25%

Energy Saving'’

3§ G
3
80%
Energy Saving

Energy Saving

f/ d
30% g
Energy Saving _ :

Microelectronics

WWW.EMCU.IT
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Stepper Driver ICs
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IrZ’ ST Motion Control SSILICA

Our strengths

v" Pioneer in BCD and BCDoff-line technology, sold today in Millions pcs
in many different application segments

v" Skills in mixing of power, analog and digital structures in a single IC

Strong expertise in systems and application requirements

v’ Strong skills on “design for robustness” thanks to the continuous
improvement over 20 years of experience in the field

\

Motion Control Ics

90

Mpcs 80
70
60
50
40 +
30
20
10 -
0 - ; . . . . .
2006 2007 2008 2009

2010 2011 2012

=0

WWW.EMCU.IT
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Ill‘ Applications addressed ==SILICA

An Avnet Company

Industrial Point Of Sale

X-Y Position and Rotation systems » ATM systems
PCB assembly (Pick & Place) « Vending machines
Robotics & NC machines

Textile industry

(Sewing / Spinning machines) .

Professional printers Gaming

Stage lighting » Casino machine

Medical 3 Office equipment
* Diagnostic Equipment r  Shredders

 Pumps '

» cPAP

Intelligent buildings

* Security systems Wherever stepper
« Antenna / satellite positioning

motors are used!

SILICA | The Engineers of Distribution
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Ill‘ foPIN Product Family Overview

Fully integrated drivers with DMOS power stage

L62xx, L62xQ
DC, BLDC and

stepper motor
driver

DsPIN .

STmicrost

L6474

Microstepping
driver

Adaptive decay

L6470/ L6472

DC and
Microstepping
driver

Digital core
for
motion control

Microstepping
4 configurable driver
full bridge

drivers
SPI-

~==SILICA

An Avnet Company

Advanced
controller

L6480/2

Digital core
for motion
control

Microstepping
controller for 8x
external
MOSFETSs, 85V

SPI-

SPI- DC-DC, GPIO, bl
Full set of e OP-Amp, DAC, pro_grammgble, prccl).gramnlg e,
protections diaanostics ’ ADC diagnostics laghostics

Performance and integration EMCU.IT

SILICA | The Engineers of Distribution
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I ZYI Simplify the System with dSPINSTSILICA

An Avnet Company

befOI‘e d SPIN _s dedicated many digital + analog
hi-performance connections |
MCU
I ¥
: 1
system MCU .
. many digital + analog
dedicated :
, hi-performance connections |
MCU
R I | )+
‘ —_—J

_ many digital + analog
dedicated connections

hi-perlclcglr}\ance
Q="
with d SPIN v System is heavily simplified

v No more dedicated uC to perform speed profile and positioning calculations
v Alot less passive components

SILICA | The Engineers of Distribution
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Current Mode Driver
L6474
L6472
16482
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Common Features

« Operating voltage: 8 — 45V
« 7.0 A output peak current

(3.0 Ar.m.s.)
* 0.28Q Rpgon POwer MOSFETS
* Programmable power MOS slew-rate
« Upto 16 ysteps
« SPlinterface

» Access to rich register set

« Low quiescent and standby currents
» Integrated 5bit ADC
* Non dissipative current sensing

* Full set of Protections
* Programmable non dissipative over
current (on all power MOS)
* Two levels over temperature
protection
* UVLO (Under-voltage lockout)

easySPIN - L6474

Current control with adaptive
decay

Configuration through SPI bus
Control using CLK & DIR pins

dSPIN - L6472

Adaptive decay control
Predictive current control

« Average currentis controlled
speed or positioning commands

* Programmable speed profile
Fully controlled over SPI

CSPIN - L6482

External Power stage
Supply Voltage 7.5V to 85V
Programmable gate driving


http://www.emcu.it/index.html

IlleasySPlN L6474 & dSPIN - L64724

= SILICA

PrTTrr—r— R pp——— ~
( 1 1 VDD OSCIN  OSCOUT ADCIN VREG cP VBOCT
i N | 1} m 'm ! m 3
I I 1 T T
1 1 1 ; Charge
I 1 1 towrz | | Ext. Osc&drwer purmp
1 : : Oscillator Clack gen, av VSA
: STEY/RES I STEV/RST [} I _ID_ Voitage Reg. W boot Vot VSA
: FiAG : fae (- HSat |£ I HSaz__
1 1
| 1 : {] outia
1 1 HSAl _
1 1 1 g s, [ OuT24
: : : B HS 42 ~LSu | > I LSaz__
= = T
I I I @D LS&‘.’-- PGND
I : 1| T Control _
| .
i | g Logic ser vse
: cs 1 cs LSsi__ W boot W beot VS8
1 | L HSe
I CK 1 CK T LSe2 s HSee__
1 SDO I sDO €N
| | QuTiB
1 sDI I sDI ﬁ
1 T N - ouTZB
EYNG Current DAC
: ( SYNC BUSY/SYNC Termperature urre : s P
A - sensing I at -
I --q_1___—— omparalors
I STCK [ stok [H—— ] PGND
I LI B ;
1 - -1
1 ( - DIR sw [
~
: Se- —.-.'__——‘—'
Ve —— PO -/ D&ND
eas’
(@ SyPIN '
N dSPIN

Both products are

pin-to-pin compatible!

SILICA | The Engineers of Distribution
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- ‘# cSPIN — L6482 SILICA

VEREG YCC VC.C_?EG
I.IJ
VGO | vottage req.
» Supply Voltage 7.5V to 85V e
PR TS o pte
= LVEAT
«  EXTERNAL MOSFET l
voo HVGAZ
E DUTAZ
*  Programmable gate driving o CORE Va2
sDo LOGIC
" . SEMSEA
 SPI Interface for Configuration, soi
Control & Diagnostic
i | HVE?
— Casrrent OUTE1
« Full set of Integrated Protections e == waat
(OCD, UVLO, THERMAL) Eisvnc e
16 MHz -
Zeacillator ouTE2
STCK | LVEE2
Exl. Osc. diver
EW &
DEND) Clock gen. SEMSER
—
DSCIN DECoUT

SILICA | The Engineers of Distribution
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Current control <=SILICA
What decay: slow

;

The slow decay dissipates the
energy in phase resistance.
The energy is reduced slowly.
The small current drop cause a
low current ripple.

________________________________________________________________________________________

SILICA | The Engineers of Distribution
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Current control ==SILICA

An Avnet Company

|

What decay: fast

1
VBUS 1 VBUS

The fast decay sink the energy
from the phase resistance using
the bus voltage.

The energy is reduced quickly.
The large current drop cause a
high current ripple.

SILICA | The Engineers of Distribution
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Ill‘ ‘The right decay STSILICA

Current level 1

b

V

Current level 2

The quantity of energy to removed
in decay1 and decay?2 are different
-> must choose the right timing
and speed decay

SILICA | The Engineers of Distribution

An Avnet Company

According to conditions (current value, motor
Back EMF, etc.) the effectiveness of slow and
fast decay could be significantly changed.

WWW.EMCU.IT
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Current control =SILICA
with Adaptive decay control

|

An Avnet Company

7577

Current level 1

Current level 2

Decay 1

Decay 2

Automatically performs the
best decay mode:

Torque ripple reduction
Soft and silent motion
Accurate positioning

ON State . Fast decay
14

SILICA | The Engineers of Distribution
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Current control <=SILICA
with Adaptive decay control

r AN4158
YI Application note

Peak t trol with automatic d djustment and
M se e C(:)r:;gicv;\re -?Lljr:;nt cﬁntfﬁ:sig)mz s;Ep
By Enfico Poll
. . Introduction
Peak current control with automatic decay i nw STHicroclctorics dSPINGI™ an oaeySPINEI™ mordivers e o

B . . patented adtanned current control systams evolving 1!'nm traditional peak cumant control
adjustment and predictive current control S

Using automatic decay adjustment, the dSPIN and easySPIN devices allow cument ripple io
be reduced and control robustness to be increasad especially in microstepping applications.
The predictive current control regulates the average current instead of the peak current,
obiaining & more precise positioning, and reduces the vanation of the power stage swilching
frequency.
Automatic decay adjustment and predictive current control allow siepper motors to be
operated with less torque ripple, fewer vibrations and much more smoothly at low speed.
This document describes the basic principles and the operation of the new control systems
and provides suggestions on parameter setup in order to obtain optimal resuits.

& L8470 and LEATE balong 1o tha dEPIN tamiby of sieppar mabor chivers. Tha lormation discussad In this
document only applies I th LBATS.

B LB4T4 baiongs 1o tha casySP I family of stsppar molor drivers.

Saptember 2012 Dioc 1D D2I635 Fav 1 1734
st oo

WWW.EMCU.IT
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0sC1  0sC2 VRE ADCIN

I‘y_l Sensing current SSILICA

OUT_A1

OUT_A2

v
[ oriver ]
T
17
=
Z
I
[ oriver
?

PGNDA

OuUT_B1

Current
sensing

OUT_B2

v
[ oriver ]

AGND

NON Dissipative Current Sensing %i 5F
Logic ,@‘
Dri:ers \\/l
- F
=

B etter ]_<] ) ﬁ @ Rsense

System Efficiency

Less Components Lower
Power Dissipation

Cost Saving

No external high
dissipative shunt
resistors Wy EMCU.IT

SILICA | The Engineers of Distribution
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Voltage Mode Driver
L6470
L6480
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f‘

JS7;

v" Abrupt current changes cause strong
mechanical vibrations.

v' Peak current is controlled. Average
current value is different from target
one. Inaccurate positioning

v" Torque ripple and EMI are difficult to
control.

dSPIN

CURRENT MODE

v" Accurate positioning
v" Motor movement is soft and silent!

v" Torque ripple and EMI are under control.

.LEMCU.IT

PHASE
CURRENT

VOLTAGE MODE
7\%‘\
CURRENT i

|

current level

~==SILICA

An Avnet Company

Voltage mode vs. Current mode

current level

>

SILICA | The Engineers of Distribution
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JS77

Supply voltage 8V - 45V
3Arms (7A peak)
Rpson=0.28 Q

Up to 128 microsteps

Voltage mode operation
Programmable speed profile
Programmable positioning
SPl interface
Daisy Chain compatible
Integrated 16MHz oscillator
Integrated 5bit ADC
Integrated 3V voltage regulator
Over Current, Over Temperature
Under Voltage protections
PowerSO and HTSSOP

Voo [

0OsC1  0SsC2 VReG
ol

ADCIN
il

CP Vboot

dSPIN L6470 voltage mode Driver ==SILICA

An Avnet Company

N

Clock gen.
&
Freq divider

Int.
3V Reg.

UVLO

|

Interface

]

Charge
pump

-

Control
logic

J

37
=
>
N

i}

A
DRIVER |

Vsa
OUT_A1

OUT_A2

PGNDa

Ji

TH_WRN

'y

DRIVER
17
=
h
g
1

Thermal

DACs

sensing &
Comparators

OUT_B1

OuT_B2

Current
sensing

PGNDs

AGND

SILICA | The Engineers of Distribution
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l‘ﬁ CSPIN —

VSREG wCC VCCREG VREG
T T
Voliage Reg. Yoo Voltage Reg. VREG
T s HVGAT
«  Supply Voltage 7.5V to 85V Apcin [ Ao “aersing OuTAS
LvGAd
Vidd + 1
« EXTERNAL MOSFET VDD HVGAZ
o ouTAZ
Programmable gate driving oK T o CORE ek
sDO n LOGIC
- SPI Interface for Configuration, SD
Control & Diagnostic
ETEVYRESET | } I I HVGB1
« Full set of Integrated Protections I E';_.’ ﬂ Citecton o
(OCD, UVLO, THERMAL) L
BUSY/SYNC J? — I\?\\ —
Cﬁdllat-z:rr ouTBE2
STCK i 1 ] LVGEZ
Exi. Osc. driver
SW P
DGND Clock gen.
AGND OSCIN - OSCOUT  PGND

6480 =SILICA

An Avnet Company

WWW.EMCU.IT

( s =~~ ¥
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= SILICA

An Avnet Company

Voltage mode control

r AN4144
’I Application note

AN41 44 Voltage mode control operation and parameter optimization
By Enrice Poll
Voltage mode control operation and parameter optimization :;‘;Q“n:::‘:? e e e i

which improves the performance of classic control systems.

This driving method performs smoother operation and higher micro-stepping resolutions
and is the best solution for applications where high precision pesitioning and low mechanical
noise are mandatory.

This application note describes the operating principles of Voltage mode driving and the
strategies for the regulation of the control parameters in order to fit the application
raquirements.

The application note also investigates and provides solutions to one of the most common
izsues in Voltage mode driving systems: the resonances of the stepper motors.

Jury 2012 Dog D 023481 Aev 1 1726

SILICA | The Engineers of Distribution
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SUMMARY
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V<7 1647274

Feature

Supply Voltage

RDSON
usteps

Control mode
Current sensing
Decay mode
Slope control

Serial interface

L6474 /L6472
Lyy

oagmerTied

8V — 45V

280mQ
1,2,4,8, 16

Current

= SILICA

An Avnet Company

Comment

Lys

ougmanied

Wide range supply
Lowest Rpson
Highest resolution

Most sophisticated

SILICA | The Engineers of Distribution

predictive current current control

Fully embedded no
dissipative sensing

Non dissipative
No ext. shunt

Adaptive control Most advanced current

(patented) decay control
Adjustable Flexible in slope control
(5 options) to balance EMI & losses

The only chip supporting
multiple nodes on bus

Yes, multiple
devices support

WWW.EMCU.IT

s
&3



http://www.emcu.it/index.html

|‘7' L6470

Feature

Supply Voltage

RDSON
usteps

Current sensing
Slope control

Serial interface

SILICA | The Engineers of Distribution

L6470
&7

8V — 45V
280mQ
Up to 128

Non dissipative
No ext. shunt

Adjustable
(_5 o_ptions)

Yes, multiple
devices support

~==SILICA

Comment

Lys

| mugmerTied

Lowest Rpson
Highest resolution

Fully embedded no
dissipative sensing

Flexible in slope control
to balance EMI & losses

The only chip supporting
multiple nodes on bus

An Avnet Company

LEMCU.IT
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V<7 16480/L.6482

Feature / Chip

Supply Voltage

Gate drive current

Miller clamp

usteps

Control mode

Speed / Positioning
commands

Current sensing

Stall detection

Serial interface

L6480
Lys

ougmaied

10.5V - 85V

Configurable
Embedded
Up to 128

Advanced
Voltage Mode

Yes, thanks to
intelligent core

Non dissipative
No ext. shunt

Sensorless

Yes, multiple
devices support

SILICA | The Engineers of Distribution

L6482
Ly

ougmaied

10.5V -85V

Configurable

Embedded

Up to 16

Predictive
Current with
Adaptive
Decay

Yes, thanks to
intelligent core

Non dissipative
No ext. shunt

N/A

Yes, multiple
devices support

~=SILICA

An Avnet Company

Comment

Lys

ougrmarTied

Wide motor supply range

Optimal adjustment
according to ext. MOS

Immunity to high dV/dt

Highest resolution

Voltage mode control /
sophisticated current
control

Means much less load for
the microcontroller

Fully embedded non
dissipative sensing

Motor stall detected
without ext. components

One SPI can manage
multiple motor control

WWW.EMCU.IT
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An Avnet Company

- "l ‘ST Advantages Summary “7SILICA

Feature ST Advantage

Current control Not dissipative. No need of external components

Target current Digital. Programmed in a register

Decay timing Digjtally auto adjusted. With basic timing programmed in
registers

Microstepping configuration  Programmed in a register

Thermal protection One thermal warning + one thermal shut down threshold
Thermal dissipation Down to 12°C/W with the power SO package

Daisy Chain Yes

Speed and position profile Yes

generation

Max ustepping Up to 128 psteps with the L6470/L6480

WWW.EMCU.IT

SILICA | The Engineers of Distribution
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Iﬁ dSPIN - easySPlN S=SILICA
e/ Tools & Documentations

PHASE A

PHASE B

Sales Codes

-

* L6474H STEPPER MOTOR SUPPLY
« L6474PD

Product Page http://www.st.com/easyspin

Data Sheet

Easyspin Evaluation Tool Software
Evaluation Board: EVAL6474H/ EVAL6472PD
easySPIN Firmware Library

Control boards STEVAL-PCC009V?2

SILICA | The Engineers of Distribution
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dSPIN — L6472 =SILICA
Tools & Documentations

il Ayy

Sales Codes
 L6472H
 L6472HTR
« L6472PD

Product Page http://www.st.com/dspin
» Data Sheet ——

FLAG LED (BV -45V)
(Red) Application reference

« dSPIN Evaluation Tool Software o
- Evaluation Board: EVAL6472H/ EVAL6472PD By Leo R

JP1: VDD supply from
master 8Pl connestor

JP3: Daisy chain

« Control boards STEVAL-PCC009V?2

External switch connecto
(SW input)

08 CIN/OSCOUT
Motor supply voltege connector
compensation
partitioning regulation
(ADCIN input)

Phase A connector Phase Boonnestor  yAZWWWLEMCU.IT

SILICA | The Engineers of Distribution
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An Avnet Company

Ill‘_‘ dSPIN - L6470 ZSILICA

Tools & Documentations

Sales Codes 4'3\ s .-i"
 L6470H B K Y €vilsiion Ry
i . ®YrB-9av0N
« L6470HTR . , R

* L6470PD

Product Page http://www.st.com/dspin

« Data Sheet
Application Note (AN3103)
d SPIN Evaluation Tool Software
Evaluation Board: EVAL6470H
Control boards STEVAL-PCC009V2
dSPIN Firmware Library

* Available on http://www.st.com/dspin

SILICA | The Engineers of Distribution
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dSPIN -L6470
Tools & Documentations

SSSILICA

An Avnet Company

Dspin firmware library contains project folders (files) for development tools:

ChUsers\francesce furnari\Documents\dec\moter controN\STEPPER\firmware\dSPIN_Firmware_Library_STM22\Project\dSPIN_SPI_STEVAL-PCCO09V2A\MDK-ARM_uLink_MdSPIN.u
File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help

Elpmjsct|@5-:-:|: {} Functions | 04 Templates

15 =@ | @ ‘ | I 0 | % seE MEOUT Usercalin+] ) ¢ | @) | @ 5 &
& [ o ‘ 45PN
Project [ dspinn dspin.c ] mainh mainc  [=] readme.tat
5523 dSPIN 106 /* Enable SPI */
125 StdPeriph_Driver 107 SPI_Cmd (dSPIN SPI, ENABLE);
[ stm32f10x_gpio.c 108 | )
* |AR-EWARM v5 0 s e s |
] stm32e10x flash.c 110 L/ L ) ) )
. 111 % @brief Fills-in dSPIN configuration structure with default values.
J J-Llnk for STEVAL-PCCOOgvz [5] stm3af10x spi.c 112 Structure address (pointer to struct)
E‘ 5 %”515 w210 113 1 None
" " system_stm. %.C 112 L
/ ST—LInk for STM32 VL Dlscovery L[] core_cm3.c 115 void dSPIN Regs Struct Reset (dSPIN RegsStruct TypeDef* dSPIN RegsStruct)
E! SI MDK-ARM 116 F{
©.-[5] startup_stm32f10x_md.s 117 dSPIN RegsStruct->RES_FOS
E| S Doc 118 d5SPIN_RegsStruct->EL_PCS
: D readme.bd 118 d5PIN RegsStruct->MARK = 0
° IAR _EWARM V6 éa S 120 dSPIN RegsStruct->SPEED
121 dSPIN RegsStruct-»ACC =
.  main.c| 122 dSPIN RegsStruct->DEC =
/ J-Llnk for STEVAL-PCCOOQVZ stm32fl0x it.c 123 4SPIN_RegsStruct->MAX_SPEED
dspin.c 124 dSPIN RegsStruct->MIN SPEED =
clock.c 125 dSPIN RegsStruct->F5 SPD =
126 dSPIN RegsStruct->KVAL_HOLD
127 d5SPIN_RegsStruct->HKVAL_RUN
ral 128 dSPIN RegsStruct->KVAL ACC
KEIL —UVISIOHV4.03, V4.20 129 dSPIN RegsStruct->KVAL DEC —
. 130 dSPIN RegsStruct->INT_SED
/ ULlnk" for STEVAL_PCC009V2 131 dSPIN RegsStruct-»>ST_SLE = Ox1
132 dSPIN_RegsStruct->FN_SLE_ACC
. 133 dSPIN RegsStruct->EN SLP DEC
v uLinkPro for STEVAL-PCC009V2 i
135 dSPIN RegsStruct->0CD_TH =
. . 136 dSPIN_RegsStruct->STALL_TH
/ ST-Llnk for STM32 VL Dlscovery 137 d5SPIN RegsStruct->STEP MODE
138 dSPIN RegsStruct->ALARM EN
139 dSPIN RegsStruct->CONFIG = O
140
141 L
Rai RIDE v7 T
ailsonance- \'/ 143 * ef Configures dSPIN internal registers with values in the config structure.
\/ . 144 * ram Configuration structure address (pointer to configuration structure)
- - 145 * @Bretval None
R-Link for STEVAL-PCC009V2 | -
147 void dSPIN Registers Set (dSPIN RegsStruct TypeDef* dSPIN RegsStruct)
148 B¢

m

SILICA | The Engineers of Distribution
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cSPIN - L6480/82 E7SILICA
Tools & Documentations

An Avnet Company

7577

» Product pages: www.st.com/cspin
» CSPIN order codes:
e L6480/82 H (TR) HTSSOP38, Tube (Tape & Re / -

» CcSPIN price information:

e L6480/82 are at the same price

e L6480/82 controllers cost approximately 20%
less
than the fully integrated L6470H (dSPIN) drive

» Evaluation boards:

e L 6480/82: EVAL6480H & EVAL6482H
e Communication board STEVAL-PCC009V2
» PC Application with Graphical User Interface

e Download will be available on the product web
page
e First.version.available on request .
32

SILICA | The Engineers of Distribution
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DC Motor Voltage Driver
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7573

L6391 + L6392
+4 STD6ONF06

Tamb 30°C 10A
Thermal Measure

Sy tem& Appli n LAB

‘ 18PC INDUSTRIALLASIC " <k, el
e
@ ad .

Gate Opener DC Motor Control 60V-10A ==SILICA
DC motor NEW evalboard

An Avnet Company

109.8
93,8
83.8
79.8
63.8
53,8
438
338

29a

Amplified Current monitoring and short circuit protection

SILICA | The Engineers of Distribution
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Gate Opener DC Motor Control 60V-10A==gILICA

I:Yl _._dc motor eval board schematic

i "4—Eu—

1
. '“:

PCEB Bottom

m'IEH
Ful-Béttym with rmsiet protsten
LS e LS High Violtige gais déwn.

e ael [T,

RO .
e | Ao LEm | TRFAL

i

il | TREATGNT M A P
o | WWW.EMCU.IT

2008 | 84

[P -4
MEOE | s8d | g | sea
ACCLBATE i

]
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YI NEW INTELLIGENT POWER MODULE == su,;mgg
DRIVERS -

STGIPS14K60 / STGIPL14K60

STGIPS10K60A HVGD
HVGD
3 BOOTSTRAP DRIVER Vbot -
Vee | | | man poteciion
iH H: 3 DHEUgT|ON e (200ns) HIN

COMPARATOR

HIN SHOQT

THROUGH
PREVENTION

N for Over Current,
Thermal

SD/ODg b’ Protection, etc

LIN [

LEVEL uv
SHIFTER DETECTION
i)

Vref 0.54V

I
YY

OPAMP

DT § Dead Time ] for Current
: sense
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- Y/ PowerFlat 5x6 D.|

= SILICA

An Avnet Company

Vps[V] Part number RDS([Or;])((ITaX) Autgorrg(;):ve Technology Status
30 STL40DN3LLH5 18 _ STripFET V Active
30 STL60N32N3LL 9.2/5.5 _ STripFET V Active
30 STL65DN3LLH5 6.5 _ STripFET V Active
30 STL66DN3LLH5 6.5 Yes STripFET V Active
40 STL15DN4F5 9 Yes STripFET V Active
60 STL7DNG6LF3 43 Yes StripFET 1l Active
60 STL8DNG6LF3 30 Yes StripFET 11l Active
100 STL8DN1OLF3 35 Yes StripFET 11l Active
150 STL10DN15F3 220 - StripFET 1l Active
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Thanits for your attention

Simone Franceschin — Silica FAES

simone.franceschin@silica.com
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