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ABSTRACT

This paper presents a high efficiency DC-DC buck converter for mobile device. The circuit employes
simplified compensation circuit for its portability and for high efficiency at stand-by mode. This device
operates at PFM mode when it enters stand-by mode(light load). In order to place the compensation circuit on
chip, the capacitor multiplier method is employed, such that it can minimize the compensation block size of
the error amplifier down to 30%. The measurement results show that the buck converter provides a peak
efficiency of 93% on PWM mode, and 92.3% on PFM mode. The converter has been fabricated with a
0.35um CMOS technology. The input voltage of the buck converter ranges from 2.5V to 3.3V and it
generates the output of 3.3V.

LN 2 o] A HlFe] T, ok T HIF 240

He} wEg e 27
A7 YEE, PDA, RERT FohE 47} AEE MR 4 mA o)) FalaAl
o) HEH Folsloml A wa AL Gkl = PWM Lol QAR A9)7 FIRE ol g3k
5k B39 490 MElRlE Sk fol Bl A SN PWM 2 5 ) 39 5§ 2Ae
£ 35} 22 Ot B A BEET ez @ 9ISl ol 53 59 29ixe) wlelyA
U 55 FE W AFE T4 AN A QB4 Aol SR S o] Refleh, Hlel

% B dve 20104k EEATAE 7ladTAlel- kel 3 2010-0016222)9] AR S
JehefElse AabEela opd R g 2AA Y (plimeen @inha.edu)
wx olahe )i 21Ag &kl ksyoon @ inha.edu)

=EE L KICS2010-03-091, ARl 120100 349 59, #HEePg<pdal: 20006 109 18

*
O

1667



FEAIEE=FA] °10-11 Vol.35 No.11

Al BAL A9jasix]e] 75 2 Ad A3 7|
AN 2ol sl it
AFEZE Alei(dead time control)] -9 A7 A
& A AAE A5 #9) 2:$1%]9] PMOS, NMOS
A Fadfrl 324 Hug agAsl 2 &
A ) wd 7 Q13 T Ag)x]) A4S fLA =
o} wbo) Al AlZRE A ARE AS 5929
A7} FAle| A== A7) Aox|nz kg -gol
oiAle}. 7]1& EExE PMOS, NMOS oH¢)~
AX7 2AE v T =F A7 2R AAE
ok o] WP ARk TAAA E917] Wil $xt
FAMI el e HEEr} Hoxlng F8A5E 2
ke DL 7RIk YA Ao 7S o)g3le 5
Ao A7t AZke -3 ske 32l gle
1, o] 714 ADC ¥ B33t A EEE g7k
e Ak

4 mA olsle] ] 33} 2 o7} Aol PWM
e Ak g9 a9)xe] SR Aol o3
S AHEEE 293 $AE op A Jelrg
F312Foll weba] vlEshe A90% FaeE WA
Ax AHsjol|a)e] 2904 &AL WASHE PEM &
=2 Agksledr Fakle Ao] felsich

£ =Folde Fd Ao B2t A2 S1E 98
A §3F A7) wel a3t d9-S 915 PWM
2o, A R34 d)7] A7ks 913 PAM 2=E A9
A Fasle olFRE ¥ WHE|E AljlE) E3)
PWM EEZoXs 83 ALz Alo] 328 o)43)
oA &S T 1HE Atk PRM %
g eME 71E e AMgsigicl B =R
TAL 270l Aok ¥ wEle] Fxel Aok
A3 A AS3 28 gl 33l E A
22 Aol dlaly =ojslglon, adolr e 9
%k

do mm

I. PWM/PFM BE & HE| MA|

A= o Wz & 3 He A3z} o2
A s gejd2s A" o 19 2ok 2 3
= A3 2= PWM A1E-E, PFM AlolEE 4 3
£E202 A=Y 23AF7T 60mA ol deldE
PWM EEF F2A7|3, 60mA ©|31e] F-3lel=
PFM Rt & T3S AA =L

60mA ©Jsle] #3loli= PFM BEE T2
£ A= o W)zl PWM ECelli] g3t
© A 28 1A 2ARAE2.Q), 71EHY 3=

1668

I VDDA IVDDD IVDDP

Off chip

Vout
feedback | SW_ain Vout
iy L

Losd,

i

T2l 1. PWM / PFM 2= ¥ #3ly] B8x
Fig 1. Block diagram of PWM /PFM mode buck converter

@, FAZ 24 3206, A3 2-6), FH
A zelelw-@), A2tal YA 2-@), F3AF A
3 2.©Q B50) =Rk} vlwdel] PEM REoilA] 52t
e ASolle S0l Bzt 551l 7SS 3
2-Q, FJY29A zeew-@, At EAS2-6),
PFMEE A3 2-0 HFo] FARIL o]F £ZE
AE3 2 - @ 71EAY 320, YA =)
W-@, Ae B 2@ F 7FA B3 ZEelA
FEHOZ ASEE TF ESolth

o]F e W Wiy 19 29} 2 AR T
gt} W3y|E oF 1ms o)Ake] AlF A]<A(Soft start
up) AlHE 7RI 9 A shsiA| AeAl7)

{ 1msec soft dealy 1

{ Initial mode : PWM }

|

{ PWM mode load sense & count }

d current<1A

/Loa/\ Shut
1 count? NO |_down

R a—
: { Operate in PWM mode

) oad current <60mA
Over 20 cycles

YES
<" Operate in PBMmode | pEM mode

PWM mode

ad current >60mA
Over 20 cycles

38 2. Ak ¥ Ao Fx FRAE
Fig 2. Flow chart of the proposed buck converter



3, PWM RE 52he- 34 ok pWwM £3+8 b
Al FAFE RS Hohpsl AR 1 gl
ol A=, 32 2t Aelshut down)E E997}
A 3|25 oA ok ¥aFoh 1 sle] o)t
Z =" PWM RolA ExbelA =) 2o
20 571 &t #3F AF7F 60mA ©lske A=
PFM 2 =2 WA S28lc). ubadel 2381 AF7)
60mA olato 2 ZEAEW PWM ETolx EatsiA)
Frch

HE)el] oxde] JAAHW AxE AR
(soft start circuit)”} £2FsPHA] PWM BE= T4
AT A% Ao A FAF LS v
& glek & AZE AFI R 2k g 05 &
L7132 7|EALE SntelA AAsA7l B gF
A Al 52 BAR 4 ik o3k ex %)
329 gl /] 7|2 A Z7HE slsle] AsA
Bl £33 ST, vloloia AH e A
A & ik 2 =ieME v12s 2" st
oAA] AlgRE Bak F8 F AR EE Ho| Ao 1
A 4= gle A WES HRSEE F 7)) AsAE
(Csoftl, Csoft2)E EFAIZ] I8 33 222 AT E A
322 ARSI AxE AEIRE AT A
FAEML, M2, ..., Mn), 5 7R AN E|(Csoftl,
Csoft2), 7 7l ERAmA Ao|E Ealav|d Aole
E AHEE T2 A F ) uwaw)
(Comparator_01, Comparator_02), Z12]7. SR Z8Z
Fo2 A

ZZE Ag 3R 2t Ao Aaze AR
AF7E ARATE(Csoft1) S FHA 74 AHAE 2
A Aghe] 71t vlasnh 34 ko) 71&E

VDDA

Vref

of D
I

Q Comparator_01 2
L T "
T Vref2 -

a

Csottt
Comparator_02
) GNDA
_—&_ Vref2 or higher

Q

Error
reference

2% 3. 4xE A% 529 BEs
Fig 3. Block diagram of the soft start circuit

At 1(Vrefl) o} 231, 712 A9k 2(Vref2) Hr}l =
™ H]37| 1(Comparator_01)9] £3-2 «1” o] Hu,
H] 7] 2(Comparator_02)2] £2-& «“0”o| Hr}. ule}
A EREES S dEwA “17E /ol wlebad
ZRETFY Q &% k- “17o] "o} a# =2 A
Ale]el] 249 Ate] 22 FF7)o) A=) v
o] AATE Aste] 71EAY 1(Vrefl) Brt A,
"] 27 |(Comparator_01)2] 30| “0” o] Flug Ev
ZFo] Al FHERS] 23 Q 32 “070)
ok webs sl e A48 Eadlavd Alo)Er}
e, @ AREET ol 71E Ad2(Vref2)7) A2
Hrt

Akl ] W3r]9f AFA 9] A 1 40
A vreplar lek ¥ 404 B ule) o] kR
Aslze) & ke shieA 7181, @ = (ramp)
AsE @ v 78 v)EE AR 74"
293 F7] ghellA 319 Edix| 2B PMOS7} &
SHv e vlge] AL Aol ARsle] Aap &
7kl A% A<de] Bl Al el A e el
Tg3pA =k AF Bl FREW, wWIle
PWM 2= SRk 29 Ak R17 R29) H]E
T BllEolA ATl qlEE 7]E skt
vlwglch PWM B=oli o3} F3E7|9) £ )
ZORA7|ellA] AR Az Al 59 vlaEy, vl
2] 28 PAZ kA7) (Pulse Width Generator)el]
ZfEleld ARt FE vlEE A= 29 Has
A A7k

PWM9] 32 Y93 E BefolB & = 9l
= AL A2 =L AFRE A7) &
< PMOS$} NMOS IR 2$)3 5 A, =5 Al714
A 443 FEHE 7w HAE F oF2 DA
t} o] i HAs LC HEE AXHA dAe A
stz &9 =k ¥ wHilrle] ol Hsle] =iypd
29 AhE AS3PEA A A w3k i) o]

Compensated
output

Ramp

Loannnanminnnan PMOS.on

regulated
output

Soft start - SET
Soft start

control
Saft start - RESET

Sofl detay (~1 msec)

T3 4. A% szl 51 9
Fig 4. Operating process of soft start circuit

1669



54183 =F =] *10-11 Vol.35 No.11

o 25Er|9] £ zolxlch aBng gl
HE3tle sl= skt A’ 9 Aste] HAgL

B =EolA Adshs A-ed AL Ale] FE2e
23 59} Zom, uj¢] =X 2] NMOSH PMOS2)
Ed]le] A= Q= 712 AWE] A3 24
¥ 23 32 Zv)sledx® pCDC ¥ Wib)e] &
+& VA 5 ok A8 ARt Al 7Ee
71&e] AP Azt A 714w @A 3% o]
Ao Z&& AL

23 504 M wle} o] Zh ~9)x9] &3 wix}

_sw, N_sw)= HHH =2lo]s] JHtHP_sw, N_sw)
L2 Az AR At F Y2 H Aol g
A1) b Aele AF | 2RE 9 91y 3t
3 =2 v HEZA 271X A, & F ) S9E
AR 2E 7} FAl A, =EEE AE WX 5
ek A HA F o) g9 EdX2E7) FA EF
e AHE R EE 3 o 2o gag owt
A 3|2 24E] A5 2ol 2AsPE PMOS, NMOS
=gjolul 2 9=tk PMOS Eelo]¥] & NAND
AolE2] {1 F shir} 00] =4, HHI 2] A
AIZbE AXWA PMOSE AbkAlZich wbd NMOS
2ol & AND AlPlES] §1¥ 3t & Pswr}
“172 Holgl Foll =™} o] x| A7ke] A} 72}
< A =Hel, ZA Psw x=9] 4 A7
3} AND Alo]|EXRE] N_sw xE7kx]e] A =|<d4]
7ro 2 FAECh widle] A4 AT wAr)e &
Hzke] 37 shaAl, NMOS =z2joju] Z2] AND #)
o|E7} WX &3 7H& 022 upEth PMOS =)o)
W o] k& NMOS 9] 29])A]9] Aole r=r}
lowE WHAE71742] 2|d€e). o]= PMOSS] ©ox
2 AFoZRE], NMOSS ®& AHS A|dA7)7
31, AFREe g 243t fok

9] QIHES] 71 AR R AR 4] (1)}
7o) Ak el Ad A3}l 2’k 71 AA3} 3t
F adnE o] PNMOSAHPIEZ} 2 714 AT
e FoF ZA"E A & AHEY AA S
25t AkR|e A7 Kirise) 2 3R A K fall) S

221 5. Bed A7 W s2e
Fig 5. Circuit diagram of adaptive dead time buffer

1670

ehdick oit odvE] AlQlel] o3k Adr]d-& Nehe.
2 7449 Awe] AL A5 A (3)7% 2] A"
t} oJ7]4 Rn, RpE ZFZF NMOS, PMOS9] Ad A
g Vel z, Cout 2 A0l E sJEdR|ellA u}
L 7| AA N AE grelch Aljkt A58 A7 W
¥ 3]22] 79 284 Thx3)ellx sHAXS)H7HA]
4 Al &3k R|de] LAYl

r=RC
- 2LVpp o

= C,, WL
KP W( VDD - VTHN)2

tfall: 0.7RC trise =2.2RC )

(tPH+ tPLH)total
N
=07Y (R, +R)Cp+ACsy) B
k=1
=0.7N(R,+ R )(C,,, + AC<,)

PFM REoiE PWMEES FEOF AMSEHE
Abzks} Alg w719} PEMAITZ S B34 23 A
e ZHAaAZch PWM 29} e $aldFel ul
2 293 Fulgrl WEltl PFM 2=+ =4 37}
2 2 A4S Zerh AAE 91 PMOS EES
53 H3lol AR 3+, A4 99 NMOS =52 &
g IHe]e] f=r Y ARFTE, A A dA 2
5 HA AN 49 Fe] AAATE(C_oun) ] W
Ag B3 AFTFLE o] Rt 74 7158 3t
£ As A7) 5 Aelsly] SsiA 7 DAl oS
== Akl gk Step_01, Step_02, Step_03S &3}
g} )2’k 3717 52 Alelskr] Hsid 21 63
Zo] 37IA AdE AAsR= Al PA(State
machine)-& A3t}

I3 6(a)°lA] CLKE F3& Yehiin, NS (Next
Step)®} Vsense= 747} Abzs} US| 2 482
34 A% Y ¥ Fu) 312(2¥ 18] R1, R2 3| 8)
9] 28 A5E Jehid). F3d vle} Wslshe PFM
2=9) /Y =g Jehdls Step 3 27 6(b)9]
EAo|ES ©]43 DO, D1 3o Step_01,02,03
2] 371 oz FE) A vl 2o T2
a3 79 mAY AFAE T FAF F %ol
29 g57JlolA Step_01, Step_02, Step_037} <=
Moz Aol

PFM Rt 53} A] Alefs] 2ol 234 24" F7]




v [PWMPRM 258 o487 mutel-4- W Wiy A7

[ SR, yvpanrr WORE Step 03
Step_01 H 2 @
;
0

— G Qo b

Stﬂpwﬂl‘ 1

NS D—- 8% Step | DO.D1 | E% Step
1 0.1 2

Step 03 Do 2 0.0 3

vsense | D—- 3 1.0 1

b)

J% 6. PRMY] 714 AElE ZAshs (@) Al mAl B3
# b A %
Fig 6. Block diagram of a) state machine and b) table of
the three states

T2l 7. PRM Ale] RojAd ds
Fig 7. Simulation result of PFM mode state control

E Ze AHEE 13 A3, o 7R %
2k ARZ) 23 89} 2o 71E3) 26 Mnl1 S o
5tod PWM 2 PFM 2=9] w2} AFY Ao} S sA|
Heh 24 AAE C1e] Wl 2 3 Hag Ak
sled AbelmjAlollA] HEASE step 02415 ohE Wbzl
o] o]fo] Zlck PFM 30| F WA whA|] FabA|
E 93 =] E9& Sk 4a, PRM Al
719] £ 7kl Step_ 02 AIE 2o Agsl]
E3Rict AR dAlE 919) PMOS 2 NMOSE= 2
g exsy £ AN Coutel 34 A3
Faloll T3k Y 2% Atu] 5% 24 A7t
2l 2 AE fAgEE v A Ege 3
PFM EE2] A4 Alolgo] thA] Alxbc) Aqksl
H W37 oA PRM 2te] F7] Wy} wix)et o

32 8. PFM 2= Ao} 93 AAE Abs i e
Fig 8. Extended ramp generating circuit for PFM mode
control

A A7kl ofa] Wit

B =Tl AgkE PFM | PWM FI¥ = 3 W
e 33 ARl we A 52 nE=e] Age)
gasky, wik A §3 PFM B= A5 3 B
& 7% sk Selads g vk AR AR
2y} deshc) Ak Alel whale] PwM 2= W
e R F 2 327} glol= Fate] "M
a3 94 AlRME EE AFulee F e 29
2)(Step_02, Step_03)2} 24 AIWAEICHZ 4=
o, B3] whelx] 8 gt 9o 7lgsleln
FFAYE 48g AR 7leE A S glok

PFM 25 293 #jole] w2t ©hA(Step_03)°ll
A Step_03 7} “170] = 291X F =FAAA C27F
A=) olaf €29 4 A4 42 Step_03 Al 52
=& 7kl Blel|aha, o) FakalFell winlH|slA =
) ol2igt BAdE ol8sle] A 71 e A
o 29 A 3} vlasld, ¥R St o
2} PFM REZoll4] PWM R H3lsjo} 3 Ale) S
AR 4= siek vl F7] AAE 29 24 A 3

VDDA
Current
bias
b-step-03
Load
Current
CZ_E“ Bauge

j}- Step-02

GNDA

28 9. PPM BEg Pl it sl
Fig 9. Current sensing circuit for PFM mode control

1671



B EA18 3 = 82] '10-11 Vol.35 No.lt

the 2903 F719] F A Al Step_02 Fhol “1”
o] Huj] A7} =EEHA wpA=c;

I3 10 Aed 7l 2R M A 3A
2ok ¥3} AR A 3l €29 4 A} 7]
F 3 Vbias_27} W27} & 34 Blasich €2 ==
o] Z$47) vl Zruct Golx|d, e Rst 71Ee]
Ao 2 Eolzl ALE L A%} Mode Selector] 4}
Hog g5 7 Mode selector ) AlE2] 37t ol
A& 2038 7AAsld PWM R=2eo] WHAASE L
A =) wek Mode Selector7t E=talAoll4] A
% AR E 7k =9 Mode Selector®] FHHE1E
#7183} Azich

= S
T s o] S
{E__j o e o
L2 pegly 9w

32 10. #%€ 71548 2= PFM [ PWM Alel4 Akzs}
Wy g2

Fig 10. Extended ramp generating circuit for PFM/PWM
mode control

m. &8 Za ¥ 28

£ =¥l PRMPWM FXECE o483t &
ld o =Y Ak 33[vieln £
L[V E HAsIE e, 0.35um CMOS B 34
2 AHEslodA] ARkl AAI” DC-DC #3119
#olobg Abde 23 1134 o, 9= 2E
& 3 #Holobe] ZoA)ZEE 2.6 x 2.2 mm2
ot} #ololA] oldz 1 £F, vIXNY &5 ¢ 3}
AEWAAEE BFAAA  Helelx  doirh
NMOS IS Edix|2Ee} PMOS I EMA B =
o 60mQY RonA3hE 7HAEE ARG} =3
PMOS =R E]9} NMOS 9] ERA|AE]9
71 7t ERA2ES] on-#{Fe] A SAld) v]H]
= G3E HIEEE aeisielx] dAsgc g9
ERA2HE 3 Hd] 500mAS] AFrt ZEER
F3loll Adse Y XS V" 2(Metal 2) wh
25 o 4Metal 4) "haz7lA] HE3A)AA #Ho]

1672

2 11, Ak g wab)e] Fololk
Fig 11. Layout of the proposed buck convérter

o}% slsich w3t A5 &4 (Conduction loss)S 24
gsl7] da I EBR 2B e Hage)
A2z #Hololx- slgict

AAE ¥ W\ErE 60mAcEe] F3PAFA =
PWMEEOA F2hs 31 o] o) S3FF= 1™
113} zh ReAF7) 200mAY o, 29 12 @)%
by 27t 919) 299X § selo] B s PWM EX
A 5o} ¥4 A5 24 93¢ vielich 19
12 (258 ~9A Fa4E o IMHA Aes &
AT, FE vEL556% & AL & F 3k o
2 12 )lME &3 Agte] < 1.8VE SR A&
& ¢ glon, 28 FHUL 0.6% °lFE &
A=) 9t

23t AFZ smAdXFE 600mAZHA] HIHAA
7pAA A H wslrle] 888 13 135 e &
Akt 60mA 3k ARl ¢ 7]==2gl PFM
e 54 sigle o, WEEES i 7%
A 923% 2 2Ick 60mA o]Ake] Hatell M=
PWM =2 Fxbely, SAE HaEL 34 86%
oA Hel 93% = A=Yk

71& =83 Aok o wHibrlele] PWM A5E
¥ % B A= ¥ 13 2ok Aok wHEr)e) |
FEHE 93% 24 7IE EEENA AAE g
WEEE9 90 ~ 92% Hr} thi A viehgct At
g wzlrle] 293 Fue IMHzZEA] 718 HE)
o} 298 F4pch B4 Jegohaeld Ak




=% /PWMPRM ZEE of83 mnlels o wiEy] 47

T8 12, PWMEES] 249 () 2944 A7 nEFH a4y
Fig 12. The measured waveform from (a) PWM pulse
signal and (b) output signal

Efficiency (%)

95

90177—’,_»«««"//\'\‘%\.
w0 S

7

.
75 PFM
“#PWM
70 -«
65 - s .
4 € € € € € €« € € <€ € g€ <
£ £ £ £ £E £ E E E E £ E E
O O & S S 9 2@ 8 9 O 8 O
LT I T SR - I = T < T - T = T = T =1
—~ N @A F A D

3 13, F3}; ARl uh B2 e WsEg
Fig 13. Efficiency of bi-mode buck converter

HE7) 8] 294 Abgo] 71E w3 Ee] 29 3
Luth A el Zlog ke wmik AgkE W
279} 2F £ AU 10mV olakeA 71& Wik
719] & &8GR} 24 2A =%k

F 1. AL Wibie} 71 el AT wla
Table 1. Performance Comparison between the proposed
converter and the conventional ones

Efficie | SW L/C | Output
ncy | Freq. | (uH/ | ripple
(%) | (KHz) | uF) | (mV)

[4] 4 1.5 92 500 | 6/10 10

[61 3.6 1 89.5 300 | 47/10 | 20

[7] 1.8 33 90 500 1/3 20

This | 5 | ys | o3 | 1000 | 10710 | UPEF
work 10

Ref. In Out
No. ) v)

Iv.

ny

=

= Enpd AlaEle] ¥3) Wil uiet
A TEE BAS 2 PWM [ PRMY) oF F3te
= H3y|E AlRIskh A Wik l= CMOS
0.35im 1-Poly 4-Metal -34& AHE3todA] A=
o}, PFM 2ol F2p3hs A5 exuAs| 2, 7l
Ak 32, WA WA 32, AR E R, S
27 =ejold, Abzlw) WAz 2 RaAlR AR E 2
H2o] galtsles AASsIgich vbHe] PFM R:=of
Al Ez2bsle ASele 7183 32, g9agx] =
glo|s], Aw} AE 2, PRM BE A3 2§50
FaEle® Alzlslgich B3], A 7 Al AzE
A 5325 THAAM HE|e] £ AshE 443
Z7HF o 2A FAF S AEIEE AN
o} PWMEEA S8l A58 At Alo3] =
£ AN 528E 3% ol MBI =7
PFM R2=ollA Azl A7) S Alelshr| AsiA 4
g HAle- AdAlslc) A Al AR AdelE A
ool A] Abzis} A7 ol A A s =AMt ke) St
42 Ao AU 60mA ©)3ke] A sl
o4& PFM B2 FaksiiA Ao 92.3% MR
£ 73819 60mA ©]ie] F3lollA= PWM 2
= 5xhe Balx] 2 93% WEkESo] SA =
PWM R Eoll4 52k Al 2914 Folee IMHZE 5
AEen, 4 21F A2 0.6% ©l3tE A=A
o} 71& AAE W15 As vlal A Ak 4
719} 245 wiskags} 29 =E A SolA 5
435 #8135 ginh webA Ak M e 2
upel Alxwlellx FapRF Aol webd PRM B2
2 PWM 2Eold b S HBAEES FAT
5 7] WFell A AFAR 5 UE AR

7€t

1673



28 =E2] *10-11 Vol.35 Ne.ll

#IEH

(1] Edgar Sanchez-Sinencio, Andreas G.Andreou
“Low-Voltage/ Low-Power Integrated Circuits
and Systems.” IEEE PRESS. 1998

(2] Feng-Fei Ma, Wei-Zen Chen, and Jiin-Chuan
Wu, “A monolithic current mode buck con-
verter with advanced control and protection
circuit” IEEE Transactions on power elec-
tronics, Vol.22, pp.1836-1846, Sep. 2007

(3] Hoi Lee and Philip K. T. Mok, “A SC DC-DC
Converter with Pseudo Continuous Output
Regulation using a Three-Stage Switchable
Opamp”, IEEE Imternational Solid-State
Circuits Conference, Session 15, ADCs, DC
References, and Converters, pp.288-289, Feb.
2005 :

(4) hao, A.,, Fomani, A.A. Wai Tung Ng.
“One-step digital dead-time correction for
DC-DC converters”, Applied Power Electronics

Conference and Exposition (APEC), 2010

Twenty-Fifth Annual IEEE. 21-25 Feb. 2010.
pp-132.137, Feb. 2010.

(5] Jing Wang, Wenchao Gong, Lenian He.
“Design and implementation of high-efficiency
and low-power DC-DC converter with
PWM/PFM modes”, ASIC, 2007. ASICON
'07. 7th International Conference on. pp.596-
599, Oct. 2007.

(6] Cheung Fai Lee and Philip K. T. Mok, “A
Monolithic current-Mode CMOS DC-DC
Conve rter With On-Chip Current-Sensing
Technique”, IEEE Journal of Solid-State
Circuits ,Vol.39, No.1, pp.3-14, Jan. 2004.

(7] Jinwen Xiao, Angel Peterchev, Jianhui Zhang,
Seth Sanders “A 4-pA  Quiescent-Current
Dual-mode Digitally Controlled Buck Converter
IC for Cellular Phone Applications”, IEEE
Journal of Solid-State Circuits, Vol.39, No.12,
pp.288-289, Dec. 2004.

1674

g} 8| ® (Li-Min Park) =39

2003 7¢ FIAMASE A
A3t

2009 39 ~3AA] Jspht
AAFE Mt

<Pl oPdEa 3EA
A, DC-DC Buck Converter

H & & (Hak-Jin Jung) &34
20061 2% olAdEgm Az}
R R A
20091 3¥~&A] <UshefEha
AR A

<#liel ohd@o F2A
A, DC-DC Buck Converter.

F Ef A (Tai-kyung Yoo) 34
20024 3¢ wEdiEE Az}
&3t

2008 89 wEistm Axt
3=

20109 3€~A Uizt
AAb #A4

<fAEol obdEn 32A
A, DC-DC Buck converter



=¥ /PWMPFM REE ©]

&

s

njal

4

W

E:

X

x.

t7) A

£ 2 & (Kwang-sub Yoon) 21591
198223 249 <lsiEtw Azt
3} &t

19833 249 Georgia Institate
Inc, Technology®#} 23t}
A}

19893 2%  Georgialnstitute
Inc, Technology XAFE-3}s}
b

19841 39~1989d 29 Georgia Institute of
Technology Research Assistant

198981 39¥~199211 24: Silicon Systems Inc,
Austin Calif. U.S.A Senior Design Engineer

1992 39~ alslistn AAEEE 2

<Eek EAAEAY AAsz A, gA A
T3 A A3 Aad mdE F

1675



