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ABEHHEN BEHRARUBEFERLERERRLEEN S
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In this invention, a closed-form integral model for on-chip freely suspended rectangular spiral
inductor is presented. The model bases on the Kramers-Kronig relations, field theory, and
solid state physics to characterize a spiral inductor which RFIC designers could easily have
‘ the optimal design utilizing this analytical method. Meanwhile, this model can provide
satisfactory prediction to the inductance and self-resonant frequency of the spiral inductor
without complicated geometry analysis. Furthermore, unlike conventional formulations only
based on circuit parameters, this model could safely predict the inductance and the
self-resonant frequency when altering the material (excluding ferromagnetic materials) of a

spiral inductor.
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W R BE B B -
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L= 5
. I
zw(&{ﬂza(a))_ lnw}+ . j{exp(h(w_w’)JH} €
2noy An /4 w o, -0 kyT

Hfd BT HAERRERBBEDE HiZsH R
(Boltzmann’s costant) Pl Jz #8 % & & - 75 & =0 (9)h A #8 B8 /Y
BEHEFEEURETZREERFERRMER BRI K HE
M OoE B R

D. M T ZEHH :
Z R —F Spum H 3.5 B & BB i BB e oL O 0 R
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BERMERE - FHAREKXAD~@®) ®Am - AALNKHEH
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Ansoft-HFSS @ R E KB L k Hal & ¥ H K& &E R
i #) Greenhouse based LA 43 Fl i L& - B = MR B T

14



200734927
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# B /& 0.1GHz £ 20GHz- H BRI 7 W & M £ 19 H & & H K
B & I Ansoft-HFSS ® B o MW EMME - #F B HH /Y
Ansoft-HFSS BB G4 LU KR KM H T » 5.5 BE R R E
DU R EIRRBME =R -
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Ansoft-HFSS it 5 229 427 438 4.92
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F o BORORE HE I Rk R -

AFHATLERBYHE B BEEMB PN ETE X E W@

G g TR K-

ABZEHAMEHFEEFRNERAEREATHNE R -
fk % Kramers-Kronig B &% ~ B LA K e BT - A %W
At EARBAERBRAEANERRENRBITR -

AFHAHEREANRPBRERK > #l0: ™A~ /A DK

16



200734927

B EREEMGELERZNE -
. MARREAEBERABKRKNINEAAE > KFHEA
AR RERUA NANKEBERERBEAPOEE-
OARFP A XM FEHBFBENERATEUMSGATRTEZLRE
R oLl 3.4GHz- % CPU H 2048MB E# @ EGL BB < E K
P E R Pl > B Ansoft-HFSS M B H B L& - A & ¥
EFEERMERTERMBEN 1/6400 fF -
® 10, MEFZHFHEARWUITHEEAVDHEERZEZMAEEN
e HEAIAMBEANE TFTE KL -
[ & = &R )
B - RABHZIREHBR
- fRARHIERERAZAEER I TE B

)
H

EBMALE  WEBASL - (OFSEHY ;
B =B A B0 2 Ansoft-HFSS & B AL 5 47 Ul & & B &
B2 S S MK 8
® BB AR 2B ESEEERR L 2L EE -
CEEETITTT LD

VAR

17



200734927

+ -~ PHEFER -

- HEHEANEREFBPERENXE R RME R IREXR
MAE EBBERELAEBETIRELS K
TR REERLFBEZIERAER MU RS
M2 (BERT2H)

RO KBIR(DFREZCBHERTEER LA B
FPREAERIIEBRAZS WS HEZIBEN o
TEROCG):HFEETHR(E) - R A& BEEBEEXE R
MR EFTBER(EO)URE [ESET RN EER
(Ec) s

THRM:  KRBPROICHETSE  GFELER G B
7R e 20 E R 2 SRR R

TR AEBERBSR(MHFTEZEREZH UK K M2
B ELHEBEZRELRMHEE

THR6) KRBT ROCHREES > 5FHE &K ERHEE

® L BRI R B R ERBEE

TSRO AEBERBIR(WMDFTEREZHM B UR & M2

O URTROLFTEES  FELHEBEZ R EE R
& E

MRt REAcE R LB PR RAE R K EHA
I Ik XK -

™

2 MHEFENBEES | He Hk - HPZIEKREEERS K
LR o Z BAE AT BT OR

18



200734927

— 3ne:u12?a)r _ ezne (a)r ~ 60) %1(1 —2ms)2
- 2n 2m e

e m=0

 Hof h s opp s ne DU ome 53 BRSO OB SLOH B (Planck’s
constant) » ¥ H # T (Bohr magneton) ~ # ¥ H # B B &
FHEEHETEE T [(n-111EX 5 I & 5 (Gaussian
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A~ PXBEARE:

AZEHRERRNR " EHABRBSFRERIEAERERERREBREN A
% o KZFHMRMIPB Kramers-Kronig relations ~ 35 i A & H
RRYEFREEMBRcwWHE LN KW RFICH KRG T &AM A

puf

R BZMWEHEAENERAEABARATEE T CYWHEZE - L
ZHERREAXRTCEN  EE T > AENREMTG

1]
I

@ FHREZHMHIYERENRE  HXRIFTIEMHLHAEY
BB (EEEMSRIAE > RXEW T EIRA DRI HE

BOE R (E B3t iR 4 K -

N RAXBFARE

In this invention, a closed-form integral model for on-chip freely suspended rectangular spiral
inductor is presented. The model bases on the Kramers-Kronig relations, field theory, and
solid state physics to characterize a spiral inductor which RFIC designers could easily have
. the optimal design utilizing this analytical method. Meanwhile, this model can provide
satisfactory prediction to the inductance and self-resonant frequency of the spiral inductor
without complicated geometry analysis. Furthermore, unlike conventional formulations only
based on circuit parameters, this model could safely predict the inductance and the
self-resonant frequency when altering the material (excluding ferromagnetic materials) of a

spiral inductor.
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parameters) > F AN ER —EERUKEERERN FNE
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® xtER - -HEHRLERAEBRZEX -
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System for Predictive Layout Generation for Inductors with
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rectangular microelectronic inductor,” IEEE trans. Parts,
Hybrids, Packag., vol. PHP-10, pp. 101-109, June 1974 [
XNEHR RBHEHTEBREFEBERST TWABRE R
(negative mutual) - 4 & & & & X 7 3 B & @ % & - #l
m-eBEE S£BHFEELRERBEMUMGTmMES -
A > ERRENHERKREEDREZRBERY & A E S
@ “ux=BIBT - MAEAEEBENSTHIFHLTERET
HERHUREBRTERIRE -
ABHFAR/EZ FETLUBE WO REE - £ REXRTE
A AHWE SEATHE - WL R DG &R EE K
LERBEMAFTEEENREM SN - "L > K EH
LAENDBEAERO BTSN TEF MAEFFILZIXE
EemcWHEEME -
£ S. S. Mohan, M. M. Hershenson, S. P. Boyd, and T. H.
Lee, 4% £ “Simple accurate expressions for planar spiral
inductance,” [EEE J. Solid-State Circuits, vol. 34, pp.
1419-1424, 0ct. 1999 WYX E - FHBEOMNA H - X A
B NAREEREPEREREAR HFHELFERERHE
BUREEGENEEARAA  EFELBHEMXERY
MR CAMBNEBEEZIRBERXTEEVEERE I EE
Bl % Bl 2 8 ( fitted parameters) [ E & H & & 1k -
HMABZXNERBETEHEERSTEPRERVWEERRRA > E 2

BREREANZ2HELTEDRE E AN HEBE - & % 5 Mt

7



200734927

LTEARERZRLEEBE TAUERBGEMIBRENE R -

f£ S. Asgaran, "New accurate physics-based closed-form
expressions for compact modeling and design of on-chip
spiral inductors, % £ " The 14th International Conference
on Microelectronics, pp. 247-250, Dec., 2002 ¥ 37 2= J5 B
fE &% Greenhouse W X 1 A HEK FMHE WM E - # R Z X
EERBEERNERATSMEL EERFOMEDNDRE

Q@ - -FABHELZHFETLER I K -

£ S. Jenei, B. K. J. C. Nauwelaers, £ S. Decoutere,
% B “Physics-based closed-form inductance expression for
compact modeling of integrated spiral inductors,” IEEE J.
Solid-State Circuits, vol. 37, pp. 77-80, Jan. 2002 §y »¢ &
o JR R F Greenhouse WU Bl & » {H B2 B # Greenhouse K
TEHEEZFE /N ALBERAER B —XR# > BFHHE
MK ERSMBR > ABHRELZHF BN B R L &L -

SAELHEAUENEERE SFE > Ansoft HFSS, 9.0
version, Ansoft, ( http:// www.ansoft.com/products/hf__)
e F EEB IO ERE IR - hE S HEE &R KT L
MHFESHARNEMEELBREEAAERERE TH T
rHEE - -mMLEERFTEZROFAE 2 8 LLHEHFR
TEEHURERZXRFENER AMAENFRHAEEMNER K
MR  SBEEENER RTFELLHWTERE - A%
Mt TETUH A ELVENRBE  WHHEEHEBEWE
& -



200734927

[(ZHAE]
RTERLKMWMSEERE -

HegEREFREPERAXAER IR

UMt 2Aa M ERAERYRELNRERHEEX

HAFEEH WEHNRTI2H  EPEXBHTIUEKE
KERBXEZEERBEE LR  ANDUEREBEERWNBEIL R
REERERDNMEE -

o ABEHZ—HH RHLREERHEREER - EE
S ABYHPRMBHEIAETUY H S B REREERRTE
RELERERSONCEG  LHADDUBELRARZERM
BTHRAPEPRZARWERER - WH > F&REEHERKXNER
AWBEEFHEESNSGR THBUREMRMEE - BIE - K
ZFHAAREEARIAIA  ABUHURHBZ T ETUMGER
FWPREEBEAFAEERIARFAREIREERZ R
B - BEAZHMLE TEATUKRBRAEBRERE R - A

® mrEAR - NARXKEEREER @A REHLLKRHEXK -
AZFEHZCH-HEHHN KRIAITEEZTRERBT2HIEZE

KE G TEFRERERBRIMBRFEME  E& -5 M > KXFHELD

LABEAURBEHRNRATON  LUBEIHRZAYH

B

fi

el

BRAHERXERBARUEEREXRMBAZEREE -
Lo ABHZAEATHARMGFERIEAERBEHED
FTHEFTREM CERRG > I HEMRITEMHE KK
TEREREL T A -

]

mE  ABFHER -—EHFELGEOYE TG EDE E M

9



200734927

S HHHESFEERABERCRMEELIEEE - F 7
RUBHEERABEREBREN AEHBEE  EH2ER
KA BEE ABBESTREYEARNNSRE &R
2oFE—SH ABELASERAEERERABRZ L IE
ERFENABE - HEEXNRES T LG ERKS K
ANEBUEBETENZEES S EEWERAEL -

[ # i /7 X ]

o R TEEMAKENREADUREABEEENE X - E R H
BHESBEARABEARESESRENEF T HE L -
HERBERTHACHE AR SBOREES K - B3 E
EFERAEBR  EBPDEEHEMBERSF LEREZE
WAaE BTEAHEMRBEER R RETHAE A% H
Bt - EFE AL MENYE S BB RSN - A
SAERERRER S RMEELEEE - F 8 KD A EE
RERBRBREN A EERERE  SRBERNM NS 8
ABEATREVEARUSRBEEESR - BE — 5 4
ARHABSRETIEERRABERIEREEE H W & E
% HEHENRTCBEITUGHEESFABURBE T
EHZZERSEENWE RELE -

Fpth > AFHBERT —EFEAABENF B UK S @
RBHBEWBE - ARWBE T LGB L BT EEHEE
ERERESEMBEROY R EER -

2

AR HEBERRXRFTEBFREMHR —ETDURE K HE

[E%I
2

DLk BEREBNGTE - DT HKEPI W FMO ML HES

10



200734927

B -UwH SFEERSEEEURKRIEBELRERNNLIERE
HEECHh®E - A  EHAFNENYWEILUERBEBERTG B
AHEFERL T EGARBELEBERE - WE —ZZREEBEAFR > K
ZPCHERE B RWHAALE LT
A. &£ B Kramers-Kronig [ {& :
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R —FE Spem H 3.5 B & B B M i W BR BE =0 E R R

H M2 MB Inax = 300pm - S = Sym B @ = 15um H F %
BEBRESKE - BEHARR(D~(8) WA -~ AAUEH
WEBRCEFEERETUANRE  HEME—FT -« 5
BEXOOFBR e CHEE THERRME  HMEOEZH
oo M E MR E-R AR W ZHEREREH
Ansoft-HFSS S HE M H K BLURBME R AR 58 &R
fE ) Greenhouse based & & 4 Fl ff i b & - —ERHET

14



200734927

EE 2 H LK Ansoft-HFSS B S Z2X E ML & B - H 1 48 X

4

# B % 0.1GHz £ 20GHz- H R HE T WM FHENWMHF &

@
i

th B 3 7 Ansoft-HFSS S B o MM B EE M % - ¥ B

|
&

Ansoft-HFSS B B HRAEU K KM HE T » 5.5 B E R ZREE
DLk #HERBERTIEROR =R -
EREERBONE > AIRBABZBHFENRE & RRE
i HERBKHEFANREREBERUELBERERRE X
@ EHWEBEWZHE S FERM Greenhouse based i &
EZEREXREAXRUERBEHAERBANEREME  XEH
EHERRAEAEDS IR - REHIZFHEFER - Greenhouse
based B B Ll B Ansoft-HFSSE EF H i « & R X EE H X &
ket ®WE MAR EFEEFR35EIMUKEMD)S.SE Spm
E 35 B RBREPENABER  EMBZ2HEE Inax =
300pm ~ @ = 15um DLk S =5um- Hf > FHEHERK 1GHz
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