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An asymmetric Schottky barrier metal-semiconductor-metal (MSM) ultraviolet (UV) detector with

Ni/GaN/Au structure was designed and the effect of the asymmetric Schottky barrier on the

detector response was investigated. This detector had response at 0 V bias and increased

responsivity when a positive bias was applied to the Ni/GaN contact; however, the internal gain

disappeared when a negative bias was applied to this point. This contrasts with a symmetric

Ni/GaN/Ni Schottky barrier MSM UV detector which had no internal gain under positive/negative

bias and almost no response at 0 V bias. The improved performance of the asymmetric Schottky

barrier detector was because of the lower work function of Au causing reduction of Schottky

barrier and hence enhancing a hole-accumulating and trapping process, which resulted in internal

gain. VC 2011 American Institute of Physics. [doi:10.1063/1.3672030]

Ultraviolet (UV) detectors have wide application fields

such as solar UV monitoring, source calibration, flame sen-

sors, and biological detection.1 GaN and its alloys are very

promising semiconductor materials for fabricating UV detec-

tors by virtue of their direct wide bandgap, high saturation

velocity, and excellent thermal and chemical stability. So

far, various types of GaN-based detectors have been investi-

gated, such as p-i-n detector,2 Schottky barrier detector,3,4

and metal-semiconductor-metal (MSM) detector.5–9

Although the normal GaN MSM detector cannot operate at

zero bias, it shows potential for high responsivity, low dark

current, and low noise. In addition, GaN MSM detectors sim-

plify the growth and fabrication processes since n- and p-

type doped layers are not necessary. However, many factors,

e.g., high-density defects and the Schottky barrier, affect the

performance of the GaN-based UV detector. Detailed studies

of the effect of high-density defects on the performance of

GaN MSM UV detector have been reported.8,10 The effect of

the Schottky barrier on ZnO-based MSM UV detectors has

also been reported.11 However, the influence of the Schottky

barrier on the GaN-based MSM detector has not been studied

very well. In this paper, a GaN-based MSM UV detector

with intentionally asymmetric Schottky barrier made by

using different kinds of Schottky contact metal, Ni and Au,

for each side, was designed and investigated in detail. For

comparison, a device with a symmetric Schottky barrier

using Ni contacts was also fabricated and studied. With the

asymmetric Schottky barrier, operation of the GaN-based

MSM detector under zero bias is realized and internal gain in

the GaN MSM detector is also observed.

The epilayer structure of our devices consisted of 2 lm-

thick undoped GaN, which was deposited on c-plane

sapphire substrates at 1050 �C by using metalorganic chemi-

cal vapor deposition. Prior to growing the undoped GaN, a

�25 nm thick GaN buffer layer was deposited at 550 �C. Tri-

methylgallium and ammonia were used as Ga and N sources,

respectively. The room temperature carrier concentration for

the active GaN layer was about 3� 1016 cm�3 and its dislo-

cation density was about 3� 109 cm�2. For the GaN-based

MSM detector with different Schottky contact metals, shown

schematically in the inset of Fig. 1, Ni (80 nm) was deposited

first by electron-beam evaporation and then lift-off processes

were used to make one side of the MSM structure. Then the

other Schottky contact was fabricated by a similar process.

FIG. 1. (Color online) The room-temperature spectral responsivity of the

GaN MSM detectors with Ni/GaN/Au and Ni/GaN/Ni structures at 5 V bias.

The inset is the schematic device structure of the Ni/GaN/Au MSM detector.a)Electronic mail: lidb@ciomp.ac.cn.
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First, photolithographic alignment was carried out, then Au

(80 nm) was deposited by thermal evaporation, and a second

lift-off process was employed to complete the fabrication.

The fingers were 5 lm wide and 100 lm long with 10 lm

wide spacing. Symmetric GaN MSM detectors with both

Schottky contacts made of Ni (80 nm) were also prepared.

Finally, all the samples were treated by rapid thermal anneal-

ing at 500 �C for 180 s. The voltage-dependent spectral

responsivity and the current-voltage (I-V) characteristics

were measured and the details of the measurements can be

found in Ref. 8.

The responsivity as a function of wavelength for the Ni/

GaN/Au (sample A) and Ni/GaN/Ni (sample B) UV detec-

tors is shown in Fig. 1. The measurement was carried out at

5 V bias and the applied voltage referenced to the side of Ni

Schottky contact for all measurements of sample A. Both

detectors had sharp cut-offs at the band edge of GaN and

showed a high responsivity. The peak responsivity values for

the two detectors are 1.31 A/W and 0.11 A/W, respectively.

As known, the theoretical limit of responsivity for an ideal

GaN MSM structure is �0.29 A/W, thus the responsivity of

sample A was much larger than the theoretical limit, which

means that internal gain exists within this device. The prod-

uct of the quantum efficiency and gain for the detectors

could be calculated according to Eq. (1)12

R ¼ gg
qk
hc
; (1)

where R is the responsivity; g is the quantum efficiency; g is

the internal gain, and q, k, h, and c are the electron charge,

the incident light wavelength, Planck’s constant, and the

speed of light, respectively. g� g was estimated to be about

4.52 and 0.38 at 5 V bias for samples A and B, respectively.

In order to explore the origin of such a high optical gain

in sample A, the dark current-voltage (I-V) curves of the two

detectors were measured, as shown in Fig. 2. The measure-

ment began at �10 V at the Ni/GaN Schottky contact for

sample A. The I-V curves for both samples showed typical

Schottky behavior, although the actual shapes of the curves,

in particular their symmetry, were very different. The dark

current was nearly symmetrical for sample B (Ni/GaN/Ni)

and obviously asymmetric for sample A (Ni/GaN/Au). For

sample A, the dark current increased more than two orders

of magnitude in the positive region compared to that in the

negative region. As known, the MSM detector structure con-

sists of two Schottky barriers, one in the forward direction

and the other in the reverse direction. Under the assumption

that almost all the potential drop was at the reverse junction,

especially at higher bias, the dark current will be determined

by the reverse junction, allowing an approximate calculation

of the Schottky barrier height (SBH) at the reverse junction.

Based on the thermal thermionic emission model,13 the

SBHs of the two samples under negative and positive biases

were measured and calculated, which were about 0.81 and

0.71 eV, respectively, for Ni/GaN and Au/GaN of sample A

and 0.82 and 0.82 eV for the two Ni/GaN contacts of sample

B. The lower work function of Au compared to Ni metal

might contribute to the lower SBH for Au/GaN compared to

Ni/GaN. Thus, the asymmetric I-V behavior of sample A

could be explained as follows: in the negative region, the Ni/

GaN Schottky contact was under reverse junction and domi-

nated the dark current and the SBH, resulting in dark current

in this region being similar to that for sample B. In contrast,

in the positive region, the Au/GaN contact determined the

SBH and the dark current; the lower SBH and much larger

dark current occurred because of the lower work function of

Au and hole trapping process. In brief, the asymmetric

Schottky barrier detector was caused by the lower work

function of Au compared to Ni, which made holes drifted

and accumulated under applied voltage. And then holes

became trapped at the Au/GaN interface further causing

lower SBH and, thus, larger dark current occurred.

To confirm this speculation, the voltage-dependent

responsivity of sample A (Ni/GaN/Au interdigitated

Schottky contact) was measured (Fig. 3(a)). The inset is the

responsivity of sample A under zero bias; an obvious

response (0.005 A/W) was observed under zero bias, arising

from band bending caused by the different Schottky barrier

heights of the Ni/GaN and Au/GaN interfaces. Meanwhile,

the peak responsivity of the two samples is shown in Fig.

3(b). For sample A, when a positive voltage was applied at

the Ni/GaN contact, the responsivity of this detector

increased sharply, indicating that the internal gain played an

important role. In contrast, when a negative voltage was

applied to the Ni/GaN contact, the responsivity was almost

FIG. 2. (Color online) Dark I-V curves of the two GaN MSM detectors.

FIG. 3. (Color online) (a) The room-temperature spectral responsivity of the

Ni/GaN/Au detector under different bias voltages. The inset is the spectral

responsivity under 0 V bias. (b) The peak responsivity of the two types of

detectors under different biases.

261102-2 Li et al. Appl. Phys. Lett. 99, 261102 (2011)

Downloaded 23 Apr 2012 to 159.226.165.151. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



independent of the bias, implying that the gain was much

smaller. However, for sample B, no obvious change was

observed when changing the applied voltage, and almost no

response was detected under zero bias. These results further

demonstrated that the asymmetric Schottky barrier causes

the high responsivity of sample A.

To explain this voltage-dependent responsivity, a sche-

matic illustration of the bandgap alignment in this detector is

shown in Fig. 4. Since the current under illumination can be

expressed by Eq. (2),

Iillumination ¼ AA�T2exp �/b � D/b

KT

� �
exp

qV

nKT
� 1

� �
� Ik;

(2)

where A is the area of the photodetector, A* is the effective

Richardson constant, /b is the Schottky barrier height, and

D/b is the reduction of /b under a certain condition, q is the

electron charge, V is the applied voltage, n is the ideality fac-

tor, and Ik is the primary current. Considering the dark

current,

Idark ¼ AA�T2exp � /b

KT

� �
exp

qV

nKT
� 1

� �
: (3)

Then the responsivity could be deduced from Eqs. (2) and (3),

R ¼
exp

D/b

KT

� �
Idark � Ik

W
; (4)

where W is the light intensity. Equation (4) shows that lower-

ing the Schottky barrier would enhance the photoresponse.

As illustrated in Fig. 4(a), when a positive voltage was

applied to the Ni, the photogenerated holes drifted to the Au/

GaN interface and then the holes accumulated at surface/

interface traps and produced net positive charge Qs. Since

the sum of the positive depletion charge due to uncompen-

sated donors and the trapped holes creating charge must be

equal to the metal negative charge, the depletion charge

must have decreased if charged surface states occurred. This

indicated that the built-in voltage would be reduced corre-

spondingly, leading to a decrease in the Schottky barrier

height, D/b1,

D/b1 ¼
Qsd

2ee0

; (5)

where d is the depletion width at the Au/GaN interface, e0 is

the permittivity of free space, and es is the relative dielectric

permittivity. Furthermore, the lower work function of Au

compared to Ni further reduced the Schottky barrier height

D/b2 at the Au/GaN interface; both these factors explain the

high responsivity observed when positive voltage was

applied to Ni. However, when a negative voltage was applied

to Ni, illustrated in Fig. 4(b), the Ni/GaN reverse junction

dominated the behavior of the GaN MSM detector. Since Ni

has a high work function, there will be no obvious net charge

associated with trapped holes, and hence no reduction in the

Schottky barrier height at the Ni/GaN interface, leading to

the lower dark current as shown in Fig. 2 and absence of in-

ternal gain (Fig. 3(b)).

In conclusion, a high responsivity of 1.31 A/W at 5 V

bias, zero-bias operation, and bias direction-dependent detec-

tion was realized by using an asymmetric Schottky barrier

Ni/GaN/Au MSM UV detector. The responsivity varied with

the polarity of the applied voltage; high responsivity with in-

ternal gain was obtained when a positive voltage was applied

at the Ni/GaN contact, but this gain was absent when a nega-

tive voltage was applied. Both the metal work function and

the hole trapping process contributed to the increase in

responsivity. Therefore, this study provides a route for

design of a high responsivity MSM UV detector and may

broaden its application fields due to its zero-bias operation

and bias direction-dependent responsivity.
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