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Do you love inductors?

* Inductors from the design kit tend to
have the wrong value, optimized for
other frequency than we need

beees * Inductors are expensive devices:
8 3= they are big, need a lot of expensive
- ) LTI chip space.
' il e Then, why don't we try to design the
e best possible inductor for each new
: project?
not,

Image © Kansas State University

 Customized inductors are difficult
to design and optimize for
your specific project
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Why design customized inductors?

e Library inductors are like "one size fits all"

« With customized inductors, we get the performance
that we need for this project:

— Exact inductance as needed
— Qmax and frequency of maximum Q as needed
— Take advantage of multiple stacked metal layers

— Design compact inductors where high Q is not needed, to save
valuable chip space
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How to design custom inductors?

« Specify the required inductance and
Q factor and available space

« Use synthesis tool or layout generator

e Consult your company's EM guru to
extract an EM accurate model

 Wait ... the guru is a busy man ...
~ 01 ~

e Use a workflow where you can EM
analyze inductors yourself without

qurn Knowledge
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EM without guru knowledge?

Well proven, accurate and easy to use:

« Use Sonnet planar 3D EM tool with
Cadence Virtuoso plug-in integration

« Layer mapping and material files
supplied by EDA support group

e Define model from within Virtuoso,
using pre-defined simulation states

e Run EM simulation

e Sonnet creates broad band model and
Cadence schematic symbol for results
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"Silicon Accurate" Results

[12]

Courtesy of IHP GmbH
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"Silicon Accurate" Results

Courtesy of
Landshut Silicon Foundry GmbH
Analog Alchemy GmbH
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Technology File
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For simulation, the EM solver
needs to know the layers and
material data ("technology file")

For some foundries, we supply pre-
defined Sonnet technology files.

Sonnet can import the technology
data from an existing Assura
procfile

Sonnet can import the technology
data from an existing Agilent
Momentum substrate file

Various tools and translators are
available to support EDA
administrator's work with Sonnet
technology files



Sonnet EM Analysis
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Layout View
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Sonnet EM View matl technology file*|  * pre-defined by
J ~ EDA group
~
Sonnet model file
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J Sonnet model editor
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Sonnet EM solver
¥

Result as S/Y/Z param, SPICE model, RLCG
model, lumped element extraction

'
J Symbol utility
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Cadence Schematic, Spectre, SPICE Sonnet Data Display




Cadence Interface
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Cadence Interface
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Cadence Interface
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Cadence Interface
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What Layout ?

e Sonnet can do the high precision EM analysis of an
existing layout, but where do we get the layout from?

 Initial layout can be from:

— Helic veloce RF
Inductor synthesis & parametric inductor library

— Inductor pcell from design kit

— Muhlhaus Spiral Inductor Assistant
(Sonnet model generator)

— other layout source
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Designkit inductor pcell

pGroup: |inducter2@5G25_dev
x| 146.16 y:|59.93

Parameter:

Name | Value |J
W 10u
T
nr_r .2
d  |1500

baxalis | 100u

L |12702%H

cellsize .2

filtype | Corformal -l
céllNamu'iinduc‘fan ]

Width: Engineer [2u]

Range: 2u ... 3 All -= Default
gl Aoply changes to instances

* cumently selected

(" subseguently clicked to

TexEDA

Design GmbH

i = ik e

Dr. Mihlhaus Consulting & Software GmbH



thlhaus Spiral Inductor Assistant

Sonnet inductor model generator
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Muhlhaus Spiral Inductor Assistant

Optimization

Material template file
+
Spiral Inductor Assistant
!
Sonnet model file
v
layout
Sonnet model editor
!
GDSII Sonnet EM solver
v
Result as S/Y/Z param, SPICE model
v
Symbol utility
v ¢

Virtuoso Cadence Schematic, Spectre

Sonnet Data Display
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Example: 5nH Inductors
compared

(only top metal layer is shown here)

n=5 w=15pum
s=10pum r=50pum n=5 w=5um
s=10pum r=40um
B s=1pm
r=20um r=7um

n=9 w=2pm  n=9 w=3um
S=2um S=2um
r=14pum r=12um
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Inductance

Cartesian Plot
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Q Inductor with N=5
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f(Qmax) too low

— too much shunt capacitance

— reduce line width and/or move lines up,
away from the substrate
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Q Inductor with N=7 and N=9
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Q Inductor with N=11
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Spacing = 1um is critical, check for possible design rule violation

Dr. Mihlhaus Consulting & Software GmbH

23



Summary 5nH Inductors

N=5 N=5 N=7 N=9 N=11
Width 151 SH SH 3u 21
Spacing 10u 10u 5u 2 1u
Inner radius 40u S0 201 141 [4v
Outer Diameter 3331 248 180u 115U 81u
f omax 1.5 GHz 2.5 GHz 2.8 GHz 3.9GHz | 5.5GHz
Q @ 5.8GHz 1.1 2.9 4.5 7.2 8.3
Rpc 3.3Q 8.0Q 7.2Q 9.20Q 11.9 Q
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Need more automation?

 If you need more automation in finding the best inductor
layout, tools like Helic Veloce RF are for you

 Once you have selected a layout, Sonnet is the best
choice for high precision EM analysis of that layout,
with "silicon accurate" results
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Want more flexibility?

e For users who have become familiar with the Sonnet EM
solver, the Sonnet editor offers additional possibities:

« Use parameters and equations for geometries

o Sweep material properties for worst case/sensitivity test
* Analyze coupling between inductors

* Analyze transmission line structures

* Analyze geometry details at transistor level
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Geometry Parameter Sweep

» Get simulated S-Params
* L, Q, series resistance, substrate cap,

* Broad band model file
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Geometry Parameter Sweep
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Transformers
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B Eguation Management
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Summary

« Customized inductors have advantages over standard
parts from the design kit library

* For reliable design of inductors, we need a high
precision EM solver with silicon accurate results.

* For efficient design of inductors, a workflow is needed
that includes layout generation, EM analysis and model
generation.

e No qurn needed:

Sonnet combines ease of use for "normal users”,
additional capabities for expert users and very accurate,
reliable simulation results for first pass success.
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Thank You!

Contact:
support@muehlhaus.com

volker@muehlhaus.com



mailto:support@muehlhaus.com
mailto:volker@muehlhaus.com

	� EM Analysis of RFIC �Inductors and Transformers
	Do you love inductors?
	Why design customized inductors?
	How to design custom inductors?
	EM without guru knowledge?
	"Silicon Accurate" Results
	"Silicon Accurate" Results
	Technology File
	Sonnet EM Analysis
	Cadence Interface
	Cadence Interface
	Cadence Interface
	Cadence Interface
	What Layout ?
	Helic VeloceRF
	Designkit inductor pcell
	Mühlhaus Spiral Inductor Assistant�Sonnet inductor model generator
	Mühlhaus Spiral Inductor Assistant
	Example: 5nH Inductors compared
	Inductance
	Q Inductor with N=5
	Q Inductor with N=7 and N=9
	Q Inductor with N=11
	Summary 5nH Inductors
	Need more automation?
	Want more flexibility?
	Geometry Parameter Sweep
	Geometry Parameter Sweep
	Transformers
	Summary
	References & Resources
	Thank You!

