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1. Introduction

Recently, Ultrawide-Bandgap (UWBG) semiconductor, which is defined with bandgap >3.4eV (bandgap of GaN), has been mainly researched due to its excellent performance in
high power, high frequency, and high-temperature applications. The most common UWBG materials include aluminum nitride (AIN), gallium oxide (Ga:03), and diamond which
have a bandgap of 6.2 eV, 4.9 eV, and 5.5 eV respectively [1].

This poster aims to take a brief review of currently existing UWBG semiconductor devices such as metal-oxide-semiconductor field effect transistors (MOSFET), metal-
semiconductor field effect transistors (MESFET), and high electron mobility transistors (HEMT), analyze their performance to guide potential challenge and future developing
plan.

To achieve this aim, the objectives that can be taken are listed as follows:

1. Research aluminum nitride and diamond’s crystal structure and material properties.

2. Discover the structure optimization of the device in each journal paper.

3. Analyze the performance characteristics of each device.

2. UWBG Material Structure & Properties

AIN usually exists as an alloy with GaN, which is called AlxGaixN where x is the
content of aluminum in the alloy, varies between 0% to 100%. For AlGaN doping, the
most commonly used material is Si for n-type doping and Mg for p-type doping [1].

The diamond that is used in the UWBG application is called n-diamond, which can be
seen as a metastable intermediate state between sp2 graphite and sp3 diamond [5].

Both AIN and GaN have the same crystal
structure, called a Wurtzite-type
GaN Alpi2sGaoszsN Alp>sGag 75N structure [2] As Figure 1 illustrates, the
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Figure 1 — Crystal Structure of AlGaN [3]
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Figure 3 — UWBG Material Comparison [1]

3. UWBG Device Analysis & Discussion

3.1 AlGaN 3.2 Diamond

Due to material properties, diamond is most common in the application of field
effect transistors, such as MOSFETs and MESFETs. Figures 10 and 11 show a
MOSFET that owns an n-diamond channel with phosphorus doping, the substrate
is a homoepitaxial diamond substrate.

One of the most common AlGaN devices is HEMT,
which mainly depends on 2-D electron gas (2DEG)
existing in the channel layer to carry electron
mobility. As shown in Figure 5, different from the
typical gallium-polar GaN HEMT design, this
AlGaN HEMT takes a nitrogen-polar design to get
lower contact resistance, larger drive current,
and larger breakdown voltage [7].
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Figure 5 — N-polar AlGaN HEMT [7]

Unlike typical Ga-polar structure, the 2DEG exists
above the barrier layer rather than under, this is AP Bt ele /;
> due to the opposite electric field in the N—polar Figure 10 — MOSFET Schematic Diagram [9] Figure 11 — MOSFET Top View [9]
2 structure [8]. Within this structure, 2DEG can be
g',’ formed without doping, as Figure 6 illustrates, the The current existing n-diamond MOSFETs are hard to control their threshold voltage
= Ev at the barrier/buffer interface without doping is hence the author applies an inversion channel design (i.e. p-type channel, current
, , | | only a 60meV difference from the Fermi level. flows from source to drain, negative drain current) in the n-diamond MOSFET to
0 20 40 60 8 100 Hence at this point, 2DEG can be easily formed control threshold voltage by changing the impurity concentration in the channel [9].
Depth (nm) with gate voltage bias. According to the journal, the absolute value of threshold voltage increases as the

Figure 6 — Energy Band Diagram of

. . phosphorus doping concentration increases [9]. Also, the author provides the
typical non-doping N-polar HEMT [8]
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Figure 7 — Actual Energy Band Diagram of the HEMT [7] Drain voltage (V) Gate voitage (V)
Also, the author provides two HEMT designs, with the same structure of 0.6 um Figure 12 — Output Characteristic [9] Figure 13 — Transfer Characteristic [9]
buffer, 25 nm barrier, 2 nm interlayer, and 25 nm channel but different Alcontent @ - == —- === e e e e e e e = = =
channel layers to investigate the effect of Al content in a channel on the device Another example of n-diamond device is MESFET, which has its schematic cross-
performance. The result is shown in the table below: section diagram in Figure 14. Unlike other UWBG devices, diamond devices have a

Channel Material Al-GaosN AlL:Ga.-N terrible performance under high temperatures. As a result, this design takes

heavily phosphorus-doped diamonds on the source and drain contact to optimize

Drain Current (mA/mm) 250 52 .
this circumstance [10].
Threshold Voltage (V) -16 -20 .Lgs.. [_g ,,"9;‘,
Breakdown Voltage (V) >400 558 J0Urce | | Gate | | Drain
Ti/Au = pyau - Ti/Au [p]:~1020¢m:3
Contact Resistance 1.06 44.5 — .
(Ohm*mm) n" - epitaxial layer (600nm) [P]:10%**cm

Table 1 — HEMT Performance Comparison [7] HPHT diamond {111} sub

Based on the result, the HEMT with 20% Al content in the channel layer has a

. . Figure 14 — MOSFET Schematic Di 10
better performance than the 30% Al content HEMT with a larger drain current, 'sure chematic Diagram [10]
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Drain Voltage, Vps (V) Gate Voltage, Vgs (V) the optimization successfully makes the MESFET work properly in a high-
Figure 8 — HEMT Output Characteristic [7] Figure 9 — HEMT Transfer Characteristic [7] temperature environment, with a threshold VOltage of more than 1 V.
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