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Analog/RF OpenPDK/EDA Flow Proposal

Design Specification IHP PDK
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OpenPDK Project on GitHub

8 IHP-GmbH / IHP-Open-PDK ' Pubic

¥ main ~ ¥ 1branch 0 tags

sergeiandreyev Updated README ..

docs/images Added logo
ihp-sg13g2 DRM: initial version
B LICENSE Initial commit
[ READMEmd Updated README

README.md

IHP Open Source PDK

can be used to create manufacturable designs at IHP's facility.

As of March 2023, this repository is targeting the SG13G2 process node.

Current status -- Preview

A Warning

IHP is currently treating the current content as a preview only.

is not intended to be used for production at this moment.

<> Code (O Issues {9 Pullrequests ©) Discussions (¥) Actions [ Projects 1

130nm BiCMOS Open Source PDK, dedicated for Analog, Mixed Signal and RF Design

IHP Open Source PDK project goal is to provide a fully open source Process Design Kit and related data, which

to create many designs that have been successfully manufactured in significant quantities, the open source PDK

<2 Edit Pins ~ & Unwatch 22 - % Fork 10 - Y Star 149 -

00 wiki @ Security |~ Insights 8 Settings

Add file = <> Code ~ About @

130nm BiCMOS Open Source PDK,

bf27633 now ¥T) 24 commits dedicated for Analog, Mixed Signal and
RF Design
last month
open-source pdk ihp
last week
O Readme
7 months ago
BB Apache-2.0 license
now vr 149 stars
& 22 watching
7z ¥ 10 forks

Report repositary

Releases

No releases published

Create a new release

Packages

No packages published
Publish your first package

Contributors 2

sergeiandreyev

While the SG13G2 process node and the PDK from which this open source release was derived have been used

0
I:._J noherbrferurtth

PDK Contents:

-0 Base cell set with limited set of
standard logic cells (Open130-G2)

—O GDSII view of primitive devices
-0 KLayout layer property and tech files
-0 SPICE Models of HBT devices

-0 OpenEMS: tutorials, scripts,
documentation

—0 SG13G2 Process specification
-0 SG13G2 Layout Rules

-0 MOS/HBT Measurements in MDM
format

—O Project Roadmap Gantt chart

June 2023
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OpenPDK GitHub Project Traffic (last two weeks)

Git clones (June 6 —June 19)

Referring sites

Unique visitors
45

8

1 l Site Views
/ @ Google 507
24 4 -2
\ / / \ @ github.com 222
04 -0
06/06 06/07 06/08  06/09 06/10 06/11 06/M12 06/13 06/M14 06/15 061 06/1 06/19 @ teo '5?
23 Clones 12 Unique cloners @ "QED.C E".E-:LIFCE'FCI r-.’_.;e.i-:n 25
Visitors (June 6 - June 19) @ linkedin.com 20
30 @ DuckDuckGo 8
200 -
20 @ nfineon.webex.com 6
m"'\ ./ \. \ o @ cnbing.com &
o<. '
5. | @ yandex.ru 1
06/06 06/07 06/08 06/09 06/10 06/11 06/12 06/M13 0&/M4 06/15 0s/16 061 06/1 06/19
@ ecosia.org 1
1.529 Views 127 Unigue visitors
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Dedicated OpenPDK Virtual Linux Host Machine

PDK sky130 [GitHub, open_pdks]
-0 Virtual Machine (VMWare VSphere) Layout Layout [Deb package, v0.25
with Linux OS kicap [6.02]

04 CPU PR

—O Memory 16GB Revolution EDA [GitHub]

-0 HD 1TB Simulation )"(‘5;:‘[21[5:“;“"]

~0 0S Ubuntu 22.04.2 LTS odeinT T Tt merie

—0 SSH, FTP, ThinLinc servers - e s rerb

—0 Only internal users by request - e itHab. wseriovel

OpenlLane [GitHub, user-level]

-0 Automatic backup every 24h at night

PCells OpenPCells [GitHub, user-level]
Magic TCL & KLayout Python Pcells [GitHub,
sky130]

Gen PDKMaster [0.9.0, PyPi]

Documentation |doxygen [1.9.1]
graphviz [2.43.0]
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Base Cell Set with Digital Standard Cells

# Library Name: sql3q?_stdcell sg13g2_stdcell.gds [sg13g2_inv_1]

* Cell Mame: 13g2_imw_1
-0 78 cells it Nt S
—< ) LSUBCKET 2g1352_inw_1 A YID WSS Y
VIeWS / * PININFO A:I YID:B WS5:E ¥:0
. MEl WSS A Y WSS =ql3_lv_mmos m=1l w=740,00n 1=130,00n ng=1
ME0 VDD A Y WID =gld_lv_pmos m=1 w=1,12u 1=130,00n ng=1
—O CDL Netlist k0 v

-0 GDSII .
—O LEF, Tech LEF
—O SPICE Netlist

: A typer I
—0 lee rty ‘timgzgale 1lne10ps
. “celldefine .
_o Ve rllog Py mngaisuigﬁ-_g&mu_l £, Ad:

—0 OA Library * e
A Timing

: ot 01, 835
—O Functions .
—0 aoli], [n]and, buf, decap, flops, dly, N

endzpecify

fillers, inv, mux, [n]or, tie, x[n]or, auxiliary endnodlle

“endcel ldefine

* not part of the OpenPDK delivery




OpenEMS ElectroMagnetic Solver Review

AppCSXCAD D O €
Eile Info
ﬁ . . . . LU CollapseAll ExpandAll ¥ ¥ Box MultiBox Sphere Cylinder Polygon User Defined Material Metal
3D FDTD solution targeting RF EM simulations e
Disc Disc Disc edges
Properties and Structures

—0 Model built by Python or Octave/Matlab scripting Propertes /primkves Vi

b+ Material::Sub [}
b Material::EPI 1%
» Material::SI02 9
§ dmimsimtreenaeanin, &

-0 Graphical viewer for model + mesh (CSXCAD)
Rectilinear Grid
L L mem

-0 Some interfaces to EDA packages, but no KLayout support yet

y -284 568 219 # Edit

-0 No internal support for GDSII import, interface was created using : W o WP
Python library gdspy Draving unit i 1005

Grid opacity -

-0 Variable FDTD grid spacing, mesh smoothing Rectlinesr G- Plane Positon

yz plane: (- x=-381
zx plane: y=-284

-0 Semiconductor substrate support (permittivity + conductivity) o .

Parame| ter

-0 S-Parameter output B o |

-0 Useful tutorials for RF examples Heve pa

-0 Possible issue: small residual energy at low frequency or DC a0 f
might create DC leakage in simulation results

-0 Efficient solution in commercial FDTD tools is "resonance estimation®,
but that is not implemented in OpenEMS so far

Power Loss (dB)

—O Mostly manual mesh definition , ~ A
-0 automatic meshing add-on project (OpenMesh) unfinished ~—
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QUCS-S Custom Library with IHP OpenPDK Devices

File Edit Positioning [nsert Project Tools Simulation View Help

1Al O2 4

¥

Main Dock

Projects

Content

Components

Search Lib Components Clear

Libraries

+ Cores

+ Crystal

+ Diodes

b Ideal

v JFETs

+ LEDs

+ MESFETs

r MOSFETs

+ NMOSFETs
+ OpAmps

+ PMOSFETs
+ Regulators

Libraries

SpiceOpamp
Transformers
Transistors
Tubes
Varistors
Xanalogue

v Z-Diodes

| 5G13G2 HBT
npn13G2
npn13G2_NX_vbic
npn13G2l
npn13G2l_NX_vbic
npni3G2v
npn13G2v_NX_wbic

OW mode!

Name: npn13G2

Library: fhome/andreev/.qucs/
user_lib/SG13G2_HBT

npn13G2 device from SG13G2_HBT
library

Symbol: g

By % & &

B® | & Bitsch Q

qucs-s 1.0.0

GO REHR ST " EEL-BTE

ARAM

icePar1 :
R5
mp=27 _

R3 B R=4.7k out
~in| - €=0.1uF Al
N I C2 .

I C=0.1 uF
N vice=npn13G2
|:| R1 Params=
- R=2 kOhm R
S R=470 Ohm
|Equation transient ac simulation
Eqn1. simulation
Rload=47k _
K=outw/inv ~  qpg ACT
Pwr=(outVt*outVt)/Rload v i Type=log
s?;’p 55 Start=100 Hz
b Stop=10 MHz

=Zymbal=
=Line -3@ @ 12 @ 200832 2 1=
zLine -2@ @ 18 @ #200008 2 ix
=zLine @ -13 @ -3 #0002 2 1=
=Line -1@ -5 18 -12 sZOeEed 2 1=
=Line @ -2Z@ @ -19 #00oE20 2 1=
“=Line -1@ § 12 19 #200020 2 1=
=Line -8 15 & @ #&E80080 2 1>
=Line @ 9 @ 11 #202908 2 1=
ZLine @ 22 ¢ 19 2020020 2 1=
=Line -10 0 2& @ #200808 2 1=
=Line 10 @ 1@ @ 2028828 2 1=
=Line -1@ -15 @ 20 #3002 3 1=
=Text 5 -10 5 #005500 @ "bn"=

LPortsym @ -39 1 98-

PortSym -2 @ 2 &=

.Portsym o 22 3 270

LPortsSym 22 © 4 180
=.ID 1& 14 X=

=/8ymbol=

—O Directory structure of user lib:
~/.qucs/
L— user_lib
| —SG13G2_HBT
| L—SG13G2_HBT.sym
L—SG13G2_HBT.lib*

* HSPICE models file from OpenPDK without any modifications

.ﬁ. .ﬁ. .ﬁ. .ﬁ.

June 2023
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Resistor Models

]

-0 Spice Models for

O Rsil (Rs=7 Q/0) Rz(contact) Rsheet Rz(contact)
—0 Rhigh (Rs= 1360 Q/0)

—0 Rppd (Rs= 260 Q/0O) —\/\/\/\/ \/\/\/\/ W

-0 Temperature Modeling
—o Noise I\/Iodeling Simple linear spice semiconductor resistor model

-0 Ngspice, Xyce compatible

—0 Non-linear effects not included: 3¢
-0 Self heating
-0 Velocity saturation

-0 Working on adapting R3 CMC resistor model.
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Analog/RF OpenPDK/EDA Flow Proposal

Design Specification IHP PDK

-0 KLayout-oriented flow

ik

N R

\ —O Layout design
. w G —— —O Parameterizable cells
s Schenl]&étggntry (—)[ Layout Drawing } egirrrtwjula?t?onr:3 © [ Filler/Sht ] 1 i i
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. v
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Layout Design: should we support Magic VLSI?

-0 KLayout | -0 Magic

class Staes

@ layout1
include A File I Edit | Cell I Windowl Layers ] Drc I Options I Devices 1 I Devices 2 I vIDRC=0| Loaded: (UNNAMED) E (-10.7
et Open...
Save... . o
Flush changes
R Read GDS )
Leramios !
oo Write GDS
> pestdaming - 4252 - Y ::
1 Save All and Quit § |
Mg - 352 Quit (~shift_Q) y n
N b1
el nactive deawing /282 : ‘: :
N w
4 text N ™
def display tex B sectivedeantng - 2252 R =
N n
N o
‘ 3 &
end N N
N w
ovlydraving - 35/251 N N
dat > y =
N =
N w
N w
Wl drawing « 45/252 N ::
N w
N N
. . ) |
g ¥
' Cadrawieg - 14/251 N | 2]
e y 8
st N = R R
N w
o o ) =
) M
"t
ot EEN
HE
e =
end
¥
end @ti
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Circuit Design: QUCS-S / Xschem / Revolution EDA -

rr —O Direct support of SPICE models from
Csoning nsen. Prjsct Toos Simlaion View el components datasheets

BrREth AMRBE: 0000 . o4 T .
iin Dck o % [# FoLacr 8]/ wniod | PERTNITE —O Basic and Advanced SPICE components

and simulations

-0 Direct support of SPICE Modelcards,
SPICE sections (.IC, .NODESET)

-0 Parametric circuits (.PARAM) and SPICE
postprocessor (Nutmeg)

-0 Single-tone and Multitone Harmonic
: balance analysis w/ XYCE backend
|transient |-

simulation| =% | —0 Nutmeg script simulation
Lib=MOSFETs )

ootz TR 2> —O XYCE script simulation type and digital
EE T e device library

il —O XSPICE CodeModel synthesizer

e —O User mathematical functions
definitions with .FUNC (added in 0.0.20)

Content || Proj

celtran.v

pi

[}
o
o
o
(&)

Libraries
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Circuit Design: QUCS-S / Xschem(?) / Revolution EDA

bandgap

File Edit Options “iew Properties Layers Toals Symbal Hilight Simulation

mause = 3250 500 - brary_t7y/bandgap selected: O

Waves

simulate  methst  Help

-0 Hierarchical representation of circuits

—O Generate circuit netlists for SPICE, Verilog,
VHDL, tEDAX

-0 Components: primitives, behavioral blocks,
subcircuit blocks

—O True mixed mode circuit description: Analog,
Behavioral, Transistor-level, Gate-level

-0 Efficient handling of Very large designs, no
scripting language for intensive computations

-0 GUI and scripting language with Tcl-Tk

—0 Vector instances and bus notations like
DATA[15:0,31:16]

—O TCL API for forward / backward annotation to
/ from 3rd party EDA software

-0 Used for SkyWater OpenPDK




ﬂ
Circuit Design: QUCS-S / Xschem / Revolution EDA(?) m

—O Revolution EDA has robust
symbol and schematic entry
tools

-0 All-around Python based.
—O Built-in Python console.
-0 State-of-the-art QT6 toolkit.

—O Shared-source (MPL modified
with Commons Clause)

(@instName] -0 Blg ambitions:

il —O Layout Editor

i —0 Simulation GUI cockpit

m=? =0 Al in circuit design, and much
more...




Simulation: should we support Xyce?

ngspice - open source spice simulator : Snacts Rator

€9 hups @& xyce.sandia.gov

Ngspice Home ngspice is the open source spice simulator for electric and electronic circuits. &3 [0 HE  Event Tracker-Sandia joy division...5 - YouTube Group: NEED..lation Node Advanced Sea..b
Such a circuit may comprise of JFETs, bipolar and MOS transistors, passive elements
[ | k< R L, or C, diodes, transmission lines and other devices, all interconnected in a
netlist. Digital circuits are simulated as well, event driven and fast, from single gates to
Features, Exiras & complex circuits. And you may enter the combination of both analog and digital as a
Options mixed-signal circuit.

ationa
Laboratories ABOUT MISSIONS RESEARCH

ngspice offers a wealth of device models for active, passive, analog, and digital

elements. Model parameters are provided by our collections, by the semiconductor
Introductory and update
videos

device manufacturers, or from semiconductor foundries. The user adds her circuits as
a netlist, and the output is one or more graphs of currents, voltages and other electrical

T quantities or is saved in a data file.
Pages

ngspice does not provide schematic entry. Its input is command line or file based. s . :
There are however third party interfaces available. ‘
ioeseampesianiang LT 300 - hiotesads= s i

3 ' \ $ N

Parallel electronic simulation
\ \ \ ) et

About Xyce

Xyce is an open source, SPICE-compatible, high-performance analog circuit simulator,
capable of solving extremely large circuit problems by supporting large-scale parallel

computing platforms. It also supports serial execution on all common desktop platfors
small-scale parallel runs on Unix-like systems. In addition to analog electronic simula
e Xyce has also been used to investigate more general network systems, such as neural

networks and power grids. Read more about Xyce.
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Next Steps / Planned Updates

—o Start set of Digital cells -0 Tasks on GitHub:
-0 Additional cells in development by Tit oo | Status
ETH ZU r|Ch + C0m m U N |ty 1 "3 Ngspice: 'ignored parameter' messages for HET models Done
_o LEF View for primitive devices 2 t_t Start set of Digital cells Done
3 "3 Digital standard cells enhancements (increased set) In Progress
—0 K Layo Ut TeC h N O | Ogy fi I e 4 3 LEF view for primitive devices Todo
-0 Add con nectl\”ty Sect|on 5 {3 MOS HSPICE models Todo
& 3 Klayout Tech file Done
-0 Need help on:
7 t_t DEM for Opensource PDK Done
_o MOS SPICE mOdeIS 8 _3 QUCS-5 Library w/ IHP OpenPDK devices In Progress
—o PCE"S 9 Mowve documentation to ReadTheDocs framework Tedo
10 3 PyCells Todo
June 2023 IHP - Sergei Andreev 23 O




MOS SPICE Models

-0 SG13G2 MOS Spectre models to SPICE format conversion to use
with ngspice/Xyce simulators

—O supported:
—0 extreme value behavior, corner cases
—O transistor layout data transfer
—0 drain/source area calculations using the fingers number
—0 some Spectre commands/instructions/statements not supported:
-0 geometry checks

-0 static and dynamic states checks
—O statistical variations




OpenPDK Pcells

7]

-0 SG13G2 Synopsys PyCells to KLayout Python Pcells conversion

Synopsys KLayout

KLayout
API

PyCell API

Pcells in
Python

Technology

June 2023 IHP - Sergei Andreev 25 O




OpenPDK and OpenTooling — Status

1. [IHP Open Source EDA Flows Proposals

2. | OpenPDK Project on GitHub

3. | Dedicated OpenPDK Virtual Linux Host Machine

4. | Available OpenPDK Data

5. |Open Questions

6. | Next Steps / Planned Updates

/. |Summary / Goals

June 2023 IHP — Sergei Andreev 26 O




Summary / Goals

7]

—0 First phase goal =2 Digital design submitted w/ core expert group in Dec Y23

OpenlLane OpenPDK

DRC

June 2023
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-0 Legend:
I -0 available
—O in progress
-0 optional
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