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1. Introduction 

1.1 Objective 

    HIV remains one of the most serious global health threats of our time. It is estimated 

that 1.8 million people were infected with HIV and 940,000 died of AIDS-related causes 

in 2017 [1]. In their daily lives, HIV patients undergoing antiretroviral therapy need to 

perform frequent time-consuming blood tests to monitor their virus levels and the 

effectiveness of the treatment. To this regard, a device supporting quick point-of-care 

testing will be very helpful because it could potentially save patients lots of time. 

    We will be collaborating with Prof. Cunningham and a group of bioengineering 

students for an innovative solution: a smartphone clip-on device that enables efficient 

HIV sensing at the point of care. This device will provide required condition for HIV 

examination. Specifically, under proper illumination and temperature, an enzymatic 

amplification reaction will occur in a carefully prepared assay, which is a cartridge 

containing a patient's blood sample and some fluorescence materials. As the 

amplification reaction proceeds, the concentration of fluorescent product will increase 

exponentially in the cartridge. Finally, a video will be captured through the rear-facing 

camera of the smartphone for quantitative estimates of the concentrations of HIV-1. 



 

Figure 1: Visual Aid Diagram 

    The instrument is comprised of a clip-on macro lens, LED illuminators, an optical filter, 

a PTC (positive temperature coefficient) heater and a rechargeable battery. The system 

fits over the rear-facing camera of a smartphone and has a slot to accept the test 

cartridge after reagents are added. Visual aid diagram credits to the PFI Proposal 

provided by Prof. Cunningham. 

 

1.2 Background 

    Previously, Philip Smith, Melissa Wallace and Linda‐Gail Bekker proposed a rapid 

HIV self‐testing device [2]. However, that device used the PCR (Polymerase chain 

reaction) reaction to test HIV which required the patients to change the temperature 

several times during one test. Also, the patients were required to manually use phone or 

https://onlinelibrary-wiley-com.proxy2.library.illinois.edu/action/doSearch?ContribAuthorStored=Smith%2C+Philip
https://onlinelibrary-wiley-com.proxy2.library.illinois.edu/action/doSearch?ContribAuthorStored=Wallace%2C+Melissa
https://onlinelibrary-wiley-com.proxy2.library.illinois.edu/action/doSearch?ContribAuthorStored=Bekker%2C+Linda-Gail


other device to capture the results. Thus, that device was not very convenient for 

patients to learn and use. 

    Our approach will yield a small home monitoring tool so that patients could clip it on a 

smartphone to monitor HIV progression. We will design a clip-on instrument that 

illuminates and heats a silicon-based test cartridge. The instrument also has a macro 

lens that facilitates the smartphone camera to capture video of the sample undergoing 

reaction. We will use LAMP (Loop-Mediated Isothermal Amplification) instead of PCR, 

and with LAMP, the patients do not need to change the temperature during the reaction 

because it occurs at a constant temperature. The presence of the HIV virus can be 

clearly displayed in the phone’s footage as fluorescence dots and sent to a doctor for 

analysis. 

  

1.3 High-level Requirement List 

- The device must enable the LAMP chemical reaction to occur in the assay 

containing HIV sample for 30 minutes. 

- Clear footage of fluorescent foci of the HIV viruses must be captured through 

smartphone’s camera with the average contrast between foci and background 

being higher than 1.5. (Definition of contrast elaborated under the tolerance 

analysis section and reference [7]) 

  



2. Design 

2.1 Block Diagram 

 

Figure 2: Block Diagram 

The design is divided into 3 modules: the power module, the heating module, and the 

optical module. The power module will provide power for electrical components in the 

other modules. The heating module and the optical module will heat the assay cartridge 

under certain temperature and light it with light of certain wavelength so that the 

reaction is triggered, and the camera is able to capture the result.  

 

  



2.2 Physical Design 

 

Figure 3: Physical Design Diagram 

 

2.3 Modular Description 

2.3.1 Power Module 

The power module is comprised of a rechargeable battery and three switching 

voltage regulators. A 9V rechargeable battery will be used as the power supply. A 3.3V 

step-down switching regulator will provide power for the LEDs, and a linear regulator will 

be used for the heater. Specifically, we plan to use TSP62130 and ISL80410. The 

typical application circuits of these regulators, including required external components 

such as inductors, capacitors and resistors, are included below: 

 



 

Figure 4: TPS62130 Circuit [3]  

 

 

Figure 5: ISL80410 Circuit [4] 

 

Requirements Verifications 

1. Linear regulator circuit provides 
an output voltage of 7.15V ± 0.1V 
as required by the heater 
component.  

 

A. Assemble the circuit as shown in 
figure 5 with R1/R2 ≈ 4.85, connect 
9V bench output to the Vin, and a 
voltmeter to Vout. 

B. Ensure that the output voltage 
remains 7.15V ± 0.1V for the time 
span of 30 minutes.  

2. Step-down switching regulator 
supplies an output of 3.3V ± 0.3V 
as required by LEDs.  

A. Assemble the circuit as shown in 
figure 4, connect 9V bench output to 
the Vin, and a voltmeter to the Vout.  

B. Ensure the output voltage is 3.3V ± 
0.3V. 

Table 1: R&V table for power module  



2.3.2 Heating Module 

    The heating module contains a PTC heater. The heater should heat up to 65°C 

specifically and remains in that temperature for at least 30 minutes. Although we plan to 

purchase a PTC heater with required specs, we still want to test the exact surface 

temperature of the heater. A small temperature interval is required for the chemical 

reaction to occur smoothly. The heater should be controlled by the control module and 

provide heat needed for fulfilling high-level requirement 1. 

Requirements Verifications 

1. With the battery connected, the 
PTC heater remains in 65°C ± 1°C 
for at least 30 minutes.  

A. Connect the heater to a 7.15V 
bench output, wait 3 minutes for it 
to heat up. 

B. Measure the surface temperature 
of the PTC heater at 4 corners and 
the center using a thermometer for 
30 minutes, ensure the 
temperature falls in the range of 
65°C ± 1°C. 

Table 2: R&V table for heating module 

 

2.3.3 Optical Module 

    The optical module is comprised LED illuminators, an optical filter, and a macro lens. 

The LEDs will emit light onto the assay cartridge so that the foci of fluorescence can 

absorb light and start to shine, emitting light through the optical filter and the macro lens 

into the rear-facing camera of a smartphone. The optical filter will be on top of the 

macro lens, and there will be 8 LEDs surrounding the macro lens. It receives power 

from the power module. Also, the control module will turn it on and off. Requirement 1 

will support the high-level requirement by making sure there’s a clear image at a 

distance of 1 inch, which is the distance we want to achieve between the cartridge and 



the camera. Requirement 2 will ensure the images captured meet the contrast 

requirement. Particularly, the RGB data of the image will be extracted and the 

luminance will be calculated using a standard conversion formula: ((Red value X 299) + 

(Green value X 587) + (Blue value X 114)) / 1000 [6]. Then, average contrast between 

the foci and background will be LH/ LL, where LH represents the foci’s illuminance and LL 

represents the background’s illuminance.  

Requirements Verifications 

1. The focus distance of macro lens 
should be within 1 inch. 

A. Clip the micro lens on the rear-
facing camera of the phone. 

B. Looking through the phone’s 
camera and see whether there is a 
clear image at 1 inch. 

2. The luminance contrast between 
the foci of fluorescence and 
background should be higher than 
1.5. 

A. Use a 3D-printed fake cartridge 
with florescent Evagreen dye, 
which is the same dye we use for 
the LAMP reaction, inside of the 
cartridge. 

B. Power the LEDs with 3.3V bench 
output, clip the micro lens and the 
filter to the phone’s camera, and 
take several photos of the fake 
cartridge using phone’s camera. 

C. Use simple python program to 
extract the RGB data of the 
images, calculate the 
corresponding luminance and 
contrast, ensure that the average 
contrast between foci and 
background is above 1.5. 

3. The field of view should be bigger 
than 40*40 mm, which is the size 
of the cartridge, at the distance of 
1 inch. 

A. Clip the micro lens on the rear-
facing camera of the phone. 

B. Draw a square of 40*40 mm on 
paper, put the macro lens 1 inch 
from the paper, and see whether 
we can see the square through the 
phone’s camera. 

Table 3: R&V table for optics module 



4. Tolerance Analysis 

One of the most important things in our project is to make sure that the reaction occurs 

at the desired temperature. The LAMP reaction designed specifically in our project 

needs to occur at a temperature 65 Celsius degree with a tolerance 1 Celsius degree. 

Since the LAMP reaction is an isothermal reaction, we need make sure that our PTC 

heater provides temperature that falls within the range. After we tested out the 

temperatures of the PTC heater at various input voltages, the results are included in the 

table 4 below. 

Voltage Temperature(C) Current(mA) 

4V 50 ± 0.5 220 

5V 55 ± 0.5 232 

6V 60.5 ± 0.5 224 

7V 63.5 ± 0.5 214 

7.08 64.5 ± 0.4 211 

7.15V 65.5 ± 0.3 209 

7.22 65.7 ± 0.2 209 

7.25V 66 ± 0.3 209 

7.5V 66.75 ± 0.25 207 

8V 67.5 ± 0.5 198 

9V 69.5 ± 0.5 186 

Table 4: PTC heater working temperature, current and voltage 

As seen in the table 4, the temperature of PTC heater depends on the input voltage. 

Now we need to demonstrate that our choice of voltage regulator would provide 



voltages such that the PTC heater could satisfy the temperature requirement. Since we 

need pretty accurate voltage input, we choose the linear voltage regulator instead of 

due to its lower noise. Specifically, we choose the linear voltage regulator ISL80410 [5]. 

As listed in the data sheet, the chosen linear regulator can provide an ±1% accurate 

desired output voltage. Thus, since our designed voltage is 7.15V, the voltage regulator 

will provide voltages range from around 7.08 to 7.22V. Now we will use the table 4 to 

check the according temperatures. When the voltage is lowest at 7.08V, the 

temperature of PTC heater falls within 64.5 ± 0.4 Celsius degree which satisfies the 

required temperature 65 ± 1 Celsius degree. When the voltage is highest at 7.22V, the 

temperature of PTC heater falls within 65.7 ± 0.2 Celsius degree which satisfies the 

required temperature 65 ± 1 Celsius degree. Therefore, our choice of linear regular and 

thus the overall design meets the temperature requirement. 

5. Cost Analysis 

Part Cost 

Battery (TalentCell, LB9V500) $8.03 

PTC Heater (Amazon, B07GBPYD33) $7.59 

LED illuminators (Digikey, OVQ12S30B7) $2.17 * 8 

Visible Bandpass Filter (Thorlabs, FL05532-10) $51.14 

Macro Clip-On Lens (AUKEY, PL-WD09) $29.99 

Switching Regulator (TI, TPS62132RGTR) $2.22 

Linear Regulator (Renesas/Intersil, ISL80410IBEZ-T7A) $1.45 

3D printed Container (Sculpteo) $10 

Total $127.78 

Table 5: Cost table 



6. Schedule 

 
 
   10/21/19 

 
Qingxi 

Work on the measurement of PTC heater voltage vs 
temperature plot 

 
Yunxiao 

Work on the first order of PCB and design the cradle model 

 
 
10/28/19 

 
Qingxi 

Prepare for the second design of PCB order 

 
Yunxiao 

Work on combining the heating module and optical module 

 
 
11/05/19 

 
Qingxi 

Collect detailed power information and potential safety issues 

Yunxiao Try to combine all components into the container 

 
 
11/12/19 

 
Qingxi 

 
Test the whole device on a sample 

Yunxiao Collect and do analysis on the results 

 
 
11/17/19 

 
Qingxi 

 
Do more testing on different samples 

Yunxiao Continue doing analysis on the results 

 
 
11/24/19 

 
Qingxi 

 
Prepare for the final demo 

Yunxiao Do a final testing 

 
 
12/01/19 

 
Qingxi 

 
Prepare final presentation 

Yunxiao Work on the final report 

Table 6: Schedule table 

 

7. Ethics and Safety 

    There are several potential safety issues that could happen if we do not take care of. 

During the design process, the PCB might have serious defects that could short circuit 



or even burn the other devices. Therefore, we need to make sure that the PCB itself is 

tested thoroughly before integrating other parts of hardware. 

    One of the most important concerns about the misuses is that the PTC heater may be 

overcharged or brought to extremely high temperature which could destroy the whole 

device and lead to potential explosion. Although the PTC heater is designed to be safer 

than other ceramic heaters, its working temperature should not exceed 200 C. 

Otherwise, it may cause flames if it falls on a flammable surface. More importantly, the 

extremely high temperature could burn down the PCB and other hardware device 

including the smartphone. Thus, in order to prevent above hazards from happening, we 

will make sure the correct power is supplied (120-volt 60Hz AC) and the heater will 

never be left unattended for a long time. Furthermore, we will also use a thermometer to 

monitor the temperature of the heated assay so that we can turn off the heater 

immediately if the temperature exceeds the threshold. Also, in our design, we try to 

maximize the distance between the PCB and the heater. The heater is located at the 

bottom of our device while the PCB is located at the top of our device. We will do a test 

to check if the PCB can work normally around heater with the same distance in our 

design. We may increase the distance or add some thermal isolation materials to 

protect the PCB. 

    Moreover, there are some IEEE and ACM ethics codes that are relevant to our 

project and thus we need to examine them carefully. The IEEE Codes of Ethics #2 

states that “to avoid real or perceived conflicts of interest whenever possible, and to 

disclose them to affected parties when they do exist”. Since we work closely with the 

patients’ health information related to HIV, we need to disclose that information and 



make them only available to the patients and related doctors. We need to make sure 

that we will not send those data to other interested parties who may utilize that private 

information for their own purposes. In addition, the IEEE Codes of Ethics #9 states that 

“to avoid injuring others, their property, reputation, or employment by false or malicious 

action” [8]. In our case, we need to make sure that our product will not do harm or injury 

to the user. For example, the user may heat the PTC heater to the wrong temperature 

so that the heater may possibly burn the users. In order to prevent this, we will add 

some protections that will cut off the power of the heater if it is overheating.  

According to the ACM General Ethical Principle 1.3 “Be honest and trustworthy” [9], 

we should be honest about their qualifications, and about any limitations in our 

competence to complete a task. Specifically, we should honestly disclose the efficiency 

of our device. We should also provide the users with the limitations of our design like 

running environment and the running time.  
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