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Disposable devices 

to support rapid diagnosis in medicine 

for process control in bioreactors 

Label-free Cell Differentiation 

In Microfluidic Flow Cytometers 

by Light Scattering and HF-Impedance Measurements 
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Counting and Measuring since  > 125 Years 

Founded in 1887 as the Physikalisch-Technische Reichsanstalt (PTR) 
on the basis of the ideas of Werner von Siemens and Hermann von 
Helmholtz and on their joint initiative 

Hermann von Helmholtz (1887):  

"Zählen und Messen erkenntnis-
theoretisch betrachtet"  

"Epistemological considerations on 
Counting and Measuring" 

                  



-  3  - 13. Workshop Kleine Volumenströme in der Medizintechnik  -  Lübeck, 16. September 2020 

The Physikalisch-Technische Bundesanstalt: 

A Brief Presentation 
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The Second: 

PTB  uses atomic clocks of the 
latest generation 
Measurement uncertainty: 
<10-15 (0.03 µs/year) 

 
for the future 

Metrology  The Science of Measurement 



-  5  - 13. Workshop Kleine Volumenströme in der Medizintechnik  -  Lübeck, 16. September 2020 

The Kilogram: 
PTB keeps and uses the national copies of the kilogram prototype 

Avogadro - Project: 

Redefinition of the kilogram on an atomic basis 
Reduction of uncertainty from 0.1 ppm to 0.01 ppm 
Redefinition of the kilogram using a 1kg 28Silicon sphere 

Metrology  The Science of Measurement 
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Composition of  Human Blood 

 Blood  

 Plasma  
  56 %  

 Cellular constituents  
  44 %  

 Blood serum   Fibrenogen  Erythrocytes 
 4.6 - 5 106 / µL  

Leukocytes 
 3.8 - 9.8 103 / µL  

Thrombocytes  
(Platelets) 

 150 - 300 103 / µL  

 Water  
90 % 

 Proteins  
 10 % 

Mineral nutrients  
2 % Granulocytes 

   60 %  
Monocytes 

   4 %  
Lymphocytes 

   36 %  

eosinophilic neutrophilic basophilic  T   B  

Complete Blood Count(CBC) 
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German 

Medical Scientific 

Associations: 

Determination of reference values 

for quality assurance of haematological 
laboratories in Germany 

Aim: Measurement of concentrations of  

        blood cells with the lowest possible 

        uncertainties 

 

Cell counting in the 

Cytometry  
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Blood Cell Counting by 

Impedance Measurements and Laser Flow Cytometry 

Impedance counting                              Optical cell counting 

Measuring Orifice 
(diameter: 60 µm 
  length: 60 µm) 

Rear Sheath 
Flow 

Electrodes 

Front Sheath Flow 

Diluted Blood 
Sample 

Sheath Fluid (Water)  

Laser Beams 

Orthogonal 
Light Scatter, 
Fluorescence 
(90   26 ) Flow 

Channel 
(250 µm)  

Sample 
Stream 

Flow Cell 
(Quartz) 

Forward Light 
Scatter (3  - 17 ) 
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RBC: Red Blood Cells 
Plt: Platelets 
WBC: White Blood Cells 
 G:   Granulocytes 
 Ly:  Lymphocytes 
 M:   Monocytes 
 
FLS: Forward Light Scatter 
OLS: Orthogonal Light Scatter 

WBC 

Flow Cytometric  

Differentiation of Blood Cells 
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Label-free Blood Cell Differentiation 

in Disposable Micro Flow Cytometers  

 

Point of care tests (POCT) 

to initiate transfusion during surgery 

for emergency medicine 

combined with telemedicine for remote monitoring 
(ships, airplanes) 

applicable in resource poor countries  

 

Present status:  

DC-impedance requires lysis of RBC 

light scattering @ 488nm does not allow to 
identify WBC subpopulations 

staining with antibodies is time consuming 

 

Control of bioreactors 

H2 producing algae 

 

Relative volume (lin. scale) 
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Ultra-Präzisionsfrästechnik statt Lithographie 

- komplexe 3D   (statt 2,5 - dimensionale)  Strukturen 

- kürzere Entwicklungszeiten 

- kostengünstigere Fertigung 

- höhere Variabilität, z.B. 45° Spiegel 

- Geschwindigkeit  3 m/s 

Kanalquerschnitt 

125 µm x 125 µm 

1 mm Höhe 
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Development of POCT: 

Hydrodynamic Focusing in Micro Fluidic Structures 

sample 

sheath 
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-  17  - 13. Workshop Kleine Volumenströme in der Medizintechnik  -  Lübeck, 16. September 2020 

Impedanznachweis von 

Partikeln in Mikrostrukturen 

Steigerung der Empfindlichkeit:  
Reduktion des Kanalquerschnittes 
auf 70µm x 70µm   

Ergebnisse: 

- Externe Pt-Elektroden im Anschlusskopf 
- Reduktion des Kanalquerschnittes erfordert integrierte Kammfilter 

125µm x 125µm 
Kanalquerschnitt 
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dparticle

Axial Light Loss Measurements: 

Sensitivity & Pulse Height Variation (Chip Version #4) 
NCI-Frederick 
Electron Microscopy 
Facility 
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Typical for 1D-focusing: CV 20% 

Routine laser flow cytometer: CV 2-3% 

Microfabricated flow cytometer: CV<2% 

CV limited by 
calibration 
material used 
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1
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Performance of Micro Flow Cytometers: 

Signal Stability Determined by CV Measurements 
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H 
V 

Single step focusing 

 

Cascade focusing 

 

 

 

 

Spin-focusing 

Patent US 2004 0043506 

(one dimensional single 

step focussing) 

                  J. Theisen et al., Patent  DE102007017318B4  2007 

Development of POCT: 

Hydrodynamic Focusing in Micro Fluidic Structures 
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Development of POCT: Stability 

of Hydrodynamic Focusing in Micro Fluidic Structures 
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Microflow Cytometer 

for the Determination of the Immune Status 
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µFCM-Glas Herstellung: Nasschemische Ätzverfahren

Mikrofluidische Zytometer: µFCM 

µFCM-SU8 Herstellung: Lithographie

Hüllstrom 
Probe 

SU-8 

Au-Elektrode 

Abfluss 

Messbereich 

Au-Elektrode 

Hüllstrom 
Probe 

Messbereich 

Pt-Elektrode 

Abfluss 

Glas 

Pt-Elektrode 

Elektroden-Querschnitt: 30 x 20 x 40 µm3 

Messbereich Sensor 

Sensor 

Elektroden-Querschnitt: 14 x 20 x 20 µm3 

 4 mal kleiner 
als µFCM-SU8 

Messbereich 
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Cell Differentiation by Combined 

Optical and AC  Impedance Measurements 

DC - impedance AC - impedance 

Impedance 
 

Direct Current   volume, shape 
 

Alternating Current    volume, shape, 
  internal resistance, 
  membrane capacity    

light scatter / fluorescence 

SSC, FL 

FSC 

Optical measurements 

light scatter   volume, shape,  
  granularity, 
  refractive index 
fluorescence   antibody binding capacity 
  DNA content 
  cell status, i.e. 
  viability, apoptosis 
 

 

laser beam 
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Cell Differentiation by Combined 

Optical and AC  Impedance Measurements 

Impedance detection                                       Optical detection 

Validation of cells by 

immunofluorescence & 

light scatter 
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Cell Differentiation by Combined 

Optical and AC  Impedance Measurements 

Impedance detection                                       Optical detection 

Validation of cells by 

immunofluorescence & 

light scatter 

SSC 

AC-impedance 
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Cell Differentiation by Combined 

Optical and AC  Impedance Measurements 

Data acquisition for pulse 

height analysis 

Sensitivity of AC- 

impedance measurements 
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Frequency Dependence 

of Impedance Signals of Blood Cells 

Lysis of RBC: 
Granulocytes (G), monocytes (M), 
lymphocytes (Ly) 

Whole blood sample: 
Thrombocytes (Plt), erythrocytes (RBC) 

2  
2  
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Cell Differentiation in 

Whole Blood and Lysed Blood Samples 
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Light Scatter and AC-Impedance Measurements 

for Label-free Differentiation of Cells in Whole Blood 

Whole blood sample - Plt, RBC, Ly, M, Gn 

 
Ratio of concentrations:                               Total number of events: 

CWBC / CRBC  =  1 / 1000                                      500 000 cells 
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AC-Impedance Measurements 

for Label-free Differentiation of Cells in Whole Blood 

Opacity  =  

| Im Z (10.1MHz) | 

| Re Z (2.3 MHz) | 

    Capacity per volume 
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Detection of  Malaria Parasites 

in Red Blood Cells by AC-Impedance Measurements ?  

Mikroskopaufnahme x20: 

Hellfeld mit 
DNA-Fluoreszenzfärbung 

Proben in Kultur: 

Klinische Proben: 

pRBC 

freie Parasiten 

Malaria positiv: Malaria negativ: Label - frei: 

Marcin Frankowski  
Peter Simon 
Nicole Bock  
Andreas Kummrow 
Kerstin Brattke (TFH Berlin) 
Hülya Yildirim / Ragusch (TFH Berlin) 
Nuran Özdemir (FU Berlin) 
Mesrure Baydaroglu (TFH Brandenburg) 
Amin Chebbo (TFH Berlin) 
Jörg Neukammer 

Development 

of Microflow Cytometers 

Janko Theisen            
Andrej Tuchscheerer 
Markus Malcher 
Katja Rehbach 
Thilo Gutschauski 
Christopher Sprenger 
Robert Wahle 
Cristian König 
Roman Mästle                                   

 

Peter Simon 
Akram El-Hasni 
Uwe Schnakenberg 


