SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

PR EERS

Elﬁl Htl‘..\

#RA, =

e, TWF

Sohiful, Anuar Bin Zainol Murad

ftt

'|:|||I|

https://hdl.handle. net/2324/1564061

HARIER : WINKBERZRY 27 LERBZEHLE. 16 (2), pp.101-122, 2011-09-26. LM KZE KR
AT LiERBEA R
N—=2 3

HEFIBAMR



TRk 23 %9 A

TUNKRZFZRFBE S AT SAERE A -101 -

FURAXEBERS

K 4 & s
FALR E T U MR 4265 (1)

ARG ORA ER 2343 H 24 H
AN i S0 4 FIEADFK 7T Y » Y PFC 22
N—Z D@ D
i SCRAZE B
(£ &) JulR® & & E W E (&
(@A) U " oo H 5
" N " B OB O OIE

MXAHNBEOEE

21 kA& 2 AT E - T, AIFARe/ s BRER BT &
WIARNTIR ST Z L IIR b EELRRETH 5. BREEIE A
1 UAEMSRMEZ MR T 5 Z L IINRETOSRETH Y,
COBEMIZAB LSO TRITIVUIBRFEIZ G L L
{TgoTWn5b. BR - EBETHSFICBWCOIBAETREZ RV
F—OFHRHEES I, RRFBHENERLSOH 5. 1
ZHUTITHBBEORN, $h- 7 FI U LEOFEWED
A, U A 7V alRER BLES X OVE B Sk DR B O
A, BER O = 3L X —HIEERHE I T D, EHE
B CTH DAL v T ZEFHEEIZBOTIIE# L X
DI 7o HENEHNFOM LR, & OEFRIERE O
87 A 7Y A 7 T Y CO, P Z BT & 258072 %t
FKTHD. 7 BEHRBEHITOE KL D H WD D BT
ZHZIX MPU X FPGA D &l KA & LSI AN E S, &
NoEOLSHIEBEEREZSLELE LTS, L LT —X
vrE—, 74 A, FREICHEGESNDERIT KIS
100/200V O REETH YO, B LSI FFICHETLHZ
ERHRZRND T, 2L v F o VEBRICE ) AR EELE
TAKEEICERT D2 HERD D, AL TIE, ZKRAT A
A v F U T BERFICER I D AT @A IHISGE & 2 E
L7chfia it % 2 AN BEAG3- D BkRE %, 1 Befpkiod =2
NR—=HTITHIRFEANNTETINT Y v P o X— 2 i
R, ZOMIELMENT LR bt 2 G52 L2 HIY
LT 5.

1 EIFRTHY, RO RE L TOLBES
XL SR ERBREIC OV TS, & IR E= v
N—2 OEEEFRIZ OV THEHEITY, FIEE IRk E =
U= ZITOWTTEERE — R & BREAE— FIC
OWTRHEIR B, 1 B E L N—FIZON
T, FHEGFAERN LR ER O LTz,

B2 ETE AF—V—THFKEEANEINLVTY
VAU N—=FERET D, BRI 05 KM & 0.5 LIk

DBEITOWT, FitEs X OdhsiE 2 R e E 8 ik % A
WM 5 EBRIC X0 BRI, 2, A IE L,
PEHD 2 B i RITHA_REETH DL Z 2L L.

% 3 T, HAA v &0 2 e REFt— N TEMES
HHZET, B 05 U IR W THHIETTREIC 25 &
LER LT, BIRAEGEE — ROREEXKT T A—Z K
% 0.02 DLTICT 2 & B & — %A v 3> ZBER
BT 5 fe b — 7 B EALHIA i )7 b2 ER E
5.

B4 BT, IATY v PEMKTAIAL v TFOER
EWIEAAL v TV T RZERT DD, NTUADY —r—
CAVE TR ANKETHDL I LR L, R N—
ZOEHEIZONWTY ==V A v B 2 AEEE LT
B - BER - REHED 3 B— FIZOW TR 2179 . &
BICEV )= —U A X B RAEENTHZ LT, B
OEEAAL v T2 T BB SNHEN 3~5%EIND
ZEERLIE.

% 5 T, KMADRHIIT 2EERTIC OV Tk
R RMATIREDIRE 2 L N—Z 2B HEEE—FD
BATRMEZ 0 L, S5O EEE — R & 5Tt 1
ST FEBRTI O3 /=8 N 445 7 J SR EBEN T
HTHY, 1ekD 2 BEFRNFELUEa =210 E 5
~10%E WA ERER TE DT L ER L.

® 6 HIRMTHY, AR THLNTHEEE LD
7.

WMXBHAEDODETSR

PR TERE AL L, —EOEREEZ NN+ 5E
HEBFEE DO TR E LT, ZA v F o VEIRER & 5 H
L, ANEBERICEEND &M 206l L7z PFC
(Power Factor Correction : JJZRWER) a2 /3—F R—
RIZHNSENTWD ., I8, FROEBE TSI L TET
IR T2 ERBNET ET58L 20 22H Y, PFC
A NR—=ZICBT D HRKOEE, T2 bEHEMNED
M2, XV —@RkdbinTna.

AFSCE, PSSR TR & BRI ik S i DR
E&E MG ATEE7R PFC 22 X—Z 2B\ T, lF O 2 Bit
ROGEICHIE L 22 2 IR T OMELZGET 5720, 1
EBREROFIEAD T N7 Y » ¥ PFC 2 23— 2 &3z
IR L, T OE2 FEMICNT L TR b e R L
HLOTHY, ROBRTHMTES.

() ZNETO1ERERD PFC 22 R—H 2BV T,
ANITERD 2 o =2 PNEPRA T — R CEET 5 L5
WCREFF SN TNz, ANBROEEE Y v 7B KE
KO, ANT A NE—=PRAULT 272 EORERH - 7-.
Z DB EMRRT D720, AGRICTIE, ANJIERRD &8
Uy TNPNENZ a2 RRET D, 1 BRERDA 57—
V=T HRFAEANE T NVT ) v PRC 22— H %5



-102 - TUNKRFRFBE S AT DA HRE A Fl6E 25

TR LTS, 20 PFC 3 " —# %, HAIRA
Bl ary =42 Th Y, HHEEOERELE L OE
BISEEALE TR VARIZHE LT\ 5.

Q) A2 —V—THFRAFEATZ71LTY v~ PFC 2
VOR—=ZZONWT, BN 0.5 R & 0.5 L EDEFNTE
NOLEITH LT, Flethds L OB EeE 2 R ie R ik &
AVWTEE LT LTWA. FIZ, EBRIC X v BiERE,
BhR, HREWEL, (kD 2B HFRICH_NEDNRTH D
ZLEEHLMILTNS.

3) WA ¥ 7 B OBEBFNRESGEI 2 HEMEE— KT
BfES 5 Z & C, R 0.5 L EIZBWTH HEEN
HIEI R EEIC 72D Z L 2R LTV B . B AR T — RO%E
SOREERTNRTA—FEZHEAL, ZOfE% 0.02LLF
T2 EHAEEL L REa T U OBEMTIE G
T 2720, —HEwEHIET M beE IS Z
LEHLMIL TS,

(4) BE PFC a > RX"—Z|ZBWT, V==V A%
Y AL B LTl - S - N D 3 D OEEE— R
\COWTEE MR 2T\, T T U » DERERT 5 A4
v FETOBREBETEAL vTF o T EERT DO, b
FGVAD) ==V E I B APRLBETHDL L&
RLTWD. EBRICEY, V==V A X IHE R
30 H ITHWINESESZ L TEREEAL vF o 7 DER
S, NP 3~ERWEISND Z L EER L TVD.
(5) PERZZIRASIREDIRZ PFC = o\ — % OEEfRAT %
1TV, BEE— FOBITSRGEZALNIC L, BHROBEE
— RIZOWTEHM MR EB WD, HABEAD
480W DFRIEIZIBNT, fERD 2 Be i\ B Ea N
— 2 10 b 5~10% WVEBBYENER TE TRY, /1
LEMAEOMEDRVETHD 0.7 LLEAERIATH
5.

PR 200, RGwsChE, PRAZZIRA IR & BRI
BEE N AEEZ MG FTREZ PFC 222 "= H 28T
WD 2 B DOSE IS & 72 2 9 RIR T O E % %
BT L0, 1BMERORIEANTEZ7VT Y v PFC =
UR—H EBTTRE L, FOWEE ST L TED
BaFERLELOTHY, BRET VAT L LPLES
THEIANRKE., Lo, Kttt (T%) 0%
MEERCICET 2D LD 5.

K % #H O o
#ANLFEH/ 5 UNE S 427 B (L5)

FARGORF K 2343 A 24 H

FALG A MEREE LSR5 GeHIEOR Mk E
(2B oM

i SCi A2 B

(F &) JUNKTE ##EeR = & &R &

R &) JUHNRE #H & & ¥ M
n n n o
W & R

S
+ A

) 1

WMXHRBEODEE

) a R (Si-LSI : Si Large Scale Integrated
Circuit) O @EMERE(LE X 2 CTE k(2 77—V > 7Al)
N, MEARRAZEZ CWE. 22T, M UPRALENME
HE OB A2 HEL, Si L bE0nEy U TBH)
xR AT DEMENF v~ =1 5(Ge) % F v FAMEHT
FAVDLH LWT 7 a—F O ENERILL TV, Ge b
T VAL ORI, B Ge v mo—% FW T
b CT&z. L»L, Ge b7 VAKX O IEAND
R IL ST L0 bRV Z s, wito LSI Tk, #
WML LB 2 @ B L RLIB RIS 22 813 81 T A2 T
Ak S 4, BEEIEE =T 5 —EHOERERK O LD,
Si Btk FICTERL LIZ#E I o> Ge #5428 (GOIL: Ge on
Insulator) = F ¥ RV & F25 Ge b TV AX TSN
HEEZOND., LIENR-T, Ge T3 A%E#H LK
RO E®E LSI OEBUZIX, Einhrze GOl &% Sifk
IR T 28 LW EHETORIH A LETH 5.

SHITH L, @iz GOIEEDEAIZ St k2 RE &
L, BHAMRR I EICRBT 5 Z E R TENIE, &E
NI DAL ADISAPHRHTED. 2Tk, ¥ 27
LEBET 4 AT VA FITHE LTz @EeET « A7 LA D
BIUSAIHE & 720, AR D 2 v % & 2 fF R btEE D FEH
EINECTE D,

AFRSCE, WA O & T A 2 O FAREAF OB % H
e LT, ZTOEAOHEL D GOI #:ED &gk~
2 AFHOW R EIT T2 b D THY, 5 Eh LRI
TW5.

1 EIFRTHY, KRXOMRERE BR, RO
AL ORIz DWW Tk~ 7

%2 ETIE, MR LIc kT B IERE Ge WO [EIAHK
FIRE R Ule. iR 2 51 LT S vz i & &g,
IR L 2 KRR L & EiRAR A N7 =— /2 K 5 fE
MR MR ART A5 4 7 & Lz 2 BB R E R
L, EWIELBEIEG) 160 cm?/Vs) &2 B9 5 Lifkin Ge 3
EAEH L. LoL, v ) TBEIEOE 250 L2,
RRIZ L D% U 7EELE RIS T 2729, Ge J8 O HfE R
LB L B L7, £2C, Ni 427U v MNFEEH
FREVEA~ER U, FEA BRI O R sk o B dh b & f
L7=. ZOfR, Ge DEMAMEIZIHWTIE, BIEDE
AL T R — L FERRE OIEM L= 3L ¥ — D ZE DD
ThSWIeD, MBEOBRENR, A 7V > MEinH D
HiEmREEET A Z ENHHA L. T bbb, B
E7uv Ak 2IEME Ge IO HASRIE, FHERIC
HEETHDHZ EEHLTI LT,



TRk 23 %9 A

TUNKRZFZRFBE S AT SAERE A -103 -

% 3 BT, AR EEE AW LSRR E 7 2
A (SiGe ¥ vV UHEFRREE) 2REL, 0
AoMEERFT L2, £9° SiQ00)EREKREY— K& Lz
WAL RIEZ AT L, BeHEE (Ge Ik, #VaEiSft,
THIMERR AR &) AW ELT 52 LIk D, MAMOH
ftih Ge(100IFR(ES : 1 cm, 18 : 3 um)ZFEH L.
F 0L A (110), (A1D)mICER LR, EgTfic
BT A dh T AL OEHRBIG N TS 5 2 & L7
», GefEfORENME, RE7vy MRy 241
T R DFEE 7 AN BR[E 72 AN IS5 = & T, dSeh i AT
OEHR A ] L, SR O HiAEE Ge(110) & CA1D)AIMR %
B Lz &I, A ALAT U hOBHEREFH
BE L, MERIRZAET S GOl #EDEM &M L.
M EH IR 2 b im A& b G E{E L, (100), (110)
R AN &2 A4 558 B IR GOI K3 o & s AL T kA ik Th
Liz. LSl o bicER Lz, Si77 vy b7+ —AF
2B 5 Edair GO FEREIR DRI TH 5.

¥4 FETIE, SiGe I ¥ uUBREMKELREL, &
R LTI 5 SRS OB E EET 5 2 LIk
D, SiIER 7YV Tt 2A~DREMHEX 7. NiA7

U v MERERRER O Al SRR R EE VT,

MeRFEAR L IC i AL OFIE Sl Si RS2 TEALL, Ge
WAk EOY—REFTH52 LT, AIDEIMNEET S
GOl 74 7> R(ER : 10 £ m)XOA00)E i zxH T 25
GOI MR & 1400 pm, 18 :3 pmZEEHELEL. &6
12, GOI HEDBLHIKEZ ML, MW TEWIEILB
BhE (1100 cm?Vs) #EFEL7-. SiEE 7Y —7 vtk
AN R B EREIR O f AL HEEIR ORIK TH Y,
S kT 2P A X OB R E ATRE & 9 5 SR S A
ELTHIRF SN DR THD.

%5 BT, AL ERIEL, 5%OMEREIC OV
THEH 7=,

MXHAEOETR

Wb & e E R E L LR B (LSI: Large Scale
Integrated Circuit) OMEREM EIXWEERIRAIZER L TR
D, BRI LWT e —F 3R LT\ 5,
T DH I, WMLV 2 S)) I bxr VT
REAMEICERD T~ =0 L (Ge) BT ¥ RN
Ge NTUTUREFEHIWTHD. Ge N T UAK & Si-LSI
WIRH T & AUE, LSI OB /s TR Easicm L L, Wit
RO#EEE LSI NAfcx 5.

Si-LSI ~®D Ge b7 VAKX OIR#E & EZHT 5121, #
B EICEI1T 5 Ge I (GOL Ge on Insulator) @& fnfiL
RN EE 70D, ERNHT GOl #EEDER T mEAD
TRIEDNEZRIZ 72 STV B0, SR AL OHIE, F K
MaoD R Ze EASERRE & 72 > TR Y, TR TFIEOAIK A
<RDHHENTWD. EBIZ, FEdbhr Ge #IKOERKIZ Si

R AT L L, AR EICBRRT s 2 e TER
I, B ST R ZA~DISHANTREL D, AT
LT 4 AT VA TS U T AP E iR (RAsHE
TAATLA) BRIKTE 2.

AWFFET, AR O EE LSI CEt&ieT « A7 LA O
BIHA B LT, MK L2 5 Ge MIEOH LU s
R 0 ADRE L FOMF ATV, GOL i D & i
NIERRICEII LI b D TH 5.

AFE TR ONIZEERT, UTFOSTHMTE 5.

1. Mt LT 5 IEME Ge MO B FIRR R 1L %2 Rt
L7 SHIZOWTHBTHD Z ERHESNTND NI A
Y v MEEEEHRREICE B L, A E RO RPTHE
MO EERG Lz, TOME, Ge OBEMAKEICE
W, BERADIEMEL = 3L ¥ — & B E OIEPE b= %
L —DFENRRGD T/NE W, EBEEDOERAENR, 1
TV MENPLORERREEAE TS AR L.
Tbb, FEHEEE T ot 22 X5 IERE Ge IO Bk
fbiIREECTH L Z L2 LM LT,

2. MRFREEZ AW HTE (SiGe 2 v /HkE
RIRRRIE) 2BEL, TOAMMEBRET Lz, Si EkE
U RE& LR R R 23T L, 3UEHEE o F ki &
D, SiEMR & A URES AL 2 AT B AT Ge MIAROD @
NI AEER L, &6I12, TXA ALAT U FOHBE
M EE2BERE L, #E KD GOI #x& DL A #at L.
8 B Ik & HA i AL A Gl E L L, SR a7 H
R GOI HEEDTERIT T L7z, LSI OB s d I B L
72, SiEAHR B30T 5 &b GOL TR BT DAL Téh % .
3. SiGe I F v VFHRERMEILED SR 7 U —{b%x
Bt U7z, Ml EICmi A o fIE S e Siofftim %
B L, GelR@kENDY— KT LT, SiEETY
—7' R LD GOl HEO B MR E FEEL L.
512, GOl WHiEDERAFEZ M L, i TEWIELL
BEE (K 1100 cm?/Vs) 2FEFEL7Z. Sidi7 U —7"m
T AN & D R EIR DR ST B ORI TH Y,
I N7 R Z OMEE LA FTRE & 5 EH R
fiie LTRSS AR THS.

DL EBE SRS, MR EI2R1T 5 Ge MO
EALR 7 a2 A OV TR 21TV, GOL i o
BRI L2 b O T, BT 31 2 T% Bl &
LEBTHD. Lo TRRSUTHEL (T2 OBAICET
LHHDERBDD.

K 4 OB QN t

TR E B U EHE 428 B (i)
FAAZEH-O B+ Rk 2343 H 24 H

A AR S 4 WY e L R ORI &



-104 - TUNKRFRFBE S AT DA HRE A Fl6E 25

% AAGEFEE OISR I 5 i
gt —HBREOEUMEZF M LT —

AU ZE B

(& &) UK #ER F W O —

(Al ) I B o= O R =
i I I ro | IR 3
" N e 2 DR 3

MXAHNBEOEE

HAFESEEIEL ML TV 5. BARGEREIRBROZ
BENEMFT70 TALLEEZRY, IBIZ, WML TWY
MEHMIZH D, AARBFEBEN SR T DT, SCHRHF
B, BEEBOES LR DK EZFEOZDIC THZE
30 HAGHE ZFTHHLE. Zhick T, s
A BLEINT D2 ERTREIND.

W, FEFEOREIREBR T, FF) [E 2

Ala=r—va VEANER SNBSS, LinL,

N DFBFITH L T— ADHH L W ) REFRETIT
ESCHEE R L <, TR, Fete, 369, #E) 2nH4
HHED IS 1EL ] HOBBERP—FENL TS, EIZE
ORFERAL, FEFICL o TRAEDN, FLEITHEST
ELLET D &, @MU ARGERECRE L AWV TSUEAMICIE
L<ETDZ LT, EOFHEETCOHMETHD. ZDOHT,
AAGEICSFEEB O RV AREFEHICE o C, K
DY) S DYWL L. BARGEFEHE N EH Lz
BUE, SUEMITITELL, BRBHENTE 523, RELKRT
bLBENRDD.
ARGEFEFL, [HKHEEIED) O X5 R RERpI
EHEEHT A ZENHD. LrL, HEE-AARGEREET
WAL E R B O S OHWI N TE Ao, B ARGEREERE O
T OOEREFMOAFIIR SN TS, 26 ZE L, FEEIC
R TE ZHERAMICBRARS S, Ly, BAEFEE
PMEX T D546, BORRE L2 WIFRICHE L7z A ARG
DORBEZFDNONNZ ENRLIZLIESH D, FEEE-BAGE
FEERLOEENEEZHOTOEYARBEEN LoD R
W2 EEx2hD.
HREBUTEWR A £ NREEZ ] D 720, 3 H O HIErH

BRI THEL <, RRO LIRS 27 AT,

RBEAl & L CIHED I0BEERE 2R LTV L,
[HEGEEIED ) & G ESS ) o X O RAHENE [ES )
LGN ZREhE [155 ) WHEERBRICRWEELHD. A
XTI, HMBUEREOBEMEAFIH L, (4, B, #)
F) 7 B RS AR HARZR LR BLUT S U CHRE & 0 IRV R
O IR RBLOBAT A 4R 5 FIEERET D

AT, UUTD8EMNLA - TN,

1ETE, APROERE B, BRY, HLIEYE
BRI DWW TR S,

2 TCIE, BIEAFSEICRI LR, AR ONLE T %

179.

IETIX, HAFBFEEZOEhD (45, B, @)
7 MBS HERBEORBARRKED O b, B — 70T
REER D52 L THERGRRBUC R 2 EERBE OB %
RS, T A HARGEREEREE MEIE Le b 0% EFE)
e LieGma, [RAAMERE <n o> O v LOHE
BREEDHELL L W B IEIC 28 2 754, v o)
FEE D EALIZH DMEAICH D LW REST TS, &
DI HS &, KB A ARGERIFESEE = — XA DL
THRIZESW I HBREOHLEEZFH L, la— 2%
AWT <n, ¢> EOIEBEIREHE SN D B
Wiz, BAGESEENAD LR RB o8 & o HIeg
BEOBELE ORI IR 2 FIEEIRET 5. £/, 2%
FIECESWAESCHE Y AT 2O LR~ 5.

4 ETIE, AABEFEEOMENOINE L. KF, 1%
BEl, ®ha) 25 AkD R AR e RBL O A BhE & 1F B
A - EA R OBRZ AW TR Z FREET 5.
FIRFLC, HEBRBEOELUE 258 LR EFE, M5
B KT 238 U 2 ROF B EAl G A & NEAL A1) TR 35 72
HORE L LT, HEROBERMBELEICE S RE LV E
NTWBEZ &%, v Y —T R ZESHEBSE L otiic &k
> CTHGET 5.

5 BT, BETFIEEFMPAALTIEHEY AT L %R
EL, (&, #EbE, #hE) 2>5bik b RHE A
LTSI, VAT AOMAO EAL 30 LANIZIE A ghaE
NEENDEA - ERLERBS OLEA - EALERER
KR T BEIAIC & » THREDFEM 21T 5 .

6 =TI, HAEFEE G AT 2 2FMA LT
HEDNEONTELEREL TS B, A H KRR RIRD
THMPZE ST RAT 2OFAEOFMZITV, T
B A R U, BEEE L2 - T, HAETEE
DG HEEEEIRNTE D) &V ) Y AT ADRIEZE MGE
T 5. F£o, BikE EROFEEZEOFADROE N, v
T AR B 0BT S ICHOWTIHAT 5.

7 ETIE, BRFIEICHESO L 27 L& EH
{bT 2% EOREE R 5.

K% 8 =T, TNETOMELE LD, IFRDEYE
IZONWTikR 5,

MXRAEDNDEE

AAREZREREE LRV AAGEAEE X, K255
ERBIT RS, DKREEIED ) &0 o T ERITHEN
TEONRRARTHLILERIZMES 222D 5. 2T,
P o R IEEIREERT LD, (1) REALLLWERZR
FTHEKRB KT D HEEOBMZ o0 5 Z L DR EE,
(2) FEHL &S &4 2LERIO AR S OHIEOREE, &
W9 2 OONEEITHEEN TS . il O HFEZ B0
B, BEETEAT, EREHELRSLHML, BEE-RA



TRk 23 %9 A

TUNKRZFZRFBE S AT SAERE A -105 -

FEREEANCRASITA LS. L, 20X

L THELNDBEMIIR SN TWND LI, fEEE BARGEORE
BORER E DI, 15 5L DA O HFEN RE Y 225
Abbd. £, HFE-IAREHFECIEERIAOARS
DHIEIXTE 20, ERERFM S, AEMERCHBIORED
7w, EEFHROBRIEZHET D OIEmDR.

A, T4 B &) oo kR %
KB E LT, BFEIROLDBFR > TV D RE R LRES
EITET 280, R @ oR#EE R 2 iy A
T AOREREIZMT TR EE L DTELDTHY, LLTOR
Tl C& 5.

H—IZ, BIFEIN O A0 F1- TV D AR ER R SLER O
BhEe RRAENE) (k3 % 5 7 AR B ER o i L A SR NIE
PLEATT BT 2 FIEEREL TV D R TH D HERDOE
XHABT AT AT, 2 2R TRKEEED TR L, TE
%) OFEFFEDO O, [HRHEE] L OO & DR EYE
RIHEE O @B F S RREN F O & LTS
TWiz. LL, ZoFlo X 51z, @8RBGS AL
FFOHEBETRVWEAELZ V. o, FEENEKIH L
WA A2 R ) e LRI, A5 O & OFRWRBICMH
FEOEWRBLE IR S 20, AFRSCTiE, [RAAEE &+
D) 72 BB G L BEBRBE S BT A A H 5 ) &
IR ASLT, T ORI IE LW 2 & 2 E S EEEA
AL TV D TAARBESEFICL D AARGERECE, T0H
FERE DRRT —H =2 & 1T F50HM=a— 2%
FAWZEHHERICE VSFEL TV 5. 2, RIT—4 %A
UNC, B B ER 0D 3 1) 7 (ROBR B R O (B AR A AR SENRAL A+ & ©
R THREL LT, HBBREOHELERN, vV —7 X%
FAVWCTERLEERNELEL L, FHTHH Z L ER
LTW5.

B, RIROEBUCESE, LERE (45 0) &
Bl (o) B3 () ) 1Zxf LT, KRR 22— /"2 T el
EoHERBREHESNDTE AL 0 & OHBRBREOH
LB DFRINECHR T 2 & 5 3 ) 22 RO B A D 41

FHEERRL, TORKEZ LRI L TV HTH 5.

REFIETIE, ¢ B HEATLIHERANART
HDHEHTEL NS, ZIUL, FESUEYT O Y MK T,
= RAFICHBE LTV D Ll THIT SN D A AR
LERED, ARZIERBLEHEIND I &2 D ~<
i< Thsd. a—_RLLTITESOHBT—%%
JANWTIRBRFELEE LV AT AEER L, Bk o A4
EBHEEONELT — F X— AP OFFEBIR O B3 - T
WAHRHRZRLERHICH LT, 840X, B30
fH oIl 8 22 gD 1 2Bl EEEh 2 EED
0% THDHZ L a2MEELTND.

FZAZ, AR OV AT AOFHIHERIZE Y, ##FET5F
HEOETFHES AT 28 LTORRMEZ LTV 5 A
ThbH. AARFEEZFE L TWD 4 4 DORBFEZTNENIC,

800~1200 FREEDIELE LTH BV, T, EX+Ho
& 45 #&BhEa ®hE) e s e RBUCKI LT, ¥
AT LIS IT B B 30 OB EFRIA L, LERHN
RIELTHDH 9 EWIHIEREITOTND. VAT LEF|
HAT+szkicky, EXTORARRILERILOEIK
30% W L2 AR LTWDS. £, EREOT
r—t0n, VAT AOM N EF AT DBICRAGESEDE
WREMRT DI OOFESENAHITAR RN L2k
BLTWS, ZNHDZ EnD, IB—ET D FEIIECKE
VAT LAELTHERTHY, HHTLa— 20X 545
KFFALE DU B CTEAMBRLIEBYV AT MR D EBZ
bhb.
PRS2, REFIEIE, BARESEE OECHER B
BIE LT, AARGEXCH.LE D 45 #Bha BhF) 72
% T RE D L R BU K 2 8 ) 70 R BE O A 2 1278
TOPEEZREL, TORBELEIRV AT LAELTO
HHMEEZ FEBRANR LD TH Y, FEES 2T L%
EHIEETHD. LoT, iU (k) O%4L
FXICET 2D LD 5.

K pa Sohiful Anuar Bin Zainol Murad
VA = UG TEHEE 429 B (FE)

FhRGORMN Pk 2343 H 24 A
AL G S E 4 Development of CMOS Power
Amplifier for Ultra Wideband
Communications
AR IS R B (S F CMOS & 7
HEIE R 0D BH 7S
SCRAZ S
(F &) Julky #H &% FF BH &
ml ) n U % % fi IE
N " N = S T S

WMXHRNBEDEE

The wireless revolution has created a great demand for
low cost, small-sized, highly-integrated, mass-producible,
but, nevertheless, high-performance integrated circuits for
communications. The prosperous growth in radio frequency
(RF) cellular products has been witnessed for the last two
decades, and it appears that the growth will keep on going in
the next several years. Not surprisingly, over the last few
decades of research and development in both academia and
industry has been concentrated in this area, particularly
work associated with employing integrated circuits to
replace bulky, expensive, and power hungry discrete and
multichip solutions.

One of the important components in all wireless



- 106 - TINKEERZERE S AT DG HB AL

16k F2m

applications is the RF power amplifier (PA). RF PAs are
usually the most power-hungry building blocks in the
transceivers of wireless devices. There is increasing demand
for highly efficient RF power amplifiers to meet the
ever-growing need for power saving, compact and low cost
solutions. Moreover, emerging popular features such as
video camera, games, the internet and TV are being
progressively added to new generation of wireless
applications. However, they inevitably bring additional
power consumption and burden the battery. High-efficiency
power amplifiers are very important to save more power
during transmit the signals.

Recently, wideband wireless communication system,
namely ultra-wideband (UWB) is becoming popular due to
the capability of offering high data rate and wide spectrum of
frequency bands. The great potential of UWB lies in the fact
that it can co-exist with the already licensed spectrum users
and can still pave the way for a wide range of applications.
With the progress on CMOS technology in recent years, it
could achieve comparable performances at high frequencies
with much lower cost. Therefore, implementing wideband
circuits using CMOS technology has become one of the most
important topics in the RF circuit design.

In this thesis, Chapter 1 defines the introduction and

the motivation, including the main objectives of this research.

In Chapter 2, the overview of wireless standards is
introduced. The PAs classes of operation, including linear
and non-linear PAs are briefly described. Lastly, four main
performance criteria of PAs are discussed. Chapter 3
contains an introduction of the basic UWB system. Two main
standards and the frequency allocation for UWB system are
explained. The main specifications for UWB PAs such as
frequency range, gain flatness and group delay are presented
and the recently published CMOS UWB PAs are reviewed.
Chapter 4 details a proposed design of CMOS class E
PA for wireless applications. First, a theory of Class E PA is
first investigated. The ideal drain voltage and current
waveforms are shaped to be non-overlapping to maximize
PA efficiency. CMOS on-chip spiral inductors are well
known for their low Q, and thus high substrate losses.
Furthermore, spiral inductors occupy a large space on-chip
and also encounter self-resonance in microwave frequency
band. Therefore, bondwire inductors were modeled and
simulated according to the electromagnetic theory and their
physical structure. To realize bondwire inductors in PA
design, a 2.4-GHz CMOS class E single-ended PA has been
designed in TSMC 0.18-um CMOS technology. The Class

E PA proposed in this work realizes all inductors with

bondwires for the higher quality factor to increase PA
performance and to reduce chip size. The single-ended
topology is employed because most existing components
designed to be driven by PAs are single-ended. The cascode
topology with a self-biasing technique is used to prevent
device stress and to decrease the requirement for additional
bond pads. The post-layout simulation results indicate that
the PA delivers 23 dBm output power and 44.5% power
added efficiency with 3.3 V power supply into a 50 Q load.
However, the measurement results indicate that the PA
delivers only 19.2 dBm output power and 27.8% power
added efficiency. The main reasons for the degradation of
PAE due to the unexpected losses in the on-chip
transmission lines, the bondwires connection (eg. on-chip
matching and off-chip capacitor, transistors’ source to
ground), and parasitics effect from the bonding wires and
PCB. However, the smaller chip area of 0.37 mm? is
obtained as compared with the previous published works.

In Chapter 5, the design of PAs for UWB applications
is presented. This chapter begins with an explanation to the
principle of current-reused technique. The current-reused
technique can enhance the gain at the upper end of the
desired band as shown in the simulation result. Furthermore,
an inter-stage inductor is employed between the first stage
and the second stage to obtain gain flatness. The first PA for
UWB applications was targeted for a lower band of
frequencies covering from 3.1 to 4.8 GHz is designed using
0.18-um CMOS technology. The UWB PA proposed here
employs cascode topology with a current-reused technique,
inter-stage inductor, and a resistive feedback at the second
stage to obtain the flatness gain. The measurement results
indicated that the input return loss (S11) was less than -5
dB; output return loss (522) was less than -8 dB, and
average power gain of 10.3 dB with a flatness about 0.8 dB.
The input 1 dB compression point about -2 dBm and
excellent phase linearity (group delay) of +135 ps across the
whole band were obtained. Moreover, a high power added
efficiency (PAE) of 23.7% at 4 GHz with 50 Q load
impedance was achieved with a power consumption of
24-mW. The second PA was designed to obtain excellent
gain flatness at 3.0-7.0 GHz. The UWB PA proposed here
employs a same technique to enhance the gain at the upper
end of the desired band, a shunt and a series peaking
inductors with a resistive feedback at the second stage to
obtain the wider and flat gain, while shunt-shunt feedback
helps to enhance the bandwidth and improve the output
wideband matching. The measurement results indicated that

the input return loss (S11) less than -6 dB, output return
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loss (522) less than -7 dB, and excellent gain flatness
approximately 14.5 + 0.5 dB over the frequency range of
interest. The output 1-dB compression of 7 dBm, the output
third-order intercepts point (OIP3) of 18 dBm, and a phase
linearity property (group delay) of +=178.5 ps across the
whole band were obtained with a power consumption of 24
mW. The proposed design has succeeded to achieve gain
flatness about +0.5 dB ripple with smaller chip area among
published works. The proposed UWB PAs are suitable for
lower band commercial mobile, portable devices or Group
1~3 of MB-OFDM UWRB transmitters.

Finally, Chapter 6 summarizes and concludes the
work in this thesis, and discusses on possible future

research based on this thesis.
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