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3% 7] ¥

7% 1

DC/DC A% AW Bl gl A,

A FRE et 2f-t Zg-dEdeld;

2 © X2E-7ZWY - 7] Z-dadelye 8 dxe V] X2E-ZAHEL
a, A7) ZE-dgdels e 948 wake 4] DO/DC At AMEHY 4y dxE 238,
2E-ZAuHY &9 dAE A7) DC/DC A AWME e &8 s 283 -

o
N
(e

g-glg e olE &,
A (low-side) =929} Ad HA22 AZAH 3th(high-side) =9A £

47) Ak 2913 8 A 29179) Apole] 47] AW Aol AHH AAHE AH

A7 Aol slzE, A7) Z-dgdelye v 8 drbeA e &7 H<ete]l A7) DC/DC Mt AWEL] A7
=9 dAgE 37 E2E-AWEY o508 Uik A AAHoR FAIEF, Y] dEY FRIRE oF
of w3l FEl HE(duty factor)E& WATOZMN 7] uk =9A9 2-A|Z(on-time)S A3}, DC/DC
et AME

A7 2

A7 E2E-AWEE A BEZ(charge pump)E X331, DC/DC At AW E.

A1l lolA,

7] Zel-dZdole= ¥ AME (Buck converter)& E3gsl=, DC/DC At AWE.
374

A1kl SlolA,

A7) FAE-AWEHE A9 2A AW E(voltage polarity inverter)E ¥33l:=, DC/DC At ABH.

ot
ot

T%5

A1kl lolA,

27 X2E-AWEHE 18T 2 Ad-d3 &S Aeske, DO/DC A HAHE.

A7 6

A1gkel Aol A,

A7) = A2e A #® AZE(voltage level shifter)E E3$sli=, DC/DC A%F AW E.
3T

A6l 1A,



[0001]

[0002]

[0003]

[0004]

[0005]

A7) Aol 327+ oy 3 Z(error circuit)ES EFhar,

A7) el 3R] Al Y2 ] Ay i AZEC ddEa, AY] oy 3R A2 9482 7E Al
AZAE =, DC/DC At HAHEH.

379 8

A7 ol A,

A7) 7% Adde M=-7 AU olE (band-gap generator)E E33h=, DC/DC AL AW E.

A7+% 9

A8F el SlofA,

7] elY 3re &Y dAe H]TJJ]/] Al Ay wApel AAFHI, A7) vlar)e A2 ¢4y dxie w3l fHz
2% (oscillating ramp signal)ell 1A= &=, DC/DC At AWY.

A7E 10

AI9F el i,

A7) vlar)e] &8 gxe TYH-Z2F 3 E(flip-flop circuit)ol AZ= &, DC/DC A AW E,

A5% 11
A0l 9lojA,

A7 Z2H-E5 329 &% dxle= By o|T-v|E-Ho]a 3] Z(break-before-make circuit)oll FAE I, A7
Beo]g-nlZ-vo|F I 2E 7] ad 2=9Xd AAEE, DC/DC A ZAWE .

2 DC/DC Wz 9 At #EFd ol (regulation)ol] AF&3He =94 AY FFEAY A, 52 € AT
o] 7

¥}, ol9} Ze AvE (converter)oA] AFEEE WFEA] A

wWE ol e
A d=eelde oz "yAd IC, weA wie], fgxZdeo] KE, st= vk =dold, RF ﬁi, vfo]

AZIZZAA, gAY A7) D obdE 108 22 s vlolaR AxdA, 53] AEY &, =ER
HFE 2 28R AFY 22 EZE AFSStE S80lA F5 A Wis(variations)S W ]ﬂLEﬂ &3]
ERi=

3f

A wiEe] e DC 98 A FF ¢ ¥ D0 AYeR SUEAY, ¥ @& DC APez AtE ook
7] wiZell, o]#d #d=dolE (regulator)E DC-DC Z sty &3] M= AWE (Buck converter )@l
st A4y A¥Ee diEY dste]l ke 3 AR S ow AMEHT. S AWE(step-down
converter)¥ FEA 293 d=dleolH, §F48 W FE(charge pump), ¥ AF dH=EdoHE 23T FE

=

Ak, dhgE, &3] F2~E ZAWE(boost converter)til 3= 5o AWEE wiE ] Aol B3t dEs ¥
oY o3 AR Ge Ago dasit., 5o AHEHE 54 29 dEdelsy £33 T 3
3 (charge pump)E ¥33 = Q.

FEY 293 A E

Aeek A dgdele] FollA, AR =93 AWEHE 7 "7 852 A7, o9 A9 2 8 Aol o
A Hie] Hes 24T 5 k. DO/DC FEAR 2=9A AHEL 7|2 A8 E JHUEH(EZY BE Edx
xr)e] ARV SHFeE ¥ F gl Jd9HE AA AR oW Wstd Agsty] Ha] wdie] dtEs A4

stk ol



[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

AYHE WEAoZ Ak W NASATY) A nFEselA 29 st 0¥ EAXsHE AgFOE
A, daee ZiHiEH A9 AYE S wE A 3 A AW oI T ALE Ao 484
3] SFET"2}al &

o
ojt}, 74H1EH Y ﬁ%LE.E—rEi Fews Algsle] 293H AL Aold ], oEm &l A-w
(well-regulated) &9 Aol AWEY o= Ho v 9 {9 53 W 5435
)]
2R

A7) EAAzE e 2914 Bl oJa] AR AC o= HEE AANA Ad, 297 dAweol =z
w23 ANAEZL A AGEHS 2 ARAEE B G- (lov-pass)” BEE T}
of ¥l Eshs EUXAEY 2909 wolxe] URES WABG, HE W olde] 37] 294 Fi
= 2 2913

= oAy L BAe] B Fukel wlslA Eolokwt Wtk Bae] 2913 AlolFe BFSW, 47
QAYEE Wit AR el Was ZRadWE ARANY B9,

Z(off) AHAR vlolojas = EWAAEH o] Alo]E7] e, EdA
2} o

2HolA e A AR doz zomw, 80% ~ 90% W9 =& HWE FHo] AddE 4 Q. FAHe
2, 3}9] MOSFET7} &Fel(high) AlC|E vlo]oj2E ARGsle] - H] 29X 2 A nlojoj~d wf Y& Rys(on) #
3, BHE 200 mQ ol3ollA AF -V = EAFS OEHE} o] 0.5A9 ZAFeAA, o]e} &2 Tule]~e=
o =9 AFIE E3stn ©X 100 mve] Hol A A8, - Rs(on))S B Aolt)., L-Ae AEA7F

Beto] £mE AYE 1, - Rylon)olth, A%t dolA, EdA2E7t B4 A9 Be] A Ami= (0.5)

Q3 EA, Z3t RE 749] NOSFETE AlCJE7ZL Azme] niolojslal, g8te] hi-Alo]E Ay Vi = 09]
o= A (V) AWE Q] wiEE] 9 A (V)] 2uetz, 3+9] MOSFETS] =#9 AF (Iys) & oFF
Ztow  BE 1 vlo|aR guojrt} Ftu g dubHo R v dulo]o] WY ot AF It TE A
b AR AR,

wgha], DC/DC AHE A 2A =2 A}% 9] MOSFETE Q3 Aol A mdgteld e AF
Aefol A e At 7atellA 12
MOSFETO A 1 - Vps w2 ZA| %XlE]U%, iﬁ ol Al AE

ot

£ Yz, &
2AE, 9]

WA EWXAE 29H F2H(F, MOSFETES -0 29A3t=d a3k Azho] 2993 &2 Alole] 7|3k
Ha) Aoid o Fvw, 293 Fere] dE 4L IR MAAN FAHAY, B 149 19 AR A
2 5 Qo el wedsHEs A0 FardA, A9 37 AL 0% FaaA w9l Azl da
tute]ze] =9l Agk, =l AR, H Alo]E npolojx ASHS #AF o lefEojopnt girt

o] g

A9 AE 78

DC/DC AW EH = WA AHEE E¥ste Zg-gdEdely ZHo|A9t, A FZE X3hete F2E HAWE &
HolA & FFHeiet. =z gEdely 2eelxe wH HHE 2y el &HolA ke F2E UMY &
Hojxo] &9 wxlolA Fgste v=w AR o Aoj®r). 2 dEdelEHe 49 D 14S FE Y
o wel #$-5Hs Walee s 2E gfHu ¥AE AWEHE Zg dEdelge EHoN A4S IXEH

EE VR AR e ZEAYE o A8 § B o

ol%, dEdeld B, W EQMEAY EAE SHIE dY-d-=Y At wEve gzl
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lce &= 1la € 1bollA Z=A1E tjufo]zof Qlojx WEH|e] FE] HE o E AAE FE HY -2 Yehde
gz olt},

2= dd-4A fF o] wH ] ¥ 545 vehlE gzt
at TH9] MzAol= RAE-HA AWE Y 32 Erott.
b Yo AaAl= BA-RAE HABE o 32 ot}
4= FYo Ha-R2E AvEe 3 myot},
Sai= MIA-%¥-2E 7AWH w3 BE Faboa] nlelojs 2S AYshs 32 wwe|t),
5be = badllA =AlE 3|2e] 5t 3 Rott.
btz BA-FAE AW ] FAE wE Ao volojx 24 Ayl fw =t
6bi= = 6aclAl =AIE 3R] FUt 3] Re|tt,
& WEH o] FFRA MIA-FAE B E 9

8b= T = 2uj7]e] S FAE AW 3

A S B T3 T8 Adsts 32 =yl
Hro] Bl F2E Adste 32 =do|t).
102 WA Afo]F Fo +2X-EE wr-AGAE 2875 Uehys S} 3 Zo|u},
10bE WA Afe]Z Fol X-RE dd-AAE AHEE Yehll= 57 sl2elt),

10c= A A}o]Z Fo] +1.5X-EE FA-AFAE ZaMHd 24 H22 Jehys 7} 3 2o,

10d= WA AtelE Foll +0.55-EE 7E-ANAE ZAd S FZE YehdlE 571 S 2ot

1llat W3 9] 24 dd(single)-R= $4 F>X9 382 el g 2o,
11bE= W3n 9 e A Ef(tri)-RE 24 FZ9 g8 vehyeE a2gisolt),
12a= LDO ¥ 2E(post)-ZIHE 7} A& T3 A9 571 3|20y,

12b= LDO 22| (pre)-dl=dolE7l = 53 HEZ Y 571 g 2ol

N

12¢ce AF A2 Z29-o(follower)7F Y& 54 HZo 57} 3Rt}
12dE gAE 29 AF 227 Qe 24 Hxo 571 3 2ot}

12e= AE &9 AFe] A= 3 29 571 =20l

132 1.8V WA 6.6V A el dojA B st Ay E9A 2E 5= DO/DC AHME e S

4

H] Vou/Vies VeI 28 3Zojt,

lda= ¥ o] e A9AE LODU thi-4 dlZeleld AWE e 32 =do|rt.

b 7AMEle] 2 AHS Aols] 18l AR 4 gl F=w) s)ze) g2 wyolu),
15as & W] 29X= LODU dlgdeld AHE e 52 melo]t},

15b+= = o] 3.3V LCDU dl=dlolgel lolA, Hdet ¥id vj&, S0 AV, € &9 A

2
2
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Ak o AAE dehlle ezl
= 16c= & e 2X LODU AW el 2lo1M 5] HE o) oA

&)

oh AWE HES deEhle zen
% 15d= zE-elEeold Ak g viE Vy/Vi, o SEEA LU AW E O &8-S YEh= g ey,

& 15ev= ASH W& vlE Vo /Vyo FrEA ¢ AHEHS 288 YEhs 2gzey.
E 15f= Ao W& HE Vo, /Vo FeEA AuEY dAAR] 28-S YEhle zeln

E 15g= B AE9; Ak M W&o FrEA AuEe] g8&& yehls gzl

%= 15h+ E‘r&?‘& At Wk v gl 9loix] ojaslH 2X-ebe] LODU AW ElS] &&S FE e F52A e

E 15ie g A fE nlEel slojA ml-oldshd 2X-vF9) LCDU AW E o a&S

tlo
el
fu)
12
k)
lo
ot
+x
fu
>
T

Bl el
E 162 Agh g FERA WA, (P Y 2= LU AWE Y 688 vlaste aezeld)
= 172 wd-A g4 ol wiEEe] WA Al A9AE LU Aol AuE e e Ak, 3 Ajh v,

29 AgS YEhy= gz},
= 18 & el 20)7]-Eh}] 291A= LU A= eold AvE e B wwolt,
=

19at 2914= LU el @eloldl ueel s34 we] 4 Aets 32 ot

% 19b 29X = LU dlEeold AE e Ae 9 aAle FAE ddste 32 Edolrt.

% 202 (P-Hlolsl2: the-2 U (down-only) REoA] 29 A= LCDU Z1WE e 528 AHstE 32 wwo|t}
% 2lax 2u17] EBF LCDU AW E 9] 3= =wo|t},

% 21bE ZHEAY B LODU AW E 9 32 Ewolt),

= 2lcte ZHAYE B9 LODU AWE Q] 2 Zdold),

& 22 v LODX-EFS) dlEdlold AWE lojA sk W& vj&s E HEe] R drhls g
o

23at XA Y 1.5X LCDU d=Zdeld e 3|2 =Ho|t),

[}
=

ki

ft

23b= As-Fd @Al Fo] ZEME 1.5X LU elEelold ZnE e 3= krio|tt,

ZHAAMY 1.5X LODU dl=dleld e 2 THo|t,

ki

23ce Aed-dd 97 F&

24a= ZYAQ 0.5X LCDD #lEelold AWE e 32 Twolt},

o

24b= As-Fd WA Fo] ZEME 0.5X LCDD dlEelol A e e 3= mrioltt.

ol

2ce ATF-AE Al Fo ZAAF 0.5X LCDD dl=Zeold AHE Y 3= =Holt},

252 -1X LCDI #lgelolAd <IWE e 3= m=wolt},

25b% -0.5X LCDI MY gZdo]Ad dWE e 3= Two|t},
W

262 2] 7)) LODI-EFY] #l=allo]Ad QI E o] ojA At

= & wee Fr AEe druA yehs o
CESICH
=

27av -1X E}FY] LCDI @l=dolAd e 9] 3|2 =Holt},
= 27bE AE-EH A F9 -1X €9 LCDI QAW EIY 32 Ewolt},
= 27ctE Ae-AY ©A $9 -1X Bl LODI ¢IWE ] 32 m=welt),

= 28at MY -0.5X LCDI #lEelold < E e 3= xwyo|t},
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= 28bE As-FA 9A Fo ZAAE -0.5X LCDI #Eelold e 32 Zwolt),

= 28ct Aed-AY g Fo TP -0.5X LCDI el=oeld AWEe = o),

% 29at= 20917] EFY) LCDU AW Eo] oA #il-o]gH = YES A 2 Zdo|r),

T 20bE ZAY 1.5X BtY LODU AW Hel glojA giil-old J=w YEAS] 3|z Edo|t},

T 29ct =AY 0.5X EFY LCDD W E o QlolA] nielEet dF wle] d=u) yELFS] & =it}

= 29d&= ZAY 0.5X EFS) LCDD AW E ol 9lojA] MOSFET AF wle] sj= yES el 32 =wyo|t),

T 29ex= 1X EFY LODI IWE el lolA] wpe]Eet HF vz g=m) YELF] 32 =woltt,

I 29fE -1X B} LCDT SIWEloll lolA] MOSFET AF vl v=w JEYT9 3z =o|u},

T 29gv= ZAAE -0.5X BFY) LCDI AW Elel 2dolA MOSFET M mlg] =) YEF] 38 ZEwHolt),

% 30av =9A= LCDX dlZdeld AME e &3 HudRRE Y gil-olsd s=w sref 32 =yo|t),
% 30bi 29X = LODX dlZelold AE e 3t V, GALRRE ool Hx] g v=wlo] 32 ot}
% 3lavx 29A= LODX AWES 495 P-AE oY MOSFETel 1A Vi 25-E FE5HE ACE wHe] 3
2 Edolt,

% 31b: 291X LODX AMES] 495 P-Ad 3+9] MOSFETO gloiA 3t At V258 F55HE AoE By
o] 3z z=wolt},

E 3lew A9AE LOX AHE ] 495 N-Ad 3he] MOSFETl 2lojA A@d el oleg zhe FE 2EF

Alo]E ni#e] B2 mZwiolr},

= 3ldE 2YXE LCDX ABE A9S N-AE Y MOSFETY ojA A22-AZ= il o]5S zt= R E
2E A0E HH 32 =¥t}

T 3lex= ~=9AE= LCDX AWE ] 39S N-AE 3h9] NOSFETel AAM Vi ZHE] FEEHE ACJE W] 3

= 31fE 29X = LODX AWE L 95 N-Ad 39 MOSFET] Aol F3F A V,25E FT5EHE AE H
9| 32 Lo},
= 32¢ ¥ Wy w2 LU AWEH Y a&3 Ha-§F2E 7AWy 9 Ef-EE Fd Fx &5 vudte

gz o),

g e HAISH7] et FAF Q] &

293 ABjEl oA FE £ e

=9, A, 47 DC-DC =913 AWE oA, s o] 291x] 845 AWE IRA AFY oyX]
5SS Ayl sl stk 54 A, olE 9] fulo]A~EL 3¢ A9X2A Eein, 1&oR 1y
T b Fu4R e M e s & 9% EZE(toggling) Sl

ol T B2 A, o]E 39 ynlo]| A5 2-AdH AEet 29A FE w5 BT A vl oyAE &4
sith, olE 293 9 Ax £4e 19 AYHEY] 88 ELsH APt ayEz AWMEY] a8 &
E AR 294 e AF7] ol I, -V, A% &4 HALdsts A, dsts T2 299A9
o AfAEAE 2H87] Y8 Bad AoE TE AR Axsters Ad wEen -V, edojgus

CE EUES AW AR BF Bl EAT W 297 A%, F Ans-on A% o) any A
Tean, o e A, NOSFETS] =ejel AN EAE 34 2 ddas 4
ol g EAZA kgl ola) Foixitt,
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PAL: 2]

£}

Pax + Pys + Paza

g AN EEE 11d 293 EdXAEHA, o5 BrlAEQ
&I vaste] Zry, olel o], dhute] AfX|oA Ty EA2 HE
state] A" g dom, 7|4

Pea = Paxe +

AL AWE AlolE T B A=
3 skS

A3 AolE FE 2 TS HL

-
-

5h9] MOSFETOIA] o] Al the Ao aabsha & gl

t /4
Posy = I*Rog| 22 |+1-V,| =22 |+ QVo f

o] AellA I'Rys 9H9] MOSFETOIA A% £49 BRI (tg/1)e] &2 NOSFET7} 9hhs] o= 2995 o]
AFE Ansls A7 BES e, A% SA(1-V)e 233 (V) S 2= tholo sy Avd A

HE UEHAL (teo/DE HelE7F AFE dEshs ARKD Y 4% Yy, Q- Vo - = AlolE dst

£

Q) 98] 71ed A& ANE TF £A(C - V)e 71Edt. AolE AsHQ)E AMNEA(C)HT A%

gt ol ARARLAL G5 wMAGHeln Js) wAPse Aol of@y] WEelth, Eat, A= A3HQ
© o nEdAn AREst 19

A7) Ao ZHE MOSFETOlA A8 &4 HAsEl7] 98] s MOSFETS o 34 vr=s Aol 93] RS A3}
s Zlo] Bas WM AlolE 7 E4E AxsE] AME @B AxstsE glo] et RIS E A

o A3 % AsIARAE EAXAEH B4 WA WdAsn 1 g vl a3,

o] ¥A= ¢°%J AWE R AREH = 3h9) MOSFETAIA Ao E 5 &43 Adg
Wﬂ(tradeoff)a Hes| gttt o & MOSFETE o w2 2-4
& 2913 T ()M 53] ade] Woiir,
AME ] AAA] 2a&S Austelr] flEAM, 7hed HAAS AT HA dHolE 94¥ AHANE2E 7R
MOSFETE ARgatar, & 7Hgo] 293 2458 AR&Sok &b, ZF MOSFET= 44 &4 A7t 293 Fa

& Fs) =71elA HA st

o
£
X
=)
-
off
_OrL
2
Ar)
_{
a3
_WL

7124 WA g ST BAE AuEe 2o v-REE AW EERAE 52 282 vedisd ol aA
So] @2 2719 MOSFET =$9A& AMgsl7] witoltt. &3 %, -4 AHEHE dvtdoz 479 294
7F Aoy o] w2 g8 Ztev. Edaxy I JdAd dgyHE $g-AE dagdely w32 @A
AL o] oo 9ol tig des d9sty] flE AREHARE, H-ZEE A §&ox, te-dd A4
= d-dd =l nls) vUF AN 8 S ot

&= la 2 1be 270 & 29F dEdeld, 714 WA A AWE 2§74 BAE S AMEE B2
5

T ladlE 5712 W3 AYE(D)Y A 97 =AEHY 9 AWE(1)E 39 MOSFET(3), <19E4), WAsf
e AF7] dele=(nE AR 5714 AR/ 99 MOSFET(Z) 9 ARAE(5)F EFsrh.  MOSFET(3) 9] 52
2 PWM(pulse-width modulation) Ao FZ(Z=AIEA k)l 2&] Aloj= o], MOSFET(3)2] Alo|EE & 3tc}.
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5712 AF7] MOSFET(2)= MOSFET(3)™ ¥+ 1% F+& = A9k, MOSFET(2)+&= MOSFET(3)7F 2y uf #t=A] A
A A zro] & olyrt},

ZAWE ] 525 Adste 7] AdEe 14-F35 7P dAE A4S onshs PN AR XA E AR,
29 F7F "EAY E=e Fekek 949 2o we vhe R 1A F3g BE AfoloA wapske 7hE Fak
reg 3

gy oux], wiEgE EE DC/DC AME R 39 9g=H> MOSFET(3)E E3l Z‘%Qﬂb} 2914
ElHB (positive) ©A7} alEE] e g=dd 2% 79, MOSFET(3) & AYEH )2 AFE A=
-side)" =9AAE FFICE. tho] 2= (8)+= MOSFET(3)o] 7| 4e= P-N Hgo =, E%Z]Z:H/] =
Eﬂ‘ﬂ—ii of Wdo|m, A4 WA IHE FaslddA o-ulojoj 22 {2 H.

MOSFET(3)8] 29143 &-A7+& Aojgoss e e ARE Aosha, ALe ()] 4718 434 o
HAE 29 BE ANNE () A FHoR Aojs] s 239 4 Ak, anR FHALN)S
PIM Alof3] 9] Qielo] sl s, 4] PN Alo}sl 2t NOSFEL(3)e] wae 29132 Fal Aue@e] A7
(1)E Ao, 33H6)E AME(De] F2o) A4Y 1714 $5Hload)E Hrehd

MOSFET(3) 9} wbd f]4o 2 Fsxu=,

gty EAEE @27 JIYE W), § =5
MOSFET(2)& "AeH(low-side)" =X &
5712 AF7] MOSFET(2)e] 7143l= P-N
(7)%& MOSFET(2,3) EF7F 381 AIZE &

5712 AF7] MOSFET(2)+%= MOSFET(3)7F £.32Q1 A|gke] 4% &
(Vx)oll A= a1, W7}l H(negative) A7} Zekezo]
FA4 st EMOEmoﬂ FEE AFE $3IAFT. thole =
Ao, ERXN2EH =gl Ax Alolo] Yotk tho]lex
QbR FE Y E HARFE A=t

MOSFET(2,3)% 9l8 A9l mebese] debs wxshy] 98] vl 2913 A% Atk SAlo] o Zolnt, o]y gt
29] BBM(break-before-make) 7]ZF& MOSFET(2,3)7} Aol AEshx] ¥EZE st AHE (D 92 9 HAHAE
@t &= "I Z-v(crow-bar)"dt=F HATOEZN FE 2F(shoot through) AE=E WA . 43
Sk, 712 AR MOSFET(2)o MHQl tho]le=(7)%E the]l=(7)¢h #a® Qloje] 714 AAE=E 71A
, JIFEI () E T3 §3 AR(IDE RbEoF g}, BBM 2t} #ad 3 Fote] A & kol
A% 4 Ak,

v e FE HEHOE duyAZt wiHy Ee oE d9o=2HH DO/DC AHEER Z2+= AgE
MOSFET 29 x](3)7} <91 Azto =z AHostd, 3 AWE (1) gzE At tjst &g xete] nl&

ol vlesc. =

V. T

in

kI o

71tz MOSFET(3)7F 2F 24 F71(T) &< 0] 5= AlZker},

M3 EE F712 A AHEC g o] B & 1e 2HE(2009] FHCDeR EAH
HEZE 0 B Lunity) A9 540 FE9A =7 sjrs wEA] Do) S3telA ofE &
oh. o] @A 9] MOSFET 2912k 2 Ao Bl Alo|E & FRoA 294 Ao s LA,

H = ZAwE o] 9k9] MOSFET(3)7F o148 29t 3, tgye= 28 F71(D9] 94 7, o0 5% < D < 956

of AgtE =], o]= FZ MOSFET 2=9x]¢} 1 Aol FXZ oA "-2 2 |- A gFo|ry. oA 95%
TE e} Mz 28 FIgoll A, ek MOSFET(3)ell thgh @3 AJZh2 ©X] 333 ns 7]3Fe] &4 5%, T ©

2] 16 nselth. ©o]RS ek MOSFET(3)7F £ Z 3 16 ns Fol] ok 3t AL oulstEd] - 956 =2-9]2
WE] ooz #Ee oMyl U wET. o] Hia LI-AIRF AT 74 F Al-57]4 HAa Ay
Holl Jas k. o] A= F714 DC/DC AMENA | AsA=dl, 714 /7] MOSFET(2)7F =]
AL A 27 =i o dE] BB S-S HoFu Alke] §l7] wiitolt),

THAl &= e Zefz(20)E Fxshd, oW Hdl FE AE (D) ol delA, =9% &2

tlo
=

FAG HGE A

i
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[0044]

[0045]

[0046]

[0047]
[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

o] glor, AMHE EAHH(23)0] o =AE nie} 2
A, AMEE MOSFET(2)E 2A17]aL AA AZHT) B¢ 2072 §x 3},
Aglitch)E Z3c). o9 Zo], 100%2] FE HE A, Vo = Vin©

= @ A

AR & 5714 R2E AWEe 528 1 Joo] S Eog Agtett. & 1bel TAE F7]4 F
2E ZAWE(10)= A 39 MOSFET(11), #lH2-H"E& A9H(13), £8 AMAEH14), 2 WAsts ¥d A7/
7] ol 9= (16)E 717 "ZZE (floating)" =714 AF7] MOSFET(12)E &Hsttl,  MOSFET(11, 12)9] AlolE
= 28 AGAEHADHE B3 8 ALV 2HE Frulzis A (Vi) WHEshe] BB 3 2 (E=AH A
ol o8 FEEIL P AlY] Z(Z=AHA k)l o8] AlojEtl. BBM T2 &3 AWAE14)E T
AN71E RS WA 98 2 asi.

5714 ARF7] MOSFET(12)E 2 429 =9 vxrt ojwl 33 #d, & 28¢= EE V.o 9938 942

EM Fethe Julda ZRdstE Ao® 7T, tho] 9 =(16)E MOSFET(12)7F P-AY tlulo] ~Qlx
glol %712 AF7] MOSFET(12)e] A3l P-N the]lezo|th. AEY] tho]|Srv}
MOSFET(IZ)S’Jr %%i E23E 4 AT A QIYgEAE A A E &WE vlelo]2o YiAlE Tho]l S =(16) 2
5FE ARE FE9 38 4 gl Aotk teole=(17)E N-AdE Hw MOSFET(1D)e WiAiskE P-N A
e YET g F2E AWE oA o-nlolojaz {XH T,

7
Ir

I
1E

D AWE Y FE HE(D)E oAU} HiEE TE dYo2RE DO/DC AHE(I0)E E2E Az, F Ad
MOSFET 291 (11)7} &olx SIHE (13)7} A8tE e Aztez Aoletd, R2E ZAvge J&dg ] F3A
gkl &2 1-FE Y oo vt =,

Vou _ 1 _ 1

V. 1-D 1-t /T
BAE L= B7)4 BAE AdE] tidh o] #AE = 1c9 ZYZ(20)0A A4 (22) 02 EAHo] . F
23 e Ay BRAE ZABEE DY FaidoA ojwl BdEH =dalx] &uE 1(unity) dg EAC F&
H7 =gd 4 glu= Aol o] HAL =9 MOSFET 29X 9 1 Alo] & Ao|E +% 3|ZoA] 294 X
Ao Qg A
F2E ZAWE ] 9] NMOSFET(11)7} 3] 291 sh= &, tgs 8 F71(De 44 P&, d4Ad 5% < D <
95%0l AFE =, ol FE MOSFET =211k 2 Ao} F=Z YolA 8-2 2 B-0F X4 uwjio|t}, 4

Ah 956 FrEl e} Mz FE FokelM, Awk MOSFET(1D)el] ek 2= A]{}% @4 333 ns 7|3ke] ©A
5%, & @A 16 nselth. o121 Ad MOSFET(11)7F &% 3 16 ns ol thA] 225 E 2

=9-908 wE ofgt wEeolA shrldle v whETE o] Ha - WAl T4 Ee v-Er14
HFAE AWH JFE

B

oAl 2 Z(2005 FxeW, ofwl Hax FE FAHODL) oldtelA, 29F FAE fAT HGGe A7te]
glon, AWHE BAd5H 240 o8 =AE vl Zol DyolM 0% FE FMEE FZsof k. D, o1l
A, AMEE 5712 AH7] MOSFET(12) 5 &A171a AA AIZHT) ¢ 2202 fxgch.  F4% 13 (24)S
BAE ANE10)9] 9 Al ol (glitch)E ZaAFoh, L3, 100%2] FE DE A, Vo = Vi,olal &
2ol dS 29Ao] FUEE 3 AHET.

rn

Wl E7)2 B3 AWE (DS £714 B2E AWE(10)91A4, 1(unity) A2 EAo] BI(Z, V., =Vi)olA
E2bslE Ae EA47F Qo).

B Z-PAE 291 ZHE]

Lunity) 54 F2olA] wl-Felg DO/DC 2914 AwE Fate] FAE Qg Ashs FHAY ekl
Wabs $8elM 53 ol@rhs Zlolth. o Age] i FAdel WY A% HAYRA wee Aol o
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[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

SE50] 10-1504884

) s2Elor sl kol 7F W2 AC OJHH Ev 329 9 X
23 a8 1 mRke] WEn7E @ FE = g2 AU s A, e Z(25)= 48
Aol A g F ol e Wd 548 =4 10}111 T FH 4.2Vell A AlFbsle], Wb 717H(26) B9 =
Z1Z2v27)ell 3.7Vell A 3.5VE A A3 Frastal, HEHOR 7)7H28)0l A 3V o]t ALLE=R

DC/DC AW E 7} AA] 7]7F Fetol 2 gl geo]Xd © 3.3V &3S AT eyt de Afol, (3.3V/4,2V)2] A
B-FYE (sub-unity) W3] = 0.79 H]Eo] 2Sd desly, vl AvE} —QJ%}DP A& 7hE g, )
[e]

Elge] 1 TRA, 47

il il E AWE7L dgd ol
AL GAs7] 8 aFEY. Sy A wEs mF gy o9 e &

=N
5 T
& Wa-paE, EE g-r

AgAT Gothe wdkel B4 Felr] sk A9, @ 74 bsd wde v ANEwE Agea
e 94, dan 3.2v04 Aol wEe £Ee s ol o] WEe A% mold: Felgal
Ao wolizd ol lF o wlEee] Fyel el 3.57 oliels] mFelh, 1ax(25)9] A

BAo] osby o2k Whlo] zhe oW HAS HojFr).
D@ A wlEol, AMEE 1W(unity) HEW] ZEsts Ae 24T 4 givk. wd AWE7F of| 48t A
SH(6) otz AHs] dlEeoldd & A7, 6=V (nin) - Vout), WiEEE 3.3V 74x 529 &
gtk whl oY WA AWEe] sk o] 300mvelw, AHElE wHFHoldS By 98 3.6VelA B
A& Abdsfor gtk 3.6V ¥ 9 3.3V EHolA, 293 dEdelE s 92% wE HECA FEE|oR
AL Fopol s fold o] ofd 9200 FE] HElolA T Aok, #E ol wE Y ouxe] gy
B AvEnte] £34& ARgSte] AR

o

HWA-F2E AWEHE F7]4 Has $2E AWEHE #dd £t AaAcs a2z Aggdozn Lol
A= = Q) 124;44 3a9] F2E|A, A%k MOSFET(31), QUEE(33), Z7]4 AHF7 MOSFET(SB) LHZH
Sh= E}Olka(ss) 9 LE AYAIE(34)E E3= 7124 F2E AWE(30)E MOSFET(37), AHE(39)

714 A7 MOSFET(SS) WAlshs tol 2 =(42), 2 FE AWAEHUOE £k 5714 HA 7431E1°ﬂ xd
=dl AH8EH, Agtd AMxAlol= ABE(30)= ﬁﬂﬂﬁi Fo(ADE TEdn. o] WA 9
Ak WA dste FHAYRT 2 Ad()er Sbd F, oA apdste] Vs A47T

2E-HA BEZR2A0 AR 28 FAE AHEY Z8(nyeee)d WA ZAWEY] a8(nw2)9 F&
A &&ol A v 70%0 o] &

= =
o, w9, mAE AMEE A8 Moﬂ | ob wea e 54 2t 209 ALEE ave

11

W2 %= 3boll A}, MOSFET(52), 1Y E|(53), E7]124 AR MOSFET(SI) WAshs tele=(55), 2 =y A

AE(54) S Edal= T714 B3 AWEE A MOSFET(58), Y EI(57), 5714 A7) MOSFET(59), WA=
the]e=(62), HH AUAE(60) = HEIH6DE zﬁ%h Eﬂ” HoE AW AL FEs=Y
AFEET AaAoE HA-RAE AME(50)= WA JEAGV)S Y3l EHALRY 9A Aslela de

golddt 5, o] A¢s SR8kl Vous G I

oA, HIA-RAE aAol= AWE(50)2 HAAZC &S ME E8Y FOo&2 FARAH nagssdges=Iwa. No
L0 R FojXTt, B I-FAE F|AFA o= AWEA A

HE shtel Aol awtt o 24, ol g3 9 WA Atold o Be AY Aol EA s, RE MOSFET
3 a7 wEoltk, ey 2719 QYE S aFes AWE(30)9 g, AWE(G0)E AEE A4
9E (53, 57) zZtev. AE dZ4d" dgyHE Y93 AFES TR wEd, e dgyH=
W, 297 s AWAE(54)9 Hox A A

Al EAE S WA AW Ee s FAE A

T 4o ZAE HF HIA-FAE AHE IO 9Y AYE(73), 4719 MOSFET(71,72,76,77), ZE HIAIE
(80), F-3F(81), PWM o]z (83) =&)L BBM ‘3—; AelE WHE2(82)5 EFHEeh. MOSFET(71)<F HEL W
AateE thol =(74)¢F, MOSFET(77)¢F W&l UiAsle tho]l 2 =(78)& BBM 717+ 2o 54 3k A8 Fo
AR7124 Festn, ol r(75, 79)% HE o wlojojaz fAHE. 1wzt A wEkA, AME(70)
= 3 A REQl WA, F2E, 9 HI-F2E BEoA FAe.
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[0063]

[0064]
[0065]

[0066]

[0067]
[0068]

[0069]

[0070]

[0071]
[0072]

[0073]

[0074]

MOSFET(71,72,76,77)5 ZtZ} YElE W3 i=1~47} MOSFETO] HoldE AL & 28 £48 g Hor Fo
ER=

4
Rota! _2 :(})conducrion + P drive )i
i=l
A7 A& 47019 MOSFET 57} Zbzhe] 2-Algke] wl#dh A &48 Yeldlar =3 293 Fubgo v«
518 €48 deplE A Ay,

b1

S5adll A, 3 ZE(85)x WA ABEEA WIA-2AE AWE(70)9 2L UER I o] 7)A] MOSFET(71,72)%
W Alo] slell A 914 vbd A9 A S 259k MOSFET(77)+= 2 JHZ fA5 1 MOSFET(76)L 93 njojoj~

AWE(70) el A 9] HA &4 5712 B AWEAA e &dR o 2o o] 212 MOSFET(77)9] M %
*E‘% Z3gkslr] el =,

!

e

2
I)ratal =Z (})conducrion +F, drive )i +(R‘onduction )4

i=1

% 5be] S7FE R(90)E MOSFET(72), 714 AF7] MOSFET(71), ¥MdE AF7] vholo=(74), AHE(73) ¥ &
A-1"7FA(fully-enhanced) MOSFET(77) ®7] tho]lox=(78)¢l A AHI(91)& =AY}, o= A
MOSFET(76) %= H-wlo]oj2®l P-N tho] LE=(79)2A ZAH o] Qdth. WA F2E ZAWE(70)9] WA AHE =
Ee 7 Vi > (Vo + 8)0] FA = & 2sgir.

2 FE] MOSFET(77)¢F <iAlE Ad A& (91) wiitol, WA 7AME REoA Fashs & 49 HIA-F2E 7Y
E(70)2] &S = laol TAE i B3 AWE (D a&RY Wk o] 5AS T 749 a84 I ZA
g 4 glom, 7|4 WATY F&(FA 110)2 WIA-B2E ZAWEe WIA-EE §8(I34 10)EY ¢ o
W BHES 5% WA 15% © Hu}

T 6aclA, IRE(95)E F2E AWEREA HI-R2E AWE(70)9] 2L YERY o] 7]4 MOSFET(76,77)
= PWM Alo] slollA 14k whd A9 s 3 2% MOSFET(72)% & A& 521530 MOSFET(71)E= £ ujo]o]
2 Hr. 7AWE HA &E4S TV WA 7AWEY] &4RT o 2d o3l MOSFET(72)9] A% &48
gal7] wZolth. F,

4
Rotal =Z (R‘onduction +F, drive )i +(13conducn'on )1
i=3 '

L 6be] SRR (100)= 2912 MOSFET(76), ‘5714 A7F7] MOSFET(77), *¥d AF{F7] teole=(78), AYH
(73) ¥ - ¥ (fully-enhanced) MOSFET(72)%1 A& A& (101)& TEAIS. o] =(74,75,79)+ vtk
olojx9l 93 AR AT, WA FAE AWE(70)Y WA AMEH BEE J)E Vi, < (Vg - §)°] 4

< AFE} MOSFET(72)¢F aAA® Ad A3(101) W&o, F2E AWE RE(95)04 F&stsE & 49 vBlg-F~
E AWE(70)9] &2 % 1boll EAE 95 M AHE(10)9] &R Wrh. o] 5L = 7A9 &84 1
Bzo & 5 Jon, oyjq RExERR] g&(F4 11DS BIA-REAE AWEHY RAE-RE 5834
108) Rt o wom HE2 5% WA 15% o =T}

FEI Ao BAE BE 22 F8(2A 108)S W3 RS Fzlo F&HET won oL Tz RAE AW
E7F W3 AWMEHED ¢ & Jd 29A AFE 8759 de &84S TUHA7/7] wEeltt. F~E 7AWH
MOSFETOl M ] E& Ax £42 ¢ 33 ¢ Fe-AF9 39 NOSFETS AMgste]l BAE = A, 948 Ay
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[0075]

[0076]

[0077]

[0078]

[0079]
[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

) = = - = 1l
Attt AV Al F2E BEoA sFets WA-R2E AMEAA o AR, o] A2 MOSFET(72)
9} #HHE A (10 oz 8 3 o B2 AE Aol EA)str] witolth
WA s BEel BAE s BE oA, AWE7E FUE (1) ¥ =dd u, 32+ 1043 ia-F
2E mroa Ezbsol 3 ol 47] EAXAE REE 293 Aot Ay B9 ABEYF BT A
Hol sl Hdl FE HHD)E EHsE XA Ee Ha FEH HEHO.) oFE "oX= oA
Elggiiag=t
¥ 12 ¥A, §2E 9 HI-52E REdi HA-F2E AWEH(70)9 534S 89,

x 1

ASAs] 7] 2914 A & ol

WA Vin > (Vo + §) M1, M2 M4 M3

HA-B2AE Vout + 8) > Vi > (Voo — 8) M1, M2, M3, M4 none none

HrE Vie < (Voue = &) M3, M4 M2 M1
a8BE 293 AWEL HA-F2E BEE g 9o 3 wAs).
Voul (1 + é‘)

in
HIA-H2E BEoA 47] ENX 2 EF7F 293 Fo|7] uio], &4 WA v Fe Y 2E i BE
MR o Atk o] 54 X 7Ad EAH om, o7jA HIA-FAE RE(3F4 106)914 AWE(70) <]
BES I O95 RE(FA 1078 B2AE dE R (A 108)dA F2Fsle BA-R2E AWE(70)9 &8
Ho o von, 7 A3 4-29% HIA-F2E FHo] /MAE writh g8 3243 "o, EAlE uke}
Zrol, AWE(70)E= ok & A, = Vout/Vin W3R 7F 1(unity)el <8 w, o= 59 0.9 ¢ 1.1 Al9]
oA, HA-F2E HEo|xq 52 gt}
AWE (70) 7} 4-291R] WIA-F-2E BRTo|x A F28loF sl A9, a8 ZFdA F4(1120) &
2u, W3 9% Ze(FA 1070148 adny *J%%l I HE 714 WA AWE(EA 11009 g8R1Y
2 Y. mUH R, 59 BECA 4-291%] HA-FAE 22 F4(112B)S wEH, g8 FAE o

( E
= EE(A 108)eAM e aERt 49E Wi de w714 %‘—éE AME (A 11D agud g4 v
e WA -RAE AEY BE 292 42904 HA kel E4E 719 Lunity) Agt
2 AgeHs A, WA-RAE AvEE wa AE £ Rt mago] dyyom v,

2 ol wlEZHE 3.3ve #HEdelA

ol ® FHE& sk AL
el 7HARE, 2lE ol wiE o] AgE oA Al it
E]

il

= 3.5V ~ 3.6Ve] HtoA wrAEth,  mE, Aby] wWE| 7 FUE(D] 23 = =
Fordtrh= APE S T §8olA AAAA A7 2 = o, B=F o, g @ ko= o
&+o =

B3], BI-22E 294 dFdolHe Be vdS etk 53 fYE(1) WS e 2 A oA]
Fze 4

A-AE AME tont 4 A
ol TEHE AGNY YERAS] A%

ol Qi M H=

A whE ARgEe A A3 s rolt),

Tz o] 59 A MEelA 100 %ol S eE g a&S Jehd 5 o ol 9
ole] UMY I zo AHEH= ?332*5& Al S ASAE Agvte] g&How WAE 5 Qlvk= Aotk



[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

on

£501 10-1504884

49 4 FE(150)E = 8aclM Awata glod, wigge 9 Ags F oWl &) 93 "2ujr)n A

S [s}
dd AFAEE AREIT. A HZ(150)F MOSFET(154)¢] 22, & dlue] gujdo] agtf=ntls A%
AMAE(166) 2L FH HEZ FHNV ) dAZFEE AL AYstuE H-BIASE FAEE F2 4709
MOSFET(152, 153, 154, 155)& X33},

27 H=Z oHyolde = 8y 2 8CY I3 2(160, 180)o)A MOSFET(152, 153, 154, 155)7F ZFzF ~91%
(162 - 165) 24 el Q1= ol ad el A9X 2 MOSFETES Rddto] osia olafidr &= vk, =3 oA
Zoll= 8bolld YERHI = A o] AR 291X (162, 165)E B3 o] == V&= AlgoR, == V&=

Ve 2 ©15A71™, A Vi 2 ZY AAAEHSDE SHTT. 34 AlolE Foll 29X (163, 164)= 71
o] vt

A% A% 2 PR wAelA = geol M uEhlm Q= A3k o] 291X (162, 165)% Aol glonf, 29
(163, 164)%= 28] 9, A= Zebe) AnAlE 1512508 8 A9 AnAE 16602 A%50 V, A%

—

Hjj e 2]

2

e 2% Vo Foule] fte® HE,

2902 HEZY] 42 W & wege] &5 gHulde Ao AFste dd= 9 T F g9 v

3] Z ATAIEI(I5)E HiAI3H= Aol 7]&o|th. thgel Ao]E2 E & S dAE Wit

9d 9 ATAE FH BEZE o9 = F oA AY¥S aE&AoR Nksk £ glom, EE giote

ANAEZE wiE Y &= By AdEo] AHEEE dEA AT Vi MEEY mlel-onx] &5 de

S AAshE ASodE AEe a8408 AEd 4= 9},

E 9ax 7709 MOSFET(171, 172, 174, 175, 176, 178, 179)¢] UEL A} 2719 Za}e] AFHAE (173, 177)E

o] &3l F HEZ(170)E Tt k. A7) HES A BXe dd7 AGAIHE FA387] 913 7401@1,
U 5 Vi/22 015 Z47bS SHEE Boltg. 4 F o] FHE AdAE

A= 9o, wEge = gHuldy dAAH] k. tgel FEHE & 1

A Ve + Vi /2018F, EF3o] o]e] 39| 1.5ujol22 7] 4 HEE= uuz "B Y (fractional)" T4

HxglaE s},

o,
=
£
AC)
2
2
lo

é
-

)
=
2]

rlo

= 9b 2 9C9 I EE(183, 185)F ~91x](181, 182, 184, 185, 186, 188, 189)7} Z+z} MOSFET(171, 172, 174,

175, 176, 178, 179)& Yells TN S AZE 2557 93 dd 29% 57 248 Uehdry, &=

9bol Al UER e A AlolZolA 29x] 1818 23 AHRE Vel HAEH, 292(189)= 23 A=

A V,2 48 At Vo &= ol BAI7IH, 292(185)E ¥, = V,=V,7F Ho] ASAE (173, 177)S AR 4|
Al

Alell A 7g= o] k.

= OcollA vel = AR o] WA dACA EE 29X WEe] glon, A9 FHeo ~$91x(182,
186)= &3 =T AWMAE &= HUEd Ve R Ve Vol Q2ARIE. SAl0]l 2912184, 188)2 €S
AAEEY &5 Hudl vV, 2 VE &8 V, 2 A AAEHA80) ] A2

2]
S IANTIAY E= vdsHl ste] Edglo] whaRht,

% 10a-10d%= o529 WA AlelE Fol UrE}LF:‘ *%ﬂ—ﬁu‘wﬁ HESAZ 7F5e B 7x9] S HE Ak
AWMHES =AEL It = 10aoA S HEZ 28]7](doubler)(200) & ©]9] Zgol] o} &3 vl Z#4

ASAIE (202) ¢k wiEE] 98 A 222202 Adste] wiEE 9o F o) A, F 2 * V5 AP
X 10bol A IHE|(205)= AS A4 (207) vz ol ©d 2k AWM EE obr o dF dgte &= 7|
& oAIRL Vi o) obel ek EFE ds AT

= 10colA TAAHY =4 HAZ(210)= ATAE (212, 213)8 243 L] o]5L V. A 2o AR
Rolal ole el 1.5ue S AMAICE, thete® T 10dolM V.. /28 Z=AHE= ASAE (217, 218)
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[0097]

[0098]
[0099]

[0100]

[0101]
[0102]

[0103]

AT AS 22 &5 HYlE 21690 2kl dAFo] wiEe deke] v, F 40.5 Vi, o 3 Hke A
0

Shesot aasol Qi ool % Hyldst Febd ARNAE obd) Iete=E

FA PZE o5 F2 ALY Awe v gus

, Sk
WS AT 5 slen, Ex als) ol AT 4 Atk
e | n={-2,-1,0, +1, +2, +3, +4} ¢
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Docket No. AATI-22-DS-US]e]™, Al¥-o] "High-Efficiency DC/DC Voltage Converter Including Capacitive
Pre.-Converter and Down Inductive Switching Post-Regulator"®l R Z}Z} FA]o] &= o, FuFdo
24 of7le] Biegem, AV THELS 2AA=-AAAEH-QIEEH(CL) ol AMEE ML YL,
A7IA ZE-HEe QA E-AFAE DAl oA GAE L, ETAE-HdEH ol A EIYE WR
oA DgErt.

2P A =SS E-AHAEN(LCDX) B F 3] o4 ZHrE

E laclH= dEezA A Ve SAAE-ZAAE del-dZ E2E-AE(402)9 &5k

Zb= ~E-tle . AR E-QYy ZEl-dlgdolE(401)E Z3IsE AX = LDX @lEdlold ZAME(400) 2
2 w=wg Aweta glow, o71M, FE A V& Lel-dFddelE (4] T4 23 F9E Aolshs

SEw AG(Vy) oM F7hE ALGRT old] weh Z-dl@delE(onY Y A Vi BHste Ay
Vool A el el e 2ee BAl] AAsEA X As-E AvE(102)0) EsS ARstes Agow
FHom 2gur,

ZAWE (400)0 A =X =919 Zgl-gl=8 o5 (401)> P SEEZ (406), HPeo]E-H|¥-w o] (BBM) 7
olE W¥(405), A= P-AE ¢ MOSFET (417), LF2 PN tho]l 9 =(404)8 = &3S N-AE 5714 A
F7] 99 MOSFET(403), % IYEI(418)5 ¥t FES Fola = & /s As) S4 IH
AWAIE (407)7F Za]-el=eolE(401)2] Eol| AAFT. E o] ojgfdt AAFE oA, Aol ~¥l-the

Feo] Qg
291A E-QlElE DC/OC AMEE AR = AR, 2otk 29

A%
i 2 e zel-gEdolH (407 5714
Bl FAWEEAN EZEAY ﬂ“é%"% & o] mAE $714 w3 1 A

= Mol M3 AWEE A3
o (4 ZAWE dialel WA HAWEE

AGPAI717] YA 2ET] ?é%ﬂi tHzﬂE‘ T Ut

PIN 2EZ2](406)2 149 = o] Sgale] e AEHD)E WA

o] 2-e}d & Alostal, AEZ-FE/o Aol (413)el o8 AAT = 1F

2 P E2EZ¢] (406)2 P-AY MOSFET(417)ell tha] A =

[}
PR

P-Ad NOSFET(417)0] £ wivbth AFE g2 A &2V, 29H AYE 4188 s Bech. old e

2ol AsEo] 1/2L10] FAF Fow oUAZ Agsta, AR FA Wsle] ALY, 29 Fus
oo} vlasle], QI E 4189 AFE MOSFET 4179 HA%H A~ A wkest 4= glena, AyE 4182 A <&
Ao] gl HF A2 A Y AFsta 9] it AFE P B2 4060 o8 Alojw= Ha F vz 7
sto] W Fg Alo]Fol tis) M3 Wi}

915 MOSFET 417°] 531 )7} obd A= AAlu, AHH 418] == Vo] Hohs ket ofdf2 &3}
o, Thole= 4045 =WF wpolojaA7]an, A9E 4189 AF7F Fdglel, 5§ Aw#stEs k. MOSFET
4037 417 & thE Sxabi, tho]le = 4040l AxE A2 I *Violn, of7]A Vi PN A thel o= 404

o =F dteltt. N-Ad %
T+

i
>
o
=il
N
=
S
7]
=]
=
;_]
B
o
>
rlo
o
2
\n}
s
%]
o
=
;_]
S
—
]
o
to
I
rO
offt
<
1o
)
4z
t
rlr
°
o dz

A7
B e MOSFET 403> A7) thole= 4047} %75’5“}% Agelvr =

|

GRS Sl FE-AT AEE LT, FE-AT AR A€ e :@%% SN, AR e
MOSFET tjufo]zel &24-8 F= upezelx] ¢k Aeoltt. BB 114> FE-~F&5 BT HJu2 FE3}

Aojok sk, FeakAl 11 BBM HAS tho]l 2= 4047F 31 ARE St AFE NbeH st o B2 HdESs &
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[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

SE551 101504884

BEA7| B2 uERE R &

BBM 71702 AlQsta, %7]2] BF7] MOSFET 403& A9 MOSFET 417¢] Q3 &0 glow AA & A4
Bk Aol o)Al iy oW BAAE, 5714 AH7] MOSFET 403 8] LZstAY = ol
H2A71A] &+ Aol §8& 4 vk, & 5o v$ ¥ &8 dFolA], MOSFET 403¢] A7dd 7|3+ s<t
2 e ohd v sk gk w9 o AR aFo] WAl 4= 9lth. MOSFET 4032 2¥A7|H A &
AL agstar, o-npolol~ AE dle] tholet 404 AWE AF AEE wolx] 7B AR Z&LS )
A

fortog B 43 A Y951, FuEdozA] o7 HIEE =Y HII [Attorney Docket No.
AATI- 18-DS-US]e]™, A|&o] "Low-Noise DC/DC Converter With Controlled Diode Conduction"$l &&ell 7]=j
® AT FZo], T4 AR{7] MOSFETE = el A& + AAT 2k 2 Ay vjupo] =24 2537 &= 4
9 1 =992 AR AF AVE A= wHoz AojHErk, A3 A9 AEHS A-AF dAH-AF BE
AbolE WAl o2 A | A7) WS AX =YY AWE A "7 wo|2E FAAI

)

T AV ==Y ZE-ggdolE 4019 E92, A AWMAIH 411 E3 EFsE A9 =~
AN Y EAE-AWE 402 U F=A HZE 4089 @Eﬂ dE s Faeg A T 408

2-4, 25 o, 2o Adngd
F2E-AWEA 28-§ WS, dE 5o dY-AAAH 2u7], n=2, B 7

_“:_,
B
>
2
]
&
%
2
e
i
et

1=
v g AAFE A, o] ¥ W AEZH 4140 o3 PWM 3 E 406& Aloletr] Hs) AHEHE Adem
WeE = Vel A% Vpor sE|-gdEeolE 401 v=ws Alwsty] e AR dijtem F3F A

I

bR gk Aol A Bl AZE 4149 ¥ A2 V9] 7ol Vo/nT FU3HA RHEojoF vt LCDU AW

B 4009] Agol, =W AZE 414= A tupelr 24 Agsk= 2709 A 415 3 4169 VIEYAE X
o}, LCDD 2 LCDI QAW EOlA, 3F7)el 7AlE ule} o], #M AXES 93 uF I)2E ALed = ),
PWM 32 4062, #W AXE 4149 &8 AUS 7|+ A9 vwstar vn 23S 2934 MOSFET 403 2 417
£ At AHEEE oY IRE, 2ITTE dE 5ol B UbolA UEhe A Zo],

2RE9 FY AU Vi olEl SF7] 4064014 WH=-3 Aoy 406Bel ol HAE 71E At Vit H
wEaL, oe] FF7] 40640 o3 LAE o As= AHE FHHCIE 406CoA X HE Ao HluETH
FHI oY 406CE, T H-ZF 3|2 406D % BBM W 4055 T3 FF% o MOSFET 403 % 4179 =913 % &
3] MOSFET 417¢] Bl HHE Alojste, tA"E F8& AT, 2 AAdoA 8 AZH 4145, Vol &

1
[}

- H~(

S dE F%7] 406A7F FE HEHE dASA FAGe FHS AHNES, FEd. v
2, Voute] 1AL Hx #M o] Ex o]kl Ao, e F%7] 406A%, 4915 MOSFET(417)7F Vy=Voy/n
o] H&=F Aol FEH HEHE var|(4060) 2 stow fta BE S7MIIESE sk 288 AA4dETh. DC/DC
ZAWE 9 giete] H=w 3R] Frh AR diEixe, FEE As 7)ol WiE, Wilcox 59 20039 649 17

Azt 53 HE 6,580,2585 FxT S Q).

LCDX AWE 4009 T T2 54 24 T 4089 293 238w ol Zal-#FdolE 4019 MOSFET 417
94039 =S AAsty] A S/l 4135 AR 6}—& Aolth,  AQA=-QdE Zg-dFuo]
E] 4019 2SR E=-ATAE] E2E-ZAWE] 4027} $715 o) FA Fo2ZN, FIF HE AIAE 4079 =277}
AA FaEAY BE S s AYAE 40771 4413 217%—%‘ T A,

V, Za]-glZgo]dE & Vo #Fao]Hd

LCDX ZHE 4009 shite] Mz Fu2 a9 dA a&(n)el Ze-dEeoly 4019 & T3 st v,
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[0170]

[0171]
[0172]

[0173]

[0174]

[0175]
[0176]

[0177]
[0178]

[0179]

[0180]

[0181]

[0182]

on

SE3 10-1504884
o) grol lEshe otk ® U F8@ w Alge A Bw dFeolde AN A8 A% VIt
48 Fx vjemoz AojH Whyelt.

ol#l gk 17 A} ;

A AR S dud. TAE Ay go], AEl-the Zal-g=y 1E1 J01S A2 AV, ombE AAS BT
Wi, F AL VE AT LXK EERACA, Z-wlwdeld 401e &7]ek o] FojAisg-rhe
AW ZA ZE gt

Vy - D.Vin

(3714, D= 0% WA 100% H9le] 413 MOSFETS] FE] Alol =<l

o] th¥ wWgho] & 15bo] I EZE AIEe] glan, A9 = LCDU 3.3V el el olB 9] Vo - Vie AHE 426 HiE]

2] Q1 A Vi, 427014 2491 4282 EAIE 1.65Ve] AT V, Aol PolAt AL EA@,
% 1528 A @xehy, wel-dEeoly 4019 V, 28 ool A9A-ARAE EaE-0uE 4020 7
go wastel A V2 A4, EAE-7uE 4029 W vES

o7 FoIAAY, e TAE-ZAME 4020] el At WE ulE Vz/VyEA FdH
Vv
Z — n
VJ’

(714, n T4 FZ 4080 2912 74 R AMAE 9] ol whE} GepA=, 295 s g, dE Sd
n={2, 1.5, 0.5, -0.5, -1.0}& zt=th.)

g 5o = 15bA Yedl= A Zo], n=28}A 25-¢] XAE-AWE 402+ V, T A 4288 7 9 s

of 2kl 4290 & =l A 3.3V Vo, S AT

T 15a% UhA] S, Y Aeh 42~ 4212 A LOX W Ee A™E Tttt ol Ay axE 9
o] AYPAA 9 9 yed = AW EAHoRE gF ol wiHIS . g I, A
& Vi = HIEE B WellA ofzEe] MY Aebrt BAstE 1XF ARG AS-E Adsta Vi AAR F
daie, el dt 7AMEle] HaE wiAlg).

ZAIE AT o], 293 LOX dlEdolge] &3 Ta 4950 AHL TF3te] wlEeolEe 3= & A
& AL Vool A ZHsdet. 2AE-7AWE 4029 &9 V.9 F319] d3te FH AY Voo AMO1 A EUA

Vout =Vz = n.Vy = n.D.Vin'
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[0183]

[0184]

[0185]

[0186]

[0187]
[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]

on

££0l 10-1504884

T LODX AnE o] A Bk 79k o] vEhd 5 gl

M=nD
V.

tn

olg]d BWAZRE, LCDX AWE 4009 9olA, Z-#ZFdH o8 4019 FE AE (D)} ETAE-AWE 4029 H]
F "n"Y 5 AWE 4009 f=Hel st =9 o vEY FIsIthE Fag AMES & Q. BEFdAHo=
AFetA dgdeldsta 283517 flsiAe TrFA HE D, M HE n, B FAF 4E AgY wsE 1A

7] 9EA TH oz W ok s},

X EAE-ANE, 5 27)8 dl2A AL, LXK ANE A 54 FAGew dr)sh wol Wr):

o

7] 2X-2t9} LCDU AW B Fghe] Wk W& = 15bellA shdel] ofsf i = 15cell A 2kl 434 ©] A
AlHol gltk. = 16bellA s =2 1(unity) stellA ¥ata tief 0.67 WA 1.5744] W9le] 271E 7}

Vin=3.3Vel EQAE 430014, A e Hl&L 1(uity)olH, ZAME = 28-¢l3h 28-the UF Alo]
o] 7P el gtk LCDU ABH 4002 & REg WskA71A efar o3t (unity) W% 21& F
Hrke AL FolsoF A

F7v2 2X-eFY] LODU ABEE BA8bd, & 15c9 2= 432+ AvlE 4009 Agt HskH] 7} Eal—aﬂ%aﬂfﬂ 5]
4019 &7 of 47 HENS AYste 24l 4339 71&7]9 T oulE X E 9 43402 EAE F

o o3 MEFHoR oFEaE AS il Qleh. ol2Ho R AWEE g dig &3 Hete lz‘eir" ol
A oA dlEdeld & £ AR, 10% olst 2 90% o] FEl FEE Aojay] oHe FL L e o
Hxol daw s ExtelA "k tidlel AMEE 10% WA 90% W e FE Bz ATFgozH, 2X LU
AWME S F8 MY f=o Ha 25-vhe HE 020094 4o A ~¥-9 #AY 1.8 w7kl (HA 1
Huth & oufe] Mg w3k vjEe) bW HAE At

ZAWE 4009 1(unity) W3HANA, Zg-eglZelolE 4019 FE HE=AHF 50%°Ivh.  AS 50%2] FEl HE|
A, =93 AvEE Fde W3, R2E 9 83-F2E AE EZZAVE A2 FE A &A1
o] Aeol] o AR Fi, T FaFoA e AFS s LolstA Add F vt

ne thE FEo] disiA LCDX AWE 4002 52 o) O}EHOM nEatiet.  wirlele e 2X-E
HE XFatE LU dlZalolE7F o2 7)o 3] g

™ H

jins
bl

>4
Im
o
=

Hof Avje] &S AT V.9 Ao
LCDX ZAWE 4009 A &&2 Hdk = 15bollA] EAIE a5 2E 4205 AMgete] Hrhkd 4 sk, ZE-dg
AolE] 40100 Qo1M, 9 AL Piu=ly® V02 FOIA R Py=l, *Vyolth, 12l - @eolel 4019
S S5k Lol el & qluk:
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[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]
[0203]

[0204]
[0205]

[0206]

[0207]

2
=

Jlfﬂ

61 10-1504884

on

&= 16delld = zel-wlEdlely 4019 &8 ni= WA dAsk, 27le] Agh e Vs o] gl

S Awsta gk, BAAEA L 96% WA 90% HYola, e =7, 3¢ MOSFET A3 2 =z AFo

FH WE 4088 Tt EAE-7WE 402¢ SRR 719 ¥ Ak VA AEEE Fakdd dEs

Pl ! ..szlour(vz_vour)

0ss 3 ot

A7IA, V,>Vgy ©ITh.
tgol &4 Aol BHEHE A 3 2Eolx|e] T8 79 o] YERH:
n —_ et Pz # BassJ Iom (‘/z _‘/oul) ‘/oul
. - - L
P, P L'V, VY,

71Ol Vo <V,, & Al o243 a&2 10092 AgAct, vgol AHE A 4= Vz=n * Vy2H-E 3}7]9}
Fo] vEpdT)
n Vou: ‘/Out
3 = =
V, nVy
7 PE 4089 WE 583 37, TAE-AUE 4028 7R YElE 285 7K

Vaur __ 772 Vaur
V, nv,

AV ot BUAT TS EAE-UWE 4029 EE SHE B lsedH WS glon], TrE-nE
3 Vs, A7 S 438 L 43090 ola) mAE ol gHe) A4 ARl AA) A AF A 3

.
Lo
i}
W
BN
2
m
o
-

Vou/Vy7F W3k "n" 3} A A9, F Vou=n * VA Aol 2
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[0208]

[0209]

[0210]
[0211]

[0212]
[0213]

[0214]

[0215]

[0216]

[0217]

EEE 100%0] 7T AA A B A, oFzte] oUA7t 2bA] FEZE AFAl7|HA £
A AF(Ip)E 00] olUm, 93 &8 100% P9, TAHozE ofd &

g upe} 7ol 95 - 97%= AIFHETE

A HEZ(408)S 9 Mokl mtwiETh o 2 FH A9S BAE 5 §7] W'l n ol VeV, HlEel
F& u7t A, Aste Y AL(Vu)S TEAZIE AozRE X FZ &8 Ak (V2)9

_Hi__
AlEl 20(440)= 231 Vou/Vy = noll el =41 4399k thgoltt. a7l &

, =0V, = n* D V,0RRE, 7] A& F AL, iAol FE D)ol s T

Nep =Thll, =17, v =nD >

Z {

LCDX AWM E(400)2] AA] &L /¥ &89 FHoly, =51 7|9 2}

1 \V

D v

i

n=mn '772'773

Il
=

2X-E}F9] LCDU #lEelolEe] AA &8 o8] 7% HE F@Ed gisiA T 165fd] ZAFPod, v g8e
D=50% ¥ n-D=1¥¢ W} Yeh}= A& HAFE

gk ny EE gl A wE HE D) W Vou/Vin A W3HHZ ZE2EEGIT. AR Hkeh
2ol kel 4527004 el 452EE Z+7F 100%, 90%, 80%, 70% L 60%°] n3 &&o thaEl FE AE =S
Ebditt. 53], €9l 452% 2X LODU W EIZE deoje] Fo3 ¥, /Vi, Hgd]o] sl HAdl 288 Yeldl+ 4

9 7E AHE UEhdn. dEEW, EQE 4532, lmity) A2 54, A5 59 Vo=V, 4

x 3
9w Ay me] WA A2 vehith A4 FE AHO)E 29-9 Wkl oA 50 o gl -

ki
—
I3y
)

rir
A
o

Uk Rgkel] gloj A= 50% o] sttt
ZAWME Y A &S nic e nedl FolW, o7IM ne AAAE-AYE Ze-dEdelE (40D ade v
BRUAL, novs SHAE-ARAY EAE-ZRE(402)9 &8-S YERlaL, np AWE(400)9] =E V3 L8t

ELAE Agact. V=V, ol n=100%0 4 W=, HAd AWE S8 nic n.E
A, 100% S8 =2E = gk, AFAom ne 90% M <tel A, HA FH FEZE 79 dA
St o, = 97%E UERE = k. AWEY AA &8, AEEY nic ne o ns 2 ns=100%0 lojA T4 4542
| oukeh o], Zb Vo /Vin Kok W3kulel oislA, LU AHWE ] &8-S HAsbshs ¢

o] el HE(D)7} EAFL.
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[0218]

[0219]

[0220]

[0221]

[0222]

[0223]

[0224]

on

££0l 10-1504884

2
251
o

12, date &3 Vo Rtk ot

He

A AHE 400 F9 V& T8 A5, 5V, > Vo 2, ng
AA AME g8 nd &89 Aotk o] 21L& ns = 90%el thE) FEl HE M 4528 € Sk

n
B8 =4 45500 oeiA dgE.

ot
o
S

% 16he= 7E] HE D9 At WMEE] V. /V,Y FFEA 2X-ES Z2E-AWEHE X33 LU AWEHY &8

S HolFE agiZo|i, n,- n, = 100902 ZFAEglth. FA 4562 1(unity) WH3bA], = V. = ViolA
EES BAET. =8 34 4562 2X LCDU AW EIZ} D=50% A H 3 FEgol =Eata 50% o] FE HEo|
QA mEo] UF s, AWHE o AXRT 9 2 WS Adse e vEa, o A3 A
el gk Fok Ay Aol AV BUR], S AV = {V, - Vo) > 00] T g}

29 4574 WA 24 4578 22 0.9, 0.7, 0.5, 0.3 2 0.19 Vou/Vi, H3H A AA a8 FE HAE 9
&8 YEhdth. 1(unity) ®gHdA 9] A -9 o], FE HEVL FUFstA ago] fHastd, ole AWEY
%w] Aas Axng o 2 AL ugtt.  FARH, 34 4580 WA 34 457EE 747 1.1, 1.3, 1.5,
1 1.99] Vou/Vi, BEHeA AA &S vepdth.  F4 458E0] oA, Z-d=EdolErt FE Y
=95%9F B 7} 1.9 $Xd] @ FJEvo] EA|sIT),

wyetA, AWEZE HE AEE V&Y AMS i sto.

old Add FE HHE F 16}04, 158 534 ‘%Moﬂ*i %&% T‘W%}% Zlo] Faditt, = glo],
FX A fGA o] &A% HEgoeldel AHskE - k. EFEE FE A o8 8 A4S Y
5 ; FE BE YR o, 582 "oy,

HAA EEL, ni-on. < 10000122, F ddHo2 = 15hd YeERd 4B von ~X=-QQuy Ze]-
dZaolE(401) 2 AX=-AIAE EAE-AWE(402)014 Aol <zt &4"d. A7) a3E = 1519
aefzel] EFEe] glon, mwlelA Hol &8(463C), ni- neol ¥ AM-EE ne A 4634 R on
4638} Al =AIE] i, FE] HE Dol tidk okl oEA S yepdth. o] mE|zeAel o], Hd &
25 A A= =3 FE HHIEEH RS, 9ite AY Vs 235t AWE 28 V8 2

U
@\1

KR

24

i}

_1

AL
N
1
2

TAIGE who} o] A 4602 Vou=Vip® L(unity) AE 5AS e, o] A ofg], A 4614 WA A
4618 747F 0.9, 0.7, 0.5, 0.3 2 0.19] At wsknlo] s 2=
A 4624 WA ZA 4628= 247F 1.1, 1.3, 1.5, 1.7 & 1991 %9
yebdch,  2Xel LODU AWME= 28-4 H|d 28 233 4 glo,
1.8 WA 1.99 2=%¥-¢ H] o4& Al&aA = o :av}.

A AojEH, B dmo] 293 LU dEdelHe o e Woly, F& A EE 1(umity) A
AR AN, F Vo FVLe A, EFoly A3E JUEhA a 2"-¢] B 28U neg @ e
dold ¥ 8L AT 4 ort. LU dFdHelHE WA ABE, B4 AHE k= 24 328 Jojxe=
=9 o =8 " vy WA T2 = 9l 10-90% 912l FE HEol uigt AA AsS 7FAFEe,
X 2% LCDU #Zdlelele] gt #sve {83 ‘ﬂé%% A Az 2u7], W AWE P §FE AWEe} v
w3}
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[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

on

£50l 10-1504884

X2
SS80| He Unity Ratio

al:HE-I Vout/vin g'?'l RE_I |:|‘l'| 5

EZ2X Efficiency
2X Xt K B8 0.1~09 1.8 Q| A Poor, N<50%
HAE HHH 1.1~ 15 Good up to ~4 Dropout 0.9 0| At
H3 - 01~09 Good over range | Dropout 1.1 0|l
H=a ZIBE

2X LCDU 0.1~1.9 Good over range Good, N>90%

9} o], =& F8& EAMU66)IE BT, 10% - 90%2] FE] HEJNA & eE Ha A
%H]y é‘ Vnut = {Olvm LHX] 09\/1“}‘?}0] 7]"‘5‘6‘]":]' ]?_]_'U\i, 2X %;ﬁ '@ES’J E%(J:."ﬁ 46
ghajolA Erh. dlzdoR, LU AMEY a&(FA 468)2 W W9 A
WM, =V, = {0.1Vy, lﬂﬂ 1.9V, Joll A =t} A7) Azts, LODU dZdolErt 24 B2 w3 AwE ]

i)
_orL
rir
rE

TALAE AFsta, ALY ZAZ4RdY ERX 9 YW "o w7 ZHol ds dgdeldae AL
ayshd. dakejoltt

29l cﬁxlf LCDU @l=elolAd HWE e o= &= 170 ZAIEo] lom, A wige] W Ale]& F<tol
Aol dd 3.3V E8S WA f8 @¢d-A g F o] wlE e dee] AgHT. S S, A A
2o 4 2V°ﬂ*1 AlZFEFaL FRH(471) A SF 3.5-3.6VE FFastH, o7)A dehe diite] W Alo]E (Al 472)
B FAHG. o]%, FA(473)2, e z<to] 3.5V ofE "olx] 2l 4777 21 478 Alolo] W] {V,y
< Ve < (Vo + 83, 5 Ao AWEZE EFoke e BRE 293 ZA4E As Fdo HE AS
EARG. HI:HoR 40 47m mAE G, v Aok AR 3.3V F9Y olgtelrt. 5% €
F ool wiE g (475) ko] AS wEA Y= AARE AFATNA o 2.7VA] e 5 Q.

YE ol A e #AGel, LU AHEE iy Ags = d
A V2 78 Al o8 Aedeta, $d BZ ZAE-AWEAA 2Xel oA AYE thA] sdste] bl

Zeloldd 3.3 Vo] &9 Vo (HA 477)& AP, AdnEe] 212 % 300 JiAE Hkek o] 7iaE 5 3l

t}:
x 3
Phase Up/Down | Vbatt D Vy nX | Vour | Vour/
, Vin
470. Full charge Down 42V | 39% | 1.65V | 2X | 3.3V | 0.52
471. Decay Down 3.6V | 46% | 1.65V | 2X 3.3V | 0.92
472. Plateau _ Down 35V | 47% | 1.65V | 2X |3.3V| 094
473. Vpat = Vout Unity 3.3V | 50% | 1.65V | 2X |3.3V| 1.00
474, Discharged Up 3.0V | 55% | 1.65V | 2X |3.3V| 1.10
475. Extend Up 27V | 61% | 1.65V | 2X |33V | 1.22
Range ’

@d A 2E ol WEEE AREsta 3.3Ve HEdeldd AYE e &7 SEd2 FuiEe] v &
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[0231]
[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

SE50l 10-1504884

a,

A wpEele] AA A We
HE ok 3574 A
3)9) el £t Ag-Fe
e Folel Ma-na Avee] TE £d0 osA sds a7
294 =GB -ANAE - (2X LDU) AZH o2 A

T 182 2uj7]-E1Y) 291X = LODU dlEdleol A B E(480) 9] 3] 2EE et
99

f

59 A=A el
SA(475, 474, 47
wAel FohR ALE

bOI

o tEiA & Z8&% AT F Ae dEdolHe vt
25-ge-2 va dEdolHE Abg ke, webd b
S-A(427) 9] RS s Hed, o= §9 ol ¥
| m&oltt.

e o

oﬂ r1r

EAlE vk o], LODU =913 W E(480)«= 495 99 MOSFET(481) o] P-N t}o] 9 =(484)5 7t5= &}
Q= N-a4 E7]*‘ AF71(483) 2 <19E(482)E X3t A7) & %% A AR (V)= T3 ARV,
o7 Wy Zol-glgwlolE(4804)] EsHHETE. A4 FE AWAIEHU8S) ] AW AL (V) 2X-El] A
HAZ F2E-AWE(480B) 2] 98-S FAe L, AWE48B)E Zg-dlZdolE (4800) 2HE &9 LY A
HMU9DE 8 AHNAE(490)E 42 37 Fd 2 Wdsts 39 MOSFET(486, 487, 488, 489)E E3hsh
=

Z 298 19 MOSFET 4899 3t/ 4H¢1= 1}9] MOSFET 481, 487 X 488% AloE F+% A5 2 ¥y 329
Ik dstel] ofef N-Ad tupo]x = P-Ad fHulolart A = gk, 84915 3h9] MOSFET 483 3 4862 N-
g dufe] 224 AdEe= Ao vttt &8 AY Vo), PIM AEZH(49)U o] T2 Al 9
Ho A AYL A7) YJa AZE 234496 L 497) A ~ALHE FJum A5 (V) ZA AT
471 Aol Ate Lal-glEHo]E(4804)9] & o] &8 APV, A7 Antzml FUd F7)9] F AY
V)& Zte = Aegrc,

+>

Y 9@ AZ Auyeoly IE(494)E HXH PIM AEEZ2(493)E= Y F95:(0)olA 29Hsta 59 F
ol A BBM(break-before-make) B3 (494)S -%3c}. BBM B9 (492)& A9 MOSFET(481)9Jr 714 AF7
MOSFET(483)& Al°]E Hlo]o2=(Vy, Vol odl] o 4o F53te] FE-2F(shoot-through) AE=E W
3ol Vo S48 MOSFET(481)0] N-Ag tlujo] Ao MOSFET(481)¢] Aol thal <Folw], MOSFET(481)o] P-
Ag tinpolzolm Solt}. E7]2 AF 7] MOSFET(483)+% MOSFET(481)7F o= w] A|7ke] AR T AR
¢t THAFEF A=, MOSFET(481)¢] 24 W& v e AR/RE A=A Zer).

Jl\"

offt

PIM AAEEZ#(493) 5 Aofstes 29 2as TS BBM HH(495) 5 Alofstd, AlCE AT Ve, Vess, Voss 2 Voss
= Adste]l T HX MOSFET 487, 486, 4838 % 4899 ¢ 2=91A& ZH7: Alojghrt. 7] MOSFET=, MOSFET
487 = 4897} @ =9l ZoF MOSFET 488 2 48652 Edale] A7 AWMAIE(490)E =43}ar; 1 thS MOSFET 486
9 4887F @31 F<QF MOSFET 487 9 4898 Fdste], Hate A% ASMAIH(490)o] dAdate] A% AzAH
49 WAgdezy, ztd ez FAY.  BBM M (495)% MOSFET 4873} MOSFET 486 A}o], 2 m3h
MOSFET 488 & MOSFET 489 Alo]e] FE-~F HEFE WA g},

E~E-AWE (480B) 9] MOSFETE, F34 oA =& okzh
o7 |-yl al o] B (480A) o A MOSFET 481 % 4838 ¢33}
-l E o] B (480A) W] MOSFETHl T71& olFo 29134 @ 4 k. npaa sk AAGeelA, >xg- ﬂﬂ%aﬂﬂ
El(4804) 2 S PX EAE-ZWE|(480B) o] k9] MOSFET RLF= F715 oo 293 wa, old 93|
Y AHAEU85)= Al EoAAY B AAE gt dixHew iE—dH%Ei(48OB)§—
29Ast=dl AMgE FEF ot Ze-dEd ol E (4800) 5 2~ gk=tl }%% STt SHAA AT,
T3F Fetel 2kl HEAMS(line transients)E AXEE 317] 8] "ag UAE dAIHoR AFetr]
AT A E (485)7F D Q.5}he}

2X-E}9) LCDU 7AW E](480) o] Zz]-# o] ¥ (4804) 9} EAE-AME (480B)2] F7] F2to] = 19a ¥ &= 19b
AN EAIES Uk, & 19204, IEER(500)2 AYE|(482)] Absl B ZEke] ATAIE (49009 FA FA
o AME (480)5 =AIEH, olwl AFE Vi ZHE -2 Hl2] MOSFET 481, 488 ¥ 486S EalA &=251, V,

V
= Vi ol Bboloj s o, V= HAEH AL, Vol Vel wpolojxsar, Eeb 7AAIH(490)= Ash +V,2 S

3 MOSFET(483)% WA wlojo] 2~ tho] @ =(484)0l o]sliA] ZAFTE. 2.3 MOSFET 487 % 489+ 74zt 7
§]E 504 = 5060 osiA mAHTE.
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[0239]

[0240]

[0241]

[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

SE501 10-1504884

T 19bol A, 3Z =W(520)L QAHE](482)5
AWE (480)E vEhdT. o, fFEA AT /e &% OSFE
o] .= (484) 9}, MOSFET 487 2 4898 £ ZejA, =9 ﬂuMEi(zm % FAz. AL T, A

H
e avheE BA EE R U oh), FANCEE T8kt tolese] £ Hlolols v, R woloj sy
oh.
A (490)9] S0 BAS A Vi = W AdskT Fo BAE el AAFoH, AN £HHL

=

22V Hrxae =¥ AGAHMUIDY 28 AdVu)S 75T o] FielA, 4915 MOSFET(481)= wb
H-nloloj~ P-N tho] 2 =(481)0f ol ZHAHALL. I MOSFET 488 & 4862 7Bt 3] & 528 % 5269 ol &
A

s E-QIEY mel-d@elols 4800 % AAE-ANAE EAE-AWE 48089 EAS aokul, <A
482)9 A 1 \AE Al 1A A Fol Al 1 AS V)l BEH 3, A 2 AZE A T A 2 ACLEkE

H
=)o AEHAT. A 1 AR 3E 2, 9B 482)= AFE L, A 2 Az 11F Fo AFE AYE (482)
S AedEnt. v ApolEo] wEET, AHE(482)9 Y] EA AxzA F AU y>°l Si=hc
(482)9] Al 2 dxo A AAET,  zZF Alo]F9] WA Azt WIEEEA A 1
(480A)9) el HEE Aostry. T AAV)E Vi WEEo]H, o] NEEL
ok, B4, A1 2 A 2 A 22AS BBM A osfiA Ee ).
EXE-ZAWE(480B) el A HZo dojA, Al 3 A 1A Foll ZE) ATMAIEI(490)2] Al 1 ©xE T
A (Vo A&war, AMAE (49009 Al 2 b= Al 3 AL(HAD A HEH, Al 3 Az 147 Foll, A
AEI(490) & WEF T3 Ad(V)7HA AT, Al 4 A7F 323 Foll, ASMAE(490) 2] A 2 DR FF A
Vool A&=a, AMAE (49009 A 1 zoll
AE(490)= AT A 4 A7F 7HE ZFo] AFGAIE(490)= HAET. 4, A 3 2 A 4 A7F 7-4S BBM
7rAel oA e e},

-
o

L
T

S S Az 29 dxd A&"En. Al 3 AR

Z]-gEdo]E (4804) F EAE-AWE(480B)= Al 1 L A 3 A|ZF kZo] oW;E L A 2 E Al 4 A I
Aol SHHAHES FxAOE sxd & Urt. A7) Zohd, AYE82)9] Al 1 A= AAIE(490) 7}
FAHE AZE AA e Hom I8 5o Al 1 AL Vool AEET, Ad9E482)9 Al 1 wrk= A4
B (490)7F WA= AR A B Hoxm A 5 Al 2 A (=)ol HEH).

ol AA el oM, Ze-dlgely W/mE TAE-ZAWEHA HF7Ed 2AE(dAd, Aol dS
g Ak B HAAA AFEE BofQl "HEHE (coupled)"S V] AFH AAEC] FUHAQ AAE EATTA
IAES 3 EAY A AZ2= = dvksE AL yERIY

= 209 3= =W (540)0] ZAlE thote] AAIFEjo A, 2X EAE-HSES Fd P NOSFETY ~9HS Fd
S}3 MOSFET 488 H 4808 202 3te &3 #AgAE(491)d] da= ALL V, & V, & V0 HEE o],
AAD 4 k. o] T2 =7 o, MOSFET 487 9.3 ufo|oj x| o] 7N 32 (545)F TAHATH. MOSFET
486 2 4880] & wlolojAaEW | V. 7F AR EIL V2 Vol dAF ], &3 AWAE (499} EAHor HYPs A
IPAIE(490) S +V, 2 Tel-ZA3itt. WHEH o] 9 =(484)F zr= MOSFET 481 2 4838 PWM Alo] &oll 293
ALsle] w= Vol AL ggdoeld k. o] 2L A HE wlolujx medla 8 4= o).

718k LCDX 2913 oy

Bw vheh o], LOX 2919 dEdoldH: sy Aol oy AREE &Y o 9 A W@ I
ebie
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[0248]
[0249]

[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]

[0258]

on

£S5 10-1504884

VOLH — nD
V.

in

A7, ne AMAEY F 9 29X FA F&a)
-1.0}& 7HAH, DE AWEY] AA &S Hugs
Eodbgd o] DX ZAWE Y theks EZ2 A7 7hde FEE T 21a-21ddl] FA] T 21adl
Al 2X LCDU W E 570+ ©L-ANAIE 2X-EtY 53 B2 5765 A&3t] #A Vo = 2DV ol 23l F01
£ 9% A48, o714 DeE A7) ARHE FF 5804 T HFH 58 B4 dAWE 52547171 9
3 v=ug FeA THom 2HET.

> 9
X9,

.

2

il

t

m=3

271Eg] FA-WE EAE-AWEE AFgelt vEae P AvEe] AEE Q9o tal 458 2de]
9 5828 EFSHE AF dutelwe avdd. 4] &9 4
A

5 owfolty.  I=W tuloltiE= PIM HEZH el A= Vy,2 ¥ ASE ditez uyr] 9 U

&+ 0] 5AE flsted, PIM AEZE A oig v=w 9= A9 V2 PIM AEES7E VS Vo /29 §LF
Aoz, S oA F2 Afstel Al Vy -V /202 AAlshs dhom Hojdn.

AAE AHES] LCDX A= 2017] tialel]l 28-9 a4 FH JEE AEE F drt. = 21bolA =
}\%]é LCDU Z_JH']Ei 590\__ ‘TTE quH/\]Ei 1.5X- E]'o %—d %E 596% /\]'%-8]'04 3'1:}__7;”/;] Vout 1. 5Dv)dttoﬂ V]OH T
AA = EHE A, o714 DE AMEHE HH G&olA T HA ag FodA 24177 A8 Hew
S BIA BHos dEr. AWEHY FHORHE Vg, pino R msuwld JM T2 Aofatel A Vy —
(Vour/1.5)7F HE= A3 600 2 6018 HEY=0] Jair 27D, & dd AzEH,

2

ol

ChEh LCDX AW e el Aok wdn] Vo, /Vi, ok FEl HE D Afele] A= & 229 T1E 6302 =A|H
om, 2X-etq} LCDU AME (34 632) 2 1.5X-EF) LCDU AWEN(F4 633)9] 54 M= AHE (A 63
ol A3k dudnt, WA AWEE 1(unity) A5k W3nE 487 913 100% FE HE A =daof 314
g, 2X-ERS) LCDU AWM= 50% rEl HElA, F D=1/n (1714, n=2)9] FE HAEM 7] 20S

n=1.5¢1 25 =74 6330 oA Z=AlE ZHAMG LU AWEE D = 2/3 v 67%9] wH HAEHNA 1(unity)
Age 2. 500 El A, 2R WEH= 0D = 1.5(50%) 0 ofsf oAl mEkA V=075V,

o] ®th. 50% FEl MEPNA Vo=V, Q) 2X-EFY) LODU AMEISE mlste], 1.5K-Ek LCDU A Zelolel B
RE HEA O B &9 Agke AT

50% TEl HE HrelA o] Fato] F& dxg yjshedl v &2 FukrelA, 1.5X-ER] LCDU #lE o]
He o 3 29 A9 dgshs 49 2u) eRlEg o wggeit. dE 59, 4.2V SHE gF ol
e 25E 3.0V 28S ddehs 45, 2u)7]-eks] LCDU @lEelole = 35% FE FElOA Haol Akt
L5X-BF) LCDU el ellolBli= 48% el BN F3rh. 50% wE HE| Lol o] Sao ofs) Fhxel
FE AEeA e FAEg nFukg 29170 Jhsdit

=]
28t} 7|58 83t o]g3F A¥EYE the-the w= LD 29 AvEn & £ 9tk 9
=W, & 21colA] ZEAE LCDD AME 6102 FA-AFMAIE 0.5X-E¢] =4 HAZ 616< AF&ste] BA A Vo,

|
a1
(=)
=
;
o
£
N
2
2
s
e
I
tlo
oz

%
o
A
£
N
2
(e

l

= A¥EE HA a&d

2
t
s
Y
2
fol
o
i
rd
o
X
oft

ZAE o] FHOREE Vi, MOz e o T Aofate] Vy — (Vo /0.5)7F S =5, dsh= A4V,
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[0259]

[0260]

[0261]

[0262]

[0263]

[0264]

[0265]
[0266]

[0267]

[0268]

on

£50l 10-1504884

2 Ul AZE 3z o& AALY "t dl AZER A=l S (V) s Vpith W4 Fa 9 %7] 1
woll, 55 ERALEH dHulolas xgdshs ¥ AIZE 3=7F LU ZAWE 570 R 5909 & A&7 Hdgk-
tutolt] MEL A tilel Badtrt. S5 di-AZE v=v fELAL] o7} tr]d] Zlawrt.

1.5X-BFQ] Z&Ad LODU AWH 500 BX 2938 87804 @i Bgokd AX gomA 289-9 3 ~
-tk S FYstoRs, 2X-EY) LODU AHE 5700 AR o] & xﬂ%—a}ﬂ‘i, 0.5X-Ek$} LCDD M ¥
6100 W& olF B B7] Folw ottt AE-vhe-&] ABEEA, 2R 1 TF 54 glojA LU

- AW EZF ok} B3 BBl HlaH ook Ft).
Vou = 0.5DVpy A'E 54 wjiZol, LCDD AHE 6102 S5 HA AMHET §1ee] Foxl FE Afo]Fol|A

oy AL FHE = . AV B T 22004 WA AW E o] thd =4 6318 LCDD AW E ] 3k
=40 634 wlawstoma L 6310 oeiM YdTHET. s 5W, 50% E ARe]ZelA, 0.5X-Etg) LCDD=
=9 AGS 48 A 25%A dEdoldsts v, Ha AWEY 8 A 98 AY 50%et 5L3
o}
3.6V W& Hsb, 0.259 Y WHINE zte= gE ol WHBEEEH 0.9V 235 A7 HsiA, LCDD
dZoleE D = 50%00 4 B&stE Aol 7HsdtAw W3 AWEE D = 25% 4 WEoF 3k, V= 4.2V
o w =& wiEE 173_ Sloll A, WA AWEE 21% FE HE A gFdeolA sfoF kv, 0.5X-E}] LCDD A
HE= Agdos =& 424 FE vloA o 43 235},
I 4% 2X LCDU AWE], 1.5X LCDU AW E, M3 AWE 2L 0.5 LCDD AW E ] sl D=50%<] vl&+=x 3t H3kn)
& vk, 2E o) WiHIAZEEH o8 /9 £ 9 dU¢S %%itﬂ S7¥HE FE 9 HeE Ay
IR
F 4

Condition 2X LCDU 1.5X LCDU " Buck 0.5X LCDD

D = 50°/o Vout/vin = 100 Vout/Vin = 067 Vout/vin = 0.50 Vout/Vin = 025

Lilon — 3.3V | 40%<D<55% | 53%<D<73% N/A N/A

Lilon — 3.0V | 36%<D<50% | 47%<D<67% | 71%<D<100%* N/A

Lilon — 2.7V | 32%<D<45% | 43%<D<60% | 64%<D<90% N/A

Lilon — 1.8V | 21%<D<30%* | 29%<D<38% | 43%<D<60% N/A

Lilon — 0.9V | 10%<D<15%* | 14%<D<20%* | 21%<D<30%* | 42%<D<60%
HAEGE FAE 212 875 7EH HEolA JA HYE w5A17]7] Y8 AWE S 54 T35 A st
= Aol "Bast & k. N/AR FAE AL va £E ge-te ABEEE 7HsdA %}% 289 o el

l}‘;
TAAY -9 (LCDU) 2 the-the (LCDD) #FZd ol AWH
T 23 TAMY 1.5X-B}¢) LCDU @l = dlold AnE 6509 32 WS yepilch,

g Ze-glEd o]y 650A% PN HEEE ; 29 667; BBM W3 670; 915 9] MOSFET 651; i+
P-N to]Q = 653& ztE N-Ad 5714 HAF 1 MOSFET 652; 919E| 654; % J4¢l e AINAE 6555 £
g, Zal-glgdelEe] V, EHo2RY AYS ¥ Bt ZEMY Fd T TAE-AWE 650BE FHS
MOSFET 656, <<t MOSFET 657 % Zu} AFAIE 663 X 6645 zt+ 5915 MOSFET 6585 E?ﬁ&ﬂr il
28 293 &9 AN 6659 HEE MOSFET 661 2 662, L Vol H&9 MOSFET 659 2 6600 &84 X
Eia=

92 % MOSFET 652 2 658 N-d tjujo]x
YA N-AE = P-A'E MOSFETE *E&st

oo o,

otk YwA fule] A= AolE =ilolH 54 4 3|25 Y3
 9td. &7 3 NOSFET:E, a-#=do|El MOSFET 651 &

r_E i)
ofj
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[0269]

[0270]

[0271]

[0272]

[0273]

[0274]

[0275]

[0276]

SE501 10-1504884

6522 Alolats SAg 29 6670 oM ow Sxw §=9l BB W 6660 o3 AlelEc. V.o 1.50) A
she Zhe EY )0l =Y Vs T3 PIM 3= 6682 Alolstr] A ARSETE. Ve A3, HAH A
A8S 98 Aak= A V9 Vo/1.59% A Ve AE2 A43H7]) 98] A3 6694 2 669Bo] A ATrat
A w Az ok diehd AAFE el A, BB M T 666> PIM 6680 osiA TEE Ha= glAW, EAE-
AWE 650Be] MOSFETE Zal-#|Zd o8 650A¢] MOSFETS} EAjd] Lo =2 ¥ Ho| upekz ek,

% 23bi QIHE 6547F A8 T AMAE 663 % 6647} FASE Aol F Feke] vl 6509 H7HER 6802
LASkE |, A7) AlelE %<t MOSFET 651, 656, 657 R 6582 £7 Aeoln 2E th& MOSFETE &3 Aeel] 9l
th. A7) AlelE ZFoll, A AR AAE 656 2 664 ZH7F A V22 FAHC

T 23c oldE] AR Asseln ekl AFAE 663 L 6647 28 ATAE 6650 TAS At A
3= o SAelA e ZIWE 6509 SUF B2 690 AT o] A, MOSFET 651, 656, 657 B 6587)
o3 AEl7} w31 MOSFET 6527 & ALEl7F Ho] a:ubak-nlo|o] 2% rho] 9 =(653) ZEE] <lHE] A|adt AE9
A RS 9Bt Zeke) ASPAE 663 2 6640 Fo] WA= Az wetEa, & de)o] MOSFET 661 2
6622 =3 =9 AAE 6650 dADT.  AINAE 663 L 6649 &9 wxt= Az vz & AbE
MOSFET 659 = 66001 <34l <k V,o] A},

[e]

o] WA wACNA, AWAE 663 L 664 1HmE WAz dAHY, 7o ve A V22 FA9. o
5 Zalo) AuAE e &9 BAE V, wale] RAANozN o] AdH o5 %o wxlde Heke V9
0.5V,9] golar, Tehto] gk MA &9 dsHe +1.5V,0]0}.

T 2= ZTAAY 0.55-E-% LCDD #dZFd ol AWE 7000 3ZEE TAE, o] AL L3l "the-
Hae Edg. 2d-te Zg-gZdoly 7004 P HAE= 717; 29 716; BBM ®3 706; 9]

MOSFET 7015 iy P-N the]@= 7045 2% N-Ad §714 AH7] MOSFET 703; 198l 702; # &
fAlE 7055 ESFsivl.  Zg-dlEdo]E 700A9] v, & zeouny AdS T W wagy %

E-7AWE 700B% MOSFET 707 % 7088 2@alr], olA5L Feh AWAH 709 4 710% %@6}7] 8l AHe
Hoh, Bd AZE 83 2 AYAIY 7149 HEE MOSFET 712 2 7133, ete=-AZA% MOSFET 711
xgsith, AgAY 7109 29 wAbE ks = gfolo] AAFTE.

AAE 5714 AF7] MOSFET 703> N-Ad tjulo]zo|tt,  Umx] fufo] A~ AO|E Egold 4 49 3|25
AgatA HEAZ N-AE == P-4 MOSFETE 383 4 vt. =4 A= ¥ ~E-#ABE 700B <9 MOSFET
707, 708, 712 H 7132 BBM W3 71500 oAl AlojEH, o]z xel-dE#elE 7004 Wle] MOSFET 701 #
7039 2=9)H & At FL 29 AU lE 7160 93 FEE= Aol o FHelth.  +0.5u19] V9 T
g &8 At Vo = A Vs B3 PW HEEY 7178 Aolshy] H&liA ALgET. Vg AEE, A
AWEH &8-S 93 Vo 9k Aol v, /0.59F Y3 Agow F7 AL V,E TEIE Vi AEE AA
7] A W AZE 32 7199 oslA] el w@E AZERC

)
Ho

" AW
% 59
gE A

¥

falcd

T 24bE 919 E 7027F AEFE AFAIE 709 D 7100] A EE Alo]E Bote] AWE 7009 57 = 7208
T A)EkaL, o] Abo]Z EoF NOSFET 701, 707 = 7088 4 Arejoln] RE T2 MOSFET:E O X Arejo] ook, A
7] AbolZ Fo, AY A7 AMAE 709 2 710 A7 " V28 ZHET

% e, Q19E AR7F AwBstan Fekd ANAE 700 @ 7100] Y AN 710] AT A A
ste a2 o gAY B9 3= 7009 7t 32 7258 JERATE. o] wAelA, MOSFET 701, 707 2 708<
QX 53, WS 708& & Jul/} Sof FUg-volojad vel2n 10420E AL AL Ao 33
T ST SE AT 709 B 7109 o] @A @ wEbEe] & AFEle] MOSFET 712 R 713

%Eﬂ AN E 7140 AALT.  ASMAE 7029 Lo v} MOSFET 7118 & Agg st aele=d o
ok AFGAIE 7109 €9 g gt st gfoloj= wrer"E ),

W AN, 2elER ASAE 709 W 710& WE AAHH, Z2he e Ast /22 FHEt. ]

ol A E e Lo U gEtemo] R owR o] AAW ko] GRS HALS TEe=
ojs) 0.5V 0]},

0% I

2 oft o
rﬂ:‘?gr{

=2
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[0277]

[0278]

[0279]

[0280]
[0281]

[0282]

[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

2622, Xa4d 33 A2y BAE AT SU 51 Amd FAR FAGAL A 4 A2 23 2
ANES A 2 BTk e A 2 B BAe] Al 4 Agel HEsE ge tEt A 4 A A 3 A

3 9 5 gk
Q1M 2912 -9 S El-ASAIE (L) AFe ol H AW E (e

LODX 2914 dlzdolHs aderny Go 28 A3 A 9

l WE2A ALgd 5 otk A
S8 kel Zol, LXK 2913 dedolgt ar140 oaln A4HE ¢ o 4

A #gHE ek

ol o

o714, n& EAE-AWHNM AFAE S 4= B 29x] g

.,d
2
of\
I

[0
ol
rr
e
e
I

= O
X
o
=
2
o
=
=

Il
©

1.5, 0.5, -0.5, -1.0}= 7FA¥, D& AWE A a&S HU3sr] s s=ms Aleste] FHoz 2
AETh, nol &4 wl, AWEH ¥ AL 59 #Holth. ¥ W dHo=REH Fo &Y dge HA
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Artt 9 e Fug 29AS

¥ 5% -1X LCDI % -0.5X LCDI
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[0296]
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2] LCDI AW E(790) We] Za-al=ZdolE](790A) 9} E2AE-AWE (790B) ] FA] F2bo] = 270 ¥ & 27¢
oA m=AIEC] Atk = 27bellA], BR E=W(810)2 AYE(794)7F A8t Folar EHekel ASHAIE(800)7F EA
A T AWE((790)E YERY, AFe Vi 2HE -89 MOSFET 791, 796 % 7972 &34 =231,

F Vol vho]o] 22531 V= A H 3, Ve Vol vloljojxsm | ZEe) AFAIE (800)7F Het +V,2 FTdd
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= 27colA, FEE(820)E AYUEH(79)E T ARV Aessta Jda ZEH) ASAIEI(800)7F WA Foll 9l
= AWE 790 YERdT. olul, §EA w3 AFE L-AEfe] MOSFET 7920l ola] H71® $kk-nloloj &
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srojo] 2 Vi el 3let.

ANAIE(800) 9] o] ©@xtE aEtetol H&Estn &9 daE E¥d dAToZAN, V.9 g2 -V (F A
ok Vo Wk R FHoer HEsle], &8 AAY 801 AYe ¥ HAY Vs TS 9
AEfel A, A9 S MOSFET 791 @ =74 3 MOSFET 796 2 799 7|4} 3] =0 o&) A,

SelER, AwEe) B Pl &R A9-4% B4 WEe] BA AR, Al 4 A 3 S A
AAEe] A 1WAt EY WA el aekemel AEsm, AR A 2 wA b AL Hael o
Bo] &2 waol A&tk Al 2 9/EE Al 3 A%E G448 F ek

T 282y UMY -0.5X LCDI @lEH el AvH s40(ZAME uEHgn &= e TA T, AE-The =
Z-gFaolE 840A% PN HEZe] 837; 2 Alddlcol® 859; BBM ¥¥ 860; A1 ¢ MOSFET 841; L
P-N tho] 2= 843% 2zt N-Ad §714 FFH7] MOSFET 842; <1H¥] 844; 3 34 LE] AHAE 8458 X3
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2E-ZAWE 790B= ST ATMAIE 849 H 850 F = MOSFET 846, 847 % 8488 X Fstr). WA
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¥ 8569 oa|A AoJFHM, oA Za-yFHolE 840A W] MOSFET 841 2 842& A|ojst= s F8 Ay
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At Vo -0.50¢} B3 = A Vool AFRET. Ve, 3 A4 V2 HH AWE a8S 98 k=
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[0327]

[0328]

[0329]

[0330]

[0331]

[0332]

[0333]

[0334]

SE5451 10-1504884

WA 2E 912 2 9139) olwE WA ¥ X [, EE Iy =mn- [, 548, 4714 ne A 19 F 9
otk ollE SE7] 9170 digk d® A Vi AF 915 % 9149] Al wlo] oA r]EHet Ay H ol E
9189 A V.9t FUEE 249 5 gtk A7) WA Vg, > Vgolal, 8 Aol nldste] WEgic),
T 29d0] =AlE bRl AAFEE vle] et EdNA~E diale] MOSFETE AHESRAIRE, A ejstelA] &
Zat] o714 Iz Ak BA I = (Vg — Ves)/Rioll 28] NMOS 9389041 AF 1, AAFTh. NMOS W
2] ERA2H 932004 HF Ipps NMOS W2l ERAZE 932 B 9389 Alo]E UH]e] W] X I & Ip =mn-
I s, 4714 ne A L(umity)d 7 Atk ol#] FF7] 9360 digh 1= At Vs A7) 933
29349 Agule] oA 7] 9379 Mt Vit THIEF 2HE F Ak, o]y WA OE Vy, > Vo]l
=2 Agtel] v ste] WEdT},
g LODI #lEdlolHE whdaly] f1siA HEln s=w 2yt g pEed], ol AR oF FE7]e
FERT 7 bl 2o A FeA, = AF Ve 2Etesmng AR, &), BE

24
thel7] Prol\:}. %-%k W gl A ZE

M
M

5 A3t 3 A e = 20eo] =W 3= 95001] A up
s} o] ggre] AR WHE AMEEE Foljrh, dEul 32 95004, HEM AEE & =V, < 00t o]
AL BAA I = Vgl = Vo) /Rill w2l AF wlg] NPN EWBA|2E 9520014 w =] Htol] sl AHE
AFE FA4TT. NN ml2] ERA2E 953014 HF [pe EWAZE 952 % 9539 on|E HAH] X I E

Eole =m - g% 59389, 9714 ne #d 1mity)d & Aok, 2HUE AR [ PP EWX2EH 9549
Al vl Eo], ko] FF TARFEE (VAT ) Fo Be HlE PP EWALEH 955904 AF{F 5 A
gttt PNP W] E#MX2EH 95594 AR e EWAX=EHEL onE WA 1] X Ip e Ig = m - [
Tdst, o71A me A Lunity)d 5 AL, AE 2F Ig=m - my - 1o0] BTk,

el ARE I vhgol, AF71956, 957)¢F S0 FAE NPN ERAA 2 (958) 2 7AE A Zui7]1E AR
sho] olg] FE71(960)2] 4 o = At (V) 22 HEE AL, Ve A 715 Aol 9600 < s
A Y 7FE AG Vi #F BUSEE ddn. ojvg WA v m=1 ¥ m=1S AP, 1 = ool
NPN E@x] ~E 958 NPN E@x|~E 9529} £A3tar, A7) 957 2 9518 £, = R, = R, & 7148, 1
B e V2 29 98 Ay Vil 2719 Adigky sLsi.

T 29fol A M= 32 9702 =M 3|2 9509 C(MOS F7FS|ZE YERH, NMOS wE EdA|~E 972 2

973, PMOS W& EWXAE 974 2 9752 ¥ Felar, AAF Ez} Z738kl A A37] 976 D 9778 AMEEte] E
Ak Aol 981 osiA AR A V2 sdaA 2dE Iz At Vig,©l ole] 7] 9800 A<

Aok FAHSRZ ) Iy = [ol¥, NMOS EdA2~FH 972 ¥ 9780] FU3 b, E R, = RiolW, Vo A7+
29 =u A Vol F719) Avigts BASH, Tehese] AES Fu e H, 5 el A depe

% 29gol EAE FEM 52 1000 -4 WE AW ATYE AR AeE F glon], ozl o] N0S
10020714 Ipo] NMOS 100391 98] wlels =3 A&7] 1004 2 10059 2lsir zHs o] Ak 71F 10089] V..t
TAT AGAA olel FH7] 10070 Fe] A= Vg & A St

19 mlhel o], wl=wh B® 950, 970 2 1000 A Egtel wal -1X LCDI ¥ @MY -0.5X LCDI oImE
Agk dlzeolg el AHgd S ok
AEHOR, & 30a% V,2HE PIM AEZ® 1050029 #H F2 v=wls A43k= LCDX DC/DC AW E

1040 M A ZE 3|2 10497} Hasiths AL Z=AET. oo nlE, &= 30bol =AE, ZE|-zgdolE
=9 V,E25Y fuug ARgee LCDX ZAME 10602 Vel tigh Vo] Bl&S Z43= 3 9o PN HESY

106997 ¢ FJ=w A5 e] ojE M3 gl A X o] HaskA gt

LCDX #Zdole WY 3¢ MOSFET AlolE Zgolrn
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[0335] T 3la-31f& 7IAIE =R = LODX AW E oA AFEH thgst 319 MOSFETS] Al|EE 53l 1Y AlolE
WHE Z=AgTE, 9] MOSFET tiuleo]l~ AxA B9, & N-Ad E+= P-Ad, 3@ 237 #AAHE AoE F&
R Ay g8 9% = 5 ooln, webs LODX 29F d=dolde HA e w ttE agAbgle] &
A3k,

[0336] stube] nAF SA7F wiE e A e B S A Vol 972 HEE A9 S MOSFET= NMOS HE+ PMOS

tufo]l ~5 xste 4 gt} Ay] tule]a ® 189 LCDU AW E] 48094 MOSFET 481, 487 2 4885 X 3}al
oh. o]52 T3k MOSFET 4899} 2 Z2o|d Tinfe]=E fd] AFEE 4 Ut}

[0337] A ZE-gFZdoleolA, &5 & 31a9 32 1100014 EA1E vl 1 “+91= PMOS 1102
=, AClE-&22 A4 (Ve) S HA7F Ve WA 0] HESF, ACJE w5 11010 me01 %% . =AE
PMOS 1102+ AMAE7F EWAXAE ] Az AT ojie=r ERX~E Y =elel] AZdE, &az~-niy] et
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