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Introduction /\‘_dM_OS

* This topic is driven by the steep increase of quantum computers.

* Microchips incorporating ,classical” transistor based digital logic and analog circuits are
rquired as interface to the quantum chips. To avoid long wires, these chips are in the best
case placed directly near the quantum chips. In this case, the transistor based circuits are
operated in the same temperature region ideally near the absolute temperature minimum
than the quantum chips itself.

e Typically, PDKs are covering only the ,standard” temperature range (military, automotive)
down to -55°C.

e For quantum computer applications, libraries covering the temperature range between
0.1K and 10K are necessary.

e This paper describes the experience, AAMOS got while working on the generation of
analog simulation libraries for 2 applications:

= LV and HV transistors in a 130nm bulk CMOS technology
= Low Vit transistors in a 22nm FD SOI technology




130nm Bulk CMOS Technology with PSP103.7 Vi Ye
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* Measurements were done for 4K, 20K, 77K and 300K (room temperature) on:
= Transistors
= Parasitic diodes

* Nominal temperature is 4 K

e The simulation model is PSP103.7 and the simulator is Spectre 20.1, same than in
standard PDK.

e The transistor behavior could not be fitted over the hole temperature range.

= It can be seen, that the temperature scaling fits the low temperature range well (up to
77 K) but not simultaneously the behavior at room temperature.

= This is a compromise which is ok, as the circuit behavior in the standard temperature
range can be simulated by the existing standard PDK.




Temperature Dependency /\‘_dMOS
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Temperature Dependency Scaling
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Junction Capacitance
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Cjunction could be fitted well for the low temperatures. The reference temperature (TRJ) of
the juncap200 model was set to 21°C.
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Junction Diodes /\‘_dM_OS

e Junction diodes does not simulate at 4K and 20K. To ensure proper simulation, the model
parameter ,DTA” must be set to 50K and TR=21 (TR=-269 does not simulate either).

e As this would lead to incorrect results in the transistor simulation, the diodes were switched
off in the transistor model and modeled in a separate model (juncap200).

* The classic SPICE diode model does not improve the situation.
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Library (Simulator: Spectre 20.1)
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inline subckt cryo hv nmos d g s b

cryo _hv nmos (d g s b)
cryo _hv ndiodeBD (b d)
cryo _hv ndiodeBS (b s)

ends cryo hv nmos

section cryo hv nmos

cryo hv
cryo hv

cryo hv

model cryo hv ndiode psp juncapz200

+ trj = 21.0
+ imax = 2.7101e-006
e

dta

frev

model cryo hv nmos psp pspngsl03

+ level = 103.70
+ swgeo = 1.0

+ swgidl = 0.0

+ oiae i,

endsection cryo hv nmos

tr
swigate

swjuncap

nmos_psp w=w/ng 1=1 as=as/ng ad=ad/ng ..

ndiode psp ab=ad/ng ls=pd/ng m=ng
ndiode psp ab=as/ng ls=ps/ng m=ng

*

type = n level =
= 50.0 swjunexp = 0.0
= 1000.0 cjorbot = 0.0006834

type = n version =

= -269.0 dta = 0.0
= 1.0 swimpact = 1.0
= 0.0 swjunasym = 0.0

200

103.7




Further effects
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Current increase @

high vd @ 4K:

* No current to
substrate as the
bulk current is
modeled quit
good.

* Hot electrons?
Not visible at 77K
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22nm FDSOI Technology AdMOS

@ SOLID quantum Computer in the Solid State

AdMOS is part of the working group 5 "Engineering for Hardware Integration Provides

Tailored Classical Room Temperature Electronics and Cryogenic Electronics" inside the
Qsolid research project.

The focus of our part is to provide a PDK for the 22nm FDSOI technology of Global

Foundries which can be used to simulate transistors in a temperature range between
100mK and room temperature.

SPONSORED BY THE

The QSolid project, Teilvorhaben: “QSolid_KryoMod - Simulationsmodelle fir

#R | FedeelMinisty - hochintegrierte Kryo-Elekironik”. acknowledges the support of the Federal Ministry
and Research of Education and Research (BMBF) within the framework programme “Quantum

technologies — from basic research to market” (Grant No T3N16166).
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22nm FDSOI Technology AdMOS

2Vto+2V
body biasing

Gate 22nm fully depleted SOI transistors

Source Drain FOCUS iS on:

Ultra-Thin Buried Oxide

* Modeling the body biasing to control threshold voltage

* Self-heating due to high power and sensitivity to
temperature increase
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Characteristics of 22nm FD SOI transistors from partner Global Foundries [1]
[1] Performance and Low-Frequency Noise of 22-nm FDSOI Down to 4.2 K for Cryogenic Applications, 2020 IEEE TED 67(11):4563 — 4567
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Compact simulation models for 22nm FDSOI /\‘_d MOS

We evaluated 2 compact simulation models, which are normally used for this technology:
= BSIM-IMG 102.9.4 (standard PDK of GF is based on this model)
- L-UTSOI 102.5
The “public” available model versions have been used:
= Built-in models in standard simulators (Spectre)
= Verilog-A code

Switched to development version of BSIM-IMG in Verilog-A = simulation runs down to
less than 4K

Work to extract parameters for this model is in progress.

In the mean time: wait for the public release of newest model versions (L-UTSOI 102.6"),
BSIM-IMG 102.9.6 in standard simulator).

s now released in ADS 2023, needs to be checked again
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130nm Bulk CMOS

Generating a simulation library for a 130nm CMOS process based on a standard model
(PSP103.7) which is built in a simulator is possible.

Some drawbacks (diode |-V behavior) and limited validity in temperature range (4K-77K)
needs to be taken into account.

However, these are minor restrictions taken into account the overall availability of the
PDK.

22nm FDSOI

None of the standard FDSOI models for this process node simulates at cryogenic
temperatures.

Work is in progress by model development teams.
Difficult to access for non-CMC members

Advanced versions of these models which can cover cryogenic temperatures needs urgent
implementation in standard design environments for design teams.
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