
The nature of many high energy physics (HEP) experiments, such as 
those with time-projection chambers, require readout electronics to be 
kept in the cold environments of  the liquid noble detection medium.

The foundry given, room temperature (RT) process design kit (PDK) of 
transistors, which make up the foundation of printed circuit board 
(PCB) design, does not correctly predict transistor behavior at 
cryogenic temperatures.

Circuit designers need accurate PDKs to optimize performance in a 
circuit’s intended environments. Thus emerges the need for cryogenic 
PDKs.

SkyWater 130nm (Sky130) is a CMOS process node developed by 
SkyWater Technology in collaboration with Google and is now 
sponsored by ChipFoundry. 

The open-source nature of Sky130 makes this node a cost-effective, 
scalable choice for readout electronics in HEP applications. Thus, we 
sought to generate a cryo model for this transistor node.
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Background & Motivation

Test Stand

DC current-voltage (IV) characteristics used for 
creating the cryogenic model were performed at 
77K using a two-stage custom cryo-cooler at 
Fermilab. 

Cryogenic modeling – Data, Methodology, and Results

We compare output 
characteristics (ID-VD) and 
transfer characteristics (ID-
VG) of single transistors 
(pictured right) at RT and 77K, 
demonstrating the need for 
cryogenic transistor models. 
Below is the RT and 77K data 
of the transistor with the best 
fitting cryo model.
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There is no industry standard for quantifying how well a transistor 
model fits to its data. We employ a relative RMS error between the 
model predicted drain current and the measured value, where N is 
the number of data points along the curve:

Wirebonded Chip

Various transistor and design parameters have well studied 
changes at cryo, namely, the threshold voltage (Vth) and 
subthreshold swing (SS). This was evident in our data and 
cryo model, as shown in the plots below.

SS: inverse of the slope of the 
subthreshold region (VGS < Vth). 
Extensively studied and known to 
decrease with temperature.

Vth: the gate-to-source 
voltage at which the 
transistor channel is fully 
conducting, allowing charge 
to flow freely through the 
drain. 

Left: Flow chart of the parameter 
extraction process for each transistor.

Right: Table of BSIM4 parameters extracted 
and what dataset they were extracted 
against.

Sky130 is modeled by the BSIM4 model framework developed 
by the BSIM group at Berkeley [1]. The provided RT model is 
used as a foundation for the development of the cryo model by 
altering select model parameters against cryo data.

The modeling process was repeated across multiple transistors 
of various type (n/pMOS) and various length and width. Due to 
the binned nature of the Sky130 PDK, 19 unique cryo models 
were generated, resulting in model improvement across all 19 
models. 

Plots below show the best fit model compared to the data at 
cryo temperature. 

Transistor cross section [2]

[1] https://bsim.berkeley.edu/ ,[2] https://en.wikipedia.org/wiki/Field-
effect_transistor 
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