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Features and Benefits

* Low Rpyg(on Outputs, 0.5 Q source and sink typical
» Continuous operation at high ambient temperature
* 3.5 to 50 V supply operation

» Adaptive mixed current decay

» Synchronous rectification for low power dissipation
* Internal overvoltage and undervoltage lockout

* Hot warning and overtemperature shutdown

* Crossover-current protection

* Short circuit and open load diagnostics

« Stall detect features

* Configurable through serial interface

Applications:

* Automotive stepper motors
» Engine management
» Headlamp positioning

Package: 20-pin TSSOP with exposed
thermal pad (suffix LP)

Not to scale

Description

The A4992 is a flexible microstepping motor driver with
integrated phase current control and a built-in translator for
easy operation. It is a single chip solution designed to operate
bipolar stepper motors in full, half, quarter, eighth, and
sixteenth step modes, at up to 28 V. At power-on the A4992
is configured to drive most small stepper motors with simple
step and direction inputs.

The current regulator operates with fixed frequency PWM. It
uses adaptive mixed current decay to reduce audible motor
noise and increase step accuracy.

The current in each phase of the motor is controlled through a
DMOS full bridge using synchronous rectification to improve
power dissipation. Internal circuits and timers prevent cross-
conduction and shoot-through when switching between
high-side and low-side drives.

The outputs are protected from short circuits. Features
for low load current and stalled rotor detection are
included. Chip level protection includes hot thermal
warning, overtemperature shutdown, and overvoltage and
undervoltage lockout.

An optional serial interface mode, using the STEP, DIR, and
MS inputs, can be used to configure several motor control
parameters and diagnostics.

The A4992 is supplied in a 20-pin TSSOP power package with
an exposed thermal pad (package type LP). This package is
lead (Pb) free with 100% matte-tin lead frame plating.
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A4992 Automotive Stepper Driver

Selection Guide
Part Number Packing* Package

4.4 mm x 6.5 mm, 1.2 mm nominal height

A4992KLPTR-T 4000 pieces per 13-in. reel 20-pin TSSOP with exposed thermal pad

Absolute Maximum Ratings with respect to PGND

Characteristic Symbol Notes Rating Unit
Load Supply Voltage Vgs -0.3t0 50 \%
Pin CP1 —0.3to Vgg \Y
Pin CP2, VCP —0.3toVgg+8 \
Pins STEP, DIR, MS -0.3t0 6 \Y
Pin VREG -0.3t08.5 \Y
Pin RESETn Can be pulled to VBB with 38 kQ -0.3t06 \
Pin DIAG -0.3t0 6 \Y
Pin REF -0.3t06 \
Pins OAP, OAM, OBP, OBM —0.3to Vgg \Y
Pin SENSA, SENSB -0.3to 1 \Y
Pin AGND -0.1t0 0.1 \
meient Operating Temperature Ta Limited by power dissipation —40 to 150 °C
ange
¥e?;<g$;?u?§ntinuous Junction T (max) 150 e
Overtemperature event not exceeding 10 s, life-
Transient Junction Temperature Ty time duration not exceeding 10 hours, ensured 175 °C
by design and characterization.
Storage Temperature Range Tsig -55to 150 °C

Thermal Characteristics may require derating at maximum conditions, see application information
Characteristic Symbol Test Conditions* Value Unit

Estimated, on 4-layer PCB based on JEDEC
standard

Package Thermal Resistance Rogja 29 °C/W

*Additional thermal information available on the Allegro website.
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A4992 Automotive Stepper Driver

Functional Block Diagram
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A4992 Automotive Stepper Driver

Pin-out Diagram

1/0 and Control

Terminal List Table

Name Number Function
AGND 6 Analog reference ground
CP1 17 Charge pump capacitor
CP2 18 Charge pump capacitor
DIAG 14 Diagnostic output, active low (inverted for serial transfer
acknowledgement)
DIR 4 Direction select input (SDI in Serial mode: serial word input)
MS 7 Microstep select input (SCK in Serial mode: serial clock input)
OAP 2 Bridge A positive output
OAM 19 Bridge A negative output
OBP 8 Bridge B positive output
OBM 12 Bridge B negative output
PAD - Exposed thermal pad
PGND 9 Power ground
REF 5 Reference input voltage
RESETn 3 Chip reset, active low
SENSA 1 Current sense node — bridge A
SENSB 10 Current sense node — bridge B
STEP 15 Step input (STRn in Seria_l mode: active low serial data strobe
and serial access enable input)
VBB 11 Motor supply voltage
VBB 20 Motor supply voltage
VCP 16 Pump storage capacitor
VREG 13 Regulated voltage

;ammn - Allegro MicroSystems, LLC 5
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A4992

Automotive Stepper Driver

ELECTRICAL CHARACTERISTICS Valid at T; = —40°C to 150°C, Vg = 7 to 28 V; unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Supplies
Supply Voltage Range' Veg Functional, no unsafe states 0 - 50 \
Outputs driving 3.8 - Vegov \
) DIS =1 - - 15 mA
Supply Quiescent Current Isga RESETH <05V - p 10 A
Charge Pump Voltage Vep \évllstgé?rsnpic; to VBB, Vg >7.5 V, DIS=1, - 6.7 - \Y
Internal Regulator Voltage VReG DIS=1, RESETn =1, Vgg >7.5V - 7.2 - \Y
Internal Regulator Dropout Voltage Vregpo | DIS=1,RESETn=1,Vgg>6V - 100 200 mV
Motor Bridge Output
Vgg =135V, Igyt=—-1A, T, =25°C - 500 600
High-Side On-Resistance? RosnH | Ves = 13.5V, loyr =-1A, T, = 150°C - 900 1100 mQ
Veg =7V, loyt=-1A, T;=25°C - 625 750
\I-/l(ig:;—gS;de Body Diode Forward Vi l=1A _ _ 14 v
Vgg =13.5V, gyt = 1A, T, =25°C - 500 600
Low-Side On-Resistance RpsemL | Ve = 13.5V, loyr = 1A, T;=150°C - 900 1100 mQ
Vegg =7V, loyr = 1A, T;=25°C - 625 750
I\_/g\ll’l/;z,ledze Body Diode Forward Vy L=—1A _ _ 14 Vv
DIS =1, RESETn =1, Vout = Vg -120 -65 - oA
DIS=1,RESETn =1, Vo1 =0V —200 -120 -
Output Leakage Current? louT(Lig)
DIS =1, RESETn =0, Voyt = Vgs - <1.0 20 uA
DIS=1,RESETn =0, Vour =0V -20 <1.0 -
Current Control
Internal Oscillator Frequency fosc 3.6 4 4.4 MHz
Blank Time3 tgiank | Default blanking time - 3.5 - us
PWM Frequency3 fowm Default frequency - 21.7 - kHz
Reference Input Voltage VRer 0.8 - 2 \Y
Internal Reference Voltage Vrerint | VRep > 2.5V 1.1 1.2 1.3 \%
Reference Input Current? IREF -3 0 3 pA
Maximum Sense Voltage Vsmax - 125 - mV
Current Trip Point Error4 Eitrip Vreg=2V - - +5 %
Continued on the next page...
Allegro MicroSystems, LLC 6
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A4992 Automotive Stepper Driver

ELECTRICAL CHARACTERISTICS (continued) Valid at T; = —40°C to 150°C, Vgg = 7 to 28 V; unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
Logic Input and Output — DC Parameters
Input Low Voltage Vi - - 0.8 \%
Input Low Voltage for Sleep Mode Vis RESETn input only - - 0.5 Vv
Input High Voltage V4 2.0 - - \%
Input Hysteresis ViHys 100 300 - mV
Input Pull-Down Resistor Rpp - 50 - koQ
Output Low Voltage VoL lor=2mA - - 0.4 \Y
Output Leakage? logkgy |0V <Vo<5V -1 - 1 pA
Logic Input and Output — Dynamic Parameters (see figures 1 and 4)
Reset Pulse Width trsT 1 - 6 us
Reset Shutdown Pulse Width trsp 40 - - us
Input Pulse Filter Time tein STEP, DIR - 80 - ns
STEP High tsTpL 1 - - us
STEP Low tstPH 1 - - us
Setup Time tsy %i,nZLR; from control input change to STEP 200 _ _ ns
Hold Time ty g]sa,nIZLR; from STEP change to control input 200 _ _ ns
Wake-Up from Reset ten - - 1 ms

Serial Interface — Dynamic Parameters (see figures 2 and 3)

Clock High Time tsckH Reference A 50 - - ns
Clock Low Time tsckL Reference B 50 - - ns
Strobe Lead Time tsTLD Reference C 30 - - ns
Strobe Lag Time tsTic Reference D 30 - - ns
Strobe High Time tsTRH Reference E 1100 - - ns
Data In Setup Time to Clock Rising tspis Reference F 15 - - ns
Data In Hold Time from Clock Rising tspiH Reference G 10 - - ns

Interface Mode Switch Timing (see figures 3 through 5)

Sequence Minimum Hold Time tssH Reference H 58 64.5 72 V3
Serial Mode Exit Time tssex Reference J - - 2 us
Serial Mode Acknowledge Time tsaT Reference K 59 65.5 73 us
Serial Mode Acknowledge Pulse tsap Reference L; consistent fault status 921 1024 1127 us

Continued on the next page...
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A4992 Automotive Stepper Driver

ELECTRICAL CHARACTERISTICS (continued) Valid at T; = —40°C to 150°C, Vgg = 7 to 28 V; unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
Diagnostics and Protection
VBB Overvoltage Threshold Vggov | Vgs rising 32 34 36 Vv
VBB Overvoltage Hysteresis VBBOVHys 2 - 4 \%
VBB Undervoltage Threshold Veguv | Vag falling 5.2 5.5 5.8 \
VBB Undervoltage Hysteresis VBBUVHys 500 760 - mV
VBB Power-On Reset Threshold Veepor | Vas falling - 2.8 3.0 \
VBB Power-On Reset Hysteresis VBBPORHys 50 100 - mV
VREG Undervoltage Threshold — High | Vreguvn | Vreg falling 4.6 4.8 4.95 \%
VREG Undervoltage Hysteresis—High |VreguvHhys 250 370 - mV
VREG Undervoltage Threshold — Low | Vgeguvt | Vreg falling 3.2 3.35 3.5 \Y
VREG Undervoltage Hysteresis — Low (VreguviHys 100 230 - mV
High-Side Overcurrent Threshold locH Sampled after tgcr 1.4 2.05 2.65 A
High-Side Current Limit ILiMH Active during tgct 3 5.5 8 A
Low-Side Overcurrent Sense Voltage VocL Sampled after tgcr 210 250 290 mV
Overcurrent Fault Delay tser Default fault delay 1500 2000 2700 ns
Open Load Current Threshold Error Eioc Veer =2V - - 10 %
Hot Temperature Warning Threshold TywH Temperature increasing 125 135 145 °C
Hot Temperature Warning Hysteresis T swHHys - 15 - °C
Overtemperature Shutdown Ty Temperature increasing 155 170 - °C
Overtemperature Hysteresis Tihys Recovery = T g — T jpys - 15 - °C

1The term functional indicates operation is correct but parameters may not be within specification above or below the general limits (7 to 28 V). Outputs
not operational above Vgggy or below Vgeguyy -

2For input and output current specifications, negative current is defined as coming out of (sourcing) the specified device pin.

3Assumes a 4 MHz clock.

4Current Trip Point Error is the difference between the actual current trip point and the target current trip point, referred to maximum full scale (100%)

current: ETrip =100 = (ITripActuaI - ITripTarget) / IFuIIScaIe%-

- Allegro MicroSystems, LLC 8
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A4992

Automotive Stepper Driver
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A4992 Automotive Stepper Driver

Step and Direction Mode Serial Mode
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A4992

Automotive Stepper Driver

Functional Description

The A4992 is an automotive stepper motor driver suitable for
high temperature applications such as headlamp bending and
levelling, throttle control, and gas recirculation control. It is also
suitable for other low current stepper applications such as air con-
ditioning and venting. It provides a flexible microstepping motor
driver controlled with simple step and direction inputs. It can also
be switched into an optional serial interface mode, where it can
be configured and driven via an SPI compatible serial interface.

The two DMOS full-bridges are capable of driving bipolar step-
per motors in full-, half-, quarter-, eighth-, and sixteenth-step
modes, at up to 28 V, with phase current up to £1.4 A but limited
by power dissipation and ambient temperature. For most appli-
cations typical phase current is up to +750 mA. The current in
each phase of the stepper motor is regulated by a fixed-frequency
peak-detect PWM current control scheme operating in an adap-
tive mixed decay mode. This provides reduced audible motor
noise and increased step accuracy for a wide range of motors and
operating conditions.

The outputs are protected from short circuits and features for
open load and stalled rotor detection are included. Chip level pro-
tection includes hot thermal warning, overtemperature shutdown,
and overvoltage and undervoltage lockout.

Pin Functions

VBB Main motor supply and chip supply for internal regulators
and charge pump. Both VBB pins should be connected together
and each decoupled to ground with a low ESR electrolytic
capacitor and a good ceramic capacitor.

CP1, CP2 Pump capacitor connection for charge pump. Connect
a 100 nF (50 V) ceramic capacitor, between CP1 and CP2.

VCP Above supply voltage for high-side drive. A 100 nF (16 V)
ceramic capacitor should be connected between VCP and VBB to
provide the pump storage reservoir.

VREG Regulated supply for bridge gate drive. Should be decou-
pled to ground with a 470 nF (10V) ceramic capacitor.

AGND Analog reference ground. Quiet return for measurement
and input references. Connect to PGND. See recommendations in
Layout section.

PGND Digital and power ground. Connect to supply ground and
AGND. See recommendations in Layout section.

OAP, OAM Motor connection for phase A. Positive motor phase
current direction is defined as flowing from OAM to OAP.

OBP, OBM Motor connection for phase B. Positive motor phase
current direction is defined as flowing from OBM to OBP.

SENSA Phase A current sense. Connect sense resistor between
SENSA and PGND.

SENSB Phase B current sense. Connect sense resistor between
SENSB and PGND.

REF Reference input to set absolute maximum current level for
both phases. Defaults to internal reference when driven higher
than 2.5 V.

STEP (STRn) Step logic input with internal pull-down resistor.
Motor advances on rising edge. In serial mode, STEP pin takes
on the functions of STRn, the serial data strobe and serial access
enable input. When STRn is high any activity on MS (SCK func-
tion) or DIR (SDI function) is ignored.

DIR (SDI) Direction logic input with internal pull-down resistor.
Direction changes on next STEP rising edge. When DIR is high
the phase angle number is incremented by one on each rising
edge of STEP. In serial mode, DIR takes on the function of SDI,
the serial data input, accepting a 16-bit serial word input, with
MSB first.

MS (SCK) Microstep resolution select input with internal pull-
down resistor. In serial mode, MS takes on the function of SCK,
the serial clock input. Data is latched in from DIR (SDI func-
tion) on the rising edge of SCK. There must be 16 rising edges
per write and MS (SCK) must be held high when STEP (STRn)
changes.

RESETn Resets faults when pulsed low. Forces low-power
shutdown (sleep mode) when held low for more than the reset
shutdown width, tzgp. Can be pulled to VBB with 38 kQ resistor.

DIAG Diagnostic open drain output, active low. Low indicates the
presence of a fault. External pull-up resistor required.

Allegro MicroSystems, LLC 1 1
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Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, LLC 1.508.853.5000; www.allegromicro.com



A4992

Automotive Stepper Driver

Driving a Stepper Motor

A two-phase stepper motor is made to rotate by sequencing the
relative currents in each phase. In its simplest form each phase is
simply fully energized in turn by applying a voltage to the wind-
ing. For more precise control of the motor torque across tempera-
ture and voltage ranges, current control is required. For efficiency
this is usually accomplished using PWM techniques. In addition,
current control also allows the relative current in each phase to be
controlled providing more precise control over the motor move-
ment and hence improvements in torque ripple and mechanical
noise.

For bipolar stepper motors the current direction is significant
so the voltage applied to each phase must be reversible. This
requires the use of a full-bridge (also known as an H-bridge)
which can switch each phase connection to supply or ground.

Phase Current Control

In the A4992, current to each phase of the two-phase bipolar
stepper motor is controlled through a low impedance N-channel
DMOS full bridge. This allows efficient and precise control of
the phase current using fixed-frequency pulse width modulation
(PWM) switching. The full-bridge configuration provides full
control over the current direction during the PWM on-time and
the current decay mode during the PWM off-time. The A4992
automatically controls the bridge decay mode to provide the opti-
mum current control completely transparent to the user.

Each leg (high-side, low-side pair) of a bridge is protected from
shoot-through by a fixed dead time. This is the time between
switching off one FET and switching on the complementary
FET. Cross-conduction is prevented by lockout logic in each
driver pair.

The phase currents and in particular the relative phase currents
are defined by the on-board phase current table, which is shown
here in table 3. This table defines the two phase currents at each
microstep position. For each of the two phases, the current is
measured using a sense resistor, Rg,, with voltage feedback to the
respective SENSx pin. The sense voltage is amplified by a fixed
gain and compared to the output of the digital-to-analog converter
(DAC) for that phase. The target current level is then defined by
the voltage from the DAC.

The maximum phase current, Igy;ax, is defined by the sense
resistor and the reference input as:

Isnvax = Vrer/ (16 % Rgy)

where Vg is the voltage at the REF pin and Rg, is value of the
sense resistor for that phase.

The actual current delivered to each phase at each step angle is
determined by the value of Igy;ox and the contents of the phase
current table. For each phase, the value in the phase current table
is passed to the DAC, which uses Ig\ 2 x as the reference 100%
level (code 63) and reduces the current target depending on the
DAC code. The output from the DAC is used as the input to the
current comparators.

The current comparison is ignored at the start of the PWM on-
time for a duration referred to as the blank time. The blank time
is necessary to prevent any capacitive switching currents from
causing a peak current detection.

The PWM on-time starts at the beginning of each PWM period.
The current rises in the phase winding until the sense voltage
reaches the threshold voltage for the required current level. At
this point the PWM off-time starts and the bridge is switched into
fast decay. The sense voltage continues to be monitored. When
the sense voltage drops below the threshold voltage the bridge is
switched into slow decay for the remainder of the PWM period.
This mixed decay technique automatically adapts the current con-
trol to a wide range of motors and operating conditions in order
to minimize motor torque ripple and motor noise. It also provides
the lowest motor power dissipation and the highest motor effi-
ciency across a wide range of voltage and temperature conditions.

Step Angle and Direction Control

The relative phase currents are defined by the on-board phase
current table (see table 3). This table contains 64 lines and is
addressed by the step angle number, where step angle 0 cor-
responds to 0° or 360°. The step angle number is generated
internally by the step sequencer, which is controlled either by
the STEP and DIR inputs or by the step change value from the
serial input. The step angle number determines the motor posi-
tion within the 360° electrical cycle and a sequence of step angle
numbers determines the motor movement. Note that there are
four full mechanical steps per 360° electrical cycle.

Allegro MicroSystems, LLC 1 2
115 Northeast Cutoff
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A4992

Automotive Stepper Driver

Each line of the phase current table has a 6-bit value, per phase,
to set the DAC level for each phase plus an additional bit, per
phase, to determine the current direction in each phase. The step
angle number sets the electrical angle of the stepper motor in
sixteenth microsteps, approximately equivalent to electrical steps
of 5.625°.

On first power-up or after a power-on reset, the step angle
number is set to 8, equivalent to the electrical 45° position. This
position is referred to as the home position. The maximum cur-
rent in each phase, Igyax, is defined by the sense resistor and the
voltage at the REF pin, as described in the Phase Current Control
section, above. The phase currents for each entry in the phase
current table are expressed as a percentage of this maximum
phase current.

A pulse on the STEP input automatically increments the step
angle number when DIR is high and decrements the step angle
number when DIR is low. The magnitude of the resulting change
in angle is determined by the selected microstep mode. When
step and direction control mode is programmed, the microstep
mode is determined solely by the state of the MS input at power-
up or after a power-on reset. Half step is selected if MS is low,
and quarter step is selected if MS is high. When serial mode is
programmed, this allocation and three other pairs of step modes
are available, allowing full and eighth steps on STEP input (refer
to the Serial Interface section, below).

The serial interface can also be used to control the stepper motor
directly. This facility enables full control of the stepper motor

at any microstep resolution up to !/;4 microstep, plus the abil-
ity to change microstep resolution during operation, from one
microstep to the next. When using the serial interface to control
the stepper motor a step change value (6-bit) is input through the
serial interface to increment or decrement the step angle number.

Diagnostics

The A4992 integrates several diagnostic features to protect the
driver and load, from both fault conditions and extreme operat-
ing environments. Some of these features automatically disable
the current drive to protect the outputs and the load. Others only
provide an indication of the likely fault status (see table 1).

A single open-drain diagnostic output pin, DIAG, provides mul-
tiple diagnostic signals. At power-up or after a power-on reset,
the DIAG pin outputs a simple Fault flag, which is low if a fault
is present. This Fault flag remains low while the fault is present
or if one of the latched faults (short circuit or serial write ) has
been detected.

In addition to the Fault flag, which signals all faults, the DIAG
output can be programmed through the serial interface to provide
four specific diagnostic signals:

» Stall signal, which goes low only when a stall is detected.

* Open load signal, which goes low only when an open load is
detected.

» Temperature signal, which goes low only when the chip tem-
perature rises above either the Hot Temperature Warning or the
Overtemperature thresholds.

* Supply voltage signal, which goes low only when:
= Vg goes above the VBB overvoltage threshold,
= Vg goes below the VBB undervoltage threshold, or
® Vreg goes below the VREG undervoltage threshold.

Table 1. Fault Table

The step change value is a two’s complement (2’s C) number, Diagnostic Action Latched
where a positive value increments the step angle number and VBB Overvoltage Disable outputs, set Faultflag |~ No
a negative value decrements the step angle number. A single VBB Undervoltage Set Fault flag No
step change in the step angle number is equivalent to a single VREG Undervoltage | Disable outputs, set Fault flag No
1/,6 microstep. Therefore, for correct motor movement, the step ' Power-On Reset Power-down, full reset No
c’hange Value? should be restricted to no greater than 16 steps posi- Temperature Warning | Set Fault flag No
tive or negative. :

Overtemperature Disable outputs, set Fault flag No
In both control input modes, the resulting step angle number is Bridge Short Disable outputs, set Fault flag Yes
used to determine the phase current value and current direction Bridge Open Set Fault flag No
for each phase based on the phase current table. The decay mode
. . L Stall Detect Set Fault flag No
is determined by the position in the phase current table and the A Write Facl —— »
intended direction of rotation of the motor. Serial Write Fault Set Fault flag es
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System Diagnostics
At the system level the supply voltages and chip temperature are
monitored.

Supply Voltage Monitors

The motor supply, Vg, and the regulator output, Vpyg, are
monitored. The motor supply is monitored for overvoltage and
undervoltage, and the regulator output for undervoltage, as fol-
lows:

« If the motor supply voltage, Vgg, goes above the VBB Over-
voltage Threshold, the A4992 will disable the outputs and will
indicate the fault. If the motor supply voltage then goes below
that threshold, the outputs will be re-enabled and the Fault flag
removed.

If the motor supply voltage, Vyg, goes below the VBB Under-
voltage Threshold, the A4992 will indicate the fault and reduce
the VREG Undervoltage Threshold to the low level. When

the motor supply voltage goes above the VBB Undervoltage
Threshold the VREG Undervoltage Threshold will be increased
to the high level and the Fault flag removed.

If the motor supply voltage, Vgg, goes below the VBB power-
on reset threshold, the A4992 will be completely disabled ex-
cept to monitor the motor supply voltage level. When the motor
supply voltage rises above the VBB Power-On Reset Threshold,
a power-on reset will take place and all registers will be reset to
the default state.

If the output of the regulator, Vpgg, goes below the VREG
Undervoltage Threshold, the A4992 will disable the outputs
and indicate the fault. When the regulator output rises above
that threshold the outputs will be re-enabled and the Fault flag
removed.

The VREG Undervoltage Threshold level is determined by the
state of the VBB undervoltage monitor. If VBB falls causing a
VBB undervoltage fault, then the VREG threshold is reduced to
the low level, Vrgguvi- When VBB is above the VBB Under-
voltage Threshold the VREG Undervoltage Threshold is set to
the high level, Vrgguyy. This allows the A4992 to continue to
drive a stepper motor with a motor supply (VBB) voltage as low
as 3.8 V without disabling the outputs. By retaining the higher
threshold when VBB is above the VBB Undervoltage Threshold,
the A4992 also provides protection for its outputs from excessive
power dissipation during a high voltage transient on VBB when
an independent VREG undervoltage condition is present.

Note that the point at which the A4992 stops driving the motor
will always be less than 3.8 V. The maximum value for the low
level VREG undervoltage is 3.5 V and for the VREG drop out,
VREGDO> 18 200 mV. This means that the VREG undervoltage
will never occur until VBB falls below 3.7 V, giving a 100 mV
margin for noise. Typically the VREG undervoltage will occur
when Vg drops below 3.45 V. The A4992 will continue with full
PWM current control and all output fault detection right down to
the point at which the VREG undervoltage occurs.

Figures 6 and 7 show how the undervoltage thresholds change
when a typical cold crank transient occurs.

12

—\/BB
—|S0 Pulse 4
9 ===VBBUV

— VREGUV

-100 0 100 200 300 400 500

Time (ms)

Figure 6. Response to an undervoltage transient

3.0

05 1.0 1.5 20 25 30

Time (ms) ’

Figure 7. Expanded view of undervoltage transient response
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The standard ISO7637 pulse 4 is shown for reference in figure 6.
The VBB transient shown is lower than the standard ISO pulse
due to the forward voltage of a reverse polarity protection diode
and switching transients.

Figure 7 provides more detail of the time around which the VBB
undervoltage is detected, and shows the VREG voltage follow-
ing below the VBB voltage by the maximum offset voltage of
the VREG regulator. Typically this dropout will be less than the
200 mV shown.

When VBB drops below the falling VBB Undervoltage Thresh-
old (at 1.2 ms and 5.6 V in figure 7), the VREG Undervoltage
Threshold drops from high, 4.8 V (typ), to low, 3.35 V (typ). At
the same time, the VBB Undervoltage Threshold increases by the
VBB Threshold Hysteresis, 760 mV, (typ) and the Fault flag is
active.

This state remains until VBB increases above the rising VBB
undervoltage threshold (at 127 ms and 6.4 V in figure 6). At this
point the VREG Undervoltage Threshold is increased back to the
high threshold value of 4.8 V (typ) and the reverse hysteresis is
applied to the VBB Undervoltage Threshold causing it to drop
back to the falling level of 5.5 V (typ). The Fault flag goes inac-
tive.

When a power-on reset occurs, or the A4992 is activated from
sleep mode by taking RESETn high, then the VREG Under-
voltage Threshold is initially set to the high level, Vrgpguvh -

(A power-on reset occurs either when power is first applied or
when the motor supply voltage drops below the VBB Power-On
Reset Threshold.) The VREG threshold will remain at the high
level, irrespective of the state of VBB, until the VBB voltage has
exceeded the VBB Undervoltage Threshold for the first time.
After this has happened, the VREG Undervoltage Threshold is
then determined by the state of the VBB undervoltage monitor
output. When applying power, or when activating from sleep
mode, the outputs should remain inactive for at least the Wake-
Up from Reset time, tgy, to allow the internal charge pump and
regulator to reach their full operating state.

The VBB and VREG undervoltage monitor system is designed to
allow the A4992 to continue operating safely during the extreme
motor supply voltage drop caused by cold cranking with a weak
battery when a reverse battery protection diode is also present.
During low voltage transients the A4992 will continue to step a
motor. However, current control will not achieve the same accu-

racy as specified with a motor supply voltage greater than 7 V. In
fact a low motor supply voltage may not provide sufficient drive
to allow the motor current to reach its normal operating level,
especially if the motor is rotating and a back EMF is present. It is
therefore recommended that, when a VBB undervoltage condition
is indicated, the motor should be held stationary. This will help
ensure that the motor does not slip and that the system retains
some degree of control over the motor position, thus avoiding the
need to recalibrate the motor position.

The output drive FETSs of the A4992 remain protected from short
circuits down to the VREG undervoltage level. However, the
overcurrent thresholds cannot be ensured to meet the precision
specified at higher supply voltage. In addition the open load
detection may indicate a fault and the stall detection is not likely
to correctly identify a motor stall condition when VBB is below
the VBB undervoltage level.

Temperature Monitors
Two temperature thresholds are provided, a hot warning and an
overtemperature shutdown.

* If the chip temperature rises above the Hot Temperature Warn-
ing Threshold the Fault flag will go low. No action will be taken
by the A4992. When the temperature drops below the Hot Tem-
perature Warning Threshold, the Fault flag will go high.

« If the chip temperature rises above the Overtemperature Shut-
down threshold the Fault flag will go low and the A4992 will
disable the outputs to try to prevent a further increase in the
chip temperature. When the temperature drops below the over-
temperature threshold the Fault flag will go high and the outputs
will be re-enabled.

Bridge and Output Diagnostics

The A4992 includes monitors that can detect a short to supply or
a short to ground at the motor phase connections. These condi-
tions are detected by monitoring the current from the motor
phase connections through the bridge to the motor supply and to
ground. Low current comparators and timers are provided to help
detect possible open load conditions.

Short to Supply

A short from any of the motor connections to the motor supply,
VBB, is detected by monitoring the voltage across the low-side
current sense resistor in each bridge. This gives a direct measure-
ment of the current through the low-side of the bridge.
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When a low-side FET is in the on state, the voltage across the
sense resistor, under normal operating conditions, should never
be more than the maximum sense voltage, Vqyax - In this state,
an overcurrent is determined to exist when the voltage across the
sense resistor exceeds Vg , typically 2 X Vgyax - This overcur-
rent must be continuously present for at least the Overcurrent
Fault Delay time, tgct, before the short fault is confirmed by
driving the DIAG output low if the Fault flag is selected. The
output is switched off and remains off until a fault reset occurs.
The actual overcurrent that Vp represents is determined by the
value of the sense resistor and is typically 2 X Igyax-

Short to Ground

A short from any of the motor connections to ground is detected
by directly monitoring the current through each of the high-side
FETs in each bridge. When a high-side FET is in the on state the
maximum current is typically always less than 1.4 A. In this state,
an overcurrent is determined to exist when the current through
the active high-side FET exceeds the High-Side Overcurrent
Threshold, Iocy-

This overcurrent must be present for at least the Overcurrent
Fault Delay time, tgct, before the short fault is confirmed by
driving the DIAG output low if the Fault flag is selected. The
output is switched off and remains off until a fault reset occurs.

Note that when a short to ground is present the current through
the high-side FET is limited to the High-Side Current Limit,

Iy pvinr» during the Overcurrent Fault Delay time. This prevents
large negative transients at the phase output pins when the out-
puts are switched off.

Shorted Load
A short across the load is indicated by concurrent short faults on
both high side and low side.

Short Fault Blanking

All overcurrent conditions are ignored for the duration of the
Overcurrent Fault Delay time, tgct. The short detection delay
timer is started when an overcurrent first occurs. If the overcur-
rent is still present at the end of the short detection delay time
then a short fault will be generated and latched. If the overcurrent
goes away before the short detection delay time is complete then
the timer is reset and no fault is generated.

This prevents false short detection caused by supply and load
transients. It also prevents false short detection from the current
transients generated by the motor or wiring capacitance when a
FET is first switched on.

Short Fault Reset and Retry

When a short circuit has been detected, all outputs for the faulty
phase are disabled until: the next rising edge on the STEP input,
or the RESETn input is pulsed low, or a serial write is completed.
At the next step command, or after a fault reset, the Fault flag

is cleared, the outputs are re-enabled, and the voltage across the
FET is resampled.

While the fault persists the A4992 will continue this cycle,
enabling the outputs for a short period then disabling the out-
puts. This allows the A4992 to handle a continuous short circuit
without damage. If, while stepping rapidly, a short circuit appears
and no action is taken, the repeated short circuit current pulses
will eventually cause the temperature of the A4992 to rise and an
overtemperature fault will occur.

Open Load Detection

Possible open load conditions are detected by monitoring the
phase current when the phase DAC values are greater than 31.
The open load current threshold, Iy, , is defined by the OL bit in
the diagnostic Configuration register as a percentage of the maxi-
mum (100%) phase current, Igyax-

The open load current monitor is only active after a Blank

Time from the start of a PWM cycle. An open load can only be
detected if the DAC value for the phase is greater than 31 and the
current has not exceeded the open load current threshold for more
than 15 PWM cycles. The A4992 continues to drive the bridge
outputs under an open load condition and clears the Fault flag as
soon as the phase current exceeds the open load current threshold
or the DAC value is less than 32.

Stall Detection

For all motors it is possible to determine the mechanical state of
the motor by monitoring the back EMF generated in the motor
phase winding. A stalled motor condition is when the phase cur-
rents are being sequenced to step the motor but the motor remains
stationary. This can be due to a mechanical blockage such as an
end stop or the step sequence exceeding the motor capability for
the attached load.
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A PWM monitor feature is included in the A4992 to assist in o :zgs

detecting the stall condition of the stepper motor. This feature 0o {———lncreased number of _H -
L. . PWM cycles at each ——

uses the indirect effect of the back EMF on the current rise quad- % e W

rant to determine the point at which a stall occurs. % \‘ V

When a motor is running normally at speed, the back EMF, 3 70 Effect of stall T X .

generated by the magnetic poles in the motor passing the phase £ condition ~a / / 2‘5,:3?3(', ]unnma

windings, acts against the supply voltage and reduces the rise g x

rate of the phase current, as shown in figure 8. The PWM cur- % w0

rent control does not activate until the current reaches the set £ .

trip level for the microstep position. When a motor is stopped, I /

as in a stall condition, the back EMF is reduced. This allows the “ /

current to rise to the limit faster and the PWM current control to e /

activate sooner. Assuming a constant step rate and motor load this 0 OA p T o " mys

results in an increase in the quantity of PWM cycles for each step 10

. . Step Angle (*Electrical
of the motor. The A4992 uses this difference to detect a motor ep Angle (Electrical)

changing from continuous stepping to being stalled. Figure 8. Effect of stall condition on current rise

Two PWM counters, one for each phase, accumulate the count of
PWM cycles when the phase current is stepped from zero to full
current. At the end of each phase current rise, the counter for that
phase is compared to the counter for the previous current rise in
the opposite phase (see figure 9). If the difference is greater than
the PWM count difference in the Configuration register, then the
ST fault signal will go low.

This stall detection scheme assumes two factors:

* The motor must be stepping fast enough for the back EMF to
reduce the phase current slew rate. Stall detection reliability
improves as the current slew rate reduces.

pare ‘Compare‘ Compare| Compare‘ Compare | Compare | Compare|C

» The motor is not being stepped in full step.

Although stall detection cannot be guaranteed using this detection
method, good stall detection reliability can be achieved by careful
selection of motor speed, count difference, and by conforming to
the above factors.

Figure 9. Stall detect by PWM count compare
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Serial Interface

A three wire synchronous serial interface, compatible with SPI,
can be used to control all features of the A4992.

The A4992 powers-up in the default step and direction control
mode. The serial mode is only available following a specific
sequence on the DIR and MS pins when STEP is high (see

figure 3). The sequence starts when STEP is high and MS is held
high and DIR is held low for longer than the Sequence Minimum
Hold Time, tgg;. MS must then be held low and DIR high for
longer than tggy, followed by holding MS high and DIR low for
longer than tggy. The final step is to hold DIR high for tgqy, at
which time the A4992 will enter the serial control mode. If STEP
is taken low at any time during the sequence then the sequence is
reset and the sequence of MS and DIR must be repeated.

When the sequence is accepted by the A4992, the DIAG output
will change state for the Serial Mode Acknowledge Pulse dura-
tion, tgop, to indicate that the switch was successful. For example
if a fault is present when switching between modes, DIAG will
be low during the sequence and will first go high, to acknowledge
the mode change, then go low after tgp. If no fault is present
DIAG will be high during the sequence and will first go low to
acknowledge the mode change, then go high after tg,p.

When in serial control mode the function of the STEP, DIR, and
MS pins change. STEP assumes the function of STRn, the serial
data strobe input, DIR functions as SDI, the serial data input, and
MS as SCK, the serial clock.

Table 2. Serial Register Definition*

The A4992 will remain in the serial mode as long as the SER bit
remains set to 1. If a serial transfer occurs when SER is 0, then
the A4992 will revert to the step and direction control mode after
the Serial Mode Exit Time, tggrx, following the rising edge of
STRn. The STRn, SDI, and SCK inputs will then revert to their
default functions, STEP, DIR, and MS, respectively. The DIAG
output will change state for tg,p to indicate that the switch was
successful.

Note that the DIAG output is inverted to acknowledge a state
change. This means that, if the DIAG output is in the default fault
output mode, and a fault occurs or is removed during the time the
DIAG pin is inverted, then it will change state part way through
the acknowledge pulse time. If this occurs, and it is not clear that
the mode has changed, then the sequence must be reset before
entering the sequence to change from the step and direction mode
to the serial mode. A serial write can then be made to reset back
to step and direction mode.

The A4992 can be operated without the serial interface, by using
the default settings and the STEP and DIR inputs. Application-
specific configurations are only possible, however, by setting the
appropriate register bits through the serial interface. In addition to
setting the configuration bits, the serial interface can also be used
to control the motor directly.

The serial interface timing requirements are specified in the
Electrical Characteristics table, and illustrated in the Serial Data
Timing diagram (figure 2). Data is received on SDI and clocked

[ 15 | 14 | 13| 2] 11| 10] o | 8 | 7 [ 6 [ 5 [ a4 ]3] 2]1]o0]
Configuration Register
Sonia o | BR[| - [7sc | oo | cos [ ops [ oo | coi | coo | st | mso | HLR | TBK | FRa1 | FRQO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Run Register
o . | seR| - [pc2|opet|pbeo| sk | DS | - ~ | scs | sca | sc3 | sc2 | sc1 | sco
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*Power-on reset value shown below each input register bit.
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through a shift register on the rising edge of the clock signal input
on SCK. STRn is normally held high, and is only brought low

to initiate a serial transfer. No data is clocked through the shift
register when STRn is high.

When 16 data bits have been clocked into the shift register, STRn
must be taken high to latch the data into the selected register.
When this occurs, the internal control circuits act on the new
data. If fewer than, or greater than 16 rising edges of the SCK are
received before STRn goes high then the sequence is considered
invalid and a serial write fault condition is set. This fault condi-
tion can be cleared by a subsequent valid serial write and by a
power-on-reset or by a RESETn low pulse.

Configuration and Run Registers
The serial data word is 16 bits, input MSB first, and the first bit
selects which register is written.

* The first register, selected when the MSB is 0, is the Configura-
tion register, containing system and diagnostic parameters.

* The second register, selected when the MSB is 1, is the Run
register, containing motor drive settings used to control the mo-
tor movement and phase current.
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|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|O|
SER - TSC| OL | CD4 | CD3 | CD2 | CD1 | CDO | MS1 | MSO | HLR | TBK [FRQ1|FRQO
Config 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

SER Selects serial or step and direction mode
following serial transfer
SER | Control Mode Select Default
0 Switch to step and direction mode
1 Remain in serial mode D
TSC Overcurrent fault delay, assumes
4 MHz clock
TSC | Detect Delay Time Default
0 2 us D
1 4 us
oL Open load current threshold as a
percentage of maximum current defined
by Ismax
oL Open Load Current Default
0 20% D
1 30%
CD[4..0] PWM count difference for ST detection

0 = Stall detect disabled
Default to 0.

MS[1..01 Microstep modes for MS input control

Microstep Modes
MS1 MS0 - Default
MS = Low MS = High
0 0 Half Quarter D
0 1 Full Half
1 0 Full Quarter
1 1 Half Eighth
HLR Selects slow decay recirculation path
HLR | Recirculation Path Default
0 High side D
1 Low side
TBK Blank Time, assumes 4 MHz clock
TBK | Blank Time Default
0 3.5pus D
1 1.5 us
FRQ[1..0] Frequency, assumes 4 MHz clock
FRQ1 | FRQO | Period / Frequency Default
0 0 60 ps / 16.7 kHz
0 1 46 ps / 21.7 kHz D
1 0 40 ps / 25.0 kHz
1 1 32 us/31.3 kHz

lM.
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| 15 | 14 | 13 | 12 | 1" | 10 | 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
. |SER| - |pe2|Dei|DGO| SR | DIS| - | - |SC5|SC4]|SC3|SC2|SCT | SCO
Run olojo|o|lo|o|o|lo|[o|oO0O|oO[O]O]|oO]|oO

SER Selects serial or step and direction mode SR Synchronous rectification
followmg serial transfer SR Synchronous rectification Default
SER | Control Mode Select Default 0 Synchronous D
0 Switch to step and direction mode D 1 Diode recirculation
1 Remain in serial mode
DG[2..0] Selects signal routed to DIAG output DIS Phase current disable
Signal on DIAG pin DIS Phase Outputs Default
DG2 | DG1 | DGO (low true) Default 0 | Output bridges enabled D
0 0 0 | All Faults D 1 Output bridges disabled
VBB and VREG
0 0 1 undervoltage, and
VBB overvoltage
0 1 0 | Open load . SC[5..0] Step change number
0 1 1 Ter('jnperar:ure war?lng, 2’s complement format
and overtemperature Positive value increases step angle number
1 X X | Stall Negative value decreases step angle number
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Applications Information

Motor Movement Control

The A4992 provides two independent methods to control the
movement of a stepper motor. The simpler is the step and direc-
tion method, which only requires two control signals to control
the stepper motor in either direction. The other method is through
the serial interface, which provides more flexible control capa-
bility. Both methods can be used together (although it is not
common), provided the timing restrictions of the STEP input in
relation to the STRn input are preserved.

Phase Table and Phase Diagram

The key to understanding both of the available control methods
lies in understanding the on-board phase current table, shown
here as table 3. This table contains the relative phase current
magnitude and direction for each of the two motor phases at
each microstep position. The maximum resolution of the A4992
is 1/;¢ microstep. That is 16 microsteps per full step. There are 4
full steps per electrical cycle, so the phase current table has 64
microstep entries. The entries are numbered from 0 to 63. This
number represents the phase angle within the full 360° electrical
cycle and is called the step angle number. This is illustrated in
figure 10.

4575¥%- 51
46 47" 4,8 4350

Figure 10. A4992 Phase Current table as a phase diagram; values shown
are referred to as the step angle number

Figure 10 shows the contents of the phase current table as a phase
diagram. The phase B current, I, from the phase current table, is
plotted on horizontal axis and the phase A current, I, is plotted
on the vertical axis. The resultant motor current at each microstep
is shown as numbered radial arrows. The number shown cor-
responds to the !/, microstep step angle number in the phase
current table.

Figure 11 shows an example of calculating the resultant motor
current magnitude and angle for step number 28. The target is to
have the magnitude of the resultant motor current be 100% at all
microstep positions. The relative phase currents from the phase
current table are:

I, =37.50%
Iy =-92.19%

Assuming a full scale (100%) current of 1A means that the two
phase currents are:

I,=03750 A
Ig=-09219A

The magnitude of the resultant will be the square root of the sum
of the squares of these two currents:

| L [=412 + 12 =~/0.1406 + 0.8499 = 0.9953 (A)

So the resultant current magnitude is 99.53% of full scale. This
is within 0.5% of the target (100%) and is well within the +5%
accuracy of the A4992.

24y L
254" A
P :
26.p :
27 O :
ko Lazs
=37.5%
Qlog=
157.95

Tpos=—92.19%

Figure 11. Calculation of resultant motor current
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Table 3. Phase Current Table

Step Angle Number P(rlzsoef E\Jﬂ'::)n t Asr::Ipe Phase | DAC Step Angle Number P(rlzsoef El:ﬂ'::)n t A?rlepe Phase DAC
Full | 1/2{1/4|1/8 | 1/16 A B Al B | A |B||Full{1/2(1/4]|1/8| 1/16 A B A B |A|B
0|0]| O 0 0.00| 100.00f 0.0 |O0| O | O |63 4|8 |16 32 0.00|-100.00| 180.0 0 1 0 | 63
1 9.38| 100.00f 54 |0| 0| 5 |63 33 —-9.38|-100.00| 185.4 1 1 5 | 63

1 2 18.75| 98.44| 108 (0| O | 11 |62 17| 34 -18.75| —98.44| 190.8 1 1 |11 62

3 29.69| 95.31| 173 |0| 0 |18 |60 35 -29.69| —95.31| 197.3 1 1 |18 60

112 4 3750 92.19| 221 |0| 0 |23 (58 9 (18| 36 -37.50| —-92.19| 202.1 1 1 | 23| 58

5 46.88| 87.50| 282 (0| 0 |29 |55 37 -46.88| —87.50| 208.2 1 1 |29 55

3 6 56.25| 82.81| 342 |0| 0 |35 (52 19| 38 -56.25| —82.81| 214.2 1 1 |35 52

7 64.06| 76.56| 399 |0 | O |40 |48 39 —64.06| -76.56| 219.9 1 1 |40 | 48

0(1]2] 4 8 70.31| 70.31| 450 |0 | O |44 |(44|| 2 | 5|10|20| 40 —-70.31| -70.31| 225.0 1 1 |44 | 44
9 76.56| 64.06| 50.1 | 0| O | 48 (40 41 —76.56| —64.06| 230.1 1 1 |48 40

51| 10 82.81| 56.25| 558 |0 | 0 |52 (35 21| 42 -82.81| -56.25| 235.8 1 1 |52 35

1 87.50| 46.88| 618 |0 | 0 |55 (29 43 —87.50| —46.88| 241.8 1 1 |55 29

3|6 |12 92.19| 37.50| 679 |0 | O |58 (23 1122 44 —92.19| -37.50| 247.9 1 1 | 58] 23

13 95.31| 29.69| 727 |0| O |60 (18 45 —95.31| —29.69| 252.7 1 1 |60 18

7| 14 98.44| 18.75| 79.2 |0 | 0 | 62 | 11 23| 46 —98.44| -18.75| 259.2 1 1 62| 11

15 | 100.00 9.38| 846 [0| 0 |63]|5 47 |-100.00f -9.38| 264.6 1 1 |63]| 5

2 |4| 8| 16 | 100.00 0.00| 90.0 [0| O |63]|0 6 | 12|24 | 48 |-100.00 0.00| 270.0 1 1 |63] 0
17 | 100.00f -9.38| 954 |0 | 1 |63 |5 49 |-100.00 9.38| 275.4 1 0 |63]| 5

9 | 18 98.44| -18.75| 100.8 |0 | 1 | 62 | 11 25| 50 -98.44| 18.75| 280.8 1 0 |62 11

19 95.31| —29.69| 107.3 |0 | 1 | 60 (18 51 —95.31| 29.69| 287.3 1 0 | 60| 18

5|10 20 92.19| -37.50| 112.1 |0 | 1 | 58 |23 13 26| 52 -92.19| 37.50| 292.1 1 0 | 58] 23

21 87.50| —46.88| 1182 |0 | 1 |55 (29 53 —87.50 46.88| 298.2 1 0 |55] 29

1] 22 82.81| -56.25| 1242 |0 | 1 |52 (35 27| 54 -82.81| 56.25| 304.2 1 0 | 52| 35

23 76.56| —64.06| 129.9 |0 | 1 | 48 (40 55 —-76.56| 64.06| 309.9 1 0 | 48| 40
113|612 24 70.31| —70.31| 1350 |0 | 1 |44 |44|| 3 | 7 | 14|28 | 56 —-70.31| 70.31| 315.0 1 0 |44 | 44
25 64.06| -76.56| 140.1 |0 | 1 |40 |48 57 —64.06| 76.56| 320.1 1 0 |40 | 48

13| 26 56.25| —82.81| 1458 |0 | 1 | 35 |52 29| 58 -56.25| 82.81| 325.8 1 0 | 35| 52

27 46.88| -87.50| 151.8 |0 | 1 |29 |55 59 -46.88| 87.50| 331.8 1 0 | 29| 55

7|14 | 28 37.50| —92.19| 1579 |0 | 1 | 23 |58 15130 | 60 -37.50| 92.19| 337.9 1 0 | 23| 58

29 29.69| —95.31| 162.7 (0| 1 | 18 |60 61 —29.69| 95.31| 3427 1 0 | 18] 60

15| 30 18.75| —98.44| 169.2 [0 | 1 | 11 |62 31| 62 -18.75| 98.44| 349.2 1 0 | 11|62

31 9.38|-100.00 1746 |0| 1 | 5 |63 63 —9.38| 100.00| 354.6 1 0 5 | 63

4 | 8|16 32 0.00|-100.00( 180.0 |O| 1| O |63 0o|j0f|oO0 0 0.00| 100.00| 0.0 0 0 0 | 63
. Allegro MicroSystems, LLC 23
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The reference angle, zero degrees (0°), within the full electrical
cycle (360°), is defined as the angle where Iy is at +100% and I,
is zero. Each full step is represented by 90° in the electrical cycle
so each one-sixteenth microstep is: 90°/16 steps = 5.625°. The
target angle of each microstep position with the electrical cycle
is determined by the product of the Step angle number and the
angle for a single microstep. So for the example of figure 11:

Obog(rarGer) = 28x5.625° =157.5°

The actual angle is calculated using basic trigonometry as:

1
Oysscruar, =180+ tan™ [AZSJ

B28

=180+ (~22.1)=157.9°

So the angle error is only 0.4°. Equivalent to about 0.1% error in
360° and well within the current accuracy of the A4992.

Note that each phase current in the A4992 is defined by a 6-bit
DAC. This means that the smallest resolution of the DAC is

100 / 64 = 1.56% of the full scale, so the A4992 cannot produce
a resultant motor current of exactly 100% at each microstep. Nor
can it produce an exact microstep angle. However, as can be seen
from the calculations above, the results for both are well within
the specified accuracy of the A4992 current control. The resultant
motor current angle and magnitude are also more than precise
enough for all but the highest precision stepper motors.

With the phase current table, control of a stepper motor is simply
a matter of increasing or decreasing the Step angle number to
move around the phase diagram of figure 10. This can be in
predefined multiples using the STEP input, or it can be variable
using the serial interface.

Using Step and Direction Control

The STEP input moves the motor at the microstep resolution
defined by the MSO and MS|1 bits and the logic level of the MS
input. The DIR input defines the motor direction. These inputs
define the output of a translator which determines the required
step angle number in the phase current table.

The MS input allows two microstep resolutions to be selected.
The default combination, reset at power-on, is half step when
MS is low, and quarter step when MS is high. The two resolution
combinations can be changed using the MS0O and MS1 bits in the
Configuration register through the serial interface. The combina-
tions available are as shown in table 4.

Note that the microstep selection is only used with the STEP
input. It has no effect when the motor is fully controlled through
the serial interface. !/, microstepping is only possible using the
serial interface.

In eighth-step mode the translator simply increments or decre-
ments the step angle number by two on each rising edge of the
STEP input depending on the logic state of the DIR input. In the
other three microstep resolution modes the translator outputs spe-
cific step angle numbers as defined in the phase current table.

Full step uses four of the entries in the phase current table. These
are 8, 24, 40, and 56 as shown in figure 12. Note that the four
positions selected for full step are not the points at which only
one current is active, as would be the case in a simple on-off full
step driver. There are two advantages in using these positions
rather than the single full current positions. With both phases
active, the power dissipation is shared between two drivers. This
slightly improves the ability to dissipate the heat generated and
reduces the stress on each driver. The second reason is that the
holding torque is slightly improved because the forces holding
the motor are mainly rotational rather than mainly radial.

Table 4. Microstep Mode Selection

(Serial Mode)

Microstep Mode
MS1 MSO0
MS = Low MS = High
0 0 Half Step Quarter Step
0 1 Full Step Half Step
1 0 Full Step Quarter Step
1 1 Half Step Eighth Step
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Half step uses eight of the entries in the phase current table.
These are 0, 8, 16, 24, 32, 40, 48, and 56 as shown in figure 13.

Quarter step uses sixteen of the entries in the phase current table.
These are 0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56,
and 60 as shown in figure 14.
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Figure 14. Quarter-step phase diagram using STEP input

In half step and in quarter step, the single phase active positions
are used to preserve symmetry. However, if the motor is required
to stop with a significant holding torque for any length of time

it is recommended that the 45° positions be used; those are step
angle numbers 8, 24, 40, and 56, as used with full-step resolution.

Table 5 summarizes the step angle numbers used for the four
resolutions available when using the STEP input to control the
output of the A4992.

The microstep select inputs can be changed between each rising
edge of the STEP input. The only restriction is that the MS logic
input must comply with the set-up and hold timing constraints.
When the microstep resolution changes, the A4992 moves to the
next available step angle number on the next rising edge of the
STEP input. For example if the microstep mode is eighth and the
present step angle is 58 then with the direction forwards (increas-
ing step angle), changing to quarter step will cause the phase
number to go to 60 on the next rising edge of the STEP input. If
the microstep mode is changed to half step then the phase number
will go to 0 on the next rising edge of the STEP input. If the
microstep mode is changed to full step then the phase number
will go to 8 on the next rising edge of the STEP input.

Control Through the Serial Interface

The A4992 provides the ability to directly control the motor
movement using only the serial interface by directly increasing or
decreasing the step angle number. Note that the maximum value
of the step angle number is 63 and the minimum number is 0.
Therefore, any increase or reduction in the microstep number is
performed using modulo 64 arithmetic. This means that increas-
ing a step angle number of 63 by 1 will produce a step angle
number of 0. Increasing by two from 63 will produce 1 and so on.
Similarly in the reverse direction, reducing a step angle number

Table 5. Step Angle Number Allocation

Mode Step Angle

Full Step 8, 24, 40, 56

Half Step 0,8, 16, 24, 32, 40, 48,56
0, 4,8, 12, 16, 20, 24, 28,

Quarter Step | 55 36’ 40, 44, 48, 52, 56, 60
0,2, 4,68 10, 12, 14, 16

. 18, 20, 22, 24, 26, 28, 32, 32,

Bighth Step | 34" 36" 38, 40, 42, 44, 46, 48,

50, 52, 54, 56, 58, 60, 62

Jllegro-
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of 0 by 1 will produce a step angle number of 63. Decreasing by Table 6. Two’s Complements

two from 0 will produce 62 and so on. ) )
's 's

The least significant six bits of the Run register, bits 0 to 5, are Decimal | Complement | Decimal | Complement
the step change number, SC[5..0]. This number is a two’s com- 0 000000 _ _
ple.ment number that is added to the step angle number cgusing it 1 000001 1 111111
to increase or decrease. Twp’s complement 1s.the natural integer 9 000010 P 111110
number system for most microcontrollers. This allows standard
arithmetic operators to be used, within the microcontroller, to 3 000011 -3 111101
determine the size of the next step increment. Table 6 shows the 4 000100 —4 111100
binary equivalent of each decimal number between 16 and +16. 5 000101 -5 111011
Each increase in the step angle number represents a forwards 6 000110 -6 111010
movement of one eighth microstep. Each decrease in the step 7 000111 -7 111001
angle number represents a reverse movement of one eighth 8 001000 -8 111000
microstep. 9 001001 -9 110111
To move the motor one full step, the step angle number must be 10 001010 —10 110110
increased or decreased by 16. To move the motor one half step, " 001011 -1 110101
the step angle number must be increased or decreased by 8. For 12 001100 -12 110100
quarter step the increase or decrease is 4 and for eighth step, 2. 13 001101 -13 110011
So, for example, to continuously move the motor forwards in 14 001110 -14 110010
quarter-step increments, the number 4 (000100) is repeatedly 15 001111 -15 110001
written to SC[5..0] through the serial interface Run register (see 16 010000 -16 110000
figure 15). To move the motor backwards in quarter step incre-
ments, the number -4 (111100) is repeatedly written to SC[5..0]
(see figure 16). The remaining bits in the Run register should be
set for the required configuration and sent with the step change
number each time.

/_L

1 0[1]o 1]o[1]o]1 0Jo 0 0 1 0 0]

110 1)) W e 11 0
sTRa ] ] [

i 3 tstep o
- N >,

Figure 8. Serial interface sequence for quarter step in forward direction
-4
K_/%
11.0[1]0 1[o]1]o]1 o|1 1110 0|

1111 111 e 111
sTRa] ] ] ]

Figure 9. Serial interface sequence for quarter step in reverse direction
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The step rate is controlled by the timing of the serial interface.

It is the inverse of the step time, tgpgp, shown in figure 15. The
motor step only takes place when the STRn goes from low to
high when writing to the Run register. The motor step rate is
therefore determined by the timing of the rising edge of the STRn
input. The clock rate of the serial interface, defined by the fre-
quency of the SCK input, has no effect on the step rate.

Layout

The printed circuit board (PCB) should use a higher weight cop-
per thickness than a standard small signal or digital board. This
helps to reduce the impedance of the copper traces when conduct-
ing high currents. PCB traces carrying switching currents should
be as wide and short as possible to reduce the inductance of the
trace. This will help reduce any voltage transients caused by cur-
rent switching during PWM current control.

For optimum thermal performance, the exposed thermal pad on
the underside of the A4992 should be soldered directly onto the
board. A solid ground plane should be added to the opposite side
of the board and multiple vias through the board placed in the
area under the thermal pad.

Decoupling

All supplies should be decoupled with an electrolytic capaci-

tor in parallel with a ceramic capacitor. The ceramic capacitor
should have a value of 100 nF and should be placed as close as
possible to the associated supply and ground pins of the A4992.
The electrolytic capacitor connected to VBB should be rated to at
least 1.5 times the maximum voltage and selected to support the
maximum ripple current provided to the motor. The value of the
capacitor is unimportant but should be the lowest value with the
necessary ripple current capability.

The pump capacitor between CP1 and CP2, the pump storage
capacitor between VCP and VBB, and the compensation capaci-
tor between VREG and ground should be connected as close as
possible to the respective pins of the A4992.

Grounding

A star ground system, with the common star point located close
to the A4992 is recommended. On the 20-lead TSSOP package,
the reference ground, AGND (pin 6), and the power ground,

PGND (pin 9), must be connected together externally. The copper
ground plane located under the exposed thermal pad is typically
used as the star ground point.

Current Sense Resistor

To minimize inaccuracies caused by ground-trace IR drops in
sensing the output current level, the current-sense resistors (Rg, )
should have an independent ground return to the star ground
point. This path should be as short as possible. For low-value
sense resistors the IR drop in the PCB trace to the sense resis-
tor can be significant and should be taken into account. Surface
mount chip resistors are recommended to minimize contact
resistance and parasitic inductance. The value, Rg, of the sense
resistors is given by:

RS — I/RI:'F
16 Igyiax
There is no restriction on the value of Rg or Vygp, other than the
range of Vygp over which the output current precision is guar-
anteed. However, it is recommended that the value of Vpgp be
kept as high as possible to improve the current accuracy. Table 7
provides increasing values of Igy;ax for suggested values of Vygg
and standard E96 values of Rg.

Table 7. Suggested Values

Ismax Rs VRer
(mA) (mQ) V)
100 499 0.8
200 499 1.6
300 417 2.0
405 309 2.0
501 249 2.0
610 205 2.0
702 178 20
812 154 2.0
912 137 2.0
1008 124 2.0
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Package LP, 20-Pin TSSOP
With Exposed Thermal Pad
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For Reference Only; not for tooling use (reference MO-153 ACT)
Dimensions in millimeters

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

A Terminal #1 mark area

& Reference land pattern layout (reference IPC7351 SOP65P640X110-21M);

All pads a minimum of 0.20 mm from all adjacent pads; adjust as necessary
to meet application process requirements and PCB layout tolerances; when
mounting on a multilayer PCB, thermal vias at the exposed thermal pad
land can improve thermal dissipation (reference EIA/JEDEC Standard
JESD51-5)

& Exposed thermal pad (bottom surface); dimensions may vary with device
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