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1. Document purpose 
 

The M-sense is an on-axis magnetic type encoder as depicted in the below 3D view:  
 

 
 
 Sensing elements are hall plate placed over the magnet which generate differential sine and cosine signals. 
Please refer to the below graph: 

 
 To optimize encoder performance, sine and cosine signals are calibrated with the resulting parameters 
stored in a ROM memory. During calibration, all other encoder parameters are also stored in the same memory. A 
few of those parameters can be customized to best serve the specific application.  
 The goal of this document is to show the details of calibration and to list the different customizations that 
are available with the M-Sense by programming. 
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2. Encoder connection 

2.1 Pinout 
Encoder pinout is as per below sketch: 

 
 

For DC motors, pins 1 and 4 are connected to motor terminals. For BLDC motors and any motor types, 
pins 1 and 4 are left open (not connected).  

2.2 Connection  
This chapter gives overall connection guidelines. Please refer to section 3.2.6 for more detail and possible 

customizations. 

2.2.1 Single Ended 
If the encoder is used as single ended, i.e. differential outputs are not used, pins 6, 8 & 10 can be connected 

to the encoder reading system and pins 5, 7 & 9 can be left unconnected or grounded via a 10 [kOhm] pull-down 
resistors. Please refer to the below typical single ended connection schematic: 

 

 

2.2.2 Differential 
If differential mode is used, a line end resistor shall be used on each output pairs and situated at receiver 

end, between A and A/, B and B/ and Z and Z/. The schematic is shown on page 4.  
The resistor value shall be dimensioned to meet an output current close to the maximum allowable value 

(see section 3.2.6 for detail).  
For example, if the max current is 50 mA, then the minimum resistor value is max voltage / max current 

= 5.5 / 0.05 = 110 ohm  an E12 series 120 ohm resistor with 5% tolerance should be ok. This is verified with  
max_current = 5.5/(120-5%) = 5.5/114 = 48.25 mA < 50 mA.   
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Typical schematic for differential mode use is shown on the below graph: 

  

2.2.3 Typical failure 
The M-Sense is easy to use, and its connection is straightforward. However, since the product has been 

launched, a few connection mistakes inducing encoder damage have been seen. They are listed below for reference: 
• Encoder supply over/under voltage 
• Encoder supply reverse polarity 
• Ground A/, B/ and Z/ directly without pull-down resistor when encoder used in single mode 
• Line end resistor value too low  output current is too high.  

 
Apart from this list, typical ESD measures must be observed when the encoder is handled to avoid damage. 

3. Encoder settings 

3.1 Calibration parameters 
Calibration parameters are optimized automatically during the calibration process and proper values are 

obtained by measuring sine and cosine signals while the PCB is glued in place and the motor is running.  

3.1.1 Gain range 
Gain range is used to amplify the signal issued from the hall plates to a value which is as close as possible 

to the final signal optimum amplitude. This value can be 5, 10, 15 or 20 and is determined based on the magnetic 
design. For the M-Sense, it is fixed to 20.  

3.1.2 Gain fine 
Fine gain consists of fine amplification control to meet optimum signal amplitude. The value can vary 

from 1 to 20, with a resolution of 6 bit (64 steps). The correct value is obtained by measuring the sine and cosine 
signals on the encoder and calculate the required gain.   

3.1.3 Cosine gain 
The magnet angle is obtained by calculating atan (sine/cosine). Correct angle calculation requires sine 

and cosine signals with equal amplitude and zero offset. Due to variation in the hall sensor array and PCB 
alignment error, the sine/cosine amplitude ratio can vary. The cosine gain consists of an amplification factor 
between 0.9 and 1.1 with a resolution of 7 bits (128 steps), applied to cosine only. The adjustment is made by 
measuring sine and cosine with the PCB mounted on the motor.   
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3.1.4 Offset 
For the same reason, sine and cosine can present non null offsets. Offset correction consists of 2 

parameters, one for sine and one for cosine, that can vary between -63mV to 63mV with a resolution of 7 bits (128 
steps). 

 

3.2 Custom settings 
The following parameters are set during the calibration procedure. All those six parameters are the 

different encoder options available for customization for a specific application need.   
 

3.2.1 Resolution 
Resolution is the quantity of angular steps per revolution, specifying the resolution in LPR (line per 

revolution). Please refer to the definition from the next sketch: 

 
 
One line corresponds to 4 counts so an encoder with 100 lines has 400 counts.  
 
Resolution can be set to any value from 1 to 128 or 256, 512 or 1024.  
 
The A/B signals are interpolated from sine/cosine signals. Those analogue signals have a given level of 

noise which will induce a jitter* on the encoder outputs. The higher the resolution, more jitter will be visible. 
Therefore, the phase shift and duty cycle tolerances are extended for high resolution: phase shift is 90+/-45[°] and 
duty cycle 50+/-15[%] up to 256 [LPR] and it is extended to 90+/-75[°] and 50+/-25[%] for 512 and 1024 [LPR]. 
Phase shift and duty cycle definition is given in below graph: 

 
 
* Jitter is defined as time variation between two consecutive edges when encoder is running at constant 

speed which is ideally null.  
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3.2.2 Index synchronization 
The index signal (Z) consists of a 90 electrical degree width pulse appearing once per revolution as 

illustrated here: 

 
 

Both edges of Z are synchronised with A and B edges.  
 
By default, Z is high while the logic state of A and B are both at 0. But, by programming, we can select 

Z high while A/B are at 0/0, 0/1, 1/0 or 1/1. 
This option is available as other encoders in the market could have different index synchronization from 

the Portescap default configuration (Z=1 while A=0 & B=0).  

3.2.3 Rotation direction 
By default, A leads B while the motor is rotating clockwise, meaning A channel has a 90° phase advance 

on B channel. Changing the parameter “rotation direction” means that B will lead A (A has a 90° phase delay on 
B channel): 

 

3.2.4 Hysteresis 
With rotating direction reversal, an angular hysteresis prevents multiple switching of the incremental 

signals at the reversing point. The angular hysteresis corresponds to a slip which exists between the two rotating 
directions, defined in mechanical degrees. The below graph shows the A signal behaviour when the encoder 
reverses direction after 4 rising edges: 

  
The default value is 0.17°. But hysteresis can be increased to 0.35°, 0.7° or 1.4°. The higher value could 

be used for applications subject to very low speed rotation and/or noisy environment to avoid signal tilting.   
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3.2.5 Minimum edge spacing 
The encoder phase shift varies from one pulse to another. Due to jitter, the timing between two 

consecutives edges can be very short, especially at high resolution and high speed. One of the custom parameters, 
the minimum edge spacing, defines the minimal timing between two edges. Please refer to the below graph for 
edges spacing definition: 

 
The default value is 500 [ns]. This value allows an encoder maximum speed of 30’000 [rpm] at max 

resolution. Edge spacing could be reduced to 125 [ns], allowing a max speed of 120’000 [rpm]. However, the 
counter used to read the encoder position must have high frequency capability. For slower counters, the minimal 
edge spacing can be increased to 2 [us] or 8 [us] but maximum speed at 1024 [LPR] will be reduced to respectively 
7’500 [rpm] and 1’850 [rpm].  

3.2.6 Line driver configuration 
The M-Sense has deferential outputs provided by a RS422 compatible line driver. So in addition to A, B 

and Z, complementary outputs not A, not B and not Z are provided as illustrated below: 

 
 
The line driver can be programmed with 4 different settings: 

• 10Mhz / 4mA: Ideal for short distance connection, typically 100 mm cable length between the 
encoder and driver. This is also recommended when the encoder is used as single ended, i.e. if 
only A, B & Z are connected, and complementary signals are left unconnected or grounded with 
pull-down of 10 kOhm. Please refer schematic is in section 2.2.1. 

• 10Mhz / 50mA: Recommended for medium line distance transmission, typically 500 mm. In 
this case, 120 Ohm line end resistors shall be used.  Please refer schematic in section 2.2.2.   

• 300kHz / 50mA: With this setting, signal frequency is limited, and rising/falling edges of the 
encoder signals are longer. This is recommended for longer line transmission in an environment 
with very a restrictive EMC requirement. 120 Ohm terminal resistance must also be used. 

• 3 Mhz / 20mA: Typically used for medium line distance transmission in system with limited 
driver capability.  330 Ohm line end resistor shall be used in this case.  

4. Conclusion 
The default parameters of the encoder should apply to most application requirements. However, 

customization is available to allow the M-Sense to perfectly match the specific requirement.  Portescap Engineers 
are available to discuss your application and review the requirements to confirm the optimum settings.  

 
 
 
 

Julian Berney 
Product specialist encoder 

R&D Department 
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