
 

Application of UVC-LED technology in surface disinfection cabinets 
for small medical devices 

 
Eason Liao*, Xiaoxiao Wang, Muhammad Shafa, Guangjin Wang, Qing Zhang, Xingxing Du 

MASSPHOTON LIMITED Hong Kong, China 
 eason@massphoton.com, 6195-6610 

ABSTRACT 

The spread of infectious diseases within hospitals is notably exacerbated by cross-contamination through small medical 
devices such as mobile phones, blood pressure monitors, and glucose meters. However, current disinfection equipment 
has significant limitations: it is not only difficult to adapt to medical devices of various sizes, but also incapable of 
subjecting delicate electronic equipment to high-temperature disinfection processes. This situation severely hampers the 
effective implementation of infection prevention and control measures in hospitals. This study addresses the 
aforementioned challenges by designing a surface disinfection cabinet for small medical devices, utilizing UV-C LED 
technology as its core component. Through simulation modeling and practical testing, the disinfection efficacy of this 
technology on devices such as mobile phones, PDAs, and blood pressure monitors was evaluated. Collected three mobile 
phones, one tablet, two device remotes, and one packaging box from laboratory personnel, totaling seven small items of 
different materials and specifications. The colony counts before and after using the device were collected and tested, 
with each test repeated more than three times. The results indicate a significant reduction in the number of bacterial 
colonies on the sample surfaces before and after disinfection, with an average sterilization rate of 99.4%. The growth of 
natural bacteria in the culture dishes was less than 1 CFU/cm², meeting the requirement of a reduction in natural bacterial 
count by more than 1.00 log as stipulated by GB27952-2020 "General Requirements for Disinfectants on Common 
Object Surfaces". Additionally, tests confirmed that the device does not produce ozone and poses no risk of ultraviolet 
leakage in the laboratory within the factory premises, allowing for continuous use in rooms with people present. 
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1. INTRODUCTION  
The UV-light emitting diode (LED) has been attracting significant attention as a new UV source that can replace 
conventional mercury gas-filled lamps in water disinfection applications[1]. The UV spectrum is divided into three 
regions based on wavelength and energy: UV-A region (315-400 nm), UV-B region (280-315 nm), and UV-C region 
(100-280 nm). The UVC light exhibits germicidal effects and is widely used for water, surface, and air disinfection. As 
for UV-C LED, the emitted UVC light in the 270-280 nm range destroys the molecular structure of DNA or RNA in 
microbial cells by forming dimers of pyrimidines (especially thymine/uracil), leading to the death of growing and/or 
regenerative cells, thereby achieving sterilization [2,3]. Recent studies have also demonstrated the effectiveness of 
ultraviolet light in disinfection. For example, UV-C LED effectively reduces E.coli, S.aureus and C.albicans by 5 log10 
units, and achieves a reduction of 3 log10 units for Bacillus cereus spores[4]. 

The development of disinfection devices using UVC (ultraviolet-C) light as a technology for surface disinfection in 
contact environments has been a focus of research for many study group[5,6]. Disinfection cabinets are widely used in 
hospitals to sterilize the surfaces of frequently touched electronic devices, such as tablets, mobile phones, and handheld 
computers. These devices may carry harmful pathogens, and susceptible patients could become infected through direct 
contact with these contaminated small medical diagnostic devices[7,8]. Traditionally, these cabinets have relied on 
mercury-based UV lamps as the primary disinfection source. While effective, mercury lamps present several challenges, 
including high energy consumption, long preheating times, short lifespans, and environmental concerns due to the toxic 
nature of mercury. Additionally, their bulky design limits integration into compact and portable sterilization systems. In 
contrast, UV-C LED offer a promising alternative, providing instant-on functionality, energy efficiency, longer 
operational lifespans, and a mercury-free, environmentally friendly solution. Their compact size allows for greater 
design flexibility, enabling more efficient and uniform UV-C light distribution within sterilization cabinets[9]. UV-C 



 

LED technology, compared to traditional chemical reagents, offers a non-contact disinfection method for small medical 
devices, making it suitable for hard-to-reach areas and leaving no residue. It addresses the limitations of high-
temperature moist heat sterilization, which is not applicable to electronic products, thereby filling a gap in contemporary 
medical sterilization methods. This technology serves as a valuable supplement and enhancement to existing practices, 
providing new solutions for improving the hygiene standards of medical devices. 

As advancements in UV-C LED technology continue to enhance output power and cost-effectiveness, these devices have 
the potential to revolutionize hospital sterilization protocols, improving disinfection efficiency while addressing safety 
and sustainability concerns. 

2. MATERIALS AND METHODS 
2.1 MATERIALS  

Figure 1 shows MASSPHOTON’s surface disinfection cabinet, with dimensions of 430×365×630 mm 
(length×width×height). The cabinet is lined with reflective film on all sides, which effectively enhances the reflectivity 
of ultraviolet (UV) light and improves disinfection efficiency. Inside the cabinet, there are four shelves designed to 
accommodate various small medical devices, smartphones, PDAs, iPads, and other equipment of different sizes and 
materials. The disinfection cabinet offers three disinfection time settings, with a default single disinfection cycle of 10 
minutes. Each press of the disinfection button adds 10 minutes, up to a maximum of 30 minutes. The cabinet is equipped 
with a human body infrared sensor that automatically turns off the UV-C LED chips when the door is opened, preventing 
UV exposure and ensuring user safety.  

                         
(a)                                             (b)                                                  (c) 

Figure 1: First-Generation Surface Disinfection Cabinet. (a)First-generation exterior; (b)Interior LED strip distribution; 
(c)UV irradiance distribution. 

2.2 METHODS 

2.2.1. Sampling  

(1)Attach labels to the experimental items collected from the laboratory (such as iPads, mobile phones, etc.). 

(2)Before disinfection, immerse a sterile cotton swab in a test tube with 5.0 mL of PBS. Swab the designated area 
(moving back and forth three times horizontally and vertically), then place the swab into the original PBS tube using 
aseptic techniques. (If the surface area is less than 50 cm², sample the entire surface; If the surface area is greater than 50 
cm², sample 50 cm²). 

(3)Mix the sample using a vortex mixer for 20 seconds or shake vigorously 80 times. After appropriate dilution, pipette 
200 µL onto a culture medium and incubate at 36℃ ± 1°C for 48 hours for viable bacterial colony counting. 

2.2.2. Calculation of Total Bacterial Colony Count on Object Surfaces (see formula below): 

Total Bacterial Colony Count(CFU/cm2)=average number of colonies per plate × dilution factor ÷ sampling area (cm2) 

 



 

3. RESULTS AND DISCUSSIONS 
In this study, as shown in Figure 2, we present the design and optical simulation of a UV-C LED based disinfecting 
cabinet tailored for hospital use, aimed at sterilizing multiple handheld devices such as tablets. The cabinet employs an 
array of UV-C LEDs emitting at 275 nm, strategically placed along the top and bottom corners to optimize irradiance 
distribution. The interior is lined with a high-reflectivity material (reflectance >90%) to enhance light scattering and 
minimize absorption losses. Optical simulations, conducted using ray-tracing software, modeled the illumination of 16 
surfaces across eight tablets positioned within the cabinet. Results demonstrate uniform coverage, with all surfaces 
receiving a UV intensity exceeding 40 µW/cm²—well above the threshold required to eliminate bacteria like 
Staphylococcus aureus (typically 10–20 µW/cm² for a 4 log reduction). The combination of precise LED placement and 
a reflective interior ensures effective disinfection, offering a compact, energy-efficient solution for infection control in 
clinical settings. 

                    
(a)                                    (b)                                     (c) 

Figure 2. Optical Simulation of Surface Disinfection Cabinets. (a)3D view; (b)side view and (c)UV power density 
distribution. 

Table 3 shows the results of the ultraviolet (UV) leakage measurement. The device was placed in a laboratory, and after 
operating it for 5 minutes, a UV irradiance meter was used to measure the UV intensity at a distance of 30 cm around the 
device. The measurement was repeated three times, and the average value obtained was 0.000 µW/cm². This data 
effectively indicates that the surface disinfection cabinet poses no risk of UV leakage. 

Table3. UV leakage measurement. 

Test item 
Irradiation intensity(µW/cm2) 

Average ultraviolet (UV) leakage 
1 2 3 

UV leakage 0.000 0.000 0.000 0.000 

Table 4 shows the results of the ozone leakage measurement. The device was placed in a laboratory, and after powering 
it on, an ozone tester was used to measure the ozone concentration in the air. It is important to note that the sampling 
tube of the ozone meter should be positioned at a height of 1.5 meters above the ground for accurate sampling. 
Measurements were taken every five minutes, and the average ozone concentration over a continuous period of one hour 
was 0.000 mg/cm³. This indicates that the device does not produce ozone. 

Table 4. measurement results of the ozone leakage. 

Test 
frequency 1 2 2 4 5 6 7 8 9 10 11 12 13 

Time 
(min) 0 5 10 15 20 25 30 35 40 45 50 55 60 

Concentration 
(mg/cm3) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Mean 
concentration 

(mg/cm3) 
0.000 



 

In this experiment, a total of seven items were used, including three mobile phones, two remote controls, one packaging 
box, and one tablet. Each item was divided into two groups based on its front and back surfaces. Each surface was 
further split into upper and lower halves. The upper half of each surface was sampled as the control group sample, while 
the lower half was sampled as the experimental group sample after the disinfection process. 

As shown in Figure 5, after incubating in a constant temperature incubator at 36±1℃ for 36-48 hours, the microbial 
growth before and after disinfection was observed. Figure 3(a) represents the microbial growth on the object surface 
before disinfection, showing visible natural bacterial colonies in the nutrient agar. Figure 3(b) represents the microbial 
growth after disinfection, where almost no natural bacterial colonies are observed in the nutrient agar. By comparing 
Figure 5(a) and (b), it is evident that the surface disinfection cabinet effectively sterilizes the object surfaces. 

 
Figure 5: Comparison of Bacterial Colonies in Petri-dishes: Before and After Disinfection. 

Figure 6 shows a comparison of colony counts and sterilization rates before and after disinfection. The frequency and 
duration of use for different items vary depending on their functions, and we can roughly estimate the usage time based 
on the number of microorganisms captured from the surface of the objects. Before using the surface disinfection cabinet, 
the microbial content on the object surfaces was as high as 121 CFU/cm². After sterilization, it was effectively reduced to 
0 CFU/cm², with a maximum sterilization rate of up to 99.99%. By comparing the CFUs of untreated and treated 
samples, we achieved an average sterilization rate of 99.4%. Natural bacterial growth in culture plates was less than 1 
CFU/cm², meeting the ≥1.00 log reduction requirement for natural bacteria specified in GB 27952-2020 "General 
Requirements for Disinfectants on Common Object Surfaces." 
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Figure 6: Results of Surface Disinfection Cabinet Effectiveness. (a)statistics on the disinfection efficacy of surface 
disinfection cabinets; (b)disinfection rate per surface. 
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4. CONCLUSION 
Studies have shown that the hands of healthcare workers are a significant vector for the transmission of hospital-acquired 
pathogens. Strict adherence to hand hygiene can effectively reduce hospital-acquired infections by 20% to 30%[10]. 
Mobile phones, PDAs, and tablets, as frequent touched items in the daily work of healthcare workers, pose a risk of 
hospital-acquired infections through contact with contaminated devices. The MASSHPOTON’s surface disinfection 
cabinet utilizes UV-C LED lamps emitting 270-280nm ultraviolet light to disinfect small items. Items placed inside the 
cabinet are exposed directly and through reflective film to UV-C light, achieving disinfection without the need for direct 
contact with the surfaces, effectively addressing the challenge of disinfecting hard-to-reach areas on object surfaces, 
while eliminating concerns about chemical residues. Compared to traditional mercury lamp sterilization cabinets, the 
MASSHPOTON’s surface disinfection cabinet features a shorter preheating time, contributing to a more environmentally 
friendly system. Disinfection cabinets employing UV-C LED technology not only offer environmental benefits but also 
boast compact size, intelligent features, no ozone emissions, and no ultraviolet light leakage. These cabinets can rapidly 
reduce bacterial counts on item surfaces to 0 CFU/cm2. This innovative solution provides an effective supplementary 
disinfection method to chemical agents for contact surfaces in hospitals and other public spaces. 
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