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Abstract:
As silicon CMOS technology approaches its scaling 
limits, graphene offers a compelling alternative due 

offering strong electrostatic control and promising high-
frequency performance. However, roadblocks such as 
device-to-device variation, high contact resistance, poor 
dielectric interfaces, and non-uniform graphene quality 

transistors (GFETs). In this work, we directly compare 
two GFET structures through a controlled, side-by-side 
process split to evaluate the impact of gate electrode 
topography (raised vs. recessed buried local gate) in 
terms of device performance and device-to-device 
variation. While the top performing devices remained 
similar across the three proposed structures, very 

device-to-device variation in the proposed variations. 
The device-to-device variation of the hole mobility 

opposed to a raised local-back gate. As such, this study 
shows that a direct comparison of process conditions can 
help identify favorable process conditions to improve 
the manufacturability of graphene-based transistors.

Summary of Research:
The integration of a planarization process for the 
fabrication of GFETs with hBN dielectrics, results 
in both a smoother transition from channel to gate as 
shown in schematically in Figure 1, and Figure 2. The 
planarization process provides a statistical improvement 
in the performance and variability of graphene transistors 
in terms of Dirac point and mobility when compared to a 
raised gate architecture as shown in Figure 3 and Figure 
4. Hysteresis measurements (not shown) also indicate 

similar between the raised and recessed process. When 

compared to other dielectrics such as Al2O3 [1], hBN 
also offers advantages in terms of yield and contact 
resistance when used in a local-back gate process. In 
addition, the observed parameter variability is much 
reduced with the use of hBN as a dielectric due to better 
material compatibility during processing, which along 
with other process improvement and considerations, 
could lead to the needed improvement in yield and 
reliability [2], [3], [4]

Conclusions and Future Steps:
While prior studies have aimed to improve GFET 
performance or reduce variability, most work has 
typically done so in evaluating disparate device 

statistical trends. In contrast, our work systematically 
integrates monolayer hBN as a gate dielectric and a CMP-

platform, enabling direct, controlled comparisons across 
design variations. This approach not only enhances 
key performance metrics, such as contact resistance, 
mobility, and cutoff frequency, but also dramatically 
reduces device-to-device variation and increases yield. 
By analyzing full device distributions rather than peak 
values alone, this study offers critical insights into how 

reproducibility. Demonstrating a substantial reduction 
in device variability, the standard deviation of extracted 

design and process guidelines for realizing scalable, 
high-performance graphene electronics to bridge gaps 
between isolated breakthroughs and manufacturable, 
wafer-level technologies. The reduction in device-
to-device variation indicates that a process induced 
variation may be mitigated through the presented work. 
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to further large-scale integration may support a more 
uniform device array and a scalable, multi-user circuit 
design platform. By analyzing full device distributions 
rather than peak metrics alone, this study reveals how 

reproducibility. The observed consistency suggests that 

an optimal platform of scalable, and high-performance 
GFET fabrication.
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