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Introduction:  The wide bandgap, thermal conduc-

tivity and stability, and high electron and hole mobili-

ties indicate diamond as an ideal high temperature sem-

iconductor.[1]  This research is focused on demonstrat-

ing the properties of diamond diodes for operation in 

power control and conversion modules for exploration 

of the surface and atmosphere of Venus where the 

480°C surface requires high temperature operation. 

Diamond electronics are enabled by high quality 

epitaxial layer growth of doped and undoped diamond 

layers on single crystal substrates. Epitaxial growth is 

achieved using microwave plasma chemical vapor dep-

osition (MPCVD) with the substrate at ~800°C.  Dop-

ing with boron is employed for p-type layers, and dop-

ing with phosphorus is employed for n-type layers. 

In this project, an undoped intrinsic layer was 

grown on heavily B-doped substrates. A P-doped n-

type layer completed the N-I-P structure. Circular di-

odes were fabricated using standard lithography. Metal 

contacts were fabricated using Ti/Pt/Au layers with Au 

as the outer layer. The individual diodes were isolated 

using a partial mesa etch to avoid surface leakage. 

Diodes were characterized to 600°C in air. The ini-

tial target specifications were a blocking voltage of  

50V and a forward current density of > 100A/cm2. 

Results: Electrical characterization of diamond pin 

diodes were evaluated from RT to 600°C and typical 

results are shown in Fig. 1. Diodes with an intrinsic 

layer thickness of greater than 500 nm showed block-

ing voltage greater than the 50 V target. The diodes 

showed forward current densities often surpassing 

1000 A/cm2 at a forward voltage of less than 10 V. 

Diodes were tested for times of 60 min at high tem-

perature and operating at significant forward voltage, 

and they showed minimal degradation.  Longer testing 

is planned as is testing in the GEER facility. 

Discussion: The diamond diodes met the perfor-

mance targets at temperature of 600°C in air. The fol-

lowing characteristics differentiated diamond devices 

from other high temperature semiconductors. 

The diamond diodes employed an undoped intrinsic 

layer. Consequently the transport involved carrier in-

jection and drift.  The mode of transport has been de-

scribed as space charge limited current that is modelled 

by the Mott-Gurney expression. Interestingly, the cur-

rent increases proportional to the voltage squared, and 

the forward I-V characteristics showed a clear parabol-

ic dependence confirming this transport mechanism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Cross-section of a diamond Schottky PIN diode 

and current density vs voltage up to 500°C showing 

good rectification and consistent forward current. 

 

The characteristics of the diodes were simulated us-

ing a customized version of ALTAS Silvaco. The 

simulation was used to guide the design of the diodes 

to maximize the diode rectification ratio at the operat-

ing temperature. The optimal design was a structure 

where the n-type layer was fully depleted.  This design 

allowed engineering the diode barrier to achieve the 

desired high temperature operation. 

The next phase of the project will involve high 

temperature packaging and extended testing at the 

GEER facility. Beyond this testing, the team is working 

towards a diamond vertical power junction field effect 

transistor (JFET) that would be combined with the di-

odes in a power conversion module.  
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