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Surface passivation effects were studied on AlGaN/GaN high-electron-mobility transistors
(HEMTs) using SiQ, SikN,4, and silicon oxynitridg SION) formed by plasma enhanced chemical
vapor deposition. An increase biax andgmmaxhas been observed on the passivated §SExN,

and SiION HEMTs when compared with the unpassivated HEMTs. About an order of magnitude
low |4 cax @nd three orders of magnitude higl) ..« was observed on §N, and SiQ passivated
HEMTs, respectively, when compared with the unpassivated HEMTs. The increbge.pfs due

to the occurrence of surface related traps, which was confirmed by the observation of kink and
hysteresis effect on dc and &gs—Vpg characteristics, respectively. Though thgNsi passivated
HEMTs show better dc characteristics, the breakdown voltdg,{ characteristics are not
comparable with Si§Q, SION passivated and unpassivated HEMTs. The SION is also a very
promising candidate as a surface passivant for AlIGaN/GaN HEMTs because it showSBbgtter
with low hysteresis width and smdl}, collapse than SN, passivated HEMTs. €2004 American
Institute of Physics.[DOI: 10.1063/1.1642276

In recent years, there has been intense development &iO,, SiN,, and SiON dielectrics with a thickness of
AlGaN/GaN high-electron-mobility transistof(lEMTs) as  ~100 nm were deposited at 300°C by plasma enhanced
candidates for high power and high temperature applicationshemical vapor depositiofPECVD). Refractive indices of
at microwave frequencies. Recently researchers have demotire deposited SiQ SiN,, and SiON are 1.47, 1.88, and
strated impressive AlIGaN/GaN microwave power HEMTs asl.58, respectively. The XPS spectra revealed the deposited
high as 11.7 W/mm.The performance of these devices areSiO, and SiN, dielectric§ were slightly silicon rich and
limited by trapping effects through drain-current collapse. SION was slightly nitrogen rich. The source drain ohmic
Much attention has been focused on the reduction of surfaceontacts were formed after etching the dielectrics with opti-
states using different passivation dielecticd The SgN,  mized buffered HF solution using Ti/Al/Ni/AG20/72/12/40
and SiQ shown to be able to mitigate the effects of thesenm) metals followed by lamp annealing at 775°C for 30 s.
states”*>®? Kikkawa et al'® demonstrated free of current The samples contact resistances were in the range between
collapse andg,, dispersion by surface-charge controlled 1.25 and 1.77) mm. The gate metal Pd/Ti/A#0/20/60 nm
HEMTSs by SgN,. More than one order of magnitude higher was formed by conventional lithography.
gate leakage currents (., after SiG and SgN, passiva- The inset of Fig. 1 shows the schematic diagram of the
tion were found earliet'*?2On the other hand slightly lower surface passivated HEMTs. The dielectric laygissource-
| gLeak after passivation with §N, were reported recentl. gate gap,ii) gate-drain gap, andii) isolated region were
Due to the occurrence of deep traps, sgassivated HEMTs covered. To observe the effect of surface passivation, unpas-
show slow switching speed with high breakdown voltagesivated AlGaN/GaN HEMTs were also fabricated on the
(Bng).13 There is no report available for the surface passisame wafer. The dc characteristics were carried out on the
vation studies on AlGaN/GaN HEMTs with SiON. In this HEMTs using Agilent 4156c semiconductor parameter ana-
letter, we are reporting the surface passivation studies dfzer under dark and white-light illumination. To observe the
SiO,, SikN4, and SiION on AlGaN/GaN HEMTSs. In addi- drain current () collapse of the devices, dgs—Vps char-
tion, unpassivated HEMTSs are also compared with the passacteristics were carried out at different drain sweep voltages
vated HEMTSs. (Vps=0-8, 0-12, 0-15, 0—-20, 0-25, and 0-3D Msing

The AlGaN/GaN heterostructure was grown on 2-in.-Tektronix 370A curve tracer.
diameter sapphire substrate using metalorganic chemical va- Figure 1 shows the good pinchdffs—Vps characteris-
por deposition(Nippon Sanso SR2000The device structure tics of unpassivated and passivated drB-AlGaN/GaN
and the growth conditions were published elsewh&Adter ~ HEMTs. Table | shows the dc parameters of unpassivated
the device isolation with BGlplasma reactive ion etching, and passivated HEMTs. The device dimensions Ak
=15um, Lgg=11um, Lgg=5um, andLy=1.5um. An
AElectronic mail: arul001@yahoo.com increase in the maximum drain curretg () and extrinsic

YAuthor to whom correspondence should be addressed; electronic maigansconduaahc@(n maQ of ~19% and 8% for Si@' 19%
egawa@elcom.nitech.ac.jp and 6% for SjN,, and 11% and 2% for SION passivated
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FIG. 1. dclps—Vps characteristics of N4, SiO,, SION passivated and

l(mA/mm)
s

unpassivated AlGaN/GaN HEMTs on sapphire substratg=+1.5V, 3
AVg=-2.0V. Inset is a schematic diagram of passivated AlGaN/GaN 10
HEMTs. 10°*

HEMTSs, respectively, were observed when compared with
the unpassivated HEMTs. Figurga2 shows the transfer Vps (V)
characteristics of passivated and unpassivated HEMTSs.

. FIG. 2. (a) Transfer characteristics of M,, SiO,, SiON passivated and
Though, thel p yax and gy max increased due to the surface npasgivated AlGaN/GaN HEMTs measured/gt=4 Vi, (b) |,—Vps char-

controlled effeCll,O the rise in gate-leakage CUI’remg(eak) acteristics of passivated and unpassivated HEMTs measured at subthreshold
was observett!? except SiN, passivated HEMTS.Figure  regime ¥g=—5.5V).
2(b) shows thd ¢ ¢4 Of unpassivated and passivated HEMTs
measured at subthreshold reging;¢= —5.5 V). T\.NO termi- servation of highp collapse in SiQ passivated HEMTs are
nals | g ca were also measured on Schottky diode and thedue to the effect of surface related traps, which was con-
results were similar to the results of three terming|s q. firmed by th fh trap I, v
About an order of magnitude low, .o and three orders of 'fMed by the occurrence of hysteresis inlag-Vps mea-
magnitude higH g .. Was observed on $l, and SiQ pas- Sl'Jrements'. Th&/, e Variation at.a partlgulgrD is high for
sivated HEMTS, respectively, when compared with the un>iC2 Passivated HEMTS, very little variation has been ob-
passivated HEMTs. Similar behavior was observed for drairf€Tved in unpassivated HEMTs. The device output power
leakage currerfisee Fig. 2a)]. The rise inl g e for the Sig  (Pou) Was calculat;:-d WithP o= (Vs — Vined (10/2) by fix-
and SION passivated devices results in a significant outpdfd the Vps=30 V.7 Highest P, was observed on $i,
conductance, which was observed by other auffidfand  Passivated HEMTs. SiOpassivated HEMTs exhibited low-
would have implications for increased rf noise. The surface®StPout- Bernatet al*® were also observed similar behavior
related traps with activation energy of 0.2 eV accounted fotith SiO, passivation. The hysteresi®oping effects were
the | gLeak mechanisnt? observed on both the passivated and unpassivated HEMTs.
Thel collapse behavior was realized usinglge—Vps  Relatively high P, with low Iy collapse and hysteresis
characteristicé.Inset of Fig. 3 shows the output resistancewidth (V.9 was observed on SiON passivated HEMTs
[ratio of knee voltage \(yned andlp mad Of passivated and when compared with unpassivated HEMTs. Maximbfiy
unpassivated HEMTs for differenfps. The | reduction  (2.27 V) was observed a¥g=+1.5V for SiO, passivated
with the increase ofVpg up to 30 V was high for Si9@ HEMTSs (see Table) which indicates the existence of traps.
passivated HEMTs when compared with the other dielectricThe carrier trapping effects were confirmed using dark and
passivated and unpassivated HEM$se Table )l The ob-  white-light illuminated dc characteristiésFigure 3 shows

TABLE I. Device dc parameters of SiQ SkN,, and SiON passivated and unpassivated AlIGaN/GaN HEMTs on sapphire substrate.

I dAC

(Idl_ldd)/ldl Reduc.(%)
(%) Vin Vhys @Vg=+15 Vinee
15 max Om max @Vp=4.45V Vi Vari. V) V and Vari. BVgd Pout
Parameters  (mA/mm) (mS/mm andVg=-15V V) (%) @30V Vp=30V (%) V) (W/mm)
uUn-Pas. 766 189 7.00 —3.67 1.89 0.68 0.89 6.80 112 4.39
Sio, 949 205 8.33 -4.19 5.80 2.27 6.83 40.2 132 3.60
SizNg 943 201 6.91 —-4.41 1.59 0.70 2.39 19.2 56 4.72
SiON 860 193 8.18 —4.07 3.00 0.08 151 20.4 108 4.36
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observation of lonBVgy, values on §N, passivated HEMTs
are due to the occurrence of lateral depletion by shallow
traps between gate-drain regions. The observation of high
BVyq from SiO, passivated HEMTs are due to the formation
of deep traps in the SKJAIGaN interface ensure the capture
of electrons injected from the gate during turnoff, which de-

|
== Dark

600 - llluminated

500

E 00 o pletes the channel vertically instead of laterafithis helps
< — to increaseBVyy. But the electrons emit from these deep
% 300 E Ll traps too slowly during turn-on. The enhancemenBafy
-~ % 12k (~48%) with low V¢ for SION (80 mV) passivated
200 £ 10t . - HEMTs are probably due to the occurrence of both shallow
% g TSE si;&‘, and deep traps when compared with;N5i passivated
100 > 5 15 15 20 25 30 - HEMTs. The occurren.ce.of very smaﬂhy§ on SI.ON.paSSI-
Vps (V) vated HEMTs are an indication to get high switching speed
0 T T T (see Table)l Reasonably good ac and dc characteristics with
0 5 10 15 20 enhanced Vg, was observed on SiON passivated HEMTs.
Vps(V) We have demonstrated the surface passivation effects on

the performance of AlGaN/GaN HEMTs using PECVD
grown SiQ, SikN4, and SiON. An increase dfpma and
Ommax has been observed on the passivd®&i®,, Si;N, and
SiON) HEMTs when compared with the unpassivated
HEMTs. About an order of magnitude loWy ¢, and three
orders of magnitude highy .« Was observed on §W, and

the dcps—Vps characteristics of unpassivated and passi-SiO, passivated HEMTSs, respectively, when compared with
vated HEMTs measured under dark and white-light illumina-the unpassivated HEMTs. Small increasel gf,, was ob-
tion. The percentage of increasel jpunder illumination was ~ served on SiON passivated HEMTs. Ldy collapse with
high for SiO, and SiON passivated HEMTs when comparedlow |4 e Was observed on §W, passivated AlGaN/GaN
with the SgN, and unpassivated HEMTsee Table). The HEMTs. The observation of higBVy on Si0, passivated
kink or current slump was high on passivated HEMTs. Simi-HEMTs are due to the formation of deep traps instead of
lar behavior was observed on;Bij, passivated AlGaN/GaN shallow traps. The SiON is a very promising candidate as a
HEMTs by Andoet al® There is no kink observed on un- surface passivant for AIGaN/GaN HEMTs because it shows

FIG. 3. dclps—Vpg characteristics of N4, SiO,, SION passivated and
unpassivated AIGaN/GaN HEMTs measured/gt= —0.5 V under dark and
white-light illumination. Inset iSV,ee/lp max VS drain sweep voltages
(Vps=0-8, 0-12, 0-15, 0-20, 0-25, and 0-30 Measured from ac
| bs—Vps characteristics.

passivated HEMTs. Due to the occurrence of deep trapdetterBVy with smalllp collapse and/y,sthan SgN4 pas-

large Vy, variation with respect to appliedys was observed
for SiO, (5.8%) and for SiON (3%) passivated HEMTSs.
Small | g ear, SMall Vyys, small Vy, variation, small kink,
smalll collapse with highP,, was observed on g\, and
unpassivated HEMTs.

Figure 4 shows breakdown voltagBYyy) characteris-

sivated HEMTS.
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