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Motivation

Optimum design of spiral inductors with respect to

-  Maximum Quality Factor Q

«  Minimum area consumption (Asp)

. Sufficiently high self-resonant frequency ( fsg)
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Quality Factor versus Frequency
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b. 1 1 1
3F L=92-95nH
normal isolation
2L
n_. =
A II ....

[ conv. . one™ % new
ok stacked 4 m_o:m_-.- .I.Iwﬁmoxmo_
0.0 04 0.8 1.2

Frequency (GHz)

A new stacked spiral winding doubles

One spiral
Do =410 pm

388811 25.0kV X200

Two conv . stacked spirals
Do =325 um

IHP Im Technologiepark 25 15236 Frankfurt (Oder) Germany www.ihp-microelectronics.com

© 2001 - All rights reserved



Lumped Element Circuit Model

Silicon technology:
two RLC loops determine f ;.
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RLC Loop 1

 Typical winding
Lines in close proximity are nearly
equipotential ! Cgis small

* RLC loop 1 is dominant
fsgr = f (layout, technology)

» Winding with strongly increased  Cs
or spiral on insulating substrates
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* RLC loop 2 is dominant

fsg = f(layout, t,, ﬁ_m_o-c_ov
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Stacked Spirals

Conventional stacked winding: New stacked winding:
increased ac potential  differences small ac potential differences
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Quality Factor

Quality Factor versus Frequency
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Mag Y11

Two Spirals in Series - Conventional Winding
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Conventional Inductor - Only one Spiral

LOS5st (15 nH) .
1 spiral in metal 4 * Higher self- resonant frequency

Csonly 154 fF
* Increased spiral area (70 %)

* No symmetry for Ports1 and 2

Frequency (GHz)
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Mag Y11, Y22

Inductor with New Type of Spirals in Series
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* Decreased capacitance between
the two stacked spirals:

Csonly42 fF

f g about doubled

* Nearly symmetry between both
ports

* A, decreased by 40 %
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Quality Factor

Two Spirals in Series - Influence of Substrate Doping

Type A winding :
Csis dominant -
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Summary and Conclusions

Parasitics, depending on the type of spiral winding, reduce fsr,
limit the operating frequency and the  capacitive load.

We propose to improve fsg by minimizing the ac potential
differences between lines in close proximity.

Based on this principle  a new winding for stacked spirals is
investigated which nearly doubles  fsg.

This allows a higher operating frequency, and / or a higher capacitive
load in circuit applications.

Besides, nearly symmetric Spice Parameters are obtained for both
ports.

Now, without dominance of second order effects, better technological
conditions can further improve the inductor performance.
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Characteristic Inductor Data

Type of Inductor Ls tsp_sub |Rs W S Dout
(nH) | (um) Q) |(um) ((um) |(um)
A 2 spirals in series 15 3..3.3 13 8 2 192

1 spiral in metal 4,
1 spiral in M3 parallel M2
conventional winding

B 2 spirals in series 14.7 |3..3.3 15 8 2 192
1 spiral in metal 4,

1 spiral in M3 parallel M2
new winding

C 1 spiral in metal 4 146 | =6 16 7 2 250

tsp_sub: thickness of isolation between spiral and silicon substrate
W : width of metal track  S: spacing between turns
Dout: outer diameter of spiral
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Quality Factor

Improved Isolation

new

stacked A
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Frequency (GHz)

2.0

Spiral

8 um
buried
oxide

RB71064

Conventionally stacked:

* Large parasitic capacitance
between both spirals is
dominant.

* fsr IS strongly decreased.

 Low influence of improved
Isolation and substrate
resistivity.
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