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IHP — Institute for High Performance Microelectronics

Main Activities
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130nm SiGe BiCMOS Technologies for RF Applications

700 : 1 l 1] I l—- _I _ 1 I T I 1 :
600 o #27.7861368 Thu ...
= a X E
HBT f,/ frax 250/ 340 GHz 350 / 500 GHz 470 / 650 GHz = 500 :_,fMA; ....................................................... I
il [ e - 5. \ n
Wemitter 170 nm 130 nm 110 nm D 400 Fil}ompr SG13G2" ™ v
2 C ) ]
HBT BV, 1.7V 1.6V 15V e L e —_
i :
CMOS node 130 nm 200 N -
. . . . . 100 Fbooo e
Active devices Schottky diodes, Antenna diodes, PN diodes, ESD : V_,=0.25 V, T=300 K 2
O C 1 | 1 | 1 | 1 | 1 | I
Varactors NMOS Varactor 0 1 2 3 4 5 6
Resistors Db, T [ - Collector Current/Emitter Length (mA/um)
fyand f,,,,of IHP SG13G2 and SG13G3 technology
MIM Caps 1.5 fF / um? (Al) 1.5 fF / um? (Al) 2.1fF/um? .
2.1 fF / um? (Cu) 2.1 fF / um? (Cu)
Metallization 7 Layers AL incl. 2 & 3 um 7 Layers AL incl. 2 & 3 *Cu:4 + 2 (3um)
layers um layers Al: 2 (3um
or or
*Cu: 4 + 2 (3um) *Cu:4 + 2 (3um)
Al: 2 (3um) Al: 2 (3um

*Cu BEOL from X FAB

= SG13G2 technology was selected for the development of an open source PDK TEM cross section of an HBT with elevated extrinsic base
regions from (a) the SG13G2 process and (b) a t SG13G3 HBT
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Motivation for IHP’s open source PDK initiative

]

-0 Provide low threshold access to technology & design data, PDK and
design tools for chip designer, technology developer & academic projects

-0 Pipe cleaning to demonstrate possibilities and convince commercial fabs
to support open source approach

-0 Simplify access to education material for chip designer

-0 Initiate cooperation's and joint projects with open source community
—0 Support chip design possibilities for small design projects/companies




German funding from FMD-QNC project

]

3 Main Tasks:

—O Push German Microelectronic Academy —
Certified Design Courses & Design Infrastructure using open source

—0 Develop Open-Design-Platform / Tooling & PDK

—O Support with Free Area in MPW Runs (chip designs for non-
economic activities, such as university education, research projects)




Open PDK & Open Tool Development

]

-0 This provides bases for education of designer and design projects
-0 IHP started on existing experiences of “SkyWater project”

-0 IHP will dig more in analog design flow, later RF design

-0 Quality should fulfill requirements for academic education

-0 Tools must be improved, interface development is crucial

—O For a sustainable approach we have to improve capabilities to a level to support
productive projects

—O Secure long term funding by MPW & Foundry Service
—0 Achieve industrial/non-public funding
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Digital Open Source Development Flow
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Analog/RF OpenPDK/EDA Flow

Design Specification IHP PDK

-0 KLayout-oriented flow

(1
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Dedicated OpenPDK Virtual Linux Host Machine

-0 Virtual Machine (VMWare VSphere)
with Linux OS
-0 4 CPU
-0 Memory 16GB
-0 HD 1TB
-0 OS Ubuntu 22.04.2 LTS
—O SSH, FTP, ThinLinc servers
-0 Only internal users by request
-0 Automatic backup every 24h at night

—O Base for a small open cloud server
scheduled 2024

PDK
Layout

Schematic

Simulation

Modeling
EM
Flows

PCells

Gen
Documentation
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sky130 [GitHub, open_pdks]

KLayout [Deb package, v0.28]
Magic [GitHub]

KiCAD [6.0.2]

gdspy [1.6.12]

netgen [GitHub]

Xschem [GitHub]

QUCS-S [GitHub]

Revolution EDA [GitHub]
Ngspice [GitHub]

Xyce [GitHub]

spectre2spice [GitHub]

DMT [GitHub, user-level]
OpenVAF [23.2.0]

OpenEMS [GitHub]

Octave [6.4.0]

Open_pdks [GitHub, user-level]
OpenlLane [GitHub, user-level]

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

PDKMaster [0.9.0, PyPi]

doxygen [1.9.1]
graphviz [2.43.0]




OpenPDK Project on GitHub

=] IHPmebH/IHPfOpen—PDK Public €2 Edit Pins ~ © Unwatch 22 ~ % Fork 10 - Yo Star 149

¢» Code (2 lssues ['l Pullrequests ) Discussions (O Actions [ Projects 1 M wiki @ Security |+ Insights 8 Settings

¥ main ~ ¥ 1branch > 0tags Go to file Add file = <> Code ~ About

130nm BiCMOS Open Source PDK,

sergeiandreyev Updated README ... bf27633 now ¥%) 24 commits dedicated for Analog, Mixed Signal and
RF Design
docs/images Added logo last month
open-source pdk ihp
ihp-sg13g2 DRM: initial version last week
[0 Readme
[§ LICENSE Initial commit 7 months ago
&5 Apache-2.0 license
[N READMEmd Updated README now ¥ 149 stars
& 22 watching
= READMEmd & % 10 forks

Report repository

IHP Open Source PDK

. i ) ) ) Releases
130nm BiCMOS Open Source PDK, dedicated for Analog, Mixed Signal and RF Design

No releases published
IHP Open Source PDK project goal is to provide a fully open source Process Design Kit and related data, which I
can be used to create manufacturable designs at IHP’s facility.

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

No packages published

Current status -- Preview Publish your fist package

A Warning
Contributors 2
IHP is currently treating the current content as a preview only.

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

.
to create many designs that have been successfully manufactured in significant quantities, the open source PDK L...J noherbrferurtth
is not intended to be used for production at this moment.

https://github.com/IHP-GmbH/IHP-Open-PDK

PDK Contents:
—O Project Roadmap Gantt chart

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

-0 SRAM cells (GDS)

—O Primitive devices (GDS)

-0 KLayout layer property and tech files
—O 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

July 2023 IHP - Sergei Andreev
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https://github.com/IHP-GmbH/IHP-Open-PDK

Base Cell Set with Digital Standard Cells

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

-0 78 cells e

—< ) I LSUBCKT =ql3g2_inw_1 A WID WSS ¥
VIeWS / *,PII‘«IIT\IFSQI’-“H%l 'u']IZIEI;lB WS5:B Y:0
. MEl WSS A Y WSS =ql3_lv_mmos m=1l w=740,00n 1=130,00n ng=1
—O CDL Netlist

ME0 VDD A Y WID =gld_lv_pmos m=1 w=1,12u 1=130,00n ng=1
LEMDS

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

. A typer I
—O leerty ‘timgzgale 1lhz/10ps
] “celldefine .
_O Ve rllog P mngaisuigﬁ-_g&mu_l (Y, A):

—0 OA Library * 40 GE
A Timing

: ot 01, 835
—O Functions .
—0 ao[i], [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

—O 3D FDTD solution targeting RF EM simulations Ry T ey e————
-0 Model built by Python or Octave/Matlab scripting ,w Od
-0 Graphical viewer for model + mesh (CSXCAD) : =N
-0 Some interfaces to EDA packages, but no KLayout support yet l”d el
-0 No internal support for GDSII import, interface was created using o ams i
Python library gdspy i
-0 S-Parameter output y%dlpo ;:;;g;
-0 Useful tutorials for RF examples e g
-0 Possible issue: small residual energy at low frequency or DC o
might create DC leakage in simulation results e
-0 Mostly manual mesh definition g
-0 No user friendly GUI for IC designer }
July 2023 IHP - Sergei Andreev 15 S— O




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.

July 2023
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Resistor Models

]

—O Spice Models for

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

—o Rppd (Rs= 260 Q/0) — N\, YV YV —

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

—O 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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Next Steps / Planned Updates

—o Start set of Digital cells -0 Tasks on GitHub:
-0 Additional cells in development by e oo | status
ETH Zu riCh + Com m u n ity 1 7_% Ngspice: ignored parameter’ messages for HBT models Done
_o IO CeIIS 2 i) Start set of Digital cells Done
. . .. . . 3 7" Digital standard cells enhancements (increased set) In Progress
-0 LEF view for primitive devices R .
—o KLayout Technology file S £ SRAM cells
-0 Add Connectivity Section 6 3 LEF view for primitive devices Todo
7 % MOS HSPICE models Todo
-0 Need help on: __
8 i._4 KlLayout Tech file Done
-0 MOS SPICE mOdEIS 9 "% DRM for Opensource PDK Done
_o Pce"S 10 ¢ 3 QUCS-S Library w/ IHP OpenPDK devices In Progress
11 < % Move documentation to ReadTheDocs framework Todo
12 {73 PyCells Todo
July 2023 IHP - Sergei Andreev 19 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
-0 transistor layout data transfer
—0 drain/source area calculations using the fingers number
—0 some Spectre commands/instructions/statements not supported:
-0 geometry checks

—O static and dynamic states checks
—O statistical variations




OpenPDK Pcells

]

-0 SG13G2 Synopsys PyCells to KLayout Python Pcells conversion

[ SYNOpPsYs } { KLayout }

. ,, ﬁ/
[ PyCell API } ‘ KLayout API ‘
N v
Pcells in
Python
Technology

July 2023 IHP - Sergei Andreev 21 O
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OpenPDK Workshop at IHP

IHP
®3 3,699 followers
6d - @

The two days of our Open Source PDK #workshop are coming to an end. The
participants are experiencing an exciting atmosphere filled with engaging discussions
among like-minded colleagues and experienced speakers. We are delighted to witness
their enthusiasm and dedication. Our primary goal is to ensure that the topic of
#opensource PDK becomes more transparent for everyone, allowing our esteemed
guests to fully benefit from the insights shared here. Stay tuned for upcoming updates
and events as we continue to foster a vibrant knowledge exchange environment.

-0 OpenPDK, OpenTooling and Open Source Design —
An Initiative to Push Development

—0 2-day workshop on 27/28 June @Frankfurt (Oder)
-0 Promote exchange and networking

-0 Designers present ideas to educate chip designers

—0 Tool developers present tool features / planned
enhancements

-0 Agenda with uploaded slides on GitHub Wiki:

https://github.com/IHP-GmbH/IHP-Open-PDK/wiki/Networking-Workshop-
FMD-QNC

-0 Goals:

—0 Identify / prioritize gaps in design flow
—O Help plan the OpenPDK project roadmap



https://github.com/IHP-GmbH/IHP-Open-PDK/wiki/Networking-Workshop-FMD-QNC

Tool support questions

/-0 KLayout -0 Magic I /—Ongspice -0 Xyce

@ tnyout

ngspice - open source spice simulator % @ Mg xycesanda.gov

Ngspice Home | nospice is the open source spice simulator for electric and electronic circuits

Such a circuit may comprise of JFETs, bipolar and MOS transistors, passive elements Sandia
ke R, L, or C, diodes, transmission lines and other devices, all interconnected in a e ABOUT  MISSIONS  RESEARCH
What is ngspice 7 netlist Digital circuits are simulated as well, event driven and fast, from single gates to

complex circuits. And you may enter the combination of both analog and digital as a
mixed-signal circuit

ngspice offers a wealth of device models for active, passive, analog, and digital
elements. Model parameters are provided by our collections, by the semiconductor
device manufacturers, or from semiconductor foundries The user adds her circuits as
anetlist, and the output is one or more graphs of currents, voltages and other electrical

quantities or is saved in a data file.
Pages

ngspice does not provide schematic entry. Its input
There are however third party interfaces available.

command line or file based

computing platforms. It also

rallel runs on Unix-like sy:

Xyce has also been used to in

\ networks and power grids. Rea

-0 QUCS-S —O Xschem -0 RevolutionEDA

Fie s cptoms wem propeties (B s Gphnl Hape Smmion wavas  seiate

ore general network systems,

= about Xyce




Workshop Results

—O Questions about tool support answered:

—O Layout Design: KLayout and Magic E

=0 Circuit Design: QUCS-S and Xschem.l-r_.

-0 Simulation: ngspice and Xyce \ﬁ




Workshop Results (continued)

]

—0 Open discussion/issues:
—O Documentation of tools must be improved!
-0 Lacking functionality here and there, interface missing between some tools

-0 Simple GUI for attracting a broader community, BUT cmd line more
important = functionality and productivity

—O More focus on standard files exchange format instead of common DB

—O Test cases!! = Open Source PDK = Start improvement cycle

—O Resources and planning for open source tools is a problem, joint strategy?
-0 Foundation (European?) for open EDA tools
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Open Source Roadmap

]

-0 Agree on common goals for a design flow —to channel effort
—0 Synchronize efforts and tasks, review/update project schedule

-0 Leveraging community efforts, public funding and corporate contributions

—0 Demonstration of successful open source designs

-0 Demonstration of design training courses in academic institutions

-0 Example for a commercial successful project




First phase target

]

=>» Submit digital design based on open PDK in Dec Y23

-0 Legend:
GDS :
I -0 available
=0 in progress
-0 thd

{ OpenLane J { OpenPDK }
: )

o) (o) (= | B0
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Thank you for your attention!
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