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Tutorial: Getting Started with RFIC Inductor Toolkit
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Introduction

Mihlhaus RFIC InductorToolkit assists you to design “optimum” inductors in RFIC/MMIC
technologies. It very quickly makes you an inductor design expert, using a very efficient
synthesis approach with EM-accurate results. You only need to know the electrical
properties that you want, and Inductor Toolkit will find out the best possible layout for you.
As you are getting more experienced in this, you can later customize the tool and settings
to your preferences.

This document will provide a quick start with several examples, starting from the most
basic geometries.

Installation

Before you can use Inductor Toolkit, you have to install it in ADS as a designkit.
The procedure for that is similar to other ADS PDKs: in the ADS main windows, go to
DesignKits > Unzip Design Kit ... and install it.

You must install Inductor Toolkit with write access for the users at file level, because
users can customize settings and schematics. For example, if you store your ADS
workspaces to $HOME/ads2012.08, you could create a new directory $HOME/designkits
and unzip Inductor Toolkit to that location.

Mihlhaus RFIC InductorToolkit is implemented as an ADS design kit which is installed in
addition to the foundry’s designkit. To use Muhlhaus RFIC InductorToolkit, your workspace
is usually configured with two PDKs: the foundry PDK that you want to use in your
working library (e.g. IHP or TowerJazz), and Muhlhaus RFIC InductorToolkit.

An exception is the demo version (Inductor Toolkit for GPDK), which can be used stand-
alone with no additional foundry PDK.



/ \ Dr. Miihlhaus Consulting & Software GmbH
m“hlhﬂ“s www.muehlhaus.com

Dr. Mihlhaus Consulting & Software GmbH .
: info@muehlhaus.com

Create a new example workspace

We want to use a new workspace for this tutorial. Start ADS and from the menu, do
File > New Workspace.

Follow the wizard, and set the workspace name to Synthesis_Tutorial_wrk

.

MNew Workspace Wizard E

Workspace Name
Choose a name and location for the new workspace.

Workspace name: | Fynthesis_Tutorial _wrk
Create in: C:'ADS_Projects\ads2012_08 | Browse

The new workspace is:
C:\ADS_Projects\ads2012_08\Synthesis_Tutorial_wrk

Next, you need to set the libraries/PDKs to use with the workspace. Select the Analog/RF
libraries and the foundry PDK and the Inductor Toolkit PDK. Exception: If you are using the
GPDK demo version of Inductor Toolkit, you do NOT need a foundry PDK.

New Workspace Wizard

Add Libraries
Select the libraries to indude in the workspace.

You can also change this selection after the workspace is created.

Mote: A PDKis a type of library. All library management commands also apply to PDKs.

4 [H ADS Libraries
> [¥] Analog/RF SHPEESOF_DIR:calibs\analog_rf.defs

| DSP SHPEESOF_DIR\ecalibs\dsp.defs

SHPEESOF_DIRexarnples\DesignKit\DemoKit\lib.defs

> [ DemoKit_Men_Linear SHPEESOF_DIR\examples\DesignKit\DemoKit_Mon_Linea..,
4 [l User Favorite Libraries and PDKs
» [O] JAFZ _SBC18H2 CMNADS_Projects'\designkits\Jazz_shcl@h2_v3.2_ADS2011\1...

] Jazz_SBC18H3 CMADS_Projects\designkits\Jazz_sbcl8h3_v1.0_ADS2011%\...
] CAADS_Projects\designkits\5G25H1_ADS2011_revl.3.54...

CHADS_Projects\designkits\ ADS_GPDKLE0for_editing_p...

] CHADS_Projects'\designkits\sg25h3_ads2011_revl.1.2\lib....

> | Inductor_qulkit_GPDK ) C:\ADS_Projectil\designkits\lnductor_TooIkit_GF'DK\lib.defs
Add User Faverite Library/PDK...

[ save selected libraries as defaults.

| < Back |[ Mext = H Einish || Cancel H Help |

For the library name, accept the default name (derived from the workspace name).

Next, you have to specify the technology used in your project. Select the technology from
the foundry PDK (usually that library has a _tech” name suffix). For the GPDK demo
version of Inductor Toolkit, select GPDK_layers_lib instead.
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| New Workspace Wizard

Technology
Choose a technology for the new library for this workspace.,

i GPDK_layers_lib, 0.0005 micron layout resclution
Standard ADS Layers, 0.0001 mil layout resolution

| Standard ADS Layers, 0.0001 millimeter layout resolution

| Standard ADS Layers, 0.001 micron layout resolution

| Custom (Opens Technolegy dizlog)

Press the Finish button to complete the workspace setup.

Your workspace is now ready for use, and you should see “Inductor Toolkit” in the ADS
main window’s menu.

For a better understanding of the library and PDK configuration, we recommend to set the
ADS main window to “Library View”. Just click on the corresponding tab at the top of the
project tree display.

Advanced Design System 201208 (Main])
Eile Niew Options Jools Window DesignKits  DesignGuide  Help  Inductor Toolkit GPDK

Wig Bt MB>WES

[ Fiie View | Folder view | Library view |

4 [w| CHADS Projectshads2012 08\Synthesis Tutorial wrk

+ 1l Inductor_EM_Models_lib
- il synthesis_Tutorial_lib
4 Read-Only Libraries

+ il GPDK_layers_lib

> i“ Inductor_Shapes_lib
+ ADS Libraries

AEL Files

> Config (cfg) Files

Miata Mirmlaser

You can now see the structure of the libraries in your workspace:

The “Synthesis_Tutorial_lib” was created with the new workspace, and is empty at this
point. This is where we will store new inductors synthesized in this tutorial.

“Inductor_EM_Models_lib” is part of Inductor Toolkit, and contains the pre-defined
inductor models and schematics for inductor synthesis. These will be used automatically
“behind the scenes” when you synthesize new inductors.

In addition, there are read-only libraries for the foundry PDK, and the Inductor_Shapes_lib
library with the inductor layout definitions.
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Design your first inductor

The examples below use the GPDK180 technology. With other technologies, the resulting
Q factors and optimum geometries will be different, but don’t worry: that is what Inductor
Toolkit is about, to find the optimum values for your specs and your technology.

Let’s start and design your first inductor: 2.5nH for target frequency 4 GHz.

Synthesis steps are numbered. No surprise, we start with step 1: Set layout option.
In the menu, click on “Octagon diff.”

o le )
DesignGuide  Help

?—_~__ ‘-_.+ 1: Set layout option vl Octagon diff.

2; Set target value Octagon diff. centertap

3: Sweep parameter combinations Square diff, - -
L, —— 4; Fine tune inductance value Square diff. centertap

5: Create lumped model (opticnal) Square single ended

6: Create inductor cell in library Octagon diff. groundshield

Settings , Octagon diff. groundshield centertap

User's Guide Octagon diff. stacked

Toolkit version and license infermation... Octagon diff. stacked centertap

{no layout option set)

That differential (symmetric) octagon inductor is the standard shape for symmetric
inductors when no center tap is needed. The octagon shape offers higher Q factor than the
square shape, which is also available (Square diff.)

The corresponding basic shapes with center tap are also available, for
octagon and square geometry.

iy T2 Besides these basic shapes, there are derived shapes with better
performance for special cases: stacked metal versions are useful when the
inductor performance is limited by ohmic conductor losses. They have increased metal
cross section using multiple layers connected in parallel. This leads to smaller resistance at
low frequencies (where skin effect is not yet pushing all the current to the edges) but also
causes higher capacitance to the substrate, so it lowers the Q factor at higher frequency.
For inductors that are limited by substrate coupling at high frequencies, there are octagons
with patterned ground shield. That shield doesn’t change the magnetic field, but shields the
electric field from the substrate.

In this tutorial, we just go ahead with the “Octagon diff.”

Information Message

'6-' Layout option is set to Octagon differential!

-
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Now that we have set the layout option, go to step 2: Set target value. This opens a data
display form where the target value and geometry limitations are specified.

Change the target value to 2.5e-9 and set the geometry limits as shown below:

mM zet_target_value [Synthesize batchsweep parameters]:5 || =] @
File Edit View Insert Marker History Options Tools Page Window Help

NEH& R X9 & @DBE T (D]
= <) (1] [« @] (] ] [n] S Q] E]
TN AW F LS

Falette o X -
i Enter desired inductance value [H]

L_target=2.5e-9

Enter geometry limitations, dimensions in [um]

B

1234 ] l_min=1 Eqn [REgEESs) N_step=1

5678 il - m P
Bl rin=5 By _max=30  EEw_step=5
] s_min=2.1 =g s_max=2.1 ms_step:ii

il Dout_maxsize=350

Ground shield inductors only: shield finger width in [um)]

o/ efies
> 0/2E

ol v shield = 5

Mumber of synthesized geometries: ] H Octaliff

Set the desired target value and geometry limits,
then use schematic menu "Inductor Toolkit = Sweep Parameter Combinations"
to sweep the possible geometry combinations!

] b
\_ Synthesize batchsweep parameters /' equations o

This defines the geometry space where Inductor Toolkit will search for the optimum
inductor: number of turns from 1 to 5 turns in full turns, conductor width from 5 to 30 pm
in steps of 5um, spacing between turns fixed to 2.1pm, and inductor outer diameter no
larger than 350pm.

The “Number of synthesized geometeries” at the bottom shows how many different
layouts are possible with these geometry limitations, for the specified target value.
That value is calculated in real time, based on your input.

You might wonder why we don’t sweep the spacing between the turns. The reason is that
Q factor is not very sensitive to that parameter, and it would be inefficient to always
sweep it during our inductor optimization. We usually keep it at some small value, or
possibly at the minimum possible value (see foundry layout rules).

In this example, we find 8 different layouts which results in the desired 2.5nH inductor.
All other parameter combinations can’t be physically built with this inductance value.

Save the data display, so that we can proceed to the next step.
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Inductor Toolkit has calculated the geometry parameters for 9 different inductors that
match our specification. We are now ready to EM simulate all of them, to find the inductor
with the best possible Q factor. In the Inductor Toolkit menu, click on 3: Sweep parameter
combinations.

Help [ Inductor Toolkit GPDK |

1: Set layout option »

2: Set target value
— 3: Sweep parameter combinations
................... 4: Fine tune inductance value

5: Create lumped model (optional)

This will bring up a schematic window (batchsim_2port) with Momentum emModels, set
up for batch simulation of the previously calculated geometries. The simulation of that
schematic is started automatically

Y i ... oo e 02

:'u'.'» batchsim_2port [Inductor_EM_Models_lib:batchsim_2port:schematic] (Schematic):8 i_?“_EI_‘!?zZi__I
_— ) d Tt e g & G = & | . o &
DERH& b X 97 ¢ @PPP &2 RS EEN
Inductor Toolkit > - (O J:— I!iﬂ —R?ﬁ \ N:ﬁ x" {ﬂ?ﬁ Ilf']I' t _ E{g
Palette [ ¢ “ Properties F x
| ® @
IND RECT SOURRE

|Pmperty Value
| : ——
GCTBIFF || 0T DiFF H =] hpeesofsim 50 (=@
=ls) | 2 |
50 orF || 0 o
¢ 2 e E%l =

Simulation Mesgages

i =1 = = " — e
Pl = Warning detected by hpeesofsim during SP analysis “S5P1°'. E
S — E‘ COMPONENT “X1.em data':
e || i I | Hodel data retrieved from <Inductor EM Models lib:emModel octa:emModel>
e || e % =
===
% E‘ Status [ Summary
hpeesofsim (*) 390.hf5 Jul 1 2013 (64-bit built: 07/01/13 15:03:18)
Copyright Agilent Tecl ies, 1989-2013.
Loading Sweep Module C5V_List (['inductor params batchsim.csv'] |}

dout:280.4 w:5.0 =2:5.0 weshield:5.0
ing 5_Param:SP1

Select: Enter the starting point Batch:2 N:2.0 dout:313.94 w:10.0 5:5.0 wshield:5.0
Running 5 Param:SP1

Batch:1 N:2

¢

‘% EEsof Job Manager E@
File Wiew Job Queue Settings Help =
Job Summary )

Tag Host Queue ‘Workspace:Lib:Cell:View =

M131116170502 Y localhost .._Medels_lib:batchsim_2port:layout_hpeesofsim

M131116170517 localhost .._Models_lib:batchsim_2port:layout_hpeesofsim

M131116171104 localhost ..._Models_lib:batchsim_2port:layout_hpeesofsim |~

M131116171832 localhost .wModels_lib:emModel IHP_ind2_LBE FEM:layout

131116174446 localhost .wModels_lib:emModel IHP_ind2_LBE_FEM:layout

M131118150036 \ localhost .. Models lib:batchsim 2port:layout hpeesofsim 7|

It takes a few minutes to finish this simulation, because all the layouts are now passed to
Momentum for EM simulation. Then, you will see a data display where results are shown
and compared in terms in inductor parameters L and Q.

7
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is automatically shown after simulation.

The details are discussed and explained below.

w4 evaluate_batch_sweep* [Page 1 : evaluate_batch_sweep]:3

File Edit View Insert Marker History Options Jools Page Window Help

NEH& 3 X9 4 q§PLEG WD E
basm ] (1] [«] [«] (o] [»] [m] S8 & & E 2
AN AN FL(D X S5

Palette & X
I ===100 Differe ntial inductance
| Q E 3 2o Setthe slider to the desired target freguency. )
Y 45000 The inductor with the best @ factor for that frequency is selected, and results plotted.
@ @ 'a; You can findthe caresponding geometry data below:
10000~
2 If the: result matches your reguirerments, proceed to fine tuning of the inductance value
e o'g 5000~ schematic menu "Inductor Toolkit = Fine tune inductance valug"
===] [ - It the result is notyet satisfactary, go back tothe beginning and radify your gearmetry [irmitations.
E5E] g8
= —
@»‘ ‘ By Set marker to frequency of interest
1
g 10000
A 5 e e
~ -15.00n—~ [ | |freq=4.000GHz
T T I I I I I I I 1
\‘9 i N N @ 5 M 5 ™ ® ;W I L & @
o5 w2 om m W 45 freq, GHz
/L> freq, GHz
Diferential @ factar Best Qdiff at frequency of interest Layout
| O ‘A ] Qdife 5T E .
§ i "™ . 262 500
2 2 LdiffinHj= R DC {Ohmj=
| (R
E &
1 ? -
s =
= £ 24564] 147240
£ - Dofum)= Di(um)=
= = ]
B e 500
I b ah de o e L ol
= (RN A R A A0
freg, BHz frag, GHz sum=
Effective series resistance i
#
¥ e
e u] Top listzorted by O facter
»g'g 12— W somd | W_somd LT
n! o 10— 8173 3001 245 B0 15000 2100
gk 8633 2000 3la 320 15000 2100
I:.E . 100 30 210 030 10000 2100
3 35 A0 178130 10000 2100
o7 ] siar pasat 31 z0 10500 160
I sm im0 135120 S0 100
E 5o S5m0 121510 5000 2100
& i L5t 3000 153 26 000 00
5.3 o 2000 =80 000 2,100
— T 1T I T T I 1
1o I 20 25 @ ) o ¥
freq, BHz

On the top left side, the effective inductance is plotted for the different layouts. This is the
differential inductance, as measured differentially between the inductor pins.

Differential inductance

All the inductors have a low

20.00n

15.00n—
10.00n—
5.000n—

0.0000—

[Top_ma_index, ]

Ldiff_sim

-5.000n—

-10.00n—

Ldiff_sim

-15.00n—

frequency inductance that is close
to the specified 2.5nH target
value. This confirms that the
synthesis of geometries in step 2
worked well.

At higher frequencies, the
effective inductance changes due
to parasitic capacitance that leads
to different self resonance
frequency (SRF).

-20.00n T R

freq, GHz

45 50

Let’s look at the Q factor, because
that is what we want to optimize.
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The maximum Q factor is very different between the layouts, as expected.

One of the Q factor curves is highlighted in blue color. That is the result with the highest Q
factor at the frequency of interest, set with the slider on the top right side.

Differential & factar

[Top_m&_index,:]

Cdiff_sim

Qdiff_sim

[=]
e b b v b L

freq, GHz

You can change the frequency of interest by moving the marker (hint: to select the marker,
click on the readout box right from the slider), or by typing the value into the readout box.
Notice how the values for the best inductor change as you change the target frequency.

Set marker to frequency of interest

5 e
¥ Eec 4| 000GHz

T
=] 2 + [ g {{x} iz 1+ (11 (E-] 20
freq. GHe

When the frequency is changed to our goal of 4GHz, the highlighted “best” inductor result
is still the same. This is because the same layout is best at 2GHz and 4GHz.
The best inductor’s parameters are shown on the top right side:

Best Qdiff at frequency of interest Layout Octa Difl
g ] 8773 4,000
1 Cdiff= ' at ' GHz
F 7662 £ 02
Z ] LdiffinH)= ' R DOC (Qhm)= )
2 o]
g_, ] M= 3.000
= o]
5 ] _ 245 340 . _ 147 .440
! ] Dofum)= Difpm)=
= -5—
R _ T5.000

] wilm)=

-10 T 1 | T T T
0 o 45 20 25 30 3F 40 45 A0 100
freq, GHz s(pm)=
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This is the best inductor within this batch simulation, and will be used to derive the best
possible inductor layout:

e N=3 turns (range was set to N=1...5 turns)

Outer diameter Do = 245.8um (range was set to 350pm max.)

Line width w= 15pm (range was set to 5pm ... 30um in steps of 5um)
e Spacing s= 2.1uym fixed

If we are satisfied with this inductor’s performance, we can now proceed to the next step.
Otherwise, we have to modify the geometry space, and allow inductors that are physically
larger. We will look at that later, in the next tutorial.

So now, we have finished the batch simulation step, and selected the best performing
inductor from the list, for our frequency of interest. The next step is 4: Fine tune
inductance value.

Help [ Inductor Toolkit GPDK |

1: Set layout option »

2: Set target value

3: Sweep parameter combinations

4: Fine tune inductancevalue [

5: Create lumped model (optional)

The initial synthesis was based on DC inductance. The workflow of Inductor Toolkit is
designed to compensate for these error sources with an additional step, where the
inductance is fine tuned by fine tuning the inductor diameter. Based on the best inductors
from the batch sweep, this step fine tunes the in ductance by adjusting the inductor
diameter. Also, the fine tuning step interpolates the optimum conductor width.

When you click 4: Fine tune inductance value, this will bring up a simulation schematic
that runs one more EM model, with the fine tuned inductor diameter. The dimensions for
that tuned layout had been calculated automatically, based on the batch sweep results.

The result of the fine tuning step is the final, optimized inductor. Geometry parameters
and electrical parameters are shown in the data display that comes up after simulation:

10
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mmn—f Electrical param eters of synthesized inductor:
S.DDDn—:
3 LdifftnH= 25
0000 — at 3.000 GHz
5.000n—f Qdift=
3 BEE
400003 R RF (Ohm)=

. 536 00,0 M
D S O L L A A RDC (Ohm)= | |

f(GHZ) 165
Estimated SRF - GHz for differential mode

53 . . .
7 Optional: You can repeat this finetune step multiple times,
] if the inductance is not close enough to your target value.
] Layout parameters of synthesized inductor:
0

Ou;taDm] m

Effedive Inductance (H)
o
o
=)
=)
T

=

Differential @ factor
n

=

Layout option

3.0

=

f(GHz) Number of tums N=
18] CQuter diameter Dofpm)= ’ Inner diameter Dijpm)=
18]
14 width(pm)= ’
12

] . 21

] spacing(pm)=

f(GHT)

)
- I
wn |
o o
= k4

=]

E flactive series resistance (Ohm )
=
1

Comparing to the batch sweep simulation, you can see that the conductor width is
unchanged at 15pm and the outer diameter was tuned to 239.4pm, to reach the target
inductance at the target frequency.

Note on conductor width: The fine tune step can also tweak the conductor width, by
interpolation or extrapolation from simulated conductor width values. This is done
automatically, if the resulting value is within the geometry limits. In some cases, this mlght
result in inductor diameters that are slightly larger than the specified maximum size."

Iterative fine tune: If the inductance at the taget fregency is not close enough to your
specification, you can now repeat the fine tune step, to iterate towards the final layout. In
most cases, running the fine tune step once is enough, and there is no need to repeat it.

When the fine tune step in finished, we have two possible ways to proceed:

e C(reate an equivalent circuit model, for use in ADS or other simulators, with output
as Spectre *.scs netlist file, or

e Directly proceed to the final step, where an ADS cell with layout view and
schematic view is created.

' By default, an oversize diameter of up to 105% is tolerated. This can be configured on the
equations page of the evaluate_batch_sweep data display.

11
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If we skip the equivalent circuit model, the final cell will only have the S-parameters
available for schematic level simulation. If we do the equivalent circuit model fit first, the
final cell will have two schematic views: one based on the S-parameters, and the other
based on the equivalent circuit model.

In this tutorial, we proceed with the optional equivalent circuit model step.
The equivalent circuit model extraction is embedded into the synthesis workflow, and can

be done after the fine tune step is finished. The required data is automatically provided by
the file tune step.

de Help [ Inductor Toolkit GPDK

1: Set layout option »
2: Set target value
— 3: Sweep parameter combinations
4: Fine tune inductance value
5: Create lumped model {optional)

6: Create inductor cell in library

When you click on 5: Create lumped model (optional), this will bring up a schematic and
automatically start optimization. The schematic is pre-configured with parameters and
goals to optimize an equivalent circuit model to your inductor’s EM simulation results.

Information Message

f Initial values and goals are set, starting optimization now.

When optimization is finished, please CLOSE optimization cockpit to create the
final data!

Lok ]

Actually, there are two different equivalent circuit models: with and without center tap.
Inductor Toolkit knows what you are working on, and will pick the right one automatically.

| & Optimization Cockpt (5] |~ The goptimization is configured to use the ADS optimization

Before closing the cockpit: cockpit, so that you can watch the progress of the model fit.

; When the optimization is finished, close the optimization cockpit
and confirm that you want to update the design with the

[ Don'tUpdate the Design. | optimized parameters.

| Cancel

E Update the Design

12



%_ Dr. Miihlhaus Consulting & Software GmbH

r 2l ‘i -
]
m“hlh‘l“s www.muehlhaus.com

Dr. Mihlhaus Consulting & Software GmbH .
: info@muehlhaus.com

If you stop the optimization manually, before reaching the maximum number of
iterations, you have to manually start a re-simulation of the optimized schematic.
Otherwise, the circuit model fit curves will be empty and no model is created.

red = data frorm input file

flue with index m = model = fitted data /

i

HMaosdeiname
Oclabif IS _N3_wiS_r2_dZ0

—

I s =Moo il Ke s 2P | Modeiname, 41_Ls, 4_Rs, TL5p, 4162 Rk, 1Lk AL Coxl, 1L

i
B/

[

In most cases, you will see excellent agreement between the EM data (red curve) and the
fitted circuit model (blue curve) for inductance, Q factor, S-parameters as well as series
resistance and shunt path parameters.

But if needed, in special cases, you can stop the optimizer and manually tweak the
parameter range. You could also tweak the optimizer goals and frequency range, but that’s
hardly ever needed, because it is all set automatically based on your target frequency and
the inductor’s electrical parameters.

On the bottom right side, you see a list of equivalent circuit model parameters, and a
function call that writes the equivalent circuit model to disk, in Spectre *.scs netlist format.

13
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That file is created in the workspace’s data directory. Looking at the file, you will see the
netlist representation of the ADS equivalent circuit model.

v ADS Projects » ads2012 08 » Synthesis_Tutorial_wrk » data - | 3 | ’T

Mame .:inclerung\-sclatum Typ Grife

|| fit_circuitrnodel_2port.ds 30.12.2013 15:03 1.235KB
=] OctaDiff_2n5_N2_wl5_s2_d345.5cs 30122013 15:03 1KB
7] OctaDiff_2n5_N2_wl5_s2_d345.52p 30122013 14:54 S2P-Datei 18 KB
|| finetune.ds 30.12.2013 14:54 D5-Datei 231 KB
|| batchsim.ds 30122013 14:46 DS-Datei T8 KB
|| inductor_params_finetune.csv 30.12.2013 14:46 C5V-Datei 1KB
|| inductor_params_batchsim.csv 30122013 14:46 V-Datei 1KB

E‘ TextPad - CAADS_Projects\ads2012_08\5Synthesis_Tutorial_wrk\data\ OctaDiff_2n5_MN2_wl5_s2_d345.scs
File Edit 5earch View Tools Macros Configure Window Help

D=EHAaEg8kBE BR[O 2 A Y A Fah | e s » o Finc
" OctaDiff_2n5_N2_w15 _s2_d345.scs | inductor_params_finetune.csv

V- Inductor model file created by Muehlhaus Inductor Toolkit (c) www.nushlhaus.com
#+ Licenszed to: Demo to Agilent Technologies. Evaluation License
A4 pin 1 is EM port 1. pin 2 i= EM port 2. pin 3 is substrate node
zimulator lang=spectre

subckt OctaDiff 2nf5 N2 wlh_=2_d345 1 2 3

SRELIR (1 100) resistor r=9.23631=e-001

SRL1L (100 101) inductor 1=3.68275=-010

C4 (1 2) capacitor c=2.02886e-014

C5 (101 104) capacitor c=9.81657=-016

L1 {101 102} inductor 1=1.68012=-009

Rl (102 103) resistor r=4.21372e+000

PRLIR (103 104) resistor r=2.71058=+000

PRL1L (103 104) inductor 1=1.0271ge-011

SRLZR (104 105) resistor r=9. 23631e-001

SRL2ZL (105 2) inductor 1=3.68275=-010

C2 (101 200) capacitor c=1.03281e-013

PRCI1C (200 3) capacitor c=3.71733e-014

PRCIR (200 3) resistor r=5.69763=+002

C3 (104 300) capacitor c=1.02954e=-013

PRC2C (300 3) capacitor c=3.64632e-014

PRCZR (300 3) resistor r=5.83833=+002

ends OctalDiff 2nt N2 wlS_ =2 d34%

=
il

You can use that netlist in Cadence/Spectre. The topology is fixed, defined by Inductor
Toolkit. The circuit model topology can be seen from the circuitmodel_2port.

;';\EW

__“I;ail.j;TfIEW Library View |

W] C:\ADS_Projects\ads2012_08\5ynthesis_Tutorial_wrk :'w'_; circuitmodel_2port [Inductor EM_Models_lib:circuitmodel_2portischematic] (Schematic):11

4 i“ Inducter_EM_Models_lib File Edit Select View [Insert Options Tools Layout Simulate Window Dynamiclink
= GPDK180_viamerge.subst e ] il o )T ==
€| batchsim_2port D : H I& [% ':'n U'UD X 9 G ? .ﬂ-’ I& @ Q@ @ ‘ﬁ
» €] batchsim_3port_centertap i )
> €| batchsim_3port_groundshield Indxed okt = = _v_ T e v_ by JT_ - ]!!-u ”/\{ \ NAME :’_:
€| batchsim_4port_centertap_groundshield Pa\etbe s e o S S
4 | &] circuitmodel_2port 2o 3 g s T gA :
i schematic W sw"ﬁi o e e e e R
{)’ symbol G : }:
L€ | circuitmodel_3port Pt U(m" C . . o o O
(€| emModel_octa E5
il C=Cp2
€| emModel_octa_centertap e (| ety o
> €] emModel_octa_centertap_groundshield S| T ; } I Tl =]
L€ emModel_octa_centertap_stacked ?‘ e e e e o
€| emModel_octa_greundshield SEEDEE| (SET R L bas R 5 G B
_c emModel octa_stacked e Il:lls‘;ﬂ-é"k) SlF.{s‘[:Lz“kj:
+ €] emModel_square_diff o'c;{s'n';[;; oi;f;i[;r Rz . . e E s s e
€| emModel_square_diff_centertap —’M-r'—‘—'vw—‘—“—m—
1| emModel_square_single Cm

Hum=1 -

o

| fit_circuitrmodel_2port

> L€ fit_circuitmodel_3port ;i i
PRC FRC
L€ multisweep_create_cache data PRCT S S e PRCZ
!l" Synthesis_Tutorial_lib FeRaab S e e P b
C=Caubl. S 5 s CeCsubZ . .

4 Read-Only Libraries
il GPDK_layers_lib
+ il Inductor_Shapes_lib

14

Dr. Miihlhaus Consulting & Software GmbH

info@muehlhaus.com



4«/&7— Dr. Muhlhaus Consulting & Software GmbH
m

“hlh‘l“s www.muehlhaus.com

Dr. Mihlhaus Consulting & Software GmbH .
: info@muehlhaus.com

Now, the final step is 6: Create inductor cell in library.

This will create layout and schematic view(s) of the

lp_[Inductor Toolkit GPDK | optimum inductor that we have synthesized, and

1: Set layout option X also create the final S-parameter file in the data

2: Set target value directory. The inductor parameters are read from
— 3: Sweep parameter combinations — the fine tune synthesis step. The (optional)

4: Fine tune inductance value equivalent circuit model is the optimization result

5: Create lumped model (optional) from step 5, Create lumped model.

6: Create inductor cell in library The cell is created in the first writable workspace

_ library that is not an internal Inductor Toolkit
Seffinas g library. In our example, the new cell is created in

the Synthesis_Tutorial_lib library.

The name of the cell is derived from the layout option and parameter values. For the GPDK
example, the optimized inductor cell is OctaDiff_2n5_N3_w15_s2_d240 which tells us that
this is a differential octagon inductor (without center tap) with 2.5nH target inductance,
N=3 turns, w=15pm conductor width, s=2pm conductor spacing (actually 2.1), and 240pm
outer diameter.

U Advanced Design System 201208 (Main)

W B BB .
[ Fievien [ Folderview | vbraryvien | NDEH& LR X 9 U9 i€ DDD fﬁ g 4]51[‘9 B

i OctaDiff_2n5_N3_wl5_s2_d240 [MyLibraryl0_lib:OctaDiff 2n5_ N3 wl5_s2 d240:schematic_lumpedmodel] (Schematic):6

[ 4 [/ caaDs Projects\ads2012 08\MyWorkspacel0_wrk T = On =+ ﬂ WI' haddf (4
+ 1l Inductor EM_Models lib = N!_\ R=IT \ NAME ,> I ﬁ [
a I wyLibrary10_lib Palette & x
- ]

= .__ GPDK180_viamerge subst
4 OctaDiff 2n5_N3_wl5_<2_d240

layout
: s
schematic e o
fit

schematic_lumpedmodel

e

10 oiFF || v e

[

0
|

;-

IND DIFF

Thi Thiz Syrthesized by Mughlhau £ hductor Toolkit

Licenszdto: Fublic demo

i Licen s= type : Eagluation License
e

: D symbal 0 oiFF || e DiF Targetualus: 25nH

c Fos || Fas Target fequer

circuitmodel_2port
Read-Only Libraries

Date - e d Ma yym Ponez a4

ADS Libraries Pl | S A
AFL Files Hamy u ZBDTDSMTgﬁe 009
i Fie=5.35506 30297330
» Config (cfg) Files Cp=1.8014472056937e-0 14
- Data Displays Cpi=1 110613643258 e 014

| Ri=2.9401341741947
Lk=0 80325204711 2011

) [MyLibrary10_lib: OctaDiff_2n5_N3_wl5_s2_d240:layout] (Layout):d Coxl=8 7073843475348 e-014

Cox2=85013191238850e-014
*U U*ﬂl] )‘ 9 rh _? ,@, (Q &9 &E} e .«i. 4 37 OctaDiff_2n5_N3_wi5_s2_d240 [MyLibraryL0_lib:OctaDiff_2n5_N3_wi5_s2_d240:schematic] (Schematic):5 ==

File Edit Select View Insert Options Tools Layout Simulate Window Dynamiclink DesignGuide EM  Help
s AN iiAC TSP humxegzﬁa@@@a £ 2 BRN
TP T

Inductor Toolkit - O L m L‘!L e w[ ﬁ i (8

NAME e

Caihls

Paletts g X

[ |

10 oiFF || InE DiFE
o

o oiFr || 0o e Syrthesized by Muehlhau s ductor Toolkit
Thtt Thiz || THt1 Tz il foup e

licenss type : Eluation License
oo
D o
Fab

Target value 260 H
Target fequency: 400GH:
Date: Wied May 21 1200 52 2014

e
ho DIFF
Fos

F1 P2
Hum=1 [l Mim=2
827

SHP1
File="Dets Diff_2ns_N3_w 15_s2_d240.52p"

In the layout view, we have an instance of the differential octagon inductor pcell, with
these geometry parameters.

The S-parameter and *.scs Spectre model file have been created in the workspace’s data
directory, with base name OctaDiff_2n5_N3_w15_s2_d240.
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Second example: adjust the geometry limits

In this chapter, we want to go back to some more synthesis details.

In the initial example, you might have noticed that we specified 4GHz target frequency, but
the best inductor had the Q factor peaking at 7GHz. Why wasn’t that 4 GHz?

To understand that, we need just a tiny bit of theory.
At low frequency, the Q factor is determined by the series resistance.
At high frequency, the Q factor is determined by the shunt path, i.e. substrate coupling.

Finding the best possible inductor is about finding the best tradeoff between these two.
We can reduce the (DC) series resistance by making the conductors wider, but the side
effect is that the shunt capacitance to the substrate increases. This means that self
resonance frequency (SRF) and frequency of maximum Q will go down.

In our first example, the frequency of maximum Q at 7GHz was higher than the 4 GHz
target frequency, so that we could afford some wider conductor that causes f(Qmax) to
drop. Why didn’t the algorithm select that inductor with wider lines?

The answer is simple. It means that within our geometry space, there was no other
inductor performing better at the 4GHz target frequency.

At the bottom of the data display, we can check the “top list” with layouts sorted by Q
factor at the target frequency. This is what it looks like:

Top list sorted by Q factor

C_sorted M_sorted dout_sorted w_sorted 5_sored
8773 3000 245840 15.000 2100
8653 2000 348320 15.000 2100
7037 3000 210030 10.000 2100
6853 4,000 178.130 10.000 2100
6.707 2000 317.220 10.000 2100
4607 4,000 135.120 5000 2100
4507 5000 121.510 5000 2100
4464 3.000 163.960 5000 2100
4027 2000 281.970 5000 2100

The best inductor has a conductor width of 15um. This is not the maximum possible width
of 30pum. Why is that, if 30pm width could possibly increase the Q factor?

Again, the answer is simple. You can see that for 15um conductor width, the inductor’s
outer diameter is already close to the 350pm maximum outer diameter that we had
specified. With 30pum conductor width, the inductor would be physically larger than our
limit.

Why do we have that limit? The simple reason is that we can often build good inductors
with a single turn that are physically large. However, these are just too large, because chip
area is expensive. We want to be able to limit the size, and find the best inductor for a
given, restricted inductor size.

Now, for our second example, we can adjust the maximum diameter and see what we get.

Before you start, close all open Windows from the previous example. This is done with File
> Close All from the ADS Main Window menu.
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In the Inductor Toolkit menu, select 2: Set target value. This opens the data display form
where you can modify the geometry limitations.

Change Dout_maxsize from 350pm to 600pm and save your changes. Notice that the
number of synthesized geometries has increased from 9 to 12.

Enter desired inductance walue [H]
L_target:ZSE-El

Enter geometry limitations, dimensions in [um)

=g M _min=1 Gl max=5 N_Step:1
=l min=5 el _max=30 w_step:S
=g = _min=21 bll= max=2.1 s_ste n=5

=g} Cout_masxsize =600

Ground shield inductars only: shield finger width in [pum]

=gl shield = &

Mumber of synthesized geometries: 12 m Octabiff

Set the desired target value and geometry limits,
then use schematic menu "Inductor Toalkit > Sweep Parameter Combinations"
to sweep the possible geometry combinations!

We have 3 additional inductor layouts that match the requirements. Let’s see how they
perform. In the Inductor Toolkit menu, click on 3: Sweep parameter combinations. This
will start the batch simulation of all the 12 different layouts.

You will notice that most of the simulations are very fast now, and only two layouts need
some time for simulation. That is because the previously calculated results had been stored
to disk, for later re-use. Only the two additional layouts must be EM simulated now, all the
others results can be found in the existing emModel database.

%‘ hpeesofsim 5:0 | = =] |

File  Simulation Text Window

Simulation Messages

Status / Summary
Batch:11 N:4.0 dout:178.13 w:10.0 =:2.1 wshield:5.0 -
SP1
21.51 w:5.0 s5:2.1 wshield:5.0
1ing 5 Param:SFl

Resource usage:
Total stopwatch time = 40.69 seconds.

m

Simulation finished: dataset ‘“batchsim' written in:
*C:\ADS_Projectshads2012_ 08\MyWorkspacell_wrk/data’

17
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So what about results? If you had saved the data display in tutorial example 1, it will
remember the target frequency. Otherwise, please set it to 4GHz again.

Differential inductance

2000n ; -
5 Setthe slider to the desired target frequency.
15000 The inductar with the best Q factor for that frequency is selected, and results plotted.
; You can find the corresponding geometry data below,
i 10000
2 Ifthe result matches your requirements, procead to fine tuning ofthe inductance value.
o'g 5.000n— schematic menu "Inductar Toolkit = Fine tune inductance value"
El'r.l 0.0000] Ifthe result is notyet satisfactory, go back to the beginning and modify your geometry limitations.
g
1
-5.000n—] ;
E " Set marker to frequency of interest
]
ES -10.00n— ma
3 — ! Fms—a 000GH
1800 T 7T & 2
20.00n . . . . . . . T T o 3 ] 15 20 5 a0 335 Ll L5 50
3 ] 15 20 5 30 35 L L= 5 freq, GHz
freq, GHz
. ; Dctabit]
Differantial 0 fastor Best Qdiff at frequency of interast Layout | |
& o & ; 11,183 4,000
o AN Qdiff= | | at | | GHz
T 10 b q
10—
H i ] . 2695
£ s A LdiffinH= R DC @ hri=
1 4
wE 0o 5—
S CANE 2.000
o 0 = 1 M=
EZ E E o]
£ EE € '3 434.440)] 310
= ] E
R g 30,000
T T T T T T T T T T T T T T T T T T
s 15 20 3 30 33 W 5 o 5 10 15 20 2 30 3 15 S =100
freq, GHz freq, GHz S{umi=
Effective = eries resistance B
] .
E Top list sorted by Q@ factar
I
‘g E o _sored N_sored dort sored w_sofed i _gomed
n!ml 11183 2.000 30.00 2.100
o £ 10751 2.000 25.000 2.100
=) 9579 2.000 20,00 2,100
E 8173 3.000 15.000 2.100
‘i BAS3 2.000 15.00 2.100
tl 037 3.000 10.000 2.100
kS 6283 4000 10.000 2.100
T 8107 2.000 10.000 2.1a0
. 4507 4000 5.00 2.100
= LEn) 5.000 5.000 2.1a0
- [XY-3 3.000 5.000 2.100
I T T T T T T T T
5 ] 15 20 2 30 35 L 15 5
freq, GHz

Now, a different “best” inductor is found, with higher Q than before.

As expected, that inductor now uses the widest possible metal (30pum) which brings the
frequency of maximum Q down to 4.5GHz. The outer diameter is 434um now, which was
outside the valid geometry range in our first example. Now, it is an engineering decision if
the better Q factor is worth the extra chip area, or if you want to go with the smaller
inductor and compromise on Q factor.

Top list sorted by Q factor

2 sarted h_sorted dout_sorted w_sorted 5_sorted
11.183 2.000 434.440 30,000 2100
10.751 2.000 407 480 25000 2100

2879 2.000 A79.230 20,000 2100
8.773 3.000 245840 15.000 2100
g.653 2000 349,320 15.000 2100
7.037 3.000 210.030 10000 2100
5.8983 4.000 178.130 10.000 2100
6.707 2000 31720 10000 2100
4.607 4.000 135120 5000 2100
4.507 5.000 121.510 5000 2100
4.464 3.000 169.960 5000 2100

Of course, going for the widest metal isn't always benefical. You can easily see that by
moving the target frequency to other values. Try it, move the slider and watch how
different target frequencies lead to different optimum geometries.
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Let’s change the target frequency to 8GHz, and design the best possible inductor for that
case. You can see that the conductor width is 15um now, and we still have 2 turns as the

best choice.

Differential inductance

& 2o Setthe slider to the desired target frequency. _
15 00n—] A The inductor with the best Q factor for that frequency is selected, and results plotted.
7 You can find the corresponding geometry data below:
i 1000n—|
E Ifthe result matches your requirerments, proceed to fine tuning ofthe inductance value.
o'g 50000 schematic menu "Inductor Toolkit = Fine tune inductance valug
Ew Ifthe result is notyet satisfactory, oo back to the beginning and modify your geometry limitations.
1 0000
aly! 0
£3 -5.000n—]
E : Set marker to frequency of interest
1
g 10000 [ rﬁﬁ e
T soond 71— rec=8. 100GHz
] ] 1 0 = 0 3 L 1= 50
~20.00m T T T I I T T T T : : ) :
5 10 5 20 25 30 35 L] = E freq, GHz
freq, GHz
. ; Cotabit]
Differential @ factor Best Qdiff at frequency of interest Layout | |
g ] ot difi= | 10.453| at | 9.000| G
= 1 - ]
¥ E ¥ 10
£ 3 3 1 048]
_EI =1 _EI ] LdfffinH)= R DC (Ohrmi=
wE ] w 5]
S £ N Z.000]
o 9] = M=
'E‘S E E- [
= 3 = 5
st - 15,000
: o=
] ! I‘D II "Iﬂ é 3'0 3' ll] lla
2 5 E Z.100]
s

The inductance for that layout is 3nH at 8GHz, instead of our 2.5nH target inductance. One
reason is that the synthesis equation isn’t perfect, and the other reason is the increase in
effective inductance towards the self resonance frequency.

m1

freq=8.000GHz
Ldiff_sim=3.046E-9
batchNumber=3

Differential inductance

.. 5.000n
45000
4.000n—
3.500n—
3.000n—
2.500n
2.000n
1.500n—
1.000n—
500.0p—
0.0000 R U

[Top_m5_index,::]

Ldiff_sim

Ldiff_sim

freq, GHz

Save the data display, and proceed to 4: Fine tune inductance value, to adjust the
inductance for the new target frequency.

19



AIV\r Dr. Miihlhaus Consulting & Software GmbH

www.muehlhaus.com
Dr. Miihlhaus Consulting & Software GmbH

info@muehlhaus.com

The fine tuned result is a slightly smaller inductor, with the inductance value decreased to
2.51nH. That is very close to our target value already. In those cases where it is not close
enough, we could also repeat the fine tune step again, to iterate towards the specified

-15.00n

value.
. 15.00n—
= mmn—f Electrical param eters of synthesized inductor:
T E
5 50000
5 Ldifi(n Hj= s
§ 0.0000- R at F.000 GHZ
£ so0mn] Quiff=
o : 188
% 400003 R RF (Ohm)=
1

Z03 T00.0 MHZ]
at

R e S S L R DC (Ohri= |

o

I
5
f(GHz) . 19.9| . .
Estirmated SRF - GHz for differential mode

Optional: You can repeat this finetune step multiple times,
ifthe inductance is not close enough to your target value.
Layout parameters of synthesized inductor:

OctaDir1 m

Differential @ factor
=

Layout option

I I I I I I | I
0 15 W 35 AW B 4 45
f(GHz) Mumber of turns N=

o

200

CQuter diameter Dofpm)=

. . 25470
Inner diameter Difpm)=

1591

=

[
w
F3
R
in
=

14 width {(pm)=

] . 210
spacing(pm)=

E ffective series resistance (Ohm)
=
|

| I I T T T T | T
o & 10 15 I8 3\ 40 45 4

f(GHz)

Let’s have a closer look, because it is important to understand what Inductor Toolkit
fine tuning can do, and what it can’t do. The fine tune step adjusts the inductance by
tweaking the inductor diameter, and it also takes that frequency dependence into account.

However, the frequency dependence of the m1 m2
tuned inductor is slightly different, because the [rfligfjﬁa%t?lwizz.WTE-B [rgigfi?i'r?gtﬁﬁ:fz.moae
parasitics also change when the diameter batchNumber=1 batchNumber=1
changes. Inductor Toolkit tries its best to
account for all these effects, but that becomes 5000
more difficult as the target frequency is on 7 4.500n
that steep slope towards self resonance. If the = *%"7
inductance after the initial fine tune was not g 2o
accurate enough, just repeat it to iterate S ool m
towards the desired value. 2 2000n
2 15000
E 1.000n—
500.0p—
0.0000 | — S IR R R
n] G 10 15 20 25 30 35 a0 45 a0
fIGH?Y
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Third example: other layout options

So far, we have synthesized octagon inductors, and investigated the effect of geometry
parameters. Now, it’s time to have a look at other layout options.

The full, detailed list of layout options is included in the User’s Guide.
For our tutorial, we keep it short and look at this overview picture:

B
[ ]
| e = 1 E
E ]
|
faasy L ® ¥
L3 L
-
= ! i
el
=
=
— - [al
1 .__r ! rr
L
= =i b= -
L)
& ] L]
b e v | =
=
- -
[ 8
-
oI =
P - b -

There are two main categories: symmetric (differential) inductors and asymmetric
inductors.

The symmetric inductors are implemented with square or octagon shape, and some special
options for those are available as well. All these symmetric inductors must have “full”
number of turns, e.g. 2 or 3.

For symmetric inductors with center tap, the center tap location and orientation is different
between even and odd number of turns. For even number of turns, the center tap (pin 3) is
located between inductor pins 1 and 2. For odd number of turns, it is located on the
opposite side. To restrict the location of the centertap, you can specify the number of turns
to change in steps of 2, so that only layouts with even (or odd) turns are synthesized.

For asymmetric inductors, the only layout option is square shape. Here, the number of
turns can be set in steps of 0.25 and that determines the pin location/direction. See picture
above for an example.

Now, in this third example, we want to synthesize an asymmetric 12nH inductor with
feedlines on opposite sides.
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Before we start, close all open windows. Then, in the ADS main window, go to the
Inductor Toolkit menu and in 1: Set layout option, click on “Square single ended”

Inductor Toolkit GPDK

1: Set layout option [ Octagon diff,

2: Set target value Octagon diff, centertap

3: Sweep parameter combinations Square diff.

4: Fine tune inductance value Square diff. centertap

3: Create lumped medel (optional) Square single ended

6: Create inductor cell in library Octagon diff. groundshield

S v Octagon diff. groundshield centertap

Now, go to step 2: Set target value. This will open the input form where we can set the
exit direction by specifying the appropriate fractional number of turns (N=x.5 turns).

For the target, we set 12nH. Minimum and maximum turns are changed to 1.5 turns and
5.5 turns, respectively, for feedlines at 180° direction. The N_step setting is 1 again, so
that the algorithm uses only those 180° inductor layouts (and not 0°, 90°, -90°).

For the spacing, we can set the value to the minimum possible value 2um (see design
rules). This is because such a larger inductance value will require more turns, and we want
to keep the physical size small. For the minimum outer diameter, we set 500pm.

Enter desired inductance value [H]

mL_target =12e-9

Enter geometry limitations, dimensions in [um]
mN_min:*l 5 =gl _max=5.5 N_step:'l
mw_minzs =tefg =30 w_step:S
F_min=2 Shp=_max=2 Bl :_step=2
mDout_maxsize:SOO

Ground shield inductors only: shield finger width in [lum]

v _shield =5

Mumber of synthesized geometries: m SquareSingle

Set the desired target value and geometry limits,
then use schematic menu "Inductor Toolkit » Sweep Parameter Combinations”
to sweep the possible geometry combinations!
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Now with these settings, we can start the batch simulation of possible layouts. In the
Inductor Toolkit menu, click on 3: Sweep parameter combinations.

After simulation, the data display comes up. It still has the 8GHz target frequency setting
from our previous example, and Inductor Toolkit issues a warning that this can’t be applied
to the current data.

Ok B tial bdnctanc:

o S Ik s,

ki

Lt

freq), G Hz

El

ma_lnckx

s [Bp

ettt

Setthe slider to the desired targetfrequen

The inductor with the best Q factor for that?équenc;r s selected, and resule plotted.

“rou ¢an find the corezponding geometrny data below,

tithe rezult matches your requirements, proceed to fine tuning of the inductance value.
schematic menu "Inductor Taokit * Fine tune inductance value"
ithe rezult iz notyetsatiefactony, go badk to the beginning and modify wour geometny limitatiors .
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Change the target frequency to 1.8 GHz and proceed to 4: Fine tune inductance value.

Differertial inductance
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Set the slicer to the desired target fregquency.

The inductor with the best @ fctor for that frequency iz seleded, and results plotted.
Yo can find the corresponding geom etry data below:

Ifthe result matches your requirements, proceed to fine tuning of the indudance value.,
schematic m enu "Inductor Toolkit = Fine tune inductance walug"
Ifthe result is not yet satisfactory, go back to the beginning and m odify your geom gry limitations.
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Layout Square Single

Ldiff(nH):

15.282]
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The fine tune step results in 12.01 nH inductance at 1.8GHz, with a Q factor of 6.6.
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Let’s assume we don’t need an equivalent circuit model, so we directly proceed to step 6:
Create inductor cell in library. This creates a new cell with layout view and schematic (S-
parameter) view: SquareSingle_12.0nH_N4.50_w20_s2_d425

SquareSingle_12.0nH_N4.50_w20_s2_d425 [Synthesis_Tutorial_lib:5quareSingle 12.0nH_N4.50_w20_s2_d425:layout] (Layout):20 o || B ER
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|| e X 4.5 |None
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This ends our tutorial tour. You are now well prepared to explore other layout options, and
enjoy efficient and fast inductor synthesis with Inductor Toolkit!
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Changes

Document version 1.4 of 21. May 2014:
Updated examples. Mentioned possible iterative finetune step, if first iteration isn’t close
enough to target value.

Document version 1.2 of 29. January 2014:
Updated installation instructions.

Document version 1.1 of 20. December 2013:
Updated for new interpolation of width in fine tuning step, changed first example
maximum outer and spacing.
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