Lyz 305 THOMSON

GS-D200M

2.5A MICROSTEP DRIVE MODULE FOR STEPPER MOTORS

FEATURES

Wide supply voltage range (12 to 40V)
High peak phase current (2.5Apk)

1/128 phase current resolution

Logic signals TTL/CMOS compatible
Direct interface to microprocessors
Chopping regulation of the phase current
Programmable peak motor phase current
= Remote inhibitlenable

m Thermal protection

DESCRIPTION

The GS-D200M is a module specifically designed
to drive bipolar stepper motors in the microstep
mode.

The unit interfaces the microprocessor as a parallel
port and two phase, bipolar, permanent magnet
stepper motor.

The phase current (upto 2.5Apk) is controlled ina
chopping mode by using a mixed recirculation
method that allows the best overall system per-
formance.

The microstep per step rate is determined by the
microprocessors software according to the applica-
tion requirement; the maximum resolution of the
phase current is 1/128 of the peak value.

The two phases of the motor are driven by two
internal and separate H-bridges made of powerfets
to minimize the commutation and conduction
losses.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs DC Supply Voltage 42 \%
Vss DC Logic Supply Voltage 7 \%
Tstg Storage Temperature Range —40to +105 °C
Tcop Operating Case Temperature Range —20to +85 °C
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ELECTRICAL CHARACTERISTICS (Ta =25°C and Vs=24V unless otherwise specified)

Value
Symbol Parameter Test Conditions _ Unit
Min Typ Max
Vs DC Supply Voltage 12 40
Vss DC Logic Supply Voltage 4.75 5 5.25 \%
Is Quiescent Supply Current 20 mA
Iss Quiescent Logic Supply Current Vss =5V 60 mA
Iph Phase Peak Current 25 A
Vdr Voltage Drop Iph = 2A 25 \%
Vi Logiclnput Voltage Low 0.8 v
High 2 Vss
Vo Logic Output Voltage Low 0.8 v
High 2 Vss
toff Recirculation Time 32 us
Ds Selectand Data to Strobe Set Up Time 100 ns
Dh Select and Data to Strobe Hold Time 600 ns
Stpw Strobe Pulse Width 700 ns
Csrt Data Uptdating Frequency 400 kHz
Rth Case to Ambient Thermal Resistance 5 °C/IW

Figure 1. Signals Timing
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Figure 2. GS-D200M Equivalent Block Diagram
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Figure 3. Interfacing the GS-D200M to a Microprocessor and to Stepper Motor.
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PIN DESCRIPTION

Pin Function Description
1 Vss 5V supply input. Maximum voltage must not exceed 7V.
Phase logic information.
2 Phase This input, normally connected to bit7 of the data bus, determines the direction of
conduction for the addressed power driver.
3 D6
4 D5
5 | D4 . N .
Data inputs. The value present on these inputs is stored into the addressed DAC latch
6 D3 during the high-to-low transition of the STROBE input.
7 D2
8 D1
9 Do
10 CS Chip select input. Data can be stored into DAC latches only when CS is low.
1 STROBE Latches strobe command. The data present on the bus is transfered to the addressed
DAC latch on the high-to-lbw transition of this input.
12 A/B DAC latch selection input. When high the ADAC is addressed.
13 Vss 5V supply input. Maximum voltage must not exceed 7V.
14 REFout Eeet{ienrg.nce output. A 2.5V referencevoltage is available on this pin for phase current
15 loset Current setting input. A resistor connected between pin 14 and this pin sets the phase
ose current peak value.
16 RtA Phase A ripple current setting resistor.
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GS-D200M

PIN DESCRIPTION (Cont'd)

17 RtB Phase B ripple current setting resistor.
18 DISABLE Et(;\gg; ?(;i\f/l((e)ra?isable logic input. When high or unconnected causes the output power
19 GND Return path for the logic.
20 GND Return path for the logic.
o1 | vs Module and motor supply voltage.

Maximum voltage must not exceed 40V.
22 D D output. A motor winding is connected between D and C outputs.
23 C C output. A motor winding is connected between C and D outputs.
24 B B output. A motor winding is connected between B and A outputs.
25 | A Aoutput. A motor winding is connected between Aand B outputs.
26 GND1 Ground path for the motor current.

Figure 4. Connection Diagram (Bottom view)
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MICROSTEPPING BASICS

Stepping motors have the advantage to be usable
in an open-loop system’s architecture that controls
speed and positioning.

However, they exibit also two major limitations on
achievable resolution and mechanical resonance.
The microstepping mode of operation can pratically
eliminate these two limitations.

Figure 5. Two-Phase-on (Normal mode) Drive.

Resolution Improvement Through Microstep-
ping

Basically, microstepping is achieving finer electrical
resolution than is offered by conventional full-step
and half-step driving.

A typical and simplified two-phase-on (normal
mode) drive of a stepping motor is shown in fig. 5.

CLOCK
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Figure 6. Phase Current for Four Full Step.

Figure 7. Microstepping

Ih
s

A full cycle (360 electrical degrees) of the driving
signals generate exactly four full steps (one torque
cycle).

One full step is, therefore, equivalent to 90° of
electrical signal.

This is equivalent to have two windings with current
la and Ip mechanically placed at 90° along x, y, axis
as shown in fig. 6. The two currents have discrete
values: 0, +1, —1.

The torque T is proportional to the current in the
motor winding and the resultant torque is the vector
sum of the individual torques produced by phase a
and phase b current. The motion direction is deter-
mined by the direction of the current flow.

From fig. 6, it is evident that to reduce the mechani-
cal step angle, the torque vector should have more
than the 4 position indicated by the crosses.

The ideal situation would be for the resultant torque
vector to fallin a unit circle for all positions as shown
in fig. 7.

This would occur if the winding current rather than
square waves as shown in fig. 5 are orthogonal
functions, such as sine and cosine.

In fig. 7 four microsteps/step are shown. The corre-
spondent phase currents are shown in fig. 8.

Figure 8. Phase Current Profile for 4 mi-
crosteps/step
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Substantially, the microstepping mode is obtained
by subdividing each full step into a fixed number of
microsteps; this, in turns, is obtained by driving the
motor winding with intermediate current levels.

The higher the number of intermediate levels, the
closer the torque vector will follow the unity circle of
fig. 7. However, the mechanical characteristics of
the motor in response to these intermediate levels
will make useless a very high number of levels: in
the GS-D200M, the maximum number of mi-
crosteps/step is fixed at 128.

Real motors have multiple poles pairs to reduce the
step angle to a few mechanical degrees for a full
step.

Most steppers have resolution of 200 steps/revolu-
tion i.e. 1.8° per full step.

The finer electrical resolution obtained by 128 mi-
crosteps/step is more than adequate for practical
application.

Mechanical Resonance Improvement

Microstepping can help smooth out the mechanical
motion of a stepper motor.

Large pulse drive waveforms encountered in full
step mode create mechanical forces that may
translate into mechanical resonances in a position-
ing system.

These resonances are also depending on load
characteristics and they are difficult to control be-
cause of low damping capability of stepper motors.
Resonance may cause loss of synchronization i.e.
the motor can skip or gain a step.

Microstepping reduces large current transients and
it is beneficial in reducing or eliminating the reso-
nance problem.

GS-D200M DESCRIPTION

The block diagram of the module is shown infig. 2.
The GS-D200M implements all the functions
needed to achieve intelligent power drive of a step-
per motor in a microstep mode.

The two functions, sine and cosine, are digitized,
stored in alook-up-table of the external microproces-
sor and supplied to the module.

The magnitude only of the two signals is sufficient
since the software cantake into account the signi.e.
the direction.

The typical waveform has the form of arectified sine
wave as shown in fig. 9.

The current waveform can also be modified, via
software, to take into account motor resonance and
damping.
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Figure 9. Digitized, Rectified Sine Wave

The GS-D200M includes two data latches that can
be easily interfaced to a microprocessor, either to
an I/O port or directly on the data bus of the system.
Using these two latches, the microprocessor can
indipendently set both the level and the direction of
the current flow in each winding of the stepper
motor.

In the 8 bit word of the microprocessor, 7 bits can
be used to digitize the sine, cosine functions so
achieving 128 levels while the Most Significant Bit
can be used as a sign bit (direction).

The 7 bits are indicated as DO.....D6 while the MSB
is named phase (Ph).

Three additional pins are present onthe GS-D200M
for the micro data processing. The data of the
microprocessor can be stored into the latches just
when the Chip Select pin (CS) is low. The data
transfer into the selected modules occursduring the
high-to-low transition of the STROBE pin.

The proper latchinside the GS-D200M is selected
by the A/B pin: when high the Alatch is addressed.
The conversion ofthe digital information in the latch
into an analog signal that sets the current level is
performed by a couple of 7-bit D/A converters.
The two analog signals, after proper condition-
ing for current control, drive two H-powerfet
bridges that can directly interface the two motor
windings.
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CURRENT CONTROL INSIDE THE GS-D200M.

The peak current delivered by the H-bridges can be
programmed externally up to 2.5Apk max.

To this purpose a resistor must be connected be-
tween the pins REFout and lpset. This resistor fixes
the current to voltage conversion of the two D/A
converters that employ a current switch approach
toreach a setting time of less than 2ps.

The value of the current programming resistor is
given by:

Ri = (3.2/Ipk — 1) kQ.
where Ipk = phase peak current.

The minimum value of Ri is 280Q that corresponds
to the maximum current of 2.5Apk.

The phase current level control of the GS-D200M
is achieved by a chopping mode.

The Pulse Width Modulation (PWM) that could be
used to achieve a chopping mode can exhibit some
stability problems if the switching duty-cycle ex-
ceeds 50%.

For this reason the GS-D200M uses Frequency
Modulation switching control.

This techniques uses fixed off duration from the
moment the output current exceeds the reference
level established by the D/A converters.

Referring to the block diagram of fig. 2, the phase
current of each bridge is sensed by Rsense, ampli-
fied and fed to one input of a comparator, being the
other input connected to the D/Aoutput.

When the phase current exceeds the level fixed by
the D/A, a monostable pulse generator is triggered
by the comparator and it disables the H-bridge for
a time duration of 32us that is fixed inside the
module. During the off-time the current decays. At
the end of the off-time, a new cycle is started, the
H-bridge is enabled again and the phase current
starts to rise again according to the L/R time con-
stant of the motor winding. The on-time depends on
the supply voltage, the L/R constant and the Elec-
tromotive force of the motor.

Therefore the total time (on+off) is never constant
and the switching frequency is self adapting to the
dynamic behaviour requested by microstepping.

The amount of current decay during the fixed off-
time depends on the method used to recirculate the
current: slow or fast.

The method for slow decay is shown in fig. 10.
During the on-time both Q1 and Q2 are on. The total
voltage VaB applied to the winding is:

(Vs — Vsat1) — (Vsat2 + Vsense)

where Vs = supply voltage, Vsat1 = saturation volt-
age of Q1, Vsat2 = saturation voltage of Q2, Vsense
= voltage drop on the sensing resistor.

The current flow is indicated by the solid line of fig. 10.

Figure 10. Chopper Control with Slow Decay
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If, during the off-time, Q2 is switched off, the current
stored in the winding will flow through D3 (see
dotted line of fig. 10) and VB will raise the Vs+Vd
being V4 the voltage drop of D3.

The total voltage applied to the winding during the
off-time is, therefore, Vsat1+Vd and the current de-
cay is slow. The method for fast decay is shown in
fig. 11.

During the on-time both Q1 and Q2 are ON as in
the previous case.

During the off-time both Q1 and Q2 are switched
OFF and the current flows through D4 and D3
(dotted line of fig. 11).

During the off-time the voltage applied to the wind-
ing is:

(Vs + Vd) — (Vd + Vsense)

(37 SGS:THOMSON o4
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Figure 11. Chopper Control with Fast Decay

Figure 12. On-time for Slow and Fast Decay
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If the Vd and Vsense are negligible compared to Vs,
the slope of the current decay is practically equal to
the slope of the current rise during the on-time.
The decay can be very fast depending onthe value
of Vs, R, Land EMF.

Both methods (slow, fast decays) have advantages
and disadvantages.

The disadvantage ofthe fast decay is a higher ripple
current due to the chopping action.

The disadvantage of slow decay is the reduced
on-time.

In steady state conditions, the amount of decay
during off-time is equal to the amount of current rise
during the on-time.

Fig. 12 shows a qualitative behaviour of the ripple
current in the two cases.

During the off-time the slope did/dt are different
because of the different voltage applied to the
winding during recirculation.

10/14
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During the on-time the slope dic/dt is the same on
both the cases. Being the ripple lower in the slow
decay, it takes a shorter time during the on-phase
to reach the peak current.

In some application where there is a low back EMF,
as it will occur when trying to hold a position and
Vemf becomes zero, or high supply voltage, the
minimum achievable on-time for a slow decay can
set a current level that is above the desired current
set by the D/A converter.

For a given minimum average phase current Im, the
dutycycle (ton/t = D) is given by the following for-
mula:

_ (Vs-Vsat1) D + (D — 1) Vdg-VemfVsat2 — Visense

Im
Rmotor+ Rsense

IfIm is very low, D may be prevented to be very low
by various delays, etc.

To overcome these problems and to add flexibility
to the GS-D200M a mixed decay (recirculation)
method as been adopted.

During the off-time, initially a fast decay is imposed
on the phase current. The off-time is then com-
pleted by a slow decay.

The ripple current behaviour is shown in fig. 13.

An internal monostable is triggered when the cur-
rent reaches the peak current.

This monostable switches off both Q1 and Q2 (see
fig. 11) so forcing a fast decay fora time tf.
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Figure 13. Mixed Decay Method
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After tf, Q1 is turned on again to complete the
off-time in a slow mode.

The fast decay time tf can be programmed by two
resistor connected between the Ria and R pins to

Vss (+5V).
The value of these resistors is given by:

0 0
RtA, RiB = A - 0.17kQ
07 A

where tf is in microseconds.

The GS-D200M User is therefore free to select the
proper current ripple value that best fits to his/her
needs.

USER NOTES
GS-D200M - DAC Operation

GS-D200M has two intemal DACs used to set the
current in phase AB and in phase CD. The internal
DACsare named Aand B:

- DAC A set the current in phase CD (pins 23,22)
- DAC B set the current in phase AB (pins 25,24).

To load a digital word, present on DO - D6 inputs,
on DAC Ayou haveto:

- set DO - D6 inputs, on DAC A (DO isLSB)
- setinput A/Bto logic level high

- set CSinput to logic level low

- give a STROBE signal.

(57 SGS-THOMSON
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The digital word set the current at a value given by
the relation:

lout = kaxl
127
where N is the digital value (0 to 127) and Ipk is the
maximum current set by means the resistor Ri with
the relation:

w

2 _1(kQ)
Ip

Ri=

=~

This means:

- if DO -D6 are all zeros the phase current is O (zero)
- ifDO-D6 are all ones the phase current is the maximum
value set by Ri

- other combinations on DO - D6 give a phase
current proportional to the digital value.

Example: Iph=2A, Ri= 0.6kQ

Figure 14.
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BTROBE

Phase Input (pin 2)

This pin is used to set the direction of the current in
the addressed power driver. Usually this pin is
connected to the data bus pin named D7. When this
input is at logical high level, the current flows from
B to A(phase AB)and from Cto D (phase CD); when
itis atlogical low level the current flows from Ato B
(phase AB) and from D to C (phase CD).

Example: suppose to simulate a full-step moving.
The current waveforms present on the phase out-
puts are shown in fig. 15.
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Figure 15.
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The arrows show the direction of the current in the
phases:

-when phase (D7) =1
-when phase (D7) =0

As you can see, the current changes from the
maximum value in one way to the maximum value
in the opposite way: so the digital inputs DO-D6 will
be always at logic level high (7F).

The sequence the user has to load to have the full
step mode is:

step Ph AB PhCD
D7 D6-D0 D7-DO| D7 D6-DO D7-DO
1 0 7F | 7F 1 7F | FF
2 o |7r | 7F | o | 7F | 7F
3 1 | 7F | 7F | 0o | 7F | 7F
4 1 7F | 7F 1 7F | FF
Figure 16.
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GS-D200M Inhibit/Enable

One pin (DISABLE) is provided to put the two
H-bridges in a floating mode.

To operate the GS-D200M this pin must be pulled
down.

Supply Voltage

The recommended operating maximum supply
voltage Vs is 40V inclusive of the ripple voltage,
while for Vss the voltage is 5V+5%.

The two supply voltages must be correctly se-
guenced to avoid erroneous conditions of the power
stages.

The power-up and power-down sequences are:

1) Vss (5V) is applied with Disable =High

2) Vs (the motor supply voltage) is
applied

3) After 50 ms (power-on reset time)
the phase current level can be
programmed to the proper level

4) Disable input is brougth low.

Power-up

Power-down 1) Disable is brougth High
2) Vs is switched off
3) Vss is switched off.

Case Grounding

The module case is internally connected to pin 19,
20 and 26. To obtain an effective EMI shield, the
PCB area below the module can be used as a sixth
side shield.

Thermal Characteristics

The case-to-ambient thermal resistance of the
module is 5°C/W. This produces a 50°C tempera-
ture increase of the module surface for a 10W of
internal power dissipation. According to ambient
temperature and/or to power dissipation, an addi-
tional heatsink or forced ventilation may be re-
quired.

Supply Line Impedance

The module has an internal capacitor connected
accross the supply pins to assure the circuit stabil-
ity. This capacitor cannot handle large values of
high frequency ripple current, and itis permanently
damaged if the primary voltage source impedance
is not adequate.

The use of a low ESR, high ripple current 470uF
capacitor located as close to the module as possi-
ble is recommended. Suitable capacitors should
have a RMS current capability of 2.5 ArRms with a
working voltage of 50 Vpc and an ESR of 0,1Q at
100 kHz. When space is a limit, a 22F ceramic
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multilayer capacitor connected across the module
input pins must be used.

Module Protection

The GS-D200M outputs are protected against oc-
casional and permanent short circuits of the output
pins to the supply voltage.

The thermal protection is activated when, for any
reason, the internal junction temperature reaches
150°C. The unit restarts to operate as soon as the
junction temperature falls below 130°C.

CONNECTION DIAGRAM AND MECHANICAL DATA

Motor Connection

The motor is usually quite far from the module and
long cables are needed to connect the two. The use
of a twisted pair cable with appropriate cross sec-
tion for each motor phase isrecommended to mini-
mize DC losses and RFI problems.

Unused Inputs

Allthe GS-D200M logic inputs, excluding the data-
bus, have a resistive pull-up, and they are in a high
logic state when unconnected.
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Dimensions in mm Bottomview
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringemert of patents or other rights of third parties which may result fromits use. No
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics products are not authorized for use as critical componens in life support devices or systems without express

written approval of SGS-THOMSON Microelectroncs.
0 1994 SGS-THOMSON Microelectrorics — All Rights Reserved
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