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Vanadium Oxide Microbolometer Using ZnO Sandwich Layer
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Optical, electrical and structural properties of VOx/ZnO/VOx thin film are studied. The 

VOx/ZnO/VOx multilayer is deposited by using a radio frequency (RF) sputtering system. 

The VOx/ZnO/VOx thin film shows the high temperature coefficient of resistance (TCR) 

of −3.12%/oC and the low sheet resistance of about 80 kΩ/sq at room temperature. The 

responsivity and detectivity of the bolometer are measured as a function of modulation 

frequency.
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I. Introduction

Temperature of a body was measured by blackbody 

radiation and the size effect of the blackbody radiation 

was investigated [1-3]. The effective temperature of 

the body was shown when the temperature distribution 

of the body is not uniform [4-6]. An infrared technique 

was widely applied to medical field, industrial application 

and military purpose. Infrared detector devices were 

intensively developed [7,8]. In spite of high response 

speed and superior image reproduction, the cooled- 

type infrared detector requires a separate cooling 

device to operate at very low temperature. For this 

reason, an uncooled-type infrared detector device 

and an infrared image device that do not require a 

separate cooling device were developed. A bolometer 

which is uncooled infrared detector was intensively 

investigated because it has a high response feature 

and can be manufactured by using a conventional 

semiconductor manufacturing process [9-12]. Vanadium 

oxides were first observed by Morin in 1959 [13]. 

Vanadium oxides which include V2O5, VO2, V2O3, 

V6O13, V4O7 and V3O5 were made at various conditions 

[14]. The optical and electrical properties of the VOx 

thin films can be greatly influenced by their chemical 

structure. Vanadium oxides are considered as promising 

candidates in optoelectronic applications since they 

show metal-to-insulator transition (MIT) and high 

thermal sensitivity. VOx films were required to have 

high TCR and appropriate sheet resistance for 

applications in uncooled infrared detectors [15]. The 

VOx films with TCR of -2.15%/oC and sheet resistance 

of 20 KΩ/square desirable for uncooled IR detectors 

were prepared by reactive sputtering [15]. They 

undergo transition from an insulator or semiconductor 

to a metal phase at a specific temperature. Single 

crystal VO2 and V2O5 had large TCR of above -4%/oC 

[16]. However, the deposition of VO2 thin film is very 

difficult and needs a high-cost ion-beam deposition 

method. V2O5 is easily formed in high oxygen partial 
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Figure 1. AFM images of VOx/
ZnO/VOx thin film.

pressure, but its resistance at room temperature is 

very high. V2O3 has low formation energy and undergoes 

the phase transition from semiconductor to metal at 

-123oC, so its resistance is very low at room temperature 

[17,18]. ZnO thin films were grown with radio frequency 

(RF) sputtering, which have the direct wide bandgap 

of ∼3.36 eV and have high binding excitation energy 

of 60 meV [19-22]. A vanadium oxides microbolometer 

was fabricated using multilayer thin film processing 

[23].

In this paper, the optical, electrical and structural 

properties of VOx/ZnO/VOx multilayers having VO2 

and V2O5 phase was studied. The VOx/ZnO/VOx multilayer 

is deposited by using RF sputtering system. The 

multilayer film is annealed with oxygen at 300oC for 

50 minutes. The electrical and structural properties 

for the device are then measured.

II. Experiment

VOx/ZnO/VOx thin film is deposited at room 

temperature by using conventional radio frequency 

(RF) sputtering. By using plasma enhanced chemical 

vapor deposition (PECVD) method, SiNx film is deposited 

onto the Si wafers with the thickness of 300 nm. 

Vanadium oxide films are deposited using radio 

frequency (RF) sputtering method with a vanadium 

metal target in argon and oxygen ambient. The VOx 

film depositions are carried out in a turbo molecular 

pump chamber evacuated previously to 3×10-6 torr. 

The flow ratio of O2/(O2+Ar) for VOx growth is 4.4%. 

The deposition rate is 2.5 nm/min at the RF power of 

150 W.

ZnO thin film is deposited in argon ambient at 

room temperature by using RF sputtering system. The 

lower layer of VOx in VOx/ZnO/VOx structures is 

deposited with 60 nm thickness to provide a sufficient 

oxygen source, which helps to make oxygen diffusion 

into the ZnO layer. The thickness of the ZnO layer is 

10 nm. The upper layer VOx in the VOx/ZnO/VOx 

structures is deposited with 10 nm thickness to 

provide a short depth for oxygen diffusion from the 

surface into the ZnO thin film. The annealing 

temperature and time for the VOx/ZnO/VOx film in 

oxygen ambient are 300oC and 50 minutes, respectively. 

Indium metallization is used for the electrical measure-

ment. Sheet resistance is measured from 20 to 60oC in 

steps of 1oC by using a resistance tester. The TCR is 

obtained by linear curve fitting. The properties of the 

VOx/ZnO/VOx film are measured by atomic force 

microscope (AFM), scanning electron microscopy (SEM) 

and X-ray diffraction (XRD).

Using RTB3000 (SBIR inc., USA), figures of merit 

is measured for the metal vacuum packaged 

microbolometer. The voltage signal of the device is 

measured by using a radiation test bench. The 

responsivity and detectivity of the device are obtained 

from the measured parameters.
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Figure 3. Schematic cross- 
section views for 
as-deposited and
oxygen-annealed
of VOx/ZnO/VOx 
multilayer thin films.

Figure 2. XRD peaks of VOx/ZnO/VOx multilayer thin 
films in terms of annealing temperature. The
device is annealed in oxygen ambient at 
300oC for 50 minutes.

Figure 4. Sheet resistance measurement of the VOx/ 
ZnO/VOx thin films as a function of 
temperature.

III. Results and Discussion

An atomic force microscopy (AFM) is used to 

measure the surface roughness of the VOx/ZnO/VOx 

thin film. Fig. 1 shows the atomic force microscopy 

(AFM) images of the VOx/ZnO/VOx thin film. The 

root-mean square of surface roughness of the film 

[24] is 1.7 nm, which shows a smooth surface. The 

difference of the surface roughness between before 

and after annealing was negligible as we expected.

Fig. 2 shows the XRD peaks of VOx/ZnO/VOx 

multilayer thin films in terms of annealing temperature. 

The device is annealed in oxygen ambient at 300oC for 

50 minutes. It is observed that as-deposited multilayer 

thin film exhibited V2O5 (111). After oxygen annealing 

above 250oC for 50 minutes, VO2 (211) was appeared. 

Fig. 3 shows the schematic cross-section views for 

as-deposited and oxygen-annealed of VOx/ZnO/VOx 

thin films.

Fig. 4 shows the thermal resistance of the VOx/ 

ZnO/VOx thin films as a function of temperature. 

TCR is measured from 20oC to 60oC by controlling the 

temperature of the multilayer film. The resistance of 

the thin films decreases as temperature increases. 

From Fig. 4, the sheet resistance of the thin film is 

low with 80 kΩ/sq at 22oC and the TCR is obtained 

to be -3.12%/oC by linear curve fitting. These sheet 

resistance measurement suggests that the VOx/ZnO/ 

VOx multilayer thin film can be used for uncooled 

infrared detectors. 
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Figure 5. SEM image of microbolometer device.

Figure 6. Responsivity and detectivity of microbolometer
devices as a function of frequency.

Fig. 5 shows the SEM image of the microbolometer 

fabricated in this experiment. The dimension of the 

microbolometer is 50 μm×50 μm. The bolometer 

device is mounted in a metal vacuum package to 

measure the optical properties of the microbolometer. 

The vacuum metal package is pumped and kept about 

10-3 torr by using a rotary and turbo-molecular 

pump. Blackbody source of 500oC radiates on the 

microbolometer at a given chopper frequency and the 

output voltages of the device are measured with a low 

noise preamplifier and a lock-in amplifier (Stanford 

Research 850 model). The responsivity and detectivity 

are shown as a function of frequency in Fig. 6. The 

responsivity and detectivity of the detector have the 

maximum value of 9×104 V/W and 1.4×108 cm 

Hz1/2/W, respectively. The responsivity and detectivity 

of the microbolometer decrease as the frequency 

increases. Compared to VOx bolometer detector, the 

TCR of the VOx/ZnO/VOx microbolometer is 4 or 5 

times higher.

The bolometer device shows high temperature 

coefficient of resistance (TCR) and low sheet resistance, 

which can be applied to microbolometer for uncooled 

infrared detector.

IV. Conclusions

We have shown the optical, electrical and structural 

properties of VOx/ZnO/VOx multilayer which shows 

the temperature coefficient of resistance (TCR) of 

-3.12%/oC. The VOx/ZnO/VOx multilayer was 

deposited by using RF sputtering system. The 

multilayer film was annealed with oxygen at 300oC 

for 50 minutes. XRD measurement showed that the 

multilayer film has V2O5 and VO2 phase. The 

microbolometer integrated from VOx/ZnO/VOx 

mutilayer showed the maximum responsivity of 9×104 

V/W and the detectivity of 1.4×108 cm Hz1/2/W at 1 Hz 

and 1.5 V bias voltage. 
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