TMC428 - Application Note — Half Stepping with L9935 1
(v. 1.00 / October 1%, 2004)

N
=

TRINAMIC

MOTION CONTROL

TMC428 — Application Note

Half Stepping using L9935 Driver

TRINAMIC Motion Control GmbH & Co. KG
Sternstrasse 67

D - 20357 Hamburg

GERMANY

P+49-(0)40-514806-0
F+49 - (0)40-51 4806 - 60
www.trinamic.com
info@trinamic.com

Introduction

The build-in microstep sequencers of the TMC428 provide microstepping with different resolutions. Some
stepper motor drivers just support half stepping, which may be sufficient for some applications. This
application note describes how to configure the TMC428 to drive L9935 stepper motor drivers in current
compensated half step mode.

The performance of half stepping vs. microstepping can be simply evaluated with the TMC428-
Evaluation-Kit, which is available from TRINAMIC (please contact info@trinamic.com for details).
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Figure 1 - Half Stepping Scheme
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Interface Configuration

In half stepping with a two-phase stepper there are two different kinds of positions. Full step positions (1,
3, 5, 7 Figure 1), where both phases are switched on, and half step positions (0, 2, 4, 6 Figure 1), where
only one phase is switched on. To have a constant thermal dissipation loss, at full step positions the
currents for each phase has to be reduced by a factor of square root of two. This current compensated
half stepping can be realized as described in the following.

The L9935 datagram bits, the TMC428 primary signal mnemotics and TMC428 primary signal codes are

D7 D6 D5 | D4 D3 D2 | b1 DO
L9935 1 1 current scale phase B | phase B current scale phase A phase A
428 one one [(DACB5| DACB 4 | PHB DAC A5 | DAC A 4| PH A
signal
428 code $11 $11 $0D $0C $OE $05 $04 $06
with
D2 | b1 DO
current scale phase B | polarity of current of phase B | current of phase B
1 1 0 0 mA
1 0 0 60 mA
0 1 0 550 mA
0 0 0 900 mA
1 1 1 0 mA
1 0 1 -60 mA
0 1 1 -550 mA
0 0 1 -900 mA
D5 D4 D3
current scale phase B | polarity of current of phase B | current of phase B
1 1 0 0 mA
1 0 0 60 mA
0 1 0 550 mA
0 0 0 900 mA
1 1 1 0 mA
1 0 1 -60 mA
0 1 1 -550 mA
0 0 1 -900 mA

The microstep sequencer associated to each stepper motor individually reads DAC data words out of the
microstep look-up table (LUT) for each microstep. The microstep resolution register (usrs) setting
determines the distance between two successive microsteps (see TMC428 data sheet for details). During
power-on, all positional counters are initialized by 0. Setting the microstep resolution register (named
usrs) to 1 selects half stepping mode for the microstep sequencer of the associated stepper motor. The
microstep LUT is provided to hold 64 values of a quarter sine wave. These 64 values are indexed by the
microstep sequencer using addresses ranging from O to 63. A quarter sine wave stored in the microstep
LUT is automatically expanded to full period sine wave. If half stepping is chosen after power-on reset
before any step has been done, the microstep sequencer for each half step reads the DAC values from
the following addresses 0, 32, 63, 32, 0, 32, 63, 32, ... for phase B and 63, 32, 0, 32, 63, 32, 0, 32, ...
for phase A.
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So, to realize current compensated half stepping using the L9935 one has to write DAC values into the
TMC428 configuration RAM representing the current for the current compensated half stepping scheme.
These DAC values (the two most significant bits, representing coil currents OmA, 60mA, 550 mA, 900
mA) have to be written into the configuration RAM at 0, 32, 63. This can be easily done with the
TMC428-Evaluation-Kit software:

L"_-,TMEJ!ZB Register Set [Configuration & Microstep RAM)
Motor 1 ] M0t0r2] MotorS] Global Parameters  Fiab Table l

ol 1]lz2]3]a]s]e]l7]ls|lo|lals]lc|[n][e]|Fr] e e
oof11 11 11 11 11 10 10 07 0OF 06 OE 05 04 03 02 01 sima: [7 _
10lo0 oo oc 0B 0A 09 08 30 11 11 05 04 06 0D 0OC 2E
20011 (11 05 04 06 0D OC 2E 00 00 00 00 00 00 00 00
3000 oo 0o 00 00 00 00 00 00 00 OO0 00 00 00 00 00 Laleuiate
40lo0 0o oo oo oo 0o 00 00 00 00 00 00 OO0 00 00 00
50loo oo oo 0o 0o 00 00 00 00 00 00 00 00 00 00 00 Calulate & Wiite to RM
60lz0 00 oo 0o 0o 00 00 00 00 00 00 00 00 00 00 00
70l00 (oo oo oo oo 00 00 00 00 00 00 00 00 00 00 30
ebrreenrrrerreeenrererreeereer e ee e e
SPI Direct
""""""""""" ] ] ] ]
Fiead from Rk : oad from File..._ ’_ l_ ’_ l_
Send
Wiite to Rk Save ta File...
FF [FF [FF [FF

A configuration file is available for this (please contact info@trinamic.com for request). Additionally, the
PoDAC configuration bit has to be switched on:

,-:\_-,TMDIZB Regizter Set [Global Parameters) EE
Motor 1| Motor 2| Mator 3 Global Parameters | Rah Table |

Riead Only Fead / wiite
SPI_TELEGRAM_LOW WORD (000000 Regizter Mew Value Actual ¥ alues
" SPI_COVER_POS / SPI_COVER LEM = = B 13
SPI_TELEGR&M_HIGH_wORD 000000
= - - " SPI_COVER_TELEGRAM 040483
" Get Low/High Word
{* Stepper Motor Global Parameter Reg. 7 >| SPI_CLE_DIv 7
Reference Switches (
[~ SPI_CS [ PaoFD Copy @ 5PI_CS PaFD
Left1 @ Right1 @ [ SPI_CLK [ PaDAC @|SFI_CLEK PaDAC
[~ PoPH I~ czCaomind @ PoPH @ csComind
Left2 @ Right2 @
[~ MIR_REF |v REFML @ MIR_REF  |REFML
Left3 @ Right2 @ [+ SPI_CONTINUOS_UPD SPI_CONTIMOUS_UPD

2 ¥| LSMD

(]

SPI Telegram

TE 11 07 B2 Send 5P| Telegram
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Before starting the motor, one has to set usrs to 1, and switch off current scaling that is provided for
microstepping. Current scaling is possible also with half stepping using the L9935, but with restrictions.

The settings are as shown:

,-:\_-,TMDIZB Regizter Set [Motor 2)

I B

fotor 1 Motor 2 | hdckor 3| Global Parametersl Rt Tahlel
— Register — MNew Value — Actual Values
% TARGET | o
W ACTUAL | [T
O MIN [ 3 [T
€ AR | [T
© \V_TARGET | [T
€ V_ACTUAL | [T
O p M || j [T
€ 1_5_AGTAT /1_5_ALEAT /18 v /o THREsHOLD | ([0 (o =l P = |0 = Com || 0 @ @
© P_MUL /P_DIV E=| O] N
" REF_CONF / RisMP_MODE fooo0 o & oo b
€ INTERRUPT_MASK / INTERRUPT_FLAGS {00000 [naa00000 00000000 (00000000
& PULSDIV / RAMPDIV / iSTEP_RES EE N EENIE B fo f
" D¥_REF_TOLERANCE | [T
" %_LATCHED wirite O o reset g LP
— Read Only Values — 5Pl Telegram
z:ilg:lg[) I—IE— @ W @ ﬁ Send SPI Telegram

Now the stepper motor is driven by the L9935 with current compensated half stepping. Writing a value of
6 into the i_s vO register, automatic current scaling down to 550 mA is done for the L9935 if the
associated stepper motor is at rest.

Restrictions using Half Stepping with L9935

No step must be done with the L9935 after power-on of the TMC428 before setting the usrs register to
1.

For low resistance coils driven by the L9935, the half stepping scheme only works correctly within the
motor supply voltage range of 8V to 18V.

Microstepping with the A9372 on the TMC428-Evaluation-Kit is not possible together with the current
compensated half stepping configuration described above for the L9935.

Please refer to www.trinamic.com for updated data sheets and application notes.

The TMCtechLIB CD-ROM including data sheets, application notes, schematics of evaluation
boards, software of evaluation boards, source code examples, parameter -calculation
spreadsheets, tools, and more is available from TRINAMIC Motion Control GmbH & Co. KG by
request to info@trinamic.com
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Life support policy

TRINAMIC Motion Control GmbH & Co. KG does not
authorize or warrant any of its products for use in life
support systems, without the specific written consent of
TRINAMIC Motion Control GmbH & Co. KG.

Life support systems are equipment intended to support
or sustain life, and whose failure to perform, when
properly used in accordance with instructions provided,
can be reasonably expected to result in personal injury
or death.

© Copyright 2004, TRINAMIC Motion Control GmbH & Co.
KG

Information given in this application note is believed to be accurate
and reliable. However no responsibility is assumed for the
consequences of its use nor for any infringement of patents or other
rights of third parties which may result form its use.

Specifications subject to change without notice.
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