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High voltage (450 V) GaN Schottky rectifiers
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We fabricated high standoff voltagd50 V) Schottky rectifiers on hydride vapor phase epitaxy
grown GaN on sapphire substrate. Several Schottky device geometries were investigated, including
lateral geometry with rectangular and circular contacts, mesa devices, and Schottky metal field plate
overlapping a SiQlayer. The best devices were characterized by an ON-state voltage of 4.2 V at

a current density of 100 A/cfrand a saturation current density of F0A/cm? at a reverse bias of

100 V. From the measured breakdown voltage we estimated the critical field for electric breakdown
in GaN to be (2.2:0.7)x 10° V/cm. This value for the critical field is a lower limit since most of

the devices exhibited abrupt and premature breakdown associated with corner and edge effects.
© 1999 American Institute of Physids$0003-695(99)02409-3

Wide band gap materials, primarily SiC and GaN, havevery thin (<100 nm), highly conductive, high electron con-
recently attracted a lot of interest for applications in highcentration bottom layer. The electron concentrations and mo-
power and high temperature electronics. Although the propijlities in the thin interface layer and thick upper layer were
cessing technology for SiC is more mature, GaN offers sevox 10°°%cm™ and 35crVs, and 2x10*cm™3 and
eral advantages. First, there are various device possibilitieg65 cnf/Vs, respectively. These values correspond to con-
using GaN/AIGaN heterojunctions which are not available inquctivities of 1120 and 0.85 S cth for the interface layer
the SiC system. Second, the availability of cheap and effiand upper layer, indicating that the interface layer is approxi-
cient hydride vapor phase epitaxfiVPE) growth technol-  mately three orders of magnitude more conductive.
ogy achieving growth rates in excess of 1p@/h, have  Capacitance—voltageCV) measurements performed on
produced thick, high quality GaN layers on sappHihird,  the 9.2um thick samples determined that the net donor con-
by using AlGaN layers, one can take advantage of a largegentration in the top few microns of the film was £24)
band gap to achieve higher critical electric fields than in GaNx 101cm™3, consistent with the two layer model. A cross
alone. sectional transmission electron microsco@¢TEM) study

In this study, we focus on the fabrication of high voltage, on our HVPE sample&rown under similar conditionsvas
GaN based Schottky rectifiers and the measurement of thgresented in Ref. 14, where it was concluded that the region
critical field for electric breakdown. The critical field for adjoining the interface was h|gh|y disordered and included a
electric breakdown is one of the most Sigmﬁcaﬂt parameter%rge number of Subgrain boundariES, Stacking faults and
in the design and performance of high power devices. It diprismatic plane faults. Previous XTEM studies on GaN
rectly influences the required thickness of the standoff regiogamples grown by HVPE indicated the presence of a similar
in the Schottky rectifier and bipolar devices, such as the thy100-200 nm thick, highly defective interface layér> Sec-
ristor. Since the thickness of the standoff region sets th%ndary ion mass spectroscopy studies done on our samp|es
reSiStiVity of the deVice, it will determine power diSSipation revealed |arge oxygen |mpur|ty concentrations near the GaN/
and maximum current density of the devicgIn previous  sapphire interface, which also can account for the observed
studies, Schottky diodes have been fabricated on GaN usinggh electron concentration. Therefore, we conclude that the
a variety of elemental metals including Pd and'RtAu, Cr,  high electron concentration and low electron mobility at the
and Ni?’, and Mo and W’ More details on the metal-GaN GaN/sapphire interface are a combination of both the ob-

contact technology can be found in Ref. 9. - served high defect density and high concentration of impuri-
In this work, Schottky rectifiers were fabricated on 8—104jes (oxygen.

pm thick GaN layers grown by HVPE on sapphire, where e tested several device and contact geometries includ-

the electron concentration changes with the distance from thgy |ateral, mesa, and Schottky metal field plate devices as

GaN/sapphire interface. We carried out conductivity andshown in Fig. 1. Prior to metal deposition, the GaN surfaces

Hall measurements on a series of HVPE GaN films of varyyyere cleaned with organic solvents, dipped in HjoH

ing thickness ranging from_(i)é07 to 942m, and fitted the  (1:10), rinsed in de-ionized water, and blown dry with nitro-

data to a two layer modé?. From the model, we con- yap gas. Following cleaning, gold500 A was sputtered in

cluded that the GaN films consisted of a low conductivity, ; chamber with a background pressure of 20~ Torr and

low electron concentration, 8—10m thick top layer on a phaterned to produce Schottky contacts. Ti/AUNi/ALS0

A/1500 A/100 A/1000 A was then sputtered to produce

dElectronic mail: zzb@ssdp.caltech.edu ohmic contacts as deposited. On some devices, large area Au
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metallization was used as a low resistivity contact instead. Voltage [V]

The mesa edge termination was produced by chemically as-

sisted ion beam etching, using Xe ions accelerated with 1008IG. 3. |-V curves obtained with the HP 4156A precision semiconductor
V, and 25 sccm of Gl flow.23 For the metal field plate de- parameter analyzer for the three device geometries d_iscussgd above. In all
vices, SiQ was sputtered using SjQargets and 10 sccm of three data sets the Schottky contacts were squares withut08ides.

O, flow, and then patterned. . ] ] .

The current—voltage V) measurements were taken Iayer,_the device series resustance would be determined by
with a Keithley 237 high voltage source measure unit andhe distance between the ohmic and Schottky contact. To
with an HP 4156A precision semiconductor parameter anaduce the series resistance we etchgarbof the 8—10um
lyzer. The Keithley 237 was used for high voltage measurelOP layer and deposited ohmic contacts closer to the more
ments while the HP 4156A was used to determine th&onductive interface laydFig. 1(b)]. This reduced the ON-
Schottky barrier height and for-V measurements up to 100 state voltage from 5 to 4.2 V at a forward current Qensity of
V. 1=V characteristics for the fabricated devices are showrl00A/cri?. However, as can be observed from Fig. 3, the
in Figs. 2 and 3. The reverse breakdown voltages observe§V/€ I2eakage current increased to approximately
were in the range between 250 and 450 V and exceeded 45§ ~A/cm’, probably due to the etch damage of the mesa
V in several devices. We associate this variation in the deWalls- o _
vice breakdown voltage with nonuniformities in the electron ~ 1he electric field crowding at the edges and corners of
concentration. The Au Schottky barrier heights obtainedhe S_chottky contact will reduce the effective _barrler height
from thel —V measurements varied between 1.1 and 0.8 evand increase the reverse leakage current. This can also lead
The ideality factor of the diodes ranged between 1.6 and 410 Premature breakdown due to nonuniform current spread-
In the case of the lateral diode, the ON-state voltage was 5 {'d @nd excessive heating of the device, as can be observed
for a current density of 100 A/ctn Large ON-state voltages N Fig. .4. To improve the Sc_hottky contacts, we fg\bncated
are a consequence of both the large ohmic contact resistand@§tal field plate contacts using Si@s an insulatot? The
and the low electron concentration of the upper layer. Th&dge of the Schottky contact overlaps sputtered ,SiO
series resistance of the device is significantly affected by th&1€reby Greduqng electric field crowding at edges and
presence of the highly conductive interface layer. This |ayepornersl. In this case, as can be observed from Fig. 3, mea-
“shorts” the conduction path, so that the series resistancgured saturation current at a reverse bias of 100 V was ap-
consists mainly of the ohmic contact resistance, the resig?roximately 10°° Alcm?, an improvement of two orders of
tance of the 8—1@m thick layer between ohmic contact and magnltude \_Nhen compared to the saturation current density
the highly conductive layer, and the resistance of the 8—1@f diodes with lateral contacts. _ -
um thick layer between the highly conductive layer and the From the experimental results, we find the critical field

Schottky contact. Without the highly conductive interfacefor electric breakdown to be (2:20.7)x 1.06 V/cm by using
the formula for the punch-through diod®,Vpr=EgW

—gNgW?/2¢4¢, , and substituting measured values. This is
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FIG. 4. Scanning electron microscoff8EM) photo of the Schottky contact
FIG. 2. I-V curve taken with Keithley 237 high voltage source measure of a diode after breakdown. The melted Au at its edges and corners indicates

unit for the high voltage rectifier displaying large standoff voltage. premature corner and edge breakdown.
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N ' ' ' " " vented by using highly doped layers underneath the active
z 110 standoff layer. Although ON-state voltages demonstrated in

2 110 g this work are_rather high, our estimates based on the Rich-
s = ardson equation show that the ON-state voltage for a current
2 110° 4 density of 100 A/crican be as low as 1-2 V. However, it is

g 10' L 110 f:: necessary to improve Schottky contact edge terminations, re-
2 . 9 duce ohmic contact resistances and achieve more precise
g 10 110° E control over doping.

M@ 49" 110" In conclusion, we have fabricated Schottky rectifiers on

HVPE-grown GaN which had a standoff voltage of 450 V, a
minimum saturation current density of 1DA/cm? at reverse
bias of 100 V, and 4.2 V ON-state voltage at a forward
FIG. 5. The calculation of the reverse breakdown voltage of uniformly current density of 100 A/cfn We have also demonstrated a
Voliage one can find corresponding doping concentragond Ins whicn — Cical field for electric breakdown in GaN of (220.7)
:‘/L?rthgr gives required thickr?es{dot?ed Iﬁ]é.gFor example, 5 kV ‘Schottky x10° \,//Cm which approgches the theoretical estimate. This
rectifiers can be fabricated using 18n thick GaN layers with a doping Value is only a lower limit since the reverse breakdown volt-
concentration of approximately 1x810'6 cm™3, age was limited by premature edge breakdown. Theoretical

calculations indicated the possibility of kan thick nitride
afjevices; wih a 5 kV standoff voltage.

1615 1616 1(‘]17 1618 1619
Doping [cm”]

in agreement with recent experimental and theoretic
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