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Abstract

Modified equivalent lumped element model for square spiral inductors have been derived.
This model shows more accurate analysis performance than conventional models., and gives
reliable design parameters. And this model is made through comparison among distributed
multiple coupled line, numerical analysis and experimental data.
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Fig. 1. Inductance and capacitance of the
square spiral inductor on a sub-
strate  with  metallized ground
plane.
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F(g) = g’sinh ‘1(%)+asinh "‘(a)isqs-—Tl(l +A¥ (2b)

q=d/!, e=Qu+d)/l,

M= (L) P (2¢)

+ F(g)

a=(w+ad/i;

¢=(w+d/i;

3714 de A7 HAEE Jehie, = JFERE
#49 A4 Aol vhekith 4714 nE AA +E
velie},

A At ARl 2§ AE d-ulAe 2264 4
dAlell (Frar g, E E & F 5 oR B 2
Mo 7o 4 ol wa Hzh wee) A9 S}
AuRA Lyt Alashge] vehde} !

Lo(nH)=2n-0.22-[ 1—-1.35 ¢ ~0-8/»""] (3)

upebd] AAA] JeRae Lo=Ls +LnLi+Ls7F ©
ct.

oAl ARl 23k 7| AAR e} WS A2
ot} A AAARAE 23 Folof v}k TH2e
A% vlolazse’] AdRe] sARle] AdARAE
7t meo s vehd Aolrh

a8 2. A vle]lazAEdy A2 sAAE A
A WA (a) even EE  (b) odd 2

L=

¢

sl

Fig. 2. Fringing capacitance of coupled
microstrip line. (a) Even mode. (b)

0dd mode.
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parameters.

26E U5 4590 A7 wEo] alele] Sy
43Y 571 wds 7|2 57} 2d 9w 7 st
(1290}

Zeleh 714 =
i 7]Ee] b mdd AE dwis A A4
23 Bl W AR ARARAE vk 4
A7t AF-Eoln, ols} 2 AES weshx] %

A% vhe de daAe exE e 2 5 3

O

IH7E AS 5.5 W Y AR o=
23} nlelag e8] ARl 27 dY, S48
AR 71l gt M A, aeiw AR 8 s/W
EesofAl9] Libra S/WE ol43le] 43 455
v ae|u},

J O S

S$21 of coupted microstrip analysis

S$21 of numerical analysis

521 of EEsof analysis

$21 of equivalent lumped element model
-ASL * 1821 of measured data

50

&

S

-
oOm>»

o 511 of measured data

@ bt

o 1 3

FREQUENCY{GHZ)

a8l 7. A 559 A A wAg B4

Fig. 7. 1Sul and |Sul of 5.5 turns square
spiral inductor for various an-
alysis techniques.

A §11 of coupled microstrip analysis
B : S$11 of equivalent lumped eiement model
> C : 811 of EEsof analysis
J “ 1 821 of measured data
45 o S11 of measured cata

|
|

3 4
FREQUENCY(GHZ)

3 8. HAF 150459 2 4 Ay 24

Fig. 8. ISl and [Sal of 1.5 turns square
spiral inductor for various analysis
techniques.



19954

37|14 HeFae weleld 2t B AL AL
$A" AFY E zdeger o vhgel
Eesof #i41Z =]t

a2y £ 3 SUE 2de A Zero
(4.3GHz) olelMe told H4¥ + e A
& zaych sRe AAl g8 T AHA
PoleXolg} & 4 & 2.5GHz olslelng &g F
s Wey o4& dsirty & 9t

A - 821 of coupied microstrip analysis 4
B : 521 of EEsof analysis 1
[

S21 of equivalent lumped element model
5 *: 521 of measured data
45" 0 S11 of measured data

0 1 3
FREQUENCY(GHZ)

a2 9. 3AS 25907459 4 A WA =4

Fig. 9. iSul and ISzl of 2.5 turns square
spiral inductor for various analysis
techniques.

20 (
&5 I,
304
-35,
| A : 821 of equivalent lumped element model
i B : $21 of coupled microstrip analysis
401 C ' 621 of EEsof anaiysis
1 *: 821 of measured data
451 o : 511 of measured data
/
L A
% 1 2 4 5 [

3
FREQUENCY(GHZ)

a2 10. A% 359074529 74 s A B4

Fig. 10. ISn| and [S2:1] of 3.5 turns square
spiral inductor for various analysis
techniques.

zelx 738, 9, 10, 11, 12& 3AF 1.5, 2.5,
3.5, 4.5, 7.5 &4 7% 7t & A o e v
W Zelck o)AE A =Hel diAAeE A9 A

10 EFILE®RXEH

% 324 B % 10 % 45

33 S71z 2dd o@ aido] %3 A=A 3
£ A ASEE RolFm glom ol BeFus
Helulel o AsEnct s Aew ok,

-353
A 821 EEsof(Libra)
40% B $21 medified equivaient lumped element mode!
i € :S21 classic coupled microstrip analysis
D §21 medified coupied microstnp analysis

45f *:8521 of measured data
§11 of measured data

o

1 2 3 4 5 8
FREQUENCY({GHZ)

ag 11, 845 450799 7 4 Al 5
Fig. 11.1Sul and 18211 of 4.5 turns square
spiral inductor for various analysis

techniques.
Vel SRR B ST LTI e
St »* e *
7 2N \ \ ‘1)(\ % ™
10 ;v ot .
[ LZA Y \ }
1 ; \
15 |
byo
20l 1 .
8 .25 U
-30
.35 4
A : $21 of coupled microstrip analysis
B : §21 of numencal analysis
-0 C : 521 of equivalent lumped element anaiysis
D *521 of Eesof analysis
ASF *: §21 of measured data
o §11 of measured data
600 1 2 3 4 5 [}
FREQUENCY(GHZ)
a2 12, HAS 7520792 7 s Ay 54
Fig. 12. |Siil and 8211 of 7.5 turns square

spiral inductor for various analysis
techniques.
el B1e 7 EAed S0t skeble e
RejFy gje} oleh e EREE Ls, Lo TAE
gz vhehd Zle] 11301t
il Y1325 Lo} Ls®] #AE Polinomial
AeSS 7oz A& 5 oA = 2182 o]s
e IAAE el Eo

L,=0.0022L%+1.1152L,—1.6356 (18)

(1291)



4 N7 Aol AHE Y A% EriEz 29 ZHH S

3 1.7 g4 571 setle g oA L,. L Ly%2 A5S weEia] wm
Table 1. The values of equivalent para- .
‘ X Zhks) LRkegs L& T YA sEet
meters for each turn number. ] HLE TR A e
Turns | i “ j-at] 14‘3‘ ilzdd[: 55 0“*’1 7]% %‘7]'§:li Etgoﬂ ‘o’]
15 . 25 35 5 . . .
Blement | ° | *? | ° Y @ A% pEn Sz vl og A9
: T pyn
LénH) 21 6.42 ( 13.25 22.76 ‘ 2AsEg v wg Aolch 2l o] A 2t 84 e
Lm(nH)  0.34 1.483 ' 371 733 | o §
CJlpF} | 0071 | 0124 | 0199 0.289 | & H29} At
CulpF] | 0.0367 [ 0.054 ‘f 0.0717 | 0.089
| Miin{mm: | 05715 | 0.6985 | 0.8255 . 0.9525 _ e U
C..lpF) | 0.0134 | 0.0134 | 00134 | 00134 ' 2.71% SpRlE 2dd a4 TR
CiolpF) | 0.0076  0.0076 | 0.0076 | 0.0076 [ ndel 2 8 A4%E
Rlohm. | 0.854 1799 3 3.024 | 4528 Table 2. The parameters of conventional
at 6GHz | ! |

- o equivalent lumped element model
and modified equivalent lumped

% - ; , : r T r element model.
: 'H=0.38‘|m,w=0.07l62mm,s=050508mm |

P I G SR S I ] )
:,Lt.Sta :mductanc? : : jj}a}“ﬂg‘] x\ 1.5 2.5 3.5 ‘ 4.5 ) 5.5 7.5
Lt: Total inductancd ! ! 17‘ o ,.‘ - PN .
It |7l | 1.95 | 552 | 11.57 20 /3‘33.61 73.04
= ¢ 1 I
£, | (kD 47 | 175 | 564 | 119 |20.77 3247! 65
8 S — —
f 00 o 71% 10.083]0.092] 0.1 [ 0.11 | 0.12 10.136
g -
= {pF) 154 10.037]0.054 0,072 0.089| 0.11 | 0.14 |
|
‘ 0.15/ 0.15/] 0.15/| 0.15/ | 0.15/ 1 0.15/

0.75 10.07510.0750.075: 0.075

;(PF) T ‘
! A 10,0680 0.12 10.18910.2750.375| 0.62

|

Co (C1/C) J”f
[
|

Riohm) at 6GHz 0.78 | 1.66 | 2.81 | 4.25  5.96 {10.93
Tum number — il -

- i
124 1028 1.25 | 3.21 | 6.47 ' 11.26 27.34)
o (nH) e ‘ |
22 13. L, s Leo) 27 ot | |
Fig. 13. The relation between L. and L. L ! ‘

4057 0.7 | 083 [ 0.95 l 108 | 1.33

V. Z2 8

T—

APt el <ldEle Aesta Wt AFY
7iE mdE vl ARAA ofgiRe] wrh e
# =l Aljke vlelaRsEeg A2E ARslsled
YA 2o e TEsiFe A RS Solie
wee g Fals wehleld ofe} gl g4

408 A 521 of modfied equivalant lumped element model A A AREE BT qlvk wekd 2719 4}
asf g e T 7 Ee] JHEE A ool A Fukie)
0y 1 2 3 . s s w3z zela V)] s 58 aEsl Di

e w, s, 2@ HAE Be AAsied o a5

:I.Eél 14. i] T 5. Dol o'r‘ 7‘ 07}'51.% E‘Qﬂ' ola = Zx 9lo 5‘1_3} 2 _ =3 -
+% 2r132 wde) s Az Hw 14 2 5 glen, thE MIC H2Ew 4]0

Fig. 14. The comparison of the simulation KHHS}“ vl dejshA &4 d 4 alv
results using conventional equival- AFE B3 1 Fob A glEe] qlyE]e] EA)
ent lumped eloment model and g e speloekes Bael RS 2o 4

modified equivalent lumped ele-
ment model for 5.5 turns.

>

| 2 o2 chaviel & o 5 slsles, Ak

(1292



19954

o] mlelaz ey AR w e}, FAEA 7
of wls 4538 Aol Uduk sHelE PCellM A Akt
33 24 ¥ 5 AN

2o E 3

[1] M.Caulton, S.P.Knight, and D.A.Daly,
Hybrid integreted lumped element
microwave amplifiers, [EEE Trans.
Electron Devices, Vol ED-15. pp.459-
466, 1968.

{21 C.Hentschel,
reaktanzen, Doctoral thesis, Technical
University of Aachen, FRG, 1971.

[3] R.Grag and 1.J.Bahl. Characteristics of

IEEE  Trans.

Vol MTT-27,

Konzentrierte Dunnfilm-

coupled microstriplines,
Microwave Theory Tech.,
pp.700-705, 1979.

[4] S.J. Haefner. Alternating
rectangular  conductors.
Vol.18, p.56, July 1977.

[5] L.Wiemer, and R.H.Jansen. Determina-

under

current of

Proc. IRE,

tion of coupling capacitance of

= R (E&R)

1980+ 29 ozt Halgatak(3hAl). 1984 8
4 AAEE sk ArRgEEH (A, 1990 34
~HA PR Adabgatat whalbad 19849 34
~3z) FEAAREAA A 2 AdadTd.

R & BOE&R)

1971 29 <dAIiEtR ArSsta (g . 19734 2
o st i ArEEEH(HAb . 19824 74
AAdiEta ek Argetaah. 19779 ~1981
WA TR ArlsAd A AddTd. 19854~
19863 vl= dlAnpo} Fjichal Audad-7=d.

10 BFIEEHFLHK

AN R

£ 32% B® ¥ 10 % 47

pass, air bredges and crossings in
MICs and MMICs, Electronics Letters,
Vol.23, NO.7, pp.344-346, March 26,
1987.

[6]1 P.R.Shepherd, Analysis of square-spiral
inductor for wuse in MMICs, [EEE
Trans. Microwave Theory and Tech.,
Vol. MTT-34. NO.4, pp.467-472, April
1986.

[7] Kirschning. M., et al.
and computer-aided modelling of micro-

Measurement

strip discontinuites by an improved
resonator method, [EEE Microwave
Theory and Techniques Symposium
(Boston, U.S.A.) Digest. pp.495-497,
1983.

[8] Grover F.W.. Inductance calculation:
Working formulars and tables, Van
Nostrand, 1946.

[9] Pengelly., R.S.. and D.C.Rickard,

Design, Measurement and application of
lumped elements up to J-band., Proc.
7th European Microwave Conf.. (Copen-

hagen). PP.460-464. 1977.

7
ok R OBW(ERR)

19924 29 Fdoiska WAgstah (b, 19949 2
9 Foiska deky WAgeshAAh, 1994d 29
~ g PRAAFAATA T A7

(1293)



