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Introduction

Muhlhaus RFIC Inductor Toolkit assists ADS users with finding the “optimum” inductor layout
in Silicon-based RFIC/MMIC technologies.

In SiGe and CMOS, the lossy silicon substrate causes significant high frequency losses in
the substrate, limiting the maximum available Q factor. Designing an inductor for these
technologies requires a trade-off between low frequency conductor losses (series losses)
and high frequency substrate losses (shunt losses), where the optimum geometry depends
on frequency.

Thus, instead of using a library with a limited set of inductors, many design groups today
want to synthesize the best possible inductor for their specific needs. This is where Inductor
Toolkit can assist ADS users, by automating the inductor design process, based on the
user’s requirement.

Inductor Toolkit provides:

Layout Pcells for popular inductor geometries

emModels for these inductors

Preconfigured example substrates for the Momentum EM simulator

Automation to synthesize inductor dimensions based on inductance

Automation to find the best performing inductor with best possible Q factor,

within given geometry limitations

Automation to generate the layout for that “optimum” inductor

e Automation to create an ADS cell with layout view, S-parameter simulation view and
equivalent circuit model view

e Automation to fit a lumped inductor model, and output that as an *.scs netlist file

Inductor Toolkit GENERIC is configured for a sample technology, and can be
configured for your actual process technology. This configuration is done by the end
user, as described in this document, or available as an optional service from Mihlhaus
Consulting & Software GmbH.

Factory configured versions of Inductor Toolkit are available for these technologies:
IHP SG25H3/H4, IHP SGB25V, IHP SG13S, IHP SG13G2
Infineon B7HF200, B11HFC
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Requirements

Inductor Toolkit requires for ADS 2016 or later (license not included).
For full features, a purchased license for Inductor Toolkit Generic is required. The free
demo version only supports a limited set of inductor layouts.

The pre-configured example technology uses the ADS “IC interoperability” feature. If you
prefer to use Inductor Toolkit with workspaces in the “ADS only” mode, some initial changes
are required, as described later in this manual.

Installation

Muhlhaus RFIC Inductor Toolkit can be used “stand alone”, or together with an ADS RFIC
PDK for your technology. In this document, the “stand alone” use is documented, based on
example technology/layer data included in the Inductor Toolkit PDK.

Installing the InductorToolkit PDK is similar to other ADS PDKs: in the ADS main windows,
go to DesignKits > Unzip Design Kit ... and install the PDK from the *.zip file.

Manage Favorite Design Kits 3
MName Version In Current Workspace Library Definition File i
SG135_dev 3G13_dev=1.0.0_a, TL_SG13=1.0.0_: -- CNADS_Projects\designkits\sgl3s_oa_ads2016_revl.3..
Inductor_Toolkit_Generic Inductor_Shapes_lib=v1.8.0 -- CMNADS_Projects\designkits\Inductor_Toolkit_Generi...

Add Zipped Design Kit... | |Add Library Definition File. .. | |Rem0ve from List

There is no workspace currently open.

Close | | Help

Installation path

Unlike other PDKs, the inductor toolkit libraries must be writable, because emModels
and schematics from Inductor_EM_Models_lib are updated during synthesis.

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/ads2016.01, you could create a new directory SHOME/designkits and
unzip Inductor Toolkit to that location.

Do not install Inductor Toolkit to a shared directory where users have read access
only!
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Adding Inductor Toolkit to an ADS workspace

Inductor Toolkit requires some technology settings, e.g. layer and substrate definitions.
These can come from an existing Foundry PDK, or from the default technology library that is
included with Inductor Toolkit.

By default, Inductor Toolkit is configured to use its internal default technology. In this case,
your ADS workspace only needs to load the Inductor Toolkit PDK.

The use of design kits in ADS 2017 has changed, so both ADS2016 and ADS2017 use of
Inductor Toolkit is shown below.

ADS2016
To create a new workspace that uses Inductor Toolkit, use File > New > Workspace ...

New Workspace Wizard @

Workspace Hame
Choose a name and location for the new warkspace.

Workspace name: | Inductor_test_furk
Create in: C:\ADS Projects'ads2016_01 Browse

The new workspace is:
C:\ADS_Projects\ads20 16_01\Inductor_test_wrk

These are the current workspace settings:
*\Workspace Name: C:\ADS_Projects\ads2016_01\Inductor_test_wrk
*Library Name: C:\ADS_Projects\ads2015_01{Inductor_test_wrk\Inductor_test_lib
*Induded Libraries: ADS Analog/RF

Click "Finish™ to create a new workspace with these settings.

< Back | l Mext > ] ‘ Einish | | Cancel ‘ | Help

. enable the Inductor_Toolkit_Generic design kit, assign a name to the workspace library
and then ...

New Workspace Wizard (3l

Add Libraries
Select the libraries to indude in the workspace.

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

Mote: APDKis a type of library. All library management commands alsa apply to PDKs,

SGB25_dev CAADS_Projects\designkits\sgb25v_ea...
getowd_test PDK CAADS_Projects\designkits\getcwd _tes...
Inductor_Teolkit_SG13_oa CAADS_Projects\Perforce\Veolker_x3500..,
Inductor_Toolkit_Generic CAADS_Projects\Perforce\Veolker_x3500..,

Muehlhaus_Inductor_Toolkit_SBC18H CAADS_Projects\Perforce\Veolker_x3500..,
Inductor_Toolkit_Amkor_Veruntersuchung CMVADS_Projects\designkits\Inductor_T...

muRataLibWeb CAADS_Projects\designkits\murata_lib...

SG13S _dev CAADS_Projects\designkits\sgl3s_oa_a...

5G25H3 C\ADS_Projects\designkits\sg25h3_ca...

SG13S _dev CAADS_Projects\designkits\sgl3s_oa_a...

Inductor_Teolkit B1LHFC CAADS_Projects\Perforce\Veolker_x3500..,

SG13S _dev CA\ADS_Projects\designkits\sgl3s_oa_a.. |5
> [W] Inductor_Toolkit_Generic CAADS_Projects\designkits\Inductor_T...

Add User Favorite Library/PDK...

< Back ‘ [ Mext > ] | Einish ‘ | Cancel | ‘ Help
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... then select the Inductor Toolkit default technology. This default library uses ADS IC
interoperability mode, so you need to select the “Use technology libraries that are compatible
with other IC tools” option.

I8 New Workspace Wizard =3

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

[Inductor Generic LayersIC, 00005 micron layout resolution
Standard ADS Layers IC, 0.0001 mil layout reselution
Standard ADS Layers IC, 0.0001 millimeter layout resolution
Standard ADS Layers IC, 0.001 micron layout resolution
Standard ADS Layers, 0.0001 mil layout resolution
Standard ADS Layers, 0.0001 millimeter layout reselution
Standard ADS Layers, 0.001 micron layout resolution
Custom (Opens Technolegy dialog)

IC Interoperability
@ Use technology libraries that are compathble with other IC tools.
(@) Use technology libraries that are compatible with ADS only.
[F] Save selected technology as default.

[7] Copy technology into new library instead of referencing it

[ <Bsck | [ mext> |[ Enmsh ][ cancel ][ e

You can now press Finish, and the Inductor Toolkit license agreement PDF document will be
shown. After you have agreed to that, you can start using Inductor Toolkit.

[ Advanced Design System 2016.01 (Main)

I License Agreement =]

To use the software, please confirm that you agree to the Muehlhaus license agreement:

‘9‘ C:/ADS_Projects/designkits/Inductor_Toolkit_Generic/license license_agreement.pdf

Do you agree to the Muehlhaus license agreement?

ves [ )1=)| ™ cAADS_Projects)designkitsiinductor_Toolkit_Genericlicense\license_agreement.pelf

> 0 Inductor_SGI5_ca_dev_wrk
> 03 Inductor_SG25H_oa_dev_wrk
23 Inductor_SGB25_oa_dev_wrk
> 3 Relase 5G25H_ca_wrk

> B2 Release BI1HFC wrk

> 3 Release_Generic_wrk

> 03 Release_5G13_oa_wrk

> B Release_5GB25_oa_wrk

> 3 test_relase_SG13oa_wrk

> £ test_release_5G130a_ADS2017_wrk
1 test rlemee. 525 0n ADSOLT ik DR. MUEHLHAUS CONSULTING & SOFTWZ2
> 3 test_release_SGB25Voa_ADS2017_wrk FOR |NDUCTOR TOOLK'T

BY INSTALLING THIS SOFTWARE YOU ACCEPT ALL1
This Muehlhaus Consulting & Software GmbH ("M
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ADS2017
To create a new workspace that uses Inductor Toolkit, use File > New > Workspace
Click on the “Show advanced” button, enable the “Use technology compatible with other IC

tools” option and enable “Set up layout technology immediately after creating the library”.
Then, click the “Change Libraries...” button to enable the Inductor_Toolkit_Generic PDK.

I
= —y Waos (]
I Mew Warkspace == |
‘ou can also change this selection after the workspace is created,
=

W) New Workspace

Mote: A PDK is a type of library. All library management commands also apply to PDKs.
* Create a new workspace to contain your work.

Name: test_inductor_wrk “ ADS Libraries
- - > [¥] Anslog/RF SHPEESOF_DIR\oalibs\analog_rf.defs
Createin:  C:ADS Projects (o > [@] DSP SHPEESOF_DIR)\oalibs\dsp.defs

Library Name: test_inductor_lib 4 [ Site Libraries

> O] DemekKit SHPEESOF_DIR\examples\DesignKit\DemokKith...

Technology Interoperability > [] DemekKit_Non_Linear SHPEESOF_DIR\examples\DesignKit' Demokit_...

Use technology compatible with ADS only 4 User Favorite Libraries and PDKs
B Use techniology compatible with other TG tools [7] Inductor_Toolkit_Generic CAADS_Projects\designkits\Inductor_Toolkit_...
= » [ Inductor_Toolkit_5G12_ca CAADS_Projects\designkits\Inducter_Toolkit_..

> [ InductorModelFit SHOME\designkit_2017\InductorMedelFit\lib....
> [] Inductor_Toolkit BITHFC  C\ADS_Projects\Perforce\Volker_x3500_ADS\L..
» [] Inductor_Toolkit_5G13_ca  CAADS_Projects\Perforce\Volker_x3500_ADS\L...
> [ Inductor_Toolkit_SG25H_oa CAADS Projects\Perforce! Volker_x3500_ADS\L..
> [ Inductor_Toolkit_5GB25V_oca CNADS_Projects'\Perforce Volker_3500_ADS\L..

Set up layout technology immediately after creating the library

A Hide advanced

These are the current workspace settings: > Inductor_Toelkit_Generic CAADS_Projects designkits\Inducter_Toolkit_..
97 Add User Favorite Library/PDK...
= Workspace path: C:\ADS_Projects\test_inductor_wrk /f SO e e
* Included Libraries: ADS Analog/RF, ADS DSP, Inductor_Toolkit_Generic Change Libraries...

Create Workspace H Cancel ]l Help I

Related topics

what is a workspace?

[ oK. ]I Cancel H Help ]

Click the ,Create Workspace® button. The Choose Layout Technology dialog will be

displayed, and you need to select the Inductor Toolkit default technology. This default library
uses ADS IC interoperability mode.

Choose Layout Technology =

Choose Technology for library: test_inductor_lib
You may cancel. If you do, you wil be prompted again when you create a layout or substrate.

|Inductor Generic Layers IC, 0,0005 micren layout reselution
Create PCB Technology

Standard ADS Layers, 0.0001 mil layout resclution

Standard ADS Layers, 00001 millimeter layeut reselution
Standard ADS Layers, 0.001 micron layout resolution
Custom (opens new Technology dialog)

Don't setup layout technology now (cancel)

[7] Copy technology into new library instead of referencing it

Back Bnsh | [ Cancd | [ el

When you press finish, the Inductor Toolkit license agreement PDF document will be shown.
After you have agreed to that, you can start using Inductor Toolkit.
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License File

Inductor Toolkit comes pre-configured with an evaluation license. The license file is located
in the license directory in the PDK, e.g.

C:\designkits\Inductor_Toolkit GPDK\license\license.lic

You can check the license information from the Inductor Toolkit menu item

"Toolkit version and license information...”

which brings up a dialog window with all license information. The license expiration date is
shown in format DD/MM/YYYY.

Information Message @
f 3 | RFIC Inductor Toolkit
L ! 4 (c) Dr. Muehlhaus Consulting 8 Software GmbH
Generic Version, technology can be customized

Date: 05 August 2017
Revision: 1.8.0

LICENSE INFORMATION
Customer: Public demo

License: Evaluation (any host)
Product: Inductor Toolkit Generic
Expiration date: 31.03.2018

SYSTEMID
'586-4C52'

For more information:
www.muehlhaus.com

License Installation, License Upgrade
If you have purchased an Inductor Toolkit license, you need to manually replace the

license file. Copy the new “Inductor Toolkit Pro” license file into the license directory in the
Inductor Toolkit PDK path, e.g.
C:\designkits\Inductor_Toolkit_GPDK\license\license.lic

and overwrite the existing license file. Delete or rename any other *.lic file in that directory.

You must not have multiple *.lic files in the license directory, because that will cause
license detection problems!
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How it works

Here is a brief overview of the method, so that you can use Inductor Toolkit efficiently.

To synthesize an inductor, you first specify the required layout option and your target value
for inductance, along with the geometry limitations. With this data, possible parameter
combinations are calculated, which all result in this inductance value. Some parameter
combinations are dropped, because they are not physically possible with an inductor
diameter that is too small to draw a valid layout, or too large for the given size limitation. Only
those parameter combinations are used that enable a valid layout for the given target
inductance.

Next, a scalable layout cell is EM simulated with these valid parameter combinations. EM
simulation is done with Momentum RF mode, with a default mesh setting that is fast and
reasonably accurate. The EM simulations use different parameters, but the same
parameterized emModel, which is predefined in the PDK for different inductor topologies
(octagon or square, with/without center tap, normal or stacked metal, with/without ground
shield). The advantage of using an emModel is that existing results are stored in a database,
and can be reused for the same set of parameters, or reused for interpolating values that are
close.

Now that different results over a range of possible implementations are available, the data
display template (evaluate_batchsweep) will plot inductor parameters for all these results,
and pick the geometry that has performed best. Best performance is defined as the best Q
factor at the frequency of interest. This frequency of interest is set by the user, with a slider
on the data display.

Now the best implementation is selected, but the inductance might not be exactly the desired
value at the frequency of interest. To adjust the value, the difference between target
inductance and simulated inductance is calculated, resulting in the new, final inductor size.
Also, the conductor width is fine tuned, based on the performance of different conductor
width in the batch simulation step. With the final dimensions, another EM simulation is
started. After that simulation is finished, the final electrical parameters and geometry
parameters are shown (evaluate_finetune). The fine tune step can be repeated iteratively, if
the calculated inductance is not close enough to the target value. If you wish, you can define
separate EM simulation settings for the fine tune step, to make this more accurate than the
initial batch simulation.

Up to this point, all simulations had been done on a parametric layout, with parameters
supplied as data tables. Now that we have determined the best dimensions, a “static” layout
cell with that exact geometry can be created.

Also, for geometries without ground shield, an equivalent circuit model can be fitted to the
EM simulated data. This uses the ADS optimizer, but it is highly automated, so that you don’t
need to set up anything yourself. You only need to start the optimizer and save back the
optimized results. Results are shown in the data display (inductor_parameters_2port) and
also written to a Spectre netlist file! (*.scs) in the workspace data directory.

1 This netlist output is programmed specifically for this data display and this equivalent circuit model in
Inductor Toolkit, so it cannot be used with other input data.

10
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Getting started

This chapter describes the synthesis process, without looking “behind the scenes” of the
underlying technology. If you are interested, those details can be found later in this
document.

Inductor synthesis is done from the “Inductor Toolkit” menu that you can find in the ADS main
window.

W Advanced Design System 2017 (Main)
File View Options Toels Window DesignKits DesignGuide | Inductor Toolkit GPDK | Help

1: Set layout option 3

Wi W7 HR>mES

Inductors symmetric > Octagen diff.

File View | Folder View | Library View |

4 [w] CMNADS_Projects\test_inductor_wrk
& il Inductor_EM_Madels_lib

I“ test_inductor_lib

Read-Only Libraries

ADS Libraries

AEL Files

Config (cfg) Files

Data Displays

Datasets

Hierarchy Policies

Layer Preference Files

Library Definition Files

Ve Eiler

S

2: Set target value

3: Sweep parameter combinations
4: Fine tune inductance value

5: Create lumped model (optional)

6: Create inductor cell in library
Show synthesis history (log file)

Settings
User's Guide
Tutorial - Getting Started

Toolkit version and license ...

Inductors single ended

(no layout option set)

»

Qctagon diff. centertap

Qctagon diff. groundshield

Qctagen diff. groundshield centertap
Qctagen diff, stacked

Qctagon diff. stacked centertap

QOctagon diff. stacked groundshield centertap

Round 'pH' single turn (N=1) centertap
Round 'pH' single turn (N=1) stacked centertap

Square diff.
Square diff. centertap

The menu structure is based on the synthesis workflow steps. These must be followed

exactly in the given order, without skipping a step in the middle. The only exception is the
optional step 5, equivalent curcuit model fit.

€L<EC<CECKC

» Choose inductor layout option (with/without center tap, ground shield, ...)

implementations.

e Specify target inductance and geometry limits. The software synthesizes possible

~\

* The software runs fast EM simulations on possible implementations and shows results.
After selecting the target frequency, the inductor with the best possible Q-factor for that
frequency is found.

J

.
¢ Fine-tune simulation is run to tweak the inductance value for the given target frequency.
Results and optimum geometry data are shown.

J

e Optional: An equivalent circuit model (*.scs) for SPICE simulation is created

o

* The ADS cell for that optimum geometry is created with layout and schematic view

11
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Step 1: Set layout option

Synthesis starts with the choice of an inductor geometry. Depending on your licensed option,
you can choose from different octagon geometries. Layout choices might also include some
foundry-specific options, that match the foundry’s inductor Pcells.

Inductor Toolkit GPDK | Help

1: Set layout option L4

2: Set target value

3: Sweep parameter combinations
X X (no layout option set)
4: Fine tune inductance value

5: Create lumped model (optional)

G: Create inductor cell in library

Show synthesis history (log file)

Inductors single ended ¥

Inductors symmetric 4 Octagon diff.

Octagon diff. centertap

Octagon diff. groundshield -
Octagon diff. groundshield centertap

Octagon diff. stacked

Octagon diff. stacked centertap

Octagon diff. stacked groundshield centertap

Settings 3 Round 'pH' single turn (M=1) centertap
User's Guide Reound 'pH' single turn (M=1) stacked centertap
Tutorial - Getting Started Square diff.

Toolkit version and license ... Square diff. centertap

Here is a brief description of the layout choices. More details and pictures can be
found in chapter “Layout Options - Inductor Pcells”.

Octagon diff. is an 8-sided inductor on a single metal layer, with two pins. The layer for that
inductor is usually is the topmost thick metal layer, this is configured in the the technology
file. Synthesis is done for full turns, where both feedlines are located on the same side.

Octagon diff. centertap is similar to Octagon diff., but includes a center tap (port 3).

Octagon diff. groundshield is similar to Octagon diff., but with a patterned ground shield on
the lowest metal level (usually Metall). This ground shield attracts the electric field that
would otherwise couple to the lossy substrate. Connection to that ground shield is made
through an additional pin. When grounded, this increases the shunt capacitance, but short
circuits the lossy R||C shunt path in the substrate.? Note that there are some patents around
related to inductors with patterned ground shields.

Octagon diff. groundshield centertap is similar to Octagon diff. groundshield, but with a
center tap.

Octagon diff. stacked is similar to Octagon diff., but with stacked metal on two metal layers.
Usually, these layers are the two topmost layers with thick metal. Compared to the regular
octagon, this inductor has less resistance at low frequencies, but an increased capacitance
to the substrate, so that the frequency of maximum Q is lower. Use this geometry when the
Q factor is limited by ohmic conductor loss.

Octagon diff. centertap stacked is similar to Octagon Diff. stacked, but with a center tap.
Square diff. is similar to Octagon diff., but for square inductor shape.

Square diff. centertap is similar to Square diff, but includes a center tap (port 3).

2 Yue, C.P.; Wong, S.S., "On-chip spiral inductors with patterned ground shields for Si-based RF ICs,"
Solid-State Circuits, IEEE Journal of , vol.33, no.5, pp.743,752, May 1998, doi: 10.1109/4.668989

12
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Square single ended is a regular square inductor (not symmetrical) with four different
orientations of the underpass. This can be set by specifying fractional number of turns in
steps of 0.25. See chapter “Layout Options - Inductor Pcells” for more details.

Step 2: Set target value

Next, we need to set the target value. This brings up a window where the required
inductance value and geometry limits are specified. Note that the target frequency is not yet
specified here — that will be done later. In this first step, all inductors are synthesized based
on their DC values, and the best inductor for a given frequency will then selected in step 3.

Enter desired inductance value [H]

L_target:Zn

Enter geometry limitations, dimensions in [um]
WOIN_min=1 [=ON_max=5 N_step:1
Wiw_min=5 [=elllw_max=30 w_step:automatic
Wils_min=5 [=olils_max=5 s_step:S
bl Dout_maxsize=500

Number of synthesized geometries: H QOctaDiffTap
0° +0.00 turns

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

The target inductance is the inductance that you want to obtain at your frequency of interest.
Although the initial geometries will be synthesized for inductance at DC, there will be an
automatic fine tuning later that adjusts the inductance for your design frequency.

The geometry limitations specify what layout you want to build, or what the process related
limits® are. You can specify a range for the number of turns, for the conductor width and the
gap size.

For the width, the step size can also be defined as “automatic”. This will generate four to five
log-spaced width values between the specified minimum value and the maximum possible
width for this parameter combination. Automatic step size is only available for width, all other
parameters require a numeric input.

Of course, you also need to specify the maximum inductor diameter that is acceptable in
your design. Large single turn inductors usually perform better than small multi-turn
inductors, but they are expensive in terms of die area, so you will need to set your design’s
limit here.

3 Values are checked against the limits in the inductor toolkit’s technology.ael file.
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Finally, for inductors with patterned ground shield, there is a hidden setting “w_shield” for
shield width. This can be found on the “equations” tab of the input form. Don’t use too small
value, because Q factor is surprisingly insensitive to the width of the ground shield strips, and
inductors with wider shield strips simulate much faster.

At the bottom of the input form, you see the field “Number of synthesized geometries”
which gives feedback how many inductors conform with your requirements. A good
number is around 5-10 inductors, which covers a reasonable range of geometries. It is
usually not necessary to set values which lead to 20 or more inductors for simulation, which
can take a long to simulation all the geometries.

There is no need to have very fine steps in the width or spacing. For conductor width, the fine
tuning step will automatically find the optimum value by interpolation from the batch
simulation results. For spacing, you can usually go with a small value, near the minimum
design rule value. If the design rule requires min spacing 2.0pm, you can specify 2.1um to
ensure DRC clean layouts.

When you have made your settings, you can close the window. The synthesis data is stored
in the background automatically, but your input data is not. If you want to come back later
and refine your target value or geometry limitations, you can to save the *.dds form with your
settings. You can save to the standard form (set_target value.dds) which is located in the
inductor synthesis PDK directory, or to some other filename in your workspace. Whenever
you re-open that *.dds file, it will automatically store new synthesis parameters, and overwrite
previous parameters.

Step 3: Sweep parameter combinations

In this step, different geometry implementations are EM simulated. They all conform to the
specifications made in step 1, and based on the EM simulations, the best geometry is
selected. In this case, “best” is selected based on the Q factor at the target frequency.

If you run this for the first time, Momentum might* need to calculate the substrate
functions, which takes some time. This is only needed once, and the pre-computed
substrate file is reused my Momentum for future simulations.

When the EM simulation is finished, a data display template is opened that shows inductor
parameters of the simulation results. The synthesis target frequency (design frequency,
frequency of interest) is set with the slider at the top of the page. Notice that the “best’
inductor will change, depending on the frequency that you have selected. The plots show the
differential® inductance, differential Q factor and differential resistance for all simulated
geometries, with the “best” inductor results highlighted. The geometry value for the best
inductor can be found on the bottom right, along with the differential L,Q,R values at the
frequency of interest.

4 Pre-calculated substrate functions are included in the PDK, and will be copied to the workspace if
there is no substrate directory in the workspace. This check is done when the Inductor Toolkit PDK is
loaded, and when a workspace is opened that uses Inductor Toolkit. However, if the substrate
directory already exists in the workspace, that directory is not changed and no files are copied.

5 Differential values are obtained for differential excitation. This is the typical use case. These numbers
are different from the single ended results (measured into one port, with the other port grounded).
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Difierential inductance

;. 15000 Setthe slider to the desired target frequency.
E The inductor with the best Q factor for that frequency is selected, and results plotted.
T 10000 You can find the corres ponding geometry data below.
i E
E 5.000n-] If the result matc hes your requirements, proceed to fine tuning of the inductance value.
S ] schematic menu "Inductor Toolkit > Fine tune inductance value”
E% 000003 If the resultis not yet satisfactory, go back to the beginning and modify your geometry limitations.
&
%. £ m::mi Set marker to frequency of interest
< 1 m& m5
3 oo [ | [rea=2.400GHz]
E | 1 I I 1 I I 1
- ] a 5 10 15 0 i 0 35 40 45 50
15000 T A N A R S | )
] 5 5 20 25 3 CL It 45 5 freq, GHz
freq, GHz
Difisrential G factor Best Qdiff at frequency of interest Layout | Dmb'mapl
Qdiff= | 8.561‘ a ‘ 2 ADD| GHz
. . i 1.960) 3.000)
E g Ldiff{nH)= R DG (Ohm)=
. & sd
g [ Z000]
U I =
£ E 7 356.960] ) 256 960
S E ]
8 8 . 30.000
w{m)=
T 1 1 1 L I Y S N N N N N
5 5 20 25 30 3 40 45 K 5 5 20 2 M 35 4 45 K _ =000
freq, GHz freq, GHz s(um)=

E fiective series resistance

=

=
g 4] Top list sorted by Q factor
£ 1
wEg 12— N_sor=d
g% - 1.7
g 10
gE ]
25
s 5 £
X 7]
a &
= 1.
5 4
4 i

2]

o 1 A N N R S |

& L] X P 3 &} 4 45 &
freq, GHz

We can see that for 10 GHz, the inductor with a medium metal width performs best, giving a
compromise between conductor losses and substrate losses.

Note that all inductor values are close to the 2.0 nH target at DC, but then value increases
with frequency, depending on the actual geometry and resulting self resonance. At the target
frequency 10GHz, the top inductor with highest Q factor has 2.36 nH.

In the next step, the inductance for this geometry is fine tuned to have 2.0 nH at the target
frequency (instead of DC).

. 5.000n
4.000n

3.000n

_mb5_index, ]
sim

il

2.000n

Ldiff_sim

1.000n

0.0000

Differential inductance

/

o

I f f f f f
5 10 15 20 25 30 35

freq, GHz

40 45 a0

Notice also the “top list” of inductors at the bottom of the page, listing the geometry
parameters of the inductors in order of Q factor. This might be useful to identify
implementations that are almost as good as the best candidate, but somehow preferred for
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smaller diameter or other reasons. It also gives a good idea for trends if you want to refine
the geometry sweep paramaters.

Top list sorted by Q factor

Q_sorted N_sorted dout_sorted w_sorted s_sorted
11.463 2.000 291.370 12.250 5.000
11.121 2.000 330.860 19.170 5.000
10.362 3.000 218.090 12.970 5.000
10.039 2.000 263.860 7.830 5.000
10.006 3.000 184.720 8.050 5.000

8.805 2.000 386.960 30.000 5.000
8.538 4.000 146.550 6.000 5.000
7.868 3.000 162.210 5.000 5.000
7.756 2.000 244.960 5.000 5.000
7.738 4.000 138.450 5.000 5.000

Step 4: Fine tune inductance value

After sweeping the geometries, the best performing inductor was found, but it still needs
some tweaking to reach the exact inductance value at target frequency. This is now done in
step 4.

Inductor Toolkit GPDK | Help

1: Set layout opticn 4
2: et target value

3: Sweep parameter combinations
4: Fine tune inductance value

5: Create lumped medel (optional)

6: Create inductor cell in likrary
Show synthesis history (log file)

Settings L4
User's Guide
Tutorial - Getting Started

Toolkit version and license ...

The data display from step 3 has automatically evaluated results for different widths, and
calculated dimensions for that fine tune layout. When we choose “Fine tune inductance
value” from the menu, that tweaked layout is simulated and results are shown in a new data
display window.
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15.000—
- 1000 Electrical parameters of synthesized inductor:
I . i
= ]
e ] 205
£ soond Ldiff(nH)=
2 ] — at 10.00 GH;
3 ]
fim} -5.000n - 10.71
1 R RF (Ohm)=
-10.00n-

f{GHZ)

T T T T T T T T T
] 5 1 15 20 25 30 35 40 45 50

//
¥

Differential & factor

i

o
=]

at

R DC (Chm)= | ‘*g”|

‘ ‘IDEIEIMH7_|

26.1

Estimated SRF GHz for differential mode

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:

OctaDiffT:
Layout option rad! ap' 'I!

f{GHz) Number of turns N=

7 280.10) ) 71936
T 18 Quter diameter Do(um)= Inner diameter Di(um)=
é 16|
- A _ 14 9§
E 12—
. ) 5.00]
2 10+ spacing(um)=
g o]
5
o ]
= B
= 4—
2 ]
=
w -

T T T T T T T T
] 10 1 20 -] a0 kL 0 45 50

f{GHZ)

The inductance was automatically adjusted by changing the diameter from the initial 291um
to 289um, with a an optimized width of 15um instead of 12.2um. With that change, the
inductance is now very close to the target value, at the target frequency.

For frequencies that are too close to the self resonance frequency, where the inductance
changes rapidly with frequency, the fine tune step might have difficulties to exactly match the
target inductance, but it should be reasonably close.

If needed, the fine tune step can be repeated, to iterate closer to the target inductance.

If you wish, you can define separate EM simulation settings for the fine tune step, to make
this more accurate than the initial batch simulation. This is optional, and is done by defining a
cell with a specific name prefix. By default®, that name prefix is “finetune”.

Example: if the cell with the regular emModel is named “emModel_octa”, then the name of
the optional finetune cell is “finetune_ emModel_octa”. Inductor Toolkit will check for that cell
name, and use the cell if it exists. Otherwise, it will use the same cell that was used for batch
sweep.

6 The prefix that identifies optional separate cells for the fine tune step can be configured in the
preference file: <Inductor Toolkit PDK directory>/ de/ael/ preferences.ael
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- W g '\HU}_I"[UJEL Leid UL e U ';l"‘ul'l_'r' '\'\'Urﬂbpﬂlﬁ‘f_wrﬂ.
a JIN Inductor EM_Models_lib
€ | batchsim_2port

La]

batchsim_3port_centertap

Lg]

batchsim_3port_groundshield

L3]

batchsim_dport_centertap_groundshield
circuitmodel_2port Regular cell used for
circuitmodel_3port batch sweep, and also
used for fine tune if the
optional finetune cell
does not exist.

La]

La]

Lg]

emModel_octa <

L3]

emModel_octa_centertap

La]

embfodel_octa_centertap_groundshield

La]

emModel_octa_centertap_stacked

Lg]

emModel_octa_groundshield

L3]

emModel_octa_stacked

La]

emModel_pH_singleturn_centertap

La]

emModel_pH_singleturn_centertap_stacked

Lg]

emModel_square_diff

L3]

emModel_square_diff_centertap

Optional finetune cell

_ imm':'d‘e'-sq::rj-fmgle with independent
inetune_emModel_octa emModel settings used

finetune_emMeodel_octa_centertap only for fine tune

La]

La]

Lg]

L3]

fit_circuitmodel_2port

La]

fit_circuitmodel_3port

La]

multisweep_create_cache_data

Please note that by default, the optional finetune cell is only defined for a few geometries, to
show you the method. If you wish to use these optional finetune cells, please create them by
copying and renaming the regular emModel cells, and then change the EM mesh settings
according to your preferences. Some guidelines can be found in chapter “emModel/emSetup
settings that determine the EM accuracy” at the end of this document.

Up to now, all simulations where done with parameterized emModels. To create a new
“static” layout cell for this optimized inductor, we can proceed to step 6: Create inductor cell
in library.

Only if we need an equivalent circuit model (ADS schematic and Spectre netlist), we need to
do the optional step 5 “Create lumped model (optional)”
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Step 5: Create lumped model

After calculating the “best” dimensions, we might want to have an equivalent circuit model for
use in external simulators, including a Spectre netlist (*.scs file).

This optional step is described here. Note that lumped model creation is not yet supported for
inductors with patterned ground shield.

When you click on “Create lumped model”, a schematic for optimization will open. The
schematic is set up for ADS optimization, to fit an equivalent circuit model to the EM
simulated data. You don’'t need to make any changes, the various fit parameters and goals
and frequency settings are already configured for your inductor.

If optimization does not start automatically, please start it manually by clicking on the
optimizer button or choosing “Simulate > Optimize” from the menu.’

el 3portischematic] * (Schematic)8 | =5 E=E =

Simulate Window Dynamiclink DesignGuide Help

uitmodel_3port [Inductor_EM_Models_lib:fit_c
elect View Insert Qptions

‘The coupling factor KL is determined fromthe fine tune simulation,
‘which has bt differert ial use and “half Inductor use. GoAL
‘The value calculated from thess results is Used here,

‘withott further opt

Select: Click and drag to select. Oitems device:drawing 1375,3625 1375,3625

When the optimization has finished, close the optimizer cockpit and update the
schematic with the optimized values®.

After a few seconds of postprocessing time, ADS will bring up a data display that shows two
curves for each parameter: the EM simulated data and the result of the equivelent circuit
model fit. If you are satisfied with the agreement, no further action is needed. Otherwise, go
back to the optimized and try to find a better fit.

7 Optimization will start automatically if lumpedmodel_start_optimizer is set to TRUE in the inductor
toolkit preferences.ael file. This file is located at <Inductor Toolkit PDK directory>/ de/ael/
preferences.ael

8 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.
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.
1 & Optimization Cockpit

Iteration 50/50 Elapsed tine:3m495  Stopping reason:

Optim1
Gradient [ Iteration limit reached

StartTuning [v| |Edit variables...| 7 goals

| Status

:

: Variables

5 15 varabies

| states

:

:

|

|

Coxi

Cox2

: Cox3

3

. Cp

] cp2
Csubl
Csub2
Csub3
Lhalf
Lk
Rk
Rs
Rsubl
Rsub2
Rsub3
k

Close

63.2516e-15

66.164e-15

59.207e-15

11.9113e-15

63.8619e-18

25.1717e-15

24.225%e-15

24.7252e-15

584.942e-12

213.388e-12

0.503205

4.58118

953.212

1.02071e3

681.385

0.0503049

A Optimization Cockpit [x3s]

Before dosing the codkpit:

Update the Design

Goals

Error:  0.0207045

Error history

[=&]==]

Edit goals...

Goal contributions

OptimGoall = s11dp+s21dp+s12dp+s22dp

*

Don't Update the Design

{1

& Update Design

Ttems to update:

[ Algorithm
[] Geals
Variables

/m
OptimGoal? = Lratio

Error

OptimGoals = Rratio

- Error
A
e Contributions
> e
R D B
OptimGoal1d = fit_Lkffit Ls
Error
* I

=]

m

Plots show the comparison for differential L,Q,R and shunt capacitance and shunt esistance
and single ended S11. The equivalent circuit model parameters are found in the bottom right

table.

The data display is configured to automatically write an *.scs netlist for Spectre to the

workspaces “data” directory, using these values.

The values are also used to create an additional ADS schematic view in step 6, Create

inductor cell in library.

Important: When you start “Create lumped model” from the menu, this will reset all
parameters to the starting values, and overwrite previous optimization results. If you
want to re-open the schematic without resetting the values, open it from the ADS file browser
and not from the Inductor Toolkit menu!
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Lumped model topologies

There are two equivalent circuit model types, with and without center tap. In this release,
equivalent circuit models are not yet available for patterned ground shield inductors.

Inductor without center tap (2 ports):

Dr. Mihlhaus Consulting & Software GmbH

c
c4
c=Ccp
3y
A
c
5
C=Cp2
N
71
PRL
oy L R PRLI o
L1 R=RK
R=k'Rs L R i R=k*Rs
L=k"Ls E—}S U-2K) R=Re1-ZK) a L=k"Ls
™
P - - pa
Mum=1 [odr] [ok] Mum=2
7 C=Coxd = C=Cong
PRC PRC
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Inductor with center tap (3 ports):
[ O C
c4 cs
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Step 6: Create inductor cell in library

After the optimized geometry parameters are calculated, we can create a library cell with
these inductor parameters. From the menu, choose “Create layout cell”. This will identify the
inductor layout that was specified in step 1, the dimensions calculated in step 4 and
(optional) the equivalent circuit model parameters, and create a new cell.

The cell has layout view (instance of layout Pcell with the calculated “best” parameters),
schematic view (pointing to the S-parameter results) and symbol view.

If the (optional) equivalent circuit model was fitted in step 5, the cell also includes a second
schematic view (schematic_lumpedmodel) with an instance of the equivalent circuit model
and the fitted parameters. This can be used for ADS feature Dynamic Model Selection °.

I Advanced Design System 2017 (Main) B OctaDiffTap_2n0 N2 w15 s5_d289 [test inductor lib:OctaDiffTap 200 N2._...[ = || @[] == | x
File Fdit Select View Insent Options Tools Schematic EM Window >
R el — I
wivw B B D>W=S NEH& b X9 W2 & - (][
Libr View = % —————
File View Folder View ibrary View E;Y?a- I,*ld!ﬁ & |\’\ \xf O-l J__ \ ms‘angg‘dyawmg - Jr @ 9 &
4 [W| C:\ADS Projects\test_inductor_wrk — — = . =
11 Inductor_EM_Models_fib & EEev i B OE @S

4 1IN test_inductor_lib
4 €] OctaDiffTap_2n0_N2_wi5_s5_d289
B tayout @ iy

Parts a8 %

B schematic

[ schematic_lumpedmodel
symbol

circuitmedel 3port

Read-Only Libraries

ADS Libraries

AEL Files

Config (cfg) Files

Data Displays

Datasets

Inductor Toolkit -

o

i

Hierarchy Policies
Layer Preference Files ||
<q o || s o
Librarv Definition File:
§47 OctaDiffTap_2n0_N2_wl5_5_d280 [test inductor lib:OctaDiff Tap_2n0_N2_wi5 5 d28:ischematic] | - || o
STack
= i he @) o & L [otig)
ﬁ,HEﬂ hxgc “@“—e‘ﬁ&?(g O":VAR
Parts & X

@ iy < n >
Search all librarie: T 5 0items instance:di 270.0000, 265.0000 270.0000, 265.0000 um

Inductor Tookit - L
Synthesiz| | givorr || derorr
Licensed
oerowr || aer o License fy e
. sing | 18
L=20nH
Q=120 o || e
SRF= 26.] | s || scron
Date: Mor
||

natic_lumpedmedel] (Schematic)1:

RACTHE -9

= 3
||t
2a owr (| 5o o
<ThekeD || STAcKED

Num=3
87 OctaDiffTap_2n0_N2_w15_s5_d289.s3p"

Selert: Click and dran tn select N iteme Aevice deawin

This cell will be created in the first writable library of the workspace (excluding the
inductor toolkit libraries). The name of the cell tells about the geometry parameters. If you
look at the Pcell properties, you will notice that an inductance value is reported there. That
approximate value is calculated inside the Pcell with textbook equations, and can be ignored
because we have already EM-simulated the accurate value.

9 If you place the symbol for this cell on a schematic, the simulation will default to the schematic view,
which in our case holds the S-parameters. You can switch the simulation to use the
schematic_lumpedmodel view by right clicking on an instance on the schematic, and select
Component > Choose View for Simulation... from the right mouse button menu. See ADS help topic
“Dynamic Model Selection”.
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Using the new inductor cell in your ADS designs

In step 6, an inductor cell was created in your workspace library.

After creating the inductor cell, do we need the Inductor Toolkit library to use that cell?
The answer is: NO.

The layout is flattened to polygons, so that it no longer references the Inductor Toolkit layout
libraries. If you have created an equivalent circuit model for the inductor, the required circuit
model schematic (circuitmodel_2port or circuitmodel_3port) is copied to your library. So for
all this, no reference to the Inductor Toolkit libraries is needed.

Advanced Design System 2017 (Main)
File View Options Tools Window DesignKits DesignGuide Inductor Toolkit GPDK

Wi B BB>EES

| File View | Folder View | Library View |

4 W] CMNADS_Projectsitest_inductor_wrk
+ Bl Inductor_EM_Models_lib
4 1l test_inductor_lib
4 [€] OctaDiffTap_2n0_N2_w15_s5_d289
layout

@ schematic

@ schematic_lumpedmodel

{:3' symbaol l/)
4 €] circuitmodel 3port &

@ schematic

‘[>' symbol

> Read-Only Libraries

If you want to run your own EM simulations on this layout, you can easily do this if the
Inductor Toolkit technology library (or if you used another tech library during synthesis, that
tech library) is referenced in your workspace library.

4 W] CMADS_Projectshtest_inductor_wrk
> 1l Inductor_EM_Models_lib
4 I test_inductor_lib
4 [€] OctaDiffTap_2n0_N2_wl5_s5_d289

layout
@ schematic
@ schematic_lumpedmodel
‘[>' symbol
4 €] circuitmodel _3port
@ schematic
{>‘ symbol
4 Read-Only Libraries
4 jli Inductor_Generic_Layers_IC_lib -
. GPDK180.subst
> ili Inductor_Shapes_lib
> ADS Libraries
AEL Files

Technology Setup

View Technology for this Library: Ehest_induchor_lib

Referenced Libraries Layout Units
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Using the new inductor in Cadence

To use the synthesized inductor in Cadence, you need to take the layout and the Spectre
model to Cadence. This is described below.

Import inductor layout to Cadence

Open the layout view of inductor cell that you created in step6. In the ADS layout window,
select File > Export and create the GDSII (*.gds) layout file. By default, this is stored to the
“mfg” directory in your workspace.

N “ Layers

.:‘ & i
2
File type fin
|eDs1 stream Format - | el
Destination file J
\OctabiffstackedTap_On30_MN2_w&_s3_d123.gds | Browse... | 2
View file after export
R N |

Move that GDSII file to a location where you can access it from Cadence, and import it into a
new layout cell. This is your layout view in Cadence.

Schematic view for simulation in Cadence

Besides layout, we also need the equivalent circuit model *.scs for the inductor. Inductor
Toolkit creates this *.scs file in the “data” directory of your workspace, with the same base
name as the layout. Copy this to a location where you can access it from Cadence.

To access the *.scs model file from your schematic, you need a schematic symbol that
references the *.scs model. This is described below.

Step 1: Symbol view

Create a symbol view in the same cell where you have imported the *.GDSII layout, and
draw the symbol graphics with the required number of pins. For the *.scs models from
Muehlhaus Inductor Toolkit, the symbol needs 3 pins (2 inductor terminals + ground
reference) for the regular inductors and 4 pins (2 inductor terminals + centertap + ground
reference) for the inductor with center tap.

Step 2: Spectre view

Make a copy of the symbol that you have created, and call the new view “spectre” instead of
“symbol”.

Start the CDF editor from the Cadence main window (CIW) and open the cell that you have
created. Open the base CDF and add a component parameter model as a string parameter,
with the settings shown below:
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< Edit CDF

Scope CDF Layer }
w Library & Base Library Mame  testZ n \ed File Mame
& Cell W User

. Load Save CDF Dump
Ceteawe | CeiNeme  [inductor_cencerter [

Callback Setup
Farm Initialization Procedure Farm Daone Frocedure ‘
Component Parameter Simulation Information Interpreted Labels Other Settings
For viewing/modifying different component parameters 4 |4 b4
Hame | Prompt | Type | DefaultValue | Display Condition | Callback | Use Condition | Don't Save Condition |

=Click to add=

model name

Default Value Store Default | no ' Parse as CEL no H
Editahle Condition Parse as Mumber |no n
Units don't use '

Cancel ;, Apply Help

Click "Apply" and change to the “Simulation Information” tab of the dialog.

In the termOrder field, enter the pin names (as defined in the symbol). The pin names must
be enclosed in “quotes”.

Set the otherParamaters field to: model

X Edit CDF

Scope CDF Layer _
< Library ® Base Library Mame M ) File Name
& Cell w User

. Load Save CDF Dump
D | ColNane  [inwercenteriap [

Callback Setup

Form Initialization Procedure Farm Done Procedure ‘
Component Parametar Simulation Information Interprated Labels Other Settings

Choose Listing & By Simulator . By Property spectre n

netlistPracedure otherParameters nodel

instP arameters campanenthame

termOrder "LA" "LE" "TAP" "REF" termbdapping

propkdapping stringParameters

opFaramExprList optParamEx=prList

modelParamExprList

Cancel | Apply . Help

Click “OK” to save your settings.
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You have now created a symbol with one parameter (“model”). When you place this symbol
on the schematic, set the value of parameter “model” to the name of the actual name of the
model subcircuit from your *.scs file.

This is the name of the model subcircuit, not the filename. The difference is that the
filename has suffix “.scs” but the subcircuit model name has not.

This will netlist your new symbol with the model name as set in the symbol parameter
“model”.

To simplify your work, we can also provide a fileset with these two cells, which you can copy
into your library. Please contact support@muehlhaus.com.

Step 3: Add *.scs file to ADE library path

Finally, for simulation with Spectre you need to add the path to the *.scs netlist file in ADE,
using the ADE menu command Setup > Model Libraries. That’s all, you are ready to simulate
now.
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Layout Options - Inductor Pcells

The Inductor Toolkit includes a set of layout cells in library Inductor_Shapes_lib, which are
based on AEL code. By default, these layout cells are used for inductor synthesis, but with
some customization, other layout cells could be used as well. Drawing layers are determined

by the technology setup in Inductor Toolkit's PDK directory
<ToolkitDir>/configuration/technology.ael

Octagon differential (ind_diff_2port)

This is a symmetric octagon inductor with 2 pins/ports, without center tap. The number of
turns can be set in full turns.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer
Via layers used: via_layer_spiral_crossover

2

%\
§
|
|

iz

Octagon differential centertap (ind_diff_3port)

This is a symmetric octagon inductor with 3 pins/ports, where port 3 is the center tap. The

number of turns can be set in full turns.
For even number of turns, the center tap is on the same side as the inductor terminals. For

odd number of turns, it is on the opposite side.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer, underpass_layer, underpass2_layer
Via layers used: via_layer_spiral_crossover, via_layer_crossover_underpass,

via_layer_underpass_underpass2
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Octagon differential stacked (ind_diff_stacked_2port)

This is a symmetric octagon inductor, similar to ind_diff_2port, but with stacked metal on two
layers.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer
Via layers used: via_layer_spiral_crossover

X4

d_di ff,stacked,lpof

Octagon differential stacked centertap (ind_diff_stacked_3port)

This is a symmetric octagon inductor, similar to ind_diff 3port, but with stacked metal on two
layers.

For even number of turns, the center tap is on the same side as the inductor terminals. For
odd number of turns, it is on the opposite side.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer, underpass_layer, underpass2_layer
Via layers used: via_layer_spiral_crossover, via_layer_crossover_underpass,

via_layer_underpass_underpass2

X135
find_diff_stacked_3port X4
! diff_stocked 3p
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Octagon differential groundshield (ind_diff_pgs_2port)

This is a symmetric octagon inductor with 2 pins/ports, without center tap. The number of
turns can be set in full turns.

There is a patterned ground shield under the inductor, connected through an additional pin.
The width of the ground shield lines/gaps can be set as a parameter. The inductor
performance is not very sensitive to that width, so it is recommend to use larger values that
simulate much faster ground shields with many narrow thin lines and narrow slots.

For synthesis, the ground shield width is fixed, and not part of the optimization.

T
AR
3

AT A
R
U [

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing, wshield
Metal layers used:  spiral_layer, crossover_layer

Shield: pgs_layer

Via layers used: via_layer_spiral_crossover

The metal and shield layers are defined in the Inductor Toolkit technology setup.

Octagon differential groundshield centertap (ind_diff_pgs_3port)

This is a symmetric octagon inductor between pin 1 and 2, with center tap at pin 3. The
number of turns can be set in full turns.

There is a patterned ground shield under the inductor, connected through pin 4. The width of
the ground shield lines/gaps can be set as a parameter. The inductor performance is not very
sensitive to that width, so it is recommend to use larger values that simulate much faster
ground shields with many narrow thin lines and narrow slots.

For synthesis, the ground shield width is fixed, and not part of the optimization.
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x18

iff_stacked_pgs_}ﬁ

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing, wshield
Metal layers used:  spiral_layer, crossover_layer

Shield: pgs_layer

Via layers used: via_layer_spiral_crossover

The metal and shield layers are defined in the Inductor Toolkit technology setup.

Square differential (ind_square_diff_2port)
This is a symmetric square inductor with 2 pins/ports, without center tap. The number of
turns can be set in full turns.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer
Via layers used: via_layer_spiral_crossover

T

\

==

e

&\\\\\\\\\\

=
-
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Square differential centertap (ind_square_diff_3port)

This is a symmetric sqaure inductor with 3 pins/ports, where port 3 is the center tap. The
number of turns can be set in full turns. For even number of turns, the center tap is on the
same side as the inductor terminals. For odd number of turns, it is on the opposite side.

For even number of turns, the center tap is on the same side as the inductor terminals. For
odd number of turns, it is on the opposite side.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer, underpass_layer, underpass2_layer
Via layers used: via_layer_spiral_crossover, via_layer_crossover_underpass,

via_layer_underpass_underpass2

T

e

b

Square single ended (ind_square)

This is a simple (non-symmetric) square inductor with 2 pins/ports, without center tap.
The number of turns can be set in quarter turns, which sets the exit direction.

Parameters: N=number of turns, D=outer diameter, w=width, s=spacing.
Metal layers used:  spiral_layer, crossover_layer
Via layers used: via_layer_spiral_crossover
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Single turn (N=1) centertap (ind_pH_singleturn_3port)

This is a single turn (N=1) symmetric octagon inductor between pin 1 and 2, with center tap
at pin 3. It does only support single turn layouts, and parameter N is ignored.

This inductor is designed for small values (<500pH) where single turn inductors perform best,
and the other layout shapes might be limited in minimum diameter.

Parameters: N=1 fixed, D=outer diameter, w=width, s=feedline spacing.
Metal layers used:  spiral_layer, crossover_layer
Via layers used: via_layer_spiral_crossover

For this layout, the feedline width is different from the inductor trace width w, so that small
inductor value and small inner diameters are possible. The inductor trace width can be set
through the cell parameter w, as usual. The feed width is pre-defined in the Inductor Toolkit
preference file (see chapter “Preference File”) and defaults to 10 pum.

decl pH single feedline width = 10; // feedline width for single turn picoHenry inductor

®20
ngleturn_stack

Single turn (N=1) stacked centertap (ind_pH_singleturn_stacked_3port)

This layout is similar to Single turn (N=1) centertap, but with stacked metal on two metal
layers. Usually, these layers are the two topmost layers with thick metal. Compared to the
regular octagon, this inductor has less resistance at low frequencies, but an increased
capacitance to the substrate, so that the frequency of maximum Q is lower. Use this
geometry when the Q factor is limited by ohmic conductor loss, and you want to maximize
the conductor cross section.
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Transformer Layout Options

Two transformer/balun configurations are implemented: interleaved and overlay. These
components are available from the component browser in Inductor Toolkit library
Inductor_Shapes_lib. They are not available from the component palette.

Component Library ==

4 All Libraries Search

* Workspace Libraries

» ADS Analog/RF Libraries

+ ADS DSP Libraries ind_diff_2port

4 Read-Only Libraries !nd_d!ff_Eport_Ltarget

Inducter_Shapes_lib ?nd_d?ffjport

ind_diff_pgs_2port
ind_diff_pgs_3port
ind_diff_stacked_2port
ind_diff_stacked 3port
ind_diff_stacked_pgs_3port
ind_octa
ind_pH_singleturn_3port
ind_pH_singleturn_stacked_3port
ind_square
ind_square_diff_2port
ind_square_diff 3port
ind_square_diff_pgs 2port
ind_square_diff_pgs 3port
ind_square_diff_stacked_Zport
ind_square_diff_stacked_3port
transf_interleaved_4port
transf_interleaved_Gport
transf_octa_overlay Gport

e
Compenent

4 (11} 2
21 items found

I Download Libraries. ..

For interleaved, the primary and secondary are interleaved on the same metal layer. For
overlay, the primary and secondary are stacked on top of each other, so that the total size is
smaller than the interleaved layout.

transf_interleaved_6port
This transformer has a center tap on both primary and secondary. It has parameters to
configure the shape (octagon or square) and optional stacked metal use.

Parameters: N1 = number of primary turns
N2 = number of secondary turns
D=outer diameter
w=width
s=spacing,
shape = octagon or square
stackedlayers = yes or no
centertap for emModel (used for internal purposes only)

Metal layers used:  spiral_layer, crossover_layer, underpass_layer, underpass2_layer

Via layers used: via_layer_spiral_crossover,via_layer_crossover_underpass,
via_layer_underpass_underpass?2
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The location, orientation and layer of the center tap varies, depending on the number of

primary and secondary turns.

transf_octa_overlay_6port
This octagon transformer has a fixed 2:1 turn ratio, with overlayed turns for primary and

secondary. The single turn secondary uses two parallel conductor traces

to reduce

resistance.

number of primary turns = 2 (fixed)

N1 =

Parameters:

number of secondary turns = 1 (fixed)

outer diameter

N2
D

w=width

spacing

S=

spiral_layer, crossover_layer, underpass_layer, underpass2_layer

via la

Metal layers used:
Via layers used:

r_underpass,

I_crossove

_laye

crossover,via la

yer_spiral
via_layer_underpass_underpass?2

35



_W/_ Dr. Muhlhaus Consulting & Software GmbH

“V: m'
muh'halls www.muehlhaus.com

Dr. Miihlhaus Consulting & Software GmbH info@muehlhaus.com

Data Display Templates and Expressions

Inductor toolkit includes several custom expressions for plotting inductor parameters. These
are described below.

Single ended and differential operation

Inductors are simulated with ports on each terminal, so that we have 2-port results for a
regular inductor without center tap. From this, we can calculate the results for single ended
operation (measured into port 1, with port 2 grounded) or for differential operation (measured
differentially between port 1 and 2).

Results depend on this choice, which represents two different ways of using the inductor.
The Q factor for single ended configuration is lower, with a lower self resonance frequency
(SRF).

Single ended configuration:

1 Cs“
[— L, Wy g g g W

2

L
1~ -
I
13=0 / c c
suB1 suBz2
e T
——

Differential configuration (here shown with one differential port).

— Il
=7

L= |

C —

o4 -I— T Coxz

RSUB¢ +CSI.B1 +:5UBZ R
suB2

——

!
Yi,=—
11 -Vi

Y

Muehlhaus InductorToolkit comes with equations to calculate both single ended and
differential results from the 2-port configuration shown above. You do not need to assign
differential ports in the ADS simulations. The differential results are obtained by calculation in
the data display.
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Custom inductor expressions for ADS data display
The following custom expressions are included with InductorToolkit:

Expression Description

Ldiff(S) Series inductance for differential mode between port 1 and 2,
with all other ports open

Qiff(S) Q factor for differential mode between port 1 and 2, with all
other ports open

Rdiff(S) Effective series resistance for differential mode between port
1 and 2, with all other ports open

Llport(S) Series inductance for a 1-port

Qlport(S) Q factor for a 1-port

Lser(S) Effective series inductance between port 1 and 2, excluding

shunt effects
Lser=imag((Z(1,1)*Z(2,2)-Z2(1,2)*2(2,1))/Z(2,1)) |

Rser(S) Effective series resistance between port 1 and 2, excluding
shunt effects
Rser=real((Z(1,1)*Z(2,2)-Z(1,2)*Z(2,1))/Z(2,1))

Qser(S) Single ended Q factor from Y11

(with all other ports shorted)
Cshunt2(S) Shunt capacitance to ground for 2-port data (one side)
Rshunt2(S) Shunt resistance to ground for 2-port data (one side)

You can use these on your data display forms to plot inductor parameters. Parameter for all
equations is the S-parameter dataset that you want to evaluate. To use the default dataset,
use “S”.

. 8.000n

@ 7.000n—

6.000n—
i &

Traces 4 000n—

5.000n—
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Configuration and Customization

In this chapter, configuration and customization options are discussed.

Frequency range

By default, EM simulations in Inductor Toolkit cover the frequency range up to 20 GHz.
If you need a wider frequency range, changes must be made to the emModels and to the
schematics that use these emModels.

To make that change, use “Settings > Set maximum emModel frequency” from the Inductor
Toolkit menu. Note that using that function clears the existing emModel database, so that
previous EM simulations are no longer available for reuse. Also note that the
Inductor_EM_Models_lib library must be writable to make changes.

Inductor Toolkit GPDK | Help

1: Set layout option 4
2: Set target value

3: Sweep parameter combinations
4; Fine tune inductance value
5: Create lumped model (optional)

6: Create inductor cell in library
Show synthesis history (leg file)

Settings U Clear existing emModel database
User's Guide Set maximum emModel frequency...

Tutorial - Getting Started
. i . Choose Momentum substrate file...
Toolkit version and license ...
Update emModel pin layer + position from technology.ael

Update emnModel settings from statefile.ael

Calculate calibration data for selected layout

Ground ring around inductor

If you want to include a ground ring around the inductor, to imitate some ground ring in your
chip layout, you need to change a preference file settings. By default, there is no ground ring
around the inductors. To enable it, edit the preference file:

<Inductor Toolkit directory>/configuration/preferences.ael

and set draw_groundframe to TRUE. The details of the ground frame can be configured
there as well.

// ============ LAYOUT OPTIONS ============

decl draw groundframe = FALSE; // ~optional groundframe around inductor
decl groundframe size factor = 2; // size factor of ground frame

decl groundframe width = 20; // width of ground frame

decl groundframe layer = spiral layer; // optional ground frame around inductor

To see the effect, reload the workspace (!) and look at the layouts shown in the emModel
cells. Also, you need to manually clean existing emModel results after enabling/disabling
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the ground ring. This is done in the Inductor Toolkit menu: Settings > Clear existing emModel
database.

Note that the ground ring setting is a global setting that affect all inductor layouts. Also note
that the ground ring will have an impact on L and Q, and the initial pre-EM synthesis math
does not include the ground ring.

You will find that the EM-simulated inductance might be slightly less than the initial synthesis
value. This offset will be compensated automatically during the fine-tune step, which adjusts
inductance based on the actual EM results (with ground ring included).

F R — WOER LMIERAFALE e e e e L i . A A A 0 e A A0 g e

File Edit Select VWiew Insert Options Tools Schematic EM  Window DesignGuide He

R EI=T ) 9! il DD D

NEH& L HHIX 9% ¢ G§P0PD ,
e T— L i 2\ (ezamarae -]

/{ ========———= SYSTEM OPTIONS =======——-—- Ttines-Hicrostrip M - O =l =5 (s ads_annotate:crar v

dec] copy_precalculated_substrate_functions = \ —————— a0 X =

decl copy_substrate_to_user_library = TRUE; |emsetup '|E‘ﬁ EM @ | @ ﬂ -%;

decl finetune_emmodel_cell_prefix = "finetune]

decl save_a'l'I_des‘igns_on_s‘imu'late = TRUE; //
decl close_all_designs_on_simulate = TRUE; /

decl Tumpedmodel_start_optimizer = TRUE;

"xdg-open”;

dec]l Linux_open_URL_commmand
"xdg-open”;

decl Linux_open_PDF_commmand

[/ ============ LAYOUT OPTIONS ============
decl include_stackedmetal_layouts = TRUE; //
dec] pH_single_feedline_width = 10;

decl draw_groundframe = TRUE;

dec] groundframe_size_factor = 2;

decl groundframe_width 20;

decl groundframe_layer spiral_layer;

For the groundframe_layer parameter, you can use alias names from the technology
definition, e.g. spiral_layer, or you can specify the ADS layer number where you want the
ground frame to be drawn. If you modify the setting, make sure that your layer is included
(mapped) in the EM substrate setup.

At the present time, ports can not be placed on the ground ring. If you need that capability,
please contact us: support@muehlhaus.com

39



_/\/\/_ Dr. Muhlhaus Consulting & Software GmbH

A/ ‘
»
muh'hﬂlls www.muehlhaus.com

Dr. Miihlhaus Consulting & Software GmbH info@muehlhaus.com

emModel/emSetup settings that determine the EM accuracy

By default, Inductor Toolkit uses emModels that are optimized for fast simulations. These use
the “default” Momentum settings, with no edge mesh and large mesh cells only limited by the
20 cells/wavelength setting. For many cases, these defaults provide reasonable accuracy
with short simulation times.

For highest accuracy, you can change the emModel settings to use a finer mesh. From
experience, we recommend to not just switch to edge mesh, because this might create less
accurate results than the default settings. Good results are obtained by combining edge
mesh with a limit of the maximim mesh size, so that inductor segments are divided into
multiple pieces.

Simulation Cptions

EEdgeMesh '§| Copy as... || Rename... || Remove

Description Physical Model Preprocessor Mesh Solver Expert

Global Layer Specific Shape Specific

Mesh frequency

@ Highest simulation frequency

Mesh frequency |0 GHz

Mesh density
@ Maximumn cellsize 20 um -

Cells/wavelength | 20

m

[¥] Edge mesh
@ Auto-determine edge width

Use edge width

Transmission line mesh

For limiting the mesh size, don’t use the cells/wavelength setting, and instead specify an
absolute max. dimension value like 20um or 30um. From experience, this gives very good
results for measured-simulated comparisons.

For each inductor layout option, we have a separate cell in the “Inductor_ EM_Models_lib”
library. When you make these changes, you need to be aware of the difference between
emSetup and emModel. Inductor Toolkit uses the emModel blocks, which have been
created from emSetups.
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4 W] CMADS_P rojectstads2012_08'\Test_Inducter_Toeolkit_5G25H_wrk

a Il Inductor_EM_Madels_lib

£ SG25H_Backetch FEM.subst
5G25H_Backetch_Momentum.subst
SG25H_Mormal.subst
5G25H_Mormal_ViaMerge.subst
5G25H_Poly_ViaMerge.subst
| batchsim_2port
| batchsim_3port_centertap
batchsim_3port_groundshield

| circuitmodel_2port
| circuitmodel_3port
| emModel_HP_ind2

emModel £
[EM] emSetup “—
layout

{>' symbol

| emMedel_IHP_ind2_LBE
| emModel_IHP_ind3

| emMadel_IHP_ind3_LBE
| emMedel_octa

| emModel_octa_centertap

1Y 7
Iﬂ Iﬂ Iﬂ- Iﬂ-_ Iﬂ_ Iﬂ Iﬂ- I II II II -I

La]

(2]

(2]

La]

(1]

(2]

La]

| emModel_octa_centertap_stacked

La]

| emMeodel_octa_groundshield

(2]

| emMuodel_octa_stacked

=
L2

| emMedel_square_diff

(2]

| emModel_square_diff_centertap

(]

| emMadel_square_single
| fit_circuitmodel_2port

(2]

La]

| fit_circuitmodel_3port

La]

multisweep_create_cache_data

batchsim_4port_centertap_groundshield

| emMaodel_octa_centertap_groundshield

NEW:

Please note the new feature for using
separate EM settings for the fine tune
step, which is described in chapter
“Step 4: Fine tune inductance value”.

If you make changes to the emSetup, the emModel must be updated, so that the
changes are actually used by Inductor Toolkit. Update manually with the “Update Now”

button on the Models/Symbol tab.

EM, Inductor EM_Models_lib:emModel IHP_ind2:emSetup (EM Setup) =8 EoH ==
File Tools View Help
—— 3 = L
S ER & @2
H L=/ 7 C EM EM EE] == !:-'
q |42 Mom RF EM Model
Layout
B ocobetrate View name:  emModel
*D Ports [ Append text to the name
@ Frequency plan
P Output plan Include S-Parameter data only
g Options [7] Update EM Model when simulation is launched Update Now
:_ Resources
Model/Symbol Symbol
|§| MNotes
View name:  symbol

You can make changes directly to the emModel, without updating the emSetup. That might
be slightly confusing if emSetup and emModel have different settings, but it is possible.

To update the emModel directly, open the emModel and click on the “Edit” button.
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)| | SimuationSetup | Database | Interpolation | Options

2l emModel IHP_ind2 [Inductor EM_Models_lib:emModel IHP...[ = |[ & |[ &= | ‘
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[ [ S I e~

W Inductor_EM_Medels_lib:emModel_IHP_ind2:emModel (EM Setup state file)

Eile Tools Miew Help

P Frequency plan:
Adaptive from 0 GHz to 20 GHz (Npts: 50 (max))
Output plan:
Dataset: emModel_IHP_ind2_MomRF
Template: Auto select
Mom Simulation options:
Default
All simulation options are initialized and ready for simulation.
f Simulation resources:
Simulation on host:Local

Summary H o 7 (.
0 L/
Simulator:
Momentum simulation in RF mode 4 [&n] Mom RF OutputFlan
Layout: P
Workspace: C:\ADS_Projects\ads2012_08'Test_Inductor_Toolkit_SG25H_wrk Layout Dataset
& Library: Inductor_EM_Models_lib == Substrate
Cell: emModel_THP_ind2 ‘[j Ports Start of the name:  emModel_IHP_ind2
View: layout -
E Substrate: @D Frequency plan Append text to the name
f ?#dbjft::EE ;GPZI‘SD};;VI‘:DEIE?LMEMErgE (defined in library: 4 Output plan A D
b Ports: 8= Options [T View name:
1 2 ports defined

S Resources Simulation type:

del/Symbol [7] simulation options:

Finally:
[F] This text:  |mysuffix

MName: emModel_IHP_ind2_MomRF

Data Display

anr
diff_centertap
single

port

pert
+_cache_dats
-_lib

[ Reuse files from the previous simulation
Save currents for:

@ All generated frequendes

= =N xS

emModel
MomRF
Default

mn

[ ©pen data display when simulation completes
Template (only inserted in a new or empty data display)

Both methods — changing the emSetup and creating an updated emModel from there, or
opening the existing emModel and change it directly - are working fine. This is a matter of
personal preferences which you prefer.

The Inductor Toolkit “Settings” menu item for changing the frequency range works directly on
the emModel settings, and does not go through emSetup. Note that changing the frequency
range will delete the emModel data cache, so that previous simulation results are no longer

available.

Inductor Toolkit GPDK | Help

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
Show synthesis history (leg file)

Settings
User's Guide
Tutorial - Getting Started

Toolkit version and license ...

Clear existing emModel database

Set maximum emModel frequency...

Choose Momentum substrate file...
Update emModel pin layer + position from technology.ael

Update emMuodel settings from statefile.ael

Calculate calibration data for selected layout
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Technology settings

Inductor Toolkit is factory configured for a technology, including substrate definitions and
layer mappings. For Inductor Toolkit GENERIC, the user can modify all technology settings
for a different technology

For multiple technologies, you need to create multiple copies of the Inductor Toolkit PDK.
Each PDK supports one technology then. Use meaningful directory names to identify the
different versions.

Edit Momentum substrate file vs. complete technology configuration

In the past, we noticed that some users took the free Inductor Toolkit GPDK demo, and
modified only the Momentum substrate with the actual metal and dielectric parameters from
their technology. This is not what the tool was designed for!

The disadvantage of this simple solution is that layer numbers, via dimensions and DRC
settings are not properly configured for the new technology.

The recommended, correct method to prepare Inductor Toolkit for a new technology is this:

e If you have an existing technology library from a PDK, you can use that. Otherwise,
create a new library in the Inductor Toolkit PDK path (1) with the required layers for
metal and vias, using the correct layer numbers for your technology.

If you are not sure what to do, you can also use copy & paste from
Inductor Generic Layers IC lib to a new library and make the necessary
changes.

o [f it does not exist, add a Momentum substrate file to this library.

e |tis no longer necessary to define derived layers for via merging, because ADS2016
and later can now merge standard via arrays (emSetup Preprocessor setting)

¢ Use atext editor to open the technology file
<Inductor Toolkit directory>/configuration/technology.ael
and maodify it for your technology, as described in chapter “Editing the Inductor Toolkit
technology file”. Don’t forget to set a meaningful name in the PDK_Menu_Name at
the beginning of the file, so that you can later identify what technology this Inductor
Toolkit is configured for.

e Changes to technology.ael take effect when the workspace with Inductor Toolkit PDK
is re-loaded.

¢ Inductor Toolkit must be configured to use this new/modified technology, as described
in the next chapter.
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In this example, we assume that no ADS technology library exists for your technology.

First, copy the Inductor Toolkit directory to a new directory, and rename that new directory so
that it reflects the name of the new technology. In our example, we will use technology
MyTech and directory name Inductor_Toolkit_Mytech.

In the new directory, go to directory Inductor_Shapes_lib and open eesof_lib.cfg in a text
editor. Change the entry for DESIGN_KIT_NAME to Inductor_Toolkit MyTech and save the

file.

o (C:) » ADS Projects » designkits »

iner

ar MNarne

J ind_diff_2port

. ind_diff_2port_%Ltarget

J ind_diff_3port

, ind_diff_pgs_2port

. ind_diff_pgs 3port

. ind_diff_stacked_2port

J ind_diff_stacked_3port

. ind_diff_stacked_pgs_3port
. ind_octa

. ind_p%H_singleturn_3port

Start ADS, but do not open a workspace vyet

Inductor_Toolkit_ MyTech » Inductor_Shapes_lib » - |4.’|

Anderungsdatum Typ Grafie

| eesof_lib.cfg - Editor

Datei Bearbeiten Format  Ansicht 7

DDS_TEMPLATES_DIRECTORY=../circuit/templates
BOOT_AEL=. . /de/ael/boot. asl

INPUT_DATA_PATH=. . /circuit/data;.. /circuit/models
ADSLIBCONFIG_DIRECTORY=../circuit/config
DESIGN_KIT_NAME=Inductor_Toolkit_MyTech|
VERSION=V1.8.0

DESIGN_KIT_ROOT=..

DOC_DIRECTORY=. . /docC

VERILOGA_DIRECTORY=

EXPRESSIONS_DIRECTORY=. . /expressions/ael

...” and click “Add Library Definition File...”

select the libs.def file and press OK.

. Go to “Designkits > Mange Favorite Designkits
. Browse to the new Inductor Toolkit directory,

9 Manage Favorite Design Kits
il
Name Version In Current Workspace Library D Organisieren ~ Neuer Ordner
Inductor_Toolkit_SG13_oa ctor_Shapes_lib=v =1 C:MVADS Projects’ -
B ; Mame
- Favoriten
Inductor_Toolkit_Generic ctor_Shapes_lib=v (=] C:MVADS Projects’ cireuit
d Muehlhaus Inductor Toolkit... ctor Shapes lib=v (=] CAADS Projects 4 Bibliotheken configuration
R [=/ Bilder dds
2 Inductor_Toolkit_Amkor_Vor... ctor_Shapes_lib=v (=] C:MVADS Projects’ =
d j Dokumente de
muRatalibWeb nuRatalibWeb=1. (=] C:MVADS Projects’ J Musik doc
5G135_dev 4=100_a, TL_SG1 ] C:AADS Projects] B videos expressions
Inductor_EM_Models_lib
5G25H3 lev=1.0.2, TL 5G2! ] CAADS Projects] #d Heimnetzgruppe Inductor_Generic_Layers_IC_lib
SG13S_dev 4=1.00 3, TL SG1Z =} C:\ADS._Projects) Inductor_Generic_layers_lib
18 Computer Inducter_Shapes_lib
Inductor_Toolkit_BI1HFC ctor_Shapes_lib=v (=] C:MVADS Projects’ [-L Lokaler Datentrager icense
SG135_dev +=10.0_a, TL_SG1: ] C:AADS_Projects a System-reserviert (B | | 7] lib.defs
S5D-Swap (F:) lib_ADS_only.defs
Inductor_Toolkit_Generic ctor_Shapes_lib=v E C:\ADS_Projects’ - L LUt
5# Pub (\\n7700pro) (P
Add Zipped Design Ht.”] lAdd Library Definition F\'E...J IRemuve from Listl 5 Acronis (\wn7700pro
The current workspace is "C:\ADS_Projects\InductorToolkit_dev\Inductor_Generic_dev_wrk™, g‘i.‘ Netzwerk
Gl 18 E531-MEU
Ml ERTT7_RIAG

Anderungsdatum

11.01.20
11.01.
11.01.
11.01.
11.01.
11.01.
11.01.
11.01.
11.01.
11.01.
11.01.
01.08.201

01.08.2017 11:36

@le v Computer v Lokaler Datentrager (C:) » ADS_Projects » designkits » Inductor_Toolkit_M

Typ

Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
Dateiordr
DEFS-Dat
DEFS-Dat

If you have a workspace open, you will now be asked if you want to add this designkit to the
workspace: NO. If you followed the instructions above, and there is no workspace open,
there will be no such message.

Now, the Inductor Toolkit PDK is registered to ADS with the new name, and we can start to

modify the technology.
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3 W Manage Favorite Design Kits

Name

Inductor_Toeolkit_Generic

muRatalibWeb
5G135_dev

SG25H3

5G135_dev
Inductor_Toolkit_BI1HFC
5G135_dev
Inductor_Toolkit_Generic

Inductor_Toelkit MyTech

Muehlhaus_Inductor_Teolkit...

Inductor_Toolkit_Amker_Vor...

Version

Inductor_Shapes_lib=v1.8.0
Inductor_Shapes_lib=v21.1
Inductor_Shapes_lib=v18.0
muRatalibWeb=17
i13_dev=1.00_a, TL_5G13=1.0.0
5G25_dev=1.0.2, TL_5G25=1.0.2
i13_dev=1.0.0_a, TL_5G13=1.0.0
Inductor_Shapes_lib=v2.3.0
i13_dev=1.00_a, TL_5G13=1.0.0
Inductor_Shapes_lib=v1.8.0

Inductor_Shapes_lib=v1.8.0

In Current Workspace

o

OGo0ooooEoEEm

Library Definition File

CMNADS_Projects\Perforce\Volke...

CMADS_Projects\PerforcetVolke..

CMADS_Projects\designkitsiInd...

CA\ADS_Projects\designkitsimur...

CA\ADS_Projects\designkitsisgl...
CA\ADS_Projects\designkitsisg?2...

CM\ADS_Projects\designkitsisgl..

CHADS_Projects\Perforce\Volke..,

CHAADS_Projects\designkitsisgl...
CAADS_Projects\designkitsiInd...

CMADS Projects\designkitsiInd...

m

Add Zipped Design Kit. ] [Add Library Definition File..‘] [Remove from List]

The current workspace is "C:\ADS_Projects\InductorToolkit_dew\Inductor_Generic_dev_wrk™,

www.muehlhaus.com
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You could now create your own technology library completely from scratch'®, but it is easier

to modify the existing Inductor_Generic_Layers library. This is described below.

Open a new workspace and add our new Inductor Toolkit MyTech to your workspace, as
described in chapter “Adding Inductor Toolkit to an ADS workspace” at the beginning of this
User's Guide. Select the Inductor_Generic_Layers technology (not the ADS default layout
library!)

In ADS, change to Library View mode (tab above the project tree), and have a look at the
libraries. You will notice that Inductor_Generic_Layers library is writable, so we can apply our
changes.

W Advanced Design System 2016.01 (Main)

Eile

View Options Tools

Y iw I 2, Gl D

| File View I

Folder View | Library View |

Window  DesignKits

DesignGuide

—
i

=3
=

Inductor Toolkit GPDK

_ Inducter_Generic_Layers_IC_lib

4 [w] CAADS_ProjectsiInducterToolkit_devi Test_MyTech_wrk

4 I Test_MyTech_lib

4 Read-Only Libraries
> jli Inductor_Shapes_lib

> ADS Libraries

10 If you already have an ADS PDK for your technology, you can skip the steps described here, and

use that directly as a referenced
https://youtu.be/7CD4 Nomkls

library,

instead of creating your own technology. See
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Now, we are ready to apply technology changes. Go to “Options > Technology > Layer
Definitions” where you can modify the layer names and layer numbers (ADS layer number =

GDsSII layer number).

[ Advanced Design System 2016.01 (Main) =N
wiv BEC EBD>W=ES
| File View I Folder view | Library View |
4 [W| C\ADS Projects\nductorToolkit_deviTest hTack L
> il Inductor_EM_Models_lib [ Layer Definitions
> 11l Inductor_Generic_Layers IC_lib
4 Il Test_MyTech_lib View Technology for this Library: {Inductor_Generic Layers IC_lib -
4 Read:_OnIy Libraries
o jli Inductor_Shapes_lib Layer Display Properties ‘ Layers I Purposes I Display Order |

7 ADS Libraries This dialog allows the definition of Layers and Display Properties which will be saved in this library.

AEL Files If you want to customize Display Properties which will be saved in your workspace, see the Options > Layer Preferences menu.

' E:;ﬁsé:‘“:::les Layer Nlm’|ber Purpose Number Library Color Trans Pattern Sel Vis
Datasets Poly 3 drawing -1 Inductor_Generic_Layers_IC_lib -E]-E]-E]
Hierarchy Policies Cont 6 drawing 1 Inductor_Generic_Layers IC b [N BT T~
tﬂge' P’;:’E_:Fe F:_'IES Metall 7 drawing 1 Inductor_Generic Layers1Cib | [ [~/ EEEEEE
L‘D;F?I“ES initien Fies Vial 8 drawing 1 Inductor_ Generic Layers ICib | |7]
Notebooks Metal2 9 drawing El Inductor_Generic_Layers_IC_lib =

» Preference Files Via2 0 drawing 1 Inductor_Generic Layers ICJib |||

» Substrates Meta3 1 drawing 1 Inductor_Generic_Layers IC_ib [T
Text Files Via2 0 drawing 1 Inductor_Generic_Layers ICib | 7]

Metald 31 drawing 1 Inductor_Generic_Layers 1C_ib [
Viad 3 drawing 1 Inductor_Generic layers IClib | [v]
Metals EE) drawing 1 Inductor_Generic Layers IClib [ ]
Vias 34 drawing -1 Inductor_Generic_Layers_IC_lib _B
Metzl 35 drawing 1 Inductor_Generic_LayersIClib | |7
TEXT 199 drawing 1 Inductor_Generic Layers IClib | |7
v 214 drawing 1 ads_schematic_layers_ic -

Save your changes, and go to Options > Technology > Technology Setup.

Our tech library Inductor_Generic_Layers has its own built-in configuration for layout. For
schematics, it references the ads_schematic_layers_ic. No changes required here, go to the

Layout Units tab.

View Technology for this Library:

Referenced Libraries

Inductor_Generic_Layers_IC_lib

M

Layout Units

Show Other Technology Tabs

Referenced Libraries

ads_schematic_layers_ic

In the layout units tab, you will notice that the default tech library uses a database resultion of
0.5nm, which results from 2000 database units per user unit (micron). If your technology
requires a different database unit for smooth GDSII data transfer, you can change that

setting. When you are done, press OK.

Note: We will run an automated cleanup later that adjusts Inductor Toolkit layouts and pin

positions if the database unit is changed.
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Technology Setup @

View Technology for this Library: [Inductor_Generic Layers_IC_lib M Show Other Technology Tabs
Referenced Libraries Layout Units |

Database Resolution
USE CAUTION when changing the units or

resolution of a library that has existing layout
views. This can lead to serious problems in your

layouts,
Enable Database Resolution
2000 Database Units per User Unit
Urits Database Resolution: 0.0005 micron
Enable Units Manufacturing Grid
~) nanometer ) meter
@ micron 2 mil
=) milimeter ") inch
) centimeter

[] Enable Manufacturing Grid

0 Database Units per Manufacturing Grid
Manufacturing Grid Resolution:

If you wish, you can also rename the tech library from Inductor_Generic_Layers to
Inductor_MyTech_Layers, to reflect your changes. Right click on the library name in the ADS
project tree and select “Rename Library...”

Inductor_Generic_Layers_IC_lib

4 il! Test MyTech_lib Rename Library | =]
4 Read-Only Libraries
> il Inductor_Shapes_lib Library Name

» ADS Libraries Current Mame: | Inductor_Generic_Layers_IC_lib hd

AEL Files
> Config (cfg) Files MNew Name: Inductor_MyTech_Layers_IC

Data Displays

Datasets e

Hierarchy Policies @ Library name and library directory

Layer Preference Files
> Library Definition Files

1 Only the library name
Current Library Directory: C:\ADS_Projects\designkits\Inductor_Toolkit_MyTech', [Inductor_Generic_Layers_IC_lib

Log Files
Notebooks
> Preference Files New Library Directory: C:\AD5_Projects'designkits\Inductor_Toolkit_MyTech\Inductor_MyTech_Layers_IC
* Substrates
Text Files
OK I I Cancel I I Help
Rename Library Confirmation @

Rename the library 'Inductor_Generic_Layers_IC_lib' to
‘Inductor_MyTech_Layers IC'?

0K I E Cancel

What is still missing now:

¢ We need to configure Inductor Toolkit to use your actual layout layers for drawing,
and configure technology details like via array dimensions. This is described in
chapter “in chapter “Auto-update the emModels after technology changes”

e Editing the Inductor Toolkit technology file”.
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¢ We need a valid Momentum substrate file for the technology. This is usually stored in
the Inductor Toolkit technology library.

e After finishing the above steps, an automated update of the Inductor Toolkit libraries
and emModels is needed, as described in chapter “Auto-update the emModels after
technology changes”

Editing the Inductor Toolkit technology file

The layers used in the inductor artwork (for drawing the Pcell layout) are mapped to ADS
layer numbers. For convenience, instead of working with layer numbers, you can first assign
variables for the layer names, and then map those variable names.

S ================== ztart technolagy Settings —=—=—===================

decl FDE_Menu Name = "Inductor Toolkit GEDE"; s Hame of PDE in ADS menu

S Optional, to make things more readable. we assign variable names for
## the technology layers first, and use thesse variable names below.

decl Metalk
decl Metalk
decl Metald
decl Metalld
decl Metal2
decl Metall

wnowononon
—
PP

decl Wiab
decl Viad
decl Wial
decl Via2
decl Wial
decl Cont

LU (| | N T |}
—
Y

But of course, you can also map the layer numbers directly. The actual mapping of functional
layers to ADS layer numbers (here using variables) is in the next section:

S/ ==s=ssssss=s==s=s=s========= [ayer definitions ======================

<+ How, we assign the ADS layer numbers for layout artwork.
## 1f the above section i= properly defined. use those wariable names. COtherwise., use the ADS layer numbers.

< All inductors

decl spiral_layer = Metalb: s m=piral turns

decl crossover_layver = Metals: ¢ underpas= for octagon crossover. also used as second mnetal for stac
decl underpass layer = Metald: < underpass for center tap for SG13

decl]l underpass=2_ layer = Metalld; < mecond underpass

decl wia_ laver spiral_ crossover = Viak:; <4 wia from spiral to crossover level

decl wia_ layer crossover_ underpass = Viad: < wia from crogszover level to underpass

decl wis_layer_underpas= underpa=s2 = Viald: < wia from underpa=s level to second underpass
s Ootagon patternsed ground shield

decl pgs layer = Metall:; < patterned ground =hield

The next section are design rules for the inductor layer (to check your input parameters for
width and spacing) and underpass dimension rules that help to minimize the resistance of an
underpass that is often located on a lower, more resistive layer, so that we want to make it
wider than the top layer spiral.
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## =m========================== M=tz] line dimehsion rules ======================
decl min linewidth 0.5: » layout rule

decl max_linewidth = 30; <4 layout rule
decl min_spacing = 0.5; 7 layout rule |

<+ underpass width is w*underpass_width_factor. but no more than max_underpass width

decl underpass width factor = 2; # underpass samne width as metal line
7 maximum width used in underpass
decl mazx_underpass_width = 20 <« underpass no wider than 20 micron

Next, we have a section that defines the via array details. It is recommended to define these
settings, for an accurate and DRC-clean via array layout. However, if you don’t have the
required data available, you can also set define via array = FALSE; to just draw one
big bounding box instead of the via array. In that case, all the other via definition entries are
ignored.

The via array setting blocks define:
e The size of each individual via
e The distance between two vias in the array
e The distance between the outer via edges and the edge of the surrounding metal

S =========================== Yig dinen=zion rules ======================

# Thiz section defines the =ize of vias us=sd to create wia arravs.
decl define wia_array= TRUE: ..~ TRUE means wias are drawn as an arrawv. FALSE
s« If define wis_array iz TRUE, all entries below MHUST be defined for all ma

s =mize of =ingle wvia

defun mi_get_wia_size (lavernum
it {layernum Cont) return
if {layernum Vial) return
if {layernum Wiald) return
if {layernum V1ia3d) return
if {layernum Viad) return
it {layernum Wiab) return

wonononouon
cooooo—
SR RN Y RY XY AP

t

< diztance between two =zingle wias in array

defun mi_get_wia_gap [ layernum) |
if {layernum == Cont) return :
if (lavernum Wial) return
it {layernum Wiad) return
if {layernum Viald) return
if {layernum Wiad) return
if {layernum Wiab) return

ocoooo o
[N AN )

¥

s di=tance from =ingle wia edge to surrounding metal edge

defun mi_get_wvwis_margin {layernum) {
if {layernum Cont) return :
if {layernum ¥ial) return
it {layernum Wiald) return
if {lavernum Viald)l return
it {layernum Wiad) return
if {layernum Viab) return

coooo
e

The next two entries are optional. The get_pin_shape_layer definition sets the purpose for
drawing the pin shape polygon at the inductor terminals. The default setting is -1 for purpose
drawing. If you have no special requirements, leave this default.
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S =========================== PIN laysr purpoze handling. the=se functions are optional ======:
defun get_pin_shape_layer [ layer_number)
S input parameter is= the layer number (=GDSII stream numnber)
S« return iz the ADS layerid for the corresponding pin layer-purposs—pair
<« exanple code to draw area pins on same layer. but purpose 2 for pin:
< return db_layerid (layer_ number. 2):
S Area pins can be skippedssurpressed if this function i= removed
return db_layerid (layer number. -1); ~ =zame laver. use purpose -1

i

defun get_pin label_ layer ()

<4 return iz the ADS laverid for the layer—purpose-pair for pin text (labels)
<4 Pin text labels can be skipped-surpressed i1f this function is removed

return db_layerid (199);

Function get_pin_label_layer sets the ADS layer number used for drawing the pin labels. If
this function is removed from the file, no pin labels are drawn.

The next section defines extra layers that are drawn “under” the inductor. A typical use for
this is blocking PWell or blocking filler, or adding a polygon to mark the area as an inductor
for LVS recognition.

The syntax is a bit special, because each layer entry requires a layer number and a purpose.
Examples: 1ist ("102:-1", "10:2") means: draw on extra layers 102 purpose -1 and
layer 10 purpose 2. An empty 1ist () entry means: dont't draw on any extra layers.

s/ =========================== Extra lavers, dinension of extra layer boundary ===============
<« Extra layersz that must appear under inductors, like PWellBEloclk,. HoFiller, ...
S list(M102:-1", "10:2") means: drawv on extra layers 102 purpose -1 and layer 10 purpose 2
A li=t () means=: dont't draw on any extra layers
decl extra_inductor_layers_list = list("102:-1"):

s« Diztance between outline on extra layers (e.g. FUellBlock, HoFiller) and the inductor
decl extra_layer extension = §:

The last parameter, extra layer_extension, defines how much the extra layers extend
outside the outer inductor diameter. Unit is micron.
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Documentation is also included in the file as comments.

The technology.ael file is written in ADS AEL language. If you get an error on loading the
PDK after you made changes to this file, check for these syntax issues:

Code lines must end with a ;

Variable declarations start with keyword decl, function definitions with keyword defun
Comments start with //

Strings items are included in “ “

Auto-update the emModels after technology changes

After the technology library was created and the technology.ael file was updated with the
corresponding data, and a valid Momentum stackup was added to the technology library, we
can run some automated steps to update the Inductor Toolkit models.

First, use “Inductor Toolkit > Settings > Choose Momentum substrate file...” and select the
Momentum substrate that you want to use. This must be located the Inductor Toolkit
technology library!

Inductor ToolkitMyTech | Help
1: Set layout option 4
2: Set target value

3: Sweep parameter combinations

4: Fine tune inductance value
5: Create lumped model (optional)
6: Create inductor cell in library

Show synthesis history (log file)

Settings & Clear existing emModel database
User's Guide Set maximum emModel frequency...

Tutorial - Getting Started
X X Choose Momentum substrate file...
Toolkit version and license ...
Update emModel pin layer + pesition from technology.ael

Update emModel settings from statefile.ael

Calculate calibration data for selected layout

Next, run “Update emModel pin layer + position from technology.ael”. This will use the layer
information from technology.ael to move emModel pins to the correct layers, and will also
move pins to the correct location after changing the technology database unit.

Do not use “Update emModel settings from statefile.ael”’, unless instructed by support to do
so. This is an expert setting that allows to automatically apply global changes to all emModel
files.

Do not use “Calculate calibration data for selected layout”, unless instructed by support to do

so. This menu item is used to re-calculate the synthesis parameters after (large) changes to
the metal thickness or inter-metal dielectrics.
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Preference file

Some settings can be customized by the user in the Inductor Toolkit preference file. This file
is part of the ADS AEL code that runs when Inductor Toolkit is loaded, so be careful with any
changes that you make.

The preference file is located in the license directory in the PDK, e.g.
C:\designkits\Inductor Toolkit GPDK\configuration\preferences.ael

Below is an example of some settings.

// Preference file for inductor toolkit

// ============ USER INTERFACE ============
decl save all designs_on simulate = TRUE; // (TRUE|FALSE) save all open designs before synthesis
decl close all designs_on simulate = TRUE; // (TRUE|FALSE) close all open designs before synthesis
decl lumpedmodel start optimizer = TRUE; // (TRUE|FALSE) automatically start optimizer

// ============ SYSTEM OPTIONS ============

decl finetune emModel cell prefix = "finetune "; // use this emModelsuffix for finetune

decl Linux open URL commmand = "xdg-open"; // command to open PDF and URLs.

decl Linux open PDF commmand = "xdg-open"; // command to open PDF and URLs.

// ============ LAYOUT OPTIONS ============

decl include_stackedmetal_layouts = TRUE; // (TRUE|FALSE) include stacked metal layouts in menu
decl pH_single feedline_width = 10; // feedline width (pm) for single turn picoHenry inductor
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Changes

Inductor Toolkit Generic 2.1: Updated for ADS 2017. Various automation to configure
emModels after making technology changes. Demo mode now restricted to square inductor
shapes. Re-written documentation for technology customization.
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