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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.



TABLE OF CONTENTS

INTRODUCTION Page 4

GENERAL INDEX 7

APPLICATION NOTES

TECHNOLOGYANDBASIC . . . . . . . . . i 11
SMART POWER DEVELOPMENT SYSTEM . . . .. .. .. .. 87
STEPPERMOTORS . . ... .... e 99
DC AND BRUSHLESSMOTORS . . . . . . . . oo .. 205
DRIVERS AND INTELLIGENT POWER SWITCHES . . . . . .. 333
POWER SUPPLY . . . . . o it t. 393
POWERMOSANDIGBTs . . . . ... .. S PV 713
SCRSANDTRIACS . . . . . . o 863
MONITORANDTVCIRCUITS . . . . . ... ... ... .... 993

THERMAL MANAGEMENT . . . .. .. ... .. .. ...... 1213




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.

&r

SGS-THOMSON

3/6

MICROELECTRONICS

15



APPLICATION NOTE

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.

BATTERY

STATOR J

FIELD

FAULT
LANMP

IGNITION KEY
"

PROTECTION

648Hz

LOAD DUMP
A
Ucc Usb
t I,
PULSE 1
PHASE SUPPLY —
CONDIT PHe FAULT LAMP
u RIVER
osct ‘A L L DRIVE
BN .
Secy] orAeNosTIC L THERMAL
| PROTECTION
Senz osc2 T REG T or I :
o—
166Hz ~DF
0SCILL PHc :
o DARLINGTON
DRIVER .
REG :

HIIATA-62

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
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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.
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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

MICROELECTRONMICS

59



APPLICATION NOTE
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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
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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.
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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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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
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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
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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
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GS- N
&7 Seonens

76



APPLICATION NOTE

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.

)
‘ +
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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 ser<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>