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Current collapse is observed to be induced in AlGaN/GaN high-electron-mobility transistors as a
result of short-term bias stress. This effect was seen in devices grown by both metalorganic chemical
vapor depositiofMOCVD) and molecular-beam epitaxiIBE). The induced collapse appears to

be permanent and can be reversed by SiN passivation. The traps responsible for the collapse have
been studied by photoionization spectroscopy. For the MOCVD-grown devices, the same traps
cause the collapse in both unstressed and stressed devices. These effects are thought to result from
hot-carrier damage during stresgDOI: 10.1063/1.1604472

Gallium nitride high-electron-mobility  transistors The MBE structures consisted of a Quin-thick AIN buffer
(HEMTs) have recently received significant attention be-layer, a 1um-thick undoped GaN buffer/channel layer, and
cause of their potential for use in high-power solid-state mi-an undoped 250-A-thick Ab<Ga, ;N barrier layer. These
crowave applications. While very high output power densi-layers were grown on either"-6H-SiC or semi-insulating
ties have been demonstrated, significant developmental wolkH—SIiC using procedures similar to those reported
remains for GaN HEMTs to become viable. One of the keypreviously‘.1 The sheet resistancBg;,, of most of these lay-
remaining issues is that of device reliability, and it has beerers was in the range of 500 to 6%0], while five wafers
reported that the output power from these devices can pehad a sheet resistance over AQQ]. This large variation in
manently degrade, to varying degrees, over relatively shoiRg, is a result of these wafers being part of an MBE-growth
periods of time(e.g., 10 h.1~3In this work, we have studied development effort, but it was determined tiRg, was not
an important mode of degradation that has not been previcorrelated with the induced current collapse. The MOCVD
ously recognized in nitride devices. We observe that currengtructures were grown from two reactors on sapphire sub-
collapse can be induced in the device—drain characteristicdirates using parameters previously reporiaad consisted
as a result of short-terrtseveral hoursdc bias stress. The of a 200 A low-temperature AIN nucleation layer, gui-
term “current collapse” is taken here as the reduction in dcthick undoped GaN buffer/channel layer, and an undoped
drain current after the application of a high drain—source250-A-thick Aly30Ga -\ barrier layer. TheRg, of the
voltage? The high voltage leads to the injection of hot car- MOCVD layers was between 350 and 600(1.
riers into regions of the device adjacent to the conducting HEMTSs were fabricated with source—drain spacings of 3
channel that contain deep traps. The trapping of these hd@e 6 um, gate lengths of 0.5 to 1,am, and widths of 150
carriers leads to a reduction in the drain current that persistgm. Ohmic contacts were formed by rapid thermal annealing
as long as the carriers remain trapped. We have observed th#ging either Ti/Al alloyed at 600 °C or Ti/Al/Ni/Au alloyed
current collapse can be induced in devices that exhibit n@t 900 °C. Both Ni/Au and Pt/Au were utilized for the gate
collapse by exposing the device to a high voltage over a longnetallization. Either implant isolation or reactive ion etching
period of time(i.e., stress Because of the origins of current mesa etching techniques were used for device isolation.
collapse, the affect of the stress must be to introduce deephese variations in ohmic, mesa, and gate processing are not
levels into the structure. Current collapse reduces the maxkorrelated with the induced current collapse. Some of the
mum available drain current and increases the knee voltagélEMTs considered in this study were passivated with 1000
thereby limiting the drain current and voltage excursions andh of plasma-enhanced chemical vapor deposition silicon ni-
resulting in a reduced microwave output power. Thus, indride. For these cases, the nitride passivation was deposited
duced current collapse can be a significant factor in the obafter the ohmic alloy, device isolation, and gate metal depo-
served degradation of HEMT output power. We have ob-Sition processing steps were completed.
served stress-induced collapse in AlGaN/GaN HEMTs A microwave probe station was used for the stress tests
fabricated from epitaxial layers grown both by molecular-to ensure stable electrical contact during the test. A
beam epitaxy(MBE) and by metalorganic chemical vapor computer-controlled Agilent 4142B Modular dc Source/
deposition(MOCVD). Monitor (Agilent, Palo Alto, CA was used for all of the bias

Devices fabricated from fifteen MBE-grown structures stressing and current—voltage measurements. The bias stress
and from four MOCVD-grown structures were evaluated.consisted of maintaining the device at a fixed drain—source

voltage (Vps) and fixed gate—source voltag¥ds) for peri-
| o . ods of 4 to 100 h. The devices were measured and stressed in
ectronic mail: mittereder@estd.nrl.navy.mil . . .
bpresent address: Sandia National Laboratories, Albuquerque, NM g87185the dark to avoid possible influence from the laboratory
9Present address: U.S. Army Research Laboratory, Adelphi, MD 20783. lighting. Prior to measurement, the stressed devices were ex-
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FIG. 1. Drain characteristics of a representative unstressed GaN MBEF|G, 3. Drain characteristics exhibiting current collapse due to stress in an
HEMT exhibiting no current collapse. unpassivated GaN MOCVD HEMashed lines: Before stress; solid lines:
After stress.

posed to UV light to detrap electrons that may have been
trapped during the bias stress. In order to study the nature @fuantitatively, we define a normalized current collapse pa-
the traps causing the collapse, photoionization spectroscopmeterAl=Alpg/lps;, WhereAlpgis the observed reduc-
(PS measurements were carried out using a xenon lamp angbn in drain current below that of the firstys sweep, mea-
a 0.22 m double spectrometer as a tunable light source. Exuyred at thé/s where this reduction is a maximurts; is
perimental details of this measurement are described in Refhe corresponding drain current of the first sweep at this
6. sameVpg (see Fig. 2 A significant variation inAl was

The current-voltagé-V) characteristics of a typical un- opserved between the 15 MBE-grown wafers that were
passivated MBE device before stress are shown in Fig. 1. Navaluated. For a 16-hour-long bias streskvaried between
evidence of current collapse is apparent, as was the case f9f01 and 0.41. The magnitude of the induced current col-
all of the MBE-grOWn HEMTs. The MBE devices were bias |apse' and thus the rate at which empty deep traps were in-
stressed at &ps of 30 V, andVgswas set to give an initial  troduced, was observed to increase with stress time, stress—
drain current density of 200 mA/mm. Substantial current col-gyain voltage, and stress drain current. The induced current
lapse was observed which was induced after stress for manybllapse appears to be permanent, as it was found to persist

of the devices. This effect is illustrated in Fig. 2. For thefor months after the stress. The induced deep traps are ap-
purpose of clarity, a single value ¥gs=0V was used for  parently relatively stable.

this measurement. The main part of Fig. 2 shows two sets of  For the MOCVD devices, a lower drain voltage was
data, each set consisting of three consecutiyg Sweeps ysed because of the lower thermal conductivity of the sap-
(labeled 1, 2, and )3taken within a 10-s-time period. The phire substrate. All of the MOCVD wafers tested showed
first set(dashed lines in Fig.)2was taken before stress was gome current collapse before stregs {0.06 to 0.24, as
applied. After the first sweep is completed and a high voltaggney already contained a substantial concentration of deep
has therefore been applied to the drain, only a small reduGyans. An additional induced collapsai(=0.31 to 0.48 was

tion in drain current is observed in the second and thirtyhserved after stressing for 16 h. This is shown in Fig. 3 for

sweepsd(coincidenj, indicating only a small gmo_unt of cur- 4 150 um device that was stressed Vgs= 15 V with Vs
rent collapse. The second data ¢gailid lines in Fig. 2was gt g give an initial drain current density of 200 mA/mm.
taken after the device was stressed for 16 h. The second and |, orger to probe the nature of the defects responsible for

third sweeps of this se@lmost coincidentexhibit a large 6 jnquced collapse, several MBE devices were stressed af-
reduction in drain current relative to the first, indicating Sig-ter the deposition of a silicon nitride-passivation layer.

nificant collapse. To characterize the degree of collaps@pown in the inset of Fig. 2 are the characteristics for a
SiN-passivated, MBE-grown device that had been bias

700——— - stressed for 16 h. Minimal, if any, current collapse has been
Ios __2___3____7\-=--. ............ ] induced in the passivated device using the same stress con-
y S e, ditions (16 h,Vps=30V, andlps=200 mA/mm) as the de-
500 Alps ] vice shown in the main part of Fig. 2. Prior to passivation,
35’” neighboring devices from this wafer consistently showed

< 509 current collapse after stress, similar to that shown in Fig. 2.
However, longer-term stress at higher drain curr@# h,
Passivateddevice | | Vps=30V, andlps=540 mA/mm) did lead to the emer-
gence of some collapse\(=0.13) for this passivated de-

N vice. Thus, passivation appears to inhibit current collapse
) ) Draln-Soprce Voltage (V) . . . .
0 5 10 15 20 25 30 from being induced by bias stress, but does not prevent it

Drain-Source Voltage (V) completely_

FIG. 2. Current collapse is induced after stressing an unpassivated Gal\l In addltlon_to |nh|b|t|_ng the stress-induced current col-
MBE HEMT (dashed lines: Before stress; solid lines: After strebsset: apse as described herein, we have also observed that stress-

Drain characteristics of a similar device that was stressed after passivatioiiduced collapse can be fully or partially reversed by depos-
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iting a SiN layerafter the stress. For unpassivated devicesin the nonstressed case. Therefore, it is likely that the pre-
that displayed a moderate amount of induced collajpse  existing traps have been activated, as noted herein. In
Al~0.15), the stress-induced collapse can be fully reversedtressed MBE devices, trap 1 is observed but not trap 2. This
by SiN passivation, while devices with higher values of in-is consistent with the smaller concentration of background
duced collapseAl ~0.32) showed only partial reversal. carbon impurities expected in MBE material. Since trap 1
Passivation effects, such as those described herein, ahas been associated with the GaN buffer layer, its appearance
often interpreted in terms of surface effects. However, itin the PS spectra of the MBE devices suggests that it may
should be kept in mind that the SiN plasma-enhanced chemhave the same origin as trap 1 in the MOCVD devices.
cal vapor deposition process, which utilizes $Sidhd NH;, In addition, the stress-induced PS spectra in the MBE
exposes the wafer to a high concentration of hydrogendevices exhibit an absorption threshold near 3.7 eV, which,
Therefore, it is possible for hydrogen to diffuse into the de-because of its spectral position, is assumed to be associated
vice structure where the traps causing current collapse can lvath the AlGaN layer. We believe that this feature reflects the
passivated by forming H-defect complexes. Hiegbal. photoionization of carriers from ionized shallow acceptors,
have shown, for example, that deep defects in GaN can bether than a deep center that can cause collapse.
effectively passivated by exposure to hydrogen. Since some In summary, we have observed current collapse induced
of the traps involved in the collapse have been associateéth MOCVD- and MBE-grown GaN HEMT structures by
with the GaN buffer laye?,it would appear that the reversal short-term bias stress. This represents a potential reliability
of collapse by SiN passivation can occur through H diffusionissue for this technology. This effect can be fully or partially
and subsequent passivation of the deep traps causing the cotéversed by SiN passivation, and it is believed that this re-
lapse. Hydrogen passivation may also explain the fact that aults from the diffusion of hydrogen into the device structure,
few (5 out of 15 unpassivated MBE wafers did not exhibit where the responsible deep defects are passivated.
any collapse after stress. This may be due to subtle differ- ) i
ences in processing, resulting in a variable exposure to hy- NS work was supported by the Office of Naval Re-

drogen that leads to passivation of deep traps in some Caségarch._The authors wish to thank H. B. Dietrich f_or valuz_ible
but not in otheré. discussions and N. Green and K. lkossi for their contribu-
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