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A comparative study of n-MgZnO/p-Si UV-B photodetector performance was carried out with

different device structures. The experimental results demonstrate superior photoresponse

characteristics of the p-n heterojunction detector against the Schottky type metal-semiconductor-metal

counterpart, including a sharper cutoff wavelength at 300 nm, a larger peak photoresponsivity of

1 A/W, and a faster response speed. The role of built-in field and low interface scattering in p-n

heterojunction is explored, and the energy band diagram of n-MgZnO/p-Si is employed to interpret

the efficient suppression of visible light photoresponse from Si substrate, revealing the

applicability of this heterostructure in fabrication of deep ultraviolet detectors. VC 2011 American
Institute of Physics. [doi:10.1063/1.3600789]

ZnO and related materials have been received more and

more attention in recent decades due to their well-known

versatile functionality in device applications.1–6 MgxZn1�xO

alloys with tunable band gaps are especially promising active

components in ultraviolet (UV) light emitters,7 UV detec-

tors,6,8 and other UV-range heterostructure devices.9 Among

these applications, UV detection has a significantly huge

market both in civil and military areas, such as missile plume

early warning and flame/engine control.10,11 Considering its

low growth temperature feature (<450 �C), MgZnO UV de-

tector will become more competitive and practical when

integrated with the well-developed Si microelectronic tech-

nologies, which suggests the urgent need for design of

MgZnO UV detectors on Si substrates.

By far, most MgZnO UV detectors ever reported were

fabricated in Schottky or photoconductive type device struc-

tures on sapphire substrates8,11–14 and only a few on silicon

substrates.15–17 The shortest cutoff wavelength of MgZnO/Si

photodetectors is around 300 nm with a not-steep photores-

ponse curve.17 A big challenge of high-quality epitaxial

MgZnO film growth on Si greatly hampered the progress on

this research field. In this case, it is not likely to carry out a

systematic study of the optoelectronic properties of the detec-

tors, not to mention the influence of device structures on de-

tector performance, which is very important for understanding

of the device physics.

We have developed a unique technique to engineer the

interface of wurtzite MgZnO (0001)/Si (111) by radio-fre-

quency plasma assisted molecular beam epitaxy (rf-MBE),

where the deposition of a thin Be layer followed by oxidation

was adopted to efficiently prevent the formation of amor-

phous SiO2 layer and serve as a good template for epitaxial

growth of MgZnO with high Mg content.18 The epitaxial

relationship was determined as [0001]MgZnO//[0001]BeO//

[111]Si and [11-20]MgZnO//[11-20]BeO//[11-2]Si. More growth

details can be found elsewhere.18 In this letter, the n-MgZnO

(0001)/p-Si (111) heterostructure was applied to fabricate

solar UV-B (k < 320 nm) detectors with two different device

structures, i.e., a vertical p-n heterojunction diode (labeled as

device A) and a planar metal-semiconductor-metal (MSM)

Schottky diode (labeled as device B). A comparative study

of the optoelectronic properties for the two types of devices

was then carried out, via the current-voltage (I-V), spectra

response, and transient response measurements. Based on the

experimental results, an energy band diagram of n-MgZnO/

p-Si heterojunction was proposed to interpret the efficient

suppression of visible light photoresponse from Si substrate

in device A.

The single crystalline wurtzite MgZnO (0001) film was

synthesized on a p-type Si (111) substrate by rf-MBE which

was equipped with high purity elemental sources. To avoid

Si surface oxidation, a Be layer with a thickness around 3

nm was firstly deposited, followed by an oxidation process.

Growth of a quasi-homo MgZnO buffer layer (�20 nm) and

a high Mg content MgZnO epilayer (350 nm) was subse-

quently carried out on the formed BeO layer.19 The optical

bandgap and Mg content of the epilayer is 4.13 eV and 40%,

respectively. The solar UV-B detectors were then fabricated

by standard optical photolithography and lift-off technique.

Ti (10 nm)/Au (50 nm) was deposited to form metal contact

to n-MgZnO by thermal evaporation and indium as the back

contact to p-Si. To increase the heterojunction detector’s op-

tical active area and promote the carriers collection effi-

ciency, comb electrodes were used with 300 lm length,

5 lm width, and 15 lm gap [see the photograph in Fig. 1(a)].

The finger electrodes of MSM detectors were defined as

300 lm long and 5 lm wide with 5 lm gap [Fig. 1(b)]. Semi-

conductor parameter analyzer (Keithley 6487 picoammeter)

was employed for I-V characterization. The spectra response

was performed using the SpectraPro-500i (Acton Research

Corporation) optical system with a 75 W Xe-arc lamp com-

bined with a 0.5 m monochromator as the light source.

I-V curves of the two devices are shown in Fig. 1(c)

with dot and triangle symbols, respectively. For device A,

the rectification ratio is 147 under 63 V, indicating a good

quality of the heterojunction. The ideality factor is calculated

as 7.9 by fitting the curve with Sah-Noyce-Shockley model.
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Such a large ideal factor results from the series Schottky bar-

rier formed by Ti/Au-MgZnO contact since the In-Si contact

is confirmed Ohmic (not shown here). In contrast, the I-V
curve of device B obviously shows a typical MSM type, and

the dark current at reverse bias is much lower than device A.

This difference comes from the different extent of electron

scattering by thread dislocations, charged defects, and crystal

lattice, since electrons need to transport a 5 lm transverse

distance in device B while only a 0.3 lm longitudinal dis-

tance in device A.

Figure 2 shows the photoresponse performance of devices

A and B at reverse 3 V bias. A sharp cutoff wavelength at 300

nm can be clearly recognized for both the devices, which

agrees well with the optical bandgap of MgZnO epilayer. A

shoulder response at 353 nm in device B originates from

quasi-homo MgZnO buffer layer, which has a same level with

the dark response and cannot be recognized in device A. Note

that the peak photoresponsivity of device A (1 A/W) is one

order of magnitude larger than that of device B (0.1 A/W),

which indicates a lower extent of electron scattering and high

efficiency in the separation of photo-generated carriers by the

large longitudinal built-in electric field in device A. Note that

the UV to visible light rejection ratio for device A can reach

two orders of magnitude without the existence of insulator

barrier between MgZnO and Si to suppress the visible

response from Si substrate, which is much better than n-ZnO/

p-Si heterostructure.20 Our results suggest that the design of

deep UV detectors may be simplified by using n-MgZnO/p-Si

heterojunctions, which are well suitable for solar UV-B moni-

toring and even working in quasi solar-blind UV region.21,22

The time dependence of photocurrent properties were

studied with the two device structures by using periodic

254 nm illumination from a UV lamp (Fig. 3). It can be seen

that when the UV illumination is off, photocurrent of device

A quickly returned to its initial value [Fig. 3(a)] while the

value of device B can hardly reset due to the influence of per-

sistent photocurrent (PPC) [Fig. 3(b)]. Since the two types of

devices were fabricated with the same film sample, the PPC

cannot be ascribed to the surface adsorption as previously

reported on ZnO nanowires.23–25 In addition, the decay time

of a similar MSM MgZnO detector on sapphire substrate we

fabricated are about several hundreds of nanoseconds.8

Hence, the most possible reason for the PPC we observed is

the MgZnO/Si interface states, which gradually release cap-

tured carriers and cause a PPC. Most of the photo-generated

carriers are captured by the interface defects at UV-on stage

since the carrier transportation in device B is in transverse

direction. When device A is under UV illumination, however,

the photo-generated carriers near the interface are separated

FIG. 1. (Color online) (a) Optical photo-

graph and structure diagram of n-MgZnO/

p-Si heterojunction UV-B detectors, (b)

optical photograph and structure diagram

of MSM MgZnO UV-B detectors on Si

substrate, and (c) I-V characteristics of the

two types of detectors.

FIG. 3. (Color online) Time-dependent response of the photocurrent of de-

vice A (a) and device B (b) under periodic 254 nm illumination.FIG. 2. (Color online) Spectra response of the two detectors.
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immediately and drift to the electrodes under the force of the

strong longitudinal electric field. The interface defects have

little effect on the photo-generated carriers and the PPC can

be therefore avoided.

The experimental results indicate a superior device per-

formance of the p-n heterojunction detector compared with its

MSM counterpart. To interpret the principle of the n-MgZnO/

p-Si heterojunction detector, the energy band diagram was

proposed according to Anderson-Shockley model as shown in

Fig. 4. The electron affinity (v) and band gap for Si and

MgZnO are taken as 4.05 and 3.67 eV and 1.12 and 4.13 eV,

respectively.7 The band offsets was hence determined as

DEC¼ v(Si) � v(MgZnO)¼ 0.38 eV and DEV¼Eg(MgZnO)

� Eg(Si) � DEC¼ 2.63 eV. Under thermal equilibrium condi-

tion, the depletion region was formed both in Si and MgZnO

sides due to the carrier diffusion [Fig. 4(a)]. The band bending

at a reverse electric filed is shown in Fig. 4(b). Considering

the very small thickness of BeO interfacial layer (�3 nm),

this layer cannot serve as an efficient barrier to block the

photo-generated carriers like the case of MgO and SiO2,

which have larger dielectric coefficients than BeO.20,26

When the device is under UV illumination, photo-gener-

ated holes in MgZnO layer will easily drift to the valence

band of Si, generating a UV photocurrent. However, the

photo-generated electrons in Si substrate by visible light

were efficiently blocked by the conduction band offset DEC

of 0.38 eV, which recombine with holes without drifting into

MgZnO side. In this case, the visible light response from Si

substrate is efficiently suppressed by the natural band offset

in the heterostructure. From this point of view, it is promis-

ing to fabricate n-MgZnO/p-Si heterojunction deep UV

detectors with high performance.

In summary, a comparative study of p-n heterojunction

and MSM UV-B detectors based on n-MgZnO film grown on

p-Si (111) substrate has been carried out. The heterojunction

detector performed much better than the MSM counterpart

both in photoresponsivity and response speed, which benefits

from the strong built-in electrical field and less influence of

interface defects. The energy band diagram was adopted to

illuminate the principle of the detectors, suggesting the

n-MgZnO/p-Si heterojunction UV-B detector can work with-

out the insertion of insulator barrier to suppress the visible

response from the substrate. Based on these results, we pre-

dicted it is applicable to fabricate deep UV detectors with

high Mg component MgZnO epitaxial films on Si substrate.
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