Inductance Calulation of Different Shapes
This sheet is used to design planar spiral inductors used on RFICs.
The expressions are from this paper in the IEEE Journal of Solid State Circuits, 10th October 1999, pages
1419-1424. Paper attached. This paper presents several equations, two are caculated here, a modified
Wheeler, and a Current Sheet Approximation. These are calculated here for the two common planar

inductor types.

The main advantage of this is a starting point for a field solver. | was expecting these to be more accurate,
not sure why this is. | am very sure din is ok. Still a useful sheet.

Chris Haji-Michael
m http://www.sunshadow.co.uk/chris.htm
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The range of dout is from 100 to 480um; w is from 2 to 0.3*dout; s is from 2um to 3*w; din is from 0.1 to
0.9*dout. Total inductance from 0.5 to 100nH

9
. H h =N
amp” 10° 10°
10 resistivity := 10smOhm

din(dout,n,W,S) = dyt - 2w - halfturn(n)Xw + s) halfturn(n) :=floof2(n - 0.25)] - 1

din(dout.n, W, s) + dou din(11mm, 2.25, 1rm, Imm) = 3mm
2

davg(dout,n,w,s) =

din(300mm, 2.25, 20mm, 20mm) = 170mM
dout - din(dout,n,w,s)
dout + din(doutan,WyS)

r (dout,n,w,s) = r (321rrm 3.75,16.5mm, 1.9mn) =0.288

Calculation of Approximate Resistance

The resistance is calculated simply as the
da,g{dout,n,w,s)mxesistivity average circumference * n * resistivity. This is
w very crude and ignores corner affects, but will
try to allow Q to be plotted.... (it fails).

resistance(dout, n, w,s) =

resistance(339mm, 3.75, 10mm, 1.9mm) = 0.9210hm



Square inductor (a) Calculation

nzda\,g(dout N, w, s)

1+ Kgr (dout,n,w,s)

Ka1i=234 Kgpi=275 Lsmw(dout,n, W,s) = Kartp

Lgmw(321mm, 3.75, 16.5mm, 1.9mm) = 5.76nH #10, measured 6.1nH
Lgmw(339mm, 5.75, 10mm, 1.9mm) = 15.33nH #15, measured 16.2nH
Lgmw(400mm, 3.75, 31.6mm, 1.9mm) = 4.7nH #14, measured 4.9nH

Ca =127 Cpi=207 Cg=018 Cy:=013

2
MmN daygdout . N W.S)Ca1 ;e e Ca2 0 20
Lscsd dout N, W, S) := addo ) e % + Cpr (dout, N, W,8) + Cap¥ (dout,n,w,8) =
2 & & (doutn.w.8) 2
Lscsa(szlmn, 3.75, 16.5mm, 1.9rrm) =57nH #10, measured 6.1nH
Lsese 339mm, 5.75, 10mm, 1.9mm) = 15.2nH #15, measured 16.2nH
Lsese 400mm, 3.75, 31.6mm, 1.9mm) = 4.67nH #14, measured 4.9nH

Hexagon inductor (c) Calculation

n2 davg(dout N, w, s)

1+ Ke¥ (dout ,n, w,s)

Kcl = 233 KCZ = 382 Lhrnvv(dout, n,w, S) = KC].)‘TD

Lhnw(346nm,4, 18mm, 2mn) =5.95nH #55, measured 7.5nH

Lhnw(326nm,5, 8mm, 12mn) =7.22nH #58, measured 7.2nH

Ce1=109 Cpi=223 Cgi=00 Cg:=017

”D’f‘z’davg(dout N, W, S) Ca )g?nge Ce2 o}

Lhesd dout . 1, W, s) = <+ Cea (dout,n, w,s) + Cogr (dout,n,w,S)ZE:j

2 & &r (doun.w.s) g 2
Lhcga(346nm,4, 18mm, 2rrm) = 6.02nH #55, measured 7.5nH
Lhcga(326nm,5,8nm, 12mn) =7.42nH #58, measured 7.2nH



Plots of Square inductor Turns:=1,15..8

The inductance varies more or less linearly with outside diameter and turns
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The Q is clearly not correct, and is should be about 20. This is because the conducted losses are only
part of the story (a small part) and the induced losses into the substrate are more important. To be

updated.
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