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Stepper Motor Basics




Stepper Motor Construction

ceramic permanent
magnet rotor

permanent magnet
rotor: 96-pole

® - 1 coil ® - 2 coll
L 8-pole stator
Images from www.allaboutcircuits.com

Permanent Magnet Stepper Motor Hybrid Stepper Motor




Driving a Stepper Motor
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Step Modes and Microstepping
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Stepper Motor Driver ICs




Stepper Driver ICs: What’s Inside (Simple)
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Stepper Driver ICs: What’s Inside (Advanced)
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Stepper Driver ICs: Basic Features

MP6500
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FEATURES

o Wide 4.5V to 35V Input Voltage Range

e Two Internal Full-Bridge Drivers

¢ [nternal Current Sensing and Regulation

e Low On Resistance (HS: 195mQ, LS:

¢ o & & & & & o @

170mQ)

No Control Power Supply Required
Simple Logic Interface

3.3V and 5V Compatible Logic Supply
Step Modes from Full-Step to Eighth-Step
2.5A Output Current

Automatic Current Decay

Over-Current Protection (OCP)

Input Over-Voltage Protection (OVP)
Thermal Shutdown and Under-Voltage
Lockout (UVLO) Protection

Fault Indication Output

Available in QFN-24 (5mmx5mm) and
Thermally Enhanced TSSOP-28 Packages

mes



Voltage and Current Ratings

e Wide 4.5V to 35V Input Voltage Range This is the input power supply voltage range that drives the motor.

e 2.5A Output Current This current rating is the amount of current that the driver is capable
of driving into the windings. It can be very misleading!

e Low On Resistance (HS: 195mQ, LS:  This is the internal resistance of the MOSFETSs in the H-bridge. It is
170mQ) usually a typical number at room temperature.

* 33V an}d SV Compatible Logic Supply The logic input pins may be compatible with different logic levels,

* No Control Power Supply Required and the part may or may not have a separate logic supply input.
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Driver Features

Internal Current Sensing and Regulation

Older stepper motor drivers use an external shunt to regulate current.

Step Modes from Full-Step to Eighth-Step

Different drivers support different step modes or degrees of microstepping.
https://www.monolithicpower.com/en/why-microstepping-isnt-as-good-as-you-think

Automatic Current Decay

Accurate current control requires consideration of current decay.
https://media.monolithicpower.com/document/AN120_Understanding_ MP6500.pdf

Over-Current Protection (OCP)
Input Over-Voltage Protection (OVP)

Thermal Shutdown and Under-Voltage
Lockout (UVLO) Protection
Fault Indication Output

Various protection features are available.

L ]

Available in QFN-24 (5mmx5mm) and
Thermally Enhanced TSSOP-28 Packages

Package size may be important in your PCB design.




Stepper Driver Current Ratings

Maximum Current, peak current, full-scale current

Peak IE{E IR - il & OCP Z Bl 5t 1FHY B ARG EE It
Maximum FET A B K50 L LR

Continuous #r&tiatBER

Average FEHCEHHER

RMS PIERER - IE%/SZERIFER, ZERRR
KB ERAY70.7%

Full scale HEIEER




Power Dissipation




Rpson) Specifications

Vin Internal MOSFETs

VIN =24V, lgur = 1A,
- T,=25°C 0.195 022 [0}
Rpson) HS #1 Rpson) HS #2 s \_lf_’”\lzg"rc\;/ lour = 1A, 0.25 0

. | =

_IE :II_ Output on resistance VIN= 24V o = 1A
T =25°C 017 0.21 Q

R"S VJll\T 24V, | 1A

= s lout = )

MP6500: Total Effective Resistance = ~353mQ
Ros(on LS #1 Rps(on) LS #2 MOTOR DRIVER OUTPUTS (AOUT1, AOUT2, BOUT1, BOUT2)

| T;=25°C,lo=-1A 450 550 mQ
— Rps(on) High-side FET on resistance T,=125°C, lp=-1A 700 850 mQ
T,=150°C, Io=-1A 780 950/ mQ
. T,=25°C,lo=1A 450 550 mQ
Effectlve RDS(ON) — RLS + (RHS + RLS) / 2 Rps(ony) Low-side FET on resistance T,=125°C, lp =1A 700 850 mo
Ty=150°C,lo =1A 780 950 mQ

Competitor: Total Effective Resistance = ~900mQ

mes



A Problem: Rpgon) VS. Temperature
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Power Dissipation in Motor Drivers

Resistive Losses
Pr = Irms® X Rpsion

o -
.

Switching Losses
Ps= %2 XV X Igus X o X tr
+ Y% X Vi X lgus X Ty X te

Q%‘ .%%

“«ti> “«t>

Total Power
P=Pg+Ps+Pq

Static Losses
PQ = V,\ X IQ




MP6500 Total Power Dissipation Calculation

T,=85°C

Input supply voltage Vin 4.5 24 35 \V
VIN =24V, nENBL =0,
Quiescent current o nSLEEP = 1, with no load 19 0 mA
I ecp VIN =24V, nSLEEP =0 1 LA
VIN =24V, loy7 = 1A,
R T,=25°C 0.195 | 0.22 Q
HS — -
Vlr\i 2:1V, lout = 1A, 0.95 a
Qutput on resistance T,=85°C
P VIN = 24V, lout = 1A,
T =25°C 0.17 0.21 Q
RLS 4
VIN = 24V, loyt = 1A, 0.25 a

Resistive Losses: P, = 1.414A2 x 353mQ = 706mW per H-bridge

Switching Losses: Pg,, = 1/2 X 24V x 1.414A x 20kHz x 100nS x 2 = 68mW per H-bridge

Static Losses: Po = 24V X 1.5mA = 36mW

Total Power: 2 x 705mW + 2 x 68mW + 36mW = 1.58W
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Thermal Resistance & Models

Junction-to-Case Case-to-Ambient
Resistance Resistance

e g
ya 7 ™\ Ouctop  Case Node

| I || | | ® Al
VA o eJB Board Node

I
/I ool Junction g Ambient
Junction Board /

Junction-to-Board Board-to-Ambient
Resistance Resistance

Simple Estimation:
Die Temperature = Ambient Temperature + (P x ©,,)




PCB Design for Power Dissipation

Table 7 — JESD51-7 High Thermal Conductivity Leaded SMT Test Board Parameters [8

Dimension Specification User
Board Finish Thickness 1.60 mm + 10%
Board Dimension 6.2 mmx 114.3 mm
(pkg length < 27 mm)
Board Dimension 1016 mmx 114.3 mm
(27 mm = pkg length = 48 mm)
Board material FR-4
Trace Copper Thickness 0.070 mm * 20%
Trace Width, Finished 025 mm + 10% for = 0.50 mm pin pitch
Lead width for < 0.50 mm pin pitch
Trace Coverage Area (Total)
Power/Ground Thickness 35 um (10z) copper +0/-20%




Effect of Layer Count & Planes

MP6500 Driving a 2A Peak Stepper Motor
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Current Ratings Revisited




Datasheet Current Ratings Are Almost Meaningless!

MPG6500 — Current rating is “2.5A maximum?”

Thermal Resistance
QFN-25 (5mmx5mm) .........|..
TSSOP-28EP .................... .

Effective Rpgopny is 380mQ

Competitor — Current rating is “2.4A peak, 1.5A full scale”

PWP (HTSSOP) RGE (VQFN)
THERMAL METRIC 1 UNIT
24 PINS 24 PINS
Raya Junction-to-ambient thermal resistance Q 30.9 40.7 ) ‘C/W
Reucitop) Junction-to-case (top) thermal resistance 25.2 31.1 ‘C/W
Reys Junction-to-board thermal resistance 1.3 17.9 *C/W
WT Junction-to-top characterization parameter 04 0.6 ‘C/W
YiB Junction-to-board characterization parameter 11.3 17.8 ‘C/W
Reucbot) Junction-to-case (bottom) thermal resistance 31 4.3 *C/W

Effective Rpgopy is 900mQ




Competitor Total Power Dissipation Calculation

lym VM operating supply current DRVOFF =0, nSLEEP = 1, No output 5 7 mA

MOTOR DRIVER OUTPUTS (AOUT1, AOUT2, BOUT1, BOUT2)
T);=25°C, lp=-1A 450 550 mQ
Rps(onH) High-side FET on resistance T,=125°C, I =-1A 700 850 mQ
T,=150°C, Ig=-1A 780 950 mQ
T,=25°C, Ig=1A 450 550 mQ
Rps(on) Low-side FET on resistance T,;=125°C, Ip=1A 700 850 mQ
T;=150°C, Ip=1A 780 950 mQ

Resistive Losses: P, = 1.414A% x 900mQ = 1.8W
Switching Losses: Estimated Pg,, = ~70mW

Static Losses: P, =24V x 5SmA = 120mW

Total Power: 2 x 1.8W + 2 x 70mW + 120mW = 3.86W




Temperature Rise

Based on JESD51-7

MP6500 (TSSOP)

AT = 1.58W x 32°C/W =50°C
T,=T, + AT =25°C + 50°C = 75°C
Competitor (TSSOP)

AT = 3.86W x 30.9°C/W = 120°C
T,=T,+ AT =25°C + 120°C = 145°C

Based on 2-layer evaluation board

MP6500 (TSSOP)
AT =60°C, T, =85°C
Competitor (TSSOP)

60°C 30.90C/W

AT = 41% 32°C/W

= 1410C, T, = 166°C




How Much Current Can These Parts Really Drive?

At Room Temperature (25°C):

MP6500 (TSSOP):
Max Power = (150° - 25°) / 32°C/W = 3.9W
Maximum Current per Winding = 2.3A RMS (3.2A peak)

Competitor (TSSOP)
Max Power = (150° - 25°) / 30.9°C/W = 4W
Maximum Current per Winding = 1.5A RMS (2.1A peak)




Datasheet Specifications
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Image from www.dilbert.com




Suggestion and Summary

* Don’t take all the information on a stepper driver datasheet at face

value!
* Do your own calculations when it comes to the current rating needed.

« Take into account PCB construction and ambient temperature.




