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Abstract

Progress in high electron mobility transistors (HE$)lbased GaN, make them relevant candidates dbr hi
power devices with high frequency applications. ldoer there are some issues to be solved for the
improvement of this kind of heterostructures. Imstpaper, we report on a process to realize TiN/Au
contacts grown by magnetron sputtering on AlGaN/Gaf411) heterostructurgmssivated or no. We will
present a study on the adequate surface treatmaisetbefore the passivation and thermal annedling.
electrical behavior of rectifier contact was foundbe changed by these treatments. The adequeka¢lss

of the TiN layer will also be determined. Reductmfrthe gate leakage current by as much as six®ufe
magnitude was recorded by optimization of the théds of TiN layer associated to a high barriertteig
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1. Introduction:

Schottky contact is a key poinh AlGaN/GaN high electron mobility transistors (MEs) known
candidates for high temperature, high speed and igver operations [1-4]. Indeed major characiesst
like space charge width and power consumptionafiexted by the Schottky contact quality. Reductién
the leakage gate current is also one of the kelylgmas to be solved. The excess leakage has beereagp
to contribute to low frequency noise [5] as welbasakdown voltage [6] of the device.

Different metal contacts were deposited by evapmrand studied earlier to determine the most aalequ
Schottky contact in our case [7]. Almost all caradesd were rejected because of the bad obtainetistesu
The second, studied process was magnetron spgttand Au/TiN gate contact was the one which
presented a Schottky behavior for our heterostrasturhe purpose of this paper is to present g stfithis
contact realized by magnetron sputtering on AlGa¥NG111)Si heterostructures. We will describe the
effect of the technological process parametersheretectrical performances. Particularly the effefcthe
TiN thickness layer, passivation and temperatueattnent and finally surface pretreatments will be
discussed.
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The epilayer of AIGaN/Gan heterostructure were grday MBE on a silicon substrate. The epilayer csinsi
of 1Inm GaN, 25nm of undoped AlGa ¢d\ barrier layer. Transistors were fabricated wifhmland 2im
gate length and four drain-source lengthhs = 5, 10, 15 and 20m, Lgsthe width was constaw/ = 100

um.

2. Effect of the TiN Thickness layer

Six values were used for the thickness layer &.3,0, 20, 40 and 60 nm) and the Schottky contaete
first examined using I-V measurements dggVsswere obtained [Fig. 1(a)]. Then, the same diode®we
annealed at 500 °C during 40 min in nitrogen anttaeid the same 1-V measurements were performed [Fig

1(0)].
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Figure 1: IcsV s characteristics of Au/TIN/HEMT Schottky contaots farious thicknesses of TiN metal
layers before (a) and after (b) annealing at 508°K, ambient

Figure 1(a) shows that before annealing, the étectmtact is closer than ohmic behavior contact fam
reverse bias leakage currents are very high (fromegtA to some hundreds @A at -30V). The ¢sVes
characteristics show also that magnitude of lealkageent is 2 orders higher for thick TiN layerdel
opposite is observed after annealing (Figure 1 @o)j leakage currents for reverse bias are drHgtica
reduced. They are similar to a generation-recontionaurrent strongly reduced [8] .We observe délem
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figure 1(b) that the Schottky contact is better fioin TiN layers (5 nm and 10 nm). Indeed, for thes
heterostructures leakage currents were reducedXfp before annealing to 10nA at -30V after annealing
and the higher barrier height increased from 0.¥0¥&fore annealing to 1.064eV for the 5nm TiN layer

3. Passivation and annealing temperature effects

Once the Schottky contacts realized, it was necgssaptimize the annealing temperature and passiv
conditions. Different temperatures were chosen (38D, and 700°C). Annealing was performed in
nitrogen ambient and in vacuum ambient at a pressi®x10’ Torr. Heterostructures were passivated with
SiG,/SisN, (100/50 nm). Surface pretreatments before medidillim consist in a desoxidation followed by a
dry etching with Ar+ ions.ds'Vgs measurements were performed before and after mpead Schottky
diodes performances such as reverse leakage cubramter height ) and ideality factor r) were
comparedg andn were extracted by fittingskVss curves of Schottky diodes to the thermionic emissi
and field-emission tunneling via defects currentagippns. Study was performed for six (2.5, 5, 10, 40
and 60nm) thickness of TiN thin film. For simpliditon, we present the result for the 5nm thickriass
Table 1.

Table.l: Electrical characteristic®y,, n andleakage currentds at -30 V) for a TiN (5 nm)/ AIGaN/GaN
heterostructure for different conditions of annegland passivatio;g = 2um, Lps= 10um, Lgs= 2 um et
W = 100um.

Thickness of TiN 5 nm

Pen (V) n | (=A)
Before annealir 0,507 9,69 284
Annealing: 500 °C, 40 min, » 1,059 1,60 6n
Passivation Si,/SisN,4 0,869 1,99 37n
Annealing: 350 °C 72 h, N 1,064 1,46 10n
ngfﬁing: 350 °C 3 week 0.905 1.87 13n

Annealin¢: 700 °C 40 min, N 0,386 15,84 198

These results show that the most successful co8tduittky is the one having a thickness of TiN afrb
and subjected to an annealing of 500°C during 4@ niihe effect of the passivation was negative astm
cases, and degradation of the Schottky contacbsereed. Annealing of 3 days under ambient nitrogen
becomes necessary to repair passivation inducedfane defects and to induce an improving of the
electrical characteristics. Other annealing at &igtemperature after this last one of 3 days, h@as n
beneficial effects on the Schottky contact, butrddgs more its parameters.

4. Surface pretreatments

This section is intended to define the physico-dbampretreatment conditions of the surface before
metallization by sputtering. The pretreatment cspomds to a HCI desoxidation and/or to Ar+ etching.
Figure 2 shows the obtainegklV gs characteristics for the Schottky optimized by pinevious study with a
thickness of TiN of 5 nm but all various thicknesseere studied.

Whatever is the studied case, if the annealing@igeunlized; the Schottky contact is not optimal ahows
a leakage current for reverse bias and a surfacentuor direct polarization. Without surface eta) the
contact presents, after annealing, an insulatitgier. On the other hand, the desoxidation shawsate

311



J. Mater. Environ. Sci. 1 (S1) (2010) 309-312 Ahaitouf et al.

no particular influence on these characteristiastfary to depositedates by evaporation where only a
desoxidation or a dry etching allows the obtainifigan acceptable characteristic Schottky [9], ihsuout
that for gates deposited by sputtering, a dry atghis essential to obtain a behavior Schottky after
annealing.
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Figure 2 : Surface pretreatments effect lg)a-Vss characteristics of non passivated HEME € 2
um, Lps = 10um, Lgs = 2um andW = 100um).

Conclusion

A study on the TiN/AIGaN/GaN Schottky on silicorbstrate contacts deposited by magnetron sputteying
presented. Process steps and conditions weredixégromising results are obtained.

The optimized process contains a pretreatment i1 by Ar etching in - situ, the deposit of Tidlér
5nm thick and an annealing of a 500 °C for 40 miiNj ambient.
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