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Low-resistance ohmic contacts to  p-type GaN
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The specific contact resistance of two types of ohmic contaqgtstype GaN is analyzed. First, an
ohmic contact formed by a metal electrode deposited on a highly depgte GaN layer. Second,

an ohmic contact formed by a metal electrode deposited on a thin GaN layer with an internal electric
field caused by polarization effects. It is shown that contacts mediated by polarization effects can
result, for typical materials parameters, in low contact resistances comparable or better than contacts
mediated by dopant-induced surface fields. A type of contact is proposed and demonstrated. These
contacts employ polarization charges to enhance tunneling transport as well as high doping.
Experimental results on Ni contacts petype AlL,Ga _,N/GaN doped superlattices are presented.
The contacts have linear current—voltage characteristics with contact resistancex b0% 3)

cn?, as inferred from linear transmission-line method measurements. The influence of annealing at
temperatures ranging from 400 to 500 °C on the contact resistance is studi€2ZDO@®American
Institute of Physicg.S0003-695(000)01219-3

Low-resistance ohmic contacts fetype GaN are re- The tunneling distance through the barridrs, can be
quired for high efficiency light-emitting diode&EDs) and inferred from the depletion approximation of a uniformly
lasers as well as for bipolar transistors. Ohmic contacts taloped semiconductor which exhibits a parabolic potential in
p-type GaN have been demonstrated using high-work functhe depletion region. The tunneling distance is given by
tion metals such as Ti, Ni and Pt deposited on a highly doped
GaN surface layet? Annealing of contacts has been shown As= Vel (eNa) (V2(Pp—V) = =2V). @)
to decrease the contact resistafte. At zero bias, the tunneling distance reduces to the depletion

In this letter, two types of ohmic contacts are analyzedyregion thicknesas=Wp=[2¢/(eN,) ®5]*? where the ap-
namely contacts formed by a highly doped GaN surface layeproximationV,~®g, valid for highly doped semiconduc-
and contacts mediated by the surface electric field caused hyrs, is used. Even though the acceptors in GaN have a large
polarization effects. The tunneling current and specific conactivation energy, e.g., 200 meV, they are likely ionized in
tact resistance of the structures are theoretically calculatedhe depletion region of the metal-semiconductor contact.

In addition, ohmic contacts fp-type Al,Ga, _,N/GaN doped Assuming that tunneling is the dominant transport
superlattices are fabricated and analyzed, including the speaechanism through the barrier, the contact resistance is
cific contact resistance and the annealing characteristics gfiven by

the contacts.

The tunneling current density through an arbitrarily ~ Pe= (A/dV) E ®)
shaped tunnel barrier with the potentig{x) is given by Values of the contact resistance are evaluated numerically

from Eqgs.(1) and(5).

2 . .
e J— — —
J= {(pe,me‘p_((PJFV)e,A\rMV)}, (1) Figure 1 shows the calculated cpntact reS|stanc_e of a
27h(As)? metalp-type GaN contact as a function of the electrically
— _ . _ active acceptor concentration. Barrier heights ranging from
where¢ is theaveragebarrier height defined by 0.25t0 2.25 V are used in the calculation. The inset in Fig. 1
schematically shows the band diagram of the structure. In-
— 1 (= . X . .
=—| “p(x)dx, 2 spection of the figure reveals that to attain contact resistances
AsJs, of 10°°Q cn?, doping concentrations of>710°cm 3 are
. required, assuming a barrier height of 1 V.
the constanA is given by 7 ) .
Next we consider a metal-semiconductor structure in
A= (4mAs/h)y2my, (3)  Which sheet charge of magnitud® at the semiconductor
_ _ surface is due to polarization effects and induced charges in
and the other symbols have their usual meaning. the metal. It is well known that such sheet charges occur in

the AlLGa _,N/GaN materials system due to spontaneous

aAuthor to whom correspondence should be addressed: electronic maiftnd piezoe!eCtriC polarization effed& A Fria_ngu_larly
EFSchubert@bu.edu shaped barrier results from such a charge distribution. Here
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FIG. 1. Calculated specific contact resistance and depletion width vs accep- . .
tor doping concentration of a metal-etype-GaN contact for barrier G- 3. Current-voltagd -V) characteristic of a Ni contact on a Mg-doped,
heights ranging from 0.25 to 2.25 V. p-type Aly ,dGa gd\N/GaN superlattice before and after annealing.

we assume that the top layer is GaN and that this layer has a Comparison of the results illustrated in Figs. 1 and 2
thicknessd. The tunneling current through the triangular bar-reveals that high doping can provide low contact resistances
rier can be calculated from EgL). However, for this case, to p-type GaN for acceptor concentrations in the-*din >
the contact resistance can be expressed in terms of an arf@hge. The comparison also shows that low specific contact
lytic formula® resistances can be attained in contacts based on polarization
o |2 o fields at lower doping levels. Thus polarization-charge-based
-1 —— contacts are a viable alternative to ohmic contacts based on
Pe _(27rﬁd (7+dvemy;Pg) exp{ B em”h(DB)' highly p-type doped GaN layers.
(6) To examine the effect of polarization fields on contact
. resistance, Ni contacts were deposited on Mg-doped
To allow for tunneling transport betwe_:en the metal EIeCtrpd%IO,Zﬁao_gdﬂlGaN superlattice structures. The surface layer
and valence band states, the potential drop in th_e semicong o superlattice consists of a 100 A GaN lay&a face
ductor (e£d) must_be equal or larger than the barrier he'ghtgrown on top of a strained AlGaN layer. This structure re-
®;. Thus, the thicknesd of the GaN top layer must be at sults in aspontaneougolarization vector pointed towards
least the substrate in each layer. In additiorpiazoelectrigolar-
d=dg/E=edg/(eND). (7)  ization is present in the strained AlGaN which increases the
net polarization of the layer.

Figure 2 shows the calculated contact resistance of An electric field pointing towards the surface is associ-
p-type GaN having a surface charge of magnittd8. Bar-  ated with the polarization present in the GaN and AlGaN
rier heights ranging from 0.25 to 2.25 V are used in thelayers. This causes free charges to redistribute themselves to
calculation. The inset in Fig. 2 schematically shows the banéppose the field since no potential drop may exist over the
diagram of the structure. To attain a contact resistance aéntire superlattice. The net result is an electric field in the
10 °Qcnm?, a surface charge of approximately 3 GaN wells pointing away from the surface and an electric
X 10%cm 2 is required, assuming a barrier height of 1 V. field in the AlGaN barriers pointing towards the surface.
Note that polarization charges in the'36m™2 range are This effect is exploited in our metal-semiconductor contact

readily attainable in AiGa,_,N/GaN heterostructure®. where the polarization field in the GaN layer enhances the
depletion field, thereby reducing tunneling distance and
ELECTRIC FIELD & (Vicm) hence contact resistance.
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FIG. 2. Calculated specific contact resistance and minimum GaN layeFIG. 4. Evaluation of the specific contact resistance of Ni contacts on a
thickness vs polarization charge density of a metal-to-GaN contact for barMg-doped, p-type Aly ,Ga gdN/GaN superlattice using the transmission-
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ent acidic and basic chemicals also have a substantial influ-
ence on the contact resistance.
In conclusion, the specific contact resistance of ohmic
contacts mediated by a highly doppéeype GaN layer and
by an electric field caused by polarization effects is calcu-
lated. It is shown that the contacts based on polarization
effects can result, for typical materials parameters, in low
\ g contact resistances comparable or better than conventional
\ / contacts based on dopant-induced surface fields. A type of
\ contact is proposed and experimentally demonstrated. These
contacts employ high doping as well as polarization charges
o020 300 400 500 600 to enhance tunneling transport. Ni contacts prype
AHNERL TEMPERAICEE T46) Al,Ga,_,N/GaN doped superlattices have a linear current—
voltage characteristics with contact resistances of 9.3
X104 Q cn?, as inferred from linear TLM measurements.
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FIG. 5. Specific contact resistance of Ni contacts on a Mg-dopéype
Aly ,Ga gd\N/GaN superlattice for annealing temperatures ranging from 400

to 500 °C. Annealing at moderate temperatures of 400°C can reduce
the specific contact resistance of Ni contacts.
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