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* Modelling and manufacturing of a state-of-the-art IHP SG13
BiICMOS process.

= Development of Cryo-PDK for IC design in CAD tools at 4 K.

= Development of test structures and circuits for Cryo-PDK
evaluation.

= Annotate the data from the measurement results of the provided
test circuits back PDK to tune the model cards.
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Cryogenic Probe Station @
= |HP ordered Cryogenic Probe Station, installation end of 2022

= cost effective, stable, reliable and convenient low temperature
semiconductor testing c

= cryogenic wafer-scale testing of devices and circuits

= DC and RF on wafer measurements at 4 K

= System is still in production and not yet assembled
= Current solution requires constant supply of liquid

helium which is inconvenient and expensive.
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Current State of HBT, MOSand RESmodels @

= alpha version model of npn13G2C extracted and embedded
into PDK.

MOS:

= measurements and model extraction of the MOS-devices for
various geometry completed and injected into PDK model cards.

Resistors:

= Sheet resistance (SR) at 4K was measured.
= Models for SG13G2 were reused with updated SR. f«"} :
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Cryogenic HBT models

= A new SiGe HBT alpha model for r
cryogenic temperature range < 5| S
was developed. S 1 §

= The simulated data show a

reasonable agreement with the
measured values from 4K.
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= HBT models are delivered as encrypted due to security reason.
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Cryogenic HBT models — simulation at 10K without self-heating @

= Due to convergence issue of 800 — — ¢
HBT alpha model there are :EE B
limitations: S 500
= Designer is to set the % 400
simulation temperature at h zgg
10K. 100
= Self-heating is turned off. 102

= Saturation and break down
range are not yet considered.
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CryogenicMOSmodels @

= The provided MOS model cards were extracted in the range
20K...4K.

= Verification performed for different device geometries.

= Worst case deviation is 20% (The goal is to keep it bellow 10%
for all important bias conditions).

= The MOS models still require at least one more iteration to get
better fitting with the measurements. Exp. 2023.

= A ring oscillator is being developed using the Cryo PDK to verify
the MOS models and it is to be taped out for fabrication. Exp.
2023.
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Cryogenic MOS models (Measurements vs Simulation) @

" The extracted MOS model cards were compared vs simulation.

= The models have reasonable agreement with the measurements
at 4K.
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Cryogenic Resistor Models @

= Sheet resistance (SR) was measured for all resistor types at 4K.

" The resistor model cards were updated in accordance to the new
SR-value.

= Temperature coefficients in the model cards were reset to
provide reliable simulation results at 4K.

* The updated model cards are temperature independent and
compatible with HBT simulation flow.

= The provided model cards have a perfect agreement (simulation
VS measurements) at 4K. 6{» !
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RFIC Interoperability @

= A single PDK will work with both Keysight ADS and
Cadence Virtuoso simultaneously.

= A schematic/symbol/layout view can be used and edited in
both Keysight ADS and Cadence Virtuoso.

@ New Workspace

Create a new workspace to contain your work.
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RFICInteroperability @

= Cadence PDKs provide a complete physical verification and
parasitic extraction work flow.

= ADS PDKs allow performing tuning/optimization/yield, viewing
simulation results, back-annotating operating points, etc.
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HBT cryo-models embedded into PDK (ADS) @

= The first HBT Cryogenic models have been extracted and
integrated into PDK.

= Verification of the models is in
process.
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L J
HBT Cryo-models embedded into PDK (Cadence D
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'HBT Cryo-models embedded into PDK (Cadence) @

= The simulation results for 4K and 10K for MOS transistors does

not deviate to much, so they could be used together with BJT
and RES devices.

: ST T
Gl Hei . ﬂ F F H F ﬂ ﬂ F ﬂ
JLLUM\JULLUJJLL_UJL

0.8—|

i VtPulse

- L Num=2
o SRC2 “ E.['
| ) | TRANSIENT Vdc=13 V ﬂ) Viow=0 V
" Vhigh=1V
$:::1 Delay=0 nsec

StopTime=100.0 nsec
MaxTimeStep=1.0 nsec

| OPTIONS

Edge=linear
Rise=1 nsec

g g 04—
0.2
Width=3 nsec 7

—L_ Period=10 nsec 0.0

2

4-, 06;
5 .
O

E\

Fall=1 nsec

Options

The corner case simulation Time (nsec) #Z, .

Iéiﬁ\:ziﬁ%:arningswes is a I S O p rOVi d e d . Eeibni_z j

MaxWarnings=10

www.ihp-microelectronics.com | © IHP all rights reserved | IHP RFIC Interoperable Cryogenic PDK, September 2022 14



‘MOS Models are embedded into PDK(ADS) @

= The simulation results for 4K and 10K for MOS transistors does

not deviate to much, so they could be used together with HBT
and RES devices.
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Simulation workflow at 10K insteadof 4Kk @

= Due to convergence issue at 4K of HBT device the simulation
environment temperature is to be set for 10K.

= The HBT simulation results at 10K temperature correspond to 4K
measurements.

= Simulation of cryogenic resistors are temperature independent
and always correspond to 4K, thus aligned with HBT.

= Simulation of MOS devices at 10K and 4K results in negligible
deviation.

= A complete simulation workflow should be setup for 10K. 6{» !
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Roadmap Plans @

= ADS and Cadence beta PDK releases (2023).

= Fabrication of ring oscillator to verify HBT models (2023).
= Fabrication of ring oscillator to verify MOS models (2023).
= Extraction of complete resistor models (2023).

= Tuning of PDK models and settings based on the measurement
results of the test circuits and re-engineer Pcell profiles for best
noise performance (2023).

= Potential measurements of key devices down to 100 milikelvin.
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U Y e @

= The development of PDK is part of the MuniQC-SC (Munich
- Quantum Computer based on Superconductors) project.

= MuniQC-SC is developing a quantum computer demonstrator
based on superconductors (MUNIQC-SC - Quantentechnologien).

= The Cryo-PDK will be available for the customers end of next
| year.

* The Cryo-PDK will most like be based on SG13G2 technology
process and no additional qualification is required.

* Thanks to Xiaodi Jin from TU Dresden for development of
HICUM HBT cryogenic models. f\
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https://www.quantentechnologien.de/forschung/foerderung/quantencomputer-demonstrationsaufbauten/muniqc-sc.html

Thank you for your attention!
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