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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUPHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As
used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided with the product, can be reasonably expected
to result in significant injury to the user.
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INTRODUCTION

THE BRIGHTER POWER

This book has been written for those interested in taking advantage of the most recent
advances in power integrated circuits. Smart power integrated circuits together with
power discrete devices form the heart of modern power electronics.

SGS-THOMSON is well established in the field of power electronics, both for power
discretes and power integrated circuits. In particular, the company is a world leader in
power integrated circuits. Ever since rankings were published for the fast-growing
power IC and smart power IC markets SGS-THOMSON has been number one.
Moreover, the company has a share aimost twice that of the nearest competitor in both
power IC markets.

Our long term experience in bipolar discretes has led to reliable rugged devices using
state-of-the-art bipolar structures and both single and double implanted planar edge
termination techniques that meet today’s demand for very high switching speeds and
high breakdown voltages.

These techniques are not confined to bipolar transistor fabrication. High voltage Power
MOS using high efficiency edge structures and platinum ion implanted IGBTs use
flexible processes that produce a range of rugged high voltage devices ideal for
switchmode applications.

SGS-THOMSON's leadership in power IC technology has its roots in its pioneering
work at the end of the '60s, when the first ICs combining power circuits and control
circuits were first created. Initially this technology was used in applications such as
audio amplifiers, voltage regulators and TV deflection cnrcwts Later it was extended
to appllcatlons such as motor and solenoid driving.

Thanks to an advanced 2nd generation BCD smart power process, SGS-THOMSON integrates highly
complex power subsystems on a single chip. This IC, designed for a hard disk drive, controls -and drives
both the spindle motor and the head positioner. It includes more than 10,000 transistors.
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INTRODUCTION

In the early eighties another major step forward was taken when SGS-THOMSON
introduced a new power IC technology that combined bipolar CMOS and DMOS power
transistors on the same chip.

Unlike other “smart power” technologies, this allowed the integration of isolated DMOS
transistors so any number could be placed on one chip and interconnected in any way.
Recently a shrink version of this technology has been introduced. Thanks to 2.5um
geometries this version makes it possible to integrate very complex LS| power circuits
on one chip.

One example of the new generation is a single chip that controls and drives three
motors in a fax machine. Another circuit drives the head positioning and spindle motor
actuators of a 2.5" hard disk drive. This power IC, made with the 2nd generation BCD
process, integrates highly complex power subsystems on a single chip. It includes
more than 10,000 transistors.

In addition to the BCD technology, VIPower ICs have been developed. These unique
monolithic power ICs are based on discrete transistors with current flowing vertically
through the silicon and have integrated control circuits constructed on-chip. Three
sub-families of power ICs have been derived from this technology. Included in these
sub-families are bipolar output ignition drivers rated at 450V, 8.5A and Power MOSFET
output high-side drivers with an Rps(on) as low as 30mQ and VRr)pss of 60V and
low-side drivers rated at 450V, 0.75Q.

Because most SGS-THOMSON power ICs are innovative the company places great
emphasis on application support. For many products there are sophisticated applica-
tion development tools - hardware and software - for use with the lab PC. The company
also regularly publishes application documentation. This volume is a follow-on from
the Smart Power Application Manual, reflecting the broader scope of power electronics.
It includes application notes and other useful material about SGS-THOMSON power
ICs, power technologies and power discretes.

SGS-THOMSON's innovative smart power processes are made to fit the needs of
today. By providing complex functions in small, rugged and easy to use packages the
task of system design is made easier and the system reliability is improved.

A variety of high voltage Power MOS in power packages to suit today’s environments.
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MICROELECTRONICS APPLICATION NOTE

SMART POWER PROCESSES
FOR LSI CIRCUITS

by Carlo Cini

Over the years smart power technology has advanced to ever-increasing power and voltage le-
vels. At the same time, almost unnoticed there has been a remarkable increase in the smartness

of circuits -- the amount of complexity that can be integrated practically on one chip.

Today, for example, it is possible to integrate cir-
cuits like the one shown in figure 1, which con-
tains two 1A motor drives, a 3A solenoid driver, a
1A switchmode power supply and a micro inter-
face (this chip will be described in more detail
later). Clearly the possibility of integrating so
much of a system has a dramatic effect on the
way system engineers approach partitioning;
complexity is no longer limited by technology, but
by economic factors.

The technologies that allow such circuits to be
made are generally known as "BCD" technologies
because they combine bipolar, CMOS and DMOS
process structures. First introduced by SGS in
1986, they allow IC designers to use bipolar com-
ponents when high precision is needed (in refer-
ences etc), CMOS for high density digital and
analog, and power DMOS for low dissipation out-
put stages.

Low dissipation is, in fact, one of the key advan-

tages of BCD technology. A DMOS power transis-
tor in switchmode operation dissipates very little
power so it is possible to deliver high power to the
load without expensive power packaging and
cooling systems (the power that can be dissipated
inside an IC is determined by the package).
Equally important is the fact that low dissipation
power stages make it feasible to place several
power stages on the same chip. This, together
with the high density CMOS, makes high com-
plexity circuits feasible.

BCD TECHNOLOGY

The first commercial process to combine bipolar,
CMOS and power DMOS was the Multipower-
BCD process introduced by SGS-THOMSON in
1986. A 60V technology, this was created by
merging vertical DMOS technology with a con-
ventic)mal junction-isolated bipolar IC process (fig-
ure 2).

Figufe 1: A High Complexity Smart Power IC Containing Multiple Drivers.

AN446/0392
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APPLICATION NOTE

Figure 2: Cross Section of the Multipower-BCD Process.
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An important characteristic of this technology is
that it provided all of the contacts on the top sur-
face of the die and completely isolated the power
DMOS transistors. This was important because it
allowed the integration of any kind of power
stage: high side, low side, half bridge or bridge.
Moreover, multiple power stages could be inte-
grated on one chip.

Having bipolar, CMOS and DMOS structures
available gives the designer freedom to choose
the most appropriate for each part of the circuit.
Bipolar structures are used -primarily in linear
functions where high precision is needed: low off-
sets, low drift and so on; it can also be useful in
predriving stages. CMOS is useful both for high
density logic and high density analog circuits
where high precision is not needed.

DMOS power stages have several important ad-
vantages over their bipolar equivalents. Most im-
portant is the low dissipation, which is because
DMOS devices need no driving current in DC
conditions and operate very efficiently in high-
speed switching applications. Other advantages
include the freedom from second breakdown and
the presence of an intrinsic freewheeling diode,
which is useful with inductive loads.

Since the original 60V process was introduced
several other process variations have been intro-
duced: a 100V version, a 250V version and a new
family of shrink processes called BCD-Il, which
use a 2.5u geometry. The evolution of these can
be continuous and to give an idea of the improve-
ment made and forecasted there are two values
(Ron x area and number of transistors per square
millimieter, which express clearly the strength of a
technology. For the power components there is
the Ron x Area parameter which indicates for a
given area the reduction in ON resistance, and
hence the improvement in the electrical efficiency,
or rather, the reduction of the power dissipated.

2/6
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This parameter appears to improve by a factor of
two every four years. In the signal section the
most common parameter is the number of transis-
tors per square millimeter. Here progress is more
marked than in the power section because it is
possible to exploit the knowhow existing in VLSI
technology where the microlithography is the
dominating factor and not the current.

A high voltage (>600V) version is also close to in-
troduction. The 60V and 100V versions cover the
majority of applications today, in industrial, com-
puter peripheral, automotive and consumer prod-
ucts. At present the main applications for 250V
technology are in lamp ballasts and power sup-
plies, though'it is expected that when new high
pressure gas discharge lamps are adopted by the
automotive industry circuits in this technology will
be appropriate. The expected uses of 500V tech-
nology are mainly in offline power supplies and
home automation.

EXAMPLE PRODUCTS

We will now examine some typical BCD IC exem-
plify the remarkable versatility of the technology.
Figure 3 shows the block diagram of a chip intro-
duced in 1988 for a portable typewriter application
-- the chip shown in figure 1.

This circuit integrates 15 power DMOS transistors
and about 4000 other transistors. On this chip are
all of the power subsystems needed in the typew-
riter: a 1A motor drive for the carriage positioner,
a 1A motor drive for paper feed, a 1A motor drive
for the daisy wheel, a 3A solenoid driver for the
hammer and a 1A/5V switchmode supply that
power the micro. In addition the chip includes all
of the interface circuits, control logic and protec-
tion circuits. One interesting characteristic of this
circuit is that most of the functions are pro-
grammed by loading internal registers. It is even
possible to program output stage configurations,

MICROELECTRONICS
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Figure 3: Block Diagram of the Chip Shown in Figure 1.
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an interesting concept that makes the device
more flexible than one would expect from such a
complex and highly-specific solution.

With the introduction of the shrink version, BCD-
II, circuits of this complexity have become smaller

and less expensive. Figure 4 shows a recent
example of a custom circuit in BCD-Il technology
for a computer peripheral application that includes
a servo positioning system, motor controller and
various other functions that were not integrated
on other ICs on the board.

Figure 4: Complex Smart Power Chip Realized with Shrunk BCD-II Process.
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Though most BCD circuits use switchmode
DMOS power stages it is also possible to use the
technology in linear applications, as illustrated in
figure 5, which shows a quad linear regulator
chip. Designed for a car radio, this circuit contains
four regulators (10V/60mA, 8V/50mA, 5V/300mA,
5V/600mA) with bipolar PNP pass transistors.
BCD technology was chosen in this case for sev-
eral reasons: low current drain, compact die size
and the possibility of having an- uninterrupted
positive output even in the presence of a negative
dump transient.

The circuit shown in figure 6 is an example of a
multiple power chip for the automotive market.
This chip is used in rearview mirror units and
drives the three motors (mirror adjust up/down,
adjust left/right and fold) plus the defroster heat-
ing element. Mixed bonding is employed in this
circuit.

Figure 7 shows a practical high voltage IC-fabri-
cated in BCD250 technology for a compact fluo-
rescent lamp ballast application. A DMOS bridge
output stage is clearly visible.

Figure 6: Multiple Smart Power Chip for Car Mirror Control.
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FAST DEVELOPMENT

The design of a BCD smart power IC, even a
complex one, is surprisingly short. From the orig-
inal idea to having a part working perfectly in the
application takes typically six to ten months.
These parts may not meet the original spec
100%, or SGS-THOMSON’s yield standards, but
they are good enough to use in production. Very
complex ICs can be developed in roughly the
same time because it is possible to divide the
work between several designers. Unlike digital
chips, in fact, a smart power IC is often designed

by a single design engineer. This fast develop-
ment is possible because such circuits almost al-
ways use just well known and predictable ele-
ments -- mainly library cells -- which are simply
interconnected. And unlike linear power ICs, the
DMOS power stages usually operate in switch-
mode, which makes their behavior more predict-
able. The low power dissipation of power DMOS
also helps because it minimizes unwanted ther-
mal interactions.

In some cases the designer may also opt to use
automatic layout techniques. This method is fast,

Figure 8: Example of Layout Generated Using Automatic Software Tools.

3
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though it is not used where die size has to be re-
duced using manual layout. The circuit shown in
figure 8 is an example of a BCD circuit laid out
using automatic design tools.

Further time is saved by the application of 100%
layout verification using CAD. This practically
eliminates the risk of the first silicon not working
because of a layout error.

PACKAGES

In power ICs, where dissipation is a fundamental
limit, packaging very often determines both the
performance and the cost of ICs. Fortunately for
users of automatic assembly equipment in this
area radically new packaging concepts are not
expected in the near future. All of the ICs de-
scribed here are, in.fact, housed either in DIP,
chip carrier or power packages like the Multiwatt
15-lead power tab package.

For high complexity types, where the pin count is
generally high, plastic-leaded chip carrier PLCC
packages are very popular. By modifying the lead

frame, replacing all of the leads on one side by a
triangular head spreader, it is possible to dissi-
pate as much as 2.5W in a 44-lead PLCC. This is
the package used for the chip in figure 1.

Where the highest output power is needed pack-
ages like the Multiwatt are used. To cope with the
high currents involved in some circuits a mixed
bonding technique has been developed for this
package, using thick aluminum wires for the high
current connections and thin gold wires for the
others. An example of this is shown in figure 9, a
10A switching regulator IC. Thick aluminum could
not be used for all connections because the large
bonding pads required would waste too much sili-
con area; the use of multiple gold wires for power
connections would compromise reliability.

BCD technology is often described as "mixed",
primarily because it mixées bipolar, CMOS and
digital. But it can also be described as mixed be-
cause it mixes analog and digital, because it

- mixes signal and power, because it mixes thick

and thin metallization, and because of the mixed
bonding technique. ) :

Figure 9: An example of a power IC using mixed wire bonding.

6/6
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APPLICATION NOTE

SMART POWER TECHNOLOGY EVOLVES
TO HIGHER LEVELS OF COMPLEXITY

by Bruno Murari

The trend towards higher density will continue.

Smart power devices are the shooting stars in power semiconductors, because it's possible to in-
tegrate digital and analog functions together with multiple power stages on the same silicon chip.

Since it was first introduced in 1986, mixed bipo-
lar/CMOS/DMOS 'smart power technology has
evolved rapidly, extending voltage capability and
integrating highly complex subsystems on single
chips containing thousands of transistors.

Integrated circuit fabrication technologies that
combine bipolar, CMOS and power DMOS struc-
tures on the same chip have had a significant im-
pact on “smart power” integrated circuit design.
Since the dissipation of power DMOS stages in
switchmode operation is very low it is possible to

produce ICs capable of delivering substantial
power to the load without the usual heatsinks,
cooling fans and so on. Moreover, because it per-
mits the integration of high-density CMOS and
multiple DMOS power stages the traditional con-
straints on complexity are removed and circuits
containing complete subsystems have been pro-
duced. An example of this is shown in figure 1 —
a custom IC that integrates a motor control sys-
tem, servo positioning system, a step up conver-
ter, microprocessor interface and other circuits.

Figure 1: An example of the complexity now possible in smart power ICs. This custom LS| device
developed by SGS-THOMSON for a computer peripheral application that integrates a servo
positioning system, DC motor controller/driver and various other “glue” functions" not

integrated in the other ICs on the board.
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APPLICATION NOTE

BCD TECHNOLOGY

A power IC technology combining bipolar, CMOS
and power DMOS was first introduced by SGS-
THOMSON in 1986. Called Multipower-BCD, this
was a 60V process created by merging a conven-
tional junction-isolated bipolar IC process with
vertical DMOS technology. The result is a pro-
cess requiring 12 masks in the standard version
I_ no more complex than modern blpolar techno-
ogies.

Where this process departed ‘significantly from
previous smart power processes is that it employs
isolated DMOS power devices. The significance
of this is that designers are not limited to a single
power DMOS transistor per chip, but can have
any number (hence “Multipower”) and connect
them in any. way. Thus it is possible to integrate
any power stage configuration (low side, high
side, half bridge or bridge), or even to have sev-
eral complete power stages on the same chip.

Clearly the combined BCD process gives circuit
designers the possibility of choosing the optimal
technology for each circuit function: bipolar is the
first choice for linear functions where high preci-
sion and low offsets are required; CMOS is best
for complex analog and digital signal functions
because of its high density; and power DMOS is
ideal for power stages.

It is the possibility of integrating power DMOS
stages that gives BCD technology its greatest-ad-
vantage: low dissipation. Unlike bipolar power
transistors, power DMOS devices need no driving
current in DC conditions and operate very effi-
ciently in fast switching operations.

This low dissipation can be exploited to-increase
the amount of useful power that can be achieved
with a given package. For example, both SGS-
THOMSON'’s L296 bipolar power switching regu-
lator and the functionally similar L4970 BCD. type
are assembled in the Multiwatt package, but the
bipolar version delivers up to 160W while its BCD
counterpart delivers up to 400W.

An alternative way to profit'from low dissipation is
to use less costly low power packages in place of
high power packages. Very often a bipolar power
IC in a power package can be replaced by a BCD
part in a DIP, or even PLCC or SO, package. This
can bring substantial savings not only because
power packages are more costly, but also be-
cause they are more costly to mount on the board
and are not well suited to automatic assembly.
For example, a 4A bipolar switching regulator IC
in the Multiwatt package can be replaced by a
BCD switching regulator in a DIP package (figure
2) which delivers almost the same current.
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‘Figure 2: The low dissipatibn of power DMOS

can be exploited to make power ICs in
low power packages, which are less
expensive and easier to mount. This
DIP-packaged switching regulator
delivers 3.5A, replacing a Multiwatt
packaged bipolar IC.
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Recently SGS-THOMSON has introduced a
“shrink” version of the original BCD process —
called BCD-Il — which greatly increases the cir-
cuit and current density that can be achieved (fig-
ure 3).

The original Multipower-BCD process family. used
4 micron lithography.

In the BCD-Il versions this is reduced to 2.5
microns.

Consequently the current density and component
density are approximately doubled. In the case of
the 60V version, the shrink increases sgnal com-
ponenel density from 650 transistors/mm® to 1500
tr/mm*=; at the samg time the Ron. Arga is reduced
from 0.9 ohms/mm? to 0.5 ohms/mm®.
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Figure 3: A shrink version of the Multipower-BCD technology has now been introduced. Called BCD-II, this
version doubles the component density, making high complexity devices much less expensive.
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The first BCD chips to be marketed were the
L6202 and L6203 DMOS bridge driver ICs — ac-
tually the same die assembled in DIP (L6202) and
Multiwatt (L6203) packages. Both of these de-
vices have an ON resistance of 0.3 ohms, which
gives a maximum continuous current of about
1.5A (DIP version) and 3A (Multiwatt version).

These were followed by a variety of power ICs for
computer peripheral, industrial and automotive
applications. Typical examples include switching
regulator ICs, lamp drivers for automotive applica-
tions and motor drivers of various types.

All of the early chips and many introduced more
recently are standard devices in the sense that
they are normally used in various end products,
like standard linears or standard logic. In the late
eighties, however, designers began to apply BCD
technology to make power ICs with a complexity
that can truly be called LSI.

LSI COMPLEXITY IN POWER ICs

We have seen that BCD technology allows an ar-
bitrary number of complete power stages on one
chip and the dissipation of each is low enough to
ensure that the cumulative dissipation of these
power. stages is within the limit of practical pack-
ages. Moreover, high density CMOS allows signal
level circuits of LSI complexity to be added on the
same chip.

An interesting consequence of these factors is
that BCD technology allows the IC designer to
build complex systems on a single chip. More-
over, the technological limit on complexity is be-
yond the complexity of a wide range of end prod-
ucts.

The first example of a circuit that exploits the

"_ SGS-THOMSON

device introduced in 1989 for a portable typew-
riter application (figure 4). This IC integrates two
1A motor drivers, a 3A solenoid driver, a 5V/1A
SMPS and microprocessor interfacing circuitry —
all of the power subsystems of the typewriter. The
L6280 behaves like a microprocessor peripheral,
latching commands from the bus. All of the func-
tions can be controlled by software — even the
output stage configurations.

Surprisingly, perhaps, the overall dissipation of
this complex IC is so low — less than 1.5W — a
power package was not needed. In fact the
L6280 is assembled in a PLCC 44 chip carrier,
though the 11 pins on one side are all connected
together and used to conduct heat to the PCB
tracks.

Since then the same approach has been applied
to other applications of comparable or greater
complexity. One example is a custom chip de-
signed for a computer peripheral application (fig-
ure 1) that integrates a motor control circuit, a
servo positioning system, a step up converter, a
microprocessor interface and various other-glue
circuits needed on the board. There are 12 power
transistors and roughly 4000 other transistors in
this IC. Such a solution is extremely effective be-
cause of the increasing trend towards very com-
pact solutions.

BCD technology can also be applied in areas
where the emphasis is more on “smart” than on
power. An example of this is the telephone set.
Using Multipower-BCD technology it has been
possible to realize a single-chip telephone that in-
cludes a pulse/tone dialler, voice circuit, ringer
and monitor amplifier. Modest power capability is
needed for the ringing transducer and the monitor
loudspeaker, but half of the chip is occupied by
the complex CMOS logic. A total of 16,000 tran-
sistors are integrated in this circuit.

3/5
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Figure 4: Designed for a portable typewriter application, the L6280 integrates two motor dnvers a
solenoid driver, a power supply and complex control logic.
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The introduction of the shrunk BCD-II technology
both increases the amount of logic that can be in-
tegrated at a reasonable cost. This improvement
in microlithography also allows an improvement in
current density of the power DMOS transistors —
an interesting advantage over bipolar technology
where current density depends on emitter area
and cannot be improved in this way.

It is also interesting to compare the potential com-
plexity increases for various technologies (figure
5). Clearly there has been a much greater in-
crease in the complexity of pure digital circuits
(about eight decades) than in analog circuits (four
decades). In fact pure analog ICs containing thou-
sands of components are extremely rare. A con-
sequence of these curves is that there is a tend-
ency to use digital techniques whenever possible
because it allows a greater reduction in area. The
possibility of having dense digital circuits on a
BCD chip allows designers power IC designers to
take advantage of this trend.

At present the capabilities of the technology in
terms of complexity generally exceed the de-
mands of system designers, few of which have
learned to exploit fully the level of integration now
possible. Another important consideration is that
LS| smart power devices will invariably be full
custom and developed for a specific end use with
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IC designers and system designers working
together; at this level of complexity standard pro-
ducts are unlikely.

To create a complex smart power IC the system
designer has to understand the capabilities and
limits of IC technology and consider a highly-inte-
grated solution from the outset. With today’s level
o;] certainty in power IC design this is not a risky
choice.

Given the need to embody system knowhow in
silicon it is evident that some system designers
would prefer to do their own design, using a cell
library approach. SGS-THOMSON uses such a
design technique in house but we believe that it is
too early to offer this on the market because the
design of power ICs is not as mechanical as low
power ICs and the silicon design experience of a
skilled designer is very important. The main diffi-
culty lies in avoiding unwanted interaction be-
tween power sections and signal sections —
where a power IC designer really earns his sa-
lary. Another non-trivial complication is that there
is a difference between designing a circuit which
works and designing one that can be produced
and tested in large volumes. Often, in fact, the de-
velopment of testing hardware and software can
be more troublesome than the design of the IC it-
self.
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Figure 5: BCD technology allows power IC designers to take advantage of the much greater level of
integration achieved in digital technology. Analog functions are replaced by digital equivalents
in complex circuits.
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APPLICATION NOTE

NEW LEVELS OF INTEGRATION
IN AUTOMOTIVE ELECTRONICS

by Riccardo Ferrari, Marco Morelli

SGS-THOMSON.

One of the fastest growth areas today in electronics is in the automotive field. In this note the
authors describe the particular needs of this field and some typical dedicated ICs developed by

INTRODUCTION,

Since the early seventies, more and more func-
tions have been added to our cars not only with
the purpose of guaranteeing a better comfort to
drivers and passengers, but also to reduce opera-
ting costs and finally to ensure compliance with
new regulations concerning noise and pollution
are concerned. Because of all these needs, cars
have to house more and more modules designed
to perform more or less complex operations (Fig. 1).

This growth makes more and more evident the
need to reduce the room taken by each module,
with the double target of minimizing the cost of
the particular function and increasing the number
of functions in a specific car; in parallel, by in-
creasing the number of modules, it becomes
mandatory to increase the reliability of each of
them, otherwise the reliability of the total car
would be badly affected.

All these issues recently pushed the manufac-
turers of automotive systems to refer very often to
producers of integrated circuits asking for the de-

velopment of monolithic devices capable of re-
placing effectively a number of discrete compo-
nents, passive parts included; anyway the trend
to a total integration is not over by just designing
onto a simple piece of silicon a complete function,
but it carries on implementing in the same device
a number of auxiliary services, that would add a
substantial cost if achieved by discrete compo-
nents, that can easily find place on a few extra
square millimeters of silicon.

To that purpose the example given by the alterna-
tor regulator, subject of a specific description in
the following pages, is particularly enlightening.
Figure 2 shows briefly the evolution of the alter-
nator regulator paralleled with the evolution of the
silicon technology; it is evident that the key issue
to pursue the monolithic design of very complex
functions in the automotive environment is the
availability of process capable to host on the
same chip high density signal circuitry, together
with power stages managing currents of several
amperes; a process with these characteristics is
usually called "smart power" process.

Figure 1: Electronics in present and future automobiles.
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Figure 2: Alternator regulator evolution.
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Over the years SGS-THOMSON has developed
various technologies that allow the realization of
smart power circuits. The simplest way to classify
these technologies is to refer to the process type,
which can be purely bipolar or mixed, that is, in-
cluding on a single piece of silicon both MOS
structures (of control- and power) and bipolar

Figure 3: Integrated DMOS structures.

Another method (figure 3) is to examine the way
in which the current flows through the power sec-
tion; horizontal, with the current entering and
leaving through the upper surface, or vertical,
where the current enters through the upper sur-
face and leaves through the lower surface; for
this lower connection, instead of wire, the tie bar

WITH COMMON SOURCE

L reznwreri-er L M32MURARI -82
i MANY POWER VDMOS DEVICES
1 OR MORE HV LDMOS DEVICES ANY CONFIGURATION

W921MURART - 83

1 OR MORE HC VDMOS DEVICES WITH
COMMON DRAIN
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MULTIPOWER BCD/60 vs. BCD60II

BCD20/60 BCD6OII
Junction isolation down up and down
Field oxide Tapered oxide Locos + field implant
VDMOS R on* Area (Q*mm?) 0.9 0.5
LDMOS R on* Area (Q*mm?) 0.6 0.25
CMOS tr. density (mm™) 650 1500
CMOS thres. voltage (V) 1.3 1
min. NPN area (mil?) 11 4
min. PNP area (mil?) 15 5
Number of masks 12/14 13/15

of the package is used.

The choice of one technology rather than another
depends on various elements. By simplifying as
far as possible the criteria, we can say that verti-
cal technologies can guarantee, for a given area,
lower resistances but they have the limitation of
being able to include just one power device per
circuit (or more than one, but always with the col-
lectors or drains short-circuited). Horizontal tech-
nologies instead make it possible to have power
structures that are completely independent. It is
therefore evident that a vertical technology will
give excellent results in the design of a light
switch, while a horizontal technology will be
equally well suited to the design of a multiple ac-
tuator.

Finally we have to underline that the continuous
evolution of the silicon technologies has already
made available, for the design activity, second
generation processes, offering to the user both

Figure 4: Mixed bonding technology.

higher component density in the signal section
and higher current density in the power area, so
that in some cases the limit to achieve very low
values of resistance does not come from the sili-
con, but from the bonding wires. An example of
comparison between a first generation smart
power technology - today in full industrial produc-
tion - and a second generation one - today avail-
able for new designs - is given in Table 1: the
way is open to processes that will allow the de-
sign - on the same chip-actuators - of several am-
peres together with microcontroller of not negli-
gible power.

It is important at this point to underline that a
smart power circuit does not consist of just silicon
technology, but relies heavily on package tech-
nology. In fact it is well known that a signal device
is bonded using gold wires with a diameter of 25
microns; however, gold wires can be used effec-
tively up to diameters of 50 microns, which allows

&r
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Figure 5: Power packages.

reliable operations with currents up to 2A, pro-
vided that the wire is surrounded by resin (the
current capacity drops by 50% for wires in free air
- that is, in the case of hermetic packages).

When, however, one has to deal with very high
currents (more than 5A in single-point injection
actuators, and more than 10A for window lift mo-
tors) gold wires are no longer suitable for obvious
cost reasons so it is necessary to turn to alu-
minum wires with a diameter from 180 microns to
375 microns; clearly in this case it will be necess-
ary to have adequately dimensioned bonding
pads on the die, with a significant waste of silicon
area. .

Optimization is obtained with a mixed bonding
technology where signal pads are bonded with
thin gold wires and power pads with thick alu-
minum wires (figure 4). A further optimization is
obtained by orienting the pads in the pad-to-
bond-post direction.

Finally, another key area for a real industrial im-
plementation of a smart power device is packa-
ging; SGS-Thomson has a reputation of unparal-
leled excellence in the development and in the
production of packaging techniques to meet
power dissipation even in the presence of high
pin count, and several innovative SGS-Thomson
packages have been adopted as worldwide in-
dustry standards; in Figure 5 several types are
displayed, including hermetic metal can, particu-
larly suitable for components, such as the alterna-
tor regulators, that have to operate at a rather
high temperature, with junction temperature that
may exceed 150°C, in an extremely severe envi-

4/9
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ronment, since the regulator is usually exposed to
any kind of dangerous element, such as grease,
sand, dust, salt water and so on. A quite original
power package for surface mounting, combining
a low Rih j-case (less than 3°C) with a small geo-
metry, is under development in our laboratory.

THREE EXAMPLES
THE ALTERNATOR REGULATOR.

We have already briefly mentioned the evolution
of the alternator regulator, but it is worth covering
with some more details the history of this func-
tion.

Since the simple realization of so-called mono-
function regulators by means of discrete compo-
nents - diodes, transistors and resistors - the pro-
gress of the technology allowed the design of a
monolithic component, still monofunction: in par-
allel, to provide the driver with more information

~ about the status of the charging function, multi-

function regulators were designed, but the power.
remained external, on a separate component.

A further improvement came with the assembly
technology on a ceramic substrate, housed in a
single package, but still several chips of silicon
were needed.

Now SGS-Thomson has reached the maximum
level of -integration by designing a monolithic
multifunction regulator and offering to the cus-
tomer a device that minimizes the assembly oper-
ations and maximizes the reliability because of
the single piece of silicon and the minimum num-
ber of connections between the silicon itself and

MICROELECTRONICS
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Figure 6: Block diagram of alternator regulator.
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the rest of the system: nevertheless the accuracy
of the regulation and the number of possible mal-

functions monitored by the circuit are well above

what offered so far by the market.

The main characteristics of the device are sum-
marized in Table 2 and the block diagram of the

circuit is displayed in Figure 6.

The choice of the technology required a particular

care and was driven by the following factors:

1)A circuit for the regulation of the alternator
voltage, even if equipped with a complex di-
agnostic, is however a circuit where the
power section, including the field drive in low
side configuration and the free wheeling
diode plus a big active zener diode, takes a
significant share - about one third of the total,
(see Figure7); therefore a bipolar process has

been selected.

2)On the other side, about 600 small signal de-

vices had to be integrated, and because

that a technology with a good intensity was

mandatory, otherwise the total economy
the program would have been affected.

3)Finally an alternator regulator must be able

withstand very severe voltage transients, as
fixed by ISO 7637/1, with voltages up to 270V
and energy up to 50 joule, that arise on the

&7

car electrical network, for instance,. if a sud-
den misconnection of the alternator occurs.

Table 2: MONOLITHIC ALTERNATOR
REGULATOR

of

of

to

o Low side configuration
o No external component
o Accuracy on regulated voltage better than

o Self-oscillating analog regulation loop
o Minimized field current at alternator stopped

1%
Precise temperature coefficient

(500 mA max)
Maximum field current trimmed at 5A, with
1.5V saturation voltage
Full Diagnostic: alternator stopped

Broken belt

Extravoltage

Broken wire alternator-battery
Protected against short circuit (current limita-
tion and thermal shutdown )
Protected against short circuit of fault lamp
driver
Protected against extravoltages according to
ISO 7637/

SGS-THOMSON
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Figure 7

Considering all of the above, SGS-Thomson has
selected a high voltage process, internally named
BSOll, fully bipolar, horizontal, with lithography of
3um, and more than 100V of breakdown voltage
in the VCBO condition.

The device is encapsulated in an hermetic pack-
age, TO-3 multileads, with bonding wires of 5
mils, able to carry continuous current up to 7 am-
peres (see again Figure 6).

Figure 8: Injector driver.

THE PEAK & HOLD INJECTOR DRIVER

Let us now consider the U140, another compo-
nent designed by SGS-Thomson to make avail-
able to the user a complex function on a simple
chip; it is an actuator to drive in low side configu-
ration the fuel injector in "single point" injection
system. -

As it is well known, quite essential for a good effi-
ciency of the injection system is the capability to
fix in the best way the time while the injector is
opened, since that time is directly proportional to
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Figure 9

the quantity of fuel transferred to the intake man-
ifold.

Particularly important to fix the fuel volume are
the opening and the closing time of the nozzle,
since both must be extremely fast; now, a single
point injector needs a consistent current in the
opening phase - up to 5A at the "PEAK" - but
once opened, less current is enough to maintain
the status - "HOLD" -. At the end of the cycle, fi-
nally the driving current must be switched off in a
time as short as possible. The U140 meets all the
above mentioned requirements: in addition, in the
"HOLD" phase a further reduction of the current is
achieved by switching on and off the driver stage
(Figure 8), so reducing the power consumption
and, as a consequence, the junction temperature.

A special mention shall be paid to the transition
from "HOLD" to the "OFF" condition; as already
said, it is quite important to reduce as much as
possible this time; in the U140 that is achieved by
discharging the inductor through an active zener
set at a quite high voltage (about 70V), and that
guarantees the closing of the injector in less than
50 sec. The same diode is set at 3V .in the HOLD
time. No external component is required by this
circuit, that interfaces directly the microcontroller
_ of the engine management system; by the way,
the microntroller has just to fix the start and the
end of the injection time, since the U140 is totally

‘7_ SGS-THOMSON

autonomous in fixing the current levels in the dif-
ferent phases, as well as the sampling of the
holding current. (Figure 9).

The device incorporates a very sophisticated di-
agnostic (see again Figure 8), and transfers to
the microcontroller all the relevant information on
the status of the load.

The advantages of this monolithic devices are
quite evident, if compared with existing solutions
which need not less than 15 components includ-
ing at least one IC and two discrete transistors,
but are not limited to cost and room reduction,
and to a consistent increase of the reliability: as a
matter of fact the monolithic design allows to get,
practically at zero cost, a very accurate value of
the voltage of the recirculation diode, improving
the accuracy on the ON time of the injector, and,
last but not least, a diagnostic covering all the
possible failure modes of the load.

The circuit is realized with SGS-Thomson’s BCD
technology, a mixed process including Bipolar,
CMOS, and DMOS structures on the same chip;
the input section is therefore able to interface di-
rectly a microcontroller, and the low side driver is
designed with a DMOS having an Rpson of less
than 0.5 ohm. As already explained the recircula-
tion diode is set at 70 volt in the transition from
HOLD to OFF; because of that we selected the

7/9
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Table 3: MONOLITHIC PEAK AND HOLD INJECTOR DRIVER

Low side configuration
Peak current function of battery vo ltage t

Slow recirculation at max 3V

Full diagnostic: - open load
- short circuit to ground a
- thermal warning

Fast recirculation voltage independent from battery voltage

Off time and peak current in hold condition internally fixed

o provide a constant charging time

nd battery

BCD100, an option with a minimum breakdown
Drain-Source voltage of 100V.

All the main features of this innovative device are
listed in Table 3.

REARVIEW MIRROR DRIVING

While we are on the subject of higher levels of in-
tegration it is useful to mention the development
of circuits for the multiplex wiring system, which
replaces conventional cabling with a common bus
and "intelligent" switches.

The intelligent switch circuits are key components
for the muitiplex system, and one of these is a
multiple driver IC,the L9946, developed by SGS-
THOMSON for rearview mirror driving applications.

This IC integrates all of the control functions and
power circuits needed in the electronic external
rear-view mirror unit now being adopted for high
end cars and is the first chip to integrate these
functions. (see Figure 10).

An important feature is that the IC is controlled di-
rectly by a microprocessor -- all of the possible
drive conditions are controlled by loading 4-bit
commands and the L9946 generates the appro-
priate motor control signals.

No external power circuits are needed because
the L9946 drives directly the two motors used for
mirror orientation (up/down and left/right), the
motor that "folds" the mirror for maneuvering and
the demister heating element. In a typical applica-
tion the chip is used in multiplex door wiring sys-
tem where the door is connected to the body by
three wires and all door functions controlled re-
motely using smart chips.

Inside the chip are four DMOS half bridge power
stages which drive the three bidirectional DC mo-
tors, plus a DMOS high side driver that drives the
demister element. Control logic integrated on the
chip decides how these transistors are to be

Figure 10
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Table 4: MULTIPLE HALF-BRIDGE DRIVER

4.75A TOTAL OUTPUT CURRENT

OVERLOAD DIAGNOSTIC
OPEN LOAD DIAGNOSTIC
GROUNDED CASE

VERY LOW CONSUMPTION IN OFF STATE

switched to achieve the desired motion -- includ-
ing rapid braking. Two of the half bridges are
rated at 1A output current; the other two half
bridges and the high side driver are capable of
delivering up to 4.75A.

In common with many other dedicated automotive
ICs the L9946 incorporates diagnostic functions.
Conditions such as overload and open load are
signalled to the control micro so that appropriate
action can be taken. In addition there is a standby
pin that allows the micro to put the L9946 into a
dormant state when it is not needed.

CONCLUSIONS

We think we have demonstrated that the indus-
trial availability of processes capable to match, on
the same silicon, high power and complex control
functions is the key element to the integration of
completed functions on a single chip of silicon.
The examples described demonstrate that SGS-

Thomson has developed a technology portfolio
that can offer different answers for different appli-
cations, always optimizing the trade-off among
the various needs.

On the other side, all the above considerations
would have a merely academic interest if they
were not associated with a convenient cost. It is
clear that the monolithic integration of complex
functions implies the use of not negligible areas
of silicon, and that even in presence of high den-
sity processes.

It is therefore important to devote adequate re-
sources to the diffusion technique, to increase the
yield of each process.

Today's chips, up to 30mm? (and all the thee
examples are below that limit) can be produced at
prices competitive with an equivalent discrete sol-
ution, and in the second half of the 90’s_the target
will be expanded up to areas of 40mm®, giving a
green light to the monolithic design of complete
modules.
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SMART POWER TECHNOLOGIES FOR
POWERTRAIN & BODY ELECTRONICS

by R. Ferrari

Smart power ICs are becoming increasing by common in automotive powertrain and body elec-
tronics. This note provides a general introduction to the subject.

As is well known, electronics is slowly but pro-
gressively invading every part of the automotive
environment (figure 1); entering first in the car
radio, it has extended progressively and is now
present in all of the subsystems of an automobile.
For those people who prefer a “historical” ap-
proach, the evolution of auto electronics has been
divided into three main sections, each subdivided
into various phases, correlated with the state of
the art in general electronics at that time. Today,
at the beginning of the 90's we are in the SMART
POWER phase, and it is precisely that which we
intend to discuss briefly here (see fig. 2).

We will look at, first of all, some definitions: smart
power or intelligent power indicates those families
of integrated circuits which include both logic con-
trol circuits and components capable of delivering
a significant amount of power to a generic load. In
numbers, a circuit can be considered smart power
if it is able to deliver more than 0.5A to the load,
or of withstanding more than 50V, or able to sup-
ply a power of at least 1W to the load.

Over the years SGS-THOMSON has developed
various technologies that allow the realization of
smart power circuits (figure 3). The simplest way
to classify these technologies is to refer to the
process type, which can be purely bipolar or
mixed, that is, including on a single piece of sili-
con both MOS structures (of control and power)
and bipolar structures. Another method (figure 4)
is to examine the way in which the current flows
through the power section; horizontal, with the
current entering and leaving through the upper
surface, or vertical, where the current enters
through the upper surface and leaves through the
lower surface; for this lower connection instead of
wire the tie bar of the package is used.

The choice of one technology rather than another
depends on various elements (figure 5) but sim-
plifying as far as possible the criteria, we can say
that vertical technologies can guarantee, for a
given area, lower resistances but they have the
limitation of being able to include just one power
device per circuit (or more than one, but always
with the collectors or drains short-circuited); while

Figure 1: Electronics in present and future automobiles.
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Light Drimmer Electr. Steering Idle Speed control Service Reminders
Traction Control Multiplex Wiring Turbo Control Miles to Empty
Antiskid Braking Module to Module Emission System Shift Indicator
Window Control Communications Transmiss. Control Head-up Display
Memory Seat Load Sensit. Braking Diagnostics CRT Display
Heasted Windshield Hard/Soft Ride Control Audio Annunciator
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Figure 2.
Source: Mitsubishi Motors Corp.
Third Generation ( System-Wlide Control)
*Powertrain/traction system control
*Brake, suspension and steering system control
*Digital Audio
* Multiplexing and Two-power-source system
Second Generatlon * Self-diagnostic device
* Electronic engine control * Automobile communication, navigation
* Instrum.panel & TripComputer
* Electron.controlled suspension
* Anti-lock brake LARGE EEpROM
* Audio System
First Generatlon ( Introduction period ) SMAHT SENSOR
* Solid state radio
* Speed control SMART POWER
* Electric ignition
* Digital clock
* Alternator 16 BIT MICRO
4/8 BIT MICRO
DIGITAL ICs
ANALOG ICs
TRANSISTORS
DIODES
60 70 80 90 2000

Figure 3: Smart Power Technologies Matrix.
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Figure 4: Integrated DMOS structures.
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Figure 5: Smart Power Technology Matrix selection criteria.
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Figure 7: Bonding wire features.

D.C. CAPABILITY
WIRE DIAMETER RESISTANCE (Ampere)
(micron) (mOhm/mm) in plastic
i package
GOLD 25 45 1.25
GOLD 51 11 2.50
ALUMINIUM 178 1 15
ALUMINIUM 254 0.5 28
ALUMINIUM 381 0.2 43

horizontal technologies make it possible to have
power structures that are completely independent
(figure 6). It is therefore evident that a vertical
technology will give excellent results in the design
of a light switch, while a horizontal technology will
be equally well suited to the design of a multiple
actuator.

It is important at this point to underline that a
smart power circuit does not consist of just silicon
technology, but relies heavily on package technol-
ogy. In fact it is well known that a signal device is
bonded using gold wires with a diameter of 25
microns; however, gold wire can be used effec-
tively up to diameters of 50 microns, which allows
reliable operation with currents up to 2A, provided
that the wire is surrounded by resin (the current
capacity drops by 50% for wires in free air — that
is, in the case of hermetic packages,

When, however, one has to deal with very high

Figure 8.

currents (more than 5A in single-point injection
actuators,. and more than 10A for windowlift mo-
tors) gold wires are no longer usable for obvious
cost reasons so it is necessary to turn to alu-
minum wires (figure 7) with a diameter from 180
microns to 375 microns; clearly in this case it will
be necessary to have adequately dimensioned
bonding pads on the die, with a significant waste
of silicon area.

Optimization is obtained with a mixed bonding
technology where signal pads are bonded with
thin gold wires and power pads with thick alu-
minum wires (figure 8). A further optimization is
obtained by orienting the pads in the pad-to-
bond-post direction. But while we are speaking of
power it is also important to speak of packages
(figure 9). These packages are part of a long
tradition of TO-220 type packages (with 3, 5 and
7 pins) but recently new needs in assembly are
bringing important evolutions of the classic tab

5/11
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packages. Devices completely encapsulated in
completely isolated packages — called Isowatt —
are already in production; in these devices isola-
tion up to 1000V is obtained with a minimum re-
duction in the junction-to-case thermal resistance.

On the other hand, the practice of using clips,
rather than screws, for mounting packages is be-
coming always more common, both to save
space and to obtain better long-term reliability in
thermal conduction. This has led to the TABLESS
isolated package which accumulates the previous

Figure 9: Power package Matrix.

two needs, while for surface mounting a non-iso-
lated package with a junction-case thermal resist-
ance less than 3'C/W is in development in our la-
boratories and will be available in industrial
quantities in 1991.

Now that we have examined the means that tech-
nology places at our disposition, both in diffusion
and in assembly, we can now examine what typi-
cal structures smart power processes will allow us
to make, and which kind of circuit will normally be
driven by each structure (figure 10).
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Figure 10: Intelligent power actuators basic configuration.
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Figure 11: Intelligent power actuators basic protection.
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1.The typical, so-called High Side configuration,
in which the actuator is located between the
supply and the load, is traditionally used in
the supply of resistive loads, typically lamps,
but is also suitable for mono-directional mo-
tors.

2.When the actuator is between the load and
the ground of the supply system we have a
“low side” configuration, very common for
driving inductive loads such as, for example,
the solenoids that control the opening of
valves (injectors, ABS system, automatic
transmission), but also ignition coils.

3.Finally, when we have to drive a motor that
rotates in both directions it will be necessary
to use a bridge structure; the choice between
integrating the whole bridge or just half of it
clearly depends on the current involved.
Today’s technology allows us to realize effi-
ciently a complete bridge to drive a door lock
motor, while it is necessary to use two half
bridges if the load is a windowlift.

In all of these structures there will always be inte-
grated a certain number of protection circuits, to
guarantee survival of the device in the presence
of possible failures in the surrounding ambient
(figure 11).

Figure 12.

These include, to name a few, the automatic
shutdown when the silicon reaches a critical tem-
perature (which can be caused not only by a short
circuit in the load or its connections, but also by
the degradation of thermal contact between the
device and its heatsink). Today, in certain appli-
cations such as fuel injection this automatic shut-
down tends to be replaced with a warning signal,
which informs the control unit when a critical situ-
ation has been reached, leaving the unit itself to
decide what to do (for example, reduce perfor-
mance to guarantee functionality).

Another very common structure is output current
limiting, even in the case of a load short circuit.
Usually the intervention of the limitation circuit is
accompanied by a diagnostic signal that is made
available for the control system. Finally, in some
devices a circuit is included that is able to detect
overvoltages in the supply system, disabling the
output stage and placing it in the best conditions
to support the overvoltage.

Given the above, we will now describe a practical
case with the aim of identifying how the design
time can be optimized through a suitable interac-
tion between the system designer and the silicon
manufacturer.

The circuit shown in figure 12 is a dual low-side
actuator designed to drive two independent loads
with currents up to 3A each (typically injectors).
The technology employed is mixed (bipo-
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Figure 13: Expertise partitioning when designing a smart power actuator.
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lar/CMOS/DMOS) with a horizontal current flow
(BCD60); if we pass from the photograph to a to-
pographical diagram of the silicon (figure 13) it
becomes immediately evident that the chip is
divided into a limited number of macroblocks, for
each of which it is easy to attribute project
leadership. In fact it will be an essential task of
the system designers to define the criteria for the
driving of the actuator as it is to define the mal-
functions for which the activation of a diagnostic
signal is necessary. On the other hand it is indis-
putable that only the silicon designer can optimize
the design of the power section and take advant-
age of structures already available in his library to
realize those functions which are necessary and
also repeated frequently in different devices.

The system designer, too, can take considerable
advantage from the use of cell libraries so the
total design time can be reduced to a minimum
(7-9 months from the start of the design to work-
ing silicon), reducing significantly the gap tradi-
tionally existing between a dedicated circuit (full
custom) and a semicustom circuit obtained from
gate arrays or standard cells.

A brief glance at another two circuits, each repre-
sentative of a technology described above.

In the first we see a highly-innovative circuit for
use in ignition systems. This is the VB020 (figure
14), a circuit realized in mixed vertical technology
(M2) able to drive directly the primary of the igni-
tion coil, combining a darlington with a vertical

current flow with a driver circuit and TTL/CMOS.

compatible control circuit (figure 15). In the device
are integrated circuits to limit the collector voltage
(fixed at 450V max).

We conclude this series of examples with the
8/11
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L9937 (figure 15), a bridge circuit designed to
drive a door lock motor and therefore capable of
delivering continuous currents of 6A with starting
peaks up to 12A. The device is realized in hori-
zontal bipolar technology and, as appears in the
photograph, is almost entirely occupied by four
large power transistors that constitute the output
stages of the circuit. In this case, too, you can see
the mixed bonding (gold for the signal wires, alu-
minum for power wires) and the pads oriented to
optimize silicon area. In the block diagram (figure
16) you can see a chain of diodes which has the
function of monitoring the temperature of the chip.

This brief introduction to smart power techno-
logies would not be complete if it did not dedicate
a few words to the price that the customer must
pay to buy circuits of this type. In fact a typical
question that semiconductor companies fre-
quently hear is “How much does a square mil-
limeter of smart power silicon cost?”. Since the
price of a square millimeter of silicon depends on
the total area of the chip | believe that it can be a
pleasant surprise to discover that even for fairly
sizable chips — that is, up to 25/6mm2 — the price
of each mm2 increases very little (about 25%).
The curve of figure 17 gives the trend for areas
between 5 and 50mm2 and, though based on a
theoretical calculation, follows closely the present
commercial reality. Obviously the graph reflects
the current state of the art; if only three years ago
the elbow of the of the curve had been moved vi-
olently to the left without arriving at saying that
the evolution will continue indefinitely with the
same speed, it is however reasonable to expect
in the next few years a further extension of the li-
near zone at least towards the 40mma2 region. As
for the meaning of “1mma2 of silicon”, several
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Figure 14: Fully integrated high voltage darlington for electronic ignition.
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Figure 16: Full bridge motor driver.
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Figure 17: Smart power silicon.
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Figure 18: Smart power devices.
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possibilities are given at the foot of the table.

There is another way to evaluate the price of a
smart power circuit, and this is to estimate the
price for each ampere delivered to the load. This
method of calculation is less rigorous and can be
plotted as a graph assuming as size reference the
percentage of silicon dedicated to power com-
pared to the total area of the chip. The line shown
in the figure 18 graph indicates that one ampere
costs approximately 30 cents but can rise to 45
cents for circuits containing particularly complex
control and diagnostic logic, and it can fall to 15
cents for devices consisting essentially of only
power stages. It must be underlined that two con-
sumer devices (L552 and TDA2005 — both audio
power amplifiers) for which we can assume stable
specifications, mature technologies and ample
markets, lie exactly on the curve. This should be
indicative of the final trend for automotive devices
E/hich are as yet young devices in a young mar-
et.

MSON 11/11
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HIGH CURRENT MOTOR DRIVER ICs
BRING AUTOMOTIVE MULTIPLEX CLOSER

by Riccardo Ferrari & Sandro Storti

Smart power ICs delivering up to 25A complete the family of power components needed in auto-
motive multiplex systems, making it possible to drive even a windowlift motor directly. With these
ICs the large-scale adoption of partial multiplex schemes moves much closer.

One of the essential prerequisites for the large-
scale introduction of multiplex wiring systems for
vehicles is the availability of high power ICs ca-
pable of driving lamps, motors, solenoids and re-
lays. These ICs must be able to survive in an ex-
ceptionally hostile environment, they must be
highly reliable and — since so many are needed
in each vehicle — they must be inexpensive.

Many power ICs suitable for this emerging market
have already been introduced, but a gap was left
at the high current end of the range, where ICs
delivering 20A or more are needed to drive loads
like windowlift motors.

Today SGS-THOMSON has filled this gap with

new power ICs that exploit technologies that
make it possible to build very high current ICs that
are both reliable and economical. Two such ICs
are the L9936 half-bridge motor driver and the
L9937 full bridge motor driver.

The L9936 (figure 1a) contains a half-bridge cir-
cuit capable of delivering 20A dc current, which is
sufficient to drive directly a windowlift motor.
Since the motor is bidirectional two of these de-
vices are used to make a complete drive stage.
Designed for lighter loads, the L9937 (figure 1b)
contains a full bridge delivering up to 6A con-
tinuous (12A peak for starting). A single L9937
device drives a bidirectional dc motor.

Figure 1a: Capable of delivering 25A, the L9936 half bridge driver is a smart power IC suitable for
driving windowlift motors in automotive multiplex wiring systems.
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Figure 1b: A full bridge driver, the L9937 delivers 6A (10A peak) and is used in motor driving
applications such as doorlock driving.
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Both of these ICs are fabricated using an en-  resistance. Figure 2 shows the contributions to

hanced bipolar power process and a new mixed the saturation resistance of a power NPN transis-
bonding technology. Bipolar technology has been  tor in the BHP20 process used for these ICs. The
adopted for these circuits — rather than the  uS€ of thick metal (6 microns) significantly re-
“BCD” mixed bipolar/CMOS/DMOS technology duces voltage drop with high load currents in this
used for other multiplex switches — for several  technology.

reasons. First of all, when very high currents are Another reason for using bipolar technology is
involved the resistance of the silicon is no longer that the substrate currents generated in the sub-
‘dominant — half of the series resistance is strate when 20A load current recirculates would
caused by the metallization tracks on the surface affect low-level CMOS logic. In the L9936 and
of the chip and the bonding wires. Consequently L9937 high-level bipolar logic is used in the con-
there is nothing to be gained by using DMOS trol stages to avoid this danger, giving excellent
technology to further reduce the output transistor noise immunity. Interfacing to this high-level logic

MUL TIPLEX WIRING s YSTEMS

Mul Clex wiring is the system where a conventional wiring harness is replaced partly or completely by
single, common bus which carries power and control signals throughout the vehicle. Each load is .
electronic switch that recognizes commands on the control bus and returns status

ny different standards for the multiplex bus, of which the simplest is a three-wire
g one wire for the battery, one for control data and a common ground ‘Extra wires are
ided for more reliable transmission.

eration sequence, such as turning on a Iamp, the control switch will cause a suitable
e transmitted on the bus. The smart switch controlling the lamp will recognize the com-
mpt to turn on the iamp A signal lndlcatlng successful or unsuccessful completlon is
on the bus. :

f multiplex wiring are welght reductlon easier assembly, greater reliability and simpler
& repair. The simplicity of multiplex wiring is particularly important in critical points such
ection between the driver's door and the rest of the body; in one case 27 wires were re-
tthree by the adoption of a multiplex subsystem.

e success of multiplex wiring is the availability of electronic swnches that can guarantee
ary reliability and performance. Multiplex wiring is already usedin small scale trials and will
d on volume produced vehicles in 1991 -
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Figure 2: In very high current ICs the voltage drop of the metallization and the bonding wires becomes
significant. This example, a power transistor realized with the BHP20 process (used for the
L9936 and L9937) indicates typical values. Because of this problem it is more important to
optimize the metal resistances than that of the silicon.
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is performed in the bus interface chip which will the power ICs.
be placed between the L9936/7 and the multiplex The mixed wire bonding technology used in the
bus. Since these interface chips are system de- new [Cs is clearly visible in the photo, figure 3.

pendent they are always developed for a specific Because of the high current it is not possible to
application, rather than being standard parts like use the standard thin gold wires employed in
Figure 3: The mixed bonding technology used in the L9936 — shown here after bonding but before
encapsulation — reconciles the conflicting requirements of current and silicon area. Thick
aluminum wires are used for the power connections; thin gold wires for the signal connections.
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standard ICs. Thick gold wires are out of the
question, partly because of cost, but also be-
cause they are too rigid to bond to the chip with-
out damaging it.

One alternative, widely used in simple power ICs,
is to use thick aluminum wires. However, a thick
aluminum bonding wire needs a large bonding
pad on the die. In a simple device like a 3-termi-
nal regulator this is not a problem because there
are few such pads, but for more complex ICs with
eight or more connections the wasted silicon area
would be excessive.

Another alternative, still used by some com-
panies, is to use two or more thin gold wires in
parallel for each power connection. This solution,
however, is costly because more gold wire is
needed and it is prone to reliability problems be-
cause it is extremely difficult to verify each bond.
Moreover, for the currents used in multiplex appli-
cations so many parallel wires would be needed
this method would be totally impractical.

SGS-THOMSON has developed and indus-
trialized a different solution: a mixed bonding
technology where thin gold wires (50um) are used
for signal connections and thick aluminum wires
(250um) are used for power connections. The two
bonding wire types can be clearly seen in figure
3. Note also that the bonding pads for the alu-
minum wires are oriented in the direction of the
wire to avoid needless waste of silicon area.

Because gold and aluminum are bonded using
different techniques this has necessitated a two-
step bonding operation. Moreover, because of the
combination of different bonding metals the lead-
frame has to be plated with a special gold alloy.
This plating is selective, being applied only to the
bond area, partly for economy and partly to avoid
gold on the external leads, which could contami-
nate soldering baths, causing reliability problems
on PC boards.

Different bonding techniques are used to weld the
two types of wire to the surface of the chip. For
the thin gold wires the thermosonic method is
used where an electric discharge first creates a
small ball on the free end of the wire; this ball is
then pressed onto the bonding pad and vibrated
rapidly (in the ultrasonic range), causing the gold
ball and silicon surface to weld together.

The thicker aluminum wires are bonded using the
simpler ultrasonic method, where the wire is sim-
ply pressed onto the surface of the chip then vi-
brated rapidly to weld the wires to the pad. Be-
cause more vigorous vibrations are used in this
technique the aluminum wires are bonded first,
followed by the gold wires.

To guarantee automotive-level reliability the
bonds are pull tested on a sample of parts. In this
test the wires are pulled to determine their break-
ing strength. Gold wires must resist a force of at
least 15g; aluminum wires must resist a pull of

4/6
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Figure 4: After molding and cropping the finished
part looks like this. This eight-lead
version of the Multiwatt package —
first developed by SGS-THOMSON in
1979 — has wider lead spacing to suit
the large high current PCB tracks.

130g. Moreover, the wire must break leaving the
bonds intact — if a bond detaches before the wire
breaks the part fails the test.

The L9936 is housed in a new eight-lead version
of the successful Multiwatt package, originally de-
veloped by SGS-THOMSON in 1979 (figure 4).
This version has eight leads in line at 0.1"
centers, rather than the usual two rows of leads.
This makes the Multiwatt-8 package suitable for
very high current devices where wide PCB tracks
are needed. An 11-lead Multiwatt package is
used for the L9937.

The new package also has a larger die flag — to
accommodate today’s large chip sizes — which
has necessitated the addition of new antistress
features in the frame design.- These features en-
sure a dependable adhesion between frame and
resin — essential for humidity resistance — and
isolate the die flag mechanically from the external
tab to ensure that the die is not damaged if the
tab is deformed during mounting.

In a typical application both the L9936 and L9937
are used with a customer specific interface chip,
which handles bus interface and protocol hand-

ling functions. Two different approaches at the
system level are used today (figure 5). In the first
case each load has its own interface, connected
directly to the multiplex bus. An alternative is to
combines several load units into a single module;
this approach is very attractive in situations like
door multiplex where there is a high concentration
of loads in a distinct and fairly compact assembly.

Figure 6 shows a generic door multiplex ‘solution
of the second type, illustrating the role of the new
high current bipolar driver ICs. In this example an
L9937 drives the door lock motor, two L9936's
drive the windowlift motor, a VNO2 high side
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driver IC drives a hazard warning light (the light
on the edge of the door that turns on whenever
the door is opened) and an L9946 multiple half-
bridge IC drives the three rear-view mirror motors
(two for mirror adjustment and one for “folding” of
the whole mirror unit for car washes and so on)
and the mirror de-icing heater. All of these inte-
grated circuits are available today.

Pure bipolar technology is used only for the very
high current ICs. For all of the other parts a mixed
bipolar+CMOS+DMOS technology has been
chosen because of the higher efficiency of DMOS
power stages and because it allows the integra-
tion of complex parts. The L9946 multiple half
bridge, for example, has a four high power half
bridges plus a microprocessor interface all on the

Figure 5: Two approaches are being used for multiplex systems. In the first each load has its own bus
interface; in the second loads are grouped together and share a common electronics module.
This approach is used in door multiplex systems, where the loads are all close together and
multiplex wiring used primarily to reduce the number of wires passing from the body to the

door.
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Figure 6: A typical door multiplex solution will use a mixture of high current bipolar power ICs and BCD
power ICs. Solutions of this type will be on production models in 1991.

HAZARD WARNING " WINDOWLIFT DOOR MIRROR MOTORS
LIGHT MOTOR LOCK AND HEATER
MOTOR
A 3
il
VN2 L9946
HIGH e ALF D ALF L9937 MULTIPLE
SIDE iy Za Al 6A BRIDGE HALF
DRIVER BRIDGE
BIMOS ST9040/E40
CUSTOM 8/16 BIT
INTERFACE MICROCONTROLLER
Lag36
MULTI- LOPasA L9150
FUNCTION S ENT BUS
VOLTAGE N RS INTERFACE
REGULATOR
J1850 BUS <
same chip.
66 (57 SGS-THOMSON
7’ MICROELECTRONICS

52



ST At

APPLICATION NOTE

MIXED WIRE BONDING TECHNOLOGY
FOR AUTOMOTIVE SMART POWER ICs

by R. Ferrari and A. Massironi

By using a mixture of gold and aluminum bonding wires in the same IC, SGS-THOMSON has
found a reliable way to correct very high current ICs that avoids wasting die area.

One of the essential prerequisites for the large-
scale introduction of multiplex wiring systems for
vehicles is the availability of high power inte-
grated circuits (ICs) capable of replacing relays,
driving directly lamps, motors and solenoids.
These ICs must be rugged and highly reliable yet
inexpensive. Many power ICs suitable for this
market are already available but a gap was left at
the high current — roughly 4A+ — end of the
range; ICs delivering 20A or more are needed for
loads like windowlift motors.

One of the main problems in high current IC de-
sign lies in the thin wires that connect the silicon
chip itself to the external connections of the IC

package. These bonding wires are typically fine
gold wires (up to 50um thick) which cannot carry
more than a few amperes of current.

Increasing the thickness of the gold wires is ruled
out partly because of cost, and also because they
are too rigid to weld to the surface of the chip
without damaging it. It is possible in theory to use
two or more gold wires in parallel for each con-
nection but this solution is generally impractical
because the large number of bonding pads waste
space on the chip (the cost of a silicon chip is pro-
portional to its area), the cost of the wire is ex-
cessive and because testing each bond is diffi-
cult.

Figure 1: Part of an almost completed strip of integrated circuits utilizing the new mixed bonding technol-
ogy. The gold and aluminum wires connecting the silicon chip — the small gray rectangle —
with the gold-plated external connections can be clearly seen.

AN483/1090
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Figure 2: After the wire bonding operation the
. completed frame assembly is encapsu-

lated in black plastic resin and the
parts of the metal frame that served as
a mechanical support are removed.
The finished parts are then tested and
marked with the type number and lot
tracing information.

One alternative, widely used in simple power ICs,
is to use thick (250um) aluminum wires. However,
a thick aluminum bonding wire needs a large
bonding pad on the die. In a simple device like a
3-terminal voltage regulator this is not a problem
because there are few such pads, but for more
complex ICs with eight or more connections the
wasted silicon area would be excessive.

SGS-THOMSON has developed and indus-
trialized an effective and efficient solution to this
problem: a mixed bonding technology where thin
gold wires are used for low current connections
and thick aluminum wires used for power connec-
tions. Figure 1 shows a bonded frame of a 20A
windowlift motor driver that uses this method; the
two types of bonding wire can be clearly seen.
Figure 2 shows the same IC after encapsulation
with black molding resin and removal of the sup-
port elements of the frame.

Because of the use of aluminum bonding wires a
selective gold alloy plating of the leadframe is
necessary; gold is one of the few metals that will
weld reliably to aluminum. Apart from reasons of
cost, gold plating is used selectively — rather than
the simpler overall plating — because of gold were
used on the external lead part of the frame it
would contaminate the circuit board soldering
bath, leading to possible reliability problems.

Different bonding techniques are used to weld the

-THOM.
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two types of wire to the surface of the silicon chip.
For the thin gold wires the thermosonic method is
used where an electric discharge first creates a
small ball on the free end of the wire, this ball is
then pressed on to the bonding pad and vibrated
rapidly (in the ultrasonic range), causing the gold
ball and silicon surface to weld together.

The thicker aluminum wires are bonded using the
simpler ultrasonic method, where the wire is sim-
ply pressed onto the surface of the chip then vi-
brated rapidly to weld the wire to the pad. Be-
cause more vigorous vibrations are used in this
technique the aluminum wires are bonded first,
followed by the gold wires. On the production
lines two separate machines are used in tandem.

Reliability is an important consideration in auto-
motive ICs therefore it is essential that wire bonds
be secure throughout the lifetime of the circuit. To
ensure that bonds are correctly executed some
parts are subjected to a pull test, where the wires
are pulled to determine their breaking strength.
Gold wires must resist a force of at least 15g; the

L’_ SGS-THOMSON

thicker aluminum wires must resist a pull of 130g.
In both cases the wire must break; the bonds
must not detach.

These pull tests are also repeated on statistical
samples after accelerated life testing where parts
are subjected to humidity, thermal cycling, and
other stresses.

Mixed bonding technology can be used in various
different power IC packages, though the photos
here show the Multiwatt-8 package. This type has
eight leads in line at 0.1" centers — wider than is
usual — to suit high current circuits where wide
circuit board tracks are used. The metal frame de-
sign of such packages reflects the care taken to
ensure reliability in line with the needs of the auto
market. For example, the die-mounting zone of
the frame is isolated mechanically by notches and
groove from the external mounting tab area. This
ensures that deformation caused by overtighte-
ning the mounting screw will not subject to stress
that could adversely affect reliability.

3/3
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HOW DESIGN RULES INFLUENCE THE HIGH FREQUENCY
SWITCHING BEHAVIOUR OF POWER MOSFETs

ABSTRACT

Starting from the basic structure of a Power
MOSFET this paper describes the electrical
equivalent circuit, it analyses in detail the
relationship between the physical structure
and the switching behaviour of the device,
mainly in the high frequency range,
introducing Rpg(ony, Cy and Cpgg gate
charge concepts.

A comparison of power losses of devices rated
at different BVpgg of die size is carried out.
The influence of the state-of-the-art Power

AN474/0492

by A. Galluzzo, M. Melito, M. Paparo

MOSFET structure on the ruggedness of the
devices (dV/dt induced from the application
circuit and unclamped inductive switching) is
also briefly analysed.

Some future structural modifications
improving both switching behaviour and
resulting ruggedness are described.

Lastly a brief overview of IGBT technology is
discussed underlining their advantages and
drawbacks compared with Power MOSFET
devices.

1/9
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INTRODUCTION

In spite of their relatively recent introduction
on the market Power MOSFET devices are
becoming certainly the most successful “high
runners” in the Power actuators and industrial
application field because of the inherent
advantages introduced in terms of switching
times and simplicity of the drive.

This paper aims to outline some of the factors
that are under the control of the Power device
designer that enable him to improve the
performance of Power MOSFETs for the
benefit of system designers while leaving the
basic Power MOSFET structure unchanged.

POWER MOSFET EQUIVALENT CIRCUIT

Fig 1 shows the cross section of an N-channel
enhancement mode Power MOSFET
structure while fig. 2 shows the equivalent
electrical schematic of the device including
the most important parasitic components
playing a crucial role for the switching and
ruggedness performance of the device.

A Power MOSFET is realized by fabricating
thousands of elementary square cells where
source regions are connected together by
means of a common surface metallization?.

S o < o Gate Ryote.
RSOUFCC j/l_':_Y \ \
R j‘ s \P\SourcE N+ J
o C4 A~ BODY
TN / \x P+
DEPLETION| . — =~ .~ e
LAYER 6T N N
DRAIN N~
N+
>

Fig. 1 - Power MOSFET structure:
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A polysilicon layer interconnects the gates of

all cells. The source region of a cell is inside

a P-layer which forms the channel region

necessary to control the vertical current flow

of the device.

The following list is a key to the drawing of

the simplified model shown in figure 2:

Rg = Polysilicon gate resistance

C, = Capacitance between gate and source

C, = Capacitance between gate and P
region

C, = Capacitance between gate and N
epytaxial layer

C, = Capacitance of the channel depletion
zone

C; = Capacitance of the depletion zone in
the superficial epitaxial layer

Cgz = Capacitance of the body-drain junction

In the text, reference is also made to the

following capacitances:

Cgp: total equivalent capacitance between
gate and drain

Cgs: total equivalent capacitance between
gate and source

Cpg : total equivalent capacitance between
drain and source

c5 f | cs
C3 ad
Rgote ‘L K

c: L L | 3.

body

T%1

c4 c1

Fig. 2 - Power MOSFET equivalent circuit.
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The parasitic bipolar transistor shown in fig.2

is formed by the body region between the N

area of the source and the N epi layer of the

drain.

The body-source resistor is due to the P-body

bulk resistance and the P-body/metal contact

resistance.

For most of the applications it is sufficient to

substitute, on the schematic diagram, a “body-

drain diode” in place of this parasitic bipolar
transistor.

Device behaviour is straightforward in fact with

positive drain-source biasing, as soon as the

gate source voltage reaches the threshold
voltage (Vy,), necessary to invert the P-well
region below the gate oxide, the current
begins to flow from drain to source regions.

The relationship between Vg, Vgg and Iy is

the typical input-output characteristic.

In switching applications, once the circuit

topology has been established (type of

converter, frequency, magnetics etc.), the
optimization of the design requires the
minimum of power losses possible.

During the device's on-state, Rpg gy, is the

parameter to be taken as low as possible to

reduce losses; this parameter is normally
defined as follows:
Roston)= Ren + Racc + Rurer + Repy

Where:

- Rcy is the channel total equivalent
resistance, depending on the horizontal
layout of the device channel length and
channel perimeter,

- Racc is due to excess charges within the
drain region below the gate oxide,

- Rgy and Ry are the most dominant
contribution for low voltage devices,

- Rypet is the resistance of the drain region
between the P body regions of two adjacent
cells,

[i; SGS-THOMSON

- Rgp; is due to the intrinsic epy bulk
resistance therefore strongly dependent on
BVpss-

SWITCHING BEHAVIOUR

The switching behaviour of a Power MOSFET
is affected by the unavoidable parasitic
capacitances of the structure. Therefore
switching losses can be predicted taking into
account the gate charge curve and the output
capacitance, Cpg. Second order effects due
to packaging and assembly will be neglected
in the following discussion as they can be
taken into account by means of suitable
macromodels for computer simulation [2-3]
The gate charge curve (fig.3), obtained by
injecting a constant gate input current is split
into several areas.

At the beginning, starting from

VGS = 0, Ci= C1 + 02 + CS,
Ip remains equal to lpgg until Vg reaches
Vo (region 1); C4 decreases further when
Vs increases so that when

VGS = VTH’ Ci=C1+C4 +C5.

Therefore Iy builds-up while Vg increases
from Vqyy up to Vo + Ip/gm (region 2). Due to
the linear behaviour of the Miller body drain
capacitance, Vg remains constant while V
decreases until the device becomes fully ON
(region 3 and 4)

Ci=C1+C4+C3

In the saturation region (5) a further increase
of Vgg Yields a Vg decrease down to
Ros(on) * Ib-

The gate charge curve is obtained at constant
gate current hence the horizontal axis is
proportional to the stored charge and to the
time necessary to switch on and off under
defined driving conditions.

3/9
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Fig. 3 -

Therefore it follows that a first comparison
between two devices rated at the same
voltage and RDS(on) can be made by simply
looking at their gate charge characteristics.

Cps capacitance does not influence the
evolution of the gate voltage but is responsible
for the power losses during switching.

Cpg does not generally limit the dV/dt
" experienced by the drain region. In fact, for
a high voltage device (IRF830) W|th the
following bias conditions:

drain voltage Vpp = 400V
gate voltage max VG = 15V
gate external resistor Rg = 10 ohm
dq = charge variation inside zone 3 of the
gate charge curve the dV/dt imposed by
the drain voltage is:
dv/dt =Vpp* (Vg - Vip)(dq* Rg) =
400 -+ (15-3.5)

o = 23 kV/msec
20+107+-10

ID is about 1A

Ip=44-10712+ 23—109_1A

4/9
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Load line and dynamic characteristics versus gate charge.

A current of roughly 1 Amp is then required to
charge Cpg atthe dV/dt set by the gate circuit:
because the device has a nominal current of
5 Amps, Cpg has little influence when an
IRF830 is used in standard apphcatlons
This means that in most of the cases it is
possible to take into account the effects of C pg
when calculating the power dissipation during
both turn-on and turn-off.

The situation in resonant converters is quite
different, where the current or voltage is
negligible during switching and the previous
approach is no longer valid. Cg effects now
influence the stored energy.

Fig. 4 shows how Rpg,n) and Cpg limit the
device working frequency in resonant
converters.

The power dissipation versus working
frequency for devices rated at different
breakdown voltage, die size and Rpg,,) has
been analysed.

It can be observed that a high voltage Power
MOSFET dissipation at low frequency is
greater than the power dissipation of a
medium voltage one with the same die size.
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190

7oR, 400 KHz
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130

10
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Fig. 4 -How RDS(on) and Cpg limit the device
working frequency.

A simple explanation can be based on the
higher value of Repi of high voltage devices
in comparison to medium voltage ones.
Increasing the cell packing density, especially
for low voltage devices allows reduction of the
die size while maintaining the same Rpg g,
and gives an improvement in capacitance
values and of the power dissipation at high
frequency (where the power losses are more
significant during switching).

Fig. 5 shows that a well defined application
requires the right Power MOSFET device. A
device with a large Rpg o) Will be preferable
for the same BV 4 if the target is optimised
efficiency at high frequency.

PERFORMANCE vs LAYOUT RULES

For low voltage devices it is possible to
improve the Rpyg ) and the gate charge curve
by optimizing the horizontal layout and dopant
profile. Fig. 6 shows the improvement
obtained in gate charge characteristics for 3
devices rated at 60V, 20 milliohm, each with
different cell packing density and bonding on
the cells.

n L LN L N
1 15 2 2.6 3 3.6 4 4.6 6

‘7_, SGS-THOMSON

BVdss = 500 V

Pd (W)
100: A
© (15 ]
0.001 0.01 0.1 1 10 100 1000
f (Khz)

Vdd = 350 V,1d =6 A
Tc=26 C

Fig. 5 - Power Dissipation versus frequency.

Cell dimension and the distance between
adjacent cells are respectively 19um and
15um for standard devices, 14um and 8 pm
for very high density device, 10um and 6um
for ultra high density devices.

The different behaviour is obtained because
of better exploitation of the silicon area with
reduced cell dimensions and distances which
produce a reduced total device area for a
given Rpgon)

For high voltage devices the most significant
term that contributes to  Rpggy) IS Rgp;
Nevertheless, optimization of horizontal
layout strongly influences the capacitance
values (C, to Cg).

Starting from the standard 500V process of
0.35 Mcell/inch? performance can be
improved by both increasing cell density up
to 0.76 Mcell/inch? and the oxide thickness of
critical cell areas (reducing Cpg capacitance)
(see fig.7).

5/9
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Fig. 6 - Influence of cell packing density on gate
charge.

Diode recovery
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Fig. 7 - Oxide and layout influence on gate charge.

¢

Parasitic turn-on during
Diode recovery | = 10A/div
di/dt = 250A/uS, dV/dt = 4V/nS

Fig. 8 - Typical waveforms when failure occurs.

RUGGEDNESS

A very important characteristic of power
devices is ruggedness.

A Power MOSFET must withstand a static
and dynamic dV/dt U.l.S. (unclamped
inductive switching) caused by the application
and environment.

A failure due to static dV/dt occurs when a
sudden voltage variation is experienced

6/9
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hetween the source and drain of a power
MOSFET in the off state; this causes a current
flow through both the body-drain capacitance
and the body resistance: if the current is big
enough the voltage drop across Rpg causes
the parasitic transistor to switch on and the
device fails because of the simultaneous
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Fig. 9 - Ruggedness improvement.

presence of high voltage and high current with
a subsequent hot spot generation.

The dynamic dV/dt occurs when fast voltage
variation finds the body-drain diode in
recovery conduction (after freewheeling
behaviour). Now the current flowing through
Rg is the sum of the recovery current and the
current due to the body-drain capacitance.
Clearly a lower dV/dt than the previous case
can now produce device degradation.

Fig. 8 shows a typical waveform during this
kind of failure.

When the device switches an inductive load
and the drain-source voltage overcomes the
nominal defined breakdown value, then
unclamped inductive switching occurs.
When this happens the energy stored in the
load inductor discharges rapidly through the
device at breakdown voltage, forcing I
current, to flow in the device and increase
junction temperature. Under effect of the
temperature change the Vg of the parasitic
BJT decreases and can cause switch-on of
the transistor itself, the current flowing in R,
(body bulk).

When even a small portion of the parasitic BJT

‘7_ SGS-THOMSON

switches on the whole Power MOS fails
because of the current focusing effect.

The failure mechanism is almost the same for
all described stress. A way to improve the
ruggedness of the device is to optimise its
vertical and lateral structure reducing Rg and
the low current gain of the parasitic transistor
as much as possible.

Fig. 9 shows the improved ruggedness
obtained by the optimization of body doping
in comparison with the first generation Power
MOS.

IGBT VERSUS POWER MOS

From the results of measurements referring
to switching speed and ruggedness the Power
MOS is an almost ideal device due to unipolar
conduction, but in some very high voltage
applications, the device's Rpg ) becomes a
real limitation.

For applications at high voltage where RDS(on)
losses are of primary importance, IGBTs find
a suitable environment.

An IGBT has the same structure as the Power
MOS and additionally has a P-layer under
the standard N doped drain. When the device
is on the P-N junction so realized injects
minority carriers into the drain region
modulating its total epi resistivity.

This means that the IGBT is a high voltage
device with an insulated gate having a low
voltage drop during the conduction phase.
In the structure of the IGBT it is easy to
recognize a PNPN (degenerative) structure
driven by a power MOS.

This implies that a device designer must
realize a device with a degenerative current
value (I arcH) greater than the nominal
current in all working conditions, to ensure that
the PNPN structure never turns-on. This is

7/9
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Id =
Vg =
Rg

WITHOUT

IRRADIATION

Fig. 10 -

well demonstrated in practice because || p1cy
> 5 I nominal in all conditions. An additional
way to design latch free devices is to control
transfer characteristic g, so that for a given
driving condition drain current never exceeds
the permitted Ip,..(Ip latch).

Currently the state-of-the-art fall time of'an
IGBT’s drain current is longer than that of

equivalent power MOSFET of same area. In‘

fact when the power MOSFET in the IGBT
structure is switched off, the charge stored in
the base of the PNP parasitic transistor can
be removed only by intrinsic carrier
recombination.

Referring to fig.10 the first portion of t,,, is
related to power MOSFET switch-off while the
tail is due to the longer recombination time of
the carriers.

A well known method to speed-up the
switching off behaviour of the device is the
lifetime Killing technique using gold and
platinum doping, ion implantation and B
irradiation. Fig.10 shows the improvement of

8/9

Vds = 80 V/div
2 A/div
5 V/div
» 100 ohm
L =~ 180 ph

T =100 °C

5‘ SGS-THOMSON

WITH IRRADIATION

IGBT switching characteristics.
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Fig. 11 - Power MOSFET versus IGBT.

IGBT’s fall time obtained with B irradiation of
the device.

A comparison of the power handling capability
of a 1000V IGBT and a 1000V Power MOS of
both 25mm? is shown in fig.11 where P is
kept constant (10W). :

It is undoubtedly advantageous to use IGBT's
at a frequency below 20kHz to reduce losses
and cut silicon costs.’
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The 3" generation of IGBTs showing a fall
time lower than 200nsec will allow the
crossover point of fig.11 to move up to 50kHz.

CONCLUSION

State-of-the-art power MOSFETs and IGBTs
have been shown to be rugged and reliable
as a result of many years of production and
technological know-how. Nevertheless, the
uninterrupted progress of the technology and
the constant relationship with final users and
system designers is a challenge for the device
designers. They must take into account
second order effects and new demands to
‘provide continuous improvement of field
controlled devices both in terms of
performance and lower cost. ‘

With the aim of reaching better performance
the main targets for improving the devices
have been defined. These concepts will also
be applied to the production of new devices.
Detailed design rule variation will produce
significant improvements in low voltage
devices; increasing cell density and tuning
dopant profiles. For medium-high voltage
devices switching losses will be greatly
reduced by varying the differentiating oxide

Ei SGS-THOMSON

thickness in conjunction with the covered
active regions of the device layout.

These new design rules will therefore lead to
better power conversion efficiency and greater
ruggedness.

The predicted, reduced switch-off time as low
as 0.2msec,obtained by new life-time control
techniques (tested on 500V laboratory
devices) will allow IGBTs to be cost effective
competitors to power MOSFETSs in the high
voltage, medium frequency range (30 to
50kHz).
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GATE CHARGE CHARACTERISTICS LEAD TO EASY DRIVE
DESIGN FOR POWER MOSFET CIRCUITS

ABSTRACT

The traditional method of specifying input
impedance for power MOSFETs is not
incorrect, but it is incomplete and often leads
to confusion when it is used as a design tool.
An alternative method is to use the gate
charge curve, which is directly related to the
total input impedance and allows a simple
evaluation of the drive energy and the
switching performance to be made.This paper
deals firstly with an analysis of the gate-charge
waveform which is related to the device
physics and develops an analytical
expression, which gives a very good

AN475/0492
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approximation of the total gate-charge.
Secondly, the influence of the electrical
parameters, both external to the device
(e.g. lp, Vpp) and the internal ones
(Vins 9t Cisss Cossr Crssr CeIl density) are
analysed.The paper also highlights how it is
possible to extrapolate the actual dynamic
behaviour of the device easily from this curve.
Finally, an evaluation criterion is suggested
that allows a comparison to be made between
the actual performances, both static and
dynamic, of devices with similar nominal
characteristics.

1/8

67



APPLICATION NOTE

GATE CHARGE MEASUREMENT
During the switching of a POWER MOSFET,

the gate current has the typical behaviour of -

current in an RC circuit, see figure 1. The
transient lasts for some tens of nanoseconds
or more, due essentially to the RC time
constant and the maximum current available
in the driving circuit. If the currentin the gate,
Iy is constant and small enough, the switching
time can be increased to a level where the
voltage and the current waveforms are free
from the parasitic effects caused by the stray

Fig. 1 - Ig, Vgs waveforms

Voo

T
o]

inductances that are usually associated with
high frequency power switching. In this way
it is possible to isolate the influence of the
external factors and analyse only the internal
parameters. The test circuit and the related
waveforms are shown in figure 2.

GATE-CHARGE CURVE ANALYSIS

To get a better understanding of the
phenomena which occur during switching it
is useful to refer to the model of the POWER
MOSFET shown in figure 3b. The figure 3a
shows the cross section of a single cell
illustrating the parasitic capacitances. The
gate-charge waveform is strictly related to the
modulation of the gate-source equivalent
capacitances during switching. This is due
to the variation of the intrinsic capacitance of
the device with gate and/or drain voltage.
Figure 4 shows the load line and C,, Cyy
variation during each phase of switching.
Figure 5 shows a typical gate-charge curve:
the capacitances influencing the shape and
the length of each zone are marked.

1 T
Ip: SA01vV

/

\
Vps® 10V/n|v\ /[G: CONSTANT
/
Ve: ZV/nlv/ \

1 F 1

T 5 us/piv Q:

7 NC/p1V

Fig. 2 - Test circuit and related waveforms.
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Fig. 3 - Cross section of a Power MOSFET cell and its electrical equivalent.
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Fig. 4 - Load line and capacitances modulation.
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Vg (V) vd(v)
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Fig. 5 - Gate charge curve

In the first zone the equivalent capacitance is
nearly equal to C because V is constant
and the variation of V has no influence. The
charge supplied to the gate can be

approximated by the expression :
Q;=(C;y+Cy+Cy) *Vgm = Cigs * Vgm
where ng is the gate to source voltage
required to just carry the desired | ; and it can
be easily deduced using the output
characteristic. In the horizontal zone the
equivalent capacitance seems to be infinite,
infact V¢ remains constant though charge is
supplied to the gate. This phenomenon,
known as the Miller effect, is due to the
modulation of the capacitance ng by Vs
The waveform of this capacitance variation is
typical of a MOS structure switching from
being strongly inverted to the accumulation
status, see figure 6.
The only difference is due to the fact that
modulation of the depletion zone is caused
not only by the voltage but also by lateral
injection of the charge coming from the
channel.

4/8

"_ SGS-THOMSON

Fig. 6 - C4y4 modulation

Looking at the drain voltage, figure 4 and
figure 5, a slope variation can be observed
occurring at a voltage, V,, physically
corresponding to the transition from a highly
charged P zone to simple depletion of the
MOSFET capacitor that exists between the
deep body cells. The first slope is related to
Cg = C,q the second to C,, the polarity of
Vqq being so that G5 >> C5. So the charge
supplied to the gate during the Miller effect
can be split into two parts:

Q, =Cg* (Vgg - Vi) = Crgs = (Vg - Vi)
Q3 =C3 * (Vy-Vysay)

being V, =Vgm + Vingpy + Repy * 19 aNd Vysay)
the voltage drain corresponding to the “knee”
of the output characteristic with Vgs = ng
The slope of the final part is associated with
the oxide capacitances. (Vy, gp, is the
threshold voltage of the MOSFET capacitor »
existing between the P zone; R, is the
resistance of the drain due to the epi). The
charge supplied during this phase is:

04 = (C1 + 02 + Cs) * (Vg(max) - ng)

MICROELECTRONICS
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Fig. 7 - V, evaluation.
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Fig. 8 - Gate charge curves as afunction of I jand V 44.
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Fig. 9 - Influence of cell density on gate charge.

EFFECTS OF THE PHYSICAL AND
ELECTRICAL PARAMETERS ON THE
GATE-CHARGE CURVE

The previous discussion has shown that the
total charge supplied to the gate is influenced
by several parameters, which are essentially:
a) electrical parameters (V gy, ly)

b) structural parameters (cell density,

capacitances, Vy,, gys)

The electrical parameters are imposed by the
external circuit and depend on the application;
the structural parameters are typical of the

"_I SGS-THOMSON

Fig 10 - Comparison of gate charge curves of two
devices with different values of C ., g;c and
C

rss*

device and can be adjusted during the device
design stage in order to optimise its
performance. Figure 8 shows the influence of
lq and V44 on the shape of the gate-charge
curve.

Figure 9 summarizes the effects of the
structural parameters: the gate-charge curves
of devices having the same static
characteristics (Ryg on), BV g6 |g) @nd different

5/8
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Fig. 11 - Gate charge curve of IRF832. V o = 2V/div,
Vg = 100V/div, Q = 5nC/div.

14 Vo (v)

121
101

8t energy stored In Cgs
and lost during Turn-off

N

6

4
21 0g_tot
0¥ ¥ !

0 10 20 30 40 S5U 60
Qg(nC)

Fig. 13 - Driving energy and gate charge.

cell densities, are shown. Figure 10 shows the
influence of the capacitances and of the
transconductance on the same curve.

Use of the gate-charge curve

The gate-charge curve analysis is useful for
obtaining important information about device
switching characteristics. The following
example evaluates the switching time of the
SGS-THOMSON IRF832 as an example.

6/8
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Fig. 12 - IRF832 turn-off. V¢ = 5V/div, V4 = 100V/
div, l4 = 1A/div, t = 500ns/div, Ry = 180

Ohms.
0 5815709
*

*
0.6F + . ° 03 Mclsql
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. a 280 Kc/sqi
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Fig. 14 - Comparison of technologies.

Figure 11 and figure 12 show, respectively,
the gate charge curve and the turn-off of the
IRF832 measured under similar conditions of
14 and V4. Note that the horizontal axes of
the gate-charge graph are in nanocoulombs
Q= |g . t Ig=const.) while the vertical axes
are in volts. Referring to figure 5 and figure
11, the values of the single contribution to gate
charge are:

Q= 5nC

MICROELECTRONICS
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Q,=11nC
Qg = 13nC
Q4= 18nC

During t,, Cg is constant so this time is easy
to evaluate using the usual calculation for RC
circuits:

ty=Rg- ‘Cgs " In(Vgs(to)/V gs(ty))
substituting:
Rgs = 180,
Cgs = dQ/dV = 18nC /4.7V = 3829pF,
Vgsto) = 10V, Vo(t,) = 5.3V
t, = 438ns.
From t, to i, Ig is constant and its value is
Ig = ng /RgS = 29.4mA hence:
tp = Qg/ly = 442 ns
to = Qy/ly = 374 ns
During ty Cgq is constant and using the
previous expression :

ty= Rg . Cgs *In (Vgs(tc)/vgs(m)) = 96ns
Note CgS = Cigs

1/(Ron Qgq)
1 ¥
o

[ o o . 0.5 Mc/sqi
+ 1.3 Mc/sql
0.1 ° * 2.2 Mc/sqi
0 280 Kc/sqi
; X 720 Kc/sqi

I X

o

0.01 + o + - *
0 100 200 300 400 500 600
Bvdss

Fig. 15 - Comparison of technologies.
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Looking at figure 12 it is possible to see that
the calculated times are very close to the
measured ones.

The gate charge curve is also helpful because
it allows the driving energy to be calculated.
The area under the gate-charge curve
represents, in fact, the total amount of energy
needed to turn-on the device while
Vomax * Qg.tor 1 the total energy that the
driving circuit has to supply, see figure 13.
In order to obtain fast switching with low
driving energy and low energy dissipation
during the cross-over, the optimum device
should have low Qg and high gy. To obtain
low power dissipation during the on state, the
optimum device should have low R .,

It is useful to define two merit coefficients to
give a measure of device performance:

Ky = gfs/Qg Ky = (Rds(on) ) Og)'1

Devices having analogous nominal
characteristics (BV g, |4) but manufactured
using different technologies can be quickly
compared, see figure 14 and figure 15. Note
that the two coefficients are not dependent on
device die size because of their definition.
They both depend on switching features (Q,)
but K, is related to the saturation zone (gy,)
of the Power MOSFET out characteristics
whilst K is related to the linear characteristic
(R

on) -

CONCLUSION

The gate charge curve supplies useful
information about the actual behaviour when
the device switches.  From the user's point
of view, these curves allow the correct design
of the drive circuit and correct choice of the
device which best satisfies the design criteria.
The use of two merit coefficients allows a
quick comparison of devices having similar

7/8
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nominal characteristics but manufactured
using different technologies.

RE
1.
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ANALYSIS AND OPTIMISATION OF HIGH FREQUENCY

POWER RECTIFICATION

How can the performance of power electronics be
improved ? Today, in many cases, itis the job of the
designer. The fast rectifier switching behaviour de-
pends on the operating conditions. The analysis and
the optimisation of these conditions can be an im-
portant source of improvement in performance.

1. SWITCH-OFF OF FAST RECOVERY REC-
TIFIERS

It is possible to define theoretically two types of
switch-off'.

1.1. FREE-WHEEL MODE (figures 1 & 2)

When the rectifier switches-off it is always in paral-
lel with a voltage source. In this case the assump-
tion is that the parasitic inductances are negligible.
This type of behaviour can be met in the majority or
rectifier applications such as free-wheel rectifiers in
step-down and step-up converters, full wave recti-
fiers, etc... (figure 2). Generally, a rectifier in free-
wheel mode is always 'in parallel with a voltage
source when it turns-off.

1.2. RECTIFIER MODE (figures 1 & 3)

An inductance defines the dlr/dt (decreasing slope of
the rectifier current) and when the rectifier switches-
off it is always in series with this inductance. This type

AN370/0689

By J.M. PETER

of behaviour can be met in some applications such as
rectifiers in flyback converters and many functions in
thyristor circuits, (figure 3). Generally speaking a rec-
tifier in the rectifier mode is always in series with an
inductance L and this inductance L defines the die/dt.
The fundamental difference between these two
modes is that in the rectifier mode there is a stored
energy 1/2LIrv? due to the series inductance. After
the turn-off this energy is dissipated in the rectifier
and/or in the associated circuits.

1.3. TURN-OFF LOSSES
Free-wheel mode

Worr is the energy dissipated in the rectifier during
turn-off.

t2 /gt (refer to figure 1)
WFR =
Y

Low voltage (< 200V) fast rectifiers have a high in-
ternal capacity and the minority carriers have a very
short life time. High voltage fast rectifier have a
thicker N silicon layer and the minority carriers have
longer life time and consequently different beha-
viour during the turn-off condition blocking state.
(Higher Irm and tirm - more damping).

112
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Figure 1 : Fast Rectifier : the two turn-off modes.

a) Free-wheel Mode.

b) Rectifier Mode.

I dip/dt

tRM

IRM' -\- S
VR

0 # t2

die/dt FIXED BY THE TRANSISTOR (or by
the external circuit)

LOW LOSSES IN THE RECTIFIER
Worr=K - VR lam - Tirm
(0.15 < K < 0.35)

NO bSCILLATIONS AND OVERVOLTAGE

+

.I I
. T 71

—0

! dIe/dt = Vg/L

HRM

YR

0 H\2

di/dt FIXED BY THE INDUCTANCE
dlg/dt = VRIL

HIGH LOSSES IN THE RECTIFIER
Worr=K - VR - Iam - Tiam +1/2 LiPam

When asnubber is used some of the energy isdissi-
pated in the snubber.

ALWAYS OVERVOLTAGE AND
OSCILLATIONS IN SOME CONDITIONS

5A/div. 50V/div. 0.05us/div.
BYT30 — 1000 — I = 3A — dIf/dt = = 75A/us — VR = 100V — Tcase = 25°C

2/12
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According to the experimental results the turn-off
energy loss (W)rr in the free-wheel mode can be
written :

(W)FR = Kx VR X Iam X tiRm (1)

K" is a constant that depends on the thickness of
the N type silicon layer.

Max Voltage Rating (V)

200 400 800 1000 1200

K

0.12 0.14 0.22 0.28 0.35

Rectifier mode

Losses in this mode, (W)Rec, are the sum of the sto-
red energy 1/2 L lrw? and the recovery energy
(W)FR :

(W)Rec = (W)er + 1/2 L Irn? (2)

In some cases, oscillations can occur. This depends
on the damping due to the current tail effect after
switch-off. When oscillations occur energy is dissi-
pated during the oscillations partly in the rectifier and
partly in the circuit. When snubbers are used a si-
gnificant part of the energy is dissipated in the snub-
ber.

2. PRACTICAL SWITCH-OFF BEHAVIOUR

The two cases, free-wheel mode and rectifier mode
are simplified cases that are easy to simulate in a
laboratory characterisation. In practical equipment
there is always a possible overlap between the two
theoretical modes, because :

Figure 2 : Rectifiers in Free Wheel Mode.

1. No circuit is without parasitic inductances.

2. The rise time (or the fall time) of the switch is
not infinitely fast when compared with the rate
of change of current, dlr/dt.

Experimental results show that in all cases the fol-
lowing formula can be used :

(W)orr = (W)er + 1/2 Ls Iam? (3)
Where Ls = series inductance

This important relationship is a useful tool for the
designer, giving him the main parameters that in-
fluence the turn-off energy.
N.B. : The following relationship (4) is only true for
the pure rectifier mode.
(W)orF = Qrx VR (4)

Where Qr = recovered charge

(1) K is experimental - Defined for SGS-THOMSON Microelec-
tronics fast rectifiers.

Figure 3 : Rectifiers in Rectifier Mode.

)
‘ +
Vi
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Figure 4 : Switch-off Behaviour of the Ultrafast BYT12-400V Rectifier (current rating 12A - voltage rating

400V).

Conditions : Ir = 13A dIr/dt = — 150A/us VR = 100V Tcase = 25°C.
In the case of rectifier mode : L = 0,6uH.

The turn-off lost energy calculated by the current and voltage is :
(W)ER = 3ud free-wheel mode.

(W)Rec = 10ud rectifier mode.

The storage energy in the inductance is : 1/2 L lamZ = 7.5ud.

a) Free wheel mode. b) Rectifier mode.

The use of this equation for a lot of practical circuits a trade off between :

can be considered as a first approximation. It leads - Speed (Irm)
to over estimated losses, if the rectifier does not - Max voltage rating (VrRrM)
operate in pure "rectifier mode". - Forward voltage drop (VF).
3. CHARACTERISTICS OF FAST RECTIFIERS Example : 12A fast rectifiers.
{12 characteristics of fast rectifiers are the result of
VRRM 200 400 800 1000
Type BYW81 BYT12-400 BYT12-800 BYT12-1000
T; = 100°C I1rRm(A) 1.8 37 6 7.8
dlf/dt = — 50A/us
tirm(us) 0.05 0.075 0.160 0.200
Ve v) 0.66 + 0.0071 11 + 0.021 1.3 + 0.031 1.3 + 0.031
Operating conditions 4. EXAMPLES

Irm increases with di/dt (figure 5).
Irm increases with Tj (figure 6).

4.1. FLYBACK CONVERTER (figure 7)
The behaviour is as a pure rectifier ; the rectifier is

The important points that emerge are : driven by a current source, the inductor, L.

1. High voltage fast rectifiers are not so fast as low
voltage fast rectifiers, (comparing devices of
equal current rating).

2. Tj and dif/dt have a strong influence on the small, (see table figure 7).
reverse recovery current.

4/12

For a frequency less than 100kHz the switching
losses are small in comparison to the conduction
losses, because diF/dt defined by Vo/L is always

‘ SGS-THOMSON
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Figure 5 : Switch-off Behaviour of the Fast Rectifier BYT12P 1000 (current rating 12A voltage rating 1000V).
Influence of the dlF/dt.

IrMm (A)

30
Tj=100°C

20

10

di/dt (A/us)
10 102 103

5A/div, 50ns/div, Tj = 25°C

Figure 6 : Switch-off Behaviour of the Fast Rectifier BYT12 1000 Influence of T;.
One Curve Tj = 25°, one curve Tj = 60°.

100V/C, 2A/div, 50ns/div 100V/C, 2A/div, 50ns/div
Free-wheel mode Rectifier mode
%
250

Gﬂ‘/
i

200 / |
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25 50 75 100 125 150 T(yj)(°C)
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How can the designer reduce the losses ?
1. The ratio | peak/lavg, is very unfavourable in this

type of circuit. It is essential when the peak volt--

age is less than 200V that the "high efficiency
ultra fast" family which have very low conduction
losses are used. When the peak voltage is
greater than 200V one solution is to use a recti-
fier with higher current rating.
Example :
In the same circuit at 12A with :
- BYT12-800: conductionlosses =7.6W,a 12A
rectifier.
- BYT30-800 : conduction losses = 6W, a 30A
rectifier
2. Reduce the junction temperature. If Tj is de-
creased from 100 to 75°C the switching losses
are reduced by 20%.

4.2. SMALL CURRENT RECTIFIER (figure 8)

A transformer with a leakage inductance measured
on the secondary side Ls = 1uH supplies a fastdiode
D. The average output current is 0.8A and the out-
put voltage is 48V.

The deSIQner wants to use the populardlode BA157.
This is not possible because the total power dissi-
pation is 1.15W at 40kHz. At this frequency he can
only use a popular 2A current rated diode (for 0.8A
rectified current) and at 200kHz there is no solution
with popular diodes (see table in figure 8).

How can the designer reduce the losses ?

1. Choose a diode in the "high efficiency family". For
example he can use the BYW100 for 40kHz to
200kHz, (see table figure 8).

2. Reduce the leakage inductance :'with a leakage
inductance Ls = 0.1uH, BY218 at 200kHz
(1 .24W, ATj = 93°C).

4.3. FULL WAVE OUTPUT RECTIFIER
There are two different full wave rectifying circuits.

4.3.1. VOLTAGE SOURCE - CURRENT OUTPUT

Current and voltage behaviour are indicated in fi-
gure 9. The inductance Ls is the leakage inductance
of the insulation transformer.

The 4 rectifiers operate in an intermediate mode be-
tween "free wheel" and "rectifier”, because there are
some 1/2 Ls Irw? losses.

4.3.2. CURRENT SOURCE - VOLTAGE OUTPUT
(figure 10).

In this circuit, each rectifier operates in "free wheel"
mode. The series inductance does notintroduce ad-
ditional losses. (This assummes there is no parasi-
tic inductance between the rectifiers and the capa-
citor C).

How can the designer reduce the losses ?

Figure 7 : Flyback Rectifier Output Average Current 4A.
Below 100kHz the switching losses are negligible, in comparison with the conduction losses.
The reason is limited dl/dt, consequently limited lrm. -

20A
. dp Vs ,
at L R
t
‘_l t/T=0.4
T
IAVG + 4A
Pure “rectifier mode”
Vo (V) 12 48 100
Rectifier BYW81-100 BYT12-400 BYT12-800
"High Efficiency" . :
Conduction Losses (W) 3.2 6 7.6
Switching Losses a 50kHz (W) 0.006 0.05 0.81
Switching Losses a 200kHz (W) 0.05 0.5 55
6/12
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Figure 8 : The Popular Diodes BA157 —BY218 are not Fast Enough for High Frequency Rectifying. The

BYW100 is well adapted.

Ig=1pH 1.6A
20A/j[,s
-~
—_—
0.8A
48V — t
"l T t/T=0.5
J—
DIODE BA157 BY218 BYW100-200
Popular Popular High Efficiency

lrm @ 100°C dl/dt = — 20A/us (A) 2.8 2.8 0.75
tirm @ 100°C dl/dt = — 20A/us (A) 0.14 0.14 0.05
(W)er (uJ) 2.08 2.08 0.01
1/2 Ls 1am (uJ) 3.9 3.9 0.28
Conduction Losses (W) 0.944 0.744 0.592
Switching Losses a 40kHz (W) 0.2 0.2 0.012
Switching Losses a 200kHz (W) 1.3 1.3 0.06
Total Diode Losses a 40kHz (W) 1.15 0.44 0.6

A Tj a 40kHz (°C) 115° 71° 60°
Total Diode Losses a 200kHz (W) 1.97 1.77 0.65

A Tj a 200kHz (°C) 197° 132° 65°

a) Voltage source - current output
Reduce the transformer leakage inductance.
Table of figure 11 shows that in the case of the
400V 10A 200kHz bridge circuit the suppression
of the inductance Ls can save 4 x 16.5W = 66W.
Replace in the same circuit the high voltage fast
rectifier BYT12-600 by 3 "high efficiency"
BYW81-200 in series (see figure 12 - table). The
total losses decrease from 186W to 58W. This re-
sult is very important as it shows it is more effi-
cient to use several "high efficiency" ultra fast
rectifiers instead of a single high voltage one for
high frequency operation.
b) Both

Use of sinusoidal current (resonant converter) in-
stead of rectangular waveforms. Figure 11 shows
that for the same conditions (400V - 10A -
200kHz) the switching losses with a sinusoidal
current are only 4 x 7.5 = 30W (4 x 22 = 88W with
rectangular wave forms).

4.4. STEP UP CONVERTER

The rectifier operates in free wheel mode. The main
losses in this case occur in the transistor during the

"_l -SGS-THOMSON

turn-on (similar to the step down converter).

Figure 13 shows that with 600V output at 40kHz, if

the rectifier switching losses are reasonable, the

transistor turn-on losses are too high.

How can the designer reduce these turn-on losses ?

(fig. 13).

a) Decrease the rectifier junction temperature by
more efficient cooling.

If the BYT12-800 junction temperature de-
creases from 100 to 70°C, the transistor turn-on
losses decrease from 39.5W to 33W.

b) To replace one BYT12-800 by 4 high efficiency
BYW81-200 in series. The total balance is a re-
duction in losses from 39.5 to 16.6W in the tran-
sistor with same losses in the rectifier.

IN SUMMARY

Two major actions reduce switching losses caused
by fast recovery rectifiers :

1. APPROPRIATE CHOICE OF COMPONENT

e The fastest rectifier compatible with the peak
voltage in the application.

712
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o If the peak voltage VR exceeds 400V the de- A 800V fast rectifier has an Irm approximate-
signer must analyse carefully the switching ly two times higher than a 400V fast rectifier
losses : (same current rating).

- These losses are proportional to ZRm X VR.

Figure 9 : Voltage Source, Output Current Full Bridge Circuit.
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Figure 10 : Current Source, Output Voltage Full Bridge Circuit.

VOLTAGE
w=  QUTPUT (CONSTANT)
>

CURRENT
SOURCE

7
/
N

/(0‘9 \—_
03)

—I (D1 D4)

~/
\J—vo

V (D2 D3)

:

cs- o 912
Kyy S55;THOMSON "



APPLICATION NOTE

Figure 11 : Switching Losses (per leg) in a full Wave 200kHz Bridge Circuit. Output 10A.
In case of voltage source, current output, the (leakage) inductance Ls introduces LsI°Rm
losses.
In case D, the losses are smaller (6 x 4 = 24W instead of 22 x 4 = 88W) because dl/dt is smal-
ler, consequently Irm is smaller.

Ls = 0.5uH (48V)
1uH (200V)
1.5uH (400V)
Vg 48 200 400
R Rectifier | BYW81-100 | BYT12-300 | BYT12-600
................... [ dl/dt-—-lZ()A/}m ZOOKHZ
’N—l N 10A
+ }_/\/VV\i*
{ I TN v 0.76W 56W 38.5W
(7N O — >
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Figure 12 : Switching Losses (per leg) in the Full Wave 400V 200kHz Bridge Circuit with two Different
"rectifiers".
Replacing the high voltage BYT12 — 600 rectifier by 3 "high efficiency" ultra fast BYW81 — 200
in series reduces the total losses dramatically. This is why the Irm from BYW81 is very low and"
the voltage drop of this high efficiency rectifier is very low.

1.5uH L5uH

vl 3 x BYB1-200
_ l—” Bmi 600 {—;jm
il e
—J N 4‘.;0‘/

Rectifier BYT12-600|3xBYW81-200 F = 200kHz
Conduction Losses 8 11 Vo = 400V
(W) lavg = 10A
Switching Losses (W) 38.5 3.5 dlF/dt = — 120A/s
Total Losses per Leg 46.5 14.5 YT =0.5
(W)

Figure 13 : In the Step-up (or step down) Converter the Majority of Losses Occur in the Transistor, Specially
when a High Voltage Rectifier is used.
In some case replacing a high voltage rectifier by several faster rectifiers in series (and conse-
quently with a lower voltage rating) can minimize the total losses despite the increase of the rectifier
conduction losses.

+
10A
t/T = 0.5
t .
Rectifler current
R 5A T N
- . i

dl/dt=120A,
- U IrM
.__I [ Vo

- / I+ 10A

IRM

v

Trapsistor turn—aon current

(W)on = o [ ~aldt + (I + Irm) tirm]
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Figure 13 (continued).
Vo 48 300 600 600

Rectifier BYW81-100 BYT12-400 BYT12-800 4 x BYT81-200
(di/dt = 120A/us) lrm (A) 3.8 6 10.5 3.8
(T; =100°) tirm (u1s) 0.04 0.06 0.12

"Rectifier Conduction Losses (W) 3.65 6.5 8 14.6
Rectifier Switching Losses a 0.04 0.6 6.7 0.5
40kHz (W)

Total Rectifier Losses a 3.7 71 14.7 15.1
40kHz (W)

Transistor Turn-on Losses a 1.32 1 0.7 39.5
40kHz (W)

The rectifier voltage drop increases with the rating
voltage.

Example : BYW81 "high efficiency" 200V rating VF
= 0.85V (max).

BYT12-600 600V rating VF = 1.8 (max).

IMPORTANT CONSEQUENCES :

If the switching frequency is greater than 40kHz in
many cases it will be more efficient to replace one
high voltage (600 - 800 - 1000V) rectifier by a series
of ultrafast rectifiers (200V or 400V). Despite the in-
crease of conduction losses, a dramatic reduction
of switching losses results in a decrease in the total
losses.

2. OPTIMAL OPERATING CONDITIONS

2.1. In many cases parasitic inductance gives addi-
tional losses. A reduction of those parasitic induct-
ances Ls decreases not only the voltage spikes but
also the switching losses.

2.2. Junction temperature plays an important réle.
The switching losses are approximately proportional
to Tj. Improving the rectifier cooling is, very-import-
ant for all high frequency rectifiers.

2.3. For full wave rectifying circuits, with an isolation
transformer the switching losses are always lower
in case of :

12/12

[’7 SGS-THOMSON

Current source — rectifying — voltage source

than :
Voltage source — rectifying — current source

because the impedance due to the transformer leak-
age inductance is integrated in the current source,
and does not play any part in the additional losses.
2.4. The use of the resonant circuit with sinusoidal
current-waveforms results in a significant reduction
in the switching losses due to the limited diF/dt or to
the smaller Vg re-applied voltage.

CONCLUSION

Reducing the switching losses in high frequency
converters is team work.

The manufacturer has improved the fast recovery
rectifier characteristics. The designer has now some
tools to analyse, with a greater accuracy, the recti-
fier behaviour and choose the optimal solution in or-
der to minimize the losses.

REFERENCE
|1] "Switching behaviour of fast diodes in the con-
verter circuits” - p.63 to 78 in the hand book
SGS-THOMSON Microelectronics "Transistors
& Diodes in Power Processing".
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PC-BASED DEVELOPMENT SYSTEM CUTS DESIGN TIME
OF SMART POWER IC APPLICATIONS

by Thomas L. Hopkins

processors.

A Smart Power Development System allows the designer to evaluate a smart power device in
the final application, such as emulator systems allows designers to evaluate and debug micro-

As smart power integrated circuits become more
complex they are approaching the realm where
they can be considered power peripheral chips.
These new devices can no longer be evaluated
with a simple bench set up using a few switches
and a function generator. Before the device will
operate in an application, one or more registers
must be programmed to set the operating condi-
tions of the device. To speed development of ap-
plications using these devices a PC based sys-
tem, the Smart Power Development System, has
been developed. The SPDS allows the user to
quickly develop and evaluate the device perform-
ance in a real application. This paper discusses
the SPDS and shows a typical application for a
stepper motor drive circuit, the L6223A.

The current generation of smart power integrated
circuits contain more logic than their predeces-

Figure 1: PC-Based SPDS

sors and many, like the L6280 and L6223A, con-
tain one or more registers that must be pro-
grammed for the device to operate. This adds a
new dimension to the users task who must now
develop software to drive the devices before he
can start to evaluate the device operation. In ad-
dition such tasks as calculating the power dissipa-
tion and required heat sink for a power integrated
circuit is a more complicated task than for dis-
crete devices.

To assist the user in evaluating such devices the
Smart Power Development System (SPDS) was
developed. This PC based system consists of
three parts: 1) a general purpose interface card
that interfaces to the PC bus, 2) a dedicated
printed circuit board for each device supported,
and 3) a dedicated software package for each de-
vice supported. The block diagram of the SPDS is
shown in figure 1.

HWPCI-ST

a

PC AT

000 g855 ) <

EVALUATION
BOARD

AN450/0190
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PC INTERFACE

To allow the PC to easily drive a variety of appli-
cations, a general purpose interface card was
needed. The interface card chosen, similar to the
Burr-Brown - PCl 2000 Series, provides 32 /O
lines, 4 counter/timer channels, and a rate gener-
ator, as shown in figure 2.

The 32 1/O lines are general purpose parallel
lines that may be programmed, in groups of 8, as
either output or input lines. The 32 I/O lines plus
their associated control registers are mapped, as
eight bit registers, into the user address space of
the PC and are easily addressed by the applica-
tion program. In the SPDS system these 32 lines
are used as parallel outputs to drive the dedicated
application board.

The rate generator provides a stable timebase for

Figure 2: SPDS Interface Card

operation of the system. The frequency of the
rate generator output is given by the equation:

8MHz

Fout ( N1 - N2)

where N1 and N2 are integers between 2 and
65535. In this configuration, the output frequency
can then range from 2 MHz to approximately .002
Hz. This clock signal is used by the four counter
timer channels that provide the variable step rate
timing used in stepper motor applications or the
period of output patterns in pattern generator type
applications.

This flexible configuration allows the PC interface
to be independent of the device being evaluated
and provides a general purpose interface that can
drive many types of applications.

N T
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T CHD-CH15
Data Bus D
g Buffer [© A
A
B A /O Port 2 g
Address X
g Buffer & l—s{& CHD-CH15
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v T'ﬂer Gate
Interrupt Clock
Jumpers out Out
d LSy SGS-THOMSON
Y/ ticrocLEcTRONICS

90



APPLICATION NOTE

vice. In the case of the L6223A the dedicated
DEDICAT.ED HARDV.VARE . board includes two configurations for the L6223A
Each device, or family of devices, supported by

. 99 driving a unipolar stepper motor, a single device
the SPDS has a dedicated application board that appncgation a?nd a dupeﬁ device application. The

connects to the PC interface card and includes schematic diagram for the L6223A Dedicated
the dedicated circuitry around the evaluation de- Board is shown in Figure 3.

Figure 3: Dedicated Board for L6223A
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This allows the user to choose the configuration
that best suits his application depending on the
current level required by the motor.[2] The soft-
ware then allows the user to select which of the
two implementations will be driven for evaluation.

Other dedicated boards support devices in bipolar
stepper motor driver applications, DC motor driver
applications, and solenoid driver applications.

SOFTWARE

Each of the SPDS systems includes a software
package dedicated specifically to the devices. Al-
though the features vary depending on the appli-
cation and the specific devices, the L6223A pack-
age is typical. The L6223A package includes: 1)
calculation of the acceleration and deceleration
ramps for a stepper motor, 2) a driver routine for
real time operation and 3) a simulation package
that simulates the thermal behavior of the device
or devices.

ACCELERATION AND DECELERATION RAMPS

The acceleration/deceleration ramp section the
program is unique to step motor applications. This

Figure 4: Typical stepper motor torque characteristics

routine calculates the step timing required to raise
the step motor from zero up to the final speed.
The calculation is made from the mechanical
characteristics of the application.

The required inputs include the characteristics of
the motor, specifically the static Torque (Tstat), the
slope of the Torque vs Speed curve (Tsiope) and
the number of steps per revolution. The torque
characteristics for a typical stepper motor are
shown in Figure 4. In the simple model for a step-
per motor the torque decreases approximately li-
nearly as the speed increases from zero up to the
maximum motor speed where the Torque falls to
zero.[1] This curve can be approximated by a
straight line having a static Torque (Tstat) and a
slope (Tsiope) as shown in Figure 4. Here the ap-
proximation for the torque curve allows for a
Torque utilization factor of less then unity.[1] In
addition to the motor characteristics the program
needs the mechanical characteristics of the sys-
tem, as referred to the motor shaft. The two re-
quired values are the frictional Torque (Ttic) and
the total Inertia (Jiot). From these values the pro-
gram calculates the period of each step during
the acceleration ramp. These values are then
saved and used by the real time program to drive
the motor.

s Pullout Torque (NM)

Step Rate (Thousands Steps/Sec.)

..... - From Specification

—+— Design Target

4/9
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Figure 5: SPDS entry screen

TEXT MOVEMENT Number 1 of 2 Filename: DEFTEST.DIM
Rotation sense ( FW / BW ) FW
Acceleration current (100% 85% 70% 55% 40%) 100
Frequency ( 10 or 20 Khz ) 20
Number of s=teps before the intermedia current 10
Intermedia current (100% 85% 70% 55% 40%) 85
Frequency ( 10 or 20 Khz ) 20
Number of steps of constant speed 199
Costant cpeed current (100% 85% 70% 55% 40%) 55
Frequency ( 10 or 20 Khz ) 20
Deceleration current (100% 8%5% 70% 55% 40%) 70
Frequency ( 10 or 20 Khz ) 20
Stand by current ( OPen or CLose loop ) CL
Stand by current 100% 85% 70% 55% 40% 40
Frequency ( 10 or 20 Khz ) 20
Half or Full (H/ F) F
Time of stand by (m.sec) 200
F1 to next movement ESC to go back

REAL TIME OPERATION

One major advantage of the SPDS is the ability to
operate the devices in a real time application
without having to first write a driver routine. In the
real time operation section of the program the
user defines a sequence of movements and the
motion profile and operating parameters for each
movement. This is done using a simple text entry
screen, as shown in Figure 5. Each movement is

Figure 6: Stepper movements

divided into five segments, as shown in Figure 6.
Using the motion text entry screen, the user may
define the operating conditions of the driver chip
for each segment of the movement. The entry
screen allows the user to select one of five cur-
rent levels and the chopping frequency, both of
which are selected by programming the internal
shift register in the L6223A [3], for each segment
of the movement.

Speed

Coil current
100%

70% —

DA/OPLO

DA/CLEV ~ [
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The entry screen also allows the user to define
the number of steps in the first segment and the
third segment of the movement. The number of
steps in the second and fourth segment of the
movement are defined by the acceleration ramp
and deceleration ramps being used.

The final segment of the movement is the
standby period, which is really the period where
there is no movement between two movements.
The user is allowed to select the period and oper-
ating conditions during standby. Utilizing the pro-
grammability of the L6223A, the user may select
either open-loop or closed loop operation during
this time as well as the current level and the
chopping frequency.

The user may define any number of movements
in a sequence and then set the parameters of
each movement. Once this definition is com-
pleted, the SPDS will continually execute the se-
quence programmed in real time. In the execute
mode the SPDS displays some of the operating
parameters of the system, as shown in Figure 7
and 11. During the execution the user may modify
the step timing of either the acceleration or de-
celeration ramps and observe the affect on the
mechanical behavior of the system.

Figure 7: Operating parameter display

Once the user is satisfied with the system oper-
ation all of the values of the acceleration ramp,
deceleration ramp and motion profile can be
saved on the disk for future use.

SAFE (and SAVE) DESIGN BY SIMULATION

The final section of the SPDS system allows the
user to evaluate the thermal behavior of the de-
vice in the application. In this section the move-
ment is simulated based on the average velocity,
as shown in Figure 8. Using the input electrical
parameters of the application and motor, the pro-
gram calculates the chopping duty cycle and the
effect on power dissipation due to the step rate.

-To these values are added the quiescent losses,

which are assumed to be constant, to get find the
power dissipation in the device. The program also
accounts for variation in the Rpson with die tem-
perature.

The simulation outputs two representations of the
information. The first, shown in Figure 9, shows
the power dissipation and required thermal im-
pedance from the junction to ambient (Rihj-a) to
limit the maximum junction temperature to a spe-
cified value versus the peak coil current (lp). For

F1 Acc/Dec resolution = 10 p.sec
F2 Acc/Dec resolution = 50 yu.sec =) Tace 1 = 5200 p.sec
F3 Acc/Dec resolution = 100 p.sec
F4 Stand-By resolution = 1 m.sec
F5 Stand-By resolution = 10 m.sec
Tdec 1 = 490 p.sec
Type S to START
Any keys to STOP
Stand-by = 200 m.sec
> Time increment ¢ Time decrement
- Time +1 - Time -1
ESC to go back
ol LSy SGS-THOMSON
’ MICROELECTRONICS
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Figure 8: Stepper motor movement simulation

Vmax

Speed

Vavg I

Simulation ] |

l

|, J | | |

|

Motion

AT
Standby

Figure 9: Power dissipation and required thermal impedance

W el
Ptot sRthj-a Ip= 8.499 A Ptot= B8.948 W Rthj-a= 42°CA
3.5} S5 Ptot CONDITIONs
\ Tj: 189 °C
Ta= 68 °C
2.72 [ 44 f (0sc)=20KHz
Single L6223
Full Step
1.88 33
Total’On board’
heatsink copper
area:
1.84 1 22 A= 5.127 ca?
,,_/ Rthj-a
8.28 11 (a1
8.18 8.32 8.55 8.77 1.00 Ip
I Grid Step FINE ESC to go back

required values of thermal impedance less than
55°C/W (the thermal impedance of the package
in free air) the power dissipation is calculated as-
suming a constant thermal impedance of 55°C/W.
For any given value of current, selected by mov-
ing the cursor, the calculated value for P4 and
Rihj-a are shown on the top of the graph. The pro-
gram also calculates the number of square inches
of copper required on the printed circuit board to
achieve the required thermal impedance, for

&7

SGS-THOM
MICROELECTRONICS

values that are achievable in this manner. When
the power dissipation exceeds the level that may
be dissipated in this configuration, a message
that an external heat sink is required is displayed.

The second output (see fig. 10) of the simulation
program calculates the power dissipation and die
temperature assuming constant values of Rihj-a.
For this simulation, three values of thermal im-
pedance are chosen; the thermal impedance of

SON 7/9
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Figure 10: Power dissipation and die temperature

W3 Peak Unb=# 35 % 1j38= 95 °C Tj48= 183 °C T455= 131 °C

Ptot 1 Ip = 8.586 A Pd38=- 1.175 ¥ Pd48- 1.228 W Pdb5= 1.296 W

3.2 CONDITIONs :
Ta= 68°C

/
2.32 /__.
1.61

f (0sc)=28KHz
Single L6223

Full Step
Rth=30°C/4
8.90 ?‘/ Rth=48°C/\
> // Rth=55°C/Y
8.28 . . (a1
8.18  08.32 B.55 8.7 1.00 h;
vGrid o Step COARSE ESC to go back

Figure 11: Acceleration ramp timing

=» TIME( 1 )= 6200 Hsec
TIME( 2 Y= 4540 usec
TIME( 3 Y= 3130 usec
TIME( 4 )= 2540 usec
TIME( S )= 2200 psec Number of TIMEs : 21
TIME( 6 )= 1970 psec Final SPEED : 1023.62
TIME( 7 Y= 17390 Hsec Current SPEED 161.20
TIME( 8 )= 1660 usec FULL STEP
TIME( 9 )= 1550 usec
TIME{ 10 )= 1470 usec
TIME( 11 )= 1390 usec
Help Save Delete Page Up/Down Change ESC to go back
the package in free air (55°C/W), the minimum CONCLUSION

practical value of thermal impedance using only
copper on the PCB (40°C/W) and the minimum
practical value using an external clip on heat sink
(30°C/W).[4] Each of the graphs are interrupted
when the die temperature exceeds 150°C, the
maximum rating of the device. When the current
level selected by the cursor would cause the de-
vice to exceed the maximum rating, a message is
displayed that the device will go into thermal shut
down at that level.

8/9
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The Smart Power Development System allows
the user to quickly evaluate a smart power device
in the final application, much as emulator systems
allow user to evaluate and debug microproces-
sors. The system contains two key components
that allow the user to 1) quickly define the oper-
ation of the device and evaluate it in a real time
application and 2) verify that the device will oper-
ate within the its safe operating limits. For compli-
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cated devices that require the user to program
one or more internal registers before the device
will operate, the system can greatly reduce the
time required to evaluate the system, without re-
quiring the user to write any specific software.
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STEPPER MOTOR DRIVER CONSIDERATIONS
COMMON PROBLEMS & SOLUTIONS

by Thomas L. Hopkins

This note explains how to avoid same of the more common pitfalls in motor drive design. It is
based on the author's experience in responding to enquiries from the field.

INTRODUCTION

Over the years while working with stepper motor
users, many of the same questions keep occur-
ring from novice as well as experienced users of
stepper motors. This application note is intended
as a collection of answers to commonly asked
questions about stepper motors and driver de-
sign. In addition the reference list contains a num-
ber of other application notes, books and articles
that a designer may find useful in applying step-
per motors.

Throughout the course of this discussion the
reader will find references to the L6201, L6202
and L6203. Since these devices are the same die

" and differ only in package, any reference to one
of the devices should be considered to mean any
of the three devices.

Motor Selection (Unipolar vs Bipolar)

Stepper motors in common use can be divided
into general classes, Unipolar driven motors and

Figure 1: Simple direct voltage unipolar motors drive.

Bipolar driven motors. In the past unipolar motors
were common and preferred for their simple drive
configurations. However, with the advent of cost
effective integrated drivers, bipolar motors are
now more common. These bipolar motors typi-
cally ]produce a higher torque in a given form fac-
tor [1].

Drive Topology Selection

Depending on the torque and speed required
from a stepper motor ‘there are several motor
drive topologies available [5, chapter3]. At low
speeds a simple direct voltage drive, giving the
motor just sufficient voltage so that the internal re-
sistance of the motor limits the current to the
allowed value as shown in Figure 1A, may be suf-
ficient. However at higher rotational speeds there
is a significant fall off of torque since the winding
inductance limits the rate of change of the current
and the current can no longer reach it’s full value
in each step, as shown in Figure 2.

A: L/R DRIVE B:

Us

Rc:

Lci Ic-Us/Rc
t=Lc/Rc

L/nR DRIVE

MnS2L6261-39

Us

Ic-Us/(Rc+Rs)
t=Lc/(Rc+Rs)

AN460/0392
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Figure 2: Direct voltage drive.
A - low speed;
B - too high speed generates fall of
torque.

A8 c 0
""’,2“|—,‘—l’_,'[' ———————
'L t B
RS N

$-9373

One solution is to use what is commonly referred
to as an L/nR drive (Fig. 1B). In this topology a

Figure 3: Chopper drive provides better performance.

higher voltage is used and the current limit is set
by an external resistor in series with the motor
winding such that the sum of the external resist-
ance and the internal winding resistance limits the

- current to the allowed value. This drive technique

increases the current slew rate and typically pro-
vides better torque at high rotational speed. How-
ever there is a significant penalty paid in addi-
tional dissipation in the external resistances.

To avoid the additional dissipation a chopping
controlled current drive may be employed, as
shown in Figure 3. In this technique the current
through the motor is sensed and controlled by a
chopping control circuit so that it is maintained
within the rated level. Devices like the L297,
L6506 and PBL3717A implement this type of con-
trol. This technique improves the current rise time
in the motor and improves the torque at high
speeds while maintaining a high efficiency in the
drive [2]. Figure 4 shows a comparison between
the winding current wave forms for the same
motor driven in these three techniques.

OSCILLATOR

FLIP
FLOP

COMPARATOR

MS2AN4E8-62

us

MOTOR
WINDING

SENSE
RESISTOR

Figure 4: Motor current using L/R, L/5R and chopper constant current drive.
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In general the best performance, in terms of
torque, is achieved using the chopping current
control technique [2]. This technique also allows
easy implementation of multiple current level
drive techniques to improve the motor perfor-
mance. [1]

Driving a Unipolar Motor with the L298N or
L6202

Although it is not the optimal solution, design con-
straints sometimes limit the motor selection. In
the case where the designer is looking for a
highly integrated drive stage with improved per-
formance over previous designs but is con-
strained to drive a unipolar wound (6 leaded)
motor it is possible to drive the motor with H-
Bridge drivers like the L298N or L6202. To drive
such a motor the center tap of the motor should
be left unconnected and the two ends of the com-
mon windings are connected to the bridge out-
puts, as shown in Figure 5. In this configuration
the user should notice a marked improvement in
torque for the same coil current, or put another
way, the same torque output will be achieved with
a lower coil current.

A solution where the L298N or L6202 is used to
drive a unipolar motor while keeping the center
connection of each coil connected to the supply
will not work. First, the protection diodes needed
from collector to emitter (drain to source) of the

bridge transistors will be forward biased by the
transformer action of the motor windings, provid-
ing an effective short circuit across the supply.
Secondly the L298N, even though it has split sup-
ply voltages, may not be used without a high volt-
age supply on the chip since a portion of the drive
current for the output bridge is derived from this
supply.

Selecting Enable or Phase chopping

When implementing chopping control of the cur-
rent in a stepper motor, there are several ways in
which the current control can be implemented. A
bridge output, like the L6202 or L298N, may be
driven in enable chopping, one phase chopping or
two phase chopping, as shown in Figure 6. The
L297 implements enable chopping or one phase
chopping, selected by the control input. The
L6506 implements one phase chopping, with the
recirculation path around the lower half of the
bridge, if the four outputs are connected to the 4
inputs of the bridge or enable chopping if the odd
numbered outputs are connected to the enable
inputs of the bridge. Selecting the correct chop-
ping mode is an important consideration that af-
fects the stability of the system as well as the
dissipation. Table 1 shows a relative comparison
of the different chopping modes, for a fixed chop-
ping frequency, motor current and motor induct-
ance.

Figure 5: Driving a unipolar wound motor with a bipolar drive
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Table 1: Comparative advantages of chopping modes

Chopping Mode Ripple Current Motor Dissipation | Bridge Dissipation* |  Minimum Current
ENABLE HIGH HIGH HIGH LOWER
ONE PHASE LOW LOW LOWEST Low
TWO PHASE HIGH LOW LOW Ipp/2

(*) As related to L298N, L6203 or L6202.

Figure 6a: Two Phase Chopping.
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Figure 6b: One Phase Chopping.
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RIPPLE CURRENT

Since the rate of current change is related directly
to the voltage applied across the coil by the equa-
tion:
di

V=L at
the ripple current will be determined primarily by
the chopping frequency and the voltage across
the coil. When the coil is driven on, the voltage
across the coil is fixed by the power supply minus
the saturation voltages of the driver. On the other
hand the voltage across the coil during the recir-
culation time depends on the chopping mode
chosen.

When enable chopping or two phase chopping is
selected, the voltage across the coil during recir-
culation is the supply voltage plus either the VF of
the diodes or the Rl voltage of the DMOS devices
(when using the L6202 in two phase chopping). In
this case the slope of the current rise and decay
are nearly the same and the ripple current can be
large.

When one phase chopping is used, the voltage
across the coil during recirculation is Von (Vsat for
Bipolar devices or | - Rpson for DMOS) of the tran-
sistor that remains on plus Ve of one diode plus
the voltage drop across the sense resistor, if it is
in the recirculation path. In this case the current
decays much slower than it rises and the ripple
current is much smaller than in the previous case.
The effect will be much more noticeable at higher
supply voltages.

MOTOR LOSSES

The losses in the motor include the resistive
losses (I°R) in the motor winding and parasitic
losses like eddie current losses. The latter group
of parasitic losses generally increases with in-
creased ripple currents and frequency. Chopping
techniques that have a high ripple current will
have higher losses in the motor. Enable or two
phase chopping will cause higher losses in the
motor with the effect of raising motor tempera-
ture. Generally lower motor losses are achieved
using phase chopping.

POWER DISSIPATION IN THE BRIDGE IC.

In the L298N, the internal drive circuitry provides
active turn off for the output devices when the
outputs are switched in response to the 4 phase
inputs. However when the outputs are switched
off in response to the enable inputs all base drive
is removed from output devices but no active ele-
ment is present to remove the stored charge in
the base. When enable chopping is used the fall
time of the current in the power devices will be
longer and the device will have higher switching
losses than if phase chopping is used.

["7 SGS-THOMSON

In the L6202 and L6203, the internal gate drive
circuit works the same in response to either the
input or the enable so the switching losses are
the same using enable or two phase chopping,
but would be lower using one phase chopping.
However, the losses due to the voltage drops
across the device are not the same. During en-
able chopping all four of the output DMOS device-
s are turned off and the current recirculates
through the body to drain diodes of the DMOS
output transistors. When phase chopping the
DMOS devices in the recirculation path are driven
on and conduct current in the reverse direction.
Since the voltage drop across the DMOS device
is less than the forward voltage drop of the diode
for currents less than 2A, the DMOS take a signi-
ficant amount of the current and the power dissi-
pation is much lower using phase chopping than
enable chopping, as can be seen in the power
dissipation graphs in the data sheet.

With these two devices, phase chopping will al-
ways provide lower dissipation in the device. For
discrete bridges the switching loss and saturation
losses should be evaluated to determine which is
lower.

MINIMUM CURRENT

The minimum current that can be regulated is im-
portant when implementing microstepping, when
implementing multilevel current controls, or any-
time when attempting to regulate a current that is
very small compared to the peak current that
would flow if the motor were connected directly to
the supply voltage used.

With enable chopping or one phase chopping the
only problem is loss of regulation for currents
below a minimum value. Figure 7 shows a typical
response curve for output current as a function of
the set reference. This minimum value is set by
the motor characteristics, primarily the motor re-
sistance, the supply voltage and the minimum
duty cycle achievable by the control circuit. The
minimum current that can be supplied is the cur-
rent that flows through the winding when driven
by the minimum duty cycle. Below this value cur-
rent regulation is not possible. With enable chop-
ping the current through the coil in response to
the minimum duty cycle can return completely to
zero during each cycle, as shown in figure 8.
When using one phase chopping the current may
or may not return completely to zero and there
may be some residual DC component.

When using a constant frequency control like the
L297 or L6506, the minimum duty cycle is basi-
cally the duty cycle of the oscillator (sync) since
the set dominance of the flip-flop maintains the
output on during the time the sync is active. In
constant off time regulators, like the PBL3717A,
the minimum output time is set by the propaga-
tion delay through the circuit and it's ratio to the
selected off time.

5/11
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Figure 7: The transfer function of peak detect current control is nonlinear for low current values.
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For two phase chopping the situation is quite dif-
ferent. Although none of the available control
chips implement this mode it is discussed here
since it is easy to generate currents that can be
catastrophic if two phase chopping is used with
peak detecting control techniques. When the
peak current is less than 1/2 of the ripple (lpp) cur-
rent two phase chopping can be especially dan-
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6/11

106

SGS-THOMSON
MICROELECTRONICS

gerous. In this case the reverse drive ability of the
two phase chopping technique can cause the cur-
rent in the motor winding to reverse and the con-
trol circuit to lose control. Figure 9 shows the cur-
rent wave form in this case. When the current
reaches the peak set by the reference both sides
of the bridge are switched and the current decays
until it reaches zero. Since the power transistors
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Figure 9: Two phase chopping can loose control of the winding current..
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are now on, the current will begin to increase in a
negative direction. When the oscillator again sets
the flip-flop the inputs will then switch again and
the current will begin to become more positive.
However; the effect of a single sense resistor
used with a bridge is to rectify current and the
comparator sees only the magnitude and not the
sign of the current. |f the absolute value of the
current in the negative direction is above the set
value the comparator will be fooled and reset the
flip-flop. The current will continue to become more
negative and will not be controlled by the regula-

Figure 10. If the magnitude of this spike is high
enough to exceed the reference voltage, the com-
parator can be fooled into resetting the flip-flop
prematurely as shown in Figure 11. When this oc-
curs the output is turned off and the current con-
tinues to decay. The result is that the fundamental
frequency of the current wave form delivered to
the motor is reduced to a sub-harmonic of the os-
cillator frequency, which is usually in the audio
range. In practice it is not uncommon to en-
counter instances where the period of the current
wave form is two, three or even four times the

tion circuit.

period of the oscillator. This problem is'more pro-

For this reason two phase chopping is not recom-
mended with bridge circuits like the L298N or
L6203 and is not implemented in any of the cur-
rently available driver IC’s. The problem can be
avoided by more complex current sense tech-
niques that do not rectify the current feedback.

nounced in breadboard implementations where
the ground is not well laid out and ground noise
contributes makes the spike larger.

When using the L6506 and L298N, the magnitude
of the spike should be, in theory, smaller since
the diode reverse recovery current flows to
ground and not through the sense resistor. How-

Chopper Stability and Audio Noise. ever, in applications using monolithic bridge

One problem commonly encountered when using
chopping current control is audio noise from the
motor which is typically a high pitch squeal. In
constant frequency PWM circuits this occurrence
is usually traced to a stability problem in the cur-
rent control circuit where the effective chopping
frequency has shifted to a sub-harmonic of the
desired frequency set by the oscillator. In con-
stant off time circuits the off time is shifted to a
multiple of the off time set by the monostable.
There are two common causes for this occur-
rence.

The first cause is related to the electrical noise
and current spikes in the application that can fool
the current control circuit. In peak detect PWM
circuits, like the L297 and L6506, the motor cur-
rent is sensed by monitoring the voltage across
the sense resistor connected to ground. When the
oscillator sets the internal flip flop causing the
bridge output to turn on, there is typically a volt-
age spike developed across this resistor. This
spike is caused by noise in the system plus the
reverse recovery current of the recirculating diode
that flows through the sense resistor, as shown in

Figure 10: Reverse recovery current of the
recirculation diode flows through the
sense resistor causing a spike on the
sense resistor.
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Figure 11: Spikes on the sense resistor caused by reverse recovery currents and noise can trick the

_current sensing comparator.
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drivers, like the L298N, internal parasitic struc-
tures often produce recovery current spikes simi-
lar in nature to the diode reverse recovery current
and these may flow through the emitter lead of
the device and hence the sense resistor. When
using DMOS drivers, like the L6202, the reverse

é switching losses.

er dissipe
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escent dissipation is basically th

live duty
scent curren:
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recovery current always flows through the sense
resistor since the internal diode in parallel with the
lower transistor is connected to the source of the
DMOS device and not to ground.

In constant off time FM control circuits, like the
PBL3717A, the noise spike fools the comparator

ALCULATING POWER DISSIPATION IN BRIDGE DRIVER IC'S

wer dissipated in a monolithic driver IC like the L298N or L6202 is the
three elements: 1) the quiescent dissipation, 2) the saturation losses

] the dissipation of the bias circuitry in the
and can be calculated as Vs - Is where Vs is the power supply voltage
s the bias current or quiscent current from the supply. When a device
two supply voltages, like the L298N, the dissipation tor each must be cal-
alted then added to get the total quiescent dissipation. Generally the quies-
nt current for most monolithic IC’s is constant over a vide range of input
voltages and the maximum value given on the data sheet can be used for
supply voltages within the allowable range. ~

ss is basically the sum of the voltage drops times the current
utput transistors. For Bipo
devices this is I - Rpso = :
mponent of dissipation is the switching loss associated with
n general the switching loss can be calculated as:

lar devices, L298N, this is Vsat - 1.

ross - fswitch

ation these three compnents are each cal-

ycle then added togther. Obviously
equal to 100%. -
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and retriggers the monostable effectively muiti-
plying the set off time by some integer value.

Two easy solutions to this problem are possible.
The first is to put a simple RC low pass filter be-
tween the sense resistor and the sense input of
the comparator. The filter attenuates the spike so
it is not detected by the comparator. This ob-
viously requires the addition of 4 additional com-
ponents for a typical stepper motor. The second
solution is to use the inherent set dominance of
the internal flip-flop in the L297 or L6506 [1][3] to
mask out the spike. To do this the width of the os-
cillator sync pulse is set to be longer than the sum
of the propagation delay (typically 2 to 3us for the
L298N) plus the duration of the spike (usually in
the range of 100ns for acceptable fast recovery
diodes), as shown in figure 12. When this pulse is
applied to the flip-flop set input, any signal applied
to the reset input by the comparator is ignored.
After the set input has been removed the com-
parator can properly reset the flip-flop at the cor-
rect point.

The corresponding solution in frequency modu-
lated circuits, is to fix a blanking time during which
the monostable may not be retriggered.

The best way to evaluate the stability of the chop-
ping circuit is to stop the motor movement (hold

the clock of the L297 low or hold the four inputs
constant with the L6506) and look at the current
wave forms without any effects of the phase
changes. This evaluation should be done for each
level of current that will be regulated. A DC cur-
rent probe, like the Tektronix AM503 system, pro-
vides the most accurate representation of the
motor current. If the circuit is operating stability,
the current wave form will be synchronized to the
sync signal of the control circuit. Since the spikes
discussed previously are extremely short, in the
range of 50 to 150 ns, a high frequency scope
with a bandwidth of at least 200 MHz is required
to evaluate the circuit. The sync signal to. the
L297 or L6506 provides the best trigger for the
scope.

The other issue that affects the stability of the
constant frequency PWM circuits is the chopping
mode selected. With the L297 the chopping signal
may be applied to either the enable inputs or the
four phase inputs. When chopping is done using
the enable inputs the recirculation path for the
current is from ground through the lower recircu-
lation diode, the load, the upper recirculation
diode and back to the supply, as shown in Figure
6c. This same recirculation path is achieved using
two phase chopping, although this may not be im-
plemented directly using the L297 or L6506. In

Figure 12: The set-dominanct latch in the L297 may be used to mask spikes on the sense resistor that

occur at switching.

CLOCK

I PARASITIC

SPIKE

L 297

REF

5-9385

L5 SGs-THOMSON 9/t

MICROELECTRONICS

109



APPLICATION NOTE

this mode, ignoring back EMF, the voltage across
the coil during the on time (t1) when current is in-
creasing and the recirculation time (t2), are:

V1 =Vs-2 Vsat - VRsense
and '
V2 = Vss +2 VF
The rate of current change is given by (ignoring
the series resistance):
di

V=La

Since the voltage across the coil (V2) during the
recirculation time is more than the voltage (V1)
across the coil during the on time the duty cycle
will, by definition, be greater than 50% because t1
must be greater than to. When the back EMF of
the motor is considered the duty cycle becomes
even greater since the back EMF opposes the in-
crease of current during the on time and aides the
decay of current.

In this condition the control circuit may be content
to operate stability at one half of the oscillator fre-
quency, as shown in Figure 13. As in normal
operation, the output is turned off when the cur-
rent reaches the desired peak value and decays
until the oscillator sets the flip-flop and the current
again starts to increase. However since ti is
longer than t the current has not yet reached the
peak value before the second oscillator pulse oc-
curs. The second oscillator pulse then has no ef-
fect and current continues to increase until the set
peak value is reached and the flip-flop is reset by
the comparator. The current control circuit is com-

pletely content to keep operating in this condition.
In fact the circuit may operate on one of two
stable conditions depending on the random time
when the peak current is first reached relative to
the oscillator period.

The easiest, and recommended, solution is to
apply the chopping signal to only one of the
phase inputs, as implemented with the L297, in
the phase chopping mode, or the L6506.

Another solution that works, in some cases, is to
fix a large minimum duty cycle, in the range of
30%, by applying an external clock signal to the
sync input of the L297 or L6506. In this configura-
tion the circuit must output at least the minimum
duty cycle during each clock period. This forces
the point where the peak current is detected to be
later in each cycle and the chopping frequency to
lock on the fundamental. The main disadvantage
of this approach is that it sets a higher minimum
current that can be controlled. The current in the
motor also tends to overshoot during the first few
chopping cycles since the actual peak current is
not be sensed during the minimum duty cycle.

EFFECTS OF BACK EMF

As mentioned earlier, the back EMF in a stepper
motor tends to increase the duty cycle of the
chopping drive circuits since it opposes current in-
creased and aids current decay. In extreme,
cases where the power supply voltage is low
compared to the peak back EMF of the motor, the
duty cycle required when using the phase chop-
ping may exceed 50% and the problem with the
stability of the operating frequency discussed

Figure 13: When the output duty cycle exceeds 50% the chopping circuit may sinchronize of a

sub-harmonic of the oscillator frequency.
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above can occur. At this point the constant fre-
quency chopping technique becomes impractical
to implement and a chopping technique that uses
constant off time frequency modulation like im-
plemented in the PBL3717A, TEA3717,
TEA3718, and L6219 is more useful.

Why Won’t the motor move

Many first time users of chopping control drives
first find that the motor does not move when the
circuit is enabled. Simply put the motor is not
generating sufficient torque to turn. Provided that
the motor is capable of producing the required
torque at the set speed, the problem usually lies
in the current control circuit. As discussed in the
previous section the current sensing circuit can
be fooled. In extreme cases the noise is so large
that the actual current through the motor is essen-
tially zero and the motor is producing no torque.
Another symptom of this is that the current being
drawn from the power supply is very low.

Avoid Destroying the Driver

Many users have first ask why the device failed in
the application. In almost every case the failure
was caused by electrical overstress to the device,
specifically voltages or currents that are outside
of the device ratings. Whenever a driver fails, a
careful evaluation of the operating conditions in
the application is in order.

The most common failure encountered is the re-
sult of voltage transients generated by the induct-
ance in the motor. A correctly designed applica-
tion will keep the peak voltage on the power
supply, across the collector to emitter of the out-
put devices and, for monolithic drivers, from one
output to the other within the maximum rating of
the device. A proper design includes power sup-
ply filtering and clamp diodes and/or snubber net-
works on the output [6].

Selecting the correct clamp diodes for the appli-
cation is essential. The proper diode is matched
to the speed of the switching device and main-

‘7_ SGS-THOMSON

tains a VF that limits the peak voltage within the
allowable limits. When the diodes are not inte-
grated they must be provided externally. The
diodes should have switching characteristics that
are the same or better than the switching time of
the output transistors. Usually diodes that have a
reverse recovery time of less than 150 ns are suf-
ficient when used with bipolar output devices like
the L298N. The 1N4001 series of devices, for
example, is not a good selection because it is a
slow diode.

Although it occurs less frequently, excess current
can also destroy the device. In most applications
the excess current is the result of short circuits in
the load. If the application is pron to have shorted
loads the designer may consider implementing
some external short circuit protection [7].

Shoot through current, the current that flows from
supply to ground due to the simultaneous conduc-
tion of upper and lower transistors in the bridge
output, is another concern. The design of the
L298N, L293 and L6202 all include circuitry speci-
fically to prevent this phenomena. The user
should not mistake the reverse recovery current
of the diodes or the parasitic structures in the out-
put stage as shoot through current.
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USING THE L6204, A BIPOLAR STEPPER AND
DC MOTOR DRIVER IN BCD TECHNOLOGY

by E Balboni

Containing two H-bridge drivers, the L6204 is a compact and simple solution for driving two-phase bi-
polar stepper motors and in applications where two DC motors must be driven.

The L6204 is a DMOS dual full bridge driver
mainly designed to drive bipolar stepper motors.
All the inputs are TTL/CMOS compatible and
each bridge can be enabled by its own dedicated
input. The windings current can be regulated by
sensing the voltage drop across two low value re-
sistors at the low end of both the bridge: this is
the feedback for the current controller. To feed

the gates of the upper DMOS, a peak to peak recti-
fier charges a capacitor in series with the Power
Supply voltage at the optimum DC level defined by
an on-board square wave oscillator. The L6204 ,
with 0.5 A drive capability without external heatsink
up to 70°C, is packaged in a 20 leads PowerDip
with four heat transfer pins. The Block diagram of
the device is shownin fig.1.

Figure 1: Block diagram of the L6204 single chip dual full bridge driver.
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GENERAL APPLICATIONS HINTS

The L6204 can be used in a very wide range of
applications such as the drive of lamps, sole-
noids, DC motors or any other inductive loads.
The drive of different loads in single-ended con-
figuration is shown in fig.2. The current in the
Load Z1, that may be a DC motor, can flow in
both the directions but its peak amplitude cannot
be controlled. By means of a change of the Duty

Cycle of the input signal it is possible to vary in
Open Loop Mode the steady state speed of the
DC motor: this is possible because the average
current in the winding is dependent from the Duty
Cycle. The L/R ratio must be a few times shorter
than the minimum DC. In a similar way it can be
dimmed a lamp connected to the supply (Z2) or to
ground (Z3). Very often, when a DC motor is
driven, peak current and speed must be booth
controlled in a Closed Loop Mode.

Figure 2: The L6204 is not intended only for Bipolar Stepper applications: here above three different driver
configurations are shown. Z1 is a DC motor to be driven in both CW and CCW direction. Z2 can
be solenoid like a relay or hammer. Z3 can be an alogen lamp which light intensity is controlled

by variable Duty Cycle.
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This is achieved by the configuration shown in
" fig.3A. The two independent motors (A and B)
can be controlled by only one controlier (L6506).
The sensing resistor (RsA, RsB) generates a volt-
age proportional to the motor current, that is the
feedback for the current control loop. A second
loop, not shown in figure, can control the speed
stability while the direction is defined by the Input
state of the L6506. The Enable Input (ENA, ENB)
can inhibit one motor or the other while the Power
Enable acts on both at the same time. D1 and D2
(BAT41 or equivalent), C3 and C4, generates the
bootstrap voltage by rectifiing the wave available
at pin. 11 of the L6204. When more than one
driver is used at the same Supply Voltage on a
common Printed Circuit Board, the bootstrap volt-
age can be generated only by one of them (mas-
ter) and used to supply all the other L6204
(slaves) saving diodes and capacitors. R1 C1 (R2

217
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C2) is a snubber network that must be closely
connected to the output pins and its use is recom-
mended in all the application circuits using the
L6204. The values can be calculated as it follows:
R = Vs/lp and C = Ip/(dV/dt), where Vs is the
maximum Supply Voltage of the Application, Ip is
the peak of the load current and dV/dt is the Slew
Rate accepted as the optimum compromise be-
tween speed and transient generation/radiation
(SR of 200 V/uS are commonly chosen). The net-
work R5C5 sets the operating frequency accord-
ing to f = 1/(0.69 R5C5) for R5 > 10Kohm. R3
and R4 are used to protect the comparator input
inside the L6506 against possible negative transi-
tions across the sensing resistor RsA or RsB. The
L6204 can be used with paralleled inputs and out-
puts to double the current capability of the single
bridge; for an optimized solution, however, 1.6
times the nominal current is recommended in-
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stead of two. This configuration is shown in fig.2
to drive the load Z1. A more complex circuit, in
wich one paralleled L6204 drives a DC motor, is
shown in fig.3B; in this example the two chopper
of the L6506 are used to implement two function-
s: 1) Current Control during speed variation at Ip
max = 0.8A and 2) Current Control during brake
and/or direction change at higher current level
that depends from the brake repetition (it must be

in the Max Ratings limit). The divider R6R7
defines the brake current intensity as V17/Rs
while the product (Ip max.) x ( Rs) is the limit of
the reference voltage V16 for speed control. The
Enable function is driven via the L6506 . Since
during the brake time the Enable of the L6506 is
chopped, the motor current ricirculates via the
Supply; because of this a suitable large capacitor
must be connected in parallel to C2.

Figure 3A: Bidirectional DC motor drive. The L6204 can drive two motors.
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Figure 3B: Bidirectional DC motor drive. The L6204 can drive the motor in a paralleled configuration while

the L6506 provides the peak current control both during normal rotation and during braking
time.
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Stepping Motor Driving

The drive of one stepping motor is shown in fig.4,
where the controller L297 generates the re-
quested signals to drive the motor in Half-Step
Mode or in Full Step Mode.

The rotation speed or step change is controlled
by a clock signal or a single clock pulse at pin.18
(CK). The Mode depends from the logical state of

4/7
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the H / F input while the state of the CW/CCW
input defines the direction of the rotation. De-
pending on the numbered state, odd or even, of
an internal clock pulse at the moment at wich the
Full-Step Mode is selected, the motor is driven
with two-phases-on or with one-phase-on respec-
tively. An open collector output (home) indicates
the translator state 0101 that occurs only during
an odd numbered state of the internal clock.




APPLICATION NOTE

Figure 4: Bipolar stepping motor drive: phase sequence generation and current peak control are achieved

by means of the controller L297.

g O STEPPER MOTOR

A FME_|

| o e o |
c2| R2 ‘
18 7 13

SYNC 0UT o

M98LE6284-88

CW/CCU o
CONTROL o
HOME .OUT o

This last is obtained from the oscillator the fre-
quency of which is fixed by the ratio 1/0.69 R5C5
about (R5 = 10Kohm). The peak of the chopped
current is given by the ratio of the reference volt-
age at pin.15 and the value of the sensing resis-

&7
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tors Rs. When the four phase signals needed at
the inputs of the L6204 are generated in any
other way than by the L297 (for example, via
pProcessor), the motor driver needs one interface
to control the peak current. One possible solution
is shown in fig.5.
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APPLICATION NOTE

Figure 5: The L6506 can be used to control the peak current in the windings of a blpolar stepper motor.
The power is supplied by the L6204.

g O STEPPER MOTOR

A
[ o o
= I{::Pﬂ M
R1 R2 J_
5Lt c2 = 108nF
4 18
——o Us
) 188nF
L6204 o
D1
2 19 9 12
na ENB
22K
14 13 12 11
L6586
4 5 6 7 8
POUER

M9eLE264 -89

The motor can be driven in the Full-Step or in
Half-Step Mode. The chopped current Ip is con-
trolled at the value Vref/Rs where Vref is the out-
put voltage of the divider R6 R7. The pins 16
‘and 17 (reference input voltage of the controller)

6/7
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can be driven with two different signals. This ar-
rangement allows to keep constant the motor cur-
rent and the torque during the Half-Step Mode

revolution of the stepper. This behavior is well -ex-
plained by the fig. 6.




APPLICATION NOTE

Figure 6: Characteristics of the Half - Step Mode drive with constant torque control. It should be noted that
the resultant current is constant while the current in the windings alternates between
one-phase-on and two-phase-on with a ratio of V2.
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APPLICATION NOTE

BIPOLAR STEPPER MOTOR CONTROL

This application note is intended to provide design
details for the implementation of a stepper motor
control, built around the TEA3717.

This integrated circuit has been developed to offer
control and current regulation of up to 1A, in one
winding of a bipolar motor.

Two TEA3717s and a minimum of external compo-
nents are sufficient to implement the full control
function of a two-phase bipolar stepper motor.

The system can be commanded, according to the
desired mode of operation, by either fixed or pro-
grammable logic.

FUNCTIONAL DESCRIPTION

The circuit is organized around a H-bridge config-
urated by four transistors and their integrated free
wheel diodes.

The "Phase" input controls the switching of the
bridge transistors and also determines the direction

Figure 1 : TEA3717 Block Diagram.

By Pierre PAYET BURIN

of the current flow in the winding. The signal applied
to this input is first gated through a Schmidt trigger
and then through a delay element so as to avoid a
simultaneous conduction of transistors when direc-
tion of current in the bridge is reversed.

Regulation of winding current is performed by chop-
ping action on the power supply for a duration toft
determined by a monostable.

This monostable is triggered by the output level
swing of a comparator, to the input of which a volt-
age proportional to delivered output current is ap-
plied.

The current spikes corresponding to the diodes
reverse recovery time are filtered by a low pass fil-
ter Rc Cc to not trigger the comparator.

Three comparators are available for this purpose :
their thresholds are internally fixed ratios of Vg input
voltage. Each of them can be selected individually
by using l1 and lo inputs.

VR Vcc

TIME
SCHMIDT N

|

[
=]

00 o1 10 1

R _T;!H
&

TEAI717
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APPLICATION NOTE

Figure 2 : Typical Operating Sequences.

I
Pha T
b ]
H, M, LF------ Ep-> __.M .
PR P
td! toff | ton; !
1 ' [ '
: '« -«
l—>«—>a>» -
1 2 3
VE 4
VCH M L}~ - - A4 -~ -4 -4 —-— — -
vc
[ /-]
VCH M, LE~ = — < —— — — ———-—/ﬂ——~~~——7A———— ————— -
/ / /
1 2 3 4 5
—___» Direction of current flow Transistors of the bridge are represented by switches :
— switch open : transistor cut-off
- switch closed : transistor saturated
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APPLICATION NOTE

CONTROL OF BIPOLAR TWO-PHASE MOTOR

The proposed diagram features two TEA3717s each controlling one winding. Full-step and fraction-of-a-step
operation is performed by combined use of phase and current level selection control inputs.

Figure 3 : Control of a Bipolar Two-phase Motor.
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APPLICATION NOTE

Figure 4 : Winding Currents for Rotation in Full-and Micro-steps.

Ia, s : Currents flowing through motor windings.
I4, In, I : Current thresholds selected by lo, I1.
. —:_’ | . any of Iy, In or I values.
= / lo 14 I
L [ £I 1 1 0
12 0 1 Il
y 1 0 Im
o 0 0 14
N° of I I
steps A B
1 | |
N° of
steps Ia Is ! N°of |, Is
p 2 | -1 steps
0 -
1 | | 3 - -1 1 | |
2 | ~1 - 0 Im I
3 -1 -1 4 -1 | Im -1
4 -1 | 0 | 2 I -1
Full step. 1/2 step. 1/3 step.
N° of
N° of Ia Ig N° of
I | steps | |
steps A B p steps A B
|
1 | | 1 ) 1 | |
H Im
Im I | | In Im
H L
| 0 I 1L Im I
Im - I Iy I 0
2 | -1 > | - Im - I
Iy - Im
1/4 step. 1/5 step. 5 | o
N° of I I 1/6 step.
N° of I 1 steps A B
steps | A B
1 | |
1 I I In Im
I Im Im I
Im I IH I
In I I 0
In - Iy - I
IM -l IM - ||_
In Im M - Im
2 ! - 2 I -
1/7 step. 1/8 step.
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APPLICATION NOTE

FULL-STEP OPERATION :

This is moto’s typical mode of operation.
Simultaneous power supply to both windings guar-
antees availability of maximum torque.

"Phase" inputs determine the direction of current
flow in the windings, while inputs lo and |1 at a con-
stant level, select the level of this current. This is the
simplest type of control implementation.

Figure 5 : Signals to Provide to Controller for Full-step Rotation.

e [ LT L[ LT L
e L L[ L L

oA, B

]
1A, B l

f;
)

Y
A
v

1 - Motor not controlled.
2 - Rotation of 7 steps @ Iy max. current.
3 - Rotation of 6 steps @ I. low current.

HALF-STEP OPERATION :

This mode allows to double the motor resolution and
also to eliminate certain vibrations. Power is applied
alternately to one winding and then to both. In half-
step position, where only one winding is powered,

torque available on motor spindle is at its lowest
value.

Same control signals as those used for full-step
operation are applied to "phase" inputs, and lo, |1 in-
puts are used to annul the current in one winding.

(57 SGS-THOMSON 512
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APPLICATION NOTE

Figure 6 : Signals to Provide to Controller for Full-step Rotation.
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APPLICATION NOTE

MICRO-STEP OPERATION: Some factors reduce the positioning precision of
Micro-steps of up to 1/8 are obtained by implement- micro-steps : . .
ing the flow of different supply current levels through - difference be‘W.eer? theoretical value and avail-
both windings. able value for winding current, '

- comparator threshold levels dispersion,
This type of operation may be envisaged if a good - motor winding characteristics dispersion.
rotational regularity is required. These factors don't affect full-step position

Figure 7 : Signals to Provide to Controller for Rotation in 1/8th of a Step.

N6 of steps ¥1 V2 v3 va vs
Pha [l o
N ]
wa —J L L memermom rere e re
na 1 ] L

e J LT L T T e rre g I ri
lm__J I JI

CHOICE OF OPERATING FREQUENCY The rate of current increase in the winding depends

Motor's rotational speed is determinated by the fre-  ©n Vmm. Thus, if operation at maximum speed is

quency of Pha and F|)3hB signals. : y desired, itwould be a good practice to work with high
supply voltages.

This speed is limited by the mechanical characteris-
tics and the time constant of L, r circuit formed by
the winding.

Figure 8 : Phase Currents for two Differents Speeds.

P BN W\-————— -—-—/WW,\—HM b
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APPLICATION NOTE

I1 = lo = Ph COMMAND

Simultaneous application of control signals to three
inputs Ph, |1 and Ip (or to Ph and one of | inputs while
the other is it at high level), is used for half-step oper-
ation or unipolar mode.

It must be ensured  that the timet during
which Ph = Iy = lo = 1 is higher than the time t min
required to annul the winding current.

Figure 9 : Operation with Ph = |1 = lo.

If while the current is still positive, control signals
Ph : lo = |1 = 1 are applied to corresponding inputs,
diode D2 or D3 will conduct and cause Q1 and Q4
to be turned-off, which prevents the current rise in
the winding and disturbs the proper motor operation.
Blocking of Q1 and Q4 is performed by a built-in pro-
tection unit and prevents the parasitics generated
by the conduction of D2 and D3 to cause any short-
circuit within the bridge.

a1 oa bopaal t
—
a3 oz‘ D3
1 & 1
1 2
1=0

Z.:.[_

3 q

Normal circuit operation
-———— Direction of current flow.

1b, 2b
3b:

Identical to 1a, 2a
Q1 cut-off due of conduction of D3.

Slow decrease of current since.
Vue — Vma = 0 instead of being — Vinm.

4b «—» 2b
5b «— 3a
6b «— 1b.
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APPLICATION NOTE

CHOICE OF Torr : SWITCHING TIME FOR
CURRENT REGULATION

The value of tof determines the quality of the current
regulation in.one phase.

The larger the toff, the more important is the current
ripple.

Value of toff is found from the expression toif = 0.69
R:.Ct where 1kQ < Rt < 100kQ

Figure 10 : Winding Current @ off (max).

A suitable value of toff for the majority of applications
is 30us.

*totf(max)

This is the toff value over which the ripple value
becomes excessive

Let's k be the desired ripple value and t = L/r.the
time constant of motor winding, then :

tofi(max) iS given approximately by : tof(max) = kt

HMLfF-——-— —————

Imin oo —

I, M, L = Imin L

In, M, L r

totf (max) = kt
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MICROELECTRONICS

129



APPLICATION NOTE

*totf(min)
This is the limit under which the current regulation
is not guaranteed.

Even if the current continually exceeds the threshold
levels Iy, Im or I, the device will ensure a minimum
conduction time ton(min) Which is combination of two
periods :

" -4 : comparator trigger time and transistor desatu-
ration time implosed by TEA3717 )

Figure 11 : Winding Current @ Torr(MIN).

-t'q : this is the time required by V¢ to reach the com-
parator threshold level and is determined by low
pass filter Re, Cc.

Therefore, toff must be selected to be long enough
to allow the current to fall to a level below Iy, Im or
L.

Supply voltage Vmm and winding characteristics
both determine the value of toff(min).

IHM,L

[}
i

ton(min)  toftimin)

- - - -t - -

- e e - e e - - - -

off  Wifimin)

toff " toff(min)

Figure 11 Bis : Winding Current, Ve and V¢ Voltages @ TorrMiN).
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APPLICATION NOTE

SELECTION OF Rs VALUES

Three values of motor current In, Im and I are deter-
minated by the choice of Rs and VR values.

The value of Rs is calculated such that VcH = Rs.IH

0.42

where VCH = _5—

Vg and Iy is the maximum motor supply current.

A choice of Rs value around 1Q will guarantee a
fast increase of the winding current and offers the
possibility of operation with a voltage around 5 V for
VR, and thus is suitable for most applications.

Figure 12 : Continuous Variation of Current Level.

Itis also possible to vary the motor current in a con-

tinuous mode :

- by Vg adjustment

- by feeding back a portion of the voltage drop
across Rs through a potentiometer whose wiper
is connected to the comparator input.

In order to minimize the differential voltage Ve - Vc
due to comparator’s input current, care must be
taken to avoid the appearance of a large impedance
between E and C terminals. Appropriates values of
P and Rc would be : P =1 kQ and Rg = 470Q .

TEA3717

L5y S5s-THOMSON 1172
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APPLICATION NOTE

CABLING — Connection link between RS and the TEA3717

Since the TEA3717 operates in switch mode, it is must be kept as short as possible

. . . ; - Decoupling of Vmm by a ceramic capacitor (15 to
essential to take particular cabling precautions so :
as to avoid the generation of interferences suscep- 150nF) directly connected to the TEA3717 and

tible to disturb the correct operation of the control also by an electrolytic of higher value : 10to 22uF.
electronics. - Decoupling of Vcc.

Recommended precautions are :
- Separated ground connection for Vmm supply

Figure 13 : TEA3717 PC Board Layout.

1 16 1
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APPLICATION NOTE

SHORT CIRCUIT PROTECTION ON L6203

With devices like L6203 used as driver often inter-
facing the external world by means of wires, can be
easy to have short circuits.

A short circuit can occur for many reasons : a short
on the load, a mistake during the connection of the
wires between the device and the load (i.e. L6203
driving a motor), an accidental short between the
wires and so on.

The outputs of L6203 are not protected against the
short circuit and if a short occurs, the big amount of
current flowing through the outputs can destroy the
device.

Figure 1.

By G. SCROCCHI and G. FUSAROLI

To avoid this risk can be useful td add a circuitry to
protect the device : in this case, to have a total pro-
tection, we must consider three types of short cir-
cuit :

1 - output to output short circuit
2 - output to supply voltage short circuit
3 - output to ground short circuit

The first step is to sense the short circuit current.
In output to output (fig 1) or output to supply (fig 2)
short circuit can be used the sensing resistor (Rsl)
already used to set the current flowing in the load
during the normal operation.

- oUTPUT

SHORT-CIRCUIT

U

M88LE2B3-87

Figure 2.

Us

SHORT-CIRCUIT
OUTPUT TO SUPPLY

M88LE283-88

AN279/0189
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APPLICATION NOTE

To sense the output to ground short circuit (fig 3) another sensing resistor (Rsu) must be added between the
supply pin and the supply voltage.

Figure 3.

LOAD

SHORT-CIRCUIT
OUTPUT TO GROUND

negL6Ze3-d9

The second step is to create a threshold over which the signal coming from the upper and the lower sens-
the value of the current must be considered as short ing circuitry ; this signal can be used to act on the EN-
circuit : for this way a transistor or a diode could be ABLE pin of the L6203 disabling the output stages.

used. A complete protection schematic diagram is shown
The complete protection will be given by the * or * of in fig. 4.
Figure 4.

8
T )
MB8LE2B3-18
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APPLICATION NOTE

In normal operation the circuit works up to 3A/40V. R1 and R2 are used to scale the signal when the
When a short circuit occurs the SCRis triggered and transistor goes on and in conjunction with C1 to fil-
L6203 disabled : due to the SCR memory L6203 is ter the short circuit signals in order to avoid false trig
kept disabled until the power is switched off and then ger of the SCR : this filtering should not be too much

on, if the cause of short was removed. heavy to avoid to introduce an excessive delay in

The short circuit is detected when : the short circuit loop.

sy > Veery_ 0.6 _ 6A Isu and Isl must be calculated at the effective oper-
Rsu 041 ating temperature being the Vbe and Vd tempera-

Vo+VtHsemr - 0.6+0.7 _7ga ture dependent.
Rsc 0.165 ’ Instead of the SCR, a monostable with a long time
constant (0.3 + 0.5 sec) can be used : in the case,
The effective short circuit peak current is greater every time a short circuit occurs, L6203 is disabled
than Isu and Isl : this is due to the high dI/dT during for the monostable time constant and then enabled,
the short and to the delay between the short circuit if the short is still present L6203 is disabled again, if

IsL >

detection and the ENABLE intervention : the short was removed L6203 returns in normal
Rsu and Rs! must be non inductive resistors. operation (fig 5).
Figure 5.

3 ouT1
IN1 o—
= : 4
IN2 o— ~——I
L6283 |8
MONOSTABLE ——I
_| n
1. [74HC123) 3 N )
£2 8.3 to B.5sec 6 ouT2
c1 T .
18
il
T
1N4148B
-[]j-"m_
Icec /\
(ISV, 1SL)
i 0 I
N O {aut oN
ouT 0Ny OUT OFF Vv OUT OFF N

Nnge8Le283-11
R1, R1, C1, Rsu, RsL are choosen depending on the application.
The intervention of the protection circuit is determined by
Vee

Isu > Rey Vb = Vbiope
Vi = min Vinput High T+ Monostab
lsL > ViH+ Vb
RsL
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APPLICATION NOTE

CONTROLLING VOLTAGE TRANSIENTS
IN FULL BRIDGE DRIVER APPLICATIONS

In applications that involve fast switching of induc-
tive loads, designers must consider the voltage tran-
sients that are generated in such applications. To
insure a reliable design, the voltage transients must
be limited to a level that is within the safe operating
conditions of the switching device. This application
note discusses the sources of voltage tran-sients in
full bridge applications and techniques that can-be
used to limit these over-voltage conditions to safe
levels. Special attention will be given to applications
using monolithic implementations of full bridge cir-
cuits like the SGS-THOMSON L6202 and L6203.

MAXIMUM RATINGS

The maximum voltage rating for the bridge driver
can be derived from the maximum ratings of the de-
vices used in the output stage and are generally the
BVceo Or BVgss of the power devices. In addition to
the maximum allowable voltage across the output
device, additional limits may be needed on the maxi-
mum output voltage above supply or below ground,
depending on the implementation of the output
stage.

As an example of a full bridge circuit, consider the
SGS-THOMSON L6202 and L6203. These devices
are full bridge drivers implemented with DMOS tran-
sistors on a monolithic structure. Using these de-
vices full bridge drive circuits, like shown in figure 1,
are easily implemented. The device has a maximum
rating for the supply voltage of 60V, which implies a
maximum BVgss for the output devices of 60V. In ad-
dition, due to the monolithic implementation, the
voltage between the two output terminals must not

AN280/0189

by Thomas L. Hopkins

exceed 60V. Therefore, the maximum ratings that
must be considered for the application are :

Vsupply 60V
Vds any output 60V
Vo1 - Voz: 60V

Similar maximum ratings will exist for any full bridge
application, with the exception of the differential out-
put voltage limit, which will not exist for discrete im-
plementations.

Figure 1 : DC Motor Drive Circuit using L6203.

L62B82/L6283
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T0 ! J‘ B.82uF
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APPLICATION NOTE

SOURCES OF VOLTAGE TRANSIENTS

To protect against the over-voltage that may occur
as aresult of the inductive property of the load, volt-
age clamps are normally employed to limit the volt-
age across the output devices. In bridge
applications these clamps are normally a diode
bridge that clamps the voltage to one diode drop
above supply and one diode drop below ground.
However, if the diode switches slower than the tran-
sistor, there is a short time where neither the tran-
sistor nor the diode is conducting and the voltage
rise is limited only by the capacitance on the node.
The result is that a vol-tage overshoot occurs dur-
ing the time before the diode turns on. When the
bridge is build with DMOS power transistors, the in-
trinsic body diode is often used as the clamp. This
is true for the L6202 and L6203. As can be seen in
the figure 2, the turn-off time of the DMOS device in
the L6203 is in the range of 25 to 50nS while the
turn-on time of the intrinsic drain to source diode is
in the range of 150nS. This difference in switching
time is characteristic of many DMOS devices.

Figure 2 : Output Switching Waveform for L6203.

The second main factor contributing to the tran-
sients is the parasitic inductance in the wiring or
printed circuit board layout. Figure 3 shows the para-
sitic inductances in the DC motor application. When

27 L7 S5s-THOMSON

the current flowing in these parasitic inductances is
rapidly switched, the inductive property of the wire
causes a voltage transient. When large currents are
rapidly switched, as with DMOS transistors, large
voltage transients can be induced across even small
parasitic inductances. For an inductive load driven
by an H-Bridge the change of current in the power
supply lead is equal to twice the load current when
the bridge is switched off or the bridge is switched
from one diagonal pair of transistors being on the
other pair. Here switching the bridge results in a
change of direction of current flow in the power
leads. The time that it takes to switch the current is
essentially the turn off time of the output device. In
this case the resulting voltage across the inductance
is given by the equation :
Lox 1

v=Ldidt= Toff

1

Figure 3 : Parasitic wiring Inductances in DC
Motor Drive Circuit.
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APPLICATION NOTE

In fast switching applications, like the L6202, where
the switching time is as short as 25nS, the induced
voltage spike can become quite large. For example
if the DC motor in figure 3 was driven with 4A and
the bridge was switched off, a parasitic inductance
of only 15nH would produce a 5V spike. Since the
current is reversed in both the supply and ground
leads the device would see a 10V spike between the
power supply pin and chip ground, if the inductance
of both wires were the same.

As a design example, consider a DC motor driver
shown in figure 1 with the following system charac-
teristics :

Supply Voltage Max 46V
Min 38V

Peak Motor Current  5A

Chopping Frequency 50kHz

Figure 4 : Enable Input and Motor Current for
Examples.

For evaluation, the motor will be driven with a peak
current of 4A. Figure 4 shows the input signals for
the L6202 and the motor current used in the evalu-
ation.

Here the bridge is energized and the load current is
allowed to build up to 4A. When the 4A peak is
reached, the bridge is disabled and the current de-
cays through the intrinsic diodes in the DMOS power
stage. All figures in the remainder of this note are
taken under these operating conditions.

POWER SUPPLY FILTERING

To reduce the effect of the wiring inductance a good
high frequency capacitor can be placed on the board
near the bridge circuit to absorb the small amount
of inductive energy in the leads. It should be noted
that this capacitor is usually required in addition to
an electrolytic capacitor, which has poor perfor-
mance at high frequencies.

Operating Voltages.
Figure 5a : Supply Voltage.
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APPLICATION NOTE

Figure 5a shows the spike on the power supply pin
of the L6203 and the output pins when the bridge
was disabled. These waveforms were present when
the device was mounted on a printed circuit board
where reasonable care was taken in the layout.
When a 0.2uF polyester capacitor was connected
between the supply and ground pin of the L6203 the
voltage spike on the power supply was significantly
reduced, as shown in figure 6a.

Figure 5b : VO1 - V02.

Looking at the voltage waveform at the output ter-
minals of the L6202, shown in figure 6b, a large
spike is still present. The worst case spike is
measured between the output terminals of the de-
vice (Voutt - Voutz) since the spikes above the sup-
ply and below ground are both present. After the
voltage spike on the power supply was eliminated,
the tran-sients on the output must be related to the
mismatch of switching times between the diodes
and power transistors. To control these spikes two
possible alternatives are present ; 1) use faster
diodes, or 2) use an external circuit to slow the volt-
age rise time across the output when the transistors
are turned off. Schottky diodes connected external
to the L6203 would more closely match the switch-
ing time of the DMOS power transistors, but are ex-
pensive and require additional board space.

Operating Voltages with 0.2uF Bypass Capacitor on
Supply Pin.

&7 L7 SGS-THOMSON

Figure 6a : Supply Voltage.

Slowing down the output voltage rise time can be
accomplished by connecting a snubber network
across the output ter minals of the device. Figure 7
shows the connection for a RC snubbing circuit used
with the L6203. With properly selected values the
slope of the voltage waveform can be limited to
where the diodes have sufficient time to turn on and
clamp the remaining inductive energy.
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SNUBBER DESIGN CONSIDERATIONS

The function of the snubber network is to limit the
rate of change of the voltage across the motor (out-
put terminals of the L6203) when one of the DMOS
devices is turned off. Using the RC snubbing circuit
shown in figure 7, the rate of change of the voltage
on the output is dominated by the capacitor while
the resistor is used primarily to limit the peak current
flowing through the power transistor when it turns
on.

Figure 7 : DC Motor Drive Applications with Snub-
ber Network and Bypass Capacitor.
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The time constant of the motor current is much
longer than the switching time, due to the induct-
ance of the motor. At the time of switching the DC
motor can be assumed to be a constant currentgen-
erator equal to the peak current at switching. If this

current is switched into the snubber, the voltage
across the snubber network will jump to a value
equal to the snubber resistance times the motor cur-
rent. After the initial step, the rate of change is limited
by the motor current charging the snubber capaci-
tor. )

To properly size the snubber network the resistor is
selected such that the maximum motor current will
produce a voltage less than the minimum power
supply voltage. If the resistor is larger than this
value, the snubber will be ineffective since the ca-
pacitor will not limit the voltage rise until the voltage
has become greater than the power supply. For the
de-sign example, the maximum resistance for the
snubber is given by the equation :
Rmax = Vsmin/lpeak = 38V/5A = 7.6 Ohm

()
The snubber capacitor is calculated from the peak
current and the target rise time. The capacitance is
given by the equation :
C = Ipeak dt/dv = 5A 150nS/50V = 0.015uF

3
When the snubber network is installed in the appli-
cation the voltage transients on the terminals of the
L6203 are greatly reduced, as shown in figure 8.

The drawback of a snubber network of this type is
that a current spike will flow into the transistor when
it is switched on as the capacitor is discharged. The
theoretical peak value of this spike is given by the
equation :

| = Vsmax/R = 42V/7.50hm = 5.6A
(4)

L7 S5s-THOMSON il
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Operating Voltages with Snubber Network and By-
pass Capacitor.

Figure 8a : Sypply Voltage.

This peak current flowing in the snubber is added to
the load current when the device is turned on and
the total peak current in the transistor is the sum of

6/7
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the snubber circuit current plus the load current. In
practice the peak current measured is usually much
less than the calculated peak, due to the capacitors
internal resistance and inductance and the resistor
inductance. Figure 9 shows the peak current in the
snubber network in the design example.

Current in the Snubber Circuit.
Figure 9a : Turn on 2.0A/div.

__J_._JA__JIUML_},..,_LL

The power dissipated in the snubber resistor is the
sum of the dissipation during the turn-on and turn-
off of the bridge. The resistor dissipation is :

Pd = (11*RDC) + (122RDC) (5)
where

l1 = Current at turn-on

l2 = Current at turn-off

R = Snubber resistor

DC = Duty Cycle of current flow

For the design example the power dissipation, not
considering the duty cycle is :

Pd = ((2.5)%7.5.01) + ((5)>7.50.01)
=0.469 + 1.875
=2.344 W (6)
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If the device is chopping for only a portion of the time
the dissipation in the resistor will be reduced.

Figure 9b : Turn off 2.0A/div.

CONCLUSION

With the 0.2uF bypass capacitor and the snubber
circuit in place the voltage transients measured in

the application have been limited to within safe
values for the L6202. As shown in figure 8, the
power supply voltage, the voltage across each of
the DMOS transistors and the voltage across the
output of the bridge (Vout1 - Vout2) are all withinthe
maximum rating of the device with some margin.

SUMMARY

To insure reliable performance of a H-bridge drive
circuit, the designer must insure that the device
operates within the maximum ratings of the de-
vice(s) used in the circuit. One of the critical parame-
ters to consider is the maximum voltage capability
of the devices. To maintain the reliability, the volt-
age transients due to switching inductive loads must
be maintained within the ratings of the device.

Two techniques used to control the voltage tran-
sients in fast switching applications are proper by-
pass filtering of the power supply and snubbing the
outputs to control voltage rise times. Using these
two techniques the voltage transients in a DMOS
bridge application can be controlled to within safe
levels.

L37 SGS-THOMSON i
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A HIGH EFFICIENCY, MIXED-TECHNOLOGY

MOTOR DRIVER

By C. CINI

A new mixed technology called Multipower-BCD allows the integration of bipolar linear circuits, CMOS logic
and DMOS power transistors on the same chip. This note describes a H-bridge motor driver IC realized with

this technology.

The miniaturization and integration of complex sys-
tems and subsystems has led in recent years to the
implementation of monolithic circuits integrating
logic functions and power sections.

For these applications SGS-THOMSON Microelec-
tronics has developed a new technology called
Multipower BCD which allows the integration on the
same chip of isolated Power DMOS elements, bipo-
lar transistors and C-MOS logic.

Thanks to high efficiency, fast switching speed and
the absence of secondary breakdown, this technol-
ogy is particularly suitable for fast, high current sole-

noid drivers and high frequency switching motor
control. The free-wheeling diode intrinsic to the
DMOS structure (necessary if the device drives an
inductive load) and the great flexibility available in
the choice of the logic and driving section compo-
nents allow the complete integration of power actu-
ators without further expense in silicon area-and a
compact implementation of complex signal func-
tions.

This technology has been applied to produce a
switching power driver - the L6202/3 - capable of de-
livering 4A per phase, which is suitable for speed
and position control in D.C. motor applications.

Figure 1 : A Schematic Cross Section of Bipolar, C-MOS, DMOS Structures (BCD).
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MULTIPOWER BCD TECHNOLOGY

Multipower BCD technology combines the well
known vertical DMOS silicon gate process, used for
discrete POWER MOS devices, and the standard
junction isolation, sinker and buried layer process.
The architecture of the process is centred around
the vertical DMOS silicon gate, a self aligned struc-
ture, which guarantees short channel length
(1.5 um) with consequent low Rps(on for the de-
vice.

AN234/1088

In standard IC technologies the voltage capability is
determined essentially by the thickness of the epi-
taxial layer and it is the same for signal and power
components. But if the epi thickness is increased to
allow the inclusion of high voltage transistors even
the linear dimension of small signal transistors must
be increased proportionally. In contrast MULTI-
POWER BCD permits the realization of high voltage
lateral DMOS structures in an epi-layer dimen-
sioned for low voltage bipolar linear elements. Thus

1/6
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it is possible to mix on the same die very dense
CMOS logic, high precision bipolar linear circuits,
very efficient DMOS power devices and high volt-
age lateral DMOS structures:

In this way the constraints which limit the complex-
ity of signal processing circuits that can be inte-
grated economically on a high chip are greatly
reduced.

The active structures available in Multipower BCD
technology are represented in fig. 1.

Within the vertical DMOS is indicated an intrinsic
diode that can operate as a fast free-wheeling diode

in switch mode applications. In fact DMOS, as a re-
sult of the way by which it is realized, is almost a
symmetrical bidirectional device. Thatis, it can oper-
ate with the electrical |-V characteristic shown in the
3rd quadrant of fig. 2 ; that is, as a controlled resis-
tor of value decreasing inversely with the gate
source voltage applied to the power to which it is as-
sociated, up to a minimum equal to the Rps(on) of
the device itself, shunted by the body-drain diode in-
trinsic to the structure that limits the negative excur-
sion of Vps. Of the devices represented in fig. 1 the
table 1 lists the electrical characteristics.

Table 1 : Devices in Multipower BCD Technology.

« Vertical DMOS BVpss > 60 V Viy=3V fr > 1 GHz
« Lateral DMOS BVpss > 100 V Viu=3V fr > 800 MHz
« P-channel with Drain Extension BVpss > 85V Viu=3V fr > 200 MHz
« Bipolar NPN LVceo >20V B=35 fr > 300 MHz
 Bipolar PNP LVceo >20V B=20 fr > 7 MHz
« C-MOS N and P-channel BVpss >20V Vip=3V

Figure 2 : |-V Characteristic of DMOS N-channel
Power Device.

THE L6202 & L6203 H-BRIDGE DRIVERS

Using this technology a H-bridge IC has been real-
ized which accepts TTL or C-MOS compatible sig-
nals and is suitable for high efficiency, high
frequency switching control of DC and stepping
motor. The power stage consists of four DMOS N-
channel transistors with Rosiony=0.3Q .

When this device is supplied with the maximum volt-
age of 60V it can deliver a DC current of 1.5A in a
standard DIP.16 (L6202) and up to 5A in a MULTI-
WATT package (L6203).

The device can also operate with a peak current of
8A for a time interval essentially determined by the
time constant of heat propagation ( < 200ms).

26 L7 S5s-THOMSON

The system diagram representing the internal func-
tion blocks and external components (outside the
dashed line) is shown in fig. 3.

The integrated circuit has 3 Inputs : Enable, Input 1,
Input 2. When Enable is "low" all power devices are
off ; when it is "high" their conduction state is con-
trolled by the logic signals Input 1 and Input 2 that
drive independently a single branch of the full
bridge. When Input 1 (Input 2) is "high" DMOS 1
(DMOS 1') is "on" and DMOS 2 (DMOS 2’) is "off",
whenis "low" DMOS 1 (DMOS 1’) is "off" and DMOS
2 (DMOS 2)) is "on".

A thermal protection circuit has been included that
will disable the device if the junction temperature
reaches 150 ‘C. When the thermal protection is
removed the device restarts under the control of the
Input and Enable signals.

ON-OFF SYNCHRONIZATION CIRCUIT

ON-OFF synchronization of the power devices lo-
cated on the same leg of the bridge must prevent
simultaneous conduction, with obvious advantages
in terms of power dissipation and of spurious signals
on the ground and on sensing resistors.

Because of the very short turn-on, turn-off times
characteristic of POWER MOS devices a dead time
(time in which all power transistors are "off") of 40
ns is sufficient to prevent rail-to-rail shorts. The cir-
cuit that provides this time interval is shown in fig. 4
with the voltage waveforms that explain how it
works. Let us suppose Enable = "high". Because of
the delay times introduced by INV1 and INV2, V2
and V3 are two waveforms contained one in the
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Figure 3 : L6202-6203 Block Diagram.
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Figure 4 : A Schematic Representation of ON-OFF Synchronism Circuit.
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other and of polarity suitable to assure that the turn-
on of a power transistor happens only after the turn-
off of the other. The gate voltages V5 and V6 of DM1
and DM2 are represented in fig. 5. In fig. 3 we can
see also the modality of operation of the Enable sig-
nal, charge pump and bootstrap circuits.

Concerning POWER MOS driving, it must be noted
that it is necessary to assure to all DMOS N-chan-
nel a gate-source voltage of about 10V to guaran-
tee full conduction of the POWER MOS itself. While
there are no particular problems for driving the lower
POWER MOS device (its terminals is referred to
ground) for the upper one it is necessary to provide
a gate voltage higher than the positive supply be-
cause it has the drain connected to the positive sup-
ply itself. )

This is obtained using a system that combines a
charge pump circuit, that assures DC operation,
with a bootstrapping technique suitable to provide
high switching frequencies. The circuit that satisfies
to all these requirements is represented in the sche-
matic diagram of fig. 6.

Figure 5 : POWER MOS Gate Voltage Wave-
forms.

In the description of this circuit we can assume that
Csoor is absent and IN commutes from the "low" to
the "high" level.

Figure 6 : Schematic Representation of Charge PUMP and BOOSTRAP Circuit used to Drive the Gate of

the Upper DMOS Device.
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In this condition, by means of D1, the circuit char-
ges immediately the DMOS1 gate capacitanceto Vs
while the charge pump, activated by the signals IN
="low", as it can be seen in fig. 7, must supply only
a voltage of about 10V.

In the switching operation it will be Cgoot that guar-

Bl L3y S5s-THOMSON

antees a faster turn-on of the upper POWER MOS
and consequently high commutation frequencies.

In fact during the period in which DMOS?2 is "on"
Cgoor is charged to a voltage of about 12V.

When Vout raises because DMOS?2 is disactivated
D2 and D1 became "off" while D3, that remains "on"
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connects the gate circuit to Cgoort that raises higher
than Vs and makes DMOSH full "on" in a very short
time interval (20 ns).

It must be noted that the switch M4 in the fig. 6 cir-
cuit, driven by a complementary phase respect to
M3 disconnects D4, D5 and D6 from 12 V when M5
goes "on" to assure the "turn-off" of DMOS1.

Figure 7 : Charge PUMP Abilitation Signal and
Gate Voltage of DMOS Upper Device.

2
Lower trace: V3

Figure 8 : Darlington Bipolar and DMOS Power
Stages.

(a) (b)

$-9355

PERFORMANCE

One of the most important features is the very high
efficiency achieved.

To appreciate the benefits of low power dissipation,
and consequently of high efficiency, of a circuit real-
ized in DMOS technology we must refer to the equi-
valent bipolar solution and also consider separate
DC and AC operation.

Consider the typical Darlington power stage fre-
quently used in integrated circuit and a DMOS
power stages both represented in fig. 8.Neglecting
the power dissipation in the driving section, in static
conditions, the total dissipation of the two stages
when they are "on" is in the case (a) :

Pd(a) = (VcesAaT1 + VBE2) X IL
and in the case (b) :
Pd(b) = Rps(on) X 12
where I is the load current.

Because the saturation loss of a power DMOS tran-
sistor can be reduced by increasing the silicon area
it is possible to satisfy the condition

Rops-on X IL< (VcesaT1 + VBE2)
and then to obtain lower dissipation.

Concerning to the driving section, an other essen-
tial difference must be emphaisised.

While in case (a) during the time in which the power
is "ON" it is necessary to supply a current for main-
taining Q1 saturated, in the case (b) power is dissi-
pated only during the commutation of the gate
voltage.

About AC operation, it must be noted that the grea-
test advantage, always in terms of power dissipa-
tion, is due to the inherently fast turn-on, turn-off
times of power MOS devices. In fact, if we suppose
that the load is of inductive type and that the current
waveform is triangular on the voltage commutation
of the output, the total power dissipation is :

Pd = Vs IL Tcom. fswitcH
where : Vs = Supply voltage, IL = Peak load cur-
rent,

Tcom. = TTURN-ON = TTURN-OFF,
fswitcH = Chopper frequency.

Because Tcowm. in DMOS case is < than in bipolar
case at a fixed frequency we have a lower dissipa-
tion or at fixed dissipation we can tolerate higher
switching frequency.

Considering all these aspects, with a power device
consisting of about 2200 cells we have realized
DMOS power devices characterized by Rps(on)
0.3 Q and by switching times tr, t; of 50 ns. Other
characteristics of the device when is configured as
shown in fig. 9 are listed in table 2.

Fig. 10 shows the supply current with no load, vs.
switching frequency.

c-” SGS-THOMSON 5/6
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Figure 9.
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Table 2 : Main Features of L6202/6203.
« Vg (maximum supply voltage) = 60V
« I (maximum output current) = 1.5 ADIP.16
= 5 A MULTIWATT Package
« Efficiency n =90% =15A
» L . {fchopper =50 KHz
+ Power Dissipation Pg = 15W Lvg =54V
* tq (turn-on, turn-off propagation delay) = 100 ns
Figure 10.
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STEPPER MOTOR DRIVING

By H. SAX

Dedicated integrated circuits have dramatically simplified stepper motor driving. To apply these ICs desi-
gners need little specific knowledge of motor driving techniques, but an under-standing of the basics will help
in finding the best solution. This note explains the basics of stepper motor driving and describes the drive

techniques used today.

From a circuit designer’s point of view stepper mo-
tors can be divided into two basic types : unipolar
and bipolar.

A stepper motor moves one step when the direction
of current flow in the field coil(s) changes, reversing
the magnetic field of the stator poles. The difference
between unipolar and bipolar motors lies in the may
that this reversal is achieved (figure 1) :

Figure 1a :BIPOLAR - with One Field Coil and
Two Chargeover Switches That are
Switched in the Opposite Direction.

Figure 1b :UNIPOLAR - with Two Separate Field
Coils and are Chargeover Switch.

Figure 2 : ICs for Unipolar and Bipolar Driving.
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The advantage of the bipolar circuit is that there is
only one winding, with a good bulk factor (low wind-
ing resistance). The main disapuantages are the
two changeover switches because in this case more
semiconductors are needed.

The unipolar circuit needs only one changeover
switch. Its enormous disadvantage is, however, that
a double bifilar winding is required. This means that
at a specific bulk factor the wire is thinner and the
resistance is much higher. We will discuss later the
problems involved.

Unipolar motors are still popular today because the
drive circuit appears to be simpler when im-
plemented with discrete devices. However with the
integrated circuits available today bipolar motors
can be driver with no more components than the uni-
polar motors. Figure 2 compares integrated unipo-
lar and bipolar devices.

BIPOLAR PRODUCES MORE TORQUE

The torque of the stepper motor is proportional to
the magnetic field intensity of the stator windings. It
may be increased only by adding more windings or
by increasing the current.

A natural limit against any current increase is the
danger of saturating the iron core. Though this is of
minimal importance. Much more important is the
maximum temperature rise of the motor, due to the
power loss in the stator windings. This shows one
advantage of the bipolar circuit, which, compared to
unipolar systems, has only half of the copper resist-
ance because of the double cross section of the
wire. The winding current may be increased by the
factor V2 and this produces a direct proportional af-
fect on the torque. At their power loss limit bipolar
motors thus deliver about 40 % more torque (fig. 3)
than unipolar motors built on the same frame.

If a higher torque is not required, one may either re-
duce the motor size or the power loss.

CONSTANT CURRENT DRIVING

In order to keep the motor’s power loss within a rea-
sonable limit, the current in the windings must be
controlled.

A simple and popular solution is to give only as much
voltage as needed, utilizing the resistance (RL) of
the winding to limit the current (fig. 4a). A more com-
plicated but also more efficient and precise solution
is the inclusion of a current generator (fig. 4b), to
achieve independence from the winding resistance.
The supply voltage in Fig. 4b has to be higher than
the one in Fig. 4a. A comparison between both cir-
cuits in the dynamic load/working order shows
visible differences.

Figure 4 : Resistance Current Limiter (a) and Cur-
rent Generator Limiting.
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Figure 5 : At High Step Frequencies the Winding
Current cannot Reach its Setting Value
because of the Continuous Direction
Change.

Figure 3 : Bipolar Motors Driver Deliver More Tor-
que than Unipolars.
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It has already been mentioned that this power of the
motor is, among others, proportional to the winding
current.

In the dynamic working order a stepper motor
changes poles of the winding current in the same
stator winding after two steps. The speed with which
the current changes its direction in the form of an
exponential function depends on the specified in-
ductance, the coil resistance and on the voltage. Fig.
5a shows that at a low step rate the winding current
IL reaches its nominal value VL/RL before the direc-
tion is changed. However, if the poles of the stator
windings are changed more often, which corre-
sponds to a high step frequency, the current no
longer reaches its saturating value because of the
limited change time ; the power and also the torque
diminish clearly at increasing number of revolutions

(fig. 5).

MORE TORQUE AT A HIGHER NUMBER
OF REVOLUTIONS

Higher torque at faster speeds are possible if a cur-
rent generator as shown in Fig. 4b is used. In this
application the supply voltage is chosen as high
possible to increase the current’s rate of change.
The current generator itself limits only the phase cur-
rent and becomes active only the moment in which
the coil current has reached its set nominal value.
Up to this value the current generator is in satura-
tion and the supply voltage is applied directly to the
winding.

Fig. 6, shows that the rate of the current increase is
now much higher than in Figure 5. Consequently at
higher step rates the desired current can be main-
tained in the winding for a longer time. The torque
decrease starts only at much higher speeds.

Fig. 7 shows the relation between torque and speed
in the normal graphic scheme, typical for the step-
per motor. It is obvious that the power increases in
the upper torque range where it is normally needed,
as the load to be driven draws most energy from the
motor-in this range.

EFFICIENCY - THE DECISIVE FACTOR

The current generator combined with the high sup-
ply voltage guarantees that the rate of change of the
current in the coil is sufficiently high.

At the static condition or at low numbers of revol-
utions, however, this means that the power loss in
the current generator dramatically increases, al-
though the motor does not deliver any more energy
in this range ; the efficiency factor is extremely bad.

Help comes from a switched current regulation
using the switch-transformer principle, as shown in

fig. 8. The phase winding is switched to the supply
voltage until the current, detected across Rs,
reaches the desired nominal value. At that moment
the switch, formerly connected to + Vs, changes po-
sition and shorts out the winding. In this way the cur-
rent is stored, but it decays slowly because of inner
winding losses. The discharge time of the current is
determined during this phase by a monostable or
pulse oscillator. After this time one of the pole
changing switches changes back to + Vs, starting
an induction recharge and the clock-regulation-
cycle starts again.

Figure 6 : With a Step Current Slew, itis nota Pro-
blem to Obtain, even at High Step fre-
quencies Sufficient Current in Win-
dings.
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Figure 7 : Constant Current Control of the Step-
per Motor Means more Torque at High
Frequency.
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Since the only losses in this technique are the satu-
ration loss of the switch and that of the coil resist-
ance, the total efficiency is very high.

The average current that flows from the power sup-
ply line is less than the winding current due to the
concept of circuit inversion. In this way also the
power unit is discharged. This king of phase current
control that has to be done separately for each

motor phase leads to the best ratio betweenthe sup- -

plied electrical and delivered mechanical energy.

POSSIBLE IMPROVEMENTS OF THE UNI-
POLAR CIRCUIT

It would make no sense to apply the same principle
to a stabilized current controlled unipolar circuit, as
two more switches per phase would be necessary
for the shortening out of the windings during the free
‘phase-and thus the number of components would
be the same as for the bipolar circuit ; and more-

over, there would be the well known torque disad-
vantage.

From the economic point of view a reasonable and
justifiable improvement is the "Bi-Level-Drive"
(fig. 9). This circuit concept works with two supply
voltages ; with every new step of the motor both wind-
ings are connected for a short time to a high supply
voltage. This considerably increases the current rate
of change and its behaviour corresponds more or
less to the stabilized power principle. After a pre-
determined the switch opens, a no a lower supply
voltage is connected to the winding thru a diode.

This kind of circuit by no means reaches the perfor-
mance of the clocked stabilized power control as per
fig. 8, as the factors : distribution voltage oscillation,
B.e.m.f., thermal winding resistance, as well as the
separate coil current regulation are not considered,
but it is this circuit that makes the simple unipolar
R/L-control suitable for many fields of application.

Figure 8 : With Switch Mode Current Regulation Efficiency is Increased.
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APPLICATION NOTE

Figure 9 : At Every New Step of the Motor, it is Possible to Increase the Current Rate with a Bilevel Cir-

cuit.
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ADVANTAGES AND DISADVANTAGES OF
THE HALF-STEP

An essential advantage of a stepper motor opera-
ting at half-step conditions is its position resolution
increased by the factor 2. From a 3.6 degree motor
you achieve 1.8 degrees, which means 200 steps
per revolution.

This is not always the only reason. Often you are
forced to operate at half-step conditions in order to
avoid that operations are disturbed by the motor res-
onance. These may be so strong that the motor has
no more torque in certain step frequency ranges and
looses completely its position (fig. 10). This is due
to the fact that the rotor of the motor, and the chang-
ing magnetic field of the stator forms a spring-mass-
system that may be stimulated to vibrate. Inpractice,
the load might deaden this system, but only if there
is sufficient frictional force.

In most cases half-step operation helps, as the
course covered by the rotor is only half as long and
the system is less stimulated.

The fact that the half-step operation is not the domi-
nating or general solution, depends on certain dis-
advantages :

- the half-step system needs twice as many
clock-pulses as the full-step system ; the
clock-frequency is twice as high as with the
full-step.

- in the half-step position the motor has only
about half of the torque of the full-step.

Figure 10 : The Motor has no More Torquein Cer-
tain Step Frequency Ranges with Full
Step Driving.
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For this reason many systems use the half-step
operation only if the clock-frequency of the motor is
within the resonance risk area.

The dynamic loss is higher the nearer the load mo-

ment comes to the limit torque of the motor. This ef-
fect decreases at higher numbers of revolutions.
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TORQUE LOSS COMPENSATION IN THE
HALF-STEP OPERATION

It's clear that, especially in limit situations, the torque
loss in half-step is a disadvantage. If one has to
choose the next larger motor or one with a double
resolution operating in full-step because of some in-
sufficient torque percentages, it will greatly influence
the costs of the whole system.

Inthis case, there is an alternative solution that does
not increase the coats for the bipolar chopping sta-
bilized current drive circuit.

The torque loss in the half-step position may be

compensated for by increasing the winding current
by the factor V2 in the phase winding that remains
active. This is also permissible if, according to the
motor data sheet, the current limit has been
reached, because this limit refers always to the con-
temporary supply with current in both windings in
the full-step position. The factor V2 increase in cur-
rent doubles the stray power of the active phase.
The toal dissipated power is like that of the full-step
because the non-active phase does not dissipate
power.

The resulting torque in the half-step position
amounts to about 90 % of that of the full-step, that
means dynamically more than 95 % torque com-
pared to the pure full-step ; a neglectable factor.

The only thing to avoid is stopping the motor at limit
current conditions in a half-step position because it
would be like a winding thermal phase overload con-
centrated in one.

The best switch-technique for the half-step phase
current increase will be explained in detail later on
Fig. 11 shows the phase current of a stepping motor
in half-step control with an without phase current in-
crease and the pertinent curves of stap frequency
and torque.

6/16 L7 SGs-THOMSON

Figure 11 :Half Step Driving with Shaping Allows
to Increase the Motor's Torque to
about 95 % of that of the Full Step.
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Figure 12 :Only Two Signals for Full Step Driving are Necessary while Four (six if three-state is needed
on the output stages) for half Step.
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APPLICATION NOTE

DRIVE SIGNALS FOR THE MICRO ELEC-
TRONIC

A direct current motor runs by itself if you supply if
with voltage, whereas the stepping motor needs the
commutation signal in for of several separated but
linkable commands. In 95 % of the applications
today, the origin of these digital commands is a
microprocessor system.

“In its simplest form, a full-step control needs only
two rectangular signals in quadrature. According to
which phase is leading, the motor axis rotates clock-
wise or counter-clockwise, whereby the rotation
speed is proportional to the clock frequency.

In the half-step system the situation becomes more
complicated. The minimal two control signals
become four control signals. In some conditions as
many as six signals are needed. If the Tri-state-com-
mand for the phase ranges without current, necess-
ary for high motor speeds, may not be obtaified from
the 4 control signals. Fig. 12 shows the relationship
between the phase current diagram and the control
signal for full and half-step.

Since all signals in each mode are in defined rela-
tions with each other, itis possible to generate them
using standard logic. However, if the possibility to

choose full and half-step is desired, a good logic im-
plementation becomes quite expensive and an ap-
plication specific integrated circuit would be better.
Such an application specific integrated circuit could
reduce the number of outputs required from a micro-
processor from the 6 required to 3 static and dy-
namic control line.

A typical control circuit that meets all these require-
ments is the L297 unit (fig. 13).

Four signals control the motor in all operations :

1. CLOCK : The clock signal, giving the step-
ping command

2. RESET: Puts the final level signals in a
defined start position

3. DIRECTION :Determines the sense of rotation of

the motor axis.

Desides whether to operate in full
or in half-step.

Another inhibit input allows the device to switch the
motor output into the Tri-state-mode in order to pre-
vent undesired movements during undefined oper-
ating conditions, such as those that could occur
during.

4. HALF/FULL :

Figure 13 : The L297 avoids the Use of Complicated Standard Logic to Generate Both Full and Half-step
Driving Signals Together with Chopper Current Control.
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APPLICATION NOTE

SWITCH-MODE CURRENT REGULATION

The primary function of the current regulation circuit
is to supply enough current to the phase windings
of the motor, even at high step rates.

The functional blocks required for a switchmode cur-
rent control are the same blocks required in switch-
ing power supplies ; flip-flops, comparators ; and an
oscillator are required. These blocks can easily be
included in the same IC that generates the phase
control signals. Let us consider the implementation
of chopper current control in the L297.

The oscillator on pin 16 of the L297 resets the two
flip-flops at the start of each oscillator period. The
flip-flop outputs are then combined with the outputs
of the translator circuit to form the 6 control signals
supplied to the power bridge (L298).

When activated, by the oscillator, the current in the
winding will raise, following the L/R time constant
curve, untilthe voltage across the sense resistor (pin
1, 15 0f L298) is equal to the reference voltage input
(pin 15, L297) the comparator then sets the flip-flop,
causing the output of the L297 to change to an equi-
phase condition, thus effectively putting a short cir-
cuit across the phase winding. The bridge is
activated into a diagonally conductive state when
the oscillator resets the flip-flop at the start of the
next cycle.

Using a common oscillator to control both current
regulators maintains the same chopping frequency
for both, thus avoiding interference between the
two.

The functional block diagram of the L297 and the
power stage (L298) are shown in Figure 14 alone
with the operating wave forms.

An important characteristics of this circuitimplemen-
tation is that, during the reset time, the flip-flops are
kept reset. The reset time can be selected by select-
ing the impedance of the R/C network or pin 16. In

this way, the current spike and noise across the
sense resistors that may occur during switching will
not cause a premature setting of the flip-flop. Thus
the recovery current spike of the protection diodes
can be ignored and a filter in the sense line is
avoided.

THE RIGHT PHASE CURRENT FOR
EVERY OPERATING CONDITION

The Chopper principle of the controller unit reveals
that the phase current in the motor windings is con-
trolled by two data : the reference voltage at pin 15
of the controller and the value of the sense resis-
tance at pins 1 and 15 of the L298, that is IL =
VRer/Rs. By changing Vrer it is very easy to vary
the current within large limits. The only question is
for which purpose and at which conditions.

More phase current means more motor torque, but
also higher energy consumption.

An analysis of the torque consumption for different
periods and load position changes shows that there
is no need for different energies.

There is a high energy need during the acceleration
or break phases, whereas during continuous oper-
ation or neutral or stop position less energy has to
be supplied. A motor with its phase current continu-
ously oriented at the load moment limit, even with
the load moment lacking, consumes needlessly en-
ergy, that is completely transformed into heat.

Therefore it is useful to resolve the phase current in
at least two levels controllable from the processor.
Fig. 18 shows a minimal configuration with two re-
sistance and one small signal transistor as change-
over switch for the reference input. With another
resistance and transistor it is possible to resolve 2
Bits and consequently 4 levels. That is sufficient for
all imaginable causes.

Fig. 16 shows a optimal phase current diagram dur-
ing a positioning operation.
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Figure 14 : Two ICs and very Few External Components Provide Complete Microprocessor to Bipolar Step-
per Motor Interface.
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APPLICATION NOTE

Figure 15 : Because of the Set-dominant Latch Inside the L297 it is Possible to Hide Current Spikes and
Noise Across the Sense Resistors thus Avoiding External Filters.
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Figure 16 : More Energy is needed During The Acceleration and break Phases Compared the Continuous
Operation, Neutral or Stop Position.
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HIGH MOTOR CLOCK RESETS IN THE
HALF-STEP SYSTEM

In the half-step position one of the motor phases has
to be without current. If the motor moves from a full-
step position into a half-step position, this means
that one motor winding has to be completely dis-
charged. From the logic diagram this means for the
high level bridge an equivalent status of the input
signals A/B, for example in the HIGH-status. For the
coil this means short circuit (fig. 17 up) and conse-
quently a low reduction of the current. In case of high
half-step speeds the short circuit discharge time
constant of the phase winding is not sufficient to dis-
charge the current during the short half-step

phases. The current diagram is not neat, the half
step is not carried out correctly (fig. 17 center).

For this reason the L297 controller-unit generates
an inhibit-command for each phase bridge, that
switches the specific bridge output in the half-step
position into Tri-state. In this way the coil can start
swinging freely over the external recovery diodes
and discharge quickly. The current decrease rate of
change corresponds more or less to the increase
rate of change (fig. 17 below).

In case of full-step operation both inhibit-outputs of
the controller (pin 5 and 8) remain in the HIGH-
status.

Figure 17 :The Inhibit Signal Turns Off Immediately the Output Stages Allowing thus a Faster Current
Decay (mandatory with half-step operation).
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Figure 18 :With This Configuration it is Possible to Obtain Half-step with Shaping Operation and There-

fore More Torque.
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MORE TORQUE IN THE HALF-STEP POSI-
TION

A topic that has already been discussed in detail. So
we will limit our considerations on how it is carried
out, in fact quite simply because of the reference
voltage controlled phase current regulation.

With the help of the inhibit-signals at outputs 5 and
8 of the controller, which are alternatively active only
when the half-step control is programmed, the ref-
erence voltage is increased by the factor 1.41 with
a very simple additional wiring (fig. 18), as soon as
one of the two inhibit-signals switches LOW. This in-
creases the current in the active motorphase pro-
portionally to the reference voltage and
compensates the torque loss in this position. Fig. 19
shows clearly that the diagram of the phase current
is almost sinusoidal, in principle the ideal form of the
current graph.

To sum up we may say that this half-step version of-
fers most advantages. The motor works with poor
resonance and a double position resolution at a
torque, that is almost the same as that of the full-
step.

BETTER GLIDING THAN STEPPING

If a stepper motor is supposed to work almost glid-
ing and not step by step, the form of the phase cur-
rent diagram has to be sinusoidal.

‘7_ SGS-THOMSON

The advantages are very important :
- no more phenomena of resonance
- drastic noise reduction
- connected gearings and loads are treated
with care
- the position resolution may be increased fur-
ther.

However, the use of the L297 controller-unit de-
scribed until now is no longer possible of the more
semplicated form of the phase current diagram the
Controller may become simpler in its functions.

Fig. 20 shows us an example with the L6505 unit.
This IC contains nothing more than the clocked
phase current regulation which works according to
the same principle as L297. The four control signals
emitting continuously a full-step program are now
generated directly by the microprocessor. In order
to obtain a sinusoidal phase current course the ref-
erence voltage inputs of the Controller are modu-
lated with sinusoidal half-waves.

The microprocessor that controls the direction of the
current phase with the control signals also gener-
ates the two analog signals.

For many applications a microprocessor with dedi-
cated digital to analog converters can be chosen.
Eliminating the need for separate D/A circuits.

About 5 bit have proved to be the most suitable sud-
division of the current within one full-step. A higher

13/16
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resolution brings no measurable advantages. On
the contrary, the converter clock frequency is al-
ready very high in case of low motor revolutions and
very difficult to process by the processor-software.
It is recommended to reduce the D/A resolution at
high step frequencies.

In case of higher motor revolutions it is more con-
venient to operate only in full-step, since harmonic

control is no longer an advantage as the currenthas

only a triangular waveform in the motor winding.

PRECISION OF THE MICRO STEP

Any desired increase of the position resolution be-
tween the full step position has its physical limits.
Those who think it is possible to resolve a 7.2°

stepper motor to 1.8° with the same precision as a

1.8° - motor in full-step will be received, as there are
several limits :

The rise rate of the torque diagram corresponding
to the twisting angle of the rotor for the 7.2° - motor
is flatter by a factor of 4 then for the original 1.8" -
motor. Consequently with friction or load moment,
the position error is larger (fig. 21).

For most of the commercial motors there isn’t a suf-
ficiently precise, linear relationship between a sinu-
soidal-current-diagram and an exact micro step
angle. The reason is a dishomogeneous magnetic
field between the rotor and the two stator fields.
Above all, problems have to be expected with mo-
tors with high pole feeling. However, there are spe-
cial stepper motors in which an optimized micro step
operation has already been considered during the
construction phase.

Figure 19 : The Half-step with Shaping Positioning is Achieved by Simply Changing Reference Voltages.
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APPLICATION NOTE

Figure 20 :L6506 Unit Gives The Possibility to Modulate Separately the Two Reference Voltage Inputs in
Order to obtain a Sinusoidal Phase Current.
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Figure 21 :Better Resolution is achieved with Low Degree Motor but More torque is delivered with high

Degree Motor.
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CONCLUSIONS

The above described application examples of mod-
ern integrated circuits show that output and effi-
ciency of stepper motors may be remarkably
increased without any excessive expense increase
like before.

1616 L3y SGS-THOMSON

Working in limit areas, where improved electronics
with optimized drive sequences allow the use of less
expensive motors, itis even possible to obtain a cost
reduction.
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CONSTANT-CURRENT CHOPPER DRIVE UPS
STEPPER-MOTOR PERFORMANCE

The most efficient and performant way to drive a stepper motor is to use a “chopper” drive circuit.
This note explains some basic theory then presents practical circuits based on power ICs.

PULSE WIDTH-MODULATED DRIVE IM-
PROVES MOTOR TORQUE AND SPEED
YET ADDS NO COMPLEXITY TO CIRCUIT

Designers opting to use a fractional-horsepower
stepper motor in applications such as computer
printers can improve the motor’s efficiency and its
torque and speed characteristics by using a con-
stant-current pulse-width-modulated (PWM) chop-
per-drive circuit. What's more, for high-power
drives, dedicated control chips and a constant-cur-
rent chopper drive can be as simple to use as direct
drive.

A basic problem for a directly driven stepper is that
the motor winding’s time constant (L/R) causes the
currenttoincrease slowly in the winding during each
pulsed input. It may, therefore, never reach full-rated
value, especially at high speed, or high pulsing
rates, unless the voltage (Vs) across the terminals

is high. In the simplest stepper drive (see fig. 1a),
transistor or Darlington switches sequentially acti-
vate the windings to drive the motor (see box, “Step-
per motor basics”).

This type of drive performs poorly because the sup-
ply voltage must be low so that the steady-state cur-
rent is not excessive. As a result, the average
winding current —and hence the torque —is very low
at high drive motor speed.

Often, this problem is overcome by introducing a
series resistance, thereby increasing the overall
value by a factor of four - giving an L/4R ratio - and
also by increasing the supply voltage (see fig. 1b).
This arrangement reduces the motor’s time con-
stant, which improves torque at high step rates.
However such an approach is inefficient, because
the series resistor constitutes a substantial waste of
power.

Figure 1 : Common unipolar stepping drives (a) produce insufficient torque output becuase their supply
voltage must be kept low to limit current. Adding series resistance to an L/4R ratio (b) and
raising the supply voltage proportionately improves torque output, especially at high step

rates.
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APPLICATION NOTE

Figure 2 : A Pulse-width-modulated, or chop-
per, drive overcomes most of the
problems of the simpler direct drive or
even linear constant-current drives.
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CONSTANT CURRENT IS BEST

Introducing a feedback loop to control the winding
current is a better solution. Linear constant-current
control is possible but is rarely used because of high
power losses in the power stage. However, a pulse-
width-modulation scheme — a chopper circuit — not

only solves the L/R time-constant problem but cuts
power dissipation too (see fig. 2).

A four-phase bifilar/hybrid unipolar stepper motor
could use a quad Darlington like the ULN2075B as
a chopper driver and a chip like the L6506 as a cur-
rent controller (see fig. 3).

The L6506, which contains all the chopper circuitry,
is simple to use. An external RC network sets the os-
cillator frequency, and a voltage divider (or trimmer)
sets the reference voltages, and hence the phase
currents. Normally an oscillator frequency of over 20
KHz is chosen to avoid motor noise. The maximum
usable frequency depends on the L/R time constant
of the motor.

Control signals for the four-phase inputs can be pro-
vided by a micro-computer chip or a simple repeti-
tive sequence from a logic circuit. Note that the
L6506 contains just two independent chopper-con-
trol loops - sufficient for a four-phase unipolar step-
ping motor because opposing windings never
energize together.

DRIVING BIPOLAR MOTORS

Bipolar stepper motors, preferred for their better
torque/weight ratio, however, are normally driven by
H-bridge output stages. They enable a single-po-
larity supply to drive each motor winding end se-
quentially to achieve a polarity-reversal effect on the
windings.

Figure 3 : A simple chopper drive for a unipolar stepping motor, can be assembled with just two chips :
a Quad Darlington output driver IC and constant-current feedback controller IC.
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STEPPER-MOTOR BASICS

In computer-peripheral office-equipment applica-
tions, the most popular stepper motors are perma-
nent-magnet types with two-phase bipolar windings
or bifilar-wound unipolar windings. Stripped to the
essentials, both types consist of a permanent-mag-
net rotor surrounded by stator poles carrying the
windings.

A two-pole motor would have a step angle of 90 °.
However, most motors have multiple poles to re-
duce the step angle to a few degrees.

A bipolar permanent-magnet stepper motor has a
single winding for each phase — and the current
must be reversed to reverse the stator field. Bifi-
lar/hybrid unipolar motors, however, have two wind-
ings wound in opposite directions for each phase, so
that the field can be reversed with a single-polarity
drive. Unipolar motors were once popular because
the drive was simpler. But with today’s dual bridge
(H-bridge) ICs, it is just as easy to drive a bipolar
motor.

In the most popular drive technique - two-phase-on
- both phases are always energized. In another
method — called the wave drive — one phase is en-
ergized at a time.

A third technique combines the two sequences and
drives the motor one half-step at a time. Half-step-
ping is very useful because motor mechanically de-
signed for very small step angles are much more
complex —and costly —to built. It is more economical
to use a 100-step motor in half steps rather than a
200-step motor in full step.

Recently designers have started microstepping, or
driving the motor at one-quarter stepping rather or
less. This type of operation can obtain fine step con-
trol without using mechanically complex motors with
small step angles.

A two-phase bipolar motor needing up to 2A/phase
can be driven by a single IC - the L298N dual
bridge (see fig. 4). It contains two H-bridges with all
the necessary level shifters and gates to directly in-
terface low-level input logic signals.

As before, a complete chopper drive can be built by
adding a current-controller chip and the necessary
protective diodes, an RC network to define the os-
cillator frequency and a reference-voltage divider to
set the current level. Four-phase signals to the con-
troller are provided by a controlling microcomputer
or by another dedicated controller chip - the L297
stepper-motor controller.

Figure 4 : A Dual-bridgé IC provides a simple power-stage design solution for a bipolar stepper motor.
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Containing an internal translator circuit controlled by
step-and-direction inputs, the L297 motor controller
(see fig. 5) allows operation in three modes : two-
phase-on, half-step and wave-drive.

The normal two-phase-on mode is selected by a low
level on the haif/full input when the device has been
reset to start.

Half-step drive is selected by a high level on the
half/full step input. To initialize the wave-drive mode,
the user disables the output stage (brings enable
low), resets the device, steps the translator one
step, brings half/full low, and then reenables the out-
puts.

The L297 also lets the designer select either phase
or inhibit chopping. Phase chopping provides lower

ripple and is suitable four unipolar motor, whereas
inhibit chopping returns energy to the supply and is
better for bipolar motors.

In applications such as printer-paper feed, the motor
is often at rest. Since the full torque is not usually
necessary to hold the motor in position, designers
can save power by switching the current to a lower
level between runs. With an L297 or L6506 control
chip, this task can be done by simply switching the
reference input between two levels.

Where several chopper drives are used in the same
system, they should be synchronized prevent inter-
modulation effects. This is done by connecting the
sync pins to one another and omitting the oscillator
RC network on all but one device.

Figure 5 : controlled by step, direction, and mode inputs, the L297 stepper-motor controller chip per-
forms.some of the functions of a controlling microcomputer.
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HANDLING HIGH CURRENT

For current drives greater than 2A/phase, the two
bridges in an L298N IC can be paralleled by con-
necting inputs to the corresponding outputs. How-
ever, for a more equal distribution of the load and
chip heating, driver 1 should be paralleled with driver
4, and driver 2 with driver 3. Additionally, total cur-
rent should be derated by 0.5 A to allow for the maxi-
mum possible imbalance between the current in
each bridge. Thus two L298s can drive motors rated
at 3.5 A/phase.

A different configuration for microstepping stepper
motors is employed in the PBL3717A control circuit.
It contains all of the control and power circuitry for

one phase of a motor. An H-bridge output stage can
drive motors rated at up to 1A/phase. Two of these
devices are needed to drive a two-phase bipolar
motor.

The output current level from the PBL3717A is set
both by an analog-reference input and two logic in-
puts (l1 and lo), which select one of three preset cur-
rent levels (the fourth combination disables the
outputs stage). This feature implements the micro-
stepping, in which several current levels are used to
obtain very small step angles for even more precise
control (but at the expense of a less regular torque).
Unlike the L297 and L6506, the PBL3717A has a
constant off-time chopper driver which is ideal for
microstepping.
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APPLICATION NOTE

USING THE L6506 FOR CURRENT CONTROL
OF STEPPING MOTORS

by Thomas Hopkins

Chopper-type current control circuits improve the performance of motor drives. This note shows how
this can be done simply using the L6506 current controller IC.

The L6506 is a linear integrated circuit designed to
sense and control the current in stepping motors
and other similar devices. When used in conjunction
with power stages like the L293, L298N, or L7180
the chip set forms a constant current drive for induc-
tive loads and performs all the interface functions
from the control logic through the power stage.

The L6506 may be used with either two phase bi-
polar or four phase unipolar motor configurations.
The circuit in figure 1 shows the L6506 used in con-
junction with the L298N in a 2 phase bipolar stepper
motor application. The circuit in figure 2 implements
a similar 4 phase unipolar application.

CURRENT CONTROL LOGIC

In these two circuits, the L6506 is used to sense and
control the current in each of the load windings. The

current is sensed by monitoring the voltage across
a sense resistor (Rsense) and using a Pulse Width
Modulated control to maintain the current at the

desired value.

An on-chip oscillator drives the dual chopper and
sets the operating frequency. An RC network on pin
1 sets the operating frequency, which is given by the

equation :

Figure 1 : Application Circuit for Bipolar 2 Phase Stepper Motor.

1

0.69 R1 Ct

for R1 > 10 KQ

The oscillator provides pulses to set the two flip-
flops, which in turn cause the outputs to activate the
power actuator. Once the outputs have been acti-
vated the current in the load starts to increase,
limited by the inductive characteristic of the load.
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Figure 2 : Application Circuit for Unipolar 4 Phase Stepper Motor.
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When the current in the load winding reaches the
programmed peak value, the voltage across the
sense resistor (Rsense) is equal to reference voltage
input (Vref)y and the corresponding comparator
resets its flip-flop. This interrupts the drive and allow-
s the current to decay through a recirculating path
until the next oscillator pulse occurs. The peak cur-
rent in each winding is programmed by selecting the
“value of the sense resistor and Vref and is given by
the equation :

| ' Viet B

e ————
pes Rsense

The minimum output pulse width is determined by
“the pulse width of the oscillator, or other signal ap-
plied to the sync input. The internal oscillator is
designed to provide narrow pulses to the sync input
but the pulse width should be considered carefully.
In some applications it is desirable to set the pulse
width of this sync pulse to be justlonger than the turn
on delay time of the actuator stage. This may be
useful in systems where the switching noise or re-
covery current of the catch diodes, which passes
through the sense resistor, causes the comparator
to sense a current above the peak current. By mak-

2/5
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ing the sync pulse wide enough to hold the flip-flop
set at the time the switching transient occurs will
cause the device to ignore this false data.

When the internal oscillator is used the pulse width
can be modified by changing the value of the capa-
citor on pin 1.

Increasing the capacitance will widen the pulse
width.

The L6506 may be used with either a bridge driver,
as shown in figure 1, for bipolar motors or a quad
darlington array, as shown in figure 2, for 4 phase
unipolar motors. For eigher configuration, half step
may be implemented using the 4 phase inputs with
the input waveforms shown in figure 3.

The recirculation path for the motor current is
through a catch diode for unipolar motors, or a catch
diode and one of the lower transistors of the bridge
for bipolar motors. Both of these implementations
produce alow ripple current since the voltage across
the motor during the recirculation time is much less
than the power supply voltage. Figure 4 shows the
ripple current for bipolar motor applications using
the L6506 and the L298N.
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Figure 3 : Input Signal for Stepper Motor Drive.
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When implementing a half step drive, both outputs
of the L6506 will be low during the half step of one
phase. This means a very long time is required for
the current in the “off” winding to decay when driving
bipolar motors.

Alternately, the power‘ stage (L298N) may be in-
hibited to put the output in the state and achieve a
faster current decay.

Since separate Vref inputs are provided for each
channel, each of the loads may be programmed in-
dependently allowing the device to be used to imple-
ment microstepping or applications with different
peak and hold currents. In this type of application,
changing the reference voltage (Vrer) will change the
load current, effectively implementing a transcon-
ductance amplifier.

Figure 4 : Ripple Current in Bipolar Motors.

SYNCHRONIZING MULTIPLE DEVICES

Ground noise problems in multiple configurations
can be avoided by synchronizing the oscillators.
This may be done by connecting the sync pins of
each of the devices with the oscillator output of the
master device and connecting the R/C pin of the un-
used oscillators to ground as shown in figure 5. The
devices may be synchronized to external circuits by
applying synchronizing pulses to the sync pins. It
should be noted, however, that the input pulse sets
the minimum on time of the outputs and will there-
fore set a minimum output average current.

SELECTING THE OSCILLATOR COMPO-
NENTS

When selecting the values for the external compo-
nents for the oscillator one of the primary consider-
ations is the operating frequency. In addition there
is another important consideration for these compo-
nents.

Figure 5 : Synchronizing Multiple Devices.

MASTER

n92aAN463-61 SLAVE

In many applications the reverse recovery current
of the free wheeling diodes and of parasitic ele-
ments in the power stage will flow through the
sensing resistor in addition to the load current.
Also there is sometimes noise: generated in the
system when the power stage is swiched on.

L7 355 THOMSON 35
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These two sources of error can fool the current
limiting stage and make it appear to operate at a
subharmonic of the desired frequency. With the
proper selection of the oscillator components this
behavior can be-avoided.

The design of the L6506 is such that the flip-flops
used in the device are set dominant so that when-
ever the syncinput is low the Q output of the flip-flop
will be high even if the reset is applied by the com-
parator at the same time. This characteristic of the
flip-flops can be used to make the current sensing
immune to the recovery currents and noise spikes
that occur when the power devices switch. If the
sync pulse is longer than the turn on delay time of
the power stage, as shown in figure 6, these two
scurces of errors will be ignored.

‘Figure 6 : Load Current and Sync Pulse.

To select the proper values for the oscillator compo-

_nents amore detailed equation for the operating fre-
quency and duty cycle of the oscillator is required.
The required equations can be derived from the
equivalent circuit for the oscillator section shown in
figure 7. ‘

As can be seen from figure 7, the full equation for
the operating frequency includes not only the exter-
nal resistance and capacitance but the internal dis-
charge resistor as well. The full equation for the
operating frequency is :

f= ! 3)

0.69C1 [ R1 + (511;';'1)]

4/5
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The equations for the active time of the sync pulse
(T2), the inactive time of the sync signal (T1) and the
duty cycle can also be found by looking at the figure
7and are :

R1Ri
T2 = 0.69C1 R (4)
T1 =0.69 R1 C1 (5)
T2
DC =172 ©)

By substituting equations 4 and 5 into equation 6
and solving for the value of R1 the following equa-
tions for the external components can be derived:

1 .
R1=[—D—6—2]R| @)

1
0.69 R1 ®

Looking at equation 4 it can easily be seen that the
minimum pulse width of T2 will occur when the value
of Riis atits minimum and the value of R1 atits maxi-
mum. Therefore, when evaluating equation 7 the
minimum value for Ri of 700Q (1 KQ —30 %) should
be used to guarantee the required pulse width.

For a typical application using the L298, which has
a maximum turn on delay of 2.5 us, with the L6506
consider the following operating points:

f =20 KHz
T1+T2=50ps
T2 min =3 ps

Cl=

From equation 6:
pc= 38 _g06
50us

From equation 7:

R1=(——2)700=10.3KQ

0.06
From equation 8:
47us
C1=1069) (103K ~ 86"
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Figure 7 : Oscillator Circuit and Waveforms.
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MICROELECTRONICS APPLICATION NOTE

HIGH-POWER,.DUAL-BRIDGE ICs
EASE STEPPER-MOTOR-DRIVE DESIGN

In addition to simplifying design problems, a family of dedicated chips improves stepper-motor drive-circuit
reliability by significantly reducing the component count.

The L293, L293E and L298N dual-bridge ICs (see constant-current choppers. And with a single chip

box, "inside the dual-bridge ICs") significantly re- replacing the transistors and predriver stages, cir-
duce the problems encountered in the design of cuit performance improves. Best of all, the devices
stepper-motor drive circuitry. They can, for example, have applications in complex as well as basic driver

simplify the design and increase the efficiency of networks.

Figure 1 : The Simplest Stepper-motor Drive Technique is the Basic L/R Configuration. Adding Series Re-
sistors and Raising the Supply to Make an L/4R Drive Improves Torque at High Steps rates but
Reduces Efficiency.
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SIMPLEST DESIGN IS AN L/R DRIVE

The simplest motor-drive configuration (fig. 1) con-
sists of a uC that performs the translator function in
software (see box, "Generating switching sequen-
ces") and drives the motor through a L293 dual
bridge. Only eight external components are re-
quired ; these are diodes that protect the device’s
output transistors against inductive spikes gener-
ated when a winding de-energizes.

The L293 handles 1A continuous (for higher current

use and L298N). However, if you plan to run the
motor continuously with two phases on, dissipation
will be the limiting factor.

You can improve the performance of this basic L/R
drive by increasing the series resistance and raising
the supply voltage to restore the original phase cur-
rent. At high speeds, torque improves, but efficiency
decreases. Normally, you increase each winding’s
resistance by a factor of four through the addition of
a 3R series resistance, resulting in the L/4R drive.

INSIDE THE DUAL-BRIDGE ICs You can use a bipolar motor - simpler and less expens-
The 1293, L293E and L298N (figure) contain two v 1181 2 unipolar motor - wihout buiding complex
ower-transistor bridges, predriver stages, control logic p lages. A worry
P istor riages, prear ges, g about simultaneous conduction of a half bridge’s
and protection circtitry. There's a control input for each source and sink transistors - a basic problem with dis-
bridge anaf an enable input for each half bridge ; Inputs crete-component bridge circuits. Chip design makes it
connect d/reqtlj/ fo “.C s, CMOS or 7TL' The IC? inte- impossible for both transistors to be on at the same
grate level shifters with a separate logic-supply pin. For time
current sensing, the [293E and L298N have external :
emitter connections. Designers should ilso disgard the mistake/n ide;aj tha‘;
. . . constant-current chopper drivers are complicated an
A single p ackage drives a 2—pﬁase bipolar stepper expensive. You can gﬁild one with two brigge ICs and
motor, challenging the assumption held by many that 2 few pas s'l. & components
unipolar motors are easier to drive. passive P )
Dual-bridge driver ICs reduce the parts count of bipolar stepper motors and simplify design. The
schematic of the L298N is functionally similar to those of the L293 and L293E.
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MULTIPLE SUPPLIES BOOST PERFOR-
MANCE

A dual-level supply also improves the performance
of a basic L/R circuit. A high supply voltage yields
good torque characteristics when the motor is run-
ning. A lower-than-rated voltage provides some
holding torque when the motor is at rest, thereby
saving power when the motor is idle.

Fig. 2 shows a suitable voltage-switch circuit. Rx
sets the holding current, which can be low because
a permanent magnet or hybrid stepper motor pro-
vides some holding torque at zero current. However,
make certain the L293’s motor-supply input never
goes below the logic-supply voltage. While there’s
no danger of damaging the device, it's imposssible
to drive the output transistors correctly under such
conditions.

The dual bridge’s enable inputs offer a means of ex-
tending the chip’s flexibility. For example, you can
connect them directly to the logic supply - no resis-
tors are needed - to enable the chip permanently.
As an alternative, use the enable inputs to disable
the motor during the power-on reset sequence.

In wave-drive and half-step maodes, use the enable
inputs to increase torque at high speeds. When a
winding de-energizes, flux collapse is a function of
the current-decay rate. During this decay, the de-
energized winding opposes the efforts of the next
winding in sequence, partially cancelling the torque.

Figure 3: Maintaining a Constant-average Phase Current this Fixed-ripple Chopper Provides Improved
Performance and Efficiency Vrer Controls the Phase Current.

You can minimize this effect by disabling a bridge
only when the winding it drives is turned off ; be-
cause the Ai/At of an inductor equals E/L, disabling
the bridge accelerates the current decay. This ac-
tion discharges the winding’s stored energy through
its supply and maintains the terminal voltage E at Vs
plus two diode drops. If you were to leave the bridge
enabled, the current would flow to ground through
one diode and one transistor, and it would lower the
terminal voltage. This scheme doesn’t apply with
drives with two phases on because no winding ever
de-energizes.

Figure 2 : Switching the Supply to a Lower Volt-
age when the Motor is Idle Saves Cur-
rent without Compromising Driving
Power.
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GENERATING SWITCHING SEQUENCES A simpler approach uses the software equivalent of a
In addition to selecting a motor and determining power- shift register. For example, you can load a 99 (hex) into
stage design, you must also decide how to generate a register and ta{(e thg phases from_ bits 0 to 3. A Ro-
the switching sequences that step the motor. Pro- tate Left instruction yields a clockwise step ; a Rotate
gramming a u.C or using a special piece of hardware Right instruction causes a counterclockwise move.
called a transistor accomplishes this task. When software translation ties up your u.C, lighten the
Software translation is more economical, and it is the load by adding a hardware translator. In applications
first choice for large-volume products. Fig. A shows a /nvolylng unidirectional motors, this logic qrcwt (fig. B)
basic step procedure (a) that you can integrate into a requires only one pulse for each step ; you'll also need
routine (b) ; the routine executes a clockwise rotation ~ @direction signal (b) if your motor rotates in both direc-
of N steps at a fixed rate. The step rate is defined by a tions. By adding a 7408 to a 2-phase translator, you
software loop, but you can also use programmed timer can satisfy a wave-drive gpp//catlon (), wﬁ:le the at{d/-
interrupts. tion of two OR gates provides fast turn-off in wave-drive
. mode.
Fig. A: A pC can generate the phase sequence (a) R R .
for a stepper motor. A routine (b)-expands a Fig. B : Built a simple 2-phase hardware translator
single-step routine into are that executes a using a dual flip-flop, for single (a) or bidirec-
move of N steps tional (b) rotation. Add some extra ICs for
) wave-drive ‘signals (c) and to provide fast
a turn-off (d).
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Often auC controls the translator, setting the direction
line and providing a pulse for each step. Software is
thus simplified, and if you use a programmed interrupt
scheme, theC is free to handle other tasks. Fig. C de-
scribes an absolute-positioning routine for a step with
a direction-control translator ; Fig. D outlines how pro-
grammed timer interrupts are used to relieve the
burden on the C.

Figure C : Foruse with a Hardware Trans-
lator this a Absolute-positioning
Routine Sets the Direction Line
and Sends the Appropriate
Number of Step Pulses.

Two special cases call for hardware translation. The
first is in a system for which you have already designed
in control circuitry to provide step and direction signals.
The second case involves single-quantity and small-
run applications, in which the cost of a few ICs is a small
price to pay for simplified software.
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CHOPPER CIRCUIT OFFERS MORE EN-
HANCEMENTS

Adding a chopper circuit to maintain a constant-
average phase current improves performance and
efficiency. Fig. 3 shown a simple constant-current
drive that employs a dual bridge, dual comparator
and a few passive components. This circuit requires
an L293E, because this dual-bridge IC offers access
to the lower emitter connections, thus letting you in-
sert current-sensing resistors.

Operation of this fixed-ripple chopper drive is
straightforward. When the pC or translator activates
a bridge, the increasing load current raises the volt-
age across the sensing resistor until it equals the
comparator’s reference voltage. The comparator
then switches, clamping the translator signals
through the diodes to deactivate the bridge. As the
current decays, the voltage across the sensing re-
sistor decreases until it equals the comparator’s
lower threshold. The comparator switches again,
allowing the pC or translator to activate a bridge and
restart the cycle. As long as the translator drives the
bridge, this sequence repeats to provide a constant-
average phase current with fixed ripple.

Vief adjusts the lower current limit, while the com-
parator's hysteresis sets the ripple, and hence the
peak current. Although a divider establishes the
value of Vret in this case, you can employ the dual-
supply design approach and switch Vref to a lower
value when the motor is idle. In addition, use of a
D/A converter establishes Vrer for micro-stepping
applications. This drive circuit, with its fixed-ripple
current characteristics, is well suited for such ser-
vice.

FIXED-FREQUENCY CHOPPER IS MOTOR
INDEPENDENT

Fig. 3's drive has some disadvantages. First, the
chopper frequency depends on motor characteris-
tics, and these parameters vary from unit to unit. In
addition, it's impossible to synchronize the chop-
pers, and this shortcoming can cause trouble on the
ground plane.

Using a flip flop/comparator arrangement (fig. 4) to
develop a fixed-frequency chopper overcomes
these problems. In this circuit, the NE555 timer
generates negative pulses that reset the flip flops to
enable the phase-control signals from the transla-

Figure 4 : This Fixed-frequency Constant-current Chopper Driver Enables the Synchronization of Several
Drives, thus Minimizing Potential Ground-plane Problems.
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Figure 5 : A Special Translator-chopper Control Circuit cuts the Drivers Components Count to the Mini-

mum.
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tor. If these signals are set to energize a winding,
the current in that winding rises until the voltage
across the sensing resistor switches the compara-
tor, thus setting the flip flop. This disables the phase
signals and deactivates the bridge. Current in the
winding falls until the next clock pulse resets the flip
flop, and the sequence repeats to maintain a con-
stant current.

CONTROLLER IC REDUCES
COMPONENT COUNT

If you're using a hardware translation and constant-
current choppers, you can further reduce the com-
ponent count by using a controller chip such as the
L297 — a 20-pin DIP that houses a translator and a

Reprinted from EDN. 11/24/83

© 1986 Cahners Publishing Company Division
of Reed Publishing USA.

dual fixed-frequency chopper circuit. Under the con-
trol of step and direction inputs, the L297 generates
normal, wave-drive and half-step sequences.

As shown in fig. 5, the controller connects directly to
adual bridge. External component requirements are
minimal : and RC network to set the chopper fre-
quency and a resistive divider to establish the com-
parator reference voltage (Vref).

To accommodate motors with a phase current as great
as 3.5 A, replace the single dual-bridge IC with two de-
vices configured in parallel (input to input, enable to en-
able, etc) to form a single bridge. It's extremely
important that you pair the half bridges — 1 with 4 and
2 with 3 —to ensure optimum current sharing.

L3y SES-THOMSON R
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THE L297 STEPPER MOTOR CONTROLLER

The L297 integrates all the control circuitry required to control bipolar and unipolar stepper motors. Used
with a dual bridge driver such as the L298N forms a complete microprocessor-to-bipolar stepper motor
interface. Unipolar stepper motor can be driven with an L297 plus a quad darlington array. This note de-
scribes the operation of the circuit and shows how it is used.

The L297 Stepper Motor Controller is primarily in-
tended for use with an L298N or L293E bridge driver
in stepper motor driving applications.

It receives control signals from the system’s control-
ler, usually a microcomputer chip, and provides all
the necessary drive signals for the power stage. Ad-
ditionally, it includes two PWM chopper circuits to
regulate the current in the motor windings.

With a suitable power actuator the L297 drives two
phase bipolar permanent magnet motors, four
phase unipolar permanent magnet motors and four
phase variable reluctance motors. Moreover, it
handles normal, wave drive and half step drive
modes. (This is all explained in the section “Stepper
Motor Basics”).

Two versions of the device are available : the regular

L297 and a special version called L297A. The
L297A incorporates a step pulse doubler and is de-
signed specifically for floppy-disk head positioning
applications.

ADVANTAGES

The L297 + driver combination has many advan-
tages : very few components are required (so as-
sembly costs are low, reliability high and little space
required), software development is simplified and
the burden on the micro is reduced. Further, the
choice of a two-chip approach gives a high degree
of flexibility-the L298N can be used onits own for DC
motors and the L297 can be used with any power
stage, including discrete power devices (it provides
20mA drive for this purpose).

Figure 1 : In this typical configuration an L297 stepper mator controller and L298 dual bridge driver com-
bine to form a complete microprocessor to bipolar stepper motor interface.
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APPLICATION NOTE

For bipolar motors with winding currents up to 2A the
L297 should be used with the L298N ; for winding
currents up to 1A the L293E is recommended (the
L293 will also be useful if the chopper isn’t needed).
Higher currents are obtained with power transistors
or darlingtons and for unipolar motors a darlington
array such as the ULN2075B is suggested. The
block diagram, figure 1, shows a typical system.

Applications of the L297 can be found almost every-
where ... printers (carriage position, daisy position,
paper feed, ribbon feed), typewriters, plotters, nu-
merically controlled machines, robots, floppy disk
drives, electronic sewing machines, cash registers,
photocopiers, telex machines, electronic car-
buretos, telecopiers, photographic equipment,
paper tape readers, optical character recognisers,
electric valves and so on.

The L297 is made with SGS’ analog/digital com-
patible PL technology (like Zodiac) and is assem-
bled in a 20-pin plastic DIP. A 5V supply is used and
all signal lines are TTL/CMOS compatible or open
collector transistors. High density is one of the key
features of the technology so the L297 die is very
compact.

THE L298N AND L293E

Since the L297 is normally used with an L298N or
L293E bridge driver a brief review of these devices’
will make the rest of this note easier to follow.

The L298N and L293E contain two bridge driver
stages, each controlled by two TTL-levellogicinputs
and a TTL-level enable input. In addition, the emitter
connections of the lower transistors are brought out
to external terminals to allow the connection of cur-
rent sensing resistors (figure 2).

For the L298N SGS’ innovative ion-implanted high
voltage/high current technology is used, allowing it
to handle effective powers up to 160W (46V supply,
2A per bridge). A separate 5V logic supply input is
provided to reduce dissipation and to allow direct
connection to the L297 or other control logic.

In this note the pins of the L298N are labelled with
the pin names of the corresponding L297 terminals
to avoid unnecessary confusion.

The L298N is supplied in a 15-lead Multiwatt plastic
power package. It's smaller brother, the functionally
identical L293E, is packaged in a Powerdip —a cop-
per frame DIP that uses the four center pins to con-
duct heat to the circuit board copper.

Figure 2 : The L298N contains two bridge drivers (four push pull stages) each controlled by two logic
inputs and an enable input. External emitter connections are provided for current sense
resistors. The L293E has external connections for all four emitters.
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APPLICATION NOTE

STEPPER MOTOR BASICS

There are two basic types of stepper motor in com-
mon use : permanent magnet and variable reluct-
ance. Permanent magnet motors are divided into
bipolar and unipolar types.

BIPOLAR MOTORS

Simplified to the bare essentials, a bipolar perma-
nent magnet motor consists of a rotating permanent
magnet surrounded by stator poles carrying the
windings (figure 3). Bidirectional drive current is
used and the motor is stepped by switching the
windings in sequence.

For a motor of this type there are three possible drive

sequences.

Figure 3 : Greatly simplified, a bipolar permanent
magnet stepper motor consist of a rota-
ring magnet surrounded by stator poles
as shown.
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The first is to energize the windings in the sequence
AB/CD/BA/DC (BA means thatthe winding ABis en-
ergized but in the opposite sense). This sequence
is known as “one phase on” full step or wave drive

‘ﬁ SGS-THOMSON

mode. Only one phase is energized at any given mo-
ment (figure 4a).

The second possibility is to energize both phases
together, so that the rotor always aligns itself be-
tween two pole positions. Called “two-phase-on” full
step, this mode is the normal drive sequence for a
bipolar motor and gives the highest torque (fig-
ure 4b).

The third option is to energize one phase, then two,
then one, etc., so that the motor moves in half step
increments. This sequence, known as half step
mode, halves the effective step angle of the motor
but gives a less regular torque (figure 4c).

For rotation in the opposite direction (counter-clock-
wise) the same three sequences are used, except
of course that the order is reserved.

As shown in these diagrams the motor would have
astep angle of 90° . Real motors have multiple poles
to reduce the step angle to a few degrees but the
number of windings and the drive sequences are un-
changed. A typical bipolar stepper motor is shown
in figure 5.

UNIPOLAR MOTORS

A unipolar permanent magnet motor is identical to
the bipolar machine described above except that bi-
filar windings are used to reverse the stator flux,
rather than bidirectional drive (figure 6).

This motor is driven in exactly the same way as a bi-
polar motor except that the bridge drivers are re-
placed by simple unipolar stages - four darlingtons
or a quad darlington array. Clearly, unipolar motors
are more expensive because thay have twice as
many windings. Moreover, unipolar motors give less
torque for a given motor size because the windings
are made with thinner wire. In the past unipolar mo-
tors were attractive to designers because they sim-
plify the driver stage. Now that monolithic push pull
drivers like the L298N are available bipolar motors
are becoming more popular.

All permanent magnet motors suffer from the
counter EMF generated by the rotor, which limits the
rotation speed. When very high slewing speeds are
necessary a variable reluctance motor is used.

317
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APPLICATION NOTE

Figure 4 : The three drive sequences for a two phase bipolar stepper motor. Clockwise rotation is shown.
Figure 4a : Wave drive (one phase on).
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Figure 4b : Two phase on drive.
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Figure 4c : Half step drive.
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APPLICATION NOTE

Figure 5 : A real motor. Multiple poles are norma-
lly employed to reduce the step angle to
a practical value. The principle of opera-
tion and drive sequences remain the
same.

5-5939

Figure 6 : A unipolar PM motor uses bifilar win-
dings to reverse the flux in each phase.

B S -5940

VARIABLE RELUCTANCE MOTORS

A variable reluctance motor has a non-magnetized
soft iron rotor with fewer poles than the stator (fig-
ure 7). Unipolar drive is used and the motor is
stepped by energizing stator pole pairs to align the
rotor with the pole pieces of the energized winding.

Once again three different phase sequences can be
used. The wave drive sequence is A/C/B/D ; two-

"_ SGS-THOMSON

phase-on is AC/CB/BD/DA and the half step se-
quence is A/AC/C/BC/B/BD/D/DA. Note that the
step angle for the motor shown above is 15 °, not 45 °.

As before, pratical motors normally employ multiple
poles to give a much smaller step angle. This does
not, however, affect the principle of operation of the
drive sequences.

Figure 7 : A variable reluctance motor has a soft
iron rotor with fewer poles than the sta-
tor. The step angle is 15 ° for this motor.

S-5941

GENERATING THE PHASE SEQUENCES

The heart of the L297 block diagram, figure 8, is a
block called the translator which generates suitable
phase sequences for half step, one-phase-on full
step and two-phase-on full step operation. This
block is controlled by two mode inputs — direction
(CW/ CCW) and HALF/ FULL — and a step clock
which advances the translator from one step to the
next.

Four outputs are provided by the translator for sub-
sequent processing by the output logic block which
implements the inhibit and chopper functions.

Internally the translator consists of a 3-bit counter
plus some combinational logic which generates a
basic eight-step gray code sequence as shown in
figure 9. All three drive sequences can be generated
easily from this master sequence. This state se-
quence corresponds directly to half step mode, se-
lected by a high level on the HALF/ FULL input.

517
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APPLICATION NOTE

The output waveforms for this sequence are shown
in figure 10.

Note that two other signals, INH1 and INH2 are
generated in this sequence. The purpose of these
signals is explained a little further on.

The full step modes are both obtained by skipping
alternate states in the eight-step sequence. What
happens is that the step clock bypasses the first
stage of the 3-bit counter in the translator. The least
significant bit ot this counter is not affected there-

fore the sequence generated depends on the state
of the translator when full step mode is selected (the
HALF/ FULL input brought low).

If full step mode is selected when the translator is at
any odd-numbered state we get the two-phase-on
full step sequence shown in figure 11.

By contrast, one-phase-on full step mode is ob-
tained by selecting full step mode when the transla-
tor is at an even-numbered state (figure 12).

Figure 8 : The L297 contains translator (phase sequence generator), a dual PWM chopper and output

control logic.
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Figure 9 : The eight step master sequence of the translator. This corresponds to half step mode.

Clockwise rotation is indicated.
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APPLICATION NOTE

Figure 10 : The output waveforms corresponding to the half step sequence. The chopper action in not
shown.
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Figure 11 : State sequence and output waveforms for the two phase on sequence. INH1 and INH2
remain high throughout.
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Figure 12 : State Sequence and Output Waveforms for Wave Drive (one phase on).
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INH1 AND INH2 The INH1 and INH2 signals are generated by OR

In half step and one-phase-on full step modes two
other signals are generated : INH1 and INH2. These
are inhibit signals which are coupled to the L298N’s

enable inputs and-serve to speed the current decay.

when a winding is switched off.

Since both windings are energized continuously in
two-phase-on full step mode no winding is ever
switched off and these signals are not generated.

To see what these signals do let’s look at one half
of the L298N connected to the first phase of a two-
phase bipolar motor (figure 13). Remember that the
L298N'’s A and B inputs determine which transistor
in each push pull pair will be on. INH1, on the other
hand, turns off all four transistors.

Assume that A is high, B low and current flowing
through Q1, Q4 and the motor winding. If A is now
brought low the current would recirculate through
D2, Q4 and R, giving a slow decay and increased
dissipation in Rs. If, on a other hand, Ais brought low
and INH1 is activated, all four tr%nsistors are turned
off. The current recirculates in this case from ground
to Vsvia D2 and D3, giving a faster decay thus allow-
ing faster operation of the motor. Also, since the re-
circulation current does not flow through Rs, a less
expensive resistor can be used.

Exactly the same thing happens with the second
winding, the other half of the L.298 and the signals
C, D and INH2.

8/17
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functions :
A+ B=INH1 C+D=INH2

However, the output logic is more complex because
inhibit lines are also used by the chopper, as we will
see further on.

OTHER SIGNALS

Two other signals are connected to the translator
block : the RESET input and the HOME output

RESET is an asynchronous reset input which re-
stores the translator block.to the home position
(state 1, ABCD = 0101). The HOME output (open
collector) signals this condition and is intended to
the ANDed with the output of a mechanical home
position sensor.

Finally, there is an ENABLE input connected to the
output logic. A low level on this input-brings INH1,
INH2, A, B, C and D low. This input is useful to dis-
able the motor driver when the system is initialized.

LOAD CURRENT REGULATION

Some form of load current control is essential to ob-
tain good speed and torque characteristics. There
are several ways in which this can be done — switch-
ing the supply between two voltages, pulse rate
modulation chopping or pulse width modulation
chopping.

MICROELECTROMICS
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Figure 13 : When a winding is switched off the inhibit input is activated to speed current decay. If this
were not done the current would recirculate through D2 and Q4 in this example. Dissipation
in Rs is also reduced.
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The L297 provides load current control in the form ' Figure 14 : Each chopper circuit consists of a

of two PWM choppers, one for each phase of a bi- comparator, flip flop and external sense
polar motor or one for each pair of windings for a uni- resistor. A common oscillator clocks
polar motor. (In a unipolar motor the A and B both circuits.

windings are never energized together so thay can
share a chopper ; the same applies to C and D).

Each chopper consists of a comparator, a flip flop Uuu
and an external sensing resistor. Acommon on chip FROM 0sC
oscillator supplies pulses at the chopper rate to both
choppers.

In each chopper (figure.14) the flip flop is set by each
pulse’ from the oscillator, enabling the output and
allowing the load current to increase. As it increases
the voltage across the sensing resistor increases,
and when this voltage reaches Vret the flip flop is
reset, disabling the output until the next oscillator
pulse arrives. The output of this circuit (the flip flop’s
Q output) is therefore a constant rate PWM signal.
Note that Vret determines the peak load current.
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PHASE CHOPPING AND
CHOPPING

The chopper can act on either the phase lines
(ABCD) or on the inhibit lines INH1 and INH2. An
input named CONTROL decides which. Inhibit
chopping is used for unipolar motors but you can
choose between phase chopping and inhibit chop-
ping for bipolar motors. The reasons for this choice
are best explained with another example.

INHIBIT

First let's examine the situation when the phase
lines are chopped.

As before, we are driving a two phase bipolar motor
and A is high, B low (figure 15). Current therefore
flows through Q1, winding, Q4 and Rs. When the
voltage across Rs reaches Vref the chopper brings
B high to switch off the winding.

The energy stored in the winding is dissipated by
current recirculating through Q1 and D3. Current
decay through this path is rather slow because the

voltage on the winding is low (Vcesat a1 + Vp3) (figure
16).

Why is B pulled high, why push A low ? The reason
is to avoid the current decaying through Rs. Since
the current recirculates in the upper half of the
br/idge, current only flows in the sensing resistor
when the winding is driven. Less power is therefore
dissipated in Rs and we can get away with acheaper
resistor.

This explain why phase chopping is not suitable for
unipolar motors : when the A winding is driven the
chopper acts on the Bwinding. Clearly, this is no use
at all for a variable reluctance motor and would be
slow and inefficient for a bifilar wound permanent
magnet motor.

The alternative is to tie the CONTROL input to
ground so that the chopper acts on INH1 and INH2.
Looking at the same example, A is high and B low.
Q1 and Q4 are therefore conducting and current
flows through Q1, the winding, Q4 and Rs, (fig-
ure 17).

Figure 15 : Phase Chopping. In this example the current X is interrupted by activating B, giving the recir-
culation path Y. The alternative, de-activating A, would give the recirculation path Z, increasing

dissipation in Rs.
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APPLICATION NOTE

Figure 16 : Phase Chopping Waveforms. The example shows AB winding energized with A positive with
respect to B. Control is high.
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Figure 17 : Inhibit Chopping. The drive current (Q1, winding, Q4) in this case is interrupted by activating
INH1. The decay path through D2 and D3 is faster than the path Y of Figure 15.
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In this case when the voltage accross Rs reaches
Vrerthe chopperflip flopis resetand INH1 activated
(brought low). INH1, remember, turns off -all four
transistors therefore the current recirculates from
ground, through D2, the winding and D3 to Vs. Dis-
charged across the supply, which can be up to 46V,
the current decays very rapidly (figure 18).

The usefulness of this second faster decay option is
fairly obvious ; it allows fast operation with bipolar
motors and it is the only choice for unipolar motors.
But why do we offer the slower alternative, phase
chopping ?

The answer is that we might be obliged to use a low
chopper rate with a motor that does not store much
energy in the windings. If the decay is very fast the
average motor current may be too low to give an
useful torque. Low chopper rates may, for example,
be imposed if there is a larger motorin the same sys-
tem. To avoid switching noise on the ground plane
all drivers should be synchronized and the chopper
rate is therefore determined by the largest motor in
the system.

Multiple L297s are synchronized easily using the
SYNC pin. This pin is the squarewave output of the
on-chip oscillator and the clock input for the chop-
pers. The first L297 is fitted with the oscillator com-
ponents and outputs a sqarewave signal on this pin
(figure 19). Subsequent L297s do not need the os-
cillator components and use SYNC as a clock input.
An external clock may also be injected at this termi-
nalif an L297 must be synchronized to other system
components.

Figure 18 : Inhibit Chopper Waveforms. Winding
AB is energized and CONTROL is low.
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Figure 19 : The Chopper oscillator of multiple
L297s are synchronized by connecting
the SYNC Inputs together.
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THE L297A

The L297A is a special version of the L297 de-
veloped originally for head positioning in floppy disk
drives. It can, however, be used in other application-
S.

Compared to the standard L297 the difference are
the addition of a pulse doubler on the step clock
inputand the availability of the output of the direction
flip flop (block diagram, figure 20). To add these
functions while keeping the low-cost 20-pin package
the CONTROL and SYNC pins are not available on
this version (they are note needed anyway). The
chopper acts on the ABCD phase lines.

The pulse doubler generates a ghost pulse inter-
nally for each input clock pulse. Consequently the
translator moves two steps for each input pulse. An
external RC network sets the delay time between
the input pulse and ghost pulse and should be
chosen so that the ghost pulses fall roughly half-
way between input pulses, allowing time for the
motor to step.

This feature is used to improve positioning accu-
racy. Since the angular position error of a stepper
motor is noncumulative (it cancels out to zero every
four steps in a four step sequence motor) accuracy
is improved by stepping two of four steps at a time.
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Figure 20 : The L297A, includes a clock pulse doubler and provides an output from the direction flip flop
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APPLICATION HINTS

Bipolar motors can be driven with an L297, an
L298N or L293E bridge driver and very few external
components (figure 21). Together these two chips
form a complete microprocessor-to-stepper motor
interface. With an L298N this configuration drives
motors with winding currents up to 2A ; for motors
up to 1A per winding and L293E is used. If the PWM
choppers are not required an L293 could also be
used (it doesn’t have the external emitter connec-
tions for sensing resistors) but the L297 is underu-
tilized. If very high powers are required the bridge
driver is replaced by an equivalent circuit made with
discrete transistors. For currents to 3.5A two
L298N’s with paralleled outputs may be used.

For unipolar motors the best choice is a quad dar-
lington array. The L702B can be used if the chop-
pers are not required but an ULN2075B is preferred.

[77 SGS-THOMSON

This quad darlington has external emitter connec-
tions which are connected to sensing resistors (fig-
ure 22). Since the chopper acts on the inhibit lines,
four AND gates must be added in this application.

Also shown in the schematic are the protection
diodes.

In all applications where the choppers are not used
it is important to remember that the sense inputs
must be grounded and Vrer connected either to Vs
or any potential between Vs and ground.

The chopper oscillator frequency is determined by
the RC network on pin 16. The frequency is roughly
1/0.7 RC and R must be more than 10 KQ. When
the L297A’s pulse doubler is used, the delay time is
determined by the network Rg Cg4 and is approxi-
mately 0.75 R4 Cqd .Rd should be in the range 3 kQ
to 100 kQ (figure 23).

13/17
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Figure 21 : This typical application shows an L297 and L298N driving a Bipolar Stepper Motor with pha-
se currents up to 2A.

Vg
Qsv 036V
R1 ‘ 100nF
c1 m ;Cl C‘:—"_'i 3
22K N 100nF 470
3InF L = HF
GND o | p2| 03] D&
05C
CWICCW ‘; 6 21 A A 9 8 <lo
cock | . |2 , 1
HALF/FULL P 02
———19 7 0 3 STEPPER
—— 1297 1L298N 03 MOTOR
RESET 20 9|0 2 13 WINDINGS
1
ENABLE | N LT 6 ]
v J—
ret s P INH2 " 1% 06
n 13 13 14 1 15 05 osl o7 08
SENSE) i *
SENSE 2 -
CONTROL HOME
SYNC.
Rgy | [Rs2
S-584614
Rs1 Rs2=0.5Q
D1 to D8 = 2 Fast Diodes VF<1i2@I1=2A
trr < 200 ns
14/17
/ 57 SGS-THOMSON
Y/ NicrozLECTRONICS

200



APPLICATION NOTE

Figure 22 : For Unipolar Motors a Quad Darlington Array is coupled to the L297. Inhibit chopping is used
so the four AND gates must be added.
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Figure 23 : The Clock pulse doubler inserts a ghost pulse 1o seconds after the Input clock pulse. R4 Cd
is closen to give a delay of approximately half the Input clock period.
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PIN FUNCTIONS - L297

N° Name Function

1 SYNC Output of the On-chip Chopper Oscillator.

The SYNC connections of all |.297s to be synchronized are connected together and the
oscillator components are omitted on all but one. If an external clock source is used it is
injected at this terminal.

2 GND Ground Connection.

3 HOME Open collector output that indicates when the L297 is in its initial state (ABCD = 0101).
The transistor is open when this signal is active.

A Motor phase A drive signal for power stage.

5 INH1 Active low inhibit control for driver stages of A and B phases. When a bipolar bridge is
used this signal can be used to ensure fast decay of load current when a winding is
de-energized. Also used by chopper to regulate loadcurrent if CONTROL input is low.

6 B Motor phase B drive signal for power stage.

7 Cc Motor phase C drive signal for power stage.

8 INH2 Active low inhibit control for drive stages of C and D phases. Same functions as INH1.

9 D Motor phase D drive signal for power stage.

10 ENABLE | Chip enable input. When low (inactive) INH1, INH2, A, B, C and D are brought low.

11 CONTROL | Control input that defines action of chopper.

When low chopper acts on INH1 and INH2 ; when high chopper acts on phase lines ABCD.

12 Vs 5V Supply Input.

13 SENS, Input for load current sense voltage from power stages of phases C and D.

14 SENS; Input for load current sense voltage from power stages of phases A and B.

15 Vrei Reference voltage for chopper circuit. A voltage applied to this pin determines the peak -
load current.

16 osc An RC network (R to Vg, C to ground) connected to this terminal determines the chopper
rate. This terminal is connected to ground on all but one device in synchronized multi -
L297 configurations. f = 1/0.69 RC, R > 10 kQ.

17 CW/CCW | Clockwise/counter clockwise direction control input. Physical direction of motor rotation also
depends on connection of windings.

Synchronized internally therefore direction can be changed at any time.

18 CLOCK | Step Clock. An active low pulse on this input advances the motor one increment. The step
occurs on the rising edge of this signal.

19 |HALF/FULL| Half/full Step Select Input. When high selects half step operation ; when low selects full
step operation. One-phase-on full step mode is obtained by selecting FULL when the
L297's translator is at an even-numbered state. Two-phase-on full step mode is set by
selecting FULL when the translator is at an odd numbered position. (the home position is
designated state 1).

20 RESET Reset Input. An active low pulse on this input restores the translator to the home position
(state 1, ABCD =0101).

1
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PIN FUNCTIONS - L297A
Pin function of the L297A are identical to those of the L297 except for pins 1 and 11.

N° Name Functions

1 DOUBLER | An RC network connected to this pin determines the delay between an input clock pulse and
the corresponding ghost pulse.

11 DIR-MEM | Direction Memory. Inverted output of the direction flip-flop. Open collector output.

Figure 24 : Pin connections.
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TWIN-LOOP CONTROL CHIP

CUTS COST OF DC MOTOR POSITIONING

by H. Sax, A. Salina

Using a novel control IC that works with a simple photoelectric sensor, DC motors can now com-
pare with stepper motors in positioning applications where cost is critical. The chip contains two
complete control circuits, so that two motors can be controlled with one IC.

Since the introduction of integrated power drive
stages, stepper motors have been the most popu-
lar choice for positioning drives in cost-critical ap-
plications like printer carriage control. Though DC
motors are cheaper, require less power and pro-
vide more holding torque, they were rejected be-
cause they needed a costly shaft angle encoder
to achieve comparable performance.

Today, however, it is possible to build a cheap,
fast and efficient DC motor positioning drive that
uses a simple optical encoder. What makes this
possible is an integrated circuit — the SGS-
THOMSON type L6515 — that embodies a twin-
loop control system and uses a novel tacho con-
version scheme which works effectively without
high precision sensors.

The new IC is designed to work in a system
shown schematically in figure 1. Actually the de-
vice contains two complete control circuits be-
cause most applications involve two motors. For
simplicity only one half is shown. The system is

controlled by a micro and uses a high-power
bridge IC as the output stage to drive the motor.
On the motor shaft is an optical encoder that pro-
vides two sinusoidal or triangular outputs 90° out
of phase.

Two closed-loop operating modes are used:
speed control and position control. At the begin-
ning of a positioning action the system operates
in speed control mode. The microcontroller ap-
plies a speed demand word to the L6515’s DAC,
normally calling for maximum speed. The motor
current rises rapidly, accelerating the motor to the
desired speed, which is maintained by a tacho
feedback voltage derived from the sensor signals.

A counter in the micro monitors the squared sen-
sor outputs, counting pulses to determine the dis-
tance travelled. As the target position is reached
the micro reduces the speed demand word step-
by-step, thus decelerating the motor. Eventually,
when the speed demand word is” zero and the
final position very close, the micro closes the po-

Figure 1: A highly integrated control circuit using novel circuit techniques makes it possible to design a
dc motor positioning system that competes with stepper motors. This device is used with a

bridge power stage and optical encoder.
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Figure 2: Unlike conventional tacho converters the L6515 uses this circuit which does not depend on a
high-precision mechanism because it exploits the crossover points between the sine and

cosine signals from the encoder.
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sition loop — where one of the sensor outputs is
connected directly to the error amplifier — forcing
the motor to stop and hold in a position corre-
sponding to a zero crossing of the sensor signal.

This combination of closed loop speed control,
pulse counting and closed loop position control
gives very fast and precise positioning.

GENERATING THE TACHO SIGNAL

Systems working on this basic principle have
been used before, but they used a conventional
tacho conversion scheme where the encoder out-
puts are converted to a voltage proportional to
speed by differentiation and synchronous rectifi-
cation. To make this scheme work the encoder
signals must be exactly sinusoidal or the tacho
output will not be sufficiently precise. This in turn
calls for great mechanical precision in the en-
coder construction and electronic brightness con-
trol for the light source. Such encoders are intrin-
sically expensive.

One alternative is to design a purely digital sys-
tem, where the controller simply processes pulses
from a simple encoder. However, this would re-
quire an encoder with a large number of steps/ro-
tation to keep the loop stable at low speeds and
guarantee the necessary precision. Also, at high
speeds the pulse rate would overload low cost
microcontrollers.

A completely new approach has been chosen for
the L6515 which solves this problem. Rather than
depend on the magnitude of the signals, this
method relies on sensing the AV/At between
crossovers in the encoder signals (figure 2).

How this works can be seen in the waveforms of
figure 3. First the two encoder signals are in-

2/8
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Figure 3: Waveforms and truth table for the
tacho conversion circuit in figure 2.
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Figure 4:The system operates with a simple, inexpensive optical encoder which has only one
adjustment, which ensures that the maxima of the sine and cosine waveforms are within a
certain tolerance. All other tolerances are guaranteed by the construction of the encoder.
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verted, giving a total of four signals. One of these
is selected by the switches S1 to S4 depending
on the outputs of the two comparators which
cross-compare the sine and cosine signals. The
selected encoder signal is then differentiated and
the output inverted or not depending on the two
comparator outputs.

The beauty of this approach is that it is inde-
pendent of the encoder waveforms — they can
even be triangular. The only requirement for pre-
cision is that the maxima of the sine and cosine
waveforms must be within a certain tolerance, en-
suring sufficient precision in the crossover points.
This can be achieved in practice with a simple
mechanical adjustment.

Figure 4 shows an encoder used in this system
and how it is attached to the motor. For an en-
coder of this type and a resolution of less than
100 steps/revolution no other adjustments are
necessary because the mechanical construction
guarantees all of the other tolerances.

Ky SR

CLOSING THE POSITION LOOP

As we have seen above, the tacho loop is aug-
mented by a position loop for the final precise po-
sitioning and holding. How the two loops are con-
nected in shown in figure 6.

The eight bits from the microcontroller consist of
five bits for the magnitude of the speed de-
manded, one bit for its sign (and hence the motor
direction) and two bits which select which half of
the IC is addressed. If a speed demand word of
00000 is loaded one of the two switches S5 or S6
is closed, deﬁending on the direction selected.
Thus one of the encoder signals is connected di-
rectly to the summing point of the error amplifier
input and the motor will be brought to a halt at the
zero crossover of the encoder signal. It will re-
main in this position until a new position operation
is initiated.

At the output of the error amplifier is the pulse-
width-modulation circuit which drives an external
power stage (figure 8).

In basic outline this circuit is very simple: the error
3/8
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Figure 5: Application Circuit
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Figure 6: Shown schematically, the complete system has a main, velocity loop where the tacho signal
and the output of a DAC are compared in an error amplifier which drives a PWM output
stage. For final positioning S5 or S6 is closed, forming a position loop.
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Figure 7:Because there is a single sense resistor connected to the lower legs of the bridge the current
feedback voltage does not reflect the polarity of the motor current. Before the feedback signal
can be added to the error signal its polarity must be restored.

LOAD CURRENT

‘_’__j—’J\Bl/ : 8
" ' I

| POSITIVE LOAD |

i CURRENT mlaz'ailsz!
Iy | neoat In AN~
NEGATIVE LOAD
CURRENT \/

I

A1l A2 B1 B2

Rs M92AN457-86 Rs Rs

5/8
Lyy SES:THOMSON
211




APPLICATION NOTE

Figure 8: The pulse width modulator is formed by an oscillator (9) and a comparator (4). Switch S8 and
(1) restore the correct polarity to the voltage from the current sense resistor.
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amplifier output sets the threshold of the com-  Egedhack is provided by the sensing resistor Rs,
parator 4, thus transforming the triangular wave  which provides a voltage proportional to Iu.
from the oscillator into a rectangular signal whose

le depends on the error amplifier The whole loop works in current mode which con-
caiumt)';ﬁct:gg: pends on the error amplifier output trols the torque of the motor.

Figure 9:The gain of the current loop is set by R5, while the maximum current can be set independently
by the sense resistor, Rs.
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Figure 10:There are six distinct phases in an elementary positioning operation. These waveforms show
the corresponding speed demand word, actual motor speed and motor current.
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However, in practice it is necessary to reconstruct
the polarity of the feedback voltage because the
voltage across Rs is always of the same polarity,
regardless of the direction of the drive current.
This is performed by the inverter in the feedback
path which is switched by S8 depending on the
direction of the drive signal, which controls the
current direction.

When the motor is accelerating rapidly to the set
speed the current control loop saturates so the
load current could increase to the point where the
power stage or motor may be damaged.

To prevent this a limiting circuit formed by stages
6, 7 and 8 has been included. Normally the flip
flop is reset periodically by the Rs oscillator and
remains in the reset state; consequently the
EXOR gate is “transparent”, having no effect on
the PWM output. When, however, the current ex-
ceeds a positive or negative threshold the flip flop
will be set, thus the EXOR gate will invert the
PWM output thus reversing the bridge drive,
causing the current to drop rapidly.

Figure 8 shows the loop characteristics of the
system and how they are controlled.

The loop gain is set by the resistor R5, while the
maximum current is set independently by the
sensing resistor Rs. These components can be
set to accommodate a wide variety of motors and
conditions.

Now that the circuit functions have been ex-
plained it is possible to follow in detail the func-
tioning of the device. A basic positioning oper-
ation would consist of six steps (figure 10):

‘ﬂ SGS-THOMSON

A.Acceleration, where the current is at a maxi-
mum limited by stages 6/7/8 (indicated in fig-
ure 8)

B.End-of-acceleration, where the current is re-
duced under control of stages 3/4

C.Constant speed, where tacho feedback con-
trols the current at a low value

D.Deceleration, where the current is limited by
stages 6/7/8

E.End-of-deceleration, where the current is con-
trolled by 3/4

F.Positioning, where either S5 or S6 is closed.

In practice phase D will be replaced by a series of
decelerations to bring the motor speed down
smoothly to zero at the destination point. Figure
10 shows the corresponding waveforms.

HIGH POWER BRIDGE ICs

The L6515 control IC is designed to be used with
monolithic high power bridge driver ICs which are
widely used today for DC and stepper motor driv-
ing. These devices are very simple to use be-
cause they are controlled by logic level inputs and
include basic protection circuits to prevent dam-
age in case of a fault in the controller or software.

Suitable types for output currents from 500mA to
4A are listed in Table 1. Note that bridge drivers

7/8
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Figure 11: In a real positioning operation the deceleration of the motor is controlled smoothly by a
progressive reduction of the speed demand word.
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using DMOS power stages make it possible to
obtain 1.5A output current using a DIP package,
which is very compact and convenient for assem-
bly. Also, single power ICs containing two bridges
are available, so it is possible to make a position-
ing system for two motors with just two ICs.

The same BCD technology used to make smart
power bridges like the L6202 and L6204 is also
employed in the L6515, even though there are no
power stages in the device. This technology is, in
fact, highly suitable for this IC because it com-
bines high density logic with the precision of bipo-
lar circuits. Moreover, it also allows the inclusion
of very low resistance MOS transistors which are
needed in the tacho conversion switching circuits.

SOFTWARE

Software to control the L6515 must initialize the
system at each reset then manage each position-
ing operation.The initialization routine is very

Table 1: High Power Bridge Driver ICs

simple; bringing the two latch control inputs R & S
high together resets both of the latches at the
DAC inputs. (see Figure 5).

At the same time the position counters in the
micro will be zeroed. If the mechanical subsystem
is in an unknown position the motor will have to
be driven at a moderate speed to a known posi-
tion during this phase. In a printer, for example, it
can be driven towards an endstop.

For each positioning operation the micro will have
to determine a suitable profile — in particular
when to begin deceleration. Then, once the first
speed demand word has been latched into a DAC
it will have to count the squared encoder pulses,
usually with an interrupt routine. At specific dis-
tances from the end point reduced speed demand
words will be loaded and then when the final posi-
tion has been reached a zero speed demand
word will be loaded; this automatically activates
the position loop.

HIGH-POWER BRIDGE DRIVER ICs
TYPE FUNCTION TECHNOLOGY DC CURRENT PACKAGE
L6204 DUAL BRIDGE DMOS 05A 20 - PIN POWERDIP
L6201 BRIDGE DMOS 1A 20 - PINSO
L6202 BRIDGE DMOS 1.5A 20 - PIN POWERDIP
L298N DUAL BRIDGE BIPOLAR 2A 15 - PIN MULTIWATT
L6203 BRIDGE DMOS 4A 11 - PINMULTIWATT
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HOW TO DRIVE DC MOTORS WITH SMART POWER ICs:

by Herbert Sax

There are many ways to control DC motors. Open-loop current control acts directly on torque
and thus protects the electronics, the motor and the load. Open-loop variable voltage control
makes sense if the motor and electronics are not overloaded when the motor stalls. Open-loop
variable voltage control with a current limiting circuit constitutes the simplest way of varying
speed. However, a closed-loop system is needed if precision is called for in selecting speeds.

No other motor combines as many positive char-
acteristics as the direct current design: high effi-
ciency, ease of control & driving, compactness
without sacrificing performance and much more.
And DC motors can be controlled in many ways
— open loop current control, variable voltage con-
trol or closed-loop speed control — providing
great flexibility in operational characteristics.

Before we turn to a detailed discussion of the va-
rious methods of control, it is worthwhile recalling
a few basics.

DC MOTOR BASICS

Generally speaking, the electric equivalent circuit
of a motor (figure 1) consists of three compo-
nents: EMF, L and Rm.

Figure 1: Electrical equivalent circuit of a DC
motor, consisiting of EMF, the winding
inductance L and the winding resist-

ance Rwm.
RM L EMF
............................ -
Us

___| q./... | —
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The EME is the motor terminal voltage, though
the motor is always a generator, too. It is of no
significance whether the unit operates as a motor

AN380/0591

or a generator as far as the terminal voltage is
concerned. The EMF is strictly proportional to the
speed and has an internal resistance of zero. Its
polarity represents the direction of motion, inde-
pendent of the motor voltage applied.

The winding inductance, L, is the inevitable result
of the mechanical design of the armature. Since it
hinders the reversal of current flow in the arma-
ture, to the detriment of torque as speed in-
creases, the winding inductance is an interfer-
ence factor for the motor. It also obstructs rapid
access to the generator voltage (EMF).

Motors of coreless, bell armature or pancake de-
sign are considerably less susceptible to winding
inductance. The smaller mass of these motors im-
proves their dynamic performance to a significant
extent. On the positive side, the winding induc-
tance can be used to store current in pulse-width
modulation (PWM) drive systems.

The winding resistance, Rwm, is purely an interfer