


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPLICATION NOTE

Figure 2
D1 DZ1
+V ﬂ
" ouT1] B | UDLK—;_ our2
( Y
DRIVER
__fj——— DECODER
DS1.l — DS2
4 'y
T2 T4
enD | —Kl‘ I)l-
oT
DF IN1 IN2 EN 19219937-62A

2 - Switch-off Sequence

Referring to Fig. 2 and supposing i.e. T1 and T4
ON, T2 and T3 OFF (this means EN=H IN1=H
IN2=L), the following steps have to be observed
to allow a correct recirculation of the current in the
motor at the switch off (Ref. Fig. 3):

a)switch off T1 and wait for 100us about in
this condition (EN = LIN1 =HIN2= L)

b)after the a.m. delay switch ON T2 (EN = L
IN1 = HIN2 = H)

c)switch off both T2 and T4 after the motor
stop (EN= L IN1=LIN2=L)

Step a) allows the recirculation of the motor cur-
Figure 3: Switch-off Sequence

rent due to the inductive component of the motor
itself between DS1 and T4; the 100usec delay
time is needed to avoid the cross-conduction in
the left half bridge.

In step b) the motor is short circuited to GND (T2
and T4 ON) and this allows the dynamic braking.
In step ¢) T1, T2, T3 and T4 are OFF to allow a
very low current consumption of the bridge.
If the dynamic braking is not requested, step b)
can be omitted. In any case the lower power tran-
sistor of an half bridge must be kept ON, after the
switch off of the upper transistor of the other half
bridge, for a time longer than T = 5 « RULL, where
I?]I alnd cli-l are the resistance and the inductance of
the load.
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APPLICATION NOTE

3 - Input Driving Voltage

To allow a correct operation of L3937 over the full
temperature range, the driving voltage at the input
pins must be higher than 5.5V, with 4mA current
capability.

4 - Short Circuit Protection

It is possible to protect L9937 against short circuit
to ground and across the motor in the full bridge
application.

The circuit schematics shown in Fig. 4 uses two
voltage comparators (U1A, U1B) to detect the
Vce of the upper power transistors. U2A and U2B
are open drain NAND gates (i.e. part no.
HCC40107) and U3A/B/C/D are non inverting
buffer to drive the L9937 (i.e. part no.
74HC4050).

U1A and U1B sense the differential voltage VD-
OUT2 and VD-OUT1 respectively. Referring to
Fig. 4, chosen R1=100K and R2=20K, the values
of R3 and R4 may be calculated according to the
following formula:

_ (Vo- VceTH) - 0.166 VD)
R3 = 0.166 Vp R4

where :

Vp = bridge power supply
VceTH = collector to emitter detection threshold.

Figure 4

Choosing:
VcetH = 2V @ Vp = 12V and R4 = 1K, the above
formula gives R3 = 4K.

When all signals from uC are at low level (motor
off), the inputs to the bridge are low too; in these
conditions the output voltage of the two compara-
tors is high and therefore the outputs of U2A/U2B
are free. When the pC sends, for example, IN2
and EN high, OUT2 of the bridge goes high and
OUT1 goes low.

At this point the output of U1A pulls down the
input of U2A before that the delay capacitor C1 is
charged (through R5) up to the U2A threshold; in
this way the U2A output remains free and the
bridge drives the motor.

If a short circuit occurs, the Vce of the upper
power transistor increases above the threshold
and then the U2A output pulls down the enable
input of L9937. At the SDME time the SC signal
to uC, high in normal conditions, goes low; at this
point the uC executes the switch-off sequence.
We have just explained what happens when a
short circuit occurs during the motor running
phase. Another faulting condition occurs switch-
ing on the bridge when a short circuit is present;
in this case the bridge is driven for a time depend-
ing on the time constant R5 + C1 = R6 » C2.
Choosing R5 = R6 = 3.3K and C1 = C2 = 1nF,
then the time constant will be T = 3.3usec, that is
5usec about delay time. Longer delay time
might allow the short circuit current to reach
values beyond the absolute maximum ratings.

R3
0UT2 o
R4
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R3
0UT1 o3
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APPLICATION NOTE

5 - Thermal Protection

The L9937 has 5 built-in diodes series-connected
that can be used to implement a thermal protec-
tion for the device.

Fig. 5 shows the relationship between the voltage
across the diodes and the temperature at 100pA
diode current.

Figure 5
Udiodes H85L9936-61
(v LEGEND
15@° C-2. 452V
125°C-2.679V
188° C-2. 988U
S 75°C-3.136U
- 5@°C-3.361U
4,5 25°C-3.589V
e*C-3.882V
4 \\ -25°C-4.013V
3.5 I~ -5@° C-4.227V
1d-108uA \\
3 | au/aT.g.8mu/C
Ud25° C=717mV N
2.5 o~

2
-58-25 @ 25 S8 75 166 125 °C

Fig. 6 shows the simplest solution to do a thermal
protection; an A/D converter of the pC is used to
detect the voltage drop across the 5 diodes. The
15K resistor sets the current in the diodes and the
100nF capacitor acts as a filter against the noise.
When the pC detects a voltage lower than the low
threshold chosen according to the diagram in
Fig. 5, it executes the switch-off sequence and re-
jects any command to the bridge until the diodes
voltage increases beyond the high threshold. The
recommended hysteresis value is 30°C.

Figure 6

A/D CONUERTER
1@enF
Nn92L9937-66 I

6 - Overvoltage Protection

At point 1 we suggest a way to protect the L9937
against the voltage transients. This protection
allows the device to withstand overvoltages only
if the bridge is not operating. To protect the de-
vice against the overvoltages in all the operating
conditions it is possible to implement the circuit
shown in Fig. 7.

(Note: A-B are connected to the nodes between

& Ly S6s-THOMSON

Figure 7

36K 7 1SeK

N92L9937-685R

R3 and R4 (left side and right side) in Fig. 4; C is
connected to the node between R1 and R2 in Fig. 4).
When Vp reaches 18V the comparator output
pulls down A and B, causing the intervention of
the hardware protection showed in Fig. 4; at the
same time the OVV signal is sent to pC, which
executes the switch off sequence. The uC must
reject any command to the bridge during the over-
voltage conditions.

With the values shown in Fig. 7, a 1V hysteresis
is provided.

It is possible to enhance the performances of the
system just described avoiding the braking of the
motor also for short duration voitage transients; to
do this the pC, once received the overvoltage di-
agnostic signal (OVV), put at low level the
enable of the L9937, confirming the hardware
switch-off of the motor; in this condition an output
of the half bridge is in high impedance state and
the other one is low, allowing the recirculation of
the current and the free running of the
motor.

The system holds this condition until OVV is ac-
tive; when the OVV signal is released the pC
resets the hardware protection, sending EN = IN1 =
IN2 = L and then restore the previous command to
the bridge.

It is mandatory, however, to wait for the complete
current recirculation of the motor before to reset
the hardware protection; in facts, when EN = IN1
= IN2 = L both the L9937 outputs are in high im-
pedance conditions.

7 - Diagnostic Feedback Output

DF pin is an open drain output to monitor overcur-
rent and overtemperature conditions.

The overcurrent detection threshold is inversely
dependent from the temperature of the chip.
Typical application of this function is to send the
DF signal, with an external pull-up to Vcc, to a
digital input of the pC; when the DF signal goes at
low level, the pC executes the switch-off se-
quence.
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APPLICATION NOTE

L9937 IN A BODY MULTIPLEX ENVIRONMENT It is then possible to obtain a very small size mo-
dule that can be integrated directly in the actua-

All the functions described above can be im-  tor Fig 8 shows a typical application of these
plemented in a custom integrated circuit together  modules as peripheral units in a “Class A" wired
with a bus transceiver and a protocol handler. Multiplex System.

Figure 8: “Class A” Wired Peripheral Application

..............................................................................

L9937 L9337 L8937
ANALOG Do ANALOG : : ANALOG
INTERFACE Do INTERFACE : : INTERFACE
BUS RX/TX P BUS RX/TX : : BUS RX/TX
PROT.HANDL. | : : | PROT.HANDL. | : | PROT.HANDL.
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APPLICATION NOTE

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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Figure 2.
PROGRESS OF ELECTRONICS TECHNOLOGIES
Source: Mitsubishi Motors Corp.
Third Generatlon ( System-Wide Control)
*Powertrain/traction system control
*Brake, suspension and steering system control
*Digital Audio
Second Generation * Salt-dlagnosfl‘f;1 té;lmlgpower-source system
* Electronic engine control * Automobile communication, navigation
* Instrum panel & TrnipComputer
* Elect trolled
- Amlockbrake LARGE EEpROM
* Audio System
First Generation ( Introduction perlod ) SMART SENSOR
* Solid state radio
- Sposd control SMART POWER
* Electric ignition
* Digrtal 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.

Z, a G lv'

vl o A

s . D,

"JiL
[ [IaN=] = = |
1 |P 1
[»- |
' '

[

|

_L NS2NURARI -01

10R MORE HV LDMOS DEVICES WITH COMMON SOURCE

/\ ’\
Za PN
ip! '3, 'gl Ip!
AN U i K A P
‘ 1 L} IN", N’ — N' ll“’l L} L} |
1 ] " r [}
! N-| N#! P ] P Nt P !
L1

le d
_L N92NURARI-02

MANY POWER VDMOS DEVICES ANY CONFIGURATION

|II NI2RART -83

(]
'
vy
1 OR MORE HC VDMOS DEVICES WITH COMMON DRAIN

AY

311
GS-
L7 353NN
857



APPLICATION NOTE

Figure 5: Smart Power Technology Matrix selection criteria.
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Figure 6: Multiple independent Power Structures realized with Horizontal Technology.
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APPLICATION NOTE

Figure 7: Bonding wire features.

D.C. CAPABILITY
WIRE DIAMETER RESISTANCE (Ampere)
(micron) (mOhm/mm) in plastic
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: Mixed Bonding Technology.

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

- SO
&7 S
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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).

SCREW
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CLIP
MOUNTING

NOT ISOLATED

%
&
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FULLY ISOLATED

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. To-
day’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: Dual 3A Low-side Actuator.

I
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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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APPLICATION NOTE

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

81 L3y SGs:THOMSON

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 40mm2 region. As
for the meaning of “1mm2 of silicon”, several

MICROELECTRONICS
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Figure 14: Fully integrated high voltage darlington for electronic ignition.
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Figure 15: Die of VB020.
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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
which are as yet young devices in a young mar-
ket.
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MICROELECTRONICS APPLICATION NOTE
ELECTRONIC IGNITION
WITH VB020 AND L497
by M. Melito
INTRODUCTION OPERATING PRINCIPLE

The VB020 is a monolithic high voltage
integrated circuit which combines a vertical
power darlington with built-in protection
circuits for coil current limiting and collector
voltage clamping. The device interfaces
directly with a microprocessor which controls
the dwell angle.

This application note shows how it is possible
to use the VB020 in an electronic ignition
system not employing a microprocessor.
The IC used, the L497, is a more conventional
electronic ignition controller for breakerless
ignition systems using a Hall effect sensor.

AN482/0492

The schematic of fig.1 shows how the two ICs
are connected to control both the coil current,
providing the required stored energy and the
dwell angle, for low power dissipation.

The L497 was designed to drive an external
Darlington and in a standard application circuit
the current control is performed monitoring the
coil current through a sensing resistor on the
emitter of the Darlington. When the voltage
drop across the sensing resistor reaches the
internal comparator threshold value the dwell
angle control circuit is enabled. Meanwhile the
coil current is kept constant forcing the

1/4
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Fig. 1 - Schematic of electronic ignition with VB020 and L497.

Vs = 2 V/div
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Fo + + t = 10 ms/div 1
Vi3 = 100 mv/div v,
Vi = 1 vdiv | I |
Vys T Xon = 1 A/div - 4 4
t = 2 ms/div L

Fig. 2 - V5, V4, and |y, waveforms.

Darlington into the active region until the high-
low transition of the input signal causes the
spark to occur. The collector voltage is
clamped to a value that is externally fixed by
a resistive network. The internal dwell angle
control circuit calculates the conduction time
for the output Darlington in relation to the
speed of rotation, to the supply voltage and
to the characteristics of the coil, thus avoiding
excessive power dissipation in the Darlington
itself.

2/4
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Fig. 3 - Duty-cycle = 30%; frequency = 20 Hz.

By linking together the L497 and the VB020 it
is possible to avoid both the coil current
sensing and the collector voltage clamping
networks because the VB020 has internal
built-in protection circuits which perform these
functions. The dwell angle control is performed
by supplying the L497 with the feedback signal
shown in fig.2. The diode, D1, keeps the
voltage at pin 13 of the L497 under the internal
comparator threshold voltage until the VB020
begins to regulate the coil current. At this point

MICROELECTRONICS
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Vs = 2 V/div
Ion = 1 Adiv

I t = 10 ms/div

Ton Vs = 2 V/div
T Ton = 1 Azaiv
L 1 t =2 me/div

Hz.

Fig. 4 - Duty-cycle = 70%; frequency = 20
i ‘.,6 =2 v/div
B Teon T Ion = 1 A/div

| _/ t = 2 ma/div

—r T T T T T T -

Vs = 50 V/div

Ion = 1 Azdiv

T t = 5 us/div T

Fig. 6 - Duty-cycle = 70%; frequency = 140 Hz. Fig. 7 - Turn-off in normal operating mode.
e | D1 is turned-off and the voltage on pin 13 can
Vo = 50 V/div - reach the threshold voltage of the internal
Ion = 1 A/div | comparator enabling the dwell control circuit.
t = 50 us/div Figures 3 to 8 show the system performance
1 (Vin» leoi)) under various conditions and fig. 9

e shows the conduction angle versus r.p.m. for

Fig. 8 - Turn-off with open gap.

a four cylinder engine.
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Fig. 9 - Conduction angle versus r.p.m.

CONCLUSION

The VBO020 can be used in electronic ignition
systems without using a microprocessor.
The overall cost of the system can be
competitive with the solution using a
Darlington because the current limiting and
voltage clamping function performed by the
VBO020 are trimmed on silicon avoiding the
need for additional adjustment.

4/4
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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-
celssive 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
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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

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.

L5 S5S-THOMSON 353
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CAR IGNITION WITH IGBTs

ABSTRACT

IGBTs are now being used in a variety of
switching applications due to their attractive
characteristics, particularly their peak current
capability, ruggedness and gate driving
circuit.

Up to now their use was limited to the electrical
drive sector and the IGBTs were required to
be fast like the power MOSFETSs and to have
low conduction losses like the BJTs.
Automotive ignition switches are not required
to be very fast because .of low frequency at
which they have to work. They must have
very low Vggsaty and must be very rugged.
In both cases the existing technology allows
us to obtain an acceptable compromise in
terms of switching speed, ruggedness and

AN484/0692

by M. MELITO

power dissipation.

Moreover the structural characteristics of
IGBTs lend themselves to future
developments like low threshold devices for
easier driving, integrated temperature and
current sensing, gate to emitter and collector
to gate voltage clamping, thus providing
significant improvement in ruggedness,
reliability, protection and system cost
reduction.

This paper gives a brief explanation of the
physics and of the structure of the device
and highlights the characteristics which make
IGBTs a very attractive competitor for the
present power switches in automotive
ignition.

177
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IGBT TECHNOLOGY AND
CHARACTERISTICS

Except for the p* substrate, the silicon cross
section of an IGBT (fig. 1) is virtually identical
to that of a standard power MOSFET. Both
devices have the same cellular design with
p/p* body, n* source and polysilicon gate
structure. In both devices the n- material
under the p bodies is sized in thickness and
resistivity to sustain the full véltage rating of
the device.

Even if their structure is quite similar, the
physical operation of the IGBT is different
from that of the power MOSFET. In fact the
IGBT is a minority carrier device and its
physical operation is closer to that of a bipolar
transistor than to that of a power MOSFET.
This is due to the p* substrate which, during
conduction, injects holes in the n- region
drastically reducing its resistivity.

Due to conductivity modulation, IGBTs allow
power loss saving compared to power
MOSFETSs and have increased efficiency with
respect to a bipolar transistor because the
emitter covers the entire area of the die.
As for the switching speed the IGBT is in

GATE
ALUMINIUM

general not as fast as a power MOSFET but
this is not a limiting factor because of the
very low switching frequencies used in
automotive ignition.

Due to the sandwiched layers of the device,
the area with the extra p* layer forms a pnp
bipolar transistor which controls the fall time
of the IGBT. During turn-off the BJT portion
has open base switching and switching
terminates by the recombination of excess
minority carriers.

Consequently the turn-off is dominated by
the lifetime of the minority carriers in the n-
region.

In order to improve the fall time in IGBTS,
techniques such as electron beam irradiation
and doping with lifetime killers have been
used to control the lifetime of minority
carriers. Structural design changes, by the
insertion of a n* buffer layer have also been
introduced. The optimization of these
techniques in IGBTs has allowed t¢ and
Vcesay “tuning” (fig. 2), thus achieving the
best trade-off between switching speed,
power losses and ruggedness over a wide
range of applications.

POLYSILICON

EMITITER

[

" SUBSTRATE

COLLECTOR

Figure 1: IGBT basic structure
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Output characteristics

In a first order approximation the IGBT can
be modelled as a pnp transistor driven by an
n-channel power MOSFET (fig.3). This model
is very simple and does not take into account
second order effects, due to the common
power MOSFET drain and BJT base region,
but is useful to explain the IGBT
characteristics.

As is apparent from the equivalent circuit,
the voltage drop across the IGBT is the sum
of two components: a diode drop across the
p/n junction and the voltage drop across the
driving Power MOSFET. Thus, like a
Darlington, the on-state voltage drop across
an IGBT never goes below a diode threshold
voltage. As in the final stage of a pseudo-
Darlington, the PNP is never in heavy
saturation and its voltage drop is higher than
that obtained from the same PNP in heavy
saturation. It should be noted, however, that
the emitter of an IGBT covers the entire area
of the die, hence its injection efficiency and
conduction drop are superior to that of a
bipolar transistor of the same size. The typical
output characteristics of an IGBT are given
in fig.4.

gYeesat(v) R
2.5 // —
2T =25 DC-;/«T0= 00°C
1.5 :
; /z//v/ l
05 / -
o B
0 5 10 15 20

Ic (A)

‘Figure 2: VcE(sar) versus ta

Temperature coefficient

The IGBT has a temperature coefficient of
Vce(sat) that looks like a bipolar transistor up
to approximately | max. At that point the
temperature coefficient becomes zero. At
collector currents greater than lg max, the
temperature coefficient becomes positive and
looks like a Power MOSFET. A typical
temperature coefficient of Vcg(sat)

as a function of collector current for two
junction temperatures are given in fig.5.

Switching

Due to the similar structure the switching
behaviour of IGBTs for same aspects looks
like the Power MOSFET one being affected
by the unavoidable intrinsic capacitances of
the device.

In the same way the main parameters
governing switching behaviour are the gate
bias, the driving impedance, the gate charge
and the stray inductances.

Unlike the Power MOSFET the influence of
the driving circuit on the current fall-time of
IGBTSs is negligible.

Turn-on

The turn-on behaviour of the IGBT is very
similar to that of a Power MOSFET and in a
similar way it is possible to control the turn-
on time by the gate voltage and by the
impedance of the driving circuit.

Turn-off

The IGBTs turn-off, shown in fig.6, can be

divided into three consecutive phases:

a) the gate voltage begins to decrease until
it reaches the value when the Miller effect
occurs; during this phase the collector
voltage increases slightly changing the
output characteristics with I = constant.

- 3/7
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Figure 3: IGBT simplified equivalent circuit and JEDEC symbol
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Fig. 4: IGBT Output characteristics

b) this phase is the Miller effect and the gate
voltage remains constant because of
modulation of the collector gate
capacitance. This is due to collector
voltage rapidly increasing to its maximum
value.

c) the collector current begins to fall quickly
then it continues with a tail which is due
to recombination of minority carriers in the
substrate.

The current tail, which causes the major

switching losses, is strongly related to

technology and its effect can not be mitigated
by the driving circuit. The faster part of the

878

Fig. 5. VgE(sat) versus Ic

collector current is due to the turn-off of the
MOS portion of the IGBT structure. This part
is connected to the PNP current gain which,
for ignition devices, is designed to be
relatively high to obtain a lower Vcg(say)- The
lower Vcg(sat) is paid for with a longer current
tail, refer to fig. 2. The price of this is
acceptable because switching losses are
negligible and because of the low switching
frequency, compared to the losses during
the on-phase and during current regulation.
Moreover a very low Vcgsat) is imperative to
allow the engine to start when the battery
voltage is at its lower limit.

47 &7 SGS-THOMSON
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Fig. 6: IGBT turn-off

HOW AN IGNITION SWITCH MUST BE
SPECIFIED

An automotive ignition switch must meet
certain specifications concerning voltage and
current rates, minimum energy handling
capability in case of spark plug disconnection
and driving requirements, over the whole
operating temperature range.

The main requirements are related to:
1) breakdown voltage

2) current and saturation voltage

3) safe operating area

4) input characteristics.

Breakdown voltage

A pulse of 250V-300V on the primary side is
normally more than enough to activate a
spark. Of course the voltage peak on the
spark plug will reach 20kV or more, because
of the turns ratio, before the spark is actually
ignited.

Just after that, both the primary and

secondary voltages collapse and during the
spark they stay significantly lower than the
peak. Consequently the protecting zener can
not be made to operate below 350V, to make
sure that the voltage pulse will be high
enough.

The switch breakdown voltage, that must
never be reached, is therefore to be specified
at least 50V higher than the zener breakdown
to have a reasonable safety margin.

A wide range of IGBTs are actually in fully
production covering BVces ranges from 400V
to 1500V.

Current and saturation voltage

The current density of an IGBT rated at 500 V
and 8A is up to two times greater than a bipolar
transistor with comparable ratings in terms not
only of breakdown and saturation voltage but
also in terms of safe operating area.
Consequently it is possible to achieve the
same performance as a standard ignition
Darlington with a smaller silicon area or
alternatively to have a better thermal
resistance.

Safe Operating Area

The safe operating area describes the
capability of a transistor to withstand
significant levels of voltage and current at
the same time.

There are two main conditions that would

subject an ignition switch to this combined

stress:

a) In normal operating conditions the falling
edge of the collector current during turn-
off causes the collector voltage to rise until
the spark occurs.

During this phase the ignition switch has
to withstand, at the same time, high
voltage and high current levels, wjthout

- 57
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either damage or reliability degradation.
This can be achieved only if the voltage
and current levels are within the
boundaries of the guaranteed turn-off safe
operating area (RBSOA). Otherwise an
network is required to shape the voltage
and current waveforms.
The actual technology allows the
production of IGBTs having a square
RBSOA whose voltage boundary is the
BVces and the current limit is at least two
times the nominal current of the device
thus avoiding any need for a network.
b) In case a spark plug is disconnected the
ignition switch must be able to absorb the
energy that the coil can not release to
spark. All the stored electromagnetic
energy tends to concentrate across circuit
parasitic capacitances charging them up
to high voltages and putting the device in
avalanche with risk of going into second
breakdown and failing. This problem is
overcome dissipating this energy stress
on the power switch by a protection zener
put between the collector and the device
base which turns the device on as soon
as the collector voltage exceeds the
nominal zener voltage. The usual way to
indicate the minimum energy the switch
can absorb without damage is to specify
the battery voltage, the coil inductance
and coil current, the clamp voltage for the
zener and, if present, the collector-to-
emitter capacitance.
This kind of specification is usually referred
to as the “use test” and it can be easily
guaranteed for the IGBTSs.

Input

The ignition switch must be specified to
ensure that the current and voltage available

6/7 -
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from the driving stage are enough to switch
it on and off under all temperature conditions.
The input characteristic of IGBTs is a MOS
characteristic thus requiring a very small
amount of energy for switching. The IGBTs
require a driving energy that is at least two
orders of magnitude lower than the
Darlington’s.

Moreover the recently introduced logic level
IGBTs, STGP10N50L or equivalent, can be
turned on with a gate voltage as little as 3V.

IMPROVEMENTS

The structural characteristics of IGBTs lend
themselves to further improvements in similar
ways to the developments made in power
MOSFET technology.

Logic level IGBTs are available and they can
be directly interfaced to CMOS, TTL, PMOS
and NMOS logic circuits and microprocessors
operated from 5V supplies.

Moreover temperature sensing, current
sensing, gate to emitter and collector to gate
voltage clamping can be designed into IGBTs
at the cost of a small increase of the silicon
area and the addition of only one masking
layer to the process.

The functions that can be obtained provide
significant improvement in ruggedness,
reliability, protection and system cost
reduction.

CONCLUSION

IGBTSs are high voltage power switches which
can work at very high current densities. They
are simple to drive and are intrinsically
rugged.This, coupled with the potential to
integrate functions such as device protection
and other reliability enhancing features, make
them potentially very aggressive competitors
in the automotive ignition field.
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HIGH SIDE DRIVERS
by A. Russo
B. Bancal
J. Eadie
INTRODUCTION }

The ever increasing demand for cost
reduction and higher levels of circuit
complexity and reliability have directed the
semiconductor manufacturer’s attention
towards smart power technologies which

allow the production of totally integrated
monolithic circuit solutions that include a
power stage, control, driving and protection
circuits on the same chip.

CONVENTIONAL CONTROL CIRCUITS
INPUT LOGIC
NTEREAGE POWER POWER
waroware ke DRIVER I SWITCH LOAD
STATUS B
DIAGNOSTIC
INPUT PROTECTION
POWER DRIVER
LOGIC LOAD
POWER SWITCH
INTERFACE
STATUS |
VIPower "THE SMART SOLUTION"

Vertical intelligent power, (VIPower ™) an
SGS-THOMSON Microelectronics patented
technology, established over 7 years ago,
uses a fabrication process which allows the
integration of complete digital and/or
analog control circuits driving a vertical

AN514/1092

power transistor on the same chip. The
power handling capability of this type of
structure compares favourably with
monolithic smart power devices of
equivalent chip size which use lateral, or
"U-turn" power output structures.

1/23
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CONVENTIONAL
SMART POWER ICs

Gate
0

\——. ——————————— - P

SMART POWER APPROACHES

ViIPower
G!e

O}

Source Source
O O

il

"U-TURN" PROCESS

DRAIN CONTACT

VERTICAL PROCESS

The VIPower technology MO used for
making these High Side Drivers produces a
monolithic silicon chip which combines
control and protection circuitry with a

standard power MOSFET structure where
the power stage current flows vertically
through the silicon.

Driving circuitry
Enhancement and depletion NMOS

CROSS SECTION OF M@ VIPower™ TECHNOLOGY

Power stage

Power stage output

High Side Drivers, with their integrated
extra features are power switches that can
handle high currents and work up to about
40V supply voltage. They require only a
simple TTL logic input and incorporate a

drive an inductive load without the need for
a freewheeling diode. For complete
protection the devices have an over-
temperature sensing circuit that will shut
down the chip under over-temperature

fault condition status output. ~They can conditions. They also have an under-
2/23 ’
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voltage shutdown feature. It is simple to
introduce some differences in the control
logic to produce devices with features
which cater for different working
environments.

Each application exerts an external
influence over the switch. A filament lamp
or DC motor, for example, have in-rush
currents that any switch has to handle.
Solenoids and motors have an inductive
effect and must lose the residual
magnetism when the current is turned off.
This gives rise to induced voltages and the
need to remove this stored energy.
External fault conditions can also stress the
drivers and their associated circuitry. The
following discussion has been designed
to explain the basic principles involved
in using these devices and to help to
understand how they react under the
influence of various applications.

Almost every electronic switch used in a
modern automobile application is a high
side switch. This configuration is preferred
for automotive use because:

a) - This configuration protects the load
from continuous operation and resulting
failure, if there is a short circuit to the
ground. Since the body of a car is metal
and 95% of the total car is ground, the
short to ground is much more common
than short to V.

b) - High Side Drivers cause less
problems with electrochemical
corrosion. It is of primary importance
in automotive systems because the
electrical components are in an adverse
environment, specifically adverse
temperatures and humidity and the
presence of salt. For this reason the
series switch is connected between the
load and the positive power source.
Therefore when the electrical

r SGS- 'IHOMSON

component is not powered (that is for
the greatest part of the lifetime of the
car) it is at the lowest potential and
electrochemical corrosion does not take
place.

Integrated High Side Drivers offer
numerous advantages over the popular
automotive relay used in .cars today.
Diagnostic information output from the High
Side Driver helps the on-board
microcontroller to quickly identify and
isolate faults saving repair time and often
improving safety. High Side Drivers can
reduce the size and weight of switch
modules, and where multiplexed systems
are used, dramatically reduce the size of
the wiring harness.

Process control applications offer another
use for High Side Drivers. A considerable
improvement in reliability and reduction in
down time can be obtained by using them
in place of relays. Process control
systems, often consisting of powerful
computers that control large numbers of
actuators, are perfect environments for
these devices. The semiconductor
manufacturer has little control over the
nature of the load being driven and these
can vary - solenoids, motors, transducers,
leds. In these situations, software process
monitoring by a pP can detect a fault
reported by a status output and offers the
option of taking corrective action. In the
unlikely event of a failure in a High Side
Driver in critical processes, a second
device can be programmed to operate
instead.

SGS-THOMSON High Side Drivers are
designed to provide the user with simple,
self protected, remotely controlled power
switches. They have the general structure
as shown in figure 1. Appendix | shows a
table of the devices and summarizes their
features.

3/23
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Figure 1 : Standard current and voltage conventions

chc ‘
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Some typical applications are shown in figure 2.

Figure 2 : High Side Drivers interfaces between control logic and power load

LOGIC INTELLIGENT POWER
POWER SWITCH
+Vee
CONTROL BUS MCONTROLLER

THE GENERAL FEATURES OF HIGH

SIDE DRIVERS.

The diagram in figure 3 shows the control power stage of a basic device.
and protection circuit elements and the

4/23 X
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Figure 3 : Generic Internal Block Diagram
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* Optional feature in the VNXXAN series
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GROUND

Input

The 5V TTL input to these High Side
Drivers is protected against electrostatic
discharge. General rules concerning TTL
logic should be applied to the input. The
input voltage is clamped internally at about
6V. It is possible to drive the input with a
higher input voltage using an external
resistor calculated to give a current not
exceeding 10mA at the input.

Internal power supply

To accommodate the wide supply voltage
range experienced by the logic and control
functions, these devices have an internal
power supply. Some parts of the chip are
only active when the input is high, the
status output and charge pump for
example. This means it is possible to
conserve power when the device is idle.
The internal power supply has therefore
been designed in two parts. One section
supplies power to the basic functions of the
chip all the time, even when the input is OV.
The second section supplies power only
when the input is high. This ensures that
the stand-by current is limited to 50pA
maximum in the off-state.

ISTA- = Hliii

THE CONTROL CIRCUIT.

Under voltage lock-out.

Under-voltage protection occurs when the
supply voltage drops to a low level
specified in the datasheet as Vg, The
under-voltage level set at this value
ensures the device functions correctly.
Inductive effects must be considered in
understanding the function of this feature.
The di/dt is controlled by the device and
not by the external circuit. The controlled
value is calculated for a line inductance of
S5uH(=5mt. of wire). Typically di/dt=0.5A/us
for a normal load and 1A/us for a short
circuit. At turn on this generates an
opposing voltage. If this opposing voltage
is too large, the apparent supply voltage
will drop below the under-voltage lock-out
level and the device will turn off. Using
the specified conditions, the induced
voltage will not be large enough to reduce
the supply voltage below 6V. This is
important in the case where the load is a
near short circuit when in-rush current
occurs, as in the case of a car headlamp
filament turning on.
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Open load detection and stuck-on to V.
Open load detection occurs when the load
becomes disconnected. In the VN20ON
family open load detection only occurs in
the on-state.

An extra feature for load disconnection

detection is that open load detection during
the off-state as well as in the on-state can
be provided. The circuit for the off-state
open load detection requires an external
resistor between V., and the output pin.

Figure 4 : Equivalent Schematic for the open load detection current in off-state

Ve Voo
Il
Jvcc Rexr IS CHOSEN ACCORDING Vpp
TO FIX IOL (off)
.3 Rexr
'_
VXX £ KNOWING THAT THRESHOLD Vioap VOLTAGE
IS FIXED AT Vger
- LOAD
Vier
10K = = > lopenoff = (Vpp - Vrer) / Rexr
STATUS GND Rioap
ANNNNN s\

Open load detection is possible in the off-
state in the VN21 family and it conforms to
the 1.S.0. norms for automotive
applications. If an open load condition is
detected the status flag goes low. Should
an external supply be applied to the load
(output pin) or the device is externally short
circuited, the off-state open load detection
can detect this “stuck-on” to V. condition.

Over-temperature protection
Over-temperé?ure protection is based on
sensing the chip temperature only. The
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location of the sensing element on the chip
in the power stage area, ensures that
accurate, very fast, temperature detection
is achieved. The range within which
over-temperature cutout occursis  140°C
- 180°C with 160°C being a typical level.

Over-temperature protection acts to protect
the device from thermal damage and
consequently also limits the average
current when short circuits occur in the
load.
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Figure 5 : VN20N Die Layout - Note the thermal sensor inside the Power MOSFET Area

Driving the power MOSFET.

The power MOSFET output stage is driven
by an internally generated gate voltage. A
charge pump provides sufficient voltage to
turn on the gate.

Turn-on
As previously explained, the High Side

Drivers are turned-on with a controlled di/
dt.

Turn-off: Normal and fast load
demagnetization

When a High Side Driver turns off an
inductance a reverse potential appears

across the load.

Figure 6 : Inductive load demagnetization turn-off for the VN20ON family

A

-

VecV) | T

A

[Vce(V) + Vdemagl

§

LioaD

Vdemag

<’ v

ILoaD

£ SGS-THOMSON
Y/ MICROELECTRONICS
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The source of the power MOSFET
becomes more negative than the ground
until it reaches the demagnetization
voltage, V... Of the specific device. In
this condition the inductive load is
demagnetized and its stored energy is
dissipated in the power MOSFET according
to the equation shown below:

[V +Vdemag ]

P 05L

demag.= load [Iload]
where fis the switching frequency and

Vigemag, the demagnetization voltage.

In the basic High Side Driver family the
typical value of, | Vdemag.| is = 4V.

In the 1.5.0. and industrial series,to reduce
the dissipated energy, an internal circuit
has be added in order to have a typical
| Vdemag. | = 18V.

In this condition the stored energy is
removed rapidly and the power dissipation
in the power MOSFET is reduced - see
equation. Figure 7a/b compares the
waveforms of the normal and fast
demagnetization techniques.

Figure 7a/b : VN20ON-VN21 Driving an Inductive Load

DATE: Nov. 12/91

TIME: 09.32.00 VN20N
TR4A = 2.45V 03.84ms
"-'IY"'!'"!’"'!‘"1"'1""’"‘!"“|-'"

' 1! TBA=1ms Pre Trig=10.0% i

~=z| (1)

@

=<
9]
5 -4--
o

&)

(3) TR3A:10.0V:1ms
(4) TR4A:0.50V:1ms

(1) TR1A:0.50V:1ms
(2) TR2A:1.00V:1ms

DATE: Nov. 12/91
TIME: o;;mo VN21
TR4A = 2.45V 1.920ms

(3) TR3A:10.0V : 500ps
(4) TR4A: 0.50V : 500ps

(1) TR1A: 0.50V : 500ps
(2) TR2A:1.00V : 500ps

Figure 7b shows the VN21 driving an
inductive load. During the on period, the
current in the load rises linearly to a
maximum. At turn-off the current decrease
linearly, but, at a sufficiently fast rate for
fast demagnetization of the load.  There
is no fault output from the status pin. In the
VN20N, the basic High Side Driver with
no special feature for fast
demagnetization, the turn-off takes up to 5
times longer than the VN21. Note that the
status output will pulse at turn on because
the internal circuit detects a very short
duration open load, see figure 7a.

The maximum inductance which causes
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the chip temperature to reach the shut
down temperature in a specified thermal
environment, is a function of the load
current for a fixed Vg, Vdemag. and
switching frequency. This is the maximum
rate at which the drivers can be
demagnetized. Figure 8 shows the
maximum inductance for a given load
current for devices meeting 1.S.0.
requirements, assuming a chip temperature
of 160°C at turn-off and a supply voltage of
13V. The values are for a single pulse with
85°C case temperature. Note that the
devices are not protected against
overtemperature during turn-off.
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Figure 8 : Max inductance which produces a temperature of 160°C at turn off with Vcc = 13V.
The values are for a single pulse with Tc = 85°C

1 INDUCTANCE MAX (H)
i
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| ]
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L \ \ -19v
\ \ e ]
0 —
102 | \| —X \
11 \
1 AN
1 N AN
\ \ \
\ AN
\ 1
\ N
103 VNca\ \ NO6 \\VN21 VN31
\ \ AN
Y X, N
VIR Y N
\
N N \
\I\ \ N
) N
N
104
10 20 30 40 ILOAD(A)

Additional Features of the High Side
Drivers

High Side Drivers are designed for use in
various market segments, the precise
requirements of the drivers varying a little
with the application. There are additional
teatures to accommodate these
requirements.

or.

®

SGS-THOMSON

MICROELECTRONICS

To reduce the on-state quiescent current
for some applications, particularly industrial
ones, the open load detection circuit is not
included. There will consequently also be a
lower power dissipation, an important point
when similar, multiple High Side Drivers
are mounted on one board. It can means

the difference between using or not using
a heatsink.
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The operating voltage range can vary e.g.
5.5V to 26V for automotive applications
and 7V to 36V for process control. Some
devices have fast demagnetization of the
load, ground disconnection protection,
on- and off- state open load detection and
5ms filtering of the status output.

Status output and status output signal
filtering.

The difference in electrical behaviour
between the non-filtered and the filtered
High Side Drivers is that the status output
filtering circuit provides a continuous signal
for the fault condition after an initial delay
of about 5ms in the filtered version. This
means that a disconnection during normal
operation, with a duration of less than 5ms
does not affect the status output. Equally,
any re-connection during a disconnection
of less than 5ms duration does not affect
the status output. No delay occours for the
status to go low in case of overtemperature
conditions. From the falling edge of the
input signal the status output initially low in
fault condition (overtemperature or open
load) will go back high with no delay in
case of overtemperature condition and a

delay t,, in case of open load. These -

features fully comply with International
Standards Office, (1.S.0.), requirements
for automotive High Side Drivers.

ABNORMAL LOAD CONDITIONS:

Load short circuits
Should a load become short circuited,
various effects occur and certain steps
need to be taken to deal with them,
particularly choosing the correct heatsink.
Two clear cases of short circuit occur:

1. The load is shorted at start-up.

2. The load becomes short during

the on-state.

Start-up with the load short circuited.
At turn-on the gate voltage is zero and
begins to increase. Short circuit current
starts to flow and power is dissipated in the
High Side Driver according the formula:

Py =Vps X Ip

The effect is to cause the silicon to heat
up. The power MOSFET stays in the linear
region. When the silicon temperature
reaches about 160°C the over temperature
detection operates and the switch is turned
off. Passive cooling of the device occurs
until the reset temperature is reached and
the device turns back on again. The cycle
is repetitive and stops when the power is.
removed, the input taken low or the short
circuit is removed.

Figure 9: Automatic Thermal cycle at start - up with the load short - circuited.

-4. 15400 ms

5. 84600 ms

15. 8460 ms

INPUT

]

= 10A/Div

I’
T——
1 Y1 AN A NN
| VRVEVEVIEAVAN
'
i
Channel 2= 2.000 Volts/div Offset = -4.000 Votis
Channel 3 = 10.00 mVolts/div Offset = 30.00 mVoits
Timebase = 2.00 ms, Delay = 5.84600 ms
tart = 1.62000 ms Stop = 2.00000 ms Delta T = 380.000 ps
Al
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Even in this configuration, the device
controls the di/dt. Figure 9 shows a
start-up when there is a short circuited
load driven by a VNO5N. The initial peak
current is 30A for this 180mQ device.

A short circuit occurring during the on-
state.
When a short circuit occurs during the

on-state, the power MOSFET gate is
already at a high voltage, about V..+ 8V,
so the gate is hard on. Hence the short
circuit di/dt is higher than in the first case,
and only controlled by the load itself. After
the steady state thermal condition is
reached, thermal cycling is the same as in
" the previous case.

Figure 10 : Automatic thermal cycle for a short circuit occouring during the on - state

-4. 15400 ms 5. 84600 ms 15. 8460 ms
INPUT iH
| :
Uh
. B Ice = 10A/Div
N ¥
I} "l&,
1 W\ MAA 4
'
| VEVEVAVAY
'
Channel 2= 2,000 Volts/div Offset = -4.000 Votls
Channel 3 = 10.00 mVolts/div Offset = 30.00 mVolts
Timebase = 2.00 ms/div Delay = 5.84600 ms
Start = 1.62000 ms Stop = 2.00000 ms DeltaT = 380.000 ps

Automatic thermal cycle.

The thermal cycling in overload conditions
produces repetitive current peaks. The
device switches on, the silicon heats up
until the over-temperature sensing acts to

turn the device off. The rate of passive
cooling depends on the thermal capacity of
the thermal environment. This, in turn,
determines the length of the off-state
during thermal cycling.

Figure 11 : Automatic Thermal cycle in overload condition

VN20N-PENTAWATT PACKAGE
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It is important to evaluate the average and
RMS current during short circuit conditions.
This is required in order to determine the
track dimensions for printed circuit boards
and the correct value for any fuse used.
In all practical situations there is no danger
to pcb tracks from these high peak current
for track designed to handle the nominal
load current.

Evaluating the Average current

In steady state conditions the junction
temperature oscillates between Tj
(shutdown) and Tj (reset).
Tj(av.)=(Tj(shutdown)+Tj(reset))/2 = 135°C

Dissipated power:

Po = lav) X Vee
For a specific package

Pp = (TJ(AV) " Tease) / Rthj-case

Lavy=(Tyav) = Tease ) / Rinjcase X Voo

Note that I,,,q, does not depend on the
peak current gy, .

Example:
VN21 with T, = 85°C has an average
current, |, = 3.85A,

at Rthi_case =1°C/W and V, = 13V
The average current is independent of the
peak current.
Generally, a current limiter does not

decrease the average current.

Figure 12 : Average current during an hard short - circuit test

AR SR S

'STEADY STATE-

r---
|
[T
|
|
|

1 ms/square

Evaluating the RMS current

The RMS current, |5, generates heat in
the copper track on PCBs during short
circuits.

"
lamsy 2 = 1T, J o P(t)dt

lams) =l X VO/T, where ©/T is the duty
cycle.
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with 1, = 1T _[0 I()dt = 1 gy X O/T
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The RMS current increases proportionally
to the square root of the peak current -->
+40% if |py, is doubled. Schemes to limit

the current do not decrease the RMS
current significantly.

Figure 13 : RMS current during an hard short-circuit test
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Heatsink requirements.

Overload protection is based on device
heating. If you want to detect an
overload, i.e a damaged load, the chip
must be allowed to heat up so that the
thermal sensor located on the chip is
activated. This leads to the following
general rules for sizing heatsinks for the
VN High Side Drivers.

1.Do not use a too big heatsink.

2.Do not use a VN device which has
Roy much lower than that which
the application.requires.

This example illustrates a specific case.

Situation:
- a supply voltage of 14V,
- a load resistance of 2Q,
- VN20ON - RDS(Om at 25°C = 50mQ
- load current = 7A

To detect an over current of 20A,

IYIO u%’%@sm?@'g

assuming that Rpg . at-150°C = 100mQ
(see datasheet) hence:

P, = 202 x 1002 = 40W

Ryna Should be dimensioned for

(S)

thermal shutdown ~ G')An'lbient < PD X

R

thj-a"

For example 160°C - 25°C < 40W x Ry, ,
The effects of load disconnection.
When a load becomes disconnected there
can be over-voltages caused by the
change of load current. Figures 14a/b
summarizes the likely effects. Figure 14a,
shows a load driven by a VN21. The supply
to the VN21 has a very low parasitic
inductance. When the load becomes
disconnected, the current changes at a
rate determined by the time taken'for the
load to disconnect. This controls di/dt .

13/23
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Figure 14a/b : Example of possibles situations during a load disconnection

WITHOUT LINE INDUCTANCE

+VBAT I
RoL
o—$INPUT Veo
VN XX LOAD ¢
o—4 STATUS
GND

¢

S

NN
==> NO PROBLEM WHEN LOAD DISCONNECTS
==> FAULT DETECTION ON STATUS PIN

* OPENLOAD AT ON STATE
* OPENLOAD AT OFF STATE WITH Ro|

==> AN OVERVOLTAGE APPEARS ON Vcc PIN

WITH LINE INDUCTANCE

+VBAT © OO0 _
o | ]
Veo 1
o—¢INPUT
VNXX LoAD !
o—¢ STATUS
GND ’ZF' 56V
[
1

NN\
AR5

WHICH IS PROPORTIONNAL TO dvdt
GENERATED BY THE LOAD DISCONNECTION
E(overvoltage) = L dv/dt
di/dt IS FUNCTION OF THE SWIFTNESS OF LOAD DISCONNECTION
AND MAY EXCEED DEVICE BVpss

SOLUTION: CONNEGT A ZENER DIODE OR A CAPACITOR CLOSE TO Vg PIN

Figure 14c : Behaviour of a VN21 during a load disconnection

TR2A: 413V

TEST CONDITIONS: LINE INDUCTANCE +46 VOLTS CLAMPING DEVICE

03.37us
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1
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'
Y ! + STATUS ,
- e TR3A: 10.0V: 1ps

TR4A: 0.50V: 1ps
: ILoap 5A/Div

In this present case, there is virtually no
inductance in the supply line. Hence no
over-voltage is generated and V_ s
unaffected. The status pin goes low to
indicate an open-load state

In the second case illustrated, figure 14b,
the supply line has parasitic inductance
and capacitance. When the load is
disconnected an over-voltage is generated,
(Vovervorage = L difdt).  The di/dt is not
controlled by the device but by how fast
the load is disconnected. It is possible that
the over-voltage may exceed the
breakdown voltage of the device. It is a
wise precaution where the supply
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connection pins are likely to have some
inductance, to use a 56V zener diode or a
capacitor close to the supply pin of the
switch. Figure 14c shows a test made
using a zener clamp to overcome line
inductance.

PROTECTION AGAINST GROUND
DISCONNECTION
There are a number of distinct situations
that can occur when one of the ground
connections is broken in circuits using the
High Side Drivers.

The first case, shown in fig. 15a, is when
the GND pin of the High Side Driver is
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disconnected while the pC and the load
are connected to ground. In this case in
the 1.S.0. an industrial High Side Drivers
nothing happens and the device remains
off. In the VN20ON family a voltage of about

2V appers on the load and conseguently
there is a power dissipation:

Po = (Vec - 2) - liomp N

usually very low. In these conditions the
diagnostic is not functioning.

Figure 15a: Possible ground disconnection occurring when a High Side Driver is connected to

a pController (case 1)

+5V Reg

Vee

AN

O

ucC

High
Side

Driver

7

ASSSSY NN

The second case, shown in fig. 15b, is
when both the GND pins of the High Side
Driver and of the uC are disconnected
while the load is connected to ground. In
this situation the signal GND rises up to
Ve In the 1.S.0. and industrial High Side
Drivers nothing happens up to V .<18V
and the diagnostic output remains in high

state at V.. In the VN20N family a voltage
of about 4V appears on the load and
conseguently there is a power dissipation:
Po=(Vee -4 - lonp

If P, is excessive with respect to the
heatsink capability, destruction may occurs
since the protections are not functioning.
The load is permanently activated.

Figure 15b : Possible ground disconnection occurring when a High Side Driver is connected to

a pController (case 2)

+5V Reg o Vcc
High
HC Side
Driver
| Signal GND T
L

ASSNY NN\

&7, S THOMEON
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Another practical case is when an external
component supplies current to the High
Side Driver GND pin which is disconnected
from the ground. This might occur if the
VN device is mounted on a local PCB with
other devices and has a local ground while
the load may be grounded to the frame or
body of the equipment, figure 16. Also, in
this case, for internally protected devices,
the output remains off up to the point
where the voltage on the GND pin is < 18V
with reference to real ground at OV. This
will reduce the maximum V., the High Side

Driver is able to withstand before turning
on with the control circuit in-operative.
One solution to this problem is to insert a
resistor and diode in between the device
GND pin and the output pin. The series
resistor, Rs, must be calculated so that the
sum of the current, Is, of the High Side
Driver chip connected to the GND node
plus the current drawn by the external
elements, produces a voltage drop of less
than 18V across Rs + Ds + R, for 1.S.0.
or industrial High Side Drivers and less
than 2V for STD devices.

Figure 16 :Ground disconnection occuring when an equivalent resistor supplies current on the GND pin.

Vee

INPUT
Req §
—STATUS

GND

OUTPUT

f [\

AN\

CONCLUSION

The VN series of High Side Drivers offers
designers a highly attractive method of
controlling a variety of inductive and
resistive loads. The option to use a
selection of extra features such as fast
demagnetization or status filtering makes
them equally suitable for general or
specialised use, typically in the automotive
environment.
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VIPower
60V Bggpss HIGH SIDE DRIVERS PRODUCT RANGE

DEVICE Rosion Vee PACKAGE EXTRA
@25°¢ Range FEATURES
(mohm) v)
VNO2N 400 7-26 Pentawatt/PowerSO-10™
VNOSN . 180 7-26 "
VN20N 50 7-26 "
VN30N 30 7-26 "
VNO3 500 55-26 ~ Pentawatt/PowerSO-10 WO x
VNO6 180 5.5-26 " mo*
VN21 50 5.5-26 ! WO
VN31 30 5.5-26 " mo*
VNO2AN 350 7-36 Pentawatt/PowerSO-10 ]
VN20AN 50 7 - 36 " n
VNDO05B(*) 200 6-26 Heptawatt/PowerSO-10 mon
VND10B(*) 100 6-26 " moo
VN16B(*) 60 6-26 Pentawatt/PowerSO-10 mo
VNO2H(*) 400 5-36 Pentawatt/PowerSO-10

(*) Application information as described in the Note apply also to these devices

m  Fast demagnetization & ground disconnection protection
o Open load detection off state + stuck-on to V.

* 5msec STATUS FILTERING (ISO STANDARD)

O Doublechannel

£ SGS-THOMSON 17/23
Y/ > MICROELECTRONICS
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Sl

ground pin to limits the
current in the signal
section of the device in
case it exceeds the signal
path breakdown voltage.

AN

AN - +
BATT.

INPUT
STATUS GND

OUTPUT

Rum

AN

NN NN

NN\

SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
1 | Off-state open load VNO3 | Reyr It is necessary to set the Vee Voo Choose R, to match Vp, to
detection VNO6 current that fixes the ﬁx !OL‘O,,). The threshold V¢,
VN21 voltage,V o0, in the off - is fixed at V.
VN31 state. When R, fails - A louem= Voo Veee) / R
goes open or high OUTPUT EXT Vioan The open load detection in off-
resistance -V, increases :1 / state is only possible for a
and an internal comparator 4 I nominalvalue of R ,,,<<10kQ
triggers the status flagtogo L
low. Vit S10kQ) Rioo
N\ [N

Voltage spike on V.o | ALL | D4orCi If the line inductance is not Use a 56V zener diode to

when load disconnects. zero and di/dt caused by t— clamp V¢ or put a capacitor,
disconnection of the load [ C1 (about 100nF), near V.,
is high, an over voltage E 1 T pin.
=L.di/dt appears on V., NN\
The Vgq, E)%F?Ef Tthe Ollélpbl.ll Veo Da
power could be OUTPUT 56V
exceeded. STATUS  gnp

=\ =N Y
3 | Over voltage on V. from | ALL D4orR,, | D4 can be used as a ™= [+ ;

external circuit decentralized clamp (V. R =150Qis a general value
clamp and energy clamp). cc Ds to protect devices from the
Otherwise a resistor, R, INPUT  ourpuT effects of a load dump. Refer
can be added on the STATUS GND to the specific data sheet.

310N NOILYOIddV
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SYMPTOM

DEVICE

COMPONENT

COMMENT

SCHEMATIC

NOTES

Supply reversal

ALL

Refer to the equivalent
schematic seen by user
throughpins: Load, Input, GND

{ vee

Y

|

Vgg = Intemal
33" Ground

meB e

INPUT

GND

DGND!
4

VY

input status

%} BDODY|

LOAD

Ve > 1V
—MGND"ON"-VSS=GND
Normal case
"4 <V, <0
—MGND OFF
—No current accross input
and GND pins
—A DC current flows in the
load and DBody
WARNING :
Ifthe loadis an inductance with
a parallel free wheeling diode,
the user sees 2 forward biased
diodes between GROUND and
Vee .
—Do not exceed imax to
prevent damage.

Supply reversal - case 1

ALL

Battery connectionreversed;
correct connection of the
High Side Driver devices.

Ifthe battery is short circuited by
3 x 2 series diodes (typically an
alternator diode configuration)
the supply voltage,V.. is
clamped to about -3V and no
damage occurstothe VN device.

Supply reversal - case
2

ALL

D1 or D2

High Side Driver reverse
connected with the battery
correctly connected.

ALT.

0000

0000

V¢ for the device is -13V. To
prevent damage to the device
use either a bipolar or Schottky
diode in series with the ground
pin connection. Use R1 and R2
to limit the negative current in
the input and status pins
because the internal ground
drops 1o V.

310N NOILYDITddV
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SYMPTOM

DEVICE

COMPONENT

SCHEMATIC

NOTES

Input driving.

ALL

R

INPUT

Driving the input from a
voltage greater than 6V

Lo

10mA max

Rinput

INPUT

To drive the input from a line
voltage > 6V insert a series
resistor to limit the input current
| <10mA

IN max

Aky

ZOUIIA ©
NOSHOHL-STS

SOINOBULY

Pin disconnection - V.

ALL

R1 R2

Driving an inductive load,
this kind of disconnection
has the same electrical
effects as V,, revorsal.

VWA input
“VW\—] sTATUS GND

/[’

cc
OUTPUT

L

ASS\SY

LOAD

AASSSY

1) Resistive load - no problem
of damage.

2) Inductive load - V, reversal
occurs. If current and
inductance of leads are too
high the device may be
damaged but the safety
margin is wide - up to 100mH
and 8A for the VN21

In this case, input and status
pins are pulled to a negative
voltage so it is recommended
to insert resistors in series with
these pins in order to protect
the pC.

Pin disconnection -
Ground

VNO03
VNO06
VN21
VN31

Anexternalcomponent,Req,
supplies current to the High

Side Driver GND pin.
Thelocalgroundis separate

from the load ground. STATUS

INPUT

GND

$ Vee
1

OUTPUT

Vi

~

N

LOAD

The devices are internally
protected (output stage off) if
the voltage on the GND pinis <
18V with reference to the real
ground at @ V. To avoid the
High Side Driver to turn-on if
GND is over 18V is possible
insert Rs and Ds as shown in
figure.

Choose Rs so that V,<18V

310N NOILYOITddV
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NOSWOHL-S3S l_"

SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
10 | Ground potential ALL Voltage range forall High Side If Vgg, and Vg, are different,
differences Drivers is defined between recalculate V,, V,, Vs and
Vecand Vg, (VNxx GND). beware of application bugs.
Allvoltages V,, V,,, Vy5p are (See points 11/12/13/14)
refered to Vg,
- +
SSEN:L A
N\ OSSR
Vss1 Vss2 GND
11| Ground potential ALL D2 Using power diode to Voltage losses in power diode.
differences - case 1 withstand reversed battery. Input and status levels are
Case 1: not effected. Under-voltage
Vgs1 = Vsso =/=GNDwith Vg, shutdown level increased by
>GND diode V.
Oft-state open load level, Ve,
D increased by V..
-+ 2 A general rule is: level shift is
N\ | BATT. (Vgs - GND).
NN\
GND
12| Ground potential ALL D2 Using a diode to protect the The input and status are

differences - case 2

High Side Driver against
reversed battery.

(See point 6 above)

Vest = Ves2 =/= GND with

Vss; > GND

- +
= | BATT.

unaffected. Vg = (Vgs, - GND)
usoo Off-state open load
level, V.., isincreased by (Vgg,
- GND).Not suitable if the
uController uses an analog
transducer referred to ground.

310N NOILVYII1ddV
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SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
13 | Ground potential ALL | R1,D2 Using a diode to protect the V, and V,, shifted by (Vg, -
differences - case 3 High Side Driver against Vsgyy R1 limits any negative
reversed battery. current when the pController
takes /O to ground .On the
Vos1 == Vs Vs > Vess status pin the zero corresponds
to the V. of D2, Vo, and V.
beingincreasedby (Vge, - GND).
- +
\\\\\ | BATT.
ASSSSY ARSI ASSSY
GND
14 | Ground potential ALL R2, D2 Using a diode to protect the In fault conditions the device
Fdifferences - case 4 ’ 1C against reversed battery. pulls the status pin down to V¢,
and the pController sees a
Ves1 = Vssor  Vssz < Vs negative voltage - (Vg - Vgg,).
Thereis arisk of latch up for the
uController CMOS output. Add
R2 to limit the current.
= + Undervoltageand off-state open
\\\\\ | BATT. load levels are not shifted.
ASSSSY ASSY AN
Vss2
15 | Summary of the ALL R1, R2, D2, Recommended scheme * common ground foruController
influence of ground D7. and VN device

differences, pin
disconnections and
over voltage protection.

D,
- +
I\ | BATT.

A5

* Reversed battery protection -
Schottky diode

* Series resistor for input and
status pins

* Over-voltage protection - bi-
directional Zener

310N NOILYOI1ddV
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SYMPTOM

DEVICE

COMPONENT

COMMENT

SCHEMATIC

NOTES

16

Load dump: Dbattery
disconnection whilst the
alternator is working

ALL

D1

High voltages can be
generated if the battery is
disconnected when the
generatoris runninginacar.
Damaging effects can be
overcome by using a
clamping diode with at least
Vgg > 26V as 2 x 12V
batteries are often used to
jump start cars. This for
overvoltage transient higher
than specified in datasheets.

Vee

[ Voo

INPUT

D1

VNhsp OUTPUT

STATUS

GND

N OSSN

Protectionagainstover-voltages
are efficient if connected
between pin 3 (V) and pin 1
(ground).

17

Viow > Vi

cc
(Bridge circuit)

ALL

R1

In full bridge applications
during the demagnetization
phase V50 > Vee-
Acurrent will flow outof GND
pin, possibly damaging the
bonding.

T T

—rTr——

-

A\ ASSY A5

Insert a resistance, R1
(suggested value 47Q), in the
ground pin to limit the ground
currentand avold damaging the
bonding.

JLON NOILVIITddV
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APPLICATION NOTE

PROTECTION STANDARDS

APPLICABLE TO AUTOMOBILES

1-INTRODUCTION :

A growing number of sensitive electronic units
can be found in motor vehicles. Unfortunately
the presence of electrical disturbances threatens
their reliability.

Figure 1 : Electronic modules in a car

A. Bremond

The objective of this paper is to list all these
disruptive factors and to suggest appropriate

protection devices.

AIR CONDITIONER

TRANSMISSION

DASHBOARD

ALARM
MOBILE
PHONE

IGNITION

INJECTION

MIRROR

WINDOW LIFT

ANTIROLL

DOOR LOCK

ANS553/1292
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APPLICATION NOTE

Il - GENERAL INFORMATION :

1.1 Simplified diagram of an automotive electrical circuit

1.2 Coexistence of electromechanical engineering
with electronics :

Fig. 2 shows that the electrical system of a
motor vehicle contains some electromechanical
engineering which generates disturbances
(alternator, ignition system, starter, relays etc...)

Figure 2 : Automotive electrical diagram

and some electronic equipment affected by
these disturbances (instrument computer,
injection unit etc...). The role of the protection
devices will be to ensure the smooth coexistence
of both.

STARTER
STATOR —
Plor—1
0—0/
. & LIGHTS

««
ROTOR
00

REGULATOR ,
----------- ! : —J
: SENSOR
GENERATOR : ! | |
ELECTRONIC MODULES
2/8 .
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APPLICATION NOTE

11l - ORIGIN AND WAVEFORM : lll.1 Disconnecting inductive loads :

PARAMETERS : . . . .
Disconnecting an inductive element causes a

Electronic units receive the disturbances through high inverted overvoltage on its terminals.

the various cables which are connected to them.

They are defined by the ISO/TC 22 standards

and described in appropriate technical notes

issued by the various motor vehicle

manufacturers.

Figure 3 : Shape of test pulse 1 (disconnection of Inductive Loads)

2
t3“ i
12V—
>t
10%
-100V ref OV
= 90%
v Tr) |
T T
t1
T = 2 milliseconds
Tr = 1 microsecond
Ri = 10 ohms *
t1 = 5 seconds
t2 = 0.2 second
t3 < 100 ps
* Internal series resistor of the surge generator.
;N7 SGS-THOMSON 358
Y/ MICROELEGTRONICS
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APPLICATION NOTE

1ll.2 Sudden power cut off in the main circuit : Overvoltages are generated by switching the

o power supplied by electric motors acting as
After the battery supply circuit is cut by the  generators, e.g. the air conditioning fan. Their
ignition key, the ignition circuit contines t0  amplitude is increased by the absence of the
release disturbances until the engine stops fijtering which would normally be carried out by
rotating. the battery.

Figure 4 : Shape of test pulse 2 (Sudden Interruption of Series Current)

t1
2 - ,
Tr| |
r 90%
+100V| ref 12V
10% ‘
12V —=

12

T = 2 milliseconds
Tr = 1 microsecond
Ri = 10 ohms
t1 = 0.5 to 5 seconds
t2 = 0.2 second

418 .
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APPLICATION NOTE

1I1.3. Switch bounce : and inductances, resulting from switch rebounds.

. o generates sets of disturbances.
Power cut-off in the supply network capacitances

Figure 5A : Shape of test pulse 3A (switching spikes)

t2 3
¢ T = 0.1 microsecond
12V = ] / yam! Tr = 5 nanoseconds
/ 10% .
Ri = 50 ohms
t1 = 100 microseconds
t2 = 10 milliseconds
150V ref 12V .
13 = 90 milliseconds
U 90%
I
Tr
T
t1

Figure 5B : Shape of test pulse 3B (switching spikes)

t1
T
Tr T = 0.1 microsecond
Il '\ Tr = 5 nanoseconds
80% Ri = 50 ohms
t1 = 100 microseconds
t2 = 10 milliseconds
+100V ref 12V o
t3 = 90 milliseconds
: ~10%
12V \—, —

2 13
. 5/8
IS7R = At
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APPLICATION NOTE

lll.4. Activating the starter :

When the starter circuit is activated, a voltage
drop occurs in the supply source.

Figure 6 : Shape of test pulse 4 (starter motor engagement disturbance)

T = 130 milliseconds

+12V -
I Ri = 0.01 ohm
ATV Tr = 10 milliseconds
6.5V -
l v t1 = 10 milliseconds
t2 = 100 milliseconds
; Tf = 10 milliseconds
Tr | 1 t2 tf
T

IIL.5. Load dump : During this load dump, the voltage on the

. - alternator terminals increases rapidly. The length
This happens when the battery is disconnected  of this disturbance depends on the time constant
whilst being charged by the alternator. of the generator excitation circuit.

Figure 7 : Shape of test pulse 5 (load dump)

T
Tr
90%
Tr < 10 milliseconds
Ri = 2 ohms
+80V ref 12V T =300 ms
12V 10%
t
6/8 £ SGS-THOMSON
AY/ GiCROELECTRONICS
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APPLICATION NOTE

111.6. Power cut off in the ignition coil :

This disturbance occufs when the ignition
contact is cut off.

Figure 8 : Shape of test pulse 6 (ignition coil current interruption)

t2
3
12V—
10% t T =300 microseconds
Tr = 60 microseconds
Ri = 30 ohms
-300V ref OV t1 = 15 seconds
2= 1 second
90% t3 < 100 microseconds

| MV
— T

t1

lIl.7. Alternator magnetic field decay :

This negative overvoltage appears when the
magnetic field of the alternator disappears (when
the engine stops turning).

Figure 9 : Shape of test pulse 7 (alternator field transient at engine stop)

—| 13
12V
‘ t
/ 10%
T = 100 milliseconds
Tr = 5 to 10 milliseconds
-80V ref OV Ri = 10 ohms
t3 < 100 microseconds
90%
Tr
T
(N7 SGS-THOMSON 78
Y/ HMICROELECTRONICS
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APPLICATION NOTE

111.8. Regulator failure :

This type of problem can cause the output
generated to be permanently too high, perhaps
greater than 18 V.

111.9. Starting aid :

In certain cases, when new motor vehicles have
been stored over a long period (eg. sea
deliveries, when starting takes place at low
temperatures, etc...,) using another source of
energy other than that of the vehicle becomes
necessary.

The most common procedure is the use of two
standard 12 Volt batteries paralleled with that of
the vehicle. The overvoltage estimate is 24 Volts
(or -24V in the case of an inverted connection).

111.10. Miscellaneous :

Motor vehicles can be subject to other sources
of disturbances, such as :

- the connection to a diagnostic unit.

- electric soldering.

- paint electrostatic tension.

- HF rays generated by tranmission equipment.

IV - ANALYSIS OF THE VARIOUS DISTURBANCES :

ORIGIN DURATION VOLTAGE ENERGY FREQUENCY
Disconnection
of 2ms -100 VvV 23j Frequent
inductive loads
Power cut-off
in 2ms . +100V 23] Frequent
the main circuit '
Switch bounce 0.1sx 10 +100V 50j x 10 Frequent

-150 Vv

Starter 130 ms - At every start
engagement
Load dump 300 ms + 80V 50 j rare
Ignition 300 s -300V 0.003j Frequent
Alternator
magnetic 100 ms - 80V 0.2 j At every stop
field decay
Imperfections
at Continuous + 18V - rare
regulator level
Starting aid Several minutes 24V - rare

V - CONCLUSION

Table IV shows that we are confronted with 5
types of disturbances :

a/ Positive impulsive overvoltages

b/ Negative impulsive overvoltages

8/8 .
Ly 63 THOMSON
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c/ Positive continuous overvoltages
d/ Negative continuous overvoltages
e/ Impulsive voltage drop

The goal of protection circuits is to prevent
destruction due to these disturbances.
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CHOICE OF PROTECTION IN

AUTOMOTIVE APPLICATIONS(CLASSICAL TOPOLOGY)

1. INTRODUCTION

This paper describes a protection schematic
based on discrete components, together with a

Figure 1 : General Protection Topology

A. BREMOND

general method of choosing the components to
suppress the surge effects on automotive
modules.

+
o R | '9 N "?
D 0
zy
Viat ZSP == C Eé
ﬁs
o

2. GENERAL PROTECTION SCHEMATIC :
2.a Positive impulsive overvoltages :

This type of overvoltage is clamped by the
protection component P at maximum voltage
Vcu. Resistance Rs limits the dissipated energy
in the  protection component  without
compromising the clamping function.

2.b Negative impulsive overvoltages :
There are two ways to limit these :

- Without diode D : the protection component
operates as a rectifier diode and clamps the
voltage at the unit terminals to approximately
1V.

- With diode D : the diode is reverse-biased and
therefore protects the unit.

AN554/1292

One important thing to take into account is the
peak reverse voltage limit of D. VrRrm = 400V
seems a good compromise (see curve N° 6 of
the 1ISO/TC22 standard).

2.c Positive continuous overvoltages :

During this phase, the protection component
must be in the stand- by phase (very low current
passing through the component).

2.d Negative continuous overvoltages :

This protection is achieved by diode D which is
reverse -biased.

2.e Impulsive voltage drop :

During this phase, the unit is fed by capacitor C
while diode D prevents C from discharging into
the battery circuit.

1/5
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3. THE CHOICE OF COMPONENTS :
3.a Diode (D)

The following parameters will constitute the
selection criteria :

- The average current used by the electronic
module.

- The maximum repetitive peak reverse voltage
VRRM

- The maximum ambient temperature Tamb.
The following inequality must apply in all cases :

Tarnb + Rm P< Tl max

P = V1o Ir (AV) + rd I%(Rwms)

where

Rih = thermal resistance (Junction - ambient) for
the device and mounting in use.

3.b Resistance (Rs)

Its presence allows a "size" (and thus cost)
reduction of the protection component.

Its value is a function of the following elements :

Vbat min lowest battery voltage which is
specified in the technical note issued by the
manufacturer.

Vcc min : minimum voltage needed for the
electronic unit in operation.

lcc max : maximum supply current of the
electronic module.

The maximum value of Rs will be :
Rs max = (Vbat min - Ve min)/lcc max

3.c Capacitor (C)

Its role is to make sure that the voltage at the
terminals of the electronic unit is greater than or
equal to Vec min while the starter circuit is
active.

Its value depends on :

Vbat : voltage across the battery before the
disturbance

Vce min : see par. 5.b

T : length of the disturbance (130 ms: see
application note 4.1, paragraph 111.4)

The minimum value of C will be :

215 .
Lyz R THOMSON
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Cmin = (130 * 10°%/Req)/In (Vcc Min/Voat)

with Req = equivalent resistance of the electronic
unit

Req = Vcc min/lcc max
3.d Protection component (P)
- How it works :

Figure 2 : Transil Behaviour

v
A A
VBBl
t
v
B
VCL

A : Disturbance
B : Voltage across the protection device
C : Current through the protection device

The role of the protection device is to suppress
the destructive effects of the surge (Fig.2a), the
most agressive being the load dump impulse.

To achieve this, the TRANSIL clamps the spike

at a maximum value VcoL (Fig.2b). A surge
current flows through the suppressor during this
phase (Fig.2c).
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4. THE CHOICE OF THE PROTECTION DE-
VICE

4.a Parameters to take into account

To choose the TRANSIL we have to know the
surge parameters and the application
requirements.

- Surge parameters

The surge is defined by the peak value Ip and
the duration tp of the current wave flowing
through the protection device during the
clamping.

As shown in the ISO/TC22 standard the most
energetic impulsive disturbance is the load dump
surge. Most car manufacturers recommend the
SCHAFFNER NSG 506 generator to synthesise
this wave. See fig.3.

Figure 3 : Equivalent circuit of Schaffner gener-

15Q 05Q

DEVICE OR
MODULE TO
BE TESTED

0

This circuit allows us to determine the
parameters of the current wave seen by the
TRANSIL.

The peak current Ip is equal to :

Ip = (Ve - Vcu) / (Re + Rs)
Where

Ve = Peak voltage of the surge (+ 80V)
VeL = Clamping voltage of the transil

Re = Series resistance of the generator (2
Ohms)

Rs = Series resistance of the module to be
protected (see chapter 3.b)

For example with Vp = 80V, VcL = 40 V and
Rs = 0 Ohm, we have Ip = 20A

Figure 4 : Current pulse duration versus Ve and
Vel

tp (ms)

:::/%/

20

15

10 . . Vp (V)
60 70 80 90 100

The curves of figure 4 give the duration tp of the
current wave in the TRANSIL during clamping.
This parameter depends on the peak voltage Vp
of the surge and on the clamping voltage VcL of
the protection device. For example with Vp =
80V and Ve = 40V, tp = 27.5 ms.

- Application requirements
Three values are necessary :

- The maximum operating voltage, which is the
greatest battery potential. Often the car's
electrical equipment has to withstand two battery
voltages (due to starting aids: see ISO/TC22
standard). These parameters define the
minimum stand off voltage Vrm of the TRANSIL.

- The minimum destructive voltage, which is the
voltage value over which the device will be
destroyed. This limit determines the maximum
clamping voltage VcL of the protection device.

- The maximum ambient temperature Tamb that
would decrease the power dissipation capability
of the TRANSIL.

&7 $5S:THOMSON 35
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4.b Choice of the protection device

The choice of component is made with the help
of the parameters tp, Pp in the curve Pp = f(tp)
from the "PROTECTION DEVICES" data book.

Figure 5 : Peak pulse power versus exponential
pulse duration (1.5KE, 10V < Vgr < 250 V)

108

Pp W) Tamb = 25°C
10 \\
ks \\

~—~——|
10°
2 \
10 AN
tp (ms) expo
10 1
0.001 0.01 0.1 1 10 100

If the operating point defined by tp and Pp = VcL
* Ip is on or below the curve, the TRANSIL can
operate in the application at 25°C of ambient
temperature.

4.c The ambient temperature effect :

Component characteristics are given at an
ambient temperature of 25°C (die temperature
before clamping action). The following chart
shows the effect of junction temperature on the
power suppression capability.

Figure 6 : Allowable power dissipation versus
junction temperature

This curve gives the derating to be applied to
the peak power capability of the protection
device according to junction temperature.

The second temperature effect is the shift of
VBR.

Ver (at T) = Ver (at 25°C) * (1 + ar (T-25))
Where o is the temperature coefficient of Vag.
4.d Calculation of clamping voltage VcL

The clamping voltage VcL can be estimated as
follows :

Veu = Ver max + (Rd IP)

Where Rd is the dynamic resistance of the
TRANSIL

Tatge 1 - Typical Rd for wave of tp = 30 ms at
25°

BZW04 | P6KE | 1.5KE | BZW50 |LDP24A
P23 | 30P | 30P 22
Rdtyp| 1.2 075 | 035 | 015 | 0.2
Q)

5 - EXAMPLE :

A / Disturbances

The load dump is the most agressive
B / Battery voltage

The electronic unit will have to function with a
battery voltage of 11 V.

C / Ambient temperature

Pp (T]) / Pp (T] = 25°C) Tamb = 85°C
100% N
P D/ Electrical characteristics
~ - of the module
I~ S Table 2 - Module characteristics
N
50% NN PARAMETERS Ve lec
DESCRIPTION Supply voltage | Supply current
MIN 8 -
TYP 12 400
in 'Inlltlall (|°cl) MAX 32 600
0%s 50 100 150 200 UNIT Volts mA
45 vr SGS-THOMSON
Y/ MICROELECTRONICS

918




APPLICATION NOTE

E / Analysis
E/1 Calculation of Rs max

Rs max = (Vbat - Vcc min)/|cc min
Rs max = (11-8)/0.6 = 5 Ohms

E/2 Diagram

Figure 7 : Application Diagram

Rg = 20 Rg =50

o }—

VG = 80V

MODULE

E/3 Peak current

lpp = (V6-Ver)/(Re+Rs) = (80-32)/7=6.9A

E/4 Peak power

Pp=VeL*lpp=32*6.9=221 W

73

E/5 Conduction time

tr =30 ms

E/6 Choice of the TRANSIL
Table 3 - Transil characteristics

TYPE POWER CAPABILITY (tp = 30 ms)
at25'C at85'C
BZW04 60 W 45 W
PEKE 80 W 64 W
1.5KE 200 W 160 W
BZW50 700 W 525 W
LDP24A 1980 W 1800 W

E/7 Conclusion

Diode BZW50-22 is an efficient protection device
within the 85°C temperature range, and the VcL
max is given as follows :

Ver (85°C) = Var (25°C) x (1 * or(85-25))
=29.8* (1 +9.6 * 10-4 * 60)
=31.5V
Ve (85 °C) = Ver (85 °C) + Rd e
=315+ (0.15*6.9)

=325V

SGS-THOMSON 55
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APPLICATION NOTE

AUTOMOTIVE PROTECTION
WITH THE RBOxx SERIES

1. INTRODUCTION

The harsh electrical environment in automobiles
poses problems for the electronic modules
present. Even in normal operation, large positive
and negative overvoltages due to switch bounce,
ignition coil switching and other phenomena are
a potential cause of destruction. An additional
hazard is the possibility of supply reversal,
perhaps caused by faulty wiring. Another danger
is the "load dump" effect, caused by battery
disconnection while the engine is running. This
causes the energy stored in the alternator coils
to manifest itself as an 80 V transient lasting
around 300 ms : lethal to semiconductor circuits.
See application note 4.1 : "Protection standards
in automotive applications” for more details.

Figure 1 : Classical protection circuit

C. Cytera

Protection is therefore required, which can be

centralized or distributed. Centralized protection
attempts 1o suppress disturbances at their
source, for example crowbar devices at the
alternator to counter the load dump effect.
Distributed  protection aims to dissipate
disturbances at their destination. Components
performing this function are present in the
electronic modules themselves and are thus
relatively numerous. The RBOxx (Reversed
Battery and Overvoltage) series of protection
devices from SGS-THOMSON has been
designed to reduce this distributed protection
component count.

ELECTRONIC
MODULE

x

HH

2. CLASSICAL DISTRIBUTED PROTECTION

The circuit shown in fig.1 protects the module
against battery reverse as well as impulsive and
continuous overvoltages, both positive and
negative. In addition, overvoltages generated by
the module are prevented from reaching the car
supply network. Rs, in cases where it can be
used, limits the power dissipated in the
protection device P. Note that diode D is used in

AN555/1292

reverse-bias to block negative overvoltages, so
its peak reverse voltage limit (VRRM) must be
taken into account.

Motor driver protection is complicated by the
presence of transistor circuits which control the
direction and magnitude of current flow through
the motor. A bidirectional clamping device needs
to be added in order to ensure protection of both
halves of this circuit. See fig.2.

1/3
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Figure 2 : Motor driver protection with discrete components

FILTER

BATTERY

||I|||—"—‘

PROTECTION
COMPOMENTS

The NPN transistors supplied via D1 are
protected in the classical fashion already
described. The PNP devices are connected
directly to the car supply network and are
protected as follows :

- Positive surges : overvoltage is clamped by T2
with D1 forward- biased.

- Negative surges : These are clamped by T1
with T2 forward - biased.

Three components are thus required per motor
driver, representing significant component and
area cost.

3. DISTRIBUTED PROTECTION WITH THE
RBOxx FAMILY

The RBOxx devices integrate all the protection
functions required by car electronic modules :
see fig.3.

2/3 -
Lyz $5S,THOMSON
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T1

Diode D1 protects against a reversed battery,
while the “"Transil" clamping device T2
suppresses positive surges. Negative surges are
blocked up to the breakdown voltage of the
bidirectional clamp T1. Larger negative surges
are suppressed by T1 in avalanche breakdown
in series with T2 forward-biased. Fig.4 shows the
basic application of the RBOxx.
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Figure 4 : RBO basic application

PROTECTED
+12V

2
)
SENSITIVE

CAR SUPPLY NETWORK
SEMICONDUCTOR
PARTS

CAR ELECTRONIC MODULE

[ Vs by

Note that as the voltage across D1 is clamped
by T1, the VRRM of the diode is no longer a
concern. The clamping voltage is the same as
that of T2, given by the yy digits in the part
number of the form RBOxx-yy. The xx digits
indicate the average forward current between
pins 1 and 3.

Two devices are available at the time of writing :
the RBOO08-40 and the RBOA40-40. The latter
device is specifically designed to protect against
"load dump" surges due to the greater power
capability of T2, while the RBO08-40 is adequate
for suppressing the other overvoltages present.

The presence of T1 makes possible an elegant
solution to the motor driver protection. The
RBOxx replaces the three  protection
components shown in fig.2 and protects the
motor driver circuit in the same way.

4. CONCLUSION

A car power supply network is often
contaminated with voltage surges potentially
damaging to the semiconductor circuits present.
The SGS-THOMSON family of RBOxx protection
devices enables full protection from these surges
with the minimum component count.

Ly7 $GS-THOMSON 353
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mm inch
o MIN. | TYP. | MAX. | MIN. | TYP. | MAX. I’I SGS-THOMSON
- MICROELECTRONICS
A 33 0.130
al | 07 0.028
! OUTLINE AND
B | 1.39 1.65 | 0.055 0.065 MECHANICAL DATA
B1 | 091 1.04 | 0.036 0.041
b 0.5 0.020
b1 | 0.38 05 |0.015 0.020
D 9.8 0.386
8.8 0.346
e 254 0.100
e3 7.62 0.300
ed 7.62 0.300
F 7. 0.280
! 48 0.189
L 33 0.130
Z | 044 1.6 |0.017 0.063 Minidip (0.4)
ed
—] <
|
® bl
NG U
e |«
I |
2 e3 Z
D
O O A
8 5
9
1 4
O [ 1 POO1F
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inch
DIM. mm e ‘ SGS'THOMSON

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. ’I® MICROELECTRONICS
at | 051 0.020
B | 077 165 | 0.030 0.065 OUTLINE AND

MECHANICAL DATA

b 05 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 17.78 0.700
F 7.1 0.280
| 5.1 0.201
L 33 0.130
z 1.27 0.050 DIP16 (0.25)

. I

U § .
B E
Z
— ed [
D
I Y Y Y o O O I
16 9
(15
1 8
N I A I I R B R N R | PO01C
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‘ -THOM
Y/ msm?@%@gmgm@?m?@%

OUTLINE AND
MECHANICAL DATA

DL mm inch

MIN. | TYP. | MAX. [ MIN. | TYP. | MAX.
al 0.51 0.020

B 0.85 1.4 |0.033 0.055

b 0.5 0.020
b1 0.38 0.5 |0.015 0.020
D ' 20 0.787

E 8.8 0.346

e 2.54 0.100

e3 17.78 0.700
F 71 0.280
| 5.1 0.201

L 3.3 0.130
4 1.27 0.050

POWERDIP: (8+8), (12+2+2)

.....

——I:|'_1
= |~
o b1
|e l E
9
[T
8

P0OO1V
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inch
] - (7 SGS-THOMSON
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. YL MICROELECTRONICS
al | 0254 0.010
B | 130 1.65 | 0.055 0.065 OUTLINE AND
MECHANICAL DATA
b 0.45 0.018
b1 0.25 0.010
D 25.4 1,000
E 85 0.335
o 254 0.100
€3 22.86 0.900
F 7.4 0.280
| 3.93 0.155
L 33 0.130
z 134 0.053 DIP20 (0.25)
...... e
[
B b1
b B l E '
YA
— e3 Z
D
I T I O O A |
20 11
(19
1 1
N O O O I O A I B O B I B |
P0O1J

930




o MIN 1:: MAX. | MIN ::: MAX ﬁ msmﬂc@%(égmmg%&?@ug
al 0.63 0.025
o | Jos MEGHANICAL DATA
b1 0.23 0.31 | 0.009 0.012
b2 1.27 0.050
D 35.06 36.22 | 1.400 1.425
E 16.3 0.641
e 2.54 0.100
e3 33.02 1.300
F 141 0.555
| 4.445 0.175
L 330 0130 Plastic DIP28

b1

D
B e T e B e B o B
28 15
) w
1 L]
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mm inch
DIM. 'TH
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. ‘7’ %ﬂ%@%@@&@gﬁ%&ﬂ?@g
®
A 1.75 0.068
al | 04 0.25 | 0.003 0.009
a2 1.65 0.064 OUTLINE AND
MECHANICAL DATA
a3 | 065 0.85 | 0.025 0.033
b | 035 0.48 | 0.013 0.018
bt | 0.9 0.25 | 0.007 0.010
c | o025 05 |0.010 0.019
cl 45° (typ.)
4.8 5.0 0.188 0.196
5.8 62 | 0208 0.244
o 1.27 0.050
3 3.81 0.150
F | a8 40 | 014 0.157
L | 04 1.27 | 0.015 0.050
M 06 0.023
S 8° (max.) 808

S

=

P013M
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o MIN. Tn:: MAX. | MIN. :!c: MAX. Ky_l SGS-THOMSON
" — - . MICROELECTRONICS
at | 041 0.2 | 0.004 0.007
a2 1.65 0.064 OUTLINE AND
b | 035 0.46 | 0.013 0.018 MECHANICAL DATA
bt | 0.19 0.25 | 0.007 0.010
c 05 0.019
cl 45° (typ.)
D | 98 10 |0.385 0.393
5.8 6.2 |0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F | 38 40 |o0.149 0.157
G | 46 53 |0.181 0.208
L | o5 1.27 | 0.019 0.050
M 0.62 0.024
s 8° (max.) SO16
L G .l
o cl

b

T bl %.J‘f
. - 8 =
ed E
D M
0 0000001
16 9W
1 8

\ -

7

Ll

oo ud

bi

PO13H
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mm inch
o MIN. | TYP. | MAX. | MIN. | TYP. | MAX. K’L %&@g@@m@gﬁ%@%&%@g
A 2.65 0.104
al 0.10 0.20 | 0.004 0.007
OUTLINE AND
a2 245 0.096 MECHANICAL DATA
b 0.35 0.49 | 0.013 0.019
b1 0.23 0.32 | 0.009 0.012
C 0.50 0.020
ci 45° (typ.)
D 12.60 13.00 | 0.496 0.512
E 10.00 10.65 | 0.393 0.419
e 1.27 0.050
e3 11.43 0.450
F 7.40 7.60 | 0.291 0.299
L 0.50 1.27 | 0.020 0.050
M 0.75 0.030
s 8° (max.) SO20L (12+4+4)
L
_.T . _zgi
ool < |
o RN N E
e3 E .
D
LM
1nononn rm?f
2 1
[T
1 1
= )
goudoupogd PO13L
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mm inch
(N7 SGS-THOMSON
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. YL MICROELECTRONICS
A 2.65 0.104
al | 0.10 0.20 | 0.004 0.007 OUTLINE AND
a2 2.45 0.096 MECHANICAL DATA
b | 035 0.49 | 0.013 0.019
bi | 0.23 0.32 | 0.009 0.012
c 0.50 0.020
ci 45° (typ.)
D |15.20 15.60 | 0.598 0.614
E |10.00 10.65 | 0.393 0.420
e 1.27 0.05
e3 13.97 0.55
F 7.40 7.60 | 0.291 0.299
L | 050 1.27 | 0.19 0.050
S 8° (max.) S024 (16+4+4)
L
]‘ o ¢
[ \ = \ \
P Sl S a 1=
e3 E
D
OO OOA000000
2 13 |
1 12

Toooooooooog
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.

A 2.65 0.104
al 0.10 0.30 | 0.004 0.011
b 0.35 0.49 | 0.013 0.019
b1 0.23 0.32 | 0.009 0.013
9 0.50 0.020

c 45° (typ.)
D 17.70 18.10 | 0.696 0.712
E 10.00 10.65 | 0.393 0.420
e 1.27 0.05

e3 16.51 0.65

F 7.40 7.60 | 0.291 0.299
L 0.40 1.27 | 0.015 0.050
S 8° (max.)

‘ -TH
Y/ msmg@g@m@gv%l&m?@lg

OUTLINE AND
MECHANICAL DATA

S028

E
P

b1

OOOO0OOOAA0000

28 15
1 14
S

T0oooooooooooT

PO13N
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o MIN :/: MAX. | MIN I:: MAX SGS-THOMSON
oo [ [ [ Junc | | Y/ RESOETROMONES
A | 174 17.65 | 0.685 0.695
B | 1651 16.65 | 0.650 0.656 OUTLINE AND
c | 365 3.7 |0.144 0.146 MECHANICAL DATA
D | 42 457 | 0.165 0.180
d1 | 259 2.74 | 0.102 0.108
d2 0.68 0.027
E |14.99 16.0 | 0.590 0.630
e 1.27 0.050
e3 12.7 0.500
F 0.46 0.018
F1 0.71 0.028
0.101 | 0.004
M 1.16 0.046
M1 114 0.045 PLCC44

B c
M
M1
_r_[']l_lﬂl—lrlﬂl_ll-ll_lrll_l
6 2 14 39 T
- df7 38| —ﬁ"%— 1=
= - C) ] u ;
[ ]
O 1 @
O ] b
O u w| B
O ]
[ ] =
O H b
[ 1
Ol 20| r
8 28
DOooooo0oOooo ==
d2
A
[ | di
£\ | G (Seating Plane Coplanarity) D P027B
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. SGS-THOMSON
A | 535 5.65 | 0.210 0.222 K’I
C_| 08 1.28 | 0.031 0.050
D | 295 31 |0.116 0.122
D1 1.95 2.15 | 0.076 0.084
E 0.5 0.6 0.019 0.023 OUTLINE AND
F 11 0.043 MECHANICAL DATA
Fi_| 07 0.8 | 0.027 0.031
F2 1.4 0.055
G 4.88 5.28 | 0.192 0.207
Gi_| 742 7.82 | 0.202 0.308
G2 | 9.96 10.36 | 0.392 0.408
H_| 159 16.1_| 0.626 0.634
L1_[19.85 20.15 | 0.781 0.793
12 [19.35 19.65 | 0.761 0.773
13 | 89 9.1 |0.350 0.358
L4 28 29 1.102 1.141
L5 | 49 51 | 0.193 0.201
L6 | 15.0 16.1 | 0.626 0.634
L7 2.1 2.3 0.082 0.090
Ls | 23 23.4 | 0.905 0.921
19 | 248 252 | 0.976 0.992
110 | 19.8 20.2 | 0.779 0.795
L11 | 17.7 18.3 | 0.697 0.720
M 7.83 8.33 [ 0.308 0.328
N | 275 3.25 | 0.108 0.128 T
2 | 35 37 |o0.138 0.145 ISOWATT?
L9
L10
w
L1t l
o
4 =
<< mI -1_ g.....z -'?J—T_H
OT a E| =
L3
L2
L1
I ~—
.
o :
\ =T [ " ‘E n
= L =, H e
[ I o
L5 L6 L7
L8
L4
P033B
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mm inch
o MIN. | TYP. | MAX. | MIN. | TYP. | MAX I SGS' OMSON
| TYP. | max.| wn. | TP | max [7  MICROELECTRONICS
A | 44 46 0173 0.181
B | 25 27 | 0.008 0.106
OUTLINE AND
D 2.5 2.75 | 0.098 0.108 MECHANICAL DATA
E | o4 07 |0.015 0.027
F |o75 1 |0.030 0.039
F1 | 115 1.7 |0.045 0.067
F2 | 115 1.7 |o0.045 0.067
G | 495 52 |o0.195 0.204
Gl | 24 27 | 0.004 0.106
H | 10 10.4 | 0.393 0.409
L2 16 0.630
L3 | 286 306 | 1.126 1.204
L6 | 15.9 16.4 | 0.626 0.645
7 | o 9.3 |0.354 3.66
@ 3 32 |o.118 0.126 ISOWATT220
|11}
/ T .
o
m
L3 .
L6
L7
o
g wl
2 | ~
’ .~
v ‘51
- | WA T S SE—— }--—Y o
P | .
N
123
L2 L4
I I PO11G
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Phasing out during 1993 (see next page)

o MIN 1:: MAX. | MIN j:: MAX r SGS-THOMSON
[ TYP. X | . | TYP. | wAx. Y/, ICROELECTRONICS
A | 44 46 |0.173 0.181
c | 123 1.32 | 0.048 0.051 '
D | 24 2.72 | 0.004 0.107 OUTLINE AND
E | 041 0.64 | 0.016 0.025 MECHANICAL DATA
F | 061 0.94 |0.024 0.037
F1 | 1.14 1.7 | 0.044 0.067
G | 495 5.15 | 0.194 0.203
Gl | 24 27 |0.004 0.106
H2 | 10 10.4 | 0.393 0.409
L2 176 0.692
L4 | 127 13.7 | 0.500 0.539
L5 | 2.65 2.95 | 0.104 0.116
L6 | 152 15.9 | 0.598 0.626
L7 | 62 6.6 |0.244 0260
Lo | 35 55 |0.137 0.216
M | 375 3.85 | 0.147 0.151 TO-220 (DSG)
(1]
< 4 \_I : =
| : e
(&)
} L6 L4 |
L7 ‘
-
) —
M )
—1 [T
L5
L2 PO11C
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mm inch

oI MIN. | TYP. | MAX. | MIN. | TYP. | MAX. ‘y I SGS'THOMSON
A | 440 460 |0.173 0.181 - MICROELECTRONICS
c | 123 1.32 | 0.048 0.051

D 2.40 2.72 | 0.094 0.107 OUTLINE AND

D1 1.27 0.050 MECHANICAL DATA

E | 049 0.70 | 0.019 0.027

0.61 0.88 | 0.024 0.034

Fi | 1.14 1.70 | 0.044 0.067

F2 | 1.14 1.70 | 0.084 0.067

G |49 515 | 0.194 0.203

Gl | 24 2.7 | 0.094 0.106

H2 | 10.0 10.40 | 0.393 0.409

L2 16.4 0.645

14 | 130 14.0 | 0.511 0.551

L5 | 265 2.95 | 0.104 0.116 1

L6 | 15.2 15.9 | 0.598 0.625

7 | 62 6.6 |0.244 0.260

Lo | a5 42 |o0.137 0.165

DIA. | 3.75 3.85 | 0.147 0.151 TO-220 (DSG new Version)

w
< - \_l ot
of T 1 - je
a

Introduced starting Q4 1992

L2

F1

L7

L6

L9

F2

L4
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mm inch
DIM. .TH
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. ‘y, scs OMSON
s MICROELECTRONICS
48 0.189
1.37 0.054
2.4 28 |0.094 0.110 OUTLINE AND
MECHANICAL DATA
D1 | 12 1.35 | 0.047 0.053
E | 035 055 | 0.014 0.022
F | o8 1.05 | 0.031 0.041
F2 | 115 1.4 |0.045 0.055
G | 495 | 508 | 521 |0.195 | 0.200 | 0.205
Ho 10.4 0.409
H3 | 10.05 10.4 | 0.396 0.409
L2 16.2 0.638
3 | 263 | 267 | 271 | 1.035 | 1.051 | 1.067
s | 26 3 |o.102 0.118
e | 5.1 15.8 | 0.504 0.622
7 | s 6.6 |0.236 0.260
Dia | 3.65 385 |0.144 0.152 T0O220
w
1 1L —
- a8
, — —r a
ol | i
a
L6
L7
LT 2 |
) \_/ |
T J -
) o =
Dia. )
| w
L5
L2
L3

! P011D
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mm inch
o MIN. | TYP. | MAX. | MIN. | TYP. | MAX. SGS'THOMSON
- - o [7[, MICROELECTRONICS
c 137 0.054
4 8 |o0. }
o T T o oo T Tows OUTLINE AND
MECHANICAL DATA
E | 035 0.55 | 0.014 0.022
F | 08 1.05 | 0.031 0.041
Fio| 1 1.4 | 0.039 0.055
G 3.4 0.134
G 6.8 0.268
He 10.4 0.409
H3 | 10.05 10.4 | 0.396 0.409
L 142 0.559
L1 6 0.236
L2 14.8 0.583
L3 4.0 0.157
L5 2.6 3 0.102 0.118
L6 | 15.1 15.8 | 0.504 0.622
7 | & 66 |0.236 0.260
Dia | 3.65 385 | 0.144 0.152 Pentawatt H
) L
| ‘ <
(4} g
: |
(=} a
E 5
B L2 FLIL
T Il .G
L7
L5,
| =
Dia.
L6 PO10F
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mm inch
o MIN. | TYP. | MAX. | MIN. | TYP. | MAX. SGS'THOMSON
; s 2150 K?l; MICROELECTRONMICS
c 1.37 0.054
D | 24 28 |0.094 0.110
D1 | 1.2 1.35 | 0.047 0.053 OUTLINE AND
E | 035 0.55 | 0.014 0.022 MECHANICAL DATA
F | o8 1.05 | 0.031 0.041
F1 1 1.4 |0.039 0.055
G 3.4 0.134
G1 6.8 0.268
H2 10.4 0.409
H3 | 10.05 10.4 | 0.396 0.409
L 17.85 0.703
L1 15.75 0.620
L2 21.4 0.843
L3 225 0.886
L5 | 26 3 |0.102 0.118
L6 | 15.1 15.8 | 0.594 0.622
L7 6 6.6 | 0.236 0.260
M 45 0.177
it 4 0187 Pentawatt V
Dia | 3.65 3.85 | 0.144 0.152
L o
w
_
L1 _
=
/ \ J L 1
<C
ot o =
e L2
L5 13
|
I
Dia.
L7
L6

PO10E
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mm inch
oI MIN. | TYP. | MAX. | MIN. | TYP. | MAX. SGS'THOMSON
; us 0159 IYI@ MICROELECTRONICS
c 1.37 0.054
D | 24 2.8 | 0.094 0.110
D1 | 1.2 135 | 0.047 0.053 OUTLINE AND
E | 035 0.55 | 0.014 0.022 MECHANICAL DATA
F | o6 0.8 | 0.024 0.031
F1 0.9 0.035
G 2.54 0.100
G1 5.08 0.200
G2 7.62 0.300 |
H2 10.4 0.409
H3 | 10.05 10.4 | 0.396 0.409
L 14.2 0.559
L1 4.4 0.173
L2 15.8 0.622
L3 5.1 0.201
L5 | 26 3 |0.102 0.118
L6 15.1 15.8 | 0.594 0.622
L7 6 6.6 0.236 0.260
L? 4.44 0.175 Heptawatt H
Dia | 3.65 3.85 | 0.144 0.152

L
i
: 1 -
e a
E 33
B | L2 J
- F
; | e
Tz , e o

F I

=l A 4

I:’:f | Dia.

L6
P023B
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mm inch
DIM.
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. ‘ 7 I SGS'THOMSON
A 4.8 0.189 . MICROELECTRONICS
C 1.37 0.054
D 2.4 2.8 | 0.094 0.110
D1 1.2 1.35 | 0.047 0.053 OUTLINE AND
E 0.35 0.55 | 0.014 0.022 MECHANICAL DATA
F 0.6 0.8 | 0.024 0.031
F1 0.9 0.035
G 2.54 0.100
G1 5.08 0.200
G2 7.62 0.300
H2 10.4 0.409
H3 10.05 10.4 | 0.396 0.409
L 16.97 0.668
L1 14.92 0.587
L2 21.54 0.848
L3 22.62 0.891
L5 2.6 3 0.102 0.118
L6 15.1 15.8 | 0.594 0.622
L7 6 6.6 | 0.236 0.260
M 2.8 0.110
M1 5.08 0.200
Dia 3.65 3.85 | 0.144 0.152 Heptawatt V
L |
'] w
L1 3
=
< / 11 1
o - ] =
! —
= L2
L5 L3
\_/ !
_ ‘
B © |
%
Dia. /\_l
. 7
L7
L6
P023A
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.

A 5 0.197
B 2.65 0.104
C 1.6 0.063
E 0.49 0.55 | 0.019 0.022
F 0.78 0.85 | 0.030 0.033
G 240 | 254 | 2.68 | 0.094 | 0.10 | 0.105
G1 [17.64|17.78 |117.92| 0.69 | 0.70 | 0.71
H1 19.6 0.772

H2 20.2 0.795
L 20.35 20.65 | 0.80 0.81
L1 15.7 0.62

L2 [17.05|17.20 [ 17.35| 0.67 | 0.68 | 0.68
L3 |17.25| 17.5 [ 17.75| 0.679 | 0.689 | 0.699
L4 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429
L7 2.65 2.9 [0.104 0.114
S 1.9 2.6 |[0.075 0.102
S1 1.9 2.6 |0.075 0.102
U 0.40 0.55 | 0.015 0.022
z 0.70 0.85 | 0.028 0.034

Dia1 | 3.65 3.85 | 0.144 0.152

KY_I SGS-THOMSON

MICROELECTRONICS

OUTLINE AND
MECHANICAL DATA

Multiwatt8 (Pin. 5 Gnd) (*)

(*) Advanced information on a new package now in development or undergoing evaluation. Details are subject to change without notice.

Hi

L7

L2

L1

Dia. 1

Wi
B0

L3

O Og =
S [
el 2] e s

G1

PO17L
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mm inch
DI MIN. | TYP. | MAX. | MIN. | TYP. | mAX. SGS'THOMSON
; : Vst KYI@ MICROELECTRONICS
B 2,65 0.104
c 1.6 0.063
D 1 0.039 OUTLINE AND
E | 049 0.55 | 0.019 0.022 MECHANICAL DATA
F | oss 0.95 | 0.035 0.037
G | 157 | 17 | 1.83 | 0.062 | 0.067 | 0.072
Gt |16.87| 17 |17.13]| 0.664 | 0.669 | 0.674
Hi | 196 0.772
H2 20.2 0.795
L | 215 22.3 | 0.846 0.878
L1 | 214 222 | 0.843 0.874
L2 | 174 18.1 | 0.685 0.713
L3 |17.25| 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 10.9 | 0.406 | 0.421 | 0.429
L7 | 265 29 |o0.104 0.114
M | 41 | 43 | 45 [0.161]0.169]0.177
M1 | 488 | 508 | 53 |0.192 | 0.200 | 0.209
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt11 V
Dial | 3.65 3.85 | 0.144 0.152
Hi
A 5
c L7 Sl
- A J
T N
. Dia. 1 W
— L3
— 3 L4
B L O og
A L1
~ .
H2
e I
ML 1LY
£ H
M1 M G
PO17A
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DIM. mm inch

MIN. | TYP. | MAX. | MIN. | TYP. | MAX. 57 SGS'moms@m

A 5 0197 MICROELECTRONICS
B 2.65 0.104 .
° 2 — OUTLINE AND
E 0.49 0.55 | 0.019 0.022
F 0.66 0.75 | 0.026 0.030 MECHANICAL DATA
G 114 | 1.27 1.4 | 0.045 | 0.050 | 0.055
G1 17.57 1 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L 18.03 0.710
L2 2.54 0.100

L3 |17.25| 175 | 17.75| 0.679 | 0.689 | 0.699

L4 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429

L5 5.28 0.208
L6 2.38 0.094
L7 2.65 2.9 |0.104 0.114
S 1.9 2.6 | 0.075 0.102
S1 1.9 2.6 | 0.075 0.102 Multlwatt-l 5 H
Dia1 3.65 3.85 | 0.144 0.152
A Hi
c N SLL s
/ / . - -
Dia. 1 /
— 3
Y -
O O -
1| |B g
T _— _|
(11}
N =1 i H2
N 4 7
F G
L6 L G -
L5 PO17H
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mm inch
DM MIN. | TYP. | MAX. | MIN. | TYP. | MAX. SGS'THOMSON
; ; vis7 KYL MICROELECTRONICS
B 2.65 0.104
c 1.6 0.063
D 1 0.039 OUTLINE AND
E | 049 0.55 | 0.019 0.022 MECHANICAL DATA
F | 066 0.75 | 0.026 0.030
G | 114 | 127 | 1.4 |0.045]0.050 | 0.055
G1 | 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 196 0.772
H2 20.2 0.795
L | 22.1 226 | 0.870 0.890
1| 22 225 | 0.866 0.886
L2 |17.65 18.1 | 0.695 0.713
L3 |17.25| 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 10.3 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429
L7 | 265 29 |0.104 0.114
M | 42 | 43 | 46 |0.165]0.169 | 0.181
Mi | 45 | 508 | 53 |0.177 | 0.200 | 0.209
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatti5 V
Diat | 3.65 3.85 | 0.144 0.152
Hi
A
c L7 i.'_. lb’)
7 Ve NH
Dia 1 J
[ i
= =
— , O O
a i
- e
[\mE ) T
—_\J
E
M}F_ F LL_
M M Gl
P017B
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ow | mm | o (N7 SGS-THOMSON
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. 7[@ Mﬂ@@@@ ILE@?IR@M”@@
A 3.10 0.122
B 110 004 OUTLINE AND
c 0.15 0.006 MECHANICAL DATA
D 1.50 0.059
E 0.52 0.02
F 0.80 0.03
G 1.70 0.066
G1 17.00 0.66
H1 12.00 0.48
H3 20.00 0.79
L 17.90 0.70
L1 14.40 0.57
L2 11.00 0.43
M 2.54 0.1

Clipwatt11 (*)

(*) Advanced information on a new package now in development or undergoing evaluation. Details are subject to change without notice.
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mm inch
DIM.
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. "I SG@S'THOMSON
A 1 0,280 . MICROELECTRONICS
al 2.7 3 |0.106 0.118
B 248 0.976 OUTLINE AND
b1 0.5 0.020 MECHANICAL DATA
b3 | 0.85 1.6 |0.033 0.063
c 33 0.130
ct 0.43 0.017
c2 1.32 0.052
D 23.7 0.933
d1 14.5 0.571
e 2.54 0.100
e3 22.86 0.900
L 3.1 0.122
L1 3 0.118
L2 17.6 0.693
L3 0.25 0.010
M 32 0.126
N 1 0.039 SIP.‘\?
//
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DIM. o fneh [77 SGS-THOMSON
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. . MICROELECTRONICS
A | 74 78 | 0291 0.307
b . OUTLINE AND
B8 | 105 108 | 0.413 0.425 MECHANICAL DATA
b | 07 0.9 | 0028 0.035
bt | 0.49 0.75 | 0.019 0.030
c | 24 27 | 0.0904 0.106
ot 12 0.047
D 15.7 0.618
e 22 0.087
e3 4.4 0.173
F 38 0.150
H 2.54 0.100 SOT82
C A
an -
| | { L/ ] m
xr
[=]
| L i 1 4L
c e
b b1
e3 P032A
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ow [ | [ == SGS-THOMSON
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. YL MICROELECTRONICS

A | a7 49 |o0185 0.193

c | 19 21 [0.075 0.082 OUTLINE AND

b 25 0.098 MECHANICAL DATA

E | o5 0.78 | 0.019 0.030

Fol| o 13 | 0.043 0.051

G | 108 1.1 | 0.425 0.437

Ho| 147 152 | 0578 0.598

L | - 162 | - 0.637

L3 18 0.708

L5 | 395 4.15 | 0.155 0.163

L6 a1 1.220

R | - 122 | - 0.480

o | 4 41 |0.157 0.161 TO-218 (SOT-93)
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SALES OFFICES

EUROPE

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel (45-44) 94 85 33
Telex 35411

Telefax (45-44) 948694

FINLAND

LOHJA SF-08150
Katakatu, 26

Tel (358-12) 155 11
Telefax (358-12) 155 66

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP 93
Tel (33-1)47.407575
Telex. 632570 STMHQ
Telefax. (33-1) 47 4079 10

67000 STRASBOURG
20, Place des Halles

Tel (33-88) 75 50 66
Telefax (33-88) 22 29 32

GERMANY

8011 GRASBRUNN
Bretonischer Ring 4
Postfach 1122

Tel - (49-89) 460060
Telefax (49-89) 4605454
Teletex 897107=STDISTR

1000 BERLIN 37

Clay Allee 323

Tel (49-30) 8017087-89
Telefax (49-30) 8015552

6000 FRANKFURT
Gutleutstrasse 322

Tel (49-69) 237492-3
Telefax (49-69) 231957
Teletex 6997689=STVBF

3000 HANNOVER 51
Rotenburger Strasse 28A
Tel (49-511) 615960-3
Teletex 5118418 CSFBEH
Telefax (49-511) 6151243

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel (49-911) 59893-0
Telefax (49-911) 5980701

7000 STUTTGART 31
Mittlerer Pfad 2-4

Tel. (49-711) 13968-0
Telefax (49-711) 8661427

ITALY

20090 ASSAGO (MI)

V.le Milanofiori - Strada 4 - Palazzo A/4/A
Tel. (39-2) 89213 1 (10 linee)

Telex 330131 - 330141 SGSAGR
Telefax (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
ViaR Fucini, 12

Tel (39-51) 593029

Telex' 512442

Telefax (39-51) 591305

00161 ROMA

Via A Torlonia, 15

Tel (39-6) 8443341
Telex 620653 SGSATE |
Telefax (39-6) 8444474

NETHERLANDS

5652 AR EINDHOVEN
Meerenakkerweg 1

Tel (31»40) 550015
Telex' 5

Telefax: (31»40) 528835

SPAIN

08021 BARCEL?
Calle Platon, 6 4" Floor, 5™ Door
Tel. (34-3) 4143300-4143361
Telefax. (34-3) 2021461

28027 MADRID

Calle Albacete, 5

Tel (34-1) 4051615
Telex 46033 TCCEE
Telefax (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfiordsgatan, 13 - Box 1094
Tel - (46-8) 7939220

Telex' 12078 THSWS

Telefax (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)
Chemin Francois-Lehmann, 18/A

Tel (41-22) 7986462

Telex* 415493 STM CH

Telefax. (41-22) 7984869

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel (44-628) 890800
Telex 847458

Telefax (44-628) 890391
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SALES OFFICES

AMERICAS

BRAZIL

05413 SAO PAULO

R Hennque Schaumann 286-CJ33
Tel (55-11) 883-5455

Telex (391)11-37988 "UMBR BR"
Telefax - (55-11) 282-2367

CANADA

NEPEAN ONTARIO
301 Moodie Drive
Suite 307

Tel 613/829-9944

US.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022

(1-602) 867-6100

SALES COVERAGE BY STATE

ALABAMA
Huntsville - (205) 533-5995

ARIZONA
Phoenix - (602) 867-6217

CALIFORNIA
Santa Ana - (714) 957-6018
San Jose - (408) 452-8585

COLORADO
Boulder (303) 449-9000

ILLINOIS
Schaumburg - (708) 517-1890

INDIANA
Kokomo - (317) 455-3500

MASSACHUSETTS
Lincoln - (617) 259-0300

MICHIGAN
Livonia - (313) 953-1700

NEW JERSEY
Voorhees - (609) 772-6222

NEW YOR
Poughkeepsne (914) 454-8813

NORTH CAROLINA
Raleigh - (919) 787-6555

TEXAS
Carroliton - (214) 466-8844

FOR RF AND MICROWAVE
?ADc\;l_VI_ER TRANSISTORS CON-

THE FOLLOWING REGIONAL
OFFICE INTHE U.S.A.

PENNSYLVANIA
Montgomeryville - (215) 361-6400

ASIA / PACIFIC

AUSTRALIA

NSW 2220 HURTSVILLE
Suite 3, Level 7, Otis House
43 Bridge Street

Tel (61-2) 5803811

Telefax (61-2) 5806440

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen's Road East

Tel (852) 8615788

Telex 60955 ESGIES HX
Telefax (852) 8656589

INDIA

NEW DELHI 110001
LiasonOffice

62, Upper Ground Floor
World Trade Centre
Barakhamba Lane

Tel (91-11) 3715191
Telex 031-66816 STMI IN
Telefax: (91-11) 3715192

MALAYSIA

PETALING JAYA, 47400
11C, Jalan $521/60
Damansara Utama

Tel (03)717 3976
Telefax (03) 7199512

PULAU PINANG 10400

4th Floor - Suite 4-03

Bangunan FOP-123D Jalan Anson
Tel (04) 379735

Telefax (04) 379816

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel (82-2) 553-0399
Telex SGSKOR K29998
Telefax (82-2) 552-1051

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel (65) 4821411

Telex RS 55201 ESGIES

Telefax (65) 4820240

TAIWAN

TAIPEI
12th Floor

325, Section 1 Tun Hua South Road

Tel (886-2) 755-4111
Telex 10310 ESGIE TW
Telefax (886-2) 755-4008

JAPAN

TOKYO 108

Nisseki - Takanawa Bld 4F
2-18-10 Takanawa
Minato-Ku

Tel (81-3) 3280-4121
Telefax (81-3) 3280-4131
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other i_tr;hts of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent nights of SGS-THOMSON Microelectronics. Specification mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied.
SGS-THOMSON Microelectronics ﬁlroducts are not authorized for use as critical components in life support devices or systems without express
written approval of SGS-THOMSON Microelectronics
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