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ABSTRACT

A new dual H-bridge motor driver IC has been

ANEW, LOW-COST
BRIDGE MOTOR-DRIVER IC

by Thomas Truax and Robert Stoddard

MINIMIZING COSTS

The principal objective of this development project

developed to address the universal need to reduce the costas to produce a power IC that would meet the majority
of driving a bipolar stepper motor. This paper will present of bipolar stepper driver applications with the lowest

this new dual H-bridge motor driver, which includes
several unique circuit design features. These features,
including a new bipolar power output structure, will be
explained in detail. This paper will also discuss the

decisions behind the various design and system trade-offs

that were necessary to minimize cost.
INTRODUCTION

It is well known that driving a stepper motor in a
bipolar mode (i.e., the motor is stepped by reversing
current in a motor winding) is more efficient than driving
in a unipolar mode. In fact, for the same motor power
dissipation, the bipolar mode provides 40% higher torque
compared to the unipolar mode.

However, driving a stepper motor in bipolar mode
requires more complex circuitry than unipolar mode.
Typically, two H-bridges and current-control circuitry are
needed to drive a bipolar stepper motor. Fortunately,
today there are numerous motor-driver ICs that provide
the necessary power H-bridge drivers. Many of these
motor-driver ICs feature two H-bridges, and many also
provide current-control circuitry.

Stepper motor users still have to make a cost/benefit
analysis of the improved torque with the bipolar drive
mode verses the increased cost of the drive electronics.
Therefore, there is a constant market need to reduce the
cost of bipolar stepper motor-driver ICs. The A3966 dual
H-bridge motor-driver IC was developed specifically to
provide a very low cost solution for driving bipolar
stepper motors.

possible cost. Reducing cost was the key theme for each
decision made throughout both the product definition and
actual design phases of the A3966.

To satisfy the basic needs of driving a bipolar stepper
motor with the most cost-effective solution, the following
basic development goals were established for the A3966:
— provide two full H-bridges,

— integrate current-control circuitry,
— utilize cost effective package, and
— minimize external components.

Providing both power H-bridges in one IC would
maximize the well-known advantages of integration.
However, because the A3966 would have to dissipate the
power oftwo H-bridges, the power outputs would have to
be optimized for low saturation voltages to reduce the on-
chip power dissipation.

The output drivers would need to be rated for at least
+500 mA and 30 V. The 30 V rating would allow the use
of the cost-effective DABIC4 process (described later).
By not having to increase the chip size for a higher
voltage rating, the principle goal of minimizing cost while
satisfying the maximum number of bipolar stepper motor
applications would still be met. Internal ground-clamp
and flyback diodes would be provided to eliminate the
need for external diodes.

This low-cost motor-driver IC would also feature an
internal current-control circuit. To minimize both the
number of external components and the package pin
count, a fixed-frequency, pulse-width modulated (PWM)
topology would be implemented. With a fixed-frequency
topology, only one external RC network is needed to set
up the PWM frequency. Additional external filtering
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components would not be needed, as the A3966 would

FUNCTIONAL DESCRIPTION

incorporate a patented circuit that uses the capacitor in thq_ogic Inputs

RC timing network to also set a user-selectable blanking
window that prevents false triggering of the PWM cur-
rent-control circuitry during switching transients.

Generally, in the IC industry, the cost of an IC pack-
age is proportional to its size (i.e., the higher the number
of pins, the more expensive). To minimize cost, the
smallest possible package would be used for the A3966.
The bare minimum of functional pins needed for A dual
H-bridge motor driver IC with PWM current control is:

Pins Needed

two outputs per bridge 4
phase & enable logic inputs for each bridge 4
sense connection for each bridge 2
logic supply 1
motor supply 1
reference input 1

RC timing pin 1
ground 1
Minimum Pins Needed 15

The 16-lead SOIC package and 16-pin dual in-line

For each bridge of the IC, a PHASE input controls the
load-current polarity by selecting the appropriate source-
driver and sink-driver pair. An ENABLE input, when
held high, disables all the power outputs for that bridge.
A logic low on the ENABLE input turns on the selected
source and sink driver pair of that H-bridge (see figure 1).

H-bridge Power Outputs

As noted above, the H-bridge power outputs are rated
for operating voltages up to 30 V. To reduce the on-chip
power dissipation, the sink driver outputs in particular
have been optimized for low saturation voltages. The
A3966 PWM topology only chops the source drivers, and
therefore the sink drivers are always on during the PWM
chop cycle (see figure 2). Optimizing the sink drivers for
low saturation voltages gave the biggest return for die size
utilization.

The sink drivers feature a patented Satlington™
output structure. The Satlington outputs combine the low
voltage drop of @aurated transistor and the high peak

package (DIP) were targeted. Both of these packages arecurrent capability of a Déngton. Figure 3 shows a

produced in very high volumes and are reasonably low
cost. In order to keep the pin count at sixteen, several
desirable, but not necessary, features were eliminated.
Limiting the number of features also kept the cost of the
silicon to a minimum. Because the A3966 jsoaver 1G

representative circuit of the Satlington.

To achieve a low output-voltage drop, a compara-
tively large current source I1 (~17 mA) is used to drive
the base of Q1. This produces the low output-voltage
drop that is typical of a saturated transistor for low-to-

the power dissipation capabilities of the package also had moderate current levels.

to be considered. For the surface-mount package version,
a reasonable compromise was reached by using a modi-

fied 16-lead SOIC package with two leads used as heat
sink tabs (thus using all 16 available pins). For the
through hole package version, the standard 16-pin DIP

with a copper lead frame was used as it has a reasonable

thermal capability for the lowest cost.

To achieve a higher output-current capability, a
comparatively small current source 12 (~1 mA) is used to
drive the base of Q2. When Q1 starts to come out of
saturation at high load current levels, 12 and Q2 provide
an increase in base drive current to Q1 (Q1 and Q2
operate as a Darlington). This allows Q1 to achieve a
much higher output-current capability at a somewhat
increased output voltage drop (essentially an additional
Vee):

When Q1 is saturated, the anti-inverse conduction
clamp circuit diverts the 12 current source. This prevents
Q2 from inversely conducting, which would divert base
drive current from Q1.
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The Satlington driver thus achieves the low voltage The source drivers of the H-bridges are conventional
drop typical of a saturated npn power transistor at low-to- npn Darlingtons driven by a pnp.
moderate current levels, while maintaining the high peak-

f;r:reenr;gﬁ??sb;ggaﬂ; Igﬁ\r/li':gtr?]rc]) t% rrl\s/e;s ?T:Jgtr;rasno?tr(;n power outputs was500 mA, the actual outputs are in fact
e 8ire hiah peak currents agt] startu 'but have lower run capable of delivering well over 1 A (the latest version of
d gnp P the A3966 is rated at650 mA, continuoust750 mA,

e el cutent I recorint  peak). Figne 4 shos 1o cUresof th sorce
P P q outputs and the Satlington sink outputs.

motor driver.

Although the original design specification for the
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Figure 1: Functional block diagram
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Figure 2: Current paths during PWM chopping
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Figure 4: Output saturation voltages

A substrate-isolated diode structure is used for both
the ground-clamp and flyback diodes. These diodes
protect the source and sink outputs from the potentially
destructive transients that are produced by the inductive
nature of a stepper motor. Compared to a conventional
collector-base diode, this substrate-isolated diode has a
much lower parasitic current when conducting.

This results in significantly lower power dissipation
when the outputs are switching, and improved output
current-handling capability.

Current Control

The fixed-frequency PWM circuit in the motor-driver
IC is a commonly used method to control the load current
in each motor winding. The current-control circuit works
as follows. When the outputs of an H-bridge are turned
on, current increases in the motor winding and is sensed
by the current-control comparator via an external sense
resistor (R). Load current continues to increase until it
reaches a predetermined value, which is set by selection
of the external current-sensing resistor and reference input
voltage (Vyep according to the equation:

TRIP REF/4RS
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Due to the base-drive current of the sink driver

transistor (typically 18 mA), the actualad current will NPUT, —|
be slightly lower:
lout = lrip— 18 MA e g I—

At the trip point, the comparator resets the source- . roruARy ‘ REVERSE!
enable latch and turns off the source driver for that H- . ON ™=~
bridge. The source turn off of one H-bridge is indepen- lours O , Ao
dent of the other H-bridge. The inductance of the stepper - \/WW\/\V \/\/\/\/
motor causes the current to recirculate through the ground '
clamp diode and the sink driver (see figure 2). During soce e OB
this recirculation, the current decreases until the internal i t,
clock oscillator sets the source-enable latchémotfH- [l ryc,—— ot
bridges, thereby enabling the source drivers of both OSCILLATOR H
bridges. The motor winding current again increases, and v 0053
the cycle is repeated. Figure 5: Timing waveforms

External R and G timing components set the fre-
guency of an internal free-running oscillator, which in
turn determines the PWM latch reset frequency and When the source driver is turned on, a current spike
comparator blanking time of the internal PWM current occurs due to the reverse-recovery currents of the clamp
control loop. At the beginning of an oscillator cycle, a  diodes and the distributed capacitance of the stepper
1 mA current source is enabled to charge timing capacitor Motor. This current spike needs to be filtered to prevent
C, from a voltage of 0.22)/. to 0.6V (nominally 1.1 V false res_etting of the source-enable latch. For many
to 3V). The charging time determines the duration of the motor-driver ICs, an external low-pass RC filter is used to

Comparator Blanking

PWM set/blanking signal for the PWM current control ~“blank” this current spike. To eliminate the expense of
circuitry (described below). these additional external components, the A3966 employs
a patented circuit technique that uses timing capacitor C
When voltage on the &, network reaches 0.§Y, to set a “blanking pulse.” This pulse blanks the output of
the internal 1 mA charging current source is disabled. Thene cyrrent-control comparator for a short period of time
voltage on the RC, network decays in one RC time. when the source driver is turned on.
constant to 0.22)., at which point in time the charging _ _
current source is re-enabled and the oscillator cycle As noted above, the time required for the 1 mA
repeats. This RC time constant and the blank pulse set thgurrent source to charge timing capacitefrém a
fose= URCr+1t,.) pulse width. Because the 1 mA current source is much

larger than the current through iR the R.C. network,
the time it takes to charge.Gand therefore the blanking
time,can be approximated as:

Lank = 1900 G

A nominal G value of 680 pF will give a blanking time of
1.3us.
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To prevent similar problems due to current spikes

— two current-sense resistorsfRor the current-sense

generated when the H-bridge outputs are switched by the comparators,

PHASE or ENABLE inputs, the current-control compara-
tor is blanked by an internally generated blank time of
approximately Jus. This blanking time for PHASE or
ENABLE switching had to be internally generated
because the single,R; could only be used for blanking

during chopping with the internal current-control circuitry.

Protection Circuitry

An under-voltage lockout circuit protects the A3966
from potential shoot-through currents if the motor-supply
voltage is applied before the logic-supply voltage. All
outputs are disabled until the logic supply voltage is
above 4.1V, at which time the control logic is able to
correctly control the state of the outputs.

Thermal protection circuitry turns off all the power
outputs if the junction temperature exceeds’C65As
with most integrated thermal shutdown circuitry, this is
intended only to protect the A3966 for failures due to
excessive junction temperature and does not imply that
output short circuits are permitted. Normal operation is

resumed when the junction temperature has decreased by

about 18C.
Miscellaneous Circuitry

The Ve input is buffered by a unity-gain amplifier
to avoid impedance-matching problems between the
external and internal resistor dividers. This buffered
voltage is divided by four in the control circuitry and then

compared by the current-sense comparators as described

above.

Most of the control blocks have bias currents that are

set up by a trimmed )./R current-reference circuit. This
optimizes the base drive current requirements for the
Satlington sink drivers and the.®; charging current.

APPLICATIONS

For typical applications, the A3966 met its develop-
ment goal of requiring a minimum number of external

— R; & C; to set the timing for the internal oscillator and
blanking,

— Ve resistor divider to set the reference input voltage
(Vgep: and

— decoupling capacitors for the logic and load supplies.

Figure 6 shows a typical application with the A3966
(SOIC package) driving a bipolar stepper motor. In this
application, the current trip threshold is set for 500 mA,
the frequency of the oscillator is approximately 25 kHz,
and the blanking time is 118.

]
PHASE , O Ves O PHASE 4
ENABLE, O : . O ENABLE,
LoGIC || LoGIC
BV | = —=
11
Ves - (O +5V
Vee [0
RC | 9| s
g

56 kQ
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Flgure 6: Typical application

The A3966 can drive a bipolar stepper motor in full-
step, half-step, or modified half-step modes. Figure 7
shows the logic input sequences for full-step, half-step,
and modified half-step operation.

components to drive a bipolar stepper motor. The external

components needed are:
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Figure 7: Step waveforms
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In full-step operation, both motor windings are
energized at the same time with the same current value. o
For the motor to take one step, the current (and the Fobied IR

magnetic field) is reversed in one winding. The motor
will advance another step when the current in the other
winding is reversed. This sequence is repeated, resulting -
in four distinct states. Figure 8 shows an oscilloscope F
trace of current in the motor windings for the A3966 in

full-step operation. 1‘“

10 ms
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Figure 8: Motor winding currents in full-step mode
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There are eight distinct states in half-step operation.
In half-step mode, the current in a motor winding is ¥

place. This action results in the stepper motor taking two

brought to zero before a complete current reversal takes ot o I—l_.l,_l_ i j
" . { B J,|—

“half-steps,” which equates to one full step of motor
rotation. Figure 9 shows a scope trace of the current in
the motor windings for the A3966 in half-step operation.
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Figure 9: Motor winding currents in half-step mode
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Figure 10: Motor winding currents in modified half-
step mode

Figure 11 shows the oscilloscope trace of the RC
terminal and the current in both windings of a bipolar
stepper motor. Note that the PWM waveform of the
recently enabled bridge becomes repetitive after only a
few chopping cycles.

Because current is flowing in only one motor winding

during the half-step position, the torque in this half-step
position is 70% of the full-step position (when current in
flowing in both motor windings). Using a modified half-
step mode can alleviate the torque variations between the b
half-step and full-step positions.
stant-torque) half-step mode, the current in the motor
winding is increased 1.4 times during the half-step :
position. Figure 10 shows a scope trace of the current in 5 ps
the motor windings for the A3966 in modified half-step

operation.

In this modified (con- B
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Figure 11: Winding current PWM waveforms
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The frequency of the oscillator will determine the DABIC4 has a p buried layer, which allowed the
amount of ripple current in the motor windings. Alower A3966 to incorporate substrate-isolated diodes to be used
frequency will result in higher current ripple, but reduced as output ground-clamp and flyback diodes.
heating in the motor and the A3966 due to a correspond-
ing decrease in hysteretic core losses and switching Iossegs
respectively. A higher frequency will reduce ripple
current, but will increase the switching losses and EMI.

DABIC4

The A3966 is fabricated on Allegro Microsystems’
DABIC4 (Digital AnalogBipolarCMOS, versiord)
process. DABIC4 is a two-level metal, high-voltage
BiCMOS process, combining 2 micron CMOS with 30 V
power bipolar transistors. The thick second-level metal
facilitates the design of efficient power transistors. The
ability to use CMOS instead of bipolar transistors for
much of the control functions significantly reduced the
area (and cost) needed for the control logic.

DABIC4 is a very cost effective process for ICs such
A3966 that require CMOS logic combined with power
outputs.

CONCLUSION

A new low-cost dual H-bridge motor driver IC has
been developed that reduces the cost of driving bipolar
stepper motors. The A3966 chip, shown in Figure 12, has
met the design objectives of offering two H-bridges, plus
current-control circuitry that requires few external compo-
nents, all in an inexpensive package.

Figure 12: A3966 die layout
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GENERAL INFORMATION
World-Wide Web

Complete, up-to-date, on-line information, when you need it, where you need it is
available on the World-Wide Web at

www.allegromicro.com

CD-ROM

Detailed technical information is also available in CD-ROM form (available from any
Allegro representative or sales office, franchised distributor, or via the web) as the

Allegro Electronic Data Book, AMS-702

Fax-on-Demand

Data sheets for the most popular devices, are available 24 hours a day, through
Allegro’s Fax-on-Demand Service. In North America, dial toll-free and send the
information to yourself or to another location as needed.

1-888-286-9288

Outside of North America, dial
1-202-216-1827

At the voice prompt, to receive a listing of available documents press ‘1’, if you know
the Fax-on-Demand document number(s) press ‘2’, and follow the prompts.

Product Information Center

Printed data sheets, application notes, technical papers, samples, Alteftioe
Electronic Data BooKCD-ROM) are also available by calling (8 am to 5 pm, ET)

1-508-ALLEGRO
(1-508-255-3476)
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