tpwSpiral7feb04

adapted for spirals on Mixsig chip,
AMI 1.5 micron

28 sep 05

computes inductance and Q of spiral inductors
tweaked to fit measured data

t:= 0.0001 cm s := 0.0002 cm w:=0.0012 cm l1 :=0.0190 cm N:

Il
9]

t is metal thickness in cm

s is spacing between turns

w is width of conductor

I1 is length of 1st segment in cm
N=number of turns

h
Rsh:=0.03 == psi:=.02 ohm-cm
sq
-9
10 —
er:=3.9 €0:= €0 =8.8419x 10 12
36n
hsi:=0.03 cm hsio := 0.00025 cm
Comeralie e £210 8
metak= Crmetal = 13.79343x 10
hsio-10

Rsh is sheet resistivity of metal in ohm/square is metal thickness in cm
er X €o is dielectric constant of insulator (typically SiO2)

(inputs)



hsi is thickness of silicon substrate (chip thickness)

hsiois thickness of silicon oxide insulating layer between the metal and substrate

psi is bulk resistivity of substrate in ohm-cm

N=number of turns

Cmetal = capacitance per square micron

b=

I, = l1 + 0.5 (w+5s)

k
length := 1
ghi= 301,
y=1

l1 =0.0197
l2 =0.019
l3 =0.019
length =0.2673 cm
y=1.k

1
L :=0.0021 - Inf 2. —= +0.50049 + [ !
y y (w+1t) 31

1 L= 12—(r— 1)-(w+s)
1l —(r—=2)(w+s)

l4 =0.0176 cm

y

0.0197

0.019

0.019

0.0176

0.0176

0.0162

0.0162

0.0148

0.0148

10

0.0134

11

0.0134

12

0.012

13

0.012




k
3
L, = Z 10 -Ly
y=1

LO =1.9263 nH

GMDI1 = | for je 1.k
for ne 1..N

1 1 1
In[n-(s+w)]—| 1+ } }

2 4 6
12'[n-(s+w)} 60.[n-(s+w)} 168'[n~(s+w):|
W v W if (j+4n) <k

t. . — e
J,(j+4n)

0 otherwise

Mlj = |suml « 0O

for je 1..k
for ne 1..N
) 0.5 5 0.5
1. 1. GMDI1. . GMDI1. .
, (j+4- , (j+4- ,
suml < suml + 2-1. | 1 —J+ 1+ - J - 1+M +M if (
J GMDI1. . GMD1. . 1. 1.
J, (j+4-n) J, (j+4-n) ] ]

0 otherwise

suml



MIm =

Mlp =

sumlm <« 0

for je 1..k
for ne 1..N
5 0.5 5 0.5
Liran Livan GMDL; (j14-n) GMDL; 5
sumlm < sumlm + 2‘1j+4~n' _— 4| | —— -1 +|— + —
GMDlj, (j+4-n) GMDlj, (j+4-n) 1j+4~n 1j+4~n
0 otherwise
sumlm
sumlp « 0
for je 1..k
for ne 1..N
5 0.5 5 0.5
1j - 1j+4-n 1j - 1j+4~n GMDlj,(j+4~n) GMDIJ."
sumlpesum1p+2‘(l,—1, ) _— || ——— -1+
i jt4n GMDI. . GMDI1 . . 1. -1 1. -1,
J,(j+4-n) J, (j+4-n) j jté4n ]

0 otherwise

sumlp



GMD2 =

M2j =

Ml := Mlj + MIm — Mlp

M1 =4.7356 nH

for je 1..k
for ne 1..N

In] 1y -0 (s+w) [ 14 ! : ! : !

2 4
I;,1—n-(s+w) I;,1—n-(wW+s) 1, 1—n-(s+w)
12.{J+1—} 60.{J+1—:| 168{J+1—

:|6
W W W if (j+4n-2)<k

Y, (j+an—2) <€

0 otherwise

sum2 < 0
for je 1..k
for ne 1..N

0.5 0.5

1. 1. GMD2. . GMD2. .
(j+4-n-2 (j+dn-
sum2 < sum2 + 2:1. | 1 J +11+ ] 1+ J. (j+4-n-2) n (e

J GMD2. . GMD2. . I. 1.
J» (j+4-n-2) J,(j+4-n-2) J J

0 otherwise

sum?2



M2m =

sum2m <« 0
for je 1..k
for ne 1..N

0.5 0.5

1j+4- n—2 1j+4~n—2 GMDZL (j+4n-2) GM
sum2m < sum2m + 2‘1j+4~n—2‘ 1 + 1+ -1+ + —
GMDzj, (j+4-n-2) GMDZj, (j+4-n-2) 1j+4~ n-2

0 otherwise

sum2m

sum2p <« 0
for je 1..k
for ne 1..N

0.5 (

(1 1 ) 1 i~ lran w1+ i lirana 2 OMP2; (jra-n-2)
i jr4n-2) . : -
b 2 GMDZj,(j+4-n—2) 2-GMD2 j, (j+4-n-2) lj 1j+4~n—2

sum2p ¢ sum2p + 2-

0 otherwise

sum2p

M2 = M2j + M2m — M2p

M2 =2.8417 nH



Ltt := LO+ Ml - M2

Lt =3.8202 nH

psi-1
Rsub = Y
y w-hsi

k
Rp = Z Rsuby
y=1

length
Rs := %-R
w

Rs = 6.6825 ohms
Rp = 148.5 ohms

-length
Cp = eo-er- m
hsi

Cn=3687x 10" F

sh length = 0.2673



Ls:= Ltt-10 ?

f:= 0.1~109,O.2-109..5-109

1
Rep(f) i= ——— RiIs(f) :=j-Ls-2-m-f

(Rp + Rep(f))-(Rs + Rls(f))

Z(f) =
Rp + Rep(f) + Rs + RlIs(f)
Im(Z(f))
f) =——
o Re(Z(f))



o =

2( Cp
1-Rp | —

ar = 2.503i X 1010

1

R 4 R
> (1+—-—p) -1
w/Ls-Cp 2-Rp 3 Rs

oq = 8.5109 x 109

S}
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2.5

Q) 2

1.5

0.5

Rs = 6.6825

Rp = 1485

Ls=3.8202x 10~

ar = 2.503i X 1010

Cp=3.687x 10

fr = 3.9837i x 109

13

2.1t/ Ls:Cp

=4.2407 x 109
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j+41n) <k



4.
D i i+ 4 <k

(j+4-n)

if (j+4n)<k
+4-n



2 (j+4n-2)<k



Dzj, (j+4-n-2)

! j4n-2

).5
2-GMD2.

Js

if (j+4n-2)<k

(j+4-n-2)

if j+4n-2)<k

4



