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Diamond High Power Devices
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1. Introduction were formed on p+ layer after the lithography ahé t
Diamond is the most promising material for futurghh  etching of p- layer utilizing reactive ion etchinglo

power and high temperature devices because ofatsrial Schottky contacts were fabricated utilizing aligmitech-

properties. Up to now, high power (> 6.5kV [1], kAlcm? nique of EB lithography with electrode area of 8% to

[2], 3.5MW/cnf [3]) or high temperature (> 50%C [2]) 4.1x10° mn?. In order to decrease the parasitic resistance,

Schottky barrier diodes (SBDs) have been demomestrat the distance between Ohmic to Schottky electrode dea

However, reported maximum fields of diamond SBDs ar creased to less than 20 um.

much lower than the expected value. Consequerttly, t

performance of diamond SBDs are lower than the SSiC’ 3. Results and Discussion

material limit that is determined from trade-offationship Improve of operation limit by SBH control

of on-resistance and blocking voltage. One of #ssons Forward and reverse |-V characteristics of Al, Mala

of low breakdown field has been clarified as thedéase of Pt are shown in fig. 1 (a) and (b), respectiveBHSat n=1

tunneling current through the barrier [4]. Defexthe other  of Al, Mo and Pt SBDs are 1.75, 1.92 and 2.61 &gpec-

reason to decrease the breakdown field [5]. tively. Maximum forward current at -8 V exceeds 26#¢
Recently, we have proposed a model to answer the nadue to the low on-resistance of 1.7-1.9en?. Decrease of

row operation range of diamond SBDs from TFE madgli

[4]. We have concluded sudden increase of revarsemt 3500 prT T T T T T T T T YT T

at around 2 MV/cm is due to the tunnelling transpor 3000 'l‘h‘MO _:i}

through the Schottky barrier. Consequently, to onprthe P

device operation limit in reverse condition, in@eaof

Schottky barrier height (SBH) is the most importtath-

nique. In this study, we demonstrate high powemdiad

SBDs with SBH variations. And also, to characterilze

effect of defects, the device size dependence ebfiera-

tion current and voltage are characterized on pp'ggudo

vertical SBD (pVSBD). 500
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2. Experimental 0

To characterize operation limit of diamond power de Bias [V]
vices, pVSBDs were fabricated on CVD growipp
stacked diamond layer. Ib(001) single crystal dinchavas
utilized to grow diamond films. The Ohmic contaetsre
obtained on 1-um-thick-heavily-doped p+ layer oa tlor-
ner of the substrate. The specific ohmic contasistance
was 10 |cn?. Boron concentration of p- layer was de-
creased to T0 cnt. The thickness of the p- layer is 0.94
um measured from SIMS and C-V method. SBH is con-
trolled by changing Schottky metal and surfacetineat.
Schottky contacts were fabricated on the same ibst
with a diameter of 30-50 pum.

The device size dependence of the operation current
and voltage are characterized on pVSBD fabricaie&®

Leakage current density [Alcm 2]
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lithography and ICP etching process. The pVSBD fahs Reverse field [MV/cm]
ricated on p-/p+ stacked CVD diamond. The thicknefss
p-/p+ layer and acceptor concentration were cdetiohs
5/10 pm and 18 /cn?, respectively. Ti Ohmic contacts with various SBH.

Figure 1(a) Forward and (b) reverse
characteristics of diamond pVSBDs
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leakage current by increasing SBH is observed lgle@he
operation limits which are determined as the eiledfild at
the reverse current exceeding 1mAfcth(® rectification)
are 1.4, 2.3 and 3.1 MV/cm for Al, Mo and Pt SBDss,
spectively. The maximum field of 3.1 MV/cm is oné
the top values ever reported, and better than iGentte-
rial limit. BFOM (BVgp/RonS Of the device reaches 51
MW/cm? which is 10 times higher than Si limit. In additjo
high SBH of diamond keeps leakage current lowen Bie.
Leakage current at high temperature operatiorsis lakver
than that of SiC SBDs. because the breakdown figdly
depends on SBH.
Device size dependence of diamond pVSBD

plained by the different number of defects in alede.
Accordingly, defect density of more than“id is esti-
mated. This value is smaller than that of GaN satestand
comparable to that of Ib diamond substrate or Sifevs.
Characterization of defects on epitaxial diamongtia are
needed to improve the SBD characteristics undeh hig
voltage operation.

4. Conclusions

Control of SBH on diamond surface by changing sur-
face termination and Schottky metals. Punch-throyple
diamond pVSBDs with various SBH shows clear im-
provement of reverse performance by increasing SBig.

Figure 2 shows the maximum operation voltage maximum reverse operation field of 3.1 MV/cm hagrbe

(BVBD@J =1mA/cnf) and forward current {@Ve=-8V)

of the SBDs at room temperature. Because of theplana-
sitic resistance on Ohmic contacts and p+ layer differ-
ential on-resistance (RonS) of the SBDs are ketllsat
15-20 nQ-cn? with increasing diode area. Consequently,
the operation current increases proportionally wfté in-
crease of diode area. The highest current of 0slAb-
tained at 0.035mfdiode area. Even if the Ohmic contact
requires same electrode area on the surface, mane5t A

of operation current is expected for diamond pVS&D3
mm substrate.

On the other hand, operation voltage decreasesthéth

increase of diode area. The maximum operation geltf

obtained on Pt pVSBDs. The devices also realizeRgy8,
consequently, high Baliga’s figure of merit of 5MKEnY
has been obtained. This value is the highest imalal
power devices at present. The device performanakngc
of the device size on diamond pVSBD has been ctarac
ized by utilizing EB lithography technique. Becaugdow
parasitic resistance on p+ layer, the operatiorectiof the
pVSBD is proportionally increased by increase af te-
vice size. However, the leakage current under sevbias
condition is also increased due to the defect. 83ienated
density of defects is 10- 10 /cnf, which is comparable to
the dislocation density of Ib substrate. Decredsistoca-
tion density to less than 4@cnt is required to realize 10 A

769V is obtained on an SBDs with diode area of class high power devices.

8.8x10°mn¥. The depletion layer reaches to p+ layer and

the maximum field (1D) is estimated as 1.96-2.37 /b
which is the average value of diamond SBDs eveonted.
However, increasing diode area to?1@nt decreases op-
eration voltage to 250V (0.91-1.24MV/cm). Decreade
operation voltage is due to the incorporation dédes such
as dislocations in Schottky electrode. The dispersif
operation voltage such as smallest electrode vellel-
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Figure 2. Maximum operation voltage (BVBD) and
forward current (@-8V) of diamond pVSBD for various
diode areas.
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