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1. Introduction Toshiba (06)

In recent years, wide-gap semiconductor materiatt s 10" p—r RDLLUANE R Ll Ty
as SiC, GaN and diamond have attracted much attenti _ E S/ sl 4
due to the strong requirement for saving energyn@oed Ng [ ,’ ,/,' ]
with other wide-gap materials, diamond is the nmrsim- & - /e /Al -
ising material for future high power and high temstere — 102 kum / AsTCO7) 4
devices because of its superior material properBesed 8 F (96) / 3
on the high saturation carrier velocity and highaidown § ey AIST(07) Diamond
field, Baliga's figure of merit (BFOM) is 150, 1zha 10 a :,/ |
times higher than Si, SiC and GaN, respectively [l to “;’ . / A.S%G)
now, high power or high temperature Schottky bardie s 10 E aistcon A A - sic

. . Q lo) . ’
odes (SBDs) have been demonstrated on single Itirysta = E oo f /’/ --si :
diamond [2-5]. One of the big advantages of diamond o [ o —Dia 300K 11
power device is the low-loss operation with long¥testa- @ o0 o ~— Dia 400K
- . " ) /1 Dia 500K

bility under the high temperature conditions. lis thaper, 10 LA 500K,
we give an overview of current state of diamond @ow 10? 10° 10*
devices for high temperature applications. Blocking voltage [V]
2. Simulation of Device performance at high T Fig. 1: Estimated RS vs. B\gp of diamond SBDs with various

As mentioned above, due to the superior mater@pr  operation temperatures.
erties, diamond shows high BFOM. Here, BFOM is-esti
mated on the assumption that the doped impurite$uily
activated at room temperature; however, the lovedigc
constant of diamonds leads to a deeper impuritellev
(p-type: &k=0.37eV, boron); as a result, the carrier activity
at room temperature is less than 10 %. Subsequemthr
lytical methods utilizing a deep activation modet ae- leakage operation of SBDs.

quired to estimate the effective Baliga limit. Figure 2 (a) and (b) show the forward and reverse

Figure 1 shows the trade-off characteristics betwee g5y aqe current characteristics of the diamond grseter-
blocking voltage (B¥p) and specific on-resistance«B) .5l SBD (pVSBD) as a function of the reverse leal

for diamond SBDs with various temperatures with -con 14 (£, ) at various temperatures. Mo is utilized for the

cerr_1ing the deep activatiqn model_. Because of igie B, Schottky metal. SBH of the pVSBD is extracted tolh@
device performance of diamond is almost comparéble g/ from the forward characteristics utilizing théomic

that of SiC's within a 0.5-3kV range at room tengiere.  gnission (TE) model. The reverse leakage currentitgens
On the other hand, diamond reveals its advantageB® (3 s within the measurement limit whengds below 1.5
all voltage ranges under high temperature condifi@®-  \1v/cm at room temperature, 3tarts increasing at around
cause of increase in carrier activation. The besbpe- 1 5 \v/ecm and reaches 10 pARIEr 10 rectification) at 2

ance of diamond SBD is expected at the operatiom € \iv/cm. Increasing the operation temperature leadart
perature at around 500 K. Low-loss high-power device jncrease in the reverse leakage current; howekierctir-

without cooling system are expected. Recently, Ipgh o jevel is still low. This leakage current isodders of
formance diamond SBDs have been reported with h'ghemagnitude lower than that of SiC SBDs [8].

Baliga limit as shown in fig. 1. Improvement in Bkelown
field and optimization of the doping concentratiare re-
quired to reach the theoretical limit of diamond&B

from 1.0 to 3.4 eV. When the reverse operationiahdnd
power device is limited due to the increase of degkcur-
rent by the thermionic field-emission (TFE), higBtb is
advantageous to the high blocking voltage appboeti[6,
7]. High SBH is also advantageous to high tempeegatuw

The leakage current characteristics of the diamdid S
cannot be explained by using TE model. TFE model is
more suitable for modeling the leakage currenthef dia-

. . . mond SBD. Using effective barrier height,{)/ equal to
3. High temperature characteristics of diamond SBD 1.29 eV as a fitting parameter, the leakage chariatits

One of the important advantages of diamond SBBhes t are modeled, as shown in Fig. 2(b). The TFE modehsh
wide-range controllability of Schottky barrier hetg SBH) a good agreement with the experimental resulthietob-
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Fig. 2: (a) Forward and (b) reverse leakage charatics of diamond SBD at elevated temperatureakage characteristics of
SiC/SBD is shown in (b) for comparison.

served temperatures in the field range of 1.0—-1V3ckh. carbides on diamond even at 1000 K. Superior thiestaa
To realize high temperature diamond power device,bility of Ru/diamond pVSBDs up to 1500h has beemde
development of stable metal/diamond interface & khy onstrated at present [9]. After initial stabilizatj changes
issue. In this study, the stability of metals (MI, Pt, Irand  of the parameters in Ru SBDs such as SBH or igefalit-
Ru) and diamond interfaces were characterized usingor from 250 to 1500 h for 408C were less than 2.5 %.
pVSBDs. The annealing process was carried under thér/diamond or Pt/diamond interface also shows tlarm
vacuum condition (<10 Pa) at 400°C. pVSBDs were stability under the annealing conditions of 500&Di2 or
characterized at room temperature after predetednan-  8000C/110h.
nealing time up to 1500 hr.
Estimated SBHs as a function of annealing time are4. Conclusions
summarized in Fig. 3. Because of the carbide faonaat The potential of diamond power devices for high tem-
the interface of Al/diamond or Ni/diamond, the d=xse of  perature application have been demonstrated. Béfigha
SBH is observed in Al and Ni SBDs. Al or Ni are knoas analysis of diamond power device indicate thatatiean-
the metals to form carbides on diamond easily. Bmaltage of diamond power device is expected when eeas
amount of carbide layer formation is enough to geathe  tion temperature is higher than 400 K. Because igh h
carrier transport of SBDs especially on reverseditmm. SBH, low leakage current has been realized evetheat
On the other hand, Pt, Ir or Ru are the metalsihdodm temperature. Excellent thermal stability on Ru/diatho
interface has been demonstrated at ZDOHigh tempera-
2N o s e e ture and low loss operation of diamond power deviae
[ Anneal at 400 °C, <10 Pa expected with high reliability.
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Fig. 3: Schottky barrier height of diamond pVSBD®rR400°C [9] K. Ikeda et al., App. Phys. Lett., 2 (2009) @02.
annealing.
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