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 Abbreviations 
 

LAE Large Area Electronics 

PCB Printed Circuit Board 

PDMS Polydimethylsiloxane 

PES Polyethersulfone membrane 

PI Polyimide  

PI Polyimide 

RSD Relative Standard Deviations 

SiN Silicon nitride 

SPS Samples Per Second 

SU8 Photoresist (negative) supplied by MicroChem 

TB Tuberculosis 

TFT  Thin Film Transistor 

TOK  Organic interlayer material provided by Tokyo Ohka Kogyo Co. LTD 

TOLAE Thin, Organic And Large Area Electronics 

VOCs Volatile Organic Compounds 

Patch 1 MG79960,DuPont 

Patch 2 P,3M24676  

3Patch  MED5777A,Avery Denison 

Patch 4 Tegarderm, 3M 
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1.  Executive Summary 

This report details the concepts and designs developed for the integration of innovative 

multidisciplinary technologies within sensors, thin-film deposition, and electronics, for 

novel, user friendly diagnostic medical patches discussed and developed within three 

different tracks. Within this report the main progress within design and development is 

to ensure application for testing within tracks 1 & 2, using independent read-out and 

sensor units within a wearable setting. 

Experimental, voluntary, and clinical studies were conducted for a range of criteria from 

user comfort and wear to sensor protection, to encompass the feasibility for stable 

testing. The current design produced and to be delivered to TECH within WP5 for 

clinical testing of track 1 & 2, should ensure stable sensor data accumulation without 

reduced risk of error through practical user application. 
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2. Concept 

The A-Patch concept requires the application of biosensors to test volatile organic 

compounds (VOC’s) from a patient’s skin and process these signals for effective 

diagnosis of TB.  

In the project three different multidisciplinary concepts require assessment and 

integration: 

1. Sensor accuracy and reliability 

2. Electronic hardware and post-processing requirements 

3. Miniaturization of electronic components within thin film technology (TFT) 

To ensure these areas were assessed efficiently three tracks were proposed; 

 Track 1: Patches based on PCB (2020) 

This track will be used to assess the sensor performance using standard printed circuit 

board (PCB) technology. Two units; a read-out unit and a sensor unit will be used 

within clinical studies in a wearable design for functional application of 120 patches.   

 Track 2: Development of partial TFT read-out (2020-2021) 

This track will provide the initial incorporation of 1-2 components from standard PCB 

technology within a TFT framework. The development and integration of TFT 

components with the sensors in a medical patch design will evaluate the initial 

challenges and provide preliminary clinical testing. Two units will still be used within 

this track; a read-out unit and a sensor unit.   

 Track 3: R&D towards Thin Film multi-bit multi-sensor RFID flexible 

Patches (2020-2021) 

A fully TFT flexible medical patch for diagnosis of TB will be developed from learnings 

from Track 1 & 2 to provide the fabrication of 5 laboratory setting demonstrators.  
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3. Criteria 

For effective testing of TB on patients, tracks 1 & 2 needed a wearable device for use 

within a clinical setting. For the development of a wearable design, multiple aspects 

need to be taken into consideration;  

1. Component Dimensions 

2. Body Location 

3. Material Selection  

4. User Needs 

5. Stable signal 

6. Cost & Scalability 

3.1. Component Dimensions 

In tracks 1 & 2, two units are required; a sensor unit and a read-out unit. The Sensor 

unit will consist of a TFT biosensor (TNO & TECH) within a disposable wearable 

medical patch.  

This flexible sensor unit will be connected via a flex PCB to a hard PCB read-out 

component (Figure 1). The PCB will be encased within a box design, for security and 

safety of the electronic chip for re-usable testing and wear for multiple patients.  

 

Figure 1. Diagram to show the impression of the how the Sensor and Read-Out units will be 

assembled (APatch Bi-WeeklyTelcos 20200226 assembly of clinical trial patch).  
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The PCB board designed for use within the read-out unit is discussed in more detail 

within WP3. For integration within a wearable design, the dimensions of the 3D printed 

read-out box and connection points required between the two units must be taken into 

account. Additional information can be found in other deliverables D3.1 and D3.2. 

 

 Figure 2. a. Dimensions for current read-out box design, b. CAD drawing of the box showing 

the fit with the PCB and battery unit, c. Iterations of the 3D printed read-out box and d. Final 

read-out box design. 
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The box dimensions underwent an iterative process (Figure 2) throughout the first half 

of the project, the final design aims to alleviate possible issues relating to the wearable 

design in aid of user comfort. There are ports located on three faces of the box design 

for different roles. During testing only one port side is required for connection to the 

sensor unit. This is essential to note for the design of wearable holders that can be 

used easily with the box, for secure fastening to the patient during testing.  

The sensor unit comprises a disposable TFT foil where the VOC sensors are deposited 

within the center (Figure3).  

 

Figure 3. a) schematic diagram of TFT with overlay of VOC sensor array, b) schematic 

visualization of the overall sensor unit, c) non-functional sensor unit showing the stack build-up 

for the medical patch with additional foam, d) stack builds up of sensor unit with flexible PCB 

connector attached.  

 

 

 

a b 

c d 
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3.2. Sensor Chip Design 

The VOC sensor chip in track #1 is designed as shown in Figure 4 and consists of 

several layers. First, a polyimide precursor was spin coated on a glass carrier and 

cured, resulting in a polyimide foil. Next, a 100 nm Silicon Nitride (SiNx) layer was 

deposited by plasma-enhanced chemical vapor deposition (PECVD) forming the 

bottom encapsulation barrier.  

An intermediate layer of positive photoresist (TELR-P370 PM supplied by Tokyo Ohka 

Kogyo Europe) is applied, which will be needed when the TFT of track #2 and #3 is 

also processed on the chip to separate the TFT from the sensor part.   

 

Figure 4. Schematic layout of VOC sensor chip of Track#1 

 

During the design and development processes to manufacture the patch for the clinical 

validation, VOC testing experiments showed that the sensor material diffuses into the 

interlayer and effects the resistance of the sensor material in a negative way. 

Therefore, a diffusion barrier has been added by PECVD deposition of a Silicon Oxide 

(SiO2) layer.  

The electrode is deposited by sputtering Molybdenum Chromium (MoCr) and 

patterned with photolithography. The sensor material is then printed on top of the 

electrode rings and a flexPCB can be bonded onto the contacts to connect with the 

PCB reader. The VOC sensor chips are processed with multiple chips on a GEN1 size 

glass plate, which are cut back to single PI chips of 25x25mm.  

The assembly of the sensor unit required additional testing for multiple aspects (these 

will be further detailed in section 4);  

 Non-contact requirement of VOC sensor during testing. 

 Non-permeable nature of the foam used to protect the sensor. 

 Adhesion of unit for 1 hour to skin with user friendly application and removal. 
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 Cost effective, biocompatible certified material choice. 

As shown in Figure 3d, the additional component required for testing in track 1 & 2 is 

the connection between the read-out unit to the sensor unit. For the current prototypes, 

the flexible PCB connectors were used (Figure 5).  

 

Figure 5. Schematic diagram of the flexible PCB connector with initial dimensions used for 

the first integrated wearable prototypes.  

The component dimensions and foreseen use enabled the next stage for wearable 

integration to take place; the location it could be placed.   

3.2. Device Location 

The location the device could be, was quite limited due to the need for both the sensor 

unit and read-out unit to be placed within close contact to one another; as well as the 

need for reliable signal to be obtained for the VOC sensor, which preferably would 

indicate areas on the body where thinner skin is present.  

Due to these constraints, under the arm (Figure 6) was seen as the ideal location for 

the sensor unit to be located. In addition, this location was selected based on previous 

VOC studies. 
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Figure 6.  Image to show the confirmed location the sensor unit would be attached within the 

wearable design. 

The user requirements for the device had to follow three main criteria; 

1. User Comfort & Wear 

2. Stability for 1 hour testing 

3. Ability to meet hygienic standards for re-usability of read-out unit and wearable 

device. 

To do this; design concepts as well as applicable material choices were necessary.  

4. Design 

An arm-strap design (Figure 7) was the most applicable concept to incorporate the 

requirements of a re-useable read-out unit which required stabilization onto the patient 

for the duration of 1 hour.  

 

Figure 7. Mock-up drawing of the arm strap design for integration of the read-out unit and 

sensor unit in tracks 1 & 2. 

An initial mock-up of the design (Figure 8) directed the choice of material to cover 

different aspects dependent on its function within the device.  

For the overall arm-strap; the material choices needed to incorporate a user friendly, 

re-usable fabric, that could fit a range of arm sizes with clinically approved adhesives 

or bonding material.  

The read-out box needed to fit securely during testing but also be able to be removed 

easily for cleaning and post-processing with clinically approved chemical treatments. 

During the project, all port-sides were concluded as not being required to be open 
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during testing, to enable sleeve like holders to be used for additional security and easy 

assembly for the nurse practitioners.  

An opening within the wearable device where the disposable sensing unit can be 

placed was designed within the arm strap for directed application and connection with 

the flexible PCB connector with a desired temperature probe holder next to the unit 

taken into account (Figure 8).   

 

 

Figure 8. First Design Prototype for a wearable arm-strap device. 

 

The sensor unit had independent requirements for integration and testing;  

1. The VOC sensors as mentioned earlier could not be in contact with the skin as 

it would damage the sensors. This needed an additional protective material 

within the patch build-up, with material that provided user comfort, enabled 

VOC’s from the skin to be detected by the sensors within the patch and also 

not permeate within the protective material itself.  

2. The overall patch needed to be biocompatible with adhesive dressings that 

were clinically approved for material biocompatibility. The patch also needed to 

be stable for the duration of 1 hour during testing while also taking user needs 

for ease of application and removal of the patch as well as overall comfort into 

account.  
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4.1. Materials 

For the sensing unit, investigations were first conducted into the type of material 

required for aspect 1; ability to test VOC’s from the skin effectively. Material choice 

looked into different types of biocompatible foam material.  

Three medical grade foam materials were tested using a simple transfer test, where 

varied pressure was applied onto a medical patch with the test foam attached. A 

transfer ink was placed within the center to imitate the placement of the sensor.  

The three foams were tested on 10 volunteers, whereby the patch configuration shown 

in Figure 11a was applied on the upper under arm. A commercial lip-gloss was used 

as transfer material. The volunteers wore the patch for 1 hour, after which a visual 

inspection was done on if the transfer material had contacted the skin. If there was no 

transfer the patch was re-applied and a light manual pressure was applied on the 

volunteer. The patch was then partly removed and visually inspected, if no transfer 

was seen on skin, the patch was reapplied and a hard manual pressure was placed 

on the patch. This was the last part of the transfer test and the patch was fully removed 

to assess if transfer material had made contact with the skin or if the foam had 

protected the material. The transfer of the lipgloss was a quick method of assessment 

into the ability of the patch to protect the VOC sensors which would be damaged upon 

skin contact.  

One foam in particular, MED 5676A, which had a thickness of 1.5mm was shown to 

have the best protection against transfer to skin when tested. This was evaluated 

further with a larger number of participants and the results indicated that for the 

duration of 1 hour the foam would protect the sensor from contact with the skin unless 

an increased degree of pressure was added to the patch (Figure 9).  
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Figure 9. Transfer tests conducted to assess the use of foam material for protection of the 

VOC sensors within the patch design. The results shown indicate that no transfer of 

material occurred over 1 hour, with increased pressure, increased transfer occurred.  

 

The medical adhesive and material choice and morphology for the patch was also 

looked into for aspect 2 of the sensing unit criteria; stability for 1-hour, wear, comfort 

and ease in removal. This was assessed through transfer test of commercial transfer 

material and using online questionnaires with polar, ranged and Likert scale questions 

for user perception.  
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Figure 10. Volunteer study to study transfer, wear, comfort, and removal of 4 medical 

patches sensing unit selection choice. 

 

Four patch configurations were tested:  

 Patch 1: MG7-9960, DuPont 

A soft silicon adhesive in non-woven thermoplastic, elastomer polyester patch 

material.  

 Patch 2: 24676P, 3M 

A silicon pressure sensitive adhesive (PSA) in a non-woven polyester (PET-based) 

material.  

 Patch 3: MED5777A, Avery Dension 

An Acrylic PSA adhesive within a Thermoplastic polyethylene non-woven material.  

 Patch 4: Tegarderm, 3M 

A non-disclosed adhesive within a transparent thin-film foam (additional information 

not divulged).  

The volunteer study was used to assess the correct decision of material and adhesive 

for application within the A-Patch sensing unit user requirements.  

The volunteer study was conducted on 10 volunteers for 1-hour and three main 

aspects were investigated; Transfer of material, Comfort and Removal.  

Results indicated that for protection of VOC sensor material from contact with the skin, 

Patch 1 to 3 typically did not show any transfer for 1-hour wear. However, with 

additional applied pressure, Patch 3 was shown to provide the most protection from 

transfer of material (Figure11).  
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Figure 11. Transfer graph to indicate patch performance over a 1-hour duration and with 

additional external pressure. 

To assess comfort and wearability of the patch multiple factors; noticeable, irritating, 

redness, painful and overall experience were studied. For removal of the patch, ease, 

painful, burning sensation and overall experience were investigated.  

The results indicated that volunteers generally perceived all patches within a more 

positive range. Patch 1, was shown to have the most positive feedback for both comfort 

and removal and Patch 4, was shown to the least positive feedback.  
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Figure 12. Likert scale graphs for overall experience of a) comfort and b) removal overall 

within the 1-hour volunteer study. 

The results support consideration required for user case and patch material; the soft 

silicone adhesive is known to have a lower peel strength requirement and as such 

silicone adhesives are typically used for fragile skin application.  

The choice of material overcoat for the patch is also highlighted as important as in 

Patch 1 the use of this adhesive with an elastomeric non-woven material indicate the 

reduced tension present within the patch material for trauma to skin during wear and 

removal. Whereas, Patch 4 the transparent film morphology causes reduced positive 

feedback, especially in regard to removal, hypothesized due to thin dimensions 

causing ease in removal difficult.  

Due to the overall positive feedback and also significant requirement of transfer 

protection within the VOC sensor format, Patch 3, MED577A was chosen for further 

application within A-Patch to ensure sensor stability for testing.  
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4.2. Clinical Test 

Along with the sensing unit material selection, the arm-strap design was tested within 

a clinical setting for volunteer perception on comfort, usability, and application for VOC 

testing within a 1-hour timeframe. The results were over-all positive but indicated 

specific design iterations required to ensure stabile signal (Figure 13) 

 

Figure 13. Clinical results for arm strap assessment within the VOC user setting, for comfort, 

usability and performance in required user case. a) strap fit, b) potential discomfort, c) 

wearability rate, d) position of the strap during the sampling and e) potential irritation.  

The results indicated a concern for stability of the arm-strap over the 1-hour duration. 

This was of high importance to change in an iterated design, as although overall 

positive feedback was given, the integrity of the wearable in providing unbiased sensor 

testing was imperative.  
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4.3. Lessons Learnt 

It was also observed during partner testing that the flex PCB connector when attached 

on the arm from read-out unit to sensing unit had sharp bends of 90o or more 

dependent on size of arm curvature. For smaller arms, the implication to the connector 

angle increased. Sharp bends within printed electronics has been shown to have a 

negative impact on the signal to noise ratio (SNR), as well as increase wear and 

microcracking of printed lines with use (Figure 14). Mid-upper arm circumference 

among African population is only of 20.1 cm (IQR, 18.4-22.9 cm).  

 

Figure 14. Image of the sharp bend to flex-PCB observed on a medium sized arm.  

To alleviate this issue while maintaining the location of the units, iterations in design 

tried the incorporation of a foam spacer, that would conform with the arm curvature, 

while also enabling user comfort and read-out box support, through the use of a sleeve. 

The design; however, was bulky in appearance and increased the cost of production 

by 50% the original design (Figure 15).  

 

 

 

 

Figure 15. Images to show the iteration to design to alleviate the angle for the flex-PCB 

during testing. 

An alternate location for the read-out unit was thus considered, the sensing unit 

location is required to be under the arm. For stability, no issue with connector angle 

and arm sizes, moving the read-out unit to under the arm would be beneficial (Figure 

16). 
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Figure 16. Under-armstrap design for read-out and sensor unit. Review comments seen 

within new design indicate good usability and ease in manufacture (by-wire.net). 

The underarm strap design was tested internally for comfort and stability for application 

for over 1 hour. The strap was perceived as comfortable and did not move within the 

timeframe. It alleviates all the issues currently faced and minor tweaks were conducted 

to the sleeve to alleviate tension from the box and provide additional support with 

removal and reapplication of the box through additional material support. 

The production of this box was also reduced by 10% from the original arm strap design. 

As sensor stability is the main objective for this wearable device for tracks 1 & 2, the 

current design optimized would alleviate concerns on the wearable influencing results. 

The material used are medical grade, cleanable with alcohol and a Velcro bonding 

mechanism is used for ease in application for a range of arm sizes and to ensure 

secure fit for testing (Figure 17).  

 

 

 



 22 

 

 

 

 

Figure 17. Current under-arm arm strap design, with additional tweaks for reduced tension on 

box edges, tunnel for temperature probe insertion and additional fabric support at entrance to 

sleeve for removal and insertion of box in a user friendly manner.  
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5. Conclusions 

In conclusion developments within wearable integration for the A-Patch VOC sensors, 

required assessment of multiple user needs criteria for appropriate selection of 

material, as well as design of the wearable.  

The main user need was testing VOC sensors within a stable setting for a 1-hour 

duration. To do so design development and testing for the sensing unit, read-out unit 

and flex PCB needed to be considered.  

The read-out box dimensions were iterated multiple times within this project, for an 

optimized size, curvature and roughness to instable stability within the arm strap and 

user-friendly application.  

The sensing unit patch build-up was also testing; firstly, to assess protection of VOC 

sensors within an under arm application from contact with skin. Secondly for user 

comfort, wearability and removal.  

A volunteer study on patch configurations were tested for this criterion, with a focus on 

material and adhesive qualities. The results indicated the use of MED577A, Avery 

Denison material for A-Patch clinical studies, mainly due to the significant protection it 

provided for contact of VOC sensing unit with skin.  

A clinical study was also conducted for the wearability of the initial arm-strap design. 

From these results, although user comfort and ease in application and removal scored 

highly. The concern for stability due to arm size and also additional connector angle 

issues caused iterations in design.  

Location of the read-out unit was investigated, as to alleviate the flex PCB angle within 

the current design the arm strap increases in cost and bulkiness. Instead, an alternate 

design where the read-out unit and sensing unit were both placed under the arm was 

designed and tested.  

The results from the new design iteration, alleviate the concerns for stable signal 

quality during testing for tracks 1 & 2. It is also 10% more cost effective than the original 

arm strap design and provides universal application regardless of arm size criteria.  
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6. Future Directions 

Further testing into the stability of the sensor signal during a lab environment as well 

as within a clinical setting with the current wearable design would be of interest for 

assessment of performance towards to the initiation of the clinical study. 

Initiating work for track 3 integrated design consideration need to be valuated for the 

final prototype designs within a laboratory setting.  

 

 

 


