ALLEGRO A4975

microsystems

Full-Bridge PWM Microstepping Motor Driver

FEATURES AND BENEFITS DESCRIPTION

= £1.5 A continuous output current The A4975 is designed to drive one winding of a bipolar
= 50 V output voltage rating stepper motor in a microstepping mode. The outputs are rated
= Internal PWM current control for continuous output currents to 1.5 A and operating voltages
= 3-bit nonlinear DAC to 50 V. Internal pulse-width-modulated (PWM) current
= Fast, mixed fast/slow, and slow current decay modes control combined with an internal three-bit nonlinear digital-
= Internal thermal shutdown circuitry to-analog converter allows the motor current to be controlled
= Crossover-current and UVLO protection in full-, half-, quarter-, or eighth-step (microstepping) modes.

Nonlinear increments minimize the number of control lines
necessary for microstepping. Microstepping provides increased
PACKAGES: step resolution and reduces torque variations and resonance
problems at low speed.

Internal circuitry determines whether the PWM current control
circuitry operates in a slow (recirculating) current decay mode,
fast (regenerative) current decay mode, or in a mixed current
decay mode in which the off-time is divided into a period of
fast current decay and with the remainder of the fixed off-time
spent in slow current decay. The combination of user-selectable
current-sensing resistor and reference voltage, digitally selected
output current ratio, and slow, fast, or mixed current decay modes
provides users with a broad, variable range of motor control.

Package B, 16-pin DIP Package LB, 16-pin SOIC
with exposed tabs with internally fused pins

Not to scale Continued on the next page...
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A4975

Full-Bridge PWM Microstepping Motor Driver

DESCRIPTION (CONTINUED)

Internal circuit protection includes thermal shutdown with hysteresis,
an undervoltage monitor, and crossover-current protection. Special
power-up sequencing is not required.

The A4975 is supplied in a choice of two power packages: a 16-pin
dual in-line plastic package with copper heat-sink tabs (suffix ‘B”),
and a 16-lead plastic SOIC with internally fused pins (suffix ‘LB”).

SELECTION GUIDE

For both package styles, the thermally enhanced pins are at ground
potential and need no electrical isolation. Both packages are lead

(Pb) free, with 100% matte tin leadframe plating.

Part Number Packing

Package

*

16-pin DIP with exposed thermal tabs

25 per tube

A4975SLBTR-T 16-pin SOICW with internally fused pins

1000 per reel

* A4975SB-T is no longer in production. The device should not be purchased for new design applications. Samples are no
longer available. Date of status change: July 2, 2018. For existing customer transition, and for new customers or new appli-

cations, use A4975SLBTR-T.

ABSOLUTE MAXIMUM RATINGS
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Characteristic Symbol Notes Rating Units

Load Supply Voltage Ve 50 \

Logic Supply Voltage Vee 6 \%

Logic/Reference Input Voltage Range Vin -0.3t0 6 \%

Sense Voltage Vs 0.5 Vv
Output current rating may be limited by duty cycle, ambient

our | lepertis, andneat snkng. nderany setofeondtors 0 | y1s |
ture of 150°C.

Package Power Dissipation Pp See graph (p. 3) w

Operating Ambient Temperature Ta Range S —20to 85 °C
Fault conditions that produce excessive junction temperature

Maximum Junction Temperature T,(max) will activate the device’s thermal shutdown circuitry. These 150 °C
conditions can be tolerated but should be avoided.

Storage Temperature Tstg —-55to0 150 °C
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A4975 Full-Bridge PWM Microstepping Motor Driver

THERMAL CHARACTERISTICS

Characteristic Symbol Test Conditions* Value | Units

B Package, single-layer PCB, 1 in2 2-0z. exposed copper 43 °C/W

Package Thermal Resistance, Junction to Ambient Raya
LB Package, 2-layer PCB, 0.3 in2 2-0z. exposed copper each side 67 °C/W

Package Thermal Resistance, Junction to Tab Reyt 6 °C/W

*Additional thermal information available on Allegro website.

R gy = 6.0°C/W

\SUFFIX 'B', Ry = 4FCW
| \\ L

~ \
SUFFIX 'LB', R g 4 = 67°CIW \
I

25 50 75 100 125 150
TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION (W)
N
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ELECTRICAL CHARACTERISTICS: Valid at Tp = 25°C, Vcc = 4.5 to 5.5 V,unless otherwise noted

Downloaded from AFFOW.COmM.
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Characteristic | Symbol | Test Conditions Min. | Typ. | Max. Unit
POWER OUTPUTS
Load Supply Voltage Range Vg Operating 5 - 50 \%
Voutr =V - <1.0 50 A
Output Leakage Current lcex ouT” T8 H
Vour=0V - <-1.0 -50 MA
. Total Sink + Source, loytr=1.5A,
Output Resistance Rps Ves > 8V, T, = 25°C — 1 14 Q
| Do=Dy =D, =V, - 500 700 A
Motor Supply Current (No Load) B8ON) 0 ! 2 N s
Iseorr) | Do =D = D2 = Vi) - 250 500 pA
CONTROL CIRCUITRY
Logic Supply Voltage Range Vee Operating 4.5 5.0 5.5 \Y
Reference Voltage Range VRer Operating 0.5 — 25 \
UVLO Enable Threshold Vuvio Vee=0—-5V 3.35 3.7 4.05 \%
UVLO Hysteresis AVyuvLo 0.3 0.45 0.6 \Y
| Do=D41=D, =V, - 2.7 - mA
Logic Supply Current ceion 0 ! 2 Ay
lccorr) | Do =D1 =Dz = Vinp) - 2.7 - mA
V|N(1) VCC x 0.55 - - Vv
Logic Input Voltage Ve X
Vino - - oz |V
. IIN(1) V|N = VCC =5V - 0 -10 }JA
Logic Input Current
IIN(O) V|N =0 V, VCC =5V - -106 —-200 [.IA
Slow Current Decay Mode 3.5 - - \%
Mixed-Decay Comparator Trip Points Verp Mixed Current Decay Mode 1.1 — 3.1 \Y
Fast Current Decay Mode - - 0.8 \%
Mixed-Decay Comparator Input Offset
Voltage g P P Vioro) - 0 +50 mV
Mixed-Decay Comparator Hysteresis AVioPFD) 5 25 55 mV
Reference Input Current IRer Vrep =0.5t02.5V - - +5.0 MA
Reference Divider Ratio Vrer/Vs | Attrip, Do = D1 =Dz = Ving) — 5 - -
. 1.0V <Vgg<25V = = +3.0 %
Digital-to-Analog Converter Accuracy* -
05V<Vge<s10V - - + %
Continued next page...
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A4975 Full-Bridge PWM Microstepping Motor Driver

ELECTRICAL CHARACTERISTICS (continued): Valid at T = 25°C, Vcc = 4.5 to 5.5 V, unless otherwise noted

Characteristic | Symbol | Test Conditions | Min. | Typ. | Max. | Unit

CONTROL CIRCUITRY (continued)

Cg;r:gtt-\?;tnas;egomparator Input Vios) Vier = 0V . . +5.0 mv
Do = D1 =D2 = ViN) — 0 — %
Do = Vin(1), D1 = D2 = Vin() — 19.5 — %
Do = Vinoy: D1 = Ving), D2 = Viney — 38.2 — %

Step Reference Current Ratio SRCR Do = D1 = Vinct. D2 = Vinoy — 255 — %
Do = D1 = Vino), D2 = Ving) — 70.7 — %
Do = Vi), D1 = ViNo), D2 = Ving) — 83.1 — %
Do = Vino), D1 = D2 = Vi) — 92.4 — %
Do = Dy = D2 = Vin1y — 100 — %

Thermal Shutdown Temperature T, — 165 — °C

Thermal Shutdown Hysteresis ATy — 15 — °C

AC TIMING

PWM RC Fixed Off-Time torrrc Ct =470 pF, Rr=43kQ 18.2 20.2 22.3 us

PWM Minimum On-Time ton(min) I\gii oo Rr=43ka, Cr=470pF, 0.8 16 22 us

* The total error for the Vgeg/Vs function is the sum of the D/A error and the current-sense comparator input offset voltage.

Table 1 — PHASE Truth Table Table 3 — DAC Truth Table
PHASE OUTa OUTs DAC DATA Current

H H L D2 D1 Do Ratio, % VREFNS

L L H H H H 100 5.00

H H L 92.4 5.41

Table 2 — PFD Truth Table H L H 83.1 6.02

Voro Description H L L 70.7 7.07

235V Slow Current Decay Mode L H H 55.5 9.01

1.1Vto 3.1V Mixed Current Decay Mode L H L 38.2 13.09

<0.8V Fast Current Decay Mode L L H 19.5 25.64

L L L All Outputs Disabled

where Vs = ItrpxRs. See Applications section.
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A4975 Full-Bridge PWM Microstepping Motor Driver

LOAD
SUPPLY

Note the A4975SB (DIP) and the A4975SLB | 14| Dy
(SOIC) are electrically identical and share a
common terminal number assignment. 3 | GROUND

Terminal Functions

Terminal Name Description
1 PFD (Percent Fast Decay) The analog input used to set the current decay mode.
2 REF (Vrer) The voltage at this input (along with the value of Rs and the states of DAC inputs
Do, D1, and D») set the peak output current.
3 RC The parallel combination of external resistor Rt and capacitor C+ set the off time for the
PWM current regulator. Cy also sets the blanking time.
4-5 GROUND Return for the logic supply (Vcc) and load supply (Vgg); the reference for all voltage
measurements.
6 LOGIC SUPPLY| (Vcc) Supply voltage for the logic circuitry. Typically = 5 V.
7 PHASE The PHASE input determines the direction of current in the load.
8 D, (DATA;) One-of-three (MSB) control bits for the internal digital-to-analog converter.
9 D (DATA+) One-of-three control bits for the internal digital-to-analog converter.
10 OUTp One-of-two output load connections.
11 SENSE Connection to the sink-transistor emitters. Sense resistor Rg is connected between this
point and ground.
12-13 GROUND Return for the logic supply (Vcc) and load supply (Vgg); the reference for all voltage
measurements.
14 Do (DATA) One-of-three (LSB) control bits for the internal digital-to-analog converter.
15 OUTg One-of-two output load connections.
16 LOAD SUPPLY | (Vgg) Supply voltage for the load.

™ Allegro MicroSystems
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Manchester, NH 03103-3353 U.S.A.
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Functional Description

Two A4975 full-bridge PWM microstepping motor drivers are
needed to drive the windings of a bipolar stepper motor. Inter-
nal pulse width modulated (PWM) control circuitry regulates
each motor winding current. The peak motor current is set by
the value of an external current-sense resistor (Rg), a reference
voltage (Vgrer), and the digital-to-analog converter (DAC) data
inputs (D, Dy, and D).

To improve motor performance, especially when using sinusoi-
dal current profiles necessary for microstepping, the A4975 has
three distinct current decay modes: slow decay, fast decay, and
mixed decay.

PHASE Input. The PHASE input controls the direction of
current flow in the load (table 1). An internally generated dead
time of approximately 500 ns prevents crossover currents that
could occur when switching the PHASE input.

DAC Data Inputs (Do, D4, D2). A non-linear DAC is used
to digitally control the output current. The output of the DAC is
used to set the trip point of the current-sense comparator. Table 3
shows DAC output voltages for each input condition. When Dy,
D, and D, are all logic low, all of the power output transistors
are turned off.

Internal PWM Current Control. Each motor driver
contains an internal fixed off-time PWM current control circuit
that limits the load current to a desired value (Itgip). Initially, a
diagonal pair of source and sink transistors are enabled and cur-
rent flows through the motor winding and Rg (figure 1). When
the voltage across the sense resistor equals the DAC output volt-

RS ! Q(ixg_(»)urrent (Normal)
: V Recirculation (Fast Decay)

............ e
Recirculation (Slow Decay)
—

Figure 1 — Load-Current Paths

age the current-sense comparator resets the PWM latch, which
turns off the source drivers (slow decay mode) or the sink and
source drivers (fast- or mixed decay mode).

With the DAC data input lines at Vin(y voltage, the maximum
value of current limiting is set by the selection of Rg and Vggp
with a transconductance function approximated by:

Itrip = Vrer/ SRs.

The actual peak load current (Ipgak) will be slightly higher than
Itrip due to internal logic and switching delays. The driver(s)
remain off for a time period determined by a user-selected
external resistor-capacitor combination (RrCr). At the end of
the fixed off-time, the driver(s) are re-enabled, allowing the load
current to increase to Itrip again, maintaining an average load
current.

The DAC data input lines are used to provide up to eight levels
of output current. The internal 3-bit digital-to-analog converter
reduces the reference input to the current-sense comparator

in precise steps (the step reference current ratio or SRCR) to
provide half-step, quarter-step, or “microstepping” load-current
levels.

ITR]p ~ SRCR x VREF/ SRS

Slow Current Decay Mode. When Vppp > 3.5V, the
device is in slow current decay mode (the source drivers are
disabled when the load current reaches Itgjp). During the fixed
off-time, the load inductance causes the current to recirculate
through the motor winding and sink drivers (see figure 1). Slow
decay mode produces low ripple current for a given fixed off-
time (see figure 2). Low ripple current is desirable because the
average current in the motor winding is more nearly equal to

E— [
s~a._ PEA 'l-- -—. L
<= SLOW (Vpep235V)

-~ -
Seam

<«——— MIXED (1.1V<Vpep<31V)

ST FAST (Vpep<08V)

< torF ¥ §

Dwg. WP-031-1

Figure 2 — Current Decay Waveforms
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A4975 Full-Bridge PWM Microstepping Motor Driver

the desired reference value, resulting in increased motor perfor-
mance in microstepping applications.

For a given level of ripple current, slow decay affords the lowest
PWM frequency, which reduces heating in the motor and driver
IC due to a corresponding decrease in hysteretic core losses and
switching losses respectively. Slow decay also has the advantage
that the PWM load current regulation can follow a more rapidly
increasing reference before the PWM frequency drops into the
audible range. For these reasons, slow decay mode is typically
used as long as good current regulation can be maintained.

™

Under some circumstances slow decay mode PWM can fail to
maintain good current regulation:

S . A — Slow-Decay
1) The load current will fail to regulate in slow decay mode due

to a sufficiently negative back-EMF voltage in conjunction with
the low voltage drop across the load during slow decay recircula-
tion. The negative back-EMF voltage can cause the load current
to actually increase during the slow decay off time. A negative
back-EMF voltage condition commonly occurs when driving
stepping motors because the phase lead of the rotor typically
causes the back-EMF voltage to be negative towards the end of
each step (see figure 3A).

2) When the desired load current is decreased rapidly, the slow
rate of load current decay can prevent the current from following
the desired reference value.

3) When the desired load current is set to a very low value, the
current control loop can fail to regulate due to its minimum duty B — Fast-Decay
cycle, which is a function of the user-selected value of topr and
the minimum on-time pulse width tynmin) that occurs each time
the PWM latch is reset.

Fast Current Decay Mode. When Vprp < 0.8 V, the
device is in fast current decay mode (both the sink and source
drivers are disabled when the load current reaches Itgip, and the
opposite pair is turned on). During the fixed off-time, the load
inductance causes the current to flow from ground to the load
supply via the motor winding and the opposite pair of transistors
(see figure 1). Because the full motor supply voltage is across
the load during fast-decay recirculation, the rate of load current
decay is rapid, producing a high ripple current for a given fixed
off-time (see figure 2). This rapid rate of decay allows good cur-
rent regulation to be maintained at the cost of decreased average
current accuracy or increased driver and motor losses.

C — Mixed-Decay

Figure 3 — Sinusoidal Drive Currents
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Mixed Current Decay Mode. If Vpgp is between 1.1 V
and 3.1V, the device will be in a mixed current decay mode.
Mixed decay mode allows the user to achieve good current
regulation with a minimum amount of ripple current and motor/
driver losses by selecting the minimum percentage of fast decay
required for their application (see also the Stepper Motor Appli-
cations section).

As in fast current decay mode, mixed decay starts with the sink
and source drivers disabled and the opposite pair turned on after
the load current reaches Itrip. When the voltage at the RC termi-
nal decays to a value below Vpgp, the sink drivers are re-enabled,
placing the device in slow current decay mode for the remainder
of the fixed off-time (figure 2). The percentage of fast decay
(PFD) is user determined by Vpgp or two external resistors.

PFD =100 In (0.6[R;+R,]/R;)
where:

cC

PFD

Ro

Fixed Off-Time. The internal PWM current control circuitry
uses a one-shot to control the time the driver(s) remain(s) off.
The one-shot off-time, topg, is determined by the selection of
an external resistor (Rr) and capacitor (Cr) connected from the
RC timing terminal to ground. The off-time, over a range of
values of Ct =470 pF to 1500 pF and Ry = 12 kQ to 100 kQ, is
approximated by:

torr = RyCr.

When the load current is increasing but has not yet reached the
sense-current comparator threshold (Itrip), the voltage on the RC
terminal is approximately 0.6 X Ve, When Igyp is reached, the
PWM latch is reset by the current-sense comparator and the voltage
on the RC terminal will decay until it reaches approximately 0.22 x
Vce. The PWM latch is then set, thereby re-enabling the driver(s)
and allowing load current to increase again. The PWM cycle
repeats, maintaining the peak load current at the desired value.

With increasing values of torr, switching losses will decrease,
low-level load-current regulation will improve, EMI will be
reduced, the PWM frequency will decrease, and ripple current
will increase. A value of topr can be chosen for optimization
of these parameters. For applications where audible noise is a
concern, typical values of topp are chosen to be in the range of
15 to 35 ps.

RC Blanking. In addition to determining the fixed off-time of
the PWM control circuit, the Ct component sets the comparator
blanking time. This function blanks the output of the current-
sense comparator when the outputs are switched by the internal
current-control circuitry (or by the PHASE input, or when the
device is enabled with the DAC data inputs). The comparator
output is blanked to prevent false overcurrent detections due to
reverse recovery currents of the clamp diodes, and/or switching
transients related to distributed capacitance in the load.

During internal PWM operation, at the end of the togr time, the
comparator’s output is blanked and Ct begins to be charged
from approximately 0.22 x V¢ by an internal current source of
approximately 1 mA. The comparator output remains blanked
until the voltage on Cr reaches approximately 0.6 x V¢c. The
blanking time, tg; ANk, can be calculated as:

tgrank = RrCr In (Ry/[Rr — 3 k€Q]).

When a transition of the PHASE input occurs, Cr is discharged
to near ground during the crossover delay time (the crossover
delay time is present to prevent simultaneous conduction of the
source and sink drivers). After the crossover delay, Cr is charged
by an internal current source of approximately 1 mA. The com-
parator output remains blanked until the voltage on Ct reaches
approximately 0.6 x V¢c.

Similarly, when the device is disabled, via the DAC data inputs,
Cr is discharged to near ground. When the device is re-enabled,
Cr is charged by an internal current source of approximately |
mA. The comparator output remains blanked until the voltage on
Cr reaches approximately 0.6 x V. The blanking time, tgp ank,
can be calculated as:

tBLANK = RTCT In ([RT -1.1 kQ]/RT -3 kQ)

The minimum recommended value for Cr is 470 pF + 5 %. This
value ensures that the blanking time is sufficient to avoid false
trips of the comparator under normal operating conditions. For
optimal regulation of the load current, this value for Cr is recom-
mended and the value of Ry can be sized to determine topr.
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Thermal Considerations. Thermal protection circuitry
turns off all output transistors when the junction temperature
reaches approximately +165°C. This is intended only to protect
the device from failures due to excessive junction temperatures
and should not imply that output short circuits are permitted. The
output transistors are re-enabled when the junction temperature
cools to approximately +150°C.

Stepper Motor Applications. The A4975 is used to
optimize performance in microstepping/sinusoidal stepper motor

BRIDGE A

drive applications (see figures 4 and 5). When the load current

is increasing, the slow current decay mode is used to limit the
switching losses in the driver and iron losses in the motor. This
also improves the maximum rate at which the load current can
increase (as compared to fast decay) due to the slow rate of decay
during topp. When the load current is decreasing, the mixed cur-
rent decay mode is used to regulate the load current to the desired
level. This prevents tailing of the current profile caused by the
back-EMF voltage of the stepper motor (see figure 3A).

BRIDGE B

I\

Dwg. EP-047-3

Figure 4 — Typical Application

MIXED DECAY SLOW DECAY

MIXED DECAY SLOW DECAY

Dwg. WK-004-3

Figure 5 — Microstepping/Sinusoidal Drive Current
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Table 4 — Step Sequencing

Bridge A Bridge B
Full Half Quarter Eighth

Step Step Step Step PHASEA D2A D1A DOA ILOADA PHASEB DZB D1B DOB ILQADB
1 1 1 1 H H L L 70.7% H H L L 70.7%
2 H L H H 55.5% H H L H 83.1%
2 3 H L H L 38.2% H H H L 92.4%
4 H L L H 19.5% H H H H 100%
2 3 5 X L L L 0% H H H H 100%
6 L L L H -19.5% H H H H 100%
4 7 L L H L -38.2% H H H L 92.4%
8 L L H H -55.5% H H L H 83.1%
2 3 5 9 L H L L -70.7% H H L L 70.7%
10 L H L H -83.1% H L H H 55.5%
6 11 L H H L -92.4% H L H L 38.2%
12 L H H H -100% H L L H 19.5%

4 7 13 L H H H -100% X L L L 0%
14 L H H H -100% L L L H -19.5%
8 15 L H H L -92.4% L L H L -38.2%
16 L H L H -83.1% L L H H -55.5%
3 5 9 17 L H L L -70.7% L H L L -70.7%
18 L L H H -55.5% L H L H -83.1%
10 19 L L H L -38.2% L H H L -92.4%
20 L L L H -19.5% L H H H -100%
6 11 21 X L L L 0% L H H H -100%
22 H L L H 19.5% L H H H -100%
12 23 H L H L 38.2% L H H L -92.4%
24 H L H H 55.5% L H L H -83.1%
4 7 13 25 H H L L 70.7% L H L L -70.7%
26 H H L H 83.1% L L H H -55.5%
14 27 H H H L 92.4% L L H L -38.2%
28 H H H H 100% L L L H -19.5%

8 15 29 H H H H 100% X L L L 0%
30 H H H H 100% H L L H 19.5%
16 31 H H H L 92.4% H L H L 38.2%
32 H H L H 83.1% H L H H 55.5%

11
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B package 16-pin DIP

19.05+0.25

B s 41
AT ATATA
_5.33 MAX
1
1.27 MIN

+0.25 —»|

152 38
—o| |— 046 £0.12

+0.38
1092 75 762

For Reference Only

(reference JEDEC MS-001 BB)

Dimensions in millimeters

Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

ATerminal #1 mark area
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LB package 16-pin SOICW

For Reference Only — Not for Tooling Use
(Reference Allegro DWG-0000388, Rev. 1 and JEDEC MS-013AA)
NOT TO SCALE
Dimensions in millimeters
Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
Exact case and lead configuration at supplier discretion within limits shown

——— 1021 £0.10 —————— P> 8°

i)

0.32
0.23

z +2°
(

- 750010 10.31+£0.20 -+

0.76 £0.25

140 REF

Branded Face
/ 0.25 Bsc—VI
|

| SEATING PLANE

- Dﬂm;mmm;ﬁ o o
oo ¢ _+ SEATING
t PLANE
127Bsc—>| I(— 030

0.10
0.41£0.05

—>| 1.27 I(— XXXXXXXX
4 Date Code

Lot Number

EHHHEHHBE}T

/&\ Standard Branding Reference View

Line 1, 2, 3 = 12 Characters

-t Line 1: Part Number
Line 2: Logo A, 4 digit Date Code
Line 3: Assembly Lot Number

_ A Terminal #1 mark area
A Branding scale and appearance at supplier discretion

A Reference land pattern layout (reference IPC7351 SOIC127P600X175-8M);

A EQ&LQMBMDM@W all pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary

to meet application process requirements and PCB layout tolerances
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A4975 Full-Bridge PWM Microstepping Motor Driver

Revision History

Number Date Description
1 May 31, 2013 Update functional block diagram
2 June 5, 2017 Updated product offerings
3 January 8, 2018 Updated A4975SB-T product status
4 July 2, 2018 Updated A4975SB-T product status to LTB
5 January 29, 2019 Updated A4975SB-T product status to obsolete
6 February 3, 2020 Minor editorial updates
7 January 31, 2022 Updated package drawing (page 14)
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