

KZW efWb(Vai` dSf[a aX fZW ;:*;: efSYW [e eW^WUfWV

fa TW ,+5, egUZ fZSf S ;:(^[`] ha^fSYW aX (;: !

&!!, [e aTfS[`WV Xad fZW `a_[`S^ agfbgf ha^fSYW aX

(agf ! &!,) J[`UW S^^ Z[YZ(XdWcgW`Uk VWh[UWe [` fZW

G=:' fZW GG9' S`V fZW ;:*;: efSYW SdW WjbaeWV

fa ZS^X aX fZW ;:(^[`] ha^fSYW' [)W) -0+ M' VWh[UWe

i[fZ S T^aU][`Y ha^fSYW aX (;J ! %!!, SdW S bWdXWUf

UZa[UW' egUZ Se fZW `Wi^k VWhW^abWV :aa^J[:p

VWh[UWe aX @`!`Wa`)

($( *&& ? =IKICNM 3APBIDE 9:=65>Q

L`f[^ dWUW`f^k' fZWdW iWdW `a Ua_bWf[f[hW eW_[(

Ua`VgUfad ea^gf[a`e a` _Sd]Wf i[fZ T^aU][`Y ha^f(

SYWe aX Sdag`V /++ M) JUS^[`Y(gb Wj[ef[`Y _WV[g_(



6IG$ )0 :daee eWUf[a` aX fZW /++ M J[: DFJ=<Ke)

ha^fSYW -++ M DFJ=<Ke fZSf W_b^ak ^SfWdS^ UZSdYW(

Ua_bW`eSf[a` Tk _WS`e aX S` [ea^SfWV VWWb !W^V(

b^SfW [e `af [VWS^) J[_[^Sd^k' eUS^[`Y(Vai` Wj[ef[`Y

1++ M JA DFJ=<K fWUZ`a^aY[We [e bdaT^W_Sf[U) @`

TafZ USeWe' fZW Sbb^[USf[a` bWdXad_S`UW egXXWde

Xda_ fZW Ua_bda_[eWe ad[Y[`Sf[`Y Xda_ fZW ebW(

U[!U VWh[UW eWfgbe' `S_W^k ^SdYW [`bgf(' agfbgf(

S`V dWhWdeW(dWUahWdk UZSdYWe' S`V S bda`ag`UWV

Vdab [` fZW agfbgf( S`V _[^^Wd(USbSU[fS`UW ahWd

VdS[` ha^fSYW) KZWeW bdabWdf[We bdWhW`f fZW VWh[UWe

Xda_ Ua__a` geSYW [` ZSdV(ei[fUZ[`Y ZS^X( ad Xg^^(

Td[VYW faba^aY[We) KZW dWUW`f^k [`fdaVgUWV /++ M

J[: DFJ=<K VWh[UWe ahWdUa_W fZWeW ^[_[fSf[a`e

S`V aXXWd [_bdahWV bWdXad_S`UW S`V WX!U[W`Uk' XWS(

fgd[`Y e_S^^ YSfW(' agfbgf(' S`V dWhWdeW(dWUahWdk

UZSdYWe S`V S Z[YZ^k ^[`WSd agfbgf S`V D[^^Wd USbSU(

[fS`UW ahWd VdS[` ha^fSYW Q.R)

KZW YW`WdS^ VWh[UW efdgUfgdW Xa^^aie fZW VWe[Y` Sb(

bdaSUZ Se [`fdaVgUWV bdWh[age^k Q/R' Q0R) 6IG$ )

Y[hWe S eUZW_Sf[U Udaee eWUf[a` aX fZW YW`WdS^

UW^^ Ua`UWbf) KZW SUf[hW UZS``W^ S^[Y`e S^a`Y fZW

S(b^S`W fa bdah[VW fZW TWef UZS``W^ _aT[^[fk S`V

^aiWef [`fWdXSUW fdSb VW`e[fk) KZW YSfW aj[VW [e

bdafWUfWV Tk VWWb b(iW^^e fZSf SdW Ua``WUfWV fa

fZW eagdUW W^WUfdaVW Sf fZW eW_[Ua`VgUfad egdXSUW)

8e fZW -`V fdW`UZ e[VWiS^^ VaWe `af Ua[`U[VW i[fZ

fZ[e UdkefS^ b^S`W' [f [e `af geWV Se S` SUf[hW UZS`(

`W^) @`efWSV' fZW Tgd[WV b(dWY[a` [e Ua``WUfWV fa

fZW eagdUW W^WUfdaVW S^a`Y fZW [`SUf[hW e[VWiS^^)

KZW `Wi /++ M DFJ=<K TW`W!fe Xda_ fZW Ua`f[`g(

age [_bdahW_W`fe aX fZW fWUZ`a^aYk fZSf W`ST^W S

U^WSd^k dWVgUWV UW^^ b[fUZ' [_bdahWV UZS``W^ bdab(

Wdf[We' S`V [_bdahWV Ua`fda^ ahWd fZW Vd[Xf dWY[a`

bdabWdf[We) 6IG$ *!A" Y[hWe S Ua_bSd[ea` aX ea_W

]Wk VWh[UW bSdS_WfWde TWfiWW` fZW `Wi /++ M S`V

10+ M :aa^J[:p fWUZ`a^aYk) KZW fW_bWdSfgdW VW(

bW`VW`UW aX fZW a`(dWe[efS`UW efS`Ve Xad a`W aX

fZW ]Wk SVhS`fSYWe aX fZW `Wi /++ M fWUZ`a^aYk'

(a)

(b)

6IG$ *0 =[YgdW(aX(_Wdf[e aX fZW /++ M J[: DFJ=<Ke [`
Ua_bSd[ea` fa fZW 10+ M Uag`fWdbSdfe5 $S% ei[fUZ(

[`Y bWdXad_S`UW dW^SfWV =FDe' S`V $T% a`(efSfW

dWe[efS`UW VWbW`V[`Y a` fZW \g`Uf[a` fW_bWdS(
fgdW)

S`V [`UdWSeWe Tk a`^k ,,# Xda_ -0 #: fa ,++ #: Se

eZai` [` 6IG$ *!B")

($) 3NMRPNK QCHELE

KZW gf[^[lSf[a` aX fZW GG9 [` fZ[e ekefW_ W`ST^We

fZW geSYW aX S `ahW^ Ua`fda^ eUZW_W) @` fZ[e Ua`(

fda^ eUZW_W fZW GG9 [e geWV fa Ua`fda^ fZW agfbgf

ha^fSYW [`V[dWUf^k Tk dWYg^Sf[`Y fZW ;:(^[`] ha^fSYW

iZ[UZ [e fZW` efWbbWV Vai` i[fZ S !jWV Ua`hWde[a`

dSf[a Tk fZW ;:O efSYWe $UX) 6IG$ +%) KZW Ua`fda^(

^aab [_b^W_W`fSf[a` aX fZW GG9 Ua`e[efe aX S USe(

USVWV efdgUfgdW i[fZ S` agfWd ha^fSYW Ua`fda^ ^aab

S`V S` [``Wd UgddW`f Ua`fda^ ^aab) KZW bd[_Sdk Ua`(

fda^ fSdYWf [e fa bdah[VW S dWYg^SfWV agfbgf ha^fSYW

Sf S^^ f[_We S^ea [` fZW WhW`fe aX ^aSV \g_be' ^[`W(

UkU^W Vdab agfe' S`V [` fZW bdWeW`UW aX fZW [`ZWdW`f

baiWd(bg^eSf[a` Ua_[`Y Xda_ fZW G=:) KZW G=:

Ua`fda^ ^aab [e [_b^W_W`fWV egUZ fZSf [f dWYg^SfWe

fZW ShWdSYW ha^fSYW aX fZW GG9 USbSU[fade ':'GG9'C=

S`V S^ea Ua`e[efe aX S USeUSVWV efdgUfgdW i[fZ S`

[``Wd UgddW`f Ua`fda^ ^aab) 8VhS`fSYWage^k' S XWWV(

XadiSdV fWd_ aX fZW fi[UW ^[`W(XdWcgW`Uk baiWd bg^(

eSf[a` [e bdah[VWV fa fZW GG9 Ua`fda^^Wd Tk fZW G=:

Ua`fda^^Wd)

8e fZW ;:(^[`] ha^fSYW [e S^iSke Ua`fda^^WV S`V

Z[YZWd fZS` fZW 8: [`bgf ha^fSYW' fZW G=: efSYW

[e S^iSke ST^W fa Ua`fda^ fZW [`bgf UgddW`f) KZ[e [e



6IG$ +0 @_b^W_W`fWV Ua`fda^ ^aab VWe[Y` Xad fZW baiWd

bg^eSf[a` TgXXWd S`V fZW G=:)

WebWU[S^^k hS^gST^W [` USeW aX C:;F iZWdW fkb[US^

G=:e i[fZagf GG9 egXXWd Xda_ fZW dW(dgeZ UgddW`f

bZW`a_W`a`) KZ[e aUUgde iZW` fZW 8: [`bgf ha^f(

SYW dWfgd`e iZ[^W fZW ;:(^[`] ha^fSYW ZSe VdabbWV

VgW fa fZW baiWd VW^[hWdk fa fZW ^aSV) @` fZ[e USeW'

fZW 8: ha^fSYW US` TW Z[YZWd fZS` fZW ;:(^[`] ha^f(

SYW S`V Ua`eWcgW`f^k fZW G=: US` `af Ua`fda^ fZW

UgddW`f S`k_adW) KZ[e ^WSVe fa UgddW`f eb[]We a`

fZW 8: Yd[V' iZ[UZ US` USgeW V[efgdTS`UWe [` VSfS

UW`fWde' egUZ Se

o fd[YYWd[`Y aX XgeWe'

o fd[YYWd[`Y aX S^Sd_e'

o LGJ V[eUZSdYW' S`V*ad

o WjU[fSf[a` aX dWea`S`UWe)

KZ[e g`iS`fWV TWZSh[ad US` TW bdWhW`fWV i[fZ fZW

bdabaeWV ekefW_ [_b^W_W`fSf[a`)

NZW` Ua`e[VWd[`Y Z[YZ baiWd(VW`e[fk GJLe' fZW

fZWd_S^ ^[_[f [e g^f[_SfW^k fZW _aef Ud[f[US^ ^[_[f fa

dWebWUf) Eaf a`^k [e fZW W^WUfd[US^ bWdXad_S`UW SX(

XWUfWV Tk ZWSf Tgf S^ea ^[XWf[_W aX fZW Ua_ba`W`fe'

Web) iWf(W^WUfda^kf[U USbSU[fade cg[U]^k VWYdSVWe

Sf W^WhSfWV fW_bWdSfgdWe) GaiWd ^aee Sf Xg^^ ^aSV'

^aee V[efd[Tgf[a` SUdaee fZW Ua_ba`W`fe Se iW^^ Se

fZW[d b^SUW_W`f [`e[VW S` S[d"ai fZdagYZ fZW GJL

SdW S^^ U^aeW^k ^[`]WV) NZ[^W fZ[e bdaT^W_ ZSe S^(

iSke dWcg[dWV SffW`f[a` Xda_ fZW VWe[Y` W`Y[`WWd'

fZW bdaT^W_ [e e[Y`[!US`f^k WjSUWdTSfWV a` _aV(

Wd` Z[YZ(baiWd VWe[Y`e) F` fZW a`W e[VW' egbb^[We

YWf ^a`YWd fa SUUag`f ea_WiZSf Xad fZW [`UdWSeWV

baiWd aX S GJL' Tgf fZ[e ^WSVe fa S` [`UdWSeWV

bdWeegdW Vdab fZW XS` `WWVe fa ahWdUa_W) F` fZW

afZWd e[VW' TWUSgeW egbb^[We YWf ^a`YWd' `af S^^

Ua_ba`W`fe SdW bdah[VWV V[dWUf^k i[fZ Uaa^ S[d Xda_

fZW [`fS]W e[VW Tgf _Sk e[f Vai`efdWS_ [` fZW S[d(

"ai S`V dWUW[hW bdW(ZWSfWV S[d) KdSV[f[a`S^^k' GJLe

[` fZW VSfS UW`fWd Uag^V _S[`fS[` abWdSf[a` i[fZ[`

fZW fZWd_S^ ebWU[!USf[a`e i[fZ S e[`Y^W XS`) <hW`
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6IG$ ,0 KZWd_S^ US^Ug^Sf[a`e fa Wef[_SfW S dWSea`ST^W

^aee TgVYWf i[fZ a`^k a`W XS` [` fZW ekefW_)

fZagYZ _adW XS`e' W)Y) a` fZW [`bgf S`V agfbgf e[VW'

SdW baee[T^W' fZWk aUUgbk hS^gST^W ebSUW S`V fS]W

baiWd fZW_eW^hWe fa abWdSfW' fZge VWYdSV[`Y fZW

GJL WX!U[W`Uk)

($* >HEPLAK NORILIXARINM

@` adVWd fa Wef[_SfW fZW baee[T^W ^aee TgVYWf fZSf

US` TW V[ee[bSfWV Tk S e[`Y^W XS`' Xa^^ai[`Y TSe[U

US^Ug^Sf[a`e SdW bWdXad_WV) 8f !def' TSeWV a` fZW

ZWSf USbSU[fk aX S[d' fZW [`^Wf S`V agf^Wf fW_bWd(

SfgdWe' [f [e efdS[YZfXadiSdV fa VWd[hW fZW dW^Sf[a`

TWfiWW` fZW dWcg[dWV S[d("ai [` UgT[U XWWf bWd _W(

fWd $:=D% S`V fZW _Sj[_g_ S_ag`f aX ^aeeWe fZSf



6IG$ -0 8[debWWV S`V bWS] fW_bWdSfgdW Xda_ :=; e[_g^Sf[a` Sf fZW fab S`V Taffa_ dWebWUf[hW^k) G^SUW_W`f aX

Ua_ba`W`fe iSe UZaeW` fa [`UdWSeW WXXWUf[hW egdXSUW) GdWV[UfWV Zafebaf $eWUa`VSdk ek`U) dWU% iSe _ahWV

U^aeW fa fZW agf^Wf fa bdWhW`f eb[^^(ahWd WXXWUfe)

US` TW V[ee[bSfWV) @f [e dWSea`ST^W fa Seeg_W ZWSf

fdS`eXWd fa `af TW bWdXWUf S`V agf^Wf S[d"ai fa Wj(

Z[T[f fZWd_S^ hSd[Sf[a`e) 6IG$ , eZaie fZW dS`YW aX

dWcg[dWV :=D TSeWV a` S dS`YW aX WjbWUfWV baiWd

^aee Sf Xg^^ ^aSV) 8e S !def(adVWd Sbbdaj[_Sf[a`' fZW

fZWd_S^ baiWd $ US` TW US^Ug^SfWV TSeWV a` fZW

S^^aiWV fW_bWdSfgdW d[eW !& ' fZW ZWSf USbSU[fk aX

S[d !% ) S`V fZW _See "ai ,+5

$ ! !& "!% " ,+! $,%

>[hW` a`W aX fZW efda`YWef XS`e [` fZW _Sd]Wf' S

dWS^[ef[U fSdYWf Xad fZW S[d("ai US` TW TWfiWW` ,-

S`V -- :=D' iZ[UZ WcgSfWe fa S _Sj[_S^ S^^aiST^W

bdWeegdW dS`YW aX 2++ fa 4++ GS) F` fZW a`W ZS`V

[X fZW TSU](bdWeegdW [e faa ^ai' ZWSf fdS`eXWd Uag^V

TW W`ZS`UWV i[fZ [`UdWSeWV egdXSUW SdWS' W)Y) h[S

b[`(!` ZWSfe[`]e) F` fZW afZWd ZS`V' [X fZW TSU](

bdWeegdW [e faa Z[YZ' `af W`agYZ S[d bSeeWe fZdagYZ

fa efSk i[fZ[` fZW fW_bWdSfgdW W`hW^abW) KZW UZa(

eW` abWdSf[a` ba[`f [e d[YZf [` fZW efS^^(dWY[a` aX

fZW XS`e abWdSf[a` bda!^W) DSdY[`S^^k ^aiWd TSU](

bdWeegdW $,+ fa ,0#% US` [`UdWSeW fZW fdS`eXWddWV

S[d ha^g_W WSe[^k Tk ..#' W)Y) Xda_ ,0 fa -+ :=D)

KZge' e^[YZf^k _adW YW`Wdage ebSU[`Y TWfiWW` Ua_(

ba`W`fe i[fZ USdWXg^^k b^S``WV UZS``W^e Xad fZW S[d

fa "ai US` ZShW S VdS_Sf[U WXXWUf S`V fW_bWdSfgdW'

WX!U[W`Uk $^aiWd "#%(^aeeWe% S`V ^[XW(f[_W) 9SeWV

a` fZSf' S _Sj[_g_ ^aee TgVYWf aX .++ fa /++ N

US` TW VWd[hWV iZ[UZ US` TW fdS`e^SfWV [`fa _[`[(

_g_ Xg^^ ^aSV WX!U[W`Uk `g_TWde Xad V[XXWdW`f agfbgf

baiWd ^WhW^e) =ad S ,- ]N S _[`[_g_ Xg^^(^aSV WX(

!U[W`Uk aX 41)3# [e dWcg[dWV Xad S` Seeg_WV ^aee

TgVYWf aX /++ N)

9SeWV a` S h[dfgS^ VWe[Y`' fZWd_S^ S`V :=; US^(

Ug^Sf[a`e ZShW TWW` USdd[WV agf S`V SdW eZai` [`

6IG$ -) KZW S[d [`fS]W Se iW^^ Se 8: [`bgf SdW a` fZW

^WXf S`V fZW agf^Wf Se iW^^ Se ;: agfbgf SdW a` fZW

d[YZf e[VW) :a_ba`W`fe iWdW b^SUWV USdWXg^^k' fa

S^^ai Xad Se ^[ff^W aTefdgUf[a` Se baee[T^W iZ[^W e[_g^(

fS`Wage^k Yg[V[`Y fZW S[d("ai fa Ua_ba`W`fe fZSf

`WWV fa V[ee[bSfW ZWSf S`V W`ZS`UW ZWSf fdS`eXWd)

) 7APDUAPE 4ELNMQRPARNP

9SeWV a` fZW bdWh[age VWe[Y` Ua`e[VWdSf[a`e'

S ZSdViSdW VW_a`efdSfad ZSe TWW` Tg[^f gb $UX)

6IG$ .%) KZW Ua_ba`W`fe iWdW abf[_[lWV Tk _WS`e

aX GSdWfa abf[_[lSf[a`e egUZ fZSf fZW Z[YZWef WX!(

U[W`Uk [e aTfS[`WV i[fZ[` fZW efd[`YW`f ZW[YZf ^[_[(

fSf[a` aX WSUZ 1 ]N _aVg^W) KZW ZW[YZf Ua`efdS[`f

iSe S bdWVW!`WV ^[_[fSf[a` Xad fZW GSdWfa abf[_[lS(

f[a` fZSf [` bSdf[Ug^Sd SXXWUfWV fZW UZa[UW aX UadW

e[lWe Xad fZW _SY`Wf[U Ua_ba`W`fe S`V fZW e[lW

aX USbSU[fade) KZW dW_S[`[`Y VWYdWWe aX XdWWVa_

iWdW' S_a`Y afZWde' fZW UZa[UW aX i[`V[`Y Ua`!Yg(

dSf[a`e' ei[fUZ[`Y XdWcgW`U[We' S`V eW_[Ua`VgUfad

UZ[b e[lWe) KZW eW^WUfWV hS^gWe aX fZW _S[` Ua_ba(

`W`fe [` fZW ekefW_ SdW ^[efWV [` >AB$ ()

6IG$ .0 ,- ]N VW_a`efdSfad i[fZ - 1 ]N _aVg^We

efSU]WV [` SUdk^[U Zage[`Y)

KZW US^Ug^SfWV WX!U[W`Uk aX fZW W`f[dW GJL Se iW^^

Se fZW [`V[h[VgS^ efSYWe Sf ([`'d_e 6 -22 M [e eZai`

[`[` 6IG$ /)

KZW ekefW_ [e bdSUf[US^^k Ua`fda^^WV Tk a`W D:L

b^SUWV a` fZW bd[_Sdk e[VW' iZ[UZ Vd[hWe fZW fZdWW

[`fWd^WShWV .C G=: efSYWe' fZW fia [`fWd^WShWV .C

GG9 efSYWe S`V fZW bd[_Sd[k S`V eWUa`VSdk e[VW

;:O) Ea eWUa`VSdk e[VW ek`U) dWU) Ua`fda^^Wde SdW

`WWVWV Se fZW ;:O abWdSfWe [` dWea`S`UW i[fZ `a

bZSeW bZSeW eZ[Xf TWfiWW` bd[_Sdk S`V eWUa`VSdk



e[VW) KZ[e S^^aie fa !`W^k fg`W ei[fUZ[`Y bSffWd`e

S`V _[`[_[lW VWSVf[_W ^aeeWe) GdabSYSf[a` VW^Ske

SdW dWSea`ST^k U^aeW^k _SfUZWV Tk ge[`Y fZW eS_W

UadW^Wee fdS`eXad_Wd $:K% [ea^Sf[a` fWUZ`a^aYk a`

S^^ e[Y`S^e)

8 e_S^^ eWUa`VSdk e[VW D:L XWWVe TSU] [`Xad_S(

f[a` STagf fZW agfbgf ha^fSYW S`V UgddW`f fa fZW

bd[_Sdk e[VW SUdaee fZW [ea^Sf[a` TSdd[Wd) KZ[e D:L

Uag^V S^ea [`fWdXSUW i[fZ fZW GDTge S`V bdah[VW

fZW `WUWeeSdk [`Xad_Sf[a` fa fZW dSU] Ua`fda^^Wd)

>AB$ (0 DS[` Ua_ba`W`fe aX fZW ,- ]N GJL fWUZ`a^aYk
VW_a`efdSfad )

;APALEREP ?AKSE

>NREL#;NKE ;63 =RAGE

9aaef [`VgUfade #9 1+1+ !?' ID,-CG E42 XWdd[fW'

-, fgd`e' ,0+j2, !_ ^[fl

C= ei[fUZWe 1++ M :aa^DFJp 2 _2 _"fkb

@G;H1+I++2:D3

?= ei[fUZWe /++ M :aa^J[:p .1 _"fkb

@DK/+I+.1D-?

@`(bZSeW *(eW`ead @ea^SfWV ?S^^ ZkTd[V'

,+ D?lfkb)' KC</423
Ji) =dWc) ) eiei 3+ ]?l $bWd DFJ=<K%

<D@ !^fWd -(efSYW $ !^fWd

;;2 =RAGE

Ji[fUZWe /++ M :aa^J[:p -0 _"fkb

@DK/+I+-0D-?
@`(bZSeW *(eW`ead @ea^SfWV ?S^^ ZkTd[V'

,+ D?lfkb)' KC</423

@`VgUfade #GG9 /+/+ !?' ID,-CG E42 XWdd[fW'
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:SbSU[fade /0+ M' 1j ,3+ !=
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@DK/+I+,0D-?

JWUa`VSdk ei[fUZWe 3+ M :aa^>SEp J> ?<DKe

,)3 _"fkb @>:+-0J+3J,
Fgfbgf *(eW`ead @ea^SfWV KDI' -)0 D?l_[`)'

KC<002,
KdS`eXad_Wd ID,-CG UadW' E/4 XWdd[fW' 0

fgd`e bd[_)' 040j/+ !_ ^[fl' -

fgd`e eWU)' -.3+j/+ !_ ^[fl'
#_ ! %!%!!+

Ji) =dWc) ) eiei /-0 ]?l
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8f fZW f[_W aX id[f[`Y fZ[e bSbWd' !def bdW^[_[`Sdk

fWefe ZShW TWW` USdd[WV agf' hS^[VSf[`Y fZW bdabaeWV
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Offset by 2.5A repectively

Ripple on Vdc is compensated

Ripple on Vppb increases

PPB functionality enabled at runtime

Pre-liminary implementation on MCU
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