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COMMUNICATIONS

MICROSCALE CHARACTERISATION OF
OPTICAL AND ELECTRICAL PARAMETERS

OF UV GaN PLANAR DETECTORS

Adam Szyszka — Bogdan Paszkiewicz — Wojciech

Macherzyński — Regina Paszkiewicz — Marek T lacza la
∗

Optical Beam Induced Current technique and Scanning Surface Potential Microscopy were applied for characterisation of
spatial properties of detectors fabricated in heteroepitaxial gallium nitride layers. It was observed that on the performance

of detectors both: columnar structure of GaN layers and electrical characteristic of metal contacts had an influence.
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Fig. 1. Optical image of interdigitated structure

1 INTRODUCTION

Ultraviolet detectors based on gallium nitride could
be applied in: control units for drinking water disinfec-
tion systems, monitoring of sun UV radiation influence
on biological actions, flame detection, combustion engine
control, rocket missile detection and outer space commu-
nication. The main advantage of using GaN and its alloy
with Al is natural solar blind characteristic and possibility
of forming the spectral characteristic shape of detector by
changing the alloy composition. The main difficulty in the
designing process of devices based on heteroepitaxial lay-
ers of GaN is their structure which is not monocrystalline
but consists of columns/grains of different sizes. Potential
barriers which are created in the region of grain bound-
aries due to electron trapping on deep energetic states re-
lated to extended dislocations are the reason of spatial mi-
cro nonuniformities of optical and electrical properties of
the material [1, 2]. That spatial nonuniformities of param-
eters could influence generation recombination processes

and carrier transport in the layer. They could exist in mi-
croscale as a regions of boundaries between columns and
regions of interior of grains and also in macroscale (local
changes of grain sizes in the whole area of the semiconduc-
tor chip). Planar optical detectors, which were fabricated
and studied in this work, have a low cost of production
caused by their relatively simple construction that in-
clude one type of semiconductor substrate (n or p type)
on which one type of metallization is placed (ohmic in a
photoresistor structure and Schottky in a MSM (metal-
semiconductor-metal) structure). Simplified model of the
performance principles of planar detectors allows to ana-
lyze them in two dimensions, so, techniques which enable
to evaluate surface distribution of optical and electrical
properties are fully applicable to characterize such struc-
tures.

2 EXPERIMENT

Detectors were fabricated in Si doped (n = 1 ×

1017cm−3 ) and undoped (n = 2 × 1016cm−3 ) n-type
GaN layers grown on sapphire substrates by metalor-
ganic vapor phase epitaxy (MOVPE). Metallization of
ohmic contacts of photoresistor structure consisted of
Ti/Al/Ni/Au/Ti/Au (5nm/100nm/40nm/100nm/15nm/
300 nm) multilayer. Schottky contacts for MSM detectors
were formed by applying Ni/Pt/Au/Ti/Au (10nm/30nm
/150 nm/5 nm/420 nm) multilayer. Both detectors, pho-
toresistor and MSM, had the same, interdigitated elec-
trodes configuration presented in figure 1. Local pho-
toresponse of detectors on ultraviolet radiation was mea-
sured using OBIC (Optical Beam Induced Current) sys-
tem described in [3]. Surface potential distribution was
measured by commercial Veeco Multimode V AFM mi-
croscope equipped with Scanning Sufrace Potential Mi-
croscopy (SSPM) mode.
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Fig. 2. Images of: topography (a), surface potential in unpolarized Si doped GaN photoresistor (b), surface potential in photoresistor
polarized with 1 V (c) and photocurrent in polarized structure

3 RESULTS

Results of characterization of the photoresistor fabri-
cated in doped GaN layer are presented in figure 2. On
the surface of the layer some nonuniformities in surface
potential (fig. 2b) could be remarked, that indicated pres-
ence of local areas of charged surface states that could
be connected with existence of threading dislocations [4].
Nevertheless that they did not affect the potential dis-
tribution in polarized structure what could be seen in
figure 1c. In figure 2d the largest optically generated sig-
nal was observed in the centre region of the structure.
It is noticeable that the value of measured photocurrent
also altered along one electrode; it was larger near col-
lecting electrodes and decreased at the ends of interdigi-
tated electrodes. This might be explained by the poten-
tial drop along electrodes what is shown in figure 3, which
present detailed surface potential map and surface profiles
along negatively (N1, N2) and positively (P1,P2) polar-
ized electrodes.

Figure 4 presents photocurrent response and surface
potential map of the same area of MSM detector structure
fabricated in undoped GaN layer. Two types of nonuni-
formities in generated photocurrent could be observed.
First, local variations of signal along negatively polarized

electrodes. Second, existence of region in which measured
signal was about one hundred times larger than average
signal from the rest area of detector.

The local variations in photocurrent value observed
in OBIC image of MSM detector could be correlated
with areas of larger expanding of low surface potential
near cathodes what is observed in figure 3b. This might
be connected with existence of potential barrier at grain
boundaries that limited the expansion of depletion zone
and the electric field near cathode. In the places where
grains had larger dimensions the depletion zone could
extend more from cathode than in region where smaller
grains occurred.

Existence of the areas where photogenerated current
ignal increased two orders of magnitude than average
value could be explained by Schottky barrier height low-
ering due to hole trapping on threading dislocation under
metallization and increasing of reverse current [5]. Details
of existence of local DC gain in MSM detectors fabricated
in heteroepitaxial layers of nitrides were described else-
where [6].

The surface photocurrent distribution of photoresis-
tor fabricated in undoped GaN layer (figure 5) resem-
bles a combination of photocurrent responses of photore-
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Fig. 3. Image of surface potential in photoresistor polarized with 1 V (a) and profiles of potential along electrodes depicted as N1, N2,
P1, P2 (b)
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Fig. 4. Map of photocurrent response (a) and surface potential (b) of doped MSM detector structure polarized with 8 V
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Fig. 5. Map of photocurrent response (a) and surface potential (b) of undoped photoresistor detector structure polarized with 2 V

sistor and MSM structure which were based on doped

GaN layers. In this case there were observed both: local

nonuniformieties in signal level near negatively polarized

electrode and decrease of the signal along that electrode.

This could be explained by current-voltage characteristic

of this structure presented in figure 5c. The characteristic

of this detector is a combination of characteristic of pho-

toresistor (Figure 5a) and MSM structure (Figure 5b).

The nonlinearity of that characteristic indicated that it

was not ideal ohmic contact, it had some rectifying prop-

erties. And in this case effects typical for both kinds of

planar detectors could be observed.



286 A. Szyszka — B. Paszkiewicz — W. Macherzyński — R. Paszkiewicz — M. T lacza la: MICROSCALE CHARACTERISATION OF . . .

U (V)

I (mA)

-10 -6 -2 2 6 10

U (V)

I (nA)

-15 -10 -5 0 5 10 15

I (mA)

U (V)

-12 -8 -4 0 4 8 12

40

20

-20

-40

0

80

40

-40

-80

0

0

50

-50

-100

-150

-200

Fig. 6. DC characteristics of: a) low-doped GaN photoresistor, b) low-doped GaN MSM, c) undoped GaN photoresistor

4 CONCLUSIONS

Microscale characterization of UV detectors based on
gallium nitride allowed to study the effects which influ-
enced the performance of devices. In case of photoresis-
tors that effects were: potential drop along electrodes and
nonlinearity of ohmic contact. In case of MSM structure
the potential barriers at grain boundaries and charged
extended defects influenced mostly on the distribution of
photogenerated current.
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