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Abstract— In this work, we demonstrate quasi and fully vertical PIN GaN on Si diodes with a low on state resistance 

of 0.35 mΩ.cm² and high average electric field of 1.82 MV/cm, which is favorably comparable to the state-of-the-art 

considering the absence of edge termination or field plates. The breakdown voltage scales well with the drift layer 

thickness of 3.5 µm and 4.5 µm resulting in hard breakdown values exceeding 800 V. The achieved results are promising 

towards kVolt-class fully vertical GaN-on-Silicon devices. 
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In the past two decades, GaN HEMTs (high electron mobility transistors) have been demonstrating its high 
potential to exceed the silicon power device limitations. However, GaN based lateral HEMTs suffer from several 
prominent issues such as electron trapping and related device reliability due to both the sharp peak electric field at 
the gate edge and the absence of avalanche effect. Furthermore, higher breakdown voltage requires increased gate 
to drain distances resulting in undesired large device size. This is why vertical GaN power devices are increasingly 
of interest and intense efforts from the community are currently on-going. Indeed, the high breakdown voltage, the 
avalanche capability, the electric field management with high current spreading and the small device footprint are 
some of the main advantages of vertical power devices. If grown on silicon substrate, the overall cost can be 
significantly reduced. In this work, we demonstrate quasi-vertical GaN-on-Si PIN diodes with high performance 
and linear breakdown voltage scaling with the drift layer thickness. Fully vertical PIN diodes have also been 
fabricated yielding similar breakdown field and potentially even lower on-resistances Ron. 

Two PIN GaN diode structures have been grown on Silicon substrate with similar N+ bottom layer 
(Thickness=800 nm and doping=5×1018 cm-3) and P top layer (Thickness=700 nm and doping=3×1017 cm-3). The 
drift layers have the same doping (3×1016 cm-3) but two different thickness of 3.5 µm and 4.5 µm. The fabrication 
process of the PIN diodes started with mesa etching using ICP system by Cl2/Ar. Then, a Ti/Al/Ni/Au metal stack 
was deposited on top to form the N+ contacts while Pd/Ni/Au metal stack was deposited on top of the P layer (see 
Fig. 1 and 2). Both P and N contacts were annealed at 600°C. High on-state current density (normalized with the 
anode area) and similar low differential Ron of 0.35 mΩ.cm² are observed in both cases, as expected from the N- 
doping level within the drift layers (see Fig. 5 and 6). Furthermore, a high breakdown voltage Vbr was achieved 
and a linear correlation between the drift region thickness and the breakdown voltage was observed. For 3.5 µm 
drift layer, Vbr is around 640 V corresponding to an average breakdown field of 1.82 MV/cm (see Fig. 7). For 4.5 
µm drift layer, a Vbr around 820 V resulting in an identical breakdown field (1.82 MV/cm). These results indicate 
that the epitaxial and process quality can be maintained with larger drift layer thicknesses, considering that no 
specific edge termination or sidewall treatment was employed. It can be pointing out that these results are favorably 
comparable to state-of-the-art quasi vertical GaN-on-Si PIN diodes without edge termination or field plates (see 
Fig. 10).  

Additional fully vertical PIN diodes were fabricated on the same wafers as this architecture is highly desired 
for proper device integration in a large scale as well as reduced Ron. The process of fully vertical PIN diodes started 
with the Silicon substrate thinning followed by the front side processing. The silicon substrate and buffer layers are 
then locally removed using DRIE and ICP tools. The N+ backside layer was contacted using Ti/Au metal deposition 
by sputtering while similar P-contacts were used on the frontside (see Fig. 3 and 4). Interestingly, the fully vertical 
PIN diodes showed a similar off-state behavior than the quasi-vertical ones (see Fig. 8). As can be seen in the 
benchmark Fig. 11, the corresponding breakdown field and associated doping concentration are promising, as the 
Ron of fully vertical devices should be even lower than the quasi-vertical devices since the current flow in the N+ 
layer at the edge of the mesa, which creates an additional serial resistance is suppressed. This is illustrated in the 
TCAD simulation Fig. 9 and will be experimentally validated once the optimization of the backside contacts will 
be completed. 
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Fig.1. Schematic cross section of quasi 

vertical PIN diodes  

 

N+-GaN 800 nm 
[Si]-5e18 cm-3

N--GaN
3.5 µm and 4.5 µm

[Si]-3e16

P-GaN
700 nm

[Mg]-3e17 cm-3

Buffer

Si

Ti/Al/Ni/Au

Pd/Ni/Au

 
Fig.5. Forward I(V) of PIN diodes with 3.5 µm  

and 4.5 µm of drift layer 

 
Fig.6. Differential Ron measurements of PIN diodes 

with 3.5 µm and 4.5 µm of drift layer 

 

 
Fig.7. Breakdown voltage measurements of PIN 

diodes with 3.5 µm and 4.5 µm of drift layer 

 
Fig.8. Comparison of PIN diodes Breakdown voltage of 

fully and quasi vertical architectures 

 

 

 
Fig.4. Schematic cross section 

of fully vertical PIN diodes 

structure  
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Fig.10. Benchmark of Breakdown voltage versus Ron of Quasi vertical 

GaN-on-Si PIN diodes without edge termination or field plate 

 

 
Fig.9. TCAD simulation of current density distribution of the on-state (a) quasi vertical with crowding 

effect and (b) fully vertical structure. 
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Fig.2. SEM images of quasi vertical PIN 

diodes 
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Fig.3. Backside (a) and frontside view (b) 

of fully vertical PIN diode with Silicon 

substrate and buffer layer removal 
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Fig.11. Benchmark of doping vs Electric field of fully vertical  

GaN-on-Si PIN diodes  


