
Digital biosensors and actuators for urinalysis and sense/act/treat systems 
(UroLogicChip)

Զեկուցող: Աստղիկ Ցոկոլակյան

Նանոգիտությունների և տեխնոլոգիաների կենտրոն

Ա․Բ․ Նալբանդյանի անվ․ Քիմիական ֆիզիկայի ինստիտուտ

Մեզի անալիզի թվային կենսատվիչներ, կերպափոխիչներ և 

զգալ/ներգործել/բուժել սկզբունքով գործող համակարգեր 

(UroLogicChip)
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Constant monitoring 

of key biomarkers in 

urine is needed:

Chronic Kidney Disease

Chronic Kidney 

Disease (CKD): 

• urea, 

• creatinine,

• glucose

• albumin/creatinine

• Na+, K+, Cl-

Diabetes Mellitus:

•Glucose, albumin 

•Ketones (acetone,etc.) 

1. Epidemiology of chronic kidney disease: an update 2022 2. Kovesdy, Csaba P. 3.  Kidney International 
Supplements, Volume 12, Issue 1, 7 - 11 https://sportsedtv.com/blog/urine-biomarker-testing-for-athletes-enhancing-

performance-hydration-and-recovery , Creatinine as a biomolecule for CKD
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Constant monitoring of urine analysis is needed:

Chronic Kidney 

Disease (CKD): 

• urea, 

• creatinine,

• glucose

• albumin/creatinine

• Na+, K+, Cl-

Acute Kidney 

Disease: 

• urea, 

• creatinine,

Diabetes Mellitus:

•Glucose, albumin 

•Ketones (acetone,etc.) 

Pregnancy:

• Glucose, albumin 

• Ketones (acetone,etc.) 

Cardiovascular & 
Hypertension-related 
Nephropathy:
• Creatinine
• Albumin
• Na+, K+

Project Aims



Receptor Enzymes for 
biomarker detection

Easy-to use

Homecare, in-field settings

Non-invasive  method

Exchangeable and combinable

UroLogicChip biosensor design 

4

Conductivity
sensor



Urine Test strips (µPAD) 
not very accurate
Not reusable dipsticks and costly 
 
Jaffe method
Interfere with e.g. glucose, proteins, ketones

HPLC / LC–MS 
Expensive, trained personnel

Enzymatic spectrophotometric assay: 
indirect enzyme method 
Requires optical equipment

Large enzyme quantity 
to change the color/pH 
of the bulk solution

Easy-to use

Homecare, in-field settings

Non-invasive  method

Exchangeable and combinable

UroLogicChip: Industrial relevance



1-6 6-12 12-18 18-24 24-30 30-36 36-42 42-48 48-55

Development of drug release 
actuators and sensors for 
penicillin monitoring 

EISCAP fabrication 
and characterization

Concept 
UrologicChip

Assembling on the 
PCB → 
pocket size device

Conductivity sensors

Pseudo reference 
electrode

Detection of biomarkers in Automated
 (creatinine, urease)

Receptor modified sensors

Theoretical 
modelling/simulation of 
sensor mechanism

Detection of 
biomarker on the 
prototype device

Data analysis and 
ML-assisted classification

Work packages and Progress state

Months



Experimental workflow & Analyte detection measurements

Sensor validation measurements

✓   Hysteresis of the system/ reversibility 
✓   Drift (Noises, low buffer conductivity, light sensitivity)

Urea detection

Capacitance-Voltage

Capacitance

Impedance and Phase

pH-sensitivity

Sensor validation

PBS buffers Creatinine sensitivity 

PBS buffer and Artificial Urine Urea sensitivity

Urea detection

Creatinine detection



Weeks of Sensor activity 

Urea detection

Week 1 Week 2 Week 3 4 5 6 7 8 9 10

Creatinine detection

Enzyme 
Immobilization

Urea 

Creatinine

Enzyme Immobilization strategies and 
sensor stability patterns
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Immobilization confirmation and characterization methods
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CD

Urs

pH

pH

Urease

Creatinine Deiminase

Multiplexer setup for multiple sensor measurement



Theoretical model calculations and 
Data engineering
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Fitting of experimental data from Urea detection to Kinetic model developed by Glab et.al.

max

m

[S]

[S]

V

K
V

+
= – Reaction rate

1.   Substrate transport rate constant kX of other species

2.   Concentrations: HA and base B; 

                                HW, HB, HA – protolytic species (acids), 

                                W, B, A – non-protolytic species (bases), 

3.    KaX- Dissociation constants 

4.    Reaction goes in steady state.

Michaelis-Menten equation

12

*Głąb S. et al., “Kinetic Model of pH-based Potentiometric Enzyme Sensors. Part 

1. Theoretical Considerations”, Analyst, 116,453 (1991). 

https://doi.org/10.1039/AN9911600453 

Theoretical modelling of Urea Biosensor

https://doi.org/10.1039/AN9911600453


Fitting of experimental data from Urea detection to the theoretical model
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Method
Solution

Physical 
adsorption

Adsorption on 
Polyelectrolyte

PBS ≈7*10-4 ≈5*10-4

Artificial Urine - ≈9*10-4

PE-Artificial Urine

PE-Enzyme (PBS)

Enzyme (PBS)

>

Theoretical modelling of Urea Biosensor
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Data engineering and ML-assisted data classification
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Model Accuracy 
(%)

Precision 
(%)

Recall 
(%)

F1-score 
(%)

Support Vector 
Machine

77.50 80.03 77.50 77.76

k-Nearest 
Neighbors

75.10 78.77 75.10 74.57

Decision Tree 61.73 78.06 61.73 67.48

≈ 78 % 
accuracy 

Data engineering and ML-assisted data classification

Nelli Mamikonyan 
BSc in Physics



Prof. Dr. Artem Badasyan

 University of Nova Gorica, 

Slovenia

**H-index 13

Prof. Dr. Arshak Poghossian

NanoMicroBio,
Dusseldorf, Germany

**H-index 49

Prof. Dr. Michael Schöning
FH Aachen University of 
Applied Sciences ·

Director of the Institute of 
Nano- and Biotechnologies
**H-index 64

Head of the project

Advisors

Prof. Dr. Technic Sci. Vahe 
Buniatyan

State Engineering University of 
Armenia



Our Team

Astghik
PhD student (Chemistry) 

Local Coordinator

Vardan 
 PhD candidate (Chemistry)

Research Mentor

Derenik
 MCs student (Radiophysics)
Device engineer-technician
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Diana
BSc student (Biochemistry)

Laboratory assistant

Lusine
PhD student (Biology)

Laboratory experimentalist

Nelli 
MSc student (Data Science) 

Data analyst

Karen 
PhD student (Physics)

Theoretical modelling 



Training in research group of foreign partners in FH Aachen 
Institute of Nano- and Biotechnologies lead by M.J. Schöning
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Prof. Dr. Michael Schoening
FH Aachen University of Applied 
Sciences ·

Director of the Institute of Nano- and 
Biotechnologies
**H-index 64

Trainings abroad 2023
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Trainings abroad 2023



Conferences and exhibitions 
2023- 2024

20

Science Exhibition on 
Annual  meeting NAS 

2024

Գիտության շաբաթ 2024

ENFI 2024 Conference, Austria Linz 
August 28-29



Conferences and activities 
2025

21

Ամենամյա ամփոփիչ 
գիտաժողով 2024»

New Trends in Chemistry 
2025

Laboratory courses



22Diana Darbinyan

Ամենամյա ամփոփիչ գիտաժողով 2024



Visit to collaborators Laboratory 
INB laboratory, Aachen University,

Germany

Prof. Dr. Michael J. Schöning
Head of the INB 

FH Aachen, Institute of 
Nano- and Biotechnologies, 

Julich, Germany

23

Visit of Foreign PI of the Project to Armenia

Dr. Artem Badasyan
Associate Professor 
in University of Nova 
Gorica, Slovenia, EU

Visits 2023- 2024
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Visit of Foreign PI of the Project to Armenia

Dr. Artem Badasyan
Associate Professor 
in University of Nova 
Gorica, Slovenia, EU

Visits 2025

Visit to Functional Biointerfaces Laboratory, 
Physics Institute, FZU, Czech Republic

Microfluidics, 
SPR and QCM-based 
biosensor technologies
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«Մասնագիտական վերապատրաստում 2025» մրցույթ

4-month Training: Thin Film fabrication 
technologies
• Atomic layer deposition
• Physical Vapor deposition
• Pulsed laser deposition
• Films and sensors fabrication

Derenik Petrosyan
 MSc student (Radiophysics)
Device engineer-technician



«Մասնագիտական վերապատրաստում 2025» մրցույթ

Laboratory for Molecular Physics 
and Synthesis of New Materials

• SERS substrate fabrication and 
characterization

• Raman spectroscopy and microscopy
• SERS use for molecule detection 

Ruđer Bošković Institute, 
Zagreb, Croatia

Lusine Melkonyan
PhD student (Biology)

Device engineer-technician



Collaborations and resources
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Institute of Nano-biotechnologies, 
FH Aachen, Germany

CEITEC, Central European Institute of Technology, Czech Republic

FZU, The Institute of Physics, Czech Republic

Ruder Boskovic institute, Croatia 

Nova Gorica University, Slovenia



Conferences
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1. Detection of urea in artificial urine using capacitive field-effect biosensors modified with a stacked polyelectrolyte-enzyme bilayer. 
. Tsokolakyan, A., Badasyan, A., et al. ENFI 2024: 15th International Workshop on Engineering of Functional Interfaces, book of 
abstracts. Linz, Austria
2. Numerical calculations of the kinetic model of a potentiometric enzymatic sensor. SIMONYAN K., Badasyan A., NanoPQIQO 2024 : 
abstract book. Yerevan, Armenia
3. Tsoghik Poghosyan, A. Tsokolakyan, V. Hayrapetyan, D. Petrosyan, M. Yeranosyan, A. Poghossian - Urea Detection in Biological 
Fluids with Enzyme-Modified Electrolyte-Semiconductor-Insulator (EISCap) Sensors, International Conference NanoQIQO 2024; 
abstract book, Yerevan, Armenia
4. Creatinine detection with enzyme-modified electrolyte-semiconductor-insulator (EISCAP) sensors, Darbinyan D., Tsokolakyan A. 
et. al., NewTrendsChem2025, Yerevan, Armenia
5. Preparation and Characterization of Gold-Coated Porous Silicon Substrates for Biomolecular Functionalization and SERS 
Applications, Melkonyan L., Petrosyan D., et.al., NewTrendsChem2025, Yerevan, Armenia
6. Advanced Data-Driven Modeling of Enzyme-Modified EISCAP Sensors for Urea and Creatinine Detection: Towards Intelligent Point-
of-Care Platforms, Mamikonyan N., Tsokolakyan A.,et.al. , NewTrendsChem2025, Yerevan, Armenia
7. Quantitative analysis of urea biosensor based on field-effect capacitor modified with a polyelectrolyte/enzyme bilayer Simonyan 
K., Tsokolakyan A., et.al., NewTrendsChem2025, Yerevan, Armenia
8. Process-Property Relationships in Pulsed Laser Deposited ZnO Thin Films, Hayrapetyan V., Petrosyan D.,et.al., 
NewsChemTrends2025, Yerevan, Armenia
Development of a High-Sensitivity Thin-Film Heterojunction Photodetector Based on MoS₂ and PdSe₂, Petrosyan D., Hovhannisyan 
H. et.al., NewsChemTrends2025, Yerevan, Armenia



Publications
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Published
1. Urea biosensor based on a field-effect capacitor modified with a stacked weak polyelectrolyte/enzyme bilayer, Astghik 
Tsokolakyan, Vardan A. Hayrapetyan, Derenik Petrosyan, Melanie Welden, Heiko Iken, Michael J. Schöning, Mkrtich 
Yeranosyan, Arshak Poghossian
Electrochemical Science Advances, Q1, 3.86
Under Revision
2. Urea detection in phosphate buffer and artificial urine: A simplified
kinetic model of a pH-Sensitive EISCAP Urea Biosensor. Karen Simonyan, Astghik Tsokolakyan, Vahe Buniatyan, Artem 
Badasyan, Biosensors MDPI, Q2, 3.5
3. Machine Learning-Driven Prediction of Urea Concentration Using Synthetic ConCap Data from Nano-Structured 
EISCAP Biosensors, N. Mamikonyan, A. Tsokolakyan, A. Simonyan, D. Darbinyan, V. Buniatyan, M. Yeranosyan, IEEE 
Sensors Journal, Q1, 4.5
4. Novel observation of surface-enhanced infrared absorption (SEIRA) in Al-doped ZnO–BSA protein corona complexes, 
Astghik S. Tsokolakyan, Vardan A. Hayrapetyan, Heriqnaz V. Asatryan, Avetis S. Simonyan, Alexandr Dejneka, Mkrtich A. 
Yeranosyan, submitted, Journal of Physics and Chemistry of Solids, Q1, 4.9



1st year: SurPASS 3 - surface charge measurement  device

2nd year: Atomic layer deposition (ALD) equipment

3rd year: Photoplotter Filmstar- for photolithographic 
mask fabrication

Photoplotter Fimstar

Photomask fabrication (5 um)

• Biosensor surface patterning
• Microfluidics 
•  Micro-electromechanical systems 

(MEMS)
• Optoelectric components

https://www.mdpi.com/1424-8220/15/3/6091

Equipment grant applications



• Research directions: 
• Glucose, protein detection,
• Enzyme immobilization methods 
• Exploring other detection techniques, e.g. non-enzymatic detection strategies..

•Infrastructure: 
• Integrating QCM/electrochemical parallel validation methods.
•Amperometry, Cyclic voltammetry detection techniques 

•Industrial perspective: 
• Early prototype of the UroLogicChip POC device
• potential partnerships

Future Outlook



Աշխատավարձ 37.500.000

Գործուղումներ 3.300.000

Սարքեր, նյութեր և ծառայություններ 41.700.000

Վերանորոգում – 15 մլն դրամ



• Slide content:
• Map or schematic: Armenian research landscape.
• Your lab’s unique strengths: electrochemistry, field-effect devices 

(FED/EISCAP), enzyme biosensors.
• Role: building know-how in micro/nanofabrication and biointerfaces in 

Armenia.

Acknowledgements
MoESCS of Armenia for granting the funding (22rl-056)
Foreign PIs and advisors of the Remote Laboratories  Project

Conclusion and Acknowledgements







Challenges Encountered

• Enzyme stability→ polymer layers to avoid leakage 

• Experiments reproducibility → training the measuring experimentalist after rotation, and 

controlling environmental conditions (e.g., temperature)

• Signal drift (Light sensitivity, enzymatic reaction inhibition)

• Difficulties in grounding of the building

• Difficulties in reproducible results in case of team members rotation 



. Infrastructure, Skills & Capacity Building (3–4 
min)

• Equipment skills acquired:

• Electrochemical station 

• Photoelectrochemistry

• DLS-size measurements

•  Coating devices

• Skills and Know-hows:

• Electrochemistry

• Enzyme immobilization, biointerfaces

• Engineering, experiment automation

• Data engineering

• System modelling
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