I3 TEXAS
INSTRUMENTS

TIDA-00641 Dual High Resolution Micro-Stepping Driver
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Design Features

e Smooth current and low acoustic noise
e Up to 1/256 micro-stepping level

1. Introduction

This reference design achieves a dual channel high resolution micro-stepping driver module using
PWM current regulation method. Selectable micro-stepping level and current level is provided with the
on-board switches. The PWM regulation scheme gives smooth phase current and ultra-low acoustic
operation noise. Protections such as over current, over temperature, and short outputs are all provided
along with the DRV8848 device.

2. Hardware Block Diagram
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The following figures show the hardware block diagram of this design. Figurel gives the block diagram
and figure 2 shows the key control signals and the connection.
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Figure 1. Hardware block diagram
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Figure 2. Signals and connection

3. PWM micro-stepping scheme

The following picture shows the PWM micro-stepping scheme. The output of DRV8848 is modulated by
the inputs PWM from AINx and BINx. The duty cycle is changing with the micro-stepping index position
and controlled by the MCU with an internal preloaded sine table. 50% duty cycle give zero current to
the output in this scheme. The MAX duty cycle need to tuned/selected to the needed current level. It is
also related on the motor’s impedance parameters and the supply voltage. The MIN duty cycle is just
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calculated as 1-MAX duty. AIN1 and AIN2 are always complementary in this design. 11/2 phase shift is
applied between Phase A and Phase B.
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Figure 3. PWM micro-stepping

Although this PWM micro-stepping scheme is using open current control, and the effect of motor back
electromotive force is not counted into the model, the output current is tuned out to be very smooth and
well controlled with approximate sinusoidal shaping. The most outstanding benefit of the mothed is to
get an ultra-low acoustic noise when the PWM frequency is selected >= 20 KHz. In lab test, this
module is working much quieter than most other solutions. There is almost no distinguishable audio
noise even when put it close to the ear. The PWM micro-stepping mothed can be applied to any low to
mid speed range applications requiring smooth and quiet operation.
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4. Flow Chart of the Scheme

This basic flow chart can be applied to any MCU platform. Here we use MSP430G2553 which is very

cost effective and matching the application. There are two main loops in the algorithm. The main loop is
set to read the inputs BITs switches and update the settings. The IRQ loop is excited at every STEP
input rising edge and update the output PWM duty cycle based on the index position and DIR
(direction) setting. K in the chart is reflecting a coefficient which determines the MAX/MIN duty cycle.
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Figure 4. Flow chart

The inputs keys are configured as the following ways.
S1: (for motor 1)
00 (00) 1/8 micro-stepping;
01 (01) 1/64 micro-stepping;
02 (10) 1/128 micro-stepping;
03 (11) 1/256 micro-stepping
S2: (for motor 2)
00 1/8 micro-stepping;
01 1/64 micro-stepping;
02 1/128 micro-stepping;
03 1/256 micro-stepping
S3: (Current level for both motor 1 and motor2)

4
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00 Level-1 Lowest level, about 0.4A at 12V, 50hm Phase resistor;
01 Level-2 Mid-low level;
02 Level-3 Mid-high level;
03 Level-4 Highest level, about 1.5A at 12V, 50hm Phase resistor

5. Lab Test Data

Three different kinds of motors are tested with the module.
. 'Y & < _ 29D o~ - \

.\‘

Figure 5. Tested motors

For all the test waveform below, the yellow line is the STEP input. The green line is the phase current.
All supply voltage is 12V.
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Figure 6. Test waveform (Motorl 1/8 |_level 3)
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Figure 7. Test waveform (Motor2 1/8 |_level_2)
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Figure 8. Test waveform (Motor3 1/8 |_level 2)
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Figure 9. Test waveform (Motorl 1/128 |_level_2)



I3 TEXAS
TIDA-00641 Dual High Resolution Micro-Stepping Driver INSTRUMENTS

Z0om Factor: 25 X

#h#####ﬂ,ﬂ##ﬁh#ﬂﬂﬂﬂ#ﬂﬂﬂhﬂ###ﬂ#ﬁ

15 b b b b b b b b b e b e e e b b e e e b e e e b b e e e e b e e e e e

A TS |

(13 Nov 2015
|09:47:40 |

Figure 10. Test waveform (Motor2 1/128 |_level 2)
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Figure 11. Test waveform (Motor3 1/128 |_level_2)
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Figure 12. Test waveform (Motor3 1/256 |_level 3)
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Figure 12. Current waveform when change DIR



IMPORTANT NOTICE
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complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
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TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
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third party, or a license from Tl under the patents or other intellectual property of TI.
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and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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