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Preparation and evaluation system for NEA GaN
photocathode
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To obtain and evaluate negative electron affinity (NEA) GaN photocathode, preparation and evaluation system has been
designed. The system includes multi-information test system, ultrahigh vacuum (UHV) activation system, and surface
analysis system. GaN photocathode, which had been etched by a 2:2:1 solution of sulfuric acid, hydrogen peroxide and
de-ionized water, was analyzed by the surface analysis system. Then the GaN photocathode was transferred to the UHV
system where it was cleaned by heating at 710 [, and soon was activated by Cs/O. By use of the multi-information test
system, vacuum level and composition of the residual gas were recorded during the heating process, photocurrent was

recorded during the activation, and quantum efficiency of NEA GaN photocathode was tested.
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1. Introduction

Gallium nitride (GaN) is a new kind of semiconductor
material, which has excellent properties of low dielectric
constant, corrosion resistance, high temperature resistance,
and radiation resistance. GaN has many applications in
high power, temperature electronics, and high radiation
environment [1-7]. Negative electron affinity (NEA) GaN
photocathode has superior performing of high quantum
efficiency (QE), because its bottom of conduction band is
lower than the vacuum level. NEA GaN photocathode also
has character of low dark current, and concentrative
emitting electron energy distribution [8-14]. The band gap
of GaN reaches 3.4 eV at room temperature, so it is a
natural “solar blind” material. Therefore, NEA GaN
photocathode can be extensively applied in lithographic
manufacture, ultraviolet detection, atmospheric monitoring,
fire alarm technology, and other fields [15-23].

NEA GaN photocathode can be obtained by Cs/O
activated in vacuum environment. In the preparation,
many factors will influence the performance of NEA GaN
photocathode finally, including the chemical cleaning and
heating temperature, the quantity of Cs/O, and the vacuum
level of environment. So a good and convenient
preparation system becomes necessary and important.

In this text, we desired the NEA GaN photocathode
preparation and evaluation system based on the NEA
GaAs photocathode system. GaN samples were activated,
the information during preparation was recorded, and after
activation QE of the NEA GaN photocathode was tested.

2. Experimental system

The NEA GaN photocathode preparation and
evaluation system is consisted of the multi-information
test system, ultrahigh vacuum (UHV) activation system,
and surface analysis system, as shown is Fig. 1.
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Fig. 1. NEA GaN photocathode preparation and
evaluation system.

The multi-information test system can control the
activation light, the Cs/O quantity, and the heating
temperature. Photocurrent can be picked up by signal
processing module during and after activation. The
accuracy of measurement is 1 nA. The spectrum
measuring range is from 240 to 400 nm. A quadrupole
mass spectrograph (QMS) is used to test the composition
of the residual gas in UHV system.
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The UHV system includes mechanical pump, turbo
molecular pump, ionization pump, and vacuum chamber.
The pressure of the vacuum chamber can reach 3.3x10°
Pa at best. As Fig. 2 shown, the vacuum chamber is
connected to QMS, vacuum gauge, heating facility,
vacuum pump, and the surface analysis system by flange.
There are quartz windows for observation, and light is
illuminated through quartz window too, including both
reflection-mode  (r-mode) and  transmission-mode
(t-mode).
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Fig. 2. The UHV vacuum chamber.

The surface analysis system is consisted by a Perlin
Elmer 5300 series X-ray photoelectron spectrometer (XPS)
and ultraviolet photoelectron spectrometer (UPS). The
XPS has two targets of Mg and Al to meet different needs.
The glancing angle of the XPS is from 0 to 90 °, and the
measuring range is from 1400 to 0 eV.

3. Experiment and results

The experiment samples are GaN films, which are
grown by metal-organic chemical vapor deposition
(MOCVD) on c-plane sapphire (Al,O3) substrates with a
Ga;,ALN buffer layer. The GaN layer is p-type doped
with the concentration of 10'7 cm™.

GaN was etched by a 2:2:1 solution of sulfuric acid,
hydrogen peroxide and de-ionized water firstly, and then
was put in the surface analysis system. XPS electron
spectroscopy of GaN (0001) after chemical cleaning is
shown in Fig. 3. From Fig. 3 it can be seen, after chemical
cleaning, Ga3d, Nls, Cls, and Ols are detected, which
indicates that contaminations on GaN (0001) are C and O
mainly.
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Fig. 3. XPS electron spectroscopy of GaN (0001) after
chemical cleaning.

GaN was transferred to the UHV system where it was
cleaned by heating at 710 [1 for 25 min. During the
heating process, vacuum level of the UHV system and
composition of the residual gas were recorded, which is
shown in Fig. 4 and Fig. 5. In Fig. 4, curve 1 is the
temperature, and curve 2 is the vacuum level. The vacuum
level falls with increase of temperature, and the vacuum
level reaches lowest at 710 C. As cooling the vacuum
level resumed to the initial level.
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Fig. 4. Temperature and vacuum curve during the heating
of GaN photocathode.

In UHV system, composition of the residual gas at
710 C was recorded by the QMS. As Fig. 5 shown, the
dominant residual gas in the chamber is in the region
around 2, 18, 28 and 44, corresponding to H,, H,O, CO or
Ng, and C02
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Fig. 5. Mass spectrum of the residual gas.
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After the cleaning process, GaN photocathode was
activated by Cs/O, and the quantity of Cs and O is
controlled accurately by the multi-information test system.
The photocurrent during the activation is shown in Fig. 6.
From Fig. 6, it can be seen that Cs was performed with
GaN at room temperature (20 C) until a maximum
photocurrent was obtained. Under a constant Cs flux, the
oxygen was not admitted into the chamber until the
photocurrent stopped increasing. When the photocurrent
reached a peak, the oxygen current was cutoff, and the
photocurrent dropped. After the oxygen switch was turned
on and off several times, the photocurrent reached its
maximum level.
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Fig.6. Photocurrent during the Cs/O activation.

The r-mode and t-mode QE of NEA GaN
photocathode between 3.1 and 5.2 eV is shown in Fig. 7,
which corresponding 240 — 400 nm. Curve 1 is the r-mode
QE, and curve 2 is the t-mode. It can be seen from the
figure that the r-mode QE is high and flat between 240 and
350 nm, and the maximum QE reach 30% at 240 nm. For
the t-mode, there is high and flat quantum yield between
255 and 355 nm, and the maximum QE reaches 13% at
290 nm. When the wavelength of the incident light extends
to 355 nm, the QE of both modes begin to drop rapidly
with increase of the wavelength, and a distinct inflection
point is formed at 355 nm. The QE falls to 3.5% at the
threshold wavelength of 365 nm, and there is only 0.1%
QE at the 385 nm, which demonstrates the excellent
long-wave cut-off property.
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Fig. 7. The r-mode and t-mode QE of NEA GaN
photocathode.

QE of the t-mode GaN photocathode decreases at
short wavelength less than 250 nm, which is different from
the r-mode, as shown in Fig. 7. QE of the t-mode reduces
to about 0.6% at 240 nm while there is still a high
quantum yield for the r-mode. This is because the incident
light is shone on the sapphire substrates in the t-mode, and
the light must go through the substrate and the Ga; ,AILN
buffer layer before reaching the GaN emission layer. The
Ga; AN buffer layer has a larger band gap than the GaN,
and it has a higher absorption coefficient for the short
wavelength light. Most of the short wave will be absorbed
in the buffer layer and is difficult to reach the GaN
emission layer, so the QE of the t-mode NEA GaN
photocathode will go down eventually in the short
wavelength.

4. Conclusion

In conclusion, we desired the NEA GaN photocathode
preparation and evaluation system. GaN samples were
activated, and after activation QE of the NEA GaN
photocathode was tested. The maximum QE r-mode reach
30% at 240 nm, and t-mode reaches 13% at 290 nm.
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