
Best Practices in  
ElEctrical intEgration  
of the flexiforce™ sensor

Thin, customizable FlexiForce sensors measure normal compressive forces 
in your device. While every application is unique, there are some universal 
considerations and general best practices to consider to achieve optimal 
performance of the FlexiForce™ sensor in your application. 

This document is intended to illustrate electrical design concepts to consider 
while integrating FlexiForce sensors into a product or device. Refer to the 
“FlexiForce Integration Guide” for more detailed information, and contact 
Tekscan for recommendations on electrical design specific to your application. 

Note: The specific circuits in this 
document are not the only circuit designs 
that can be used with FlexiForce sensors. 
We encourage you to engage with  
our Applications Engineering team early  
in your process.
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circuit selection1

tekscan recommends choosing from one of three circuits to operate 

flexiforce sensors

considerations

The Inverting circuit, the Non-Inverting circuit, and the Voltage Divider have several methods that 
can be employed to adjust the sensitivity to increase or decrease the maximum force that can be 
measured over the full-scale dynamic range. This sensitivity adjustment of the circuit should be 
used for two purposes:

•  Adjustment of the maximum force rating for the circuit to fit the applied force of the 
application

•  Account for variation between different sensors – FlexiForce sensors have an inherent
    part-to-part variation.*
  
•  A duty cycle is recommended for extending sensor life, regardless of chosen circuit. Apply a duty 

cycle of 50% or less. Lower duty cycles can potentially increase battery and sensor life.  
•  Choose electrical components best suited for the application (i.e. Op-Amp). Considerations include 

power supply, speed, precision, and power consumption. data in this document was collected 
using the mcp6004.

*+/-40% lower resistance - higher circuit output  |  +/-40% higher resistance - lower circuit output

Consult the “MeChaniCal Best PraCtiCes Guide” doCuMentation reGardinG effeCts of:
interfaCe Material  |  load ConCentration  |  environMent

INVERTING

OP-AMP CIRCUIT
(DUAL SOURCE)

VOLTAGE DIVIDER
NON-INVERTING

OP-AMP CIRCUIT
(SINGLE SOURCE)

if your application cannot allow for a duty cycle, refer to the recommended dc reference 
voltage values in the following sections.
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INVERTING

OP-AMP CIRCUIT
(DUAL SOURCE)

note: Max Current ratinG for flexiforCe sensors is 2.5 Ma.

VREF
VOUT

C1

RFEEDBACK

VSS = Ground

VDD = VSUPPLY

C1 = 47 pF

RFEEDBACK = 100kΩ
  POTENTIOMETER

RFLEXIFORCE

VREF

Options Square Wave
Up to 5V, 50% 

Max Duty Cycle

DC
0.25V - 1.25V

MCP6004
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Force (N)

-40% (Rf= 12kΩ)

+40% (Rf= 12kΩ)
Nominal (Rf= 12kΩ)

VREF = 0.5V 

VSUPPLY= 3.3V 

Adjustable	drive	voltage	of	a	Inverting	Op-Amp	circuit: This method of adjustable sensitivity can 
be implemented by using voltage divider or Digital to Analog Converter (DAC) to adjust the 
reference voltage so that the maximum force can be measured throughout the variation of Tekscan 
sensors. Consult	the	“FlexiForce	Integration	Guide”	for	models	&	graphs.

Adjustable	feedback	resistance: Using a potentiometer (analog or digital) as feedback resistor to 
change force sensitivity.

More sensitive sensors saturate
Before Max forCe.
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Adjustable Sensitivity (Fixed Feedback Resistor)
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-40% (Rf= 7.3kΩ)

+40% (Rf= 17kΩ)
Nominal (Rf= 12kΩ)

VREF = 0.5V 

VSUPPLY= 3.3V 

all sensors oPerate within
dynaMiC forCe ranGe.

100K PotentioMeter and 47 Pf are 
General reCoMMendations; your 

sPeCifiC sensor May Be Best suited 
with a different PotentioMeter and 

CaPaCitor. testinG should Be 
PerforMed to deterMine this.

Polarity of v
ref

 Must Be oPPosite the 
Polarity of v

suPPly. 
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NON-INVERTING

OP-AMP CIRCUIT
(SINGLE SOURCE)

A Non-Inverting configuration has a fixed offset, and can be used with a single power supply. 

Adjustable	feedback	resistance: Using a potentiometer (analog or digital) as feedback resistor to 
change force sensitivity.

Adjustable	drive	voltage	of	a	Non-Inverting	Op-Amp	circuit: This method of adjustable sensitivity 
can be implemented by using voltage divider or Digital to Analog Converter (DAC) to adjust the 
reference voltage so that the maximum force can be measured throughout the variation of Tekscan 
sensors. Consult	the	“FlexiForce	Integration	Guide”	for	models	&	graphs.
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Fixed Sensitivity (Fixed Feedback Resistor)
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-40% (Rf= 9.8kΩ)

+40% (Rf= 9.8kΩ)
Nominal (Rf= 9.8kΩ)

VREF = 0.5V 

VSUPPLY= 3.3V 

Adjustable Sensitivity (Variable Feedback Resistor)
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Force (N)

-40% (Rf= 5.93kΩ)

+40% (Rf= 13.83kΩ)
Nominal (Rf= 9.8kΩ)

VREF = 0.5V 

VSUPPLY= 3.3V 

RFLEXIFORCE

+

RFEEDBACK= 100KΩ
                        POTENTIOMETER

C1= 47 PF
                     

VDD = VSUPPLY

VOUT

RFEEDBACK

R1

R2

VREF

VSS = Ground

VSUPPLY

C1

VREF

Options Square Wave
Up to 5V, 50% 

Max Duty Cycle

DC
0.25V - 1.25V

MCP6004

note: Max Current ratinG for flexiforCe sensors is 2.5 Ma.

More sensitive sensors saturate
Before Max forCe.

all sensors oPerate within
dynaMiC forCe ranGe.

100K PotentioMeter and 47 Pf are 
General reCoMMendations; your 

sPeCifiC sensor May Be Best suited 
with a different PotentioMeter and 

CaPaCitor. testinG should Be 
PerforMed to deterMine this.
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VOLTAGE DIVIDER

Adjustable	in-line	resistance: Use a potentiometer to adjust R1 to increase or decrease force sensitivity.

RFLEXIFORCE

VREF

VOUT

AGND

R1

VREF

Options Square Wave
Up to 5V, 50% 

Max Duty Cycle

DC
2V - 3.3V

note: Max Current ratinG for 
flexiforCe sensors is 2.5 Ma.

Voltage Divider with Adjustability
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R1 INCREASING

if your application cannot allow for a duty cycle, use a minimum dc reference voltage of 
3.3V or less. 

Adjustable	drive	voltage	of	a	Voltage	Divider	circuit: This method of adjustable sensitivity can be 
implemented by using a Digital to Analog Converter (DAC) to adjust the reference voltage so that 
the maximum force can be measured throughout the variation of Tekscan sensors. Consult	the	
“FlexiForce	Integration	Guide”	for	models	&	graphs.
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advantaGes 
Inexpensive & simple.

Single supply.

disadvantaGes 
Less linear output compared 
to the Inverting or Non-
Inverting circuit.

No isolation to the rest of 
the circuit.

advantaGes 
Excellent linearity in voltage 
output with respect to force 
applied throughout the 
dynamic range of the circuit.

Can be powered with a 
single power supply.

disadvantaGes 
Slightly more complex circuit 
design and more expensive 
than the Voltage Divider.

Dynamic range (Vref-Vsupply)

adVantages & disadVantages of recommended circuits

additional recommendations

•  All adjustable resistors shown on previous pages can use either digital or analog 
potentiometers.

•  Lower reference voltages (0.25-0.75V) reduce power consumption, and provide more force 
range and resolution adjustability. 

•  Mechanical design heavily influences sensor behavior, and should be complete before 
finalizing circuit designs. Consult the “Mechanical Best Practices Guide” documentation 
regarding effects of: 
 –  Interface material

  –  Load concentration
  –  Environment

these are CoMMon CirCuit exaMPles; other desiGn oPtions May Be availaBle.
Consult with teKsCan aPPliCations enGineers Before finalizinG eMBedded CirCuit desiGns.

INVERTING

OP-AMP CIRCUIT
(DUAL SOURCE)

VOLTAGE DIVIDER
NON-INVERTING

OP-AMP CIRCUIT
(SINGLE SOURCE)

advantaGes 
Excellent linearity in voltage 
output with respect to force 
applied throughout the 
dynamic range of the circuit.

Dynamic range (~0-Vsupply)

disadvantaGes 
Slightly more complex circuit 
design and more expensive 
than the Voltage Divider.

Requires dual power 
supplies.
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deVelop sensitiVity adjustment
and calibration procedure

2

Sensitivity	adjustment: Use the circuit’s sensitivity adjustment method to set the output of the 
circuit to 80%-90% of full-scale at maximum applied force. 

Calibration: Apply known force to the sensor to correlate voltage output to engineering units (lbs, 
N, psi, etc). Because of the inherent part-to-part variation in FlexiForce sensors, independent/
individual sensor calibration is crucial for achieving accurate results. 

Before	calibration:

1.  Fully assemble device to be in the same state or as similar as possible, to when it will used in 
the field

2.  If possible, condition the sensor. We generally recommend loading the sensor to 120% of 
maximum expected force and cycling 3-5 times for 10 seconds at a time 

3.  Adjusting the sensitivity of the circuit to max output at 120% max load, or 80-90% output at 
100% load allows some overhead for spikes in force/pressure. This process ensures that the 
circuit does not saturate before your maximum expected force. Using one of the circuits and  
a circuit design process previously described in Sections 1 & 2 will help ensure the circuit 
sensitivity can be properly adjusted throughout the range of possible sensor resistances.

During	calibration:

USE COMPLETED ASSEMBLY,
OR AS CLOSE TO COMPLETED

AS POSSBILE

USE FORCE LEVELS WITHIN

THE EXPECTED APPLICATION

FORCE RANGE

USE THE SAME LOAD

DURATION AS EXPECTED

DURING THE APPLICATION
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calibration Walk-through example3

Sensing	Area
Puck

Condition the sensor (reCoMMended)

10
sec

Conditioning	is	only	required	prior	to	factory	calibration.

Apply & remove force at 120% of the expected max force 
3-5 times, 10 seconds each time.

adjust CirCuit sensitivity to 90% of CirCuit’s Max outPut

Sensing	Area
Puck

10
sec

Apply max expected force. 
Adjust sensitivity so that output 
is 90% of the circuit’s maximum 
output. Remove force.

Refer to Section 2 of this 
document, or the “FlexiForce 
Integration Guide” for sensitivity 
adjustment methods.

Plot forCe vs reCorded outPut

Calibration Curve
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y= 0.2373x + 0.5127
R2 = 1

We generally recommend a two-to-three 
point calibration. First record the circuit 
output with the sensor unloaded, then:

1. Apply a low calibration point of 10% 
max load

2. (Optional) Apply a mid calibration 
point at 50% max load, if desired

3. Apply a high calibration point at 100% 
of max load

Record circuit output at each load. 

In this example, we are recording circuit 
output with the sensor unloaded, then 
applying 4.4 N, 22.2 N, and 44.4 N (1 lb, 5 
lbs, and 10 lbs, respectively) sequentially at 
the expected loading time interval. 

force (n (lbs)) circuit output (V)

0 (0) 0.51

4.4 (1) 0.75

22.2 (5) 1.70

44.4 (10) 2.96

note: CaliBration Can also Be Carried out as a 
funCtion of adC Counts if adC is BeinG used.

Adjust
Circuit

Sensitivity

Measure
the	

Output

120%	of	expected	
max	force

44.4	N	(10	lbs)

note: in this exaMPle, the CirCuit saturates 
at 3.3v. Max exPeCted load is 44.4 n (10 lBs).
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What’s Next?
Are you considering embedding a FlexiForce sensor into your product? 
Contact our Application Engineering team today to  
help bring your OEM project to life.  

 

CONTACT	US:  1.800.248.3669 / +1.617.464.4283   
        www.tekscan.com/FlexiForce

additional resources

flexiforce integration guide
 
For in-depth OEM integration recommendations, download the complete “FlexiForce	Integration	
Guide.” This guide is intended to help you optimize design, reduce costs, and streamline the 
overall sensor design & embedding process from prototype to production. 

The “FlexiForce Integration Guide” includes additional electrical considerations to help with your 
OEM project, including:

•  Characterizing sensor performance
•  Soldering
•  Effects of temperature on circuit and calibration
•  Sensor/circuit duty cycle
•  Design walk-thru examples, and more!

rev a: 080317
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best practices in mechanical integration 
 
The complete “Best	Practices	in	Mechanical	Integration” guide provides key recommendations to 
consider during the prototyping phase of your OEM project. This includes:

•  Applying load concentrators to ensure even loading
•  Recommendations to minimize shear force and preserve sensor sensitivity
•  Methods for mounting the sensor, and more!


