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Introduction 

Nowadays motor-controlled applications require very high performance in term of resolution, motion 

smoothness and system robustness, incessantly demanding higher levels of integration. Classic motor 

driver based on phase current control systems require a special design effort in order to reach high 

performances. The “digital SPIN” or dSPIN
TM

, using ST’s advanced BCD fabrication process is a new 

stepper motor driver IC based on an innovative open-loop current control. The device can drive a two-

phase stepper motor with a resolution of up to 128 microsteps without external components. The 

integrated core logic is fully programmable and allows a complete management of the motion through 

advanced positioning and speed commands. The IC integrates stall detection as well as a complete set 

of protections which makes it a perfect fit for high reliability applications. 



 

Figure 1. Block diagram 

 

Description 

The dSPIN
TM

 is a fully integrated monolithic stepper motor driver with unique open loop phase 

current control, named voltage mode control, a novel approach to stepper motor driving that removes 

the need of sensing the phase currents and allows reaching up to 128 microsteps resolution with an 

extremely reduced torque ripple. 

The dSPIN
TM

 is realized using BCD technology (Bipolar, CMOS and DMOS) and it integrates eight 

low RDSon power MOSFETs, analog circuitry and a logic core. The maximum output current is 

3Arms (7A peak current) in a supply voltage range of 8V to 45V.  

  

Figure 2 – Die layout 

 

Some of the key features are: 

- fully programmable logic core with advanced functions (programmable speed profile and positioning 



algorithm) 

- sensorless stall detection 

- programmable non dissipative over current detection (no external shunt resistors) 

- two-levels over temperature (protection and warning) 

- supply under voltage protections 

- 8bit 5MHz SPI Daisy Chain compatible 

- fully programmable diagnostic and interrupt generation 

- programmable output slew-rate 

dSPIN
TM

 – High performing Voltage Mode Drive  

With the voltage mode control (patent pending) a sinusoidal voltage is applied to motor windings by means of a 

PWM modulation. With this technique the current imposed in the motor windings can reach an extraordinary 

level of smoothness, which leads to surprising smooth motion, without the restrictive compromises usually 

required with the traditional cycle-by-cycle current mode methods. Slow, fast and mixed decay – ever tried to 

play with them? – can now be left behind. 

 

The voltage mode approach, along with the incomparable benefit of the extraordinary smoothness, brings several 

collateral effects that kept systems designers from adopting it. The excellently high level of integration of the 

dSPIN allows embedding all the necessary circuitries and algorithms to compensate those effects. 

Average phase current amplitude is not directly controlled. It depends on applied average phase voltage, motor 

electrical characteristics and BEMF (motor back electro-motive force). Furthermore the last one depends on load 

torque and on rotation speed (see Equation 1). 

 

Figure 3 – Motor phase electrical model 
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This kind of open loop control needs a system variables compensation in order to guarantee a stable current 

value; for this purpose the integrated logic core embeds BEMF, motor supply voltage and windings resistance 

variation compensation algorithms. 

BEMF compensation is the most critical challenge to face to obtain an effective motor driving. If a constant 

amplitude sinewave is applied to the motor, the phase current (and then the motor torque) decreases as the motor 

speed increases, due to BEMF amplitude increment. The dSPIN
TM

 prevents this variation applying a real time 

parameters compensation, obtaining a constant output current (i.e. torque) versus the motor speed. 

Voltage sinewave is generated using a PWM modulation system. The average output voltage value is 

proportional to motor supply voltage (VBUS). Therefore perturbations present on this voltage will cause errors 

on output voltage and then on phase currents (see Equation 2).  
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A compensation system is provided in order to increase the supply voltage rejection.  

Thanks to the voltage mode control the dSPIN
TM

 makes possible to easily achieve the following performances 

without the need to implement complex motion control routines in an external µP.  

 Very accurate Sine-Wave profile with 128 µsteps/step resolution 

 High position resolution 

 Very low resonances (instability, pole slipping), mechanical noise and vibrations at low speed 

 Very low torque & speed ripple at low speeds 

In a simple word dSPIN
TM 

makes the stepper spin smoother! 

 



 

Figure 4 – Smoothness of the current profile 

 

dSPIN
TM

 - full motion management and drive in one monolithic IC 

In addition to the exceptional performances in term of smoothness, the integrated logic core embeds a series of 

algorithms such as the speed profile generation (see figure 5), absolute and relative positioning and constant 

speed motion. The dSPIN
TM

 receives high level motion profile commands through the integrated SPI interface 

and autonomously executes the complete positioning movement using the programmed acceleration, 

deceleration and maximum speed. It can also autonomously accelerate the motor up and keep it running at a 

programmed speed. The torque generation during acceleration, deceleration, constant speed travelling and 

holding is programmable as well. 

Minimum speed, maximum speed, acceleration and deceleration values can be set independently. 

 



 

Figure 5 – speed profile generation 

 

An integrated 22 bit position register allows mapping more than 32k full steps @ 128µsteps operation, i.e. 164 

revolutions for a 200 step/revolution, or more than 400k full steps @ full step operation, i.e. 21k revolutions. 

Thanks to this register the device can perform relative or absolute positioning. The last one can be obtained 

performing a minimum path algorithm (shortest path) or forcing a preferred direction. 

 

Figure 6 – Position register and absolute positioning 

 

The driver can communicate with a host controller through a high speed serial interface with daisy chain 

capability. A single microcontroller is therefore able to address multiple devices, so multiple stepper motors, 

using a single serial interface. Additional open drain output pins can be programmed to report specific diagnostic 

information to the host or to give real time status of the internal motion engine (busy/synch information), 

allowing the controller to implement a time effective control without the need for polling cycles. 



 

Figure 7 – Typical application  

 

Most of the driver functionalities (speed profile, phase current control, compensation systems, etc.) can be easily 

programmed by means of a dedicated set of registers. Another set of registers hold real time information about 

device status (diagnostic and operative conditions) and motor driving conditions (absolute position, motor speed, 

electrical position, etc.). 

 

Conclusion 

The new dSPIN makes a big step ahead in terms of system integration: power MOSFETs, analog circuitry, and 

intelligence integration make the system design simpler, faster, cheaper, smaller and more reliable. 

Implementing the motor-control algorithms in hardware simplifies the software design by requiring only high 

level motion commands from the application microcontroller. This frees microcontroller resources to support 

other differentiating features. 

 

Along with these key benefits the dSPIN offers a level of performances never seen before in monolithic motor 

drivers: extremely smooth movement of the motor is now possible thanks to an innovative voltage-mode control 

algorithm and a resolution of 128 microsteps per step. Resonances, mechanical noise and low-speed vibration, as 

well as speed and torque ripple at low speeds are greatly improved. 

 

High-performing motor drives for equipment such as security cameras, cash dispensers, ticketing machines, 

stage lighting, printers and vending machines can now take a big advantage of the dSPIN performances and 

integration, and can be realized more quickly, at lower cost and with excellent performances using a complete 

motor-control system on a chip, that will bypass specialized hardware and software design tasks, reduce 

components count and PCB area, and speed up time to market.  

 



 

 

 

 

 

 


