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APPLICATION NOTE

Switching off requires a negative pulse to
compensate the Zener voltage. To be
functional such a secondary requires
synchronised pulses from the micro-
controller to avoid cross conduction.

This hardware solution is very cheap and

Figure 4: Random PWM signal (delta < 50%)

gives many advantages: no power switch
duty cycle limitation, virtually no maximum
dV/dt and sustaining voltage limitation, and
very low gate drive consumption.

Figure 4 shows an example of a pseudo-
random PWM signal with constant t .

Oms

1ms

2ms

Acoustic measurements were made with an
open air brushless motor inside an acoustic
chamber. The signals from an electret
microphone placed close to the motor were
amplified with a wide-band audio pre-

Figure 5: Acoustic noise spectra

amplifier. Figure 5 shows the noise spectrum
recorded whilst operating with a) a constant
and b) a random switching frequency. The
noise amplitude scale is logarithmic and the
frequency scale is linear.
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APPLICATION NOTE

- in the range 200Hz/2kHz the spectra are
identical and are due to noise generated by
the motor fan, the bearing and the vibration
generated by the torque ripple.

- in the range 2kHz/5.2Khz the spectra are
completely different: a constant operating
frequency gives a spike at the corresponding
frequency (2.8kHz).

a random operating frequency gives a flat
spectrum over the range in which the
frequency varies. In this particular case, t
is somewhere between 100 and 500 micro-
seconds, t, being 60 micro-seconds; the
frequency range is set from 1.8 to 6 kHz.

The human ear is better equipped for more
subjective investigations. It is far better than
the best computer, and, more to the point, is
the most concerned with the results (see
reference 2). In this particular case, this
random noise is similar to that of a domestic
audio amplifier with, fortunately, a less
efficient loudspeaker.

4. CONCLUSION

The Pulse Width Modulation technique
presented in this paper enables the
spreading of switching noise over a pre-
determined audio range, merging it with the
natural noise of the system. Consequently,
the motors of naturally noisy systems such
as food processors, washing machines, fans,
can be operated with a switching frequency
of around 3kHz creating no extra
disturbance. The benefits of this low
switching frequency can be counted in terms
of cost reduction due to the reduced
demands on the components: smaller
heatsink, slower switching components and
smaller filter.

This technique has been made successfully
with both the ST6 and ST9 micro-controller
families, but can also be made with the
STKM2000 mixed analog-digital standard
cells ASIC.

538

6/6 .
KYI o %%Eé%g?@%

5. REFERENCES

1. Pulse Controlled Inverter

SGS-THOMSON Microelectronics -
Power Application data book

2. Quiet Machine Requires Good Acoustic

Design

George Bennett/ George Gulalo - PCIM,
May 1992

3. A New lIsolated Gate Drive for Power

MOSFET Transistors

SGS-THOMSON Microelectronics - A
Selection of Power MOSFET and IGBT
papers

PRESENTED AT APEC
SAN DIEGO MARCH 1993




[S72

SGS-THOMSOR
MICROELECTRONICS

APPLICATION NOTE

DIGITAL CONTROL FOR A BRUSH DC MOTOR

ABSTRACT

In home appliances applications the brush D.C motor,
driven by a chopper, can be controlled by a standard
microcontroller. However, microcontrollers are often
considered unsuitable for the power environment
because of their limited computing speed, or
problems with noise immunity.

This paper shows how a cost effective digital motor
drive can be designed by combining a chopper and
an 8 bit microcontroller. The speed of the motor is
simply controlled through direct voltage
compensation and motor power limitation.

The microcontroller performs both the motor control
and interface functions of the application, replacing
the analogue circuits of a conventional motor control.

Performances and practical results are given for a
300W /12000 RPM motor drive.

1.INTRODUCTION

In home appliance applications the Permanent
Magnet DC motor is replacing the AC universal
motor, improving speed and drive performance.
Traditionally, the control of this motor is implemented

by T. Castagnet, J. Nicolai

using analogue circuits, with an associated
microcontroller performing only an interface function.

This paper shows that a low end microcontroller can
control directly a chopper driven DC motor in addition
to these interface functions. In this example the
adjustable speed drive is made with a 300W-2000
RPM permanent magnet DC motor for a food
processor application.

2. THE PERMANENT MAGNET DC MOTOR AND
ITS CONVERTER

The brush DC motor can be controlled by a chopper
circuit. This adjustable speed drive controls the load
in only one direction of rotation, and does not allow
electrical braking. This type of operation is sufficient
in applications such as food processors, drills or
washing machines.

The design of the control circuit is simplified with the
use of insulated gate transistors in the chopper, and
with the use of permanent magnets for the motor
excitation. Permanent magnets (e.g. ferrite materials)
replace the stator windings and make an excitation
circuit unnecessary, as the motor has an independent
excitation. See figure 1.

Figure 1. Application block diagram. The microcontroller generates a PWM signal and controls the

IGBT through the buffer-amplifier.

"

]

230V
Mains \I [‘] Ug
o |
P Buffer {<t pwM  MCU
[ Vss

Supply 3v Reset
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Voo RST
[le} User
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Peakcurrent || A \ A
detector
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In home appliance applications the Permanent
Magnet DC motor, driven by a chopper, is replacing
the common AC universal motor when improved
speed/drive performance is required (see appendix
1) for the following reasons:

- the motor efficiency is increased: the permanent
magnets remove excitation losses, and iron and
copper motor losses are reduced because the
motor current ripple is reduced (more than 50%)
thanks to the DC mode operation and to a suitable
motor voltage control;

» the motor noise is reduced: the 100Hz torque ripple
is reduced because of the motor current ripple
reduction, and the switching frequency is almost
inaudible;

« the motor voltage determines the speed directly
because the excitation is independent; the speed
is therefore stable, particularly when the torque is
varies quickly (during 1s) and frequently (10 times);

- the operating speed range is increased because
the motor can provide maximal torque (here T, =
2 N.m) at low speed (less than 1000 RPM).

3. THE MICROCONTROLLER : THE HEART OF
THE MOTOR CONTROL

In home appliance or industrial applications,
microcontrollers are usually dedicated to interfacing
and sequence management. Here we will show that
a microcontroller can also integrate the motor control.

This speed drive is controlled by an 8-bit

microcontroller, the ST6260/65 (see figure 2).

Such microcontrollers can meet all interface and
motor control requirements:

« design of interface functions is simplified due to
their 8-bit analogue-to-digital converter (ADC), and
their many inputs/outputs (up to 21 1/0); these
allow the MCU to measure sensors, manage
actuators and the user interface (for example push
buttons, potentiometers, keyboard, LED diodes,
bar-graph or LCD displays);

- they have additional functions useful for the design
of a motor speed drive: a Pulse Width Modulation
(PWM) timer for chopper control; an ADC with up
to 13 inputs for voltage and current measurement;
and a Non Maskable Interrupt (NMI) to generate
safety protection in the Central Processor Unit
(CPU).

« their safety and immunity is fully compatible with
off-line circuits (hardware watchdog, careful supply
lay out, decoupled oscillator, filtered inputs).

The performance required for the speed control is
the following :

« accuracy of speed is not very important: there is
no need for a speed sensor, and so costs are
reduced; and the microcontroller adjusts the speed
directly with the motor voltage;

« the motor is controlled using direct voltage
compensation, and so the speed is insensitive to
the input power and to variations in the mains

Figure 2. Block diagram of the ST6260/65 micro-controller. PWM timer and A/D converter are

suitable for motor control.

RAM EEPROM PWM A/D Timer
128 128 Timer Converter ime
| l I 8 BIT DATA BUS ‘|
Watchdog SPI Il P

ortA || PotB || P

Timer ROM 8 Bit CPU ort ort C
4K
2/8 o
Ky, S65;THOMSON

540



APPLICATION NOTE

voltage; the motor current ripple is also reduced by
this compensation;

- the user speed selection is performed by two +/-
push buttons; its variation is adjusted by software
and the start up request speed is zero ;

« the motor is protected against too big a load when
the user request is out of the motor safe operating
area. A 300W motor power limitation is
implemented, avoiding overheating and hard brush
switching ;

« the chosen chopper frequency is 8kHz : the circuit
can meet the R.F.I. standards (VDE 875) with a
small input filter while keeping a low switching
noise level ;

» speed drive start up is validated after a voltage
check of the 230V mains supply.

To achieve this speed drive, software functions have
been implemented as shown in figure 3.

The autoreload PWM timer controls the switching of
the chopper, generating the PWM signal. The CPU
controls the duty cycle d and the switching period T
by software (see figure 4). The duty cycle varies

Figure 3. Main algorithm for motor control.
Direct voltage compensation and
motor power limitation are the key
functions of the control.

| Program Initialisation |

Mains Control

v
| Get User Request|

|Voltage Compensation]

Update PWM

| Motor Power Limitation |

Update PWM

Figure 4. Operation of the autoreload PWM
timer. CPU controls the period Ts
with the Reload register, and the
duty cycle d with the Compare
register ; the timer counts
independently of the CPU.

COUNTER

255 1

COMPARE |
REGISTER

RELOAD
REGISTER[

000 >

PWM
OuTPUT _J

from 0 to 100%, with 0.4% (1/256) duty cycle
resolution. The maximum switching frequency is 31
kHz: by software it has been adjusted to the required
8 kHz.

The direct voltage compensation aims to keep the
motor voltage V., and the speed constant,
particularly when the mains voltage is varying, or
when the input power is transmitted to the motor.
The duty cycle is modulated as a hyperbolic function
of the direct voltage U, around a reference point
given by d,= user request duty cycle and Uypom=
nominal direct voltage:

Vit = d X Ug

Voo =constant=dy X Ugom ~ (Se€ figure 5)

To achieve this, U, is measured and quantized in 32
steps, and d, is quantized in 16 steps: duty cycle
correction is taken from a look-up table of Uy versus
d,. The correction is added to d, and the sum is
loaded into the PWM timer.

The voltage compensation needs a table of 512
bytes, and takes 380us. The practical results are
characterized in 2 ways :

Figure 6 demonstrates the immunity of the motor
voltage to variations in U for a fixed speed reference.
The variation of V., is less than 10% over the whole
the range of values of U,, and the speed becomes

X 3/8
Lyz, SESTHOMSDN
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Figure 5. Direct voltage compensation

duty cycle
A y Cy

dl [

0 Ud(nom) Ud

= do X Ud(nom) / Ud

Figure 6. Static performance of direct voltage
compensation

Vit (V)
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Figure 7. Dynamic performance of the voltage
compensation

[ T |
—l Without compensation: |00 = 2A

almost insensitive to the input power and mains
voltage variations.

Figure 7 shows the dynamic influence of
compensation on motor current ripple. The ripple is
reduced by a factor of two in normal operation.

Motor power limitation is performed by measuring
the peak motor current I, using a resistor or a
SENSEFET. With a capacitor, diode, and the sample-
and-hold method this measurement is easy and
accurate (see figure 8).

The motor power limitation aims to limit d to a
maximum duty cycle d... Assuming that the motor
current |, is almost constant, d,,., is defined as a
hyperbolic function of Uy and I, (see figure 9) :

Pmot = Imol X Vmol = Imot X Ud xd
Pmot Pmax
d< dmax = Pmax/ Ud X Imol

dnmax is taken from a look-up table versus Uy and |,
which are measured and quantized in 16 and 32
steps respectively. Power limitation needs a table of
512 bytes, and is performed every 3ms. Figure 10
shows the result with 300W limitation.

The two look-up tables are computed using a high
level language program or by hand in order to avoid
calculation in the CPU, speeding up the process.
The tables used in this example are suitable for
230V or 120V mains applications.

The compensation and limitation tables can be
modified and optimized to special requirements.

The accuracy of results is mainly governed by the
resolution of the ADC (20 mV) and the basic step of
converted measures (1/2"for n < 8).

4. THE SWITCH : THE POWER ACTUATOR OF
THE MOTOR CONTROL

Insulated gate transistors like Insulated Gate Bipolar
Transistors (IGBTs) or Power MOSFET transistors
are usually used for this purpose. Such transistors
simplify and improve the chopper design because :

« their gate driver is simple: they are controlled by
connecting a 15V voltage source to the transistor

K, gt 05 .
ate ;
N O I | g .
—[ With compensation: Iv‘,,,,,a,,(,n ‘l—— » they are fast: the switching frequency can be made
[T T T high enough to be inaudible (up to 16 kHz) because
2ms / div, 1A/dlv of their low turn-off energy.
Imotor (AV.) = 2.5A U, = 230V . _—
Voo 105V C = 1004F The interface between the MCU and the switching
4/8 .
K5y, 32NN
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Figure 8. Peak motor current sensing:

a) Operation is independent of switching; measurement is made when T, is OFF, analogue

value is reset when T, turns on.
b) Block diagram.

Jrl s

T1on _I
A/D Read | [ ] ’

a)

ADC

b)

Figure 9. Motor power limitation.

duty cycle d.,,

mot

Amax < Pmotmax) / ( Ug X Imot )

Figure 10. Motor power limitation performance.
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motor

transistor is made by a 15V auxiliary supply that is
connected to the 350V DC supply, and by a buffer-
amplifier that is driven directly by the PWM timer
output. To this basic driver we can add other functions
(see figure 11) :

* A transistor current sensor (necessary for power
limitation). A resistor ora SENSEFET can be used
with an analog peak current detector (capacitance
and diode).

Figure 11. Basic diagram of the MCU-switch
interface. Fast transistor protection
could be added to the driver functions.

: SHORT CIRCUIT, |* *
OVERVOLTAGE |- -

Driver

K_ SGS-THOMISOR 5/8
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+ Some fast transistor protection. The MCU cannot
generally assume that the protection is present,
because its reaction time is slower (12us typ.)
than required response time (less than 1us). With
its own protection the transistor immunity is
increased. Short circuit, overvoltage and
overtemperature protection are the most important
types of protection for good functional safety.

CONCLUSION

The design presented proposes a kit “microcontroller
plus IGBT" that meets all requirements for controlling
a permanent magnet DC motor in home appliances
orindustrial applications.

This kit reduces the components count on the board
because the microcontroller can integrate in one
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Appendix 1. Comparison of AC universal motor and Permanent Magnet DC motor.

CRITERIA AC UNIVERSAL MOTOR PERMANENT MAGNET DC MOTOR
Driver Single triac Rectifier bridge+ chopper
: Simple transistor driver
Speed range (RPM) | 1000 —> 25000 100 —> 25000
Speed control Runaway if no load Closed loop speed regulation is necessary

if large torque variation

Torque capability at
low speed

High, but needs control loop

Natural nominal torque

Motor efficiency 40-50% 60-70%

Motor losses 50Hz copper andiron losses | No excitation losses

Driver losses Lower (TRIAC) Higher (rectifier + chopper)

Noise Higher 100Hz torque ripple, Motor control reduces torque ripple,
brushes commutation inaudible switching frequency

brushes commutation.

Magnetization

Sensitive to iron saturation

Overcurrent and overtemperature can
demagnetize permanent magnets

Basic Diagram

};

T })

. 0l 7/8
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Appendix 2. Complete diagram of the Permanent Magnet DC motor drive with ST6265 microcontroller,

STGP10N50 IGBT transistor and STTA806DI diode.
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HIGH SIDE DRIVERS

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.

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
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”

by A.Russo, B. Bancal, J. Eadie

power output structures.

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.

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 fault condition status output. They can 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

CONVENTIONAL CONTROL CIRCUITS
INPUT LOGIC
INTERFACE |t POWER :zz@} POWER
HARDWARE [l DRIVER | SWITCH LOAD
STATUS
DIAGNOSTIC
&
NPT PROTECTION POWER DRIVER
Loaic LOAD
% NTERFACE POWER SWITCH
STATUS
VIPower "THE SMART SOLUTION"

AN514/1092

118
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CONVENTIONAL
SMART POWER ICs
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down the chip under over-temperature conditions.
They also have an under-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
Vee )

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 component is not powered (that is for
the greatest part of the lifetime of the car) itis 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.

ST

Process control applications offer another use for
High Side Drivers. A considerable improvementin
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 mP 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.

Some typical applications are shown in figure 2.

THE GENERAL FEATURES OF HIGH SIDE
DRIVERS.

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

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 0V. The second
section supplies power only when the input is high.
This ensures that the stand-by current is limited to
50mA maximum in the off-state.

3/19

551



APPLICATION NOTE

Figure 1. Standard current and voltage conventions
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Figure 2. High Side Drivers interfaces between control logic and power load
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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 Vysp. 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 5pH(=5mt.
of wire). Typically di/dt=0.5A/us for a normal load
and 1A/us for a short circuit. Atturn 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.

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.

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-temperature protection is based on sensing
the chip temperature only. The 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.

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

Vee Vop
Il
Jvcc Rexr IS CHOSEN ACCORDING Vpp
| TO FIX 0L (off)
. R
il EXT
VNXX
£ KNOWING THAT THRESHOLD Vioap VOLTAGE
IS FIXED AT Vper
- LOAD
VRer
10K = = > lopenoff = (Vpp - Vger) / Rext
STATUS GND Rioap
N\N\\\ RN

ST = il
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Figure 5. Die Layout of a VIPower chip - Note the thermal sensor inside the Power MOSFET

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. The
source of the power MOSFET becomes more
negative than the ground until it reaches the
demagnetization voltage, Vgms, Of the specific
device. In this condition the inductive load is

Figure 6. Inductive load demagnetization turn-off for the VN20N family

A

Vea(V) -

A

[VCé(V) + Vdemag]

¢

LioaD

Vdemag

=/ \Y

lLoaD
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APPLICATION NOTE

demagnetized and its stored energy is dissipated in
the power MOSFET according to the equation shown
below:

Pdemag= 0.5 Lload [lload]2 X mmommsssssssssmemss xf

demag

where fis the switching frequency and Vgem,, the
demagnetization voltage.

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

In the 1.S.0. and industrial series,to reduce the
dissipated energy, an internal circuit has be added
in order to have a typical | Vgena| = 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 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

Figure 7. VN20N-VN21 Driving an Inductive Load

decrease linearly, but, at a sufficiently fast rate for
fast demagnetization ofthe load. There s no fault
output from the status pin. Inthe 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 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, Vgemsg @nd 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.

DATE: Nov. 12/91
TIME: 09.32.00

TR4A = 2.45V

VN20N

03.84ms

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

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

DATE: Nov. 12/91

TIME: 09.27.00 VN21
TR4A = 2.45V 1.920ms

il e Dttt iy it St St il i
1| TBA=500ps Pre Trig=10.0% .

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

(3) TR3A:10.0V:500ps
(4) TRA4A: 0.50V : 500ps

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 features to accommodate these
requirements.

&y, REHONEN

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

719
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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

; INDUCTANCE MAX (H)

\\ |
\ CONDITIONS: Vg =13V T =85C :
10-1 : \l \\ - -
‘\‘ Y o _| | INPUT —|
\ __,— 13v v :
0 LOAD
\ \\ \ | | o _
I \ N I loap —
102 | H \I \ \
T AY
i \ Y -
\ N\
\ N\
NI
\ \
| y
103 VNC3\ \ NO6 \ \VN21 \ N31
h v Y N
\ \\ \\
) N \
\ [\ N N
Y N
10-4 \ A
10 20 30 40 loap (A

Drivers are mounted on one board. It can means  Status output and status output signal filtering.
the difference between using or not using a heatsink. 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

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.

8/19 u
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status output. Equally, any re-connection during a
disconnection of less than 5ms duration does not
affect the status output. No delay occurs 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 a delay tpoy in case of overtemperature
condition and a delay teo 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:
Pa=Vosxlp

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.

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 Vc+ 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.

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.

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.

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

-4. 15400 ms 5. 84600 ms 15. 8460 ms
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L
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Channel 2 = 2.000 Volts/div Offset = -4.000 Votls
Channel 3= 10.00 mVolts/div Offset = 30 00 mVolts
Tlmebase = 20 ms/div Delay = 5.84600 ms
Sta = 1.62000 ms Stop = 2.00000 ms Delta T = 380.000 ps
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Figure 10. Automatic thermal cycle for a short circuit occouring during the on - state

-4. 15400 ms 5. 84600 ms 15. 8460 ms
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AN
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'
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Channel 3 = 10.00 mVolts/div Offset = 30.00 mVolts
Timebase = 2.00 ms/div Delay = 5.84600 ms
Start = 1.82000 ms Stop = 2.00000 ms DeltaT = 380.000 ps

Figure 11. Automatic Thermal cycle in overload condition
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Evaluating the Average current

In steady state conditions the junction temperature

Note that ... does not depend on the peak
current ey,

oscillates between Tj (shutdown) and Tj (reset). Example:
Tj(av.)=(Tj(shutdown)+Tj(reset))/2 = 135°C
Dissipated power:

Pp = lav) X Ve

For a specific package

I:’D = (TJ(AV) - case) / H(h]-case
lav=(Tyav) = Tease ) / (Runjcase X Vee)

10/19
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VN21 with T, = 85°C has an average current, |y,
=3.85A,

at th]case = 1°C/W and VCC =13V

The average current is independent of the peak
current.

Generally, a current limiter does not decrease the
average current.

SGS-THOMSON
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Figure 12. Average current during an hard short - circuit test
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Evaluating the RMS current

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

lgws) = i X YOIT, where ©/T is the duty cycle.
b
| with

|
|

)
Reus = 1T [ Ft)t

g = AT [ 10t = oy x O/

I(RMS) = ‘I(l(PK) X kaw)

" The RMS current increases proportionally to the
square root of the peak current —> +40% if 1y, is
doubled. Schemes to limit the current do not
decrease the RMS current significantly.

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 notuse a VN device which has Rg, much
lower than that which the application requires.

This example illustrates a specific case.
Conditions:

- a supply voltage of 14V,

- a load resistance of 2Q,

- VN20N - Rggqn at 25°C = 50mQ

o7

SGS-THOMSON
MICROELECTRONIGS

- load current = 7A

To detect an over current of 20A, assuming that
Roston at 150°C = 100mQ (see datasheet) hence:

Pp = (20)2x 100 X 10° = 40W :
Ry, Should be dimensioned for

®thermal shutdown ~ eAmment < PD X thj-a-
For example 160°C - 25°C < 40W x R,
The effects of load disconnection.

When a load becomes disconnected there can be
over-voltages caused by the change of load current.
Figures 13 a and b summarize the likely effects.
Figure 13a, 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.

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

In the second case illustrated, figure 13b, the supply
line has parasitic inductance and capacitance. When
the load is disconnected an over-voltage is
generated, (Voyorvonage = 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 connection
pins are likely to have some inductance, to use a

1119
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Figure 13: a) Turn-off with low line inductance
b) Turn-off with high line inductance

c) Behaviour of VN21 during load disconnection

WITHOUT LINE INDUCTANCE

SN
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I Lc N
v Fou v :
cc cc
o—$INPUT o—INPUT
STATUS VNXX  LOAD{ STATUS VNXX  LoAD !
° GND ° GND ’ZF' 56V
|
|

==> AN OVERVOLTAGE APPEARS ON Vgg PIN

WITH LINE INDUCTANCE

S
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AND MAY EXCEED DEVICE BVpss

SOLUTION CONNECT A ZENER DIODE OR A CAPACITOR CLOSE TO Ven PIN

b)
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56V zener diode or a capacitor close to the supply
pin of the switch. Figure 13c 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. 14a, is when the GND
pin of the High Side Driver is disconnected while the
uC and the load are connected to ground. In this
case in the 1.8.0. and industrial High Side Drivers
nothing happens and the device remains off. In the
VN20N family a voltage of about 2V appears on the
load and consequently there is a power dissipation:

12/19 SGS
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Pp = (Veo - 2) X lomn

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

The second case, shown in fig. 14b, 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
Vee. 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 Vcc. In the VN20N
family a voltage of about 4V appears on the load
and conseguently there is a power dissipation:

Pp = (Ve - 4) x loap

If Py is excessive with respect to the heatsink

capability, destruction may occurs since the

~THOMSORN
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Figure 14. Ground disconnection of High Side Driver: a) pC and load remain grounded

b) Load only remains grounded

+5V ? Vee

High
Side
Driver

uC

a)

+5V ?m Vee

High
HC Side
Driver
[ Signal GND T
L
b)

protections are not functioning. The load is
permanently activated.

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 15. 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 Driveris
able to withstand before turning on with the control
circuit in-operative. One solution to this problemis
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 + R4 for 1.S.0. or industrial
High Side Drivers and less than 2V for STD devices.

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.

Figure 15. Ground disconnection occuring when an equivalent resistor supplies current on the

GND pin.

Vee

—{INPUT

Req é

—STATUS GND

OUTPUT

/1
Z

| ASSSSY

&, SE2HONRSY
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external circuit

decentralized clamp (V.
clampandenergy clamp).
Otherwisearesistor,R,,,,,
can be added on the
ground pin to limit the
current in the signal
section of the device in
caseitexceeds the signal
path breakdown voltage.

AN - +
BATT.
V
lcc Dy
[T s o™
STATUS GND

ASSSSNIANSRNN

ASSSS Y

SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
1| Off-state open load VNO3 Rexr It 1s necessary to set the Vee Voo ChooseR,; tomatch V to
detection VNO06 current that fixes the fixlo, oy ThethresholdV,

VN21 voltage,V oap in the. off | eeeeeeeaeeaa- is fixed at V.

VN31 state. When R g, f?:lsr; Ao !ﬁ,;(,,,,= (VIlm -:’/R(E’F)t/ R'EXT. )
goes open or hig e open load detection in
resistance -V, o increases lq ouTeuT / Viont | oft-state is only possible for
and an internal comparator " 1 a nominal value of
triggers the status flag to go i L R opp<<10kQ
low. Vet S10KQ) RLono :

STATUS N [N
2 | Voltage spike on V¢, D4 or C1 If the line inductance is not LINE INDUCTANCE Use a 56V zener diode to
when load disconnects. ALL zero and di/dt caused by clamp V. or put a capacitor,
disconnection of the load C1 (about 100nF), near V.
is high, an over voltage E pin.
=L di/dt appears an V.,
The Vggpss Of the output N e Voo Dy
power MOSFET could be OUTPUT 56V
exceeded. —] STATUS  gnp é|
N N =N
3 | Over voltage on V from| ~ ALL D4orR,, | D4 can be used as a

R, =150Qis a general value
to protect devices from the
effects of a load dump. Refer
to the specific data sheet.
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SYMPTOM

DEVICE

COMPONENT

COMMENT

SCHEMATIC

NOTES

Supply reversal

ALL

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

{ Vec

Veq = Intomal
[ 337 Ground

GND

input status

BDODY|

*Vee > 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 :
Iftheload is 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.

BATT.

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

Supply reversal - case

ALL

D1 or D2

High Side Driver reverse
connected with the battery
correctly connected.

V¢ for the device is -13V. To
preventdamage to the device
use either a bipolar or
Schottky
diodeinserieswiththeground
pin connection. Use R1 and
R2tolimitthe negative current
in the input and status pins
because the internal ground
drops to V.

310N NOILYOITddVY
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SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
Input driving. ALL | Ryeur Driving the input from a To drive the input from a line
voltage greater than 6V voltage > 6V insert a series
resistor to limit the input current
Iy max < 10MA
Rinput
l INPUT
10mA max
Pin disconnection - V¢ ALL R1 R2 Driving an inductive load, 1) Resistive load - no problem
this kind of disconnection of damage.
has the same electrical .
effects ds V. reversal. i)(:Ln:;ctlvel:oa(é;:/r%cnrteveariadl
inductance of leads are too
Ry l high the device may be
~“MA— iNPUT Vee damgggd .but the safety
OUTPUT margin is wide - up to 100mH
v VRW— STATUS  GND LoD and 8A for the VN21
2
I In this case, input and status
pins are pulled to a negative
N N voltage so it 1s recommended
to insert resistors in series with
these pins in order to protect
the uC.
Pin disconnection - VNO3 Anexternal component,Req, v The devices are internally
Ground VNO6 supplies current to the High % ce protected (output stage off) if
VN21 Side Driver GND pin. INPUT the voltage on the GND pinis<
VN31 Thelocalgroundis separate ] 18V with reference to the real
VNO2AN from the load ground. Req STATUS OUTPUT ground at @ V. To avoid the
VN20AN GND High Side Driver to turn-on if

B ' LOAC

,J: ! Rs Ds
____________ '
= =

GND is over 18V is possible
insert Rs and Ds as shown in
figure.

Choose Rs so that V,<18V
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SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC NOTES
10| Ground potential ALL VoltagerangeforallHigh Side If Vgg, and Vg, are different,
differences Drivers is defined between recalculate V,;, V,,, Vi5p and
Ve and Vg, (VNxx GND). beware of application bugs.
Allvoltages V,, V,,,, Vygp are (See points 11/12/13/14)
refered to Vgg,.
- +
N\ | BATT.
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
Vgsy = Vgsp =/= GND with shutdown level increased by
Vgsy > GND diode V.
Off-state open load level, Vg,
increased by V..
| — D2 A general rule is: level shift is
A BATT. (VSSZ - GND).
NN\
NN
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)

Vgsy = Vesp =/= GND with
Vg, > GND

AN

+

BATT.

unaffected. Vysp = (Vgs,- GND)
Off-state open load
isincreased by (Vgg,
- GND).Not suitable if the
pController uses an analog

+ Vyspg

level, Ve,

transducer referred to ground.
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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 (Vgg, -
differences - case 3 High Side Driver against VSS'). R1 limits any negative
reversed battery. current when the pController
takes /O to ground .On the
Ves1 =/= Vssor  Vsso > Vaar status pin the zero corresponds
to the V; of D2, Vi, and Vg,
beingincreasedby (Vgg,- GND).
ANSANN
ANNNAN ASNANN ANNSNY
GND
14| Ground potential| ALL R2, D2 Using a diode to protect the In fault conditions the device
differences - case 4 uC against reversed battery. pulls the status pin down to
Vs, and the pController sees a
Vsst =/= Vgsor  Vss2 < Vg negative voltage - (Vsg, - Vss,)
Thereis arisk of latch up for the
pController CMOS output. Add
R2 to limit thecurrent
R Undervoltage and off-state open
N\ | BATT. load levels are not shifted.
15| Summary of the ALL R1, R2, D2, Recommended scheme *commonground foruController
influence of ground D7. and VN device
differences, pin * Reversed battery protection -
disconnections and Schottky diode
over voltage protection. * Series resistor for input and
D; status pins
FE— * Over-voltage protection - bi-
N\ | BATT. directional Zener
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SYMPTOM

DEVICE

COMPONENT

COMMENT

SCHEMATIC

NOTES

16

Load dump: battery
disconnection whilst the
alternator is working

ALL

D1

High voltages can be
generated 1If the baftery is
disconnected when the
generator Is running in acar.
Damaging effects can be
overcomé by using a
clamping diode with at least
Vgp > 26V as 2 x 12V
batteries are often used to
jump start cars. This for
overvoltage transient higher
than specified in datasheets.

Vee

[ Voo
VNysp OUTPUT

INPUT D1

STATUS GND

=N NN

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

Viono > Vee
(Bridge circurt)

ALL

R1

In full bridge applications
during the demagnetization
phase V gap > Vee-
Acurrentwill flow out of GND
pin, possibly damaging the
bonding.

AN\ NN\ NN\

Insert a resistance, R1
(suggested value 479Q), in the
ground pin to imit the ground
currentand avoid damaging the
bonding.
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CAR IGNITION WITH IGBTS

ABSTRACT

IGBTs are used in a variety of switching
applications thanks to their attractive
characteristics, particularly their peak current
capability, ruggedness and simple gate drive
requirements. Until recently their use was
limited to the electrical drive sector, where
they were required to be fast like Power
MOSFETs and to have low conduction
losses like BJTs.

As automotive ignition switches operate at
low frequencies, they are not required to be

AN484/1293

by M. Melito

very fast. However they must have very low
Vcesay, and be very rugged. Existing
technology allows a compromise between
switching speed, ruggedness and power
dissipation.

This paper gives a brief explanation of the
physics and structure of the device, and
highlights the characteristics which make
IGBTSs particularly suitable as power switches
in automotive ignition systems.

1/9
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1. INTRODUCTION

The inductive discharge ignition has evolved
very little in its basic structure since its origin.
The topology of this system using an ignition
coil, contact breaker (points) and capacitor
is shown in figure 1.

Figure 1: Inductive Ignition schematic

Vbat

Ignition Coil

To Spark Plug

Capacitor L{ Contact Breaker
Oo— Y

1.1 Conventional ignition systems

As the car engine rotates, the points close
allowing a current to flow in the ignition coil.
As the fuel-air mixture to be burnt reaches
maximum compression in the cylinder, the
points open, so interrupting this current and
causing a large over-voltage pulse on the
primary of the ignition coil. This pulse is
converted by the coil to a voltage sufficient
to produce arcing across the sparkplug,
which ignites the fuel.

A capacitor is connected across the points
to limit the rate of rise of voltage when the
contacts open, so suppressing unwanted
arcing which causes contact wear and
reduces system output.

The performance of this type of ignition
system falls significantly at high R.P.M., with
low battery voltages (e.g. during starting) or

2/9 TS~
7. SO0
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with fouled plugs.

Also, even with the capacitor connected
across the points some arcing does occur,
causing wear and consequently timing
variations. Modern inductive discharge
ignition systems remove these limitations.

One of the weaknesses of the circuit of fig.1
is the points, which have a restricted current
carrying capability, and limited rate of voltage
rise on opening. Introduction of
semiconductor components to replace these
has led to significant improvements in overall
performance and reliability of automotive
ignition switching systems.

1.2 Electronic alternatives

If an electronic switch is used to switch the
ignition coil current, then the points can be
used only to switch a small non-inductive
sensing current, or can even be eliminated
by using more reliable electronic sensors
(such as Hall-effect or magnetic).

This allows the use of a low inductance,
higher peak current ignition coil, resulting in
an improved performance at high R.P.M.
and better firing of fouled plugs.

To further improve system reliability more
modern automotive ignition systems do not
use a distributor, whose function is instead
performed by a specially designed ignition
coil. This is the basis of the transistor assisted
ignition system.

It should be noted that unless a special
ignition coil is used, there is a little to be
gained in performance by adding atransistor
assisted ignition to an automobile.

1.3 Specification of an ignition switch

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
temperature range.
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The main requirements are related to :

- Breakdown voltage

- Current and saturation voltage

- Safe Operating Area

- Input characteristics

- Temperature range and power dissipation.
1.3.1 Breakdown voltage

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

Immediately after this pulse both the primary
and secondary voltages collapse, and during
the spark they remain significantly lower
than the peak (fig.2). Consequently the
protecting Zener can not be made to operate
below 350V, to ensure that the voltage pulse
will be high enough.

Figure 2: I, Vcg Waveforms

lc = 2A/dw
Vece = 50V/dwv
t= 2mS/dwv
Vee
Ic
W A

The switch breakdown, which must be never
exceeded, must therefore be specified at
least 50 V higher than the Zener breakdown
to give a reasonable safe margin. Currently
IGBTs are available covering a range of
BVces from 400V to 1500V.

1.3.2 Current and saturation voltage
The maximum permissible current density

of an IGBT rated at 500V and 8A is up to
twice that of 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 (and
hence lower cost), or alternatively to have a
better thermal resistance.

1.3.3 Safe Operating Area

The Safe Operating Area describes the
capability of a transistor to withstand high
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 condition the falling
edge of the collector current during turn-off
causes the collector voltage to rise until the
spark occurs (fig. 3a,3b). During this phase
the ignition switch must withstand high

Figure 3: a) I¢, Vce waveforms during spark
b) Load line during spark
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Vee =50V/dwv
t =5uS/dv
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voltage and current levels simultaneously,
without damage or degradation of reliability.
This can be achieved only if the voltage and
current levels are within the boundaries of
the guaranteed turn-off (Reverse Bias) Safe
Operating Area (RBSOA); otherwise an aid
network is required to shape the voltage
and current waveforms. Current technology
allows the production of IGBTs with a square
RBSOA whose voltage boundary is the
BVces, and whose current limit is at least
twice the nominal current of the device; thus
an aid network is not needed.

b) In the case of disconnection of a spark
plug, the ignition switch must be able to
absorb the energy that the coil is unable to

release in the generation of the spark. All of
the stored electromagnetic energy tends to
concentrate across circuit parasitic
capacitances, charging them to high voltages
and putting the device in avalanche, with a
risk of going into second breakdown and
failing. This problem is overcome by
dissipating this energy on the power switch
through a protection Zener placed between
the collector and the base of the device,
which turns the device on as soon as the
collector voltage exceeds the nominal Zener
voltage (fig. 4a,4b). 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,

Figure 4: a) Ic, Vce waveforms in case of spark plug disconnection
b) Load line in case of spark plug disconnection

Vee Ic = 1A/dw

ﬁv
%JA

LA

lc = 1A/dwv
Vee = 50V/div

)

t = 50uS/div
the clamp voltage for the Zener and, if
present, the collector-to-emitter capacitance.
With a reasonable margin for the current,
e.g. 8A, the switch must survive the switch-
off without load on the coil secondary side.

A battery voltage to the upper limit of its
range would be the worst case, as the energy
to dissipate is :

The worst case Il will also be specified,
and Lg at its maximum possible value:

Ic:oil =8A
LOOIl =7mH
Vp = 14V

Considering a clamping voltage of 400V the
total energy is:

E =0.5 % Legyy * |2COI| * Vg E = 232mJ
Vcl - Vb
4/9 g}
&7, 355 THOMSON
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This kind of specification is usually referred
to as the “use test” and it can be easily
guaranteed for IGBTSs .

1.3.4 Input characteristics

The ignition switch must be specified to
ensure that the current and voltage available
from the driving stage are enough to switch
it on and off under all temperature conditions.
The input characteristics of IGBTs are similar
to that of a MOS, and they need a very
small amount of energy for switching; a
driving energy that is at least two orders of
magnitude less than that needed by
Darlingtons. Moreover, logic level IGBTSs,
such as the STGP10N50L, can be turned
on with a gate voltage of as little as 3V.

1.3.5 Temperature range and power
dissipation

The electronic components in an automotive
environment are expected to work in the so

called automotive under-hood temperature
range, -40°C to 100°C.

However it is preferable to specify the critical
parameters not only at room temperature,
but also at the junction temperature

Figure 5: a) Ic, Vcg, V*l waveforms

extremes of -40°C and 150°C due to the
temperature increase caused by the
electrical power dissipated in the device itself.

The power dissipation of an ignition switch
in a high energy ignition system reaches a
maximum during the current limiting interval,
fig.5a, apart from a short, very high peak at
the end of it due to the switch-off phase,
fig.5b, and since the device is used in the
linear mode the lower Vggeay has little
influence in power dissipation. The junction
temperature must be kept below its
maximum allowable value by a heatsink
whose thermal resistance must be calculated
considering :

- the maximum ambient (under-hood)
temperature,

the maximum thermal resistance,'
junction to case, of the switch

the thermal resistance, case to heatsink,
due to the contact.

The final criterion cannot be ignored, as in
some cases it can be comparable with the
thermal resistance of the device itself.

b) Ic, Vcg, V*1 waveforms (expanded scale)
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2. IGBT TECHNOLOGY
CHARACTERISTICS

2.1 Structure

AND

Except for the p* substrate, the silicon cross
section of an IGBT (fig.6) 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 voltage rating of
the device.

Figure 6: Basic structure of an IGBT

GATE POLYSILICON

SUBSTRATE

A CC
0D

COLLECTOR

Although their structures are similar, the
physical operation of the IGBT is very
different from that of the Power MOSFET;
the IGBT is a minority carrier device, and its
behaviour is closer to that of bipolar
transistor. This is due to the p* substrate
which, during conduction, injects holes in
the n- region, significantly reducing its
resistivity.

Because of the conductivity modulation, an
IGBT has lower power losses than a Power
MOSFET, and has a better efficiency than a
bipolar transistor because the emitter covers
the entire area of the die.

it 457, SGs-THOMSOM

The switching speed of the IGBT is in general
not as fast as a Power MOSFET, but this is
not a limiting factor in this case 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 defines the fall time
of the IGBT. During turn-off the BJT portion
has an open base, and switching only
terminates when all the excess minority
carriers within the base recombine. In a
BJT, it is possible to increase the switching
speed by extracting these carriers from the
base, but with an IGBT it is not possible to
access the base of the bipolar section.
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, such
as the insertion of a n* buffer layer have
also been introduced (fig.6). The optimization
of these techniques in IGBTs has allowed
tran @and Vegsay tuning (fig.7) thus allowing
the best compromise between switching
speed, power losses and ruggedness over
a wide range of applications.

Figure 7: Vcg(sat) versus ti

. Veesat (V)
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2.2 Output characteristics

As a first order approximation the IGBT can
be modelled as a pnp transistor driven by
an n-channel Power MOSFET (fig.8). 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
characteristics of the IGBT.

Figure 8: Simplified equivalent circuit of
IGBT, and JEDEC symbol

y

] = O—Ii

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.
As the second stage of a pseudo-Darlington,
the PNP is never in heavy saturation and its
voltage drop is higher than that which could
be 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 much superior to
that of a bipolar transistor of the same size.
The typical output characteristics of an IGBT
are given in fig.9.

Figure 9: IGBT output characteristics
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2.3 Temperature coefficient

The temperature coefficient of the Vegsay of
an IGBT is similar to that of a bipolar
transistor up to approximately lgimay. At this
point the temperature coefficient becomes
zero. At collector currents greater than Ig(may),
the temperature coefficient becomes positive
and looks like that of a Power MOSFET. A
typical temperature coefficient of Vcgay as
a function of collector current for two junction
temperatures is given in fig.10.

Figure 10: Vcg(sat) versus Ic
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2.4 Switching

Because of the similar structure, the
switching behaviour of IGBTs in some
aspects looks like a Power MOSFET, with
the unavoidable intrinsic capacitances of the
device added. In the same way the main
parameters governing switching behaviour
are the gate bias, the driving impedance,
the gate charge and the stray inductances,
but unlike the Power MOSFET the influence
of the driving circuit on the current fall-time
of IGBTSs is negligible.

2.4.1 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 adjusting the gate voltage and
the impedance of the driving circuit.

2.4.2 Turn-off

IGBT turn-off, shown in fig.11, can be divided
into three consecutive phases:

1)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 constant Ic.

2)This phase shows 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.

3)The collector current begins to fall quickly,
and then continues with a “tail” which is due
to recombination of minority carriers in the
substrate.

The current tail, which causes the major
part of the switching losses, is heavily
related to technology, and its effect cannot
be reduced by the driving circuit. The faster
part of the 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

8/9
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Figure 11: IGBT turn off
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devices, is designed to be relatively high to
obtain a lower Veggay. The lower Veggea is
paid for with a longer current tail, see fig.7,
but this price is acceptable because
switching losses are negligible because of
low switching frequency, compared to the
losses during the on phase and during the
current regulation. Moreover a very low
Vcesay i important to allow the engine to
start when the battery voltage is at its lower
limit.

3. FUTURE IMPROVEMENTS

The structural characteristics of IGBTs lend
themselves to 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 IGBTSs 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
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significant improvement in ruggedness,
reliability, protection and system cost
reduction.

4. CONCLUSIONS |

IGBTs are high voltage power switches

. which work with a very high current density.
The drive simplicity coupled with excellent
intrinsic ruggedness, the significant
improvement in reliability, protection, system
cost reduction and ruggedness improvement
achievable by integrating additional functions
in the same silicon make the IGBTs a very
strong competitor in automotive ignition
market.

‘Y_I SGS-THOMSON =
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THE VB027: ELECTRONIC IGNITION IN

VIPower™ TECHNOLOGY

ABSTRACT

This paper describes a solid state integrated ignition
driver circuit designed to drive a high energy coilina
microprocessor based EMS (Engine Management
System) under the direct control of a micro-controller.

The paper begins with a review of the principal
characteristics of SGS-THOMSON Microelectronics'
Vertical Intelligent Power technology, and then
introduces the VB027, a novel fully-protected switch
for electronic ignition which directly interfaces with a
microprocessor controller.

INTRODUCTION

The trend for cleaner, lean-burn engines has lead to
the increased use of microprocessor-based Engine
Management Systems (EMS) with electronic ignition.

The main requirements for the power switch in ignition
applications are for an easy to drive, rugged device
capable of blocking 350 to 400 Volts and conducting
8o 9 Amperes with less than a 2 Volts drop. Bipolar
Darlington Transistors have traditionally been used,
but recently alternatives have appeared on the scene.
VIPower (Vertical Intelligent Power) devices are the
most promising.

Figure 1. VIPower M1 technology overview

by M. Melito

Smart power technologies attempt to close the gap
between discrete power devices and integrated
circuits. They have been developed with two goals
in mind: to achieve the same current capability and
breakdown voltage as a discrete power device, and
to integrate smart functions with only a smallincrease
in the cost of the device. These technologies are
inevitably the result of a compromise between
optimum power handling and signal processing
versatility. VIPower M1 technology has allowed the
development of a family of devices for automotive
ignition, for example the VB027, that allows a simple
logic-level driving circuit together with increased
ruggedness. Moreover, the latest generation permits
TO-220 packaging rather than TO-218 and, at the
same time, offers more intelligence on a single chip.

TECHNOLOGY OVERVIEW

The VIPower M1 structure shown in Figure 1
combines a vertical current flow NPN power
transistor and a low-voltage junction insulated IC on
the same silicon substrate. The signal processing
section is constructed inside a diffused p-type buried
layer that takes the place of the reverse-biased p-
substrate of conventional ICs, and must be connected
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to the most negative supply. The selection of an n-
type substrate as the starting point allows complete
compatibility between vertical NPN and IC fabrication
steps. As in standard power NPN, the thickness and
resistivity of the first epi layer set the BV, and the
ruggedness of the high voltage device, whereas the
second epi growth defines the characteristics of the
low voltage device. The choice of a suitable value
for the substrate thickness and resistivity, together
with an appropriate edge termination, allows the
structure to handle any blocking voltage up to 1.2kV.

Figure 2. a) Application circuit
b) Block diagram

FUNCTIONAL DESCRIPTION

The VB027 is a solid state integrated ignition driver
circuit designed to drive a high-energy coil under the
direct control of a micro-controller. It is constructed
utilising VIPower M1 technology, the Vertical
Intelligent Power technology from SGS-THOMSON
Microelectronics. The typical system configuration
and block diagram of the device are shown in figure 2.
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Its main features are:

- minimum external components required
- coil current Iim'it internally set

- built-in collector-emitter voltage clamping
- TTL/CMOS compatible input

- output diagnostic to microprocessor for
angle control and overtemperature protection

dwell

- die-size compatible with TO-220 package.

The input V,, of the VB027 is fed by a low power
signal generated by an external controller that
determines both dwell time and ignition point.

During V,, high, Figure 3, the power output of the
VBO027 is turned on and the current in the primary of
the ignition coil increases until it reaches the internally

Figure 3. Normal operating cycle

set maximum current level.

The device then regulates the output current in a
stable dwell regulation loop through an internal
sensing resistor.

A voltage signal is generated on the diagnostic output
to inform the micro-controller of the primary coil
current level. The diagnostic signal goes high typically
when the coil current exceeds 4.5A, and low when it
exceeds 5.8A. This information allows the micro-
controller to govern the dwell angle and to detect coil
saturation. The spark is generated by turning off the
device, which is under the control of the micro-
controller through the diagnostic line. An internal
clamping device ensures that the voltage on the
primary output is limited typically to 360V, even in
case of spark plug disconnection: see Figure 4.

1 1 1 1

Figure 4. Primary voltage limitation
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A. Current Limitation and Quasi Proportional
Base Driving

Due to the low resistance of the high energy ignition
coil, a current limitation system has to keep the
output current within the boundaries of the Safe
Operating Areas (Reverse and Forward), and limit
the energy stored in the coil.

The coil current is converted to a voltage by an
internal sensing resistor in series with the emitter of
the Darlington. This voltage is monitored by two
functional blocks: the current limiter block and the
quasi-proportional base current block, which perform
the functions described in the following paragraphs.

The current limiter block compares the monitored
voltage to aninternal reference. When the internally
fixed threshold is reached, a feedback amplifier drives
the power Darlington to keep the voltage across the
sensing resistor (and hence also the coil current)
constant, until the falling edge of the input signal
starts the turn-off of the device. An active pull-down

Figure 5. Base driver operation

is performed to accelerate the turn-off of the output
power.

The quasi-proportional base current block generates
abase current which increases proportionally to the
collector current. The base driver circuit must supply
a base current to the output power Darlington large
enough to turn on the device with an operating supply
voltage ranging from 4.5V to 5.5V. A conventional
driving circuit performs this function, supplying a
constant current to the device, regardless of the
output current value.

The driving circuit built inside the VB027 functions in
more complex manner, allowing energy saving and
lower stress of the low voltage supply circuit.

Figure 5 shows how the circuit works.

The current supplied to the Vy4 pin, which is very
close to the base current supplied to the output
Darlington, increases quasi-proportionally to the
output current.

B. High Voltage Clamp

An integrated high voltage zener is connected
between the collector and the base of the output
stage of the Darlington. Its typical value is 360V, and
the voltage versus temperature characteristics are
shown in Figure 6.

ar 57 SGS-THONMSON

In reality this clamp is not realized with a single high
voltage zener, but with a series of low voltage zeners,
allowing accurate trimming of the zener voltage
without any process modification.
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Figure 6. V.m, versus temperature
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C. Diagnostic Output and Over-temperature
Protection

The diagnostic signal indicates the primary coil
current level to the micro-controller. The diagnostic
output goes high when the coil current exceeds
4.5A, and low when it exceeds 5.8A, as shown in
Figure 3. This information allows the micro-controller
to govern the dwell angle and to detect the coil

Figure 7. Over-temperature behaviour

saturation. In addition information on the chip
temperature is supplied. If the temperature of the die
exceeds 150°C, the diagnostic signal goes high when
the collector current exceeds 2.5A, Figure 7, allowing
the micro-controller to start taking suitable action. It
returns to normal working mode when the chip
temperature falls to 130°C.

‘ SGS-THOMSON 5/7
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D. Dynamic Bias of the P-type buried layer

At turn-on, when the current in the primary coil is
close to zero, it is evident that the effect of the
oscillation of the secondary current is due, mainly,
to the ignition coil parasitic element. An oscillating
current is added to the primary magnetizing current
and it forces, during its negative phase, the collector-
emitter voltage to reverse, thus directly biasing the
p-buried-layer/n-epi junction. This effect could lead
to excessive sinking current from Vd and to
undesirable effects on the control circuit because of
failure of the insulation. A patent pending circuit has
been designed to perform a dynamic bias of the p-
type buried layer, whose voltage is forced to follow

Figure 8. Dynamic bias of p-type buried layer

the collector voltage when it becomes negative.
Figure 8 shows the operation of this circuit.

E. Power Darlington

In the horizontal layout, shown in Figure 9, the power
Darlington is, in some respects, very similar to a
standard discrete transistor. The main differences
are in a novel, patent pending, vertical structure, the
cross section of which is shown in Figure 10. The
deep-base structure and the original layout of the
emitter and base ballast resistors have allowed a
considerable increase in the current density and in
the Safe Operating Areas of the device. The device
has an energy handling capability of up to 1 Joule.

clamp
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Figure 10. VIPower M1 technology overview - power cross section
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CONCLUSION

The VBO027 is the latest and the most representative
element of a new family of automotive devices
developed in VIPower™ M1 technology. The main
characteristics of the device can be summarized as
follows: the coil current is internally limited, built-in
collector-emitter voltage clamping is present, the
input is TTL/CMOS compatible, and a diagnostic
output to the micro-processor for the dwell angle.
control and overtemperature protection is available.
Moreover the die-size is compatible with the TO-220
package. These features, which are unique in a
single device, make the VB027 one of the most
aggressive competitors in microprocessor based
EMS.

Presented at

International Symposium on Power Semiconductor Devices

Monterrey, CA., USA May 1993
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ELECTRONIC FLUORESCENT LAMP BALLAST

1. INTRODUCTION '

Fluorescent lamps have applications in most areas
of lighting, where they give longer lifetime and lower
power consumption for equivalent light output
compared to filament bulbs, with the disadvantage
of higher initial cost. In operation, a voltage is applied
across the ends of a sealed glass tube containing
mercury vapour, causing the vapour to be ionised.
This ionised vapour radiates light in the ultra violet
part of the spectrum, which is converted to visible
light by a fluorescent coating on the inside of the
tube.

1.1 Driving a fluorescent tube

When the lamp is first turned on, the mains voltage
across it is not sufficient to cause the initial ionisation
of the vapour. A starting element is thus needed to
provide a high voltage pulse across the tube to start
the process.

Once the gas in the tube is ionised however, its
impedance becomes negative; that is to say the
more current that flows through the lamp, the more
conductive it becomes (this is because the increased
current increases the degree of ionisation of the
gas). Therefore, some form of limiter must be added
to prevent the currentincreasing to a level where the
lamp is destroyed. The current limiter is usually
known as a ballast.

2. CONVENTIONAL LAMP BALLAST

The simplest form of ballast is an inductor. Figure 1
shows a driving circuit for a fluorescent lamp operated
from the 220/240V mains.

2.1 The starter

The starter triggers the tube when it is first turned
on. It consists of two contact strips, one normal and
one bimetallic, which are normally open, enclosed in
a glass envelope filled with inert gas. When mains is
applied to the circuit, the voltage is not sufficient to
cause spontaneous ionisation of the gas in the main
tube, and the lamp remains in a high impedance
state (i.e. not turned on). However, the electric field
which the mains creates in the small gap between

AN527/1294

by A. Vitanza, R. Scollo, A. Hayes
the contacts in the starter is sufficient to ionise the
gas there. This allows a current to flow in the metal
strips and through the gas (and also through the
filaments of the main tube, which heats them and
facilitates the subsequent ionisation). The heat
generated by the current flow through the gas causes
the bimetallic strip to bend towards the other. When
the contacts finally touch, two things occur: firstly
the gas in the starter de-ionises, and so the bimetallic
strip begins to cool. Secondly, as the impedance of
the circuit falls, the current through the ballast inductor
and the filaments of the main tube increases.

A few tenths of a second later, the bimetallic strip
has cooled sufficiently to bend back slightly,
reopening the gap. The sudden increase in
impedance and consequent sharp reduction in
inductor current causes a large overvoltage across
the inductor. Given the correct conditions (see
section 2.2 below for a discussion of these) this
overvoltage is large enough to cause ionisation of
the gas in the main tube. At this point the impedance
of the fluorescent tube falls to a minimum, and the
voltage drop across it falls to a level below that
required to ionise the gas in the starter contact gap.
The contacts thus remain open until the lamp is next
turned on.

Figure 1. Simple conventional lamp ballast

Ballast

T
/\/ Tube

N = o

Starter

1/9

589



APPLICATION NOTE

2.2 “False starts”

Since there is no synchronisation with the (sinusoidal)
mains input, the starter operates at a random time
on the current waveform, the contacts opening atan
inductor current level anywhere between zero and
the maximum. This means the overvoltage generated
may not be large enough to cause sustained
ionisation of the gas in the tube. If this is the case,
the process repeats itself until full ionisation occurs,
causing the “flashing” commonly seen at the start up
of conventional fluorescent ballasts.

2.3 Problems with conventional ballasts

There are also physical problems with this type of
lighting. When the current in the tube falls to zero in
each 50/60Hz cycle, the gas in the tube de-ionises
and stops emitting light, resulting in a 50/60Hz flicker.
This can cause disturbing “stroboscopic” optical
effects with moving machinery and VDUs. In
industrial plants, fluorescent tubes are used in pairs
in a single light spreader, each lamp being fed from
different phases, either real or virtual via a capacitor.
This helps to eliminate flickering observed by the
human eye.

3.ELECTRONIC ALTERNATIVES

Electronic ballasts replace the starting and inductive
elements of the conventional system. The aim of
using an electronic ballast is to increase the operating
frequency of the system above the 50 or 60Hz
determined by the mains - typically to a few tens of
kHz. This has a two main effects:

a) The gas in the tube does not have time to de-
ionise between current cycles, which leads to
lower power consumption (typically about 70%
of that with conventional ballast), longer tube life
and almost no flicker.

The inductor required to generate a large enough
overvoltage to ionise the tube is smaller, and so
generates less resistive losses, and the weight
of the system is reduced.

However, the electronic solution is more complex
and has a higher initial cost - although this will
eventually be paid back by the savings in energy.

b

=

It should be clear from the section 2 that the electronic
replacement for the conventional ballast should
perform two main functions: first to provide the start-
up ionisation energy, and secondly to provide a
constant RMS supply to the tube in normal operation.

The most commonly used electronic drive circuits
for fluorescent lamps are voltage fed half-bridge

2/9 E" SGS-THONMSON

quasi-resonant circuits (figure 2), current fed
half-bridge resonant circuits (figure 5), and push-pull
resonant circuits (figure 8).

3.1 Voltage fed quasi-resonant circuit.

The simplicity and low cost of this topology means
that this configuration is the only option for Compact
Fluorescent Lamp (CFL) ballasts (those used as
direct replacements for incandescent bulbs) in the
7W to 32W range. ltis also used in large (industrial)
ballasts driving two or more full-sized tubes, but
requires additional protection circuits in this case.

3.1.1 Starting the oscillation

Resistor R1, capacitor C2 and diac D2 form the first
base current pulse for TR2 to start the oscillation.
After start-up, this generator is made inoperative by
diode D1 (this diode prevents the voltage across the
diac from becoming high enough to bias the device
on), and the circuit is maintained in oscillation by
feedback to the gates of the transistors from the
output circuit via the transformer T1.

The tube is fed by generating an overvoltage across
capacitor C4, by means of the series resonant circuit
consisting of the serial combination of the inductor L
and capacitors C3 and C4. Before the tube is started,
as C4 is much smaller than C3, C4 dominates the
resonant frequency of this circuit. Depending on the
value at which the tube lights, the overvoltage
generated across C4 at this frequency is between
around 600V and 1.2kV.

3.1.2 Steady-state operation

Once the tube ionised, as there is effectively a short
circuit across C4, the operating frequency is defined
by C3 only, and so is lower. At this frequency the
overvoltage generated is also lower - just sufficient
to keep the tube lit.

In normal operation, when the transistor is first turned
on, the current through transformer T1 increases
until its core saturates. At this point the feedback to
the base of the transistor is removed, and after the
storage time of the transistors has passed, it turns
off. In this way, apart from the value of C3, the
operating frequency of the circuit is also defined by
the size and maximum flux density of the core of T1,
and the storage times of the transistors. This
frequency is generally designed to be slightly higher
than the natural resonance frequency of the circuit.

As the circuit is operating at slightly higher than its
resonant frequency, the combined reactance of C3

o MICROELECTRONICS
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Figure 2. Voltage fed half-bridge quasi-resonant lamp ballast (startup circuit shown shaded grey)
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Figure 3. Start-up of the voltage fed ballast
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transistors is shared between the tube and the more or less instantaneous ionisation of the

capacitor/inductor combination. fluorescent tube - there are no “false starts” as there

3/9

L7 SGS-TH 0
D//A %U@sﬁ@m@gvhggmué%

591



APPLICATION NOTE

are with conventional ballasts. Figure 3 shows the
voltage and current in the lamp at start-up. The peak
collector current at start-up is around 3 - 5 times the
normal operating current, and so it is necessary to
select transistors with ratings to withstand this: in
the resonant condition the current in the network is
limited only by the DC resistance.

Waveforms for the circuit in the steady state are
shown in figure 4.

3.1.3 Slow-starting or damaged lamps

Although the circuit can withstand being turned on
with no lamp connected (as it will not resonate), a
great deal of stress is placed upon it if for some
reason the lamp will not start correctly (for example
if the gas has leaked out), or if the lamp is too slow to
start. This is because the transistors can only stand
the high levels of current at start-up for a short
period of time, before they overheat and are
destroyed.

This problem does not exist for the other topologies,
as even in the start-up phase the level of current is
not excessive.

3.2 Current fed resonant circuits
3.2.1 Starting the oscillation
The start-up circuit operates in the same way as in

the voltage fed topology. The high voltage to strike
the tube comes from the action of the output
transformer - before the lamp is struck, the
transformer sees an open load, and so the voltage it
generates is higher than in normal operation.

Note that the circuit shown has no filament
pre-heating - however it would be possible to add
circuits such as those described later for the
push-pull topology. The lack of pre-heating means
that in this case the tubes will strike at a higher
voltage.

3.2.2 Steady-state operation

Once the lamps are struck the voltage generated by
the output transformer falls, as it sees them as a
resistive load.

The circuit oscillates due to the resonance of C;, Cy
and the inductance of T1. The primary and secondary
of T2 are coupled such that one transistor connects
the positive part of the wave, and the other the
negative. Base drive for the transistors is provided
by feedback windings of the output transformer.

Waveforms for the circuit in the steady-state are
shown in figure 6, while figure 7 shows the
worst-case conditions which the transistors must be
designed to withstand; start-up with a supply voltage

Figure 4. Steady state waveforms of the voltage source ballast
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20V above the nominal value of 120V RMS and no  while figure 7b shows that a device with a large safe
lamp connected in a), and "arcing" testing of the  operating area is required, as large voltages and
ballast during installation in b). Figure 7a showsthat  currents exist simultaneously.

the Ve of the transistor can reach around 600V,

Figure 5. Current fed half bridge resonant lamp ballast (start-up circuit shown shaded grey)

Figure 6. Steady state waveforms of the current fed ballast
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Figure 7. Worst-case operating conditions for the current-fed ballast circuit:

a) Start-up with open load

b) Transient which may occur during "arcing test"
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3.3 Push-pull resonant circuits.

This topology has a main advantage in that it can
tolerate open or short circuited loads indefinitely. It
is generally used in large ballasts. It generates an
almost perfectly sinusoidal voltage through the lamp,
each transistor producing half of the sin wave.

3.3.1 Starting the oscillation

The circuit oscillates due to the capacitor C1, and
the inductance of the transformer. The inductor L
acts as a constant current source, maintaining the
resonant circuit in oscillation by feeding energy into
it to compensate for that absorbed by the load.

The oscillation is triggered by the high-value resistor
R1, which pulls up the base-emitter voltage of the
transistors. Once the oscillation has started, and
before the lamp is ionised, the windings S1 and S2
generate a current to heat the lamp filaments, while

6/9
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S3 generates the high voltage required to ionise the
lamp (the voltage it generates is high as itis effectively
connected across an open load).

3.3.2 Steady-state operation

Once the lamp is ionised, S2 provides the drive for
the lamp. As the impedance of the lamp has fallen,
the voltage across S2 is much smaller in this situation
than in start-up. The voltage across S1 and S3, and
consequently the filament currents, also reduce.

Base drive for the transistors is provided by means
of feedback windings from the output transformer.

Waveforms for the circuit in the steady-state are
shown in figure 9. The collector-current spikes at
each switching event are caused by both transistors
conducting simultaneously - one in the forward
direction, and the other in the reverse, through the
collector-base diode.
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Figure 8. Push-pull resonant ballast
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Figure 9. Steady state waveforms of the push-pull ballast
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3.4 Problems with electronic ballasts
3.4.1 Dimming

The most common technique used in dimming in
general is phase control (feeding only a part of the
supply sinewave to the lamp). However, this will
lead to problems of flicker in electronic lamp ballasts.

The lamp could feasibly be dimmed by controlling
the oscillation frequency of the circuit (and hence
the voltage drop on the inductor), although there are
problems with this. The basic circuit oscillates at a
frequency affected by a large number of factors, not
at a fixed, known frequency determined by the
designer. If the frequency is to be controlled, the
circuit must be designed to operate within certain
limits to avoid inefficient operation and possible
malfunction of the devices. This means a much
greater design effort and a much more complex and
costly circuit. For this reason dimming circuits are
not often included in electronic ballasts.

3.4.2 Power factor and EMI reduction

Because it operates at a higher frequency than the
mains, an electronic ballast will transmit EMI back to
the supply. Also, most ballasts draw a non-sinewave
current from the mains - that is they do not have a
unity power factor - unlike an incandescent bulb. To
satisfy the requirements of the power supply
companies requires the addition of some form of
power factor correction (PFC). For a low power
application, a simple passive filter will be sufficient,
but high power ballasts will require an active power
factor corrector circuit.

4. SELECTION OF TRANSISTORS
4.1 Choosing between MOSFETSs and Bipolars

In many cases, there can be very little to choose
between a Power MOSFET and a Power Bipolar in
an application. In general terms, the Power Bipolar
is fractionally cheaper, and is currently the most
popular choice for this reason. However, the Power
MOSFET does not have the problems associated
with variations in storage time (see section 4.5 below)
and so no special selections have to be carried out.
The performance is also more predictable and varies
less between circuits, particularly the frequency of
oscillation - this can be extremely important in
applications requiring power factor correction and
the limiting of EMI interference, as the frequency
emissions of the circuit will be much more predictable
and testable.

8/9 L5, SGs-THOMSON

4.2 Selecting the blocking voltage of the
transistors

4.2.1 Voltage-fed topology

The peak voltage across the transistors is equal to
the peak mains voltage, plus a 15% allowance for
mains voltage variation, plus a 10% safety margin.

For example, for the 220V RMS mains:
(220V xV2) + 15% +10%
394V

It would seem that devices with a BV¢es of 400V
could be used - however this would mean that the
devices would have a BV¢go less than the voltage
applied by the mains, which is not advisable. Hence
the transistors should have a BVcgo rating of 400V
minimum.

Peak voltage

The same type of calculation can be used for other
supply voltages:

Supply voltage 120V 220V 277V
BVceo 300V 400V 4~500V
4.2.2 Current-fed topology

As can be seen in the waveforms in figure 7, the
peak voltage experienced by a transistor in a 120V
system in worst-case operation is around 600V. The
presence of transients due to the inductances and
capacitances of the circuit means that in practice
and additional safety margin is added, and devices
of around 800V are used.

120V 220V 277V
7~900V 900~1kV 1.2~1.3kV

Supply voltage
BVees

4.2.3 Push-pulltopology

The peak voltage across the transistors in the steady
state is equal to twice the peak mains voltage, due
to reflection from the transformer:

Vpeak =2 X V2 X Vinains

For the 220V mains, this gives a value of around
620V. In practice a safety margin is added to protect
the device from transients at turn-on and turn-off,
leading to the use of devices rated at around 1400.

120V 220V 277V
800~1kV 1.3~1.5kV 1.6kV

Supply voltage
BVCES
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4.3 Current ratings

The calculation of the current rating of the transistors
used varies considerably depending on the topology,
power rating etc. Table1 shows approximate values.

Table1. Approximate working collector current values for lamp ballast topologies

Topology Power 120V 220V 277V
Voltage fed (CFL) 17~32W 0.4~0.8A 0.3~0.6A -
Voltage fed (Industrial) 36~132W 1~4A 0.5~2A 0.5~2A
Current fed 36~132W 1~2.5A 0.5~1.5A 0.5~1.5A
Push-Pull 36~132W 1~2A 0.6~1.2A 0.5~1A
4.4 Storage times 5. CONCLUSIONS

When Bipolar transistors are used, the operating
frequency of the generator is heavily dependent on
the storage time of the transistors. This parameter
can affect the operation of the circuit in two main
ways:

o If the storage time of the transistors is high, the
oscillation frequency of the circuit will fall, causing
the voltage across the lamp to increase, in turn
possibly damaging them. This effect is most
important in the voltage-fed topology (see section
3.1.2).

o If the storage times of the pair of transistors are too
dissimilar, one transistor will generate more
switching losses, causing it to heat up more, ana
possibly causing the device to go into thermal
runaway.

The SGS-THOMSON BULxxx series of power
bipolar transistors produced for electronic lamp
ballast applications is characterised specifically by
storage times to meet this criterion.

4.5D.C. gain (h)

In all topologies, this must be sufficiently high at the
start-up levels of current levels (around five times
the nominal) to ensure that the circuit starts correctly
at all temperatures. Additionally, the transistors in a
push-pull topology must also have a sufficiently high
gain at very low current levels to start up the ballast,
as this topology relies on startup by "noise" (rather
than the forced startup by diac as used in the other
topologies).

Electronic ballast can be used to replace both the
starting element and the conventional ballast of
fluorescent lamps.

Although they are more complex and costly than
their electromagnetic counterparts, they offer
increased light output efficiency, reduced weight,
and a removal of the problems of flicker. All this is
achieved by increasing the frequency at which the
tube is driven above the 50Hz defined by the mains
frequency. The higher initial cost of the system will
eventually be compensated for by the reduction in
energy censumed.
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SOFT LIGHT DIMMER

1. INTRODUCTION

The circuit described in this paper is a new
proposal for dimming incandescent lamps
which offer a resistive load, and halogen
lamps with their electronic converter which
are, in effect, capacitive loads.

Power, in conventional dimming circuits, is
controlled by TRIACs. They require a
series inductor for RFI filtering and a fuse
to protect them against overload and
short circuit conditions. Additionally, the
fuse may require maintenance.The circuit
is potentially noisy due to the AC current
flowing through the inductor.

In this new circuit design, power is
controlled by means of an IGBT. The IGBT
switching behaviour can be slowed down at
turn-on and turn-off, hence a series
inductance need not be used. An additional
feature is that the circuit can be designed
to provide short circuit protection which
eliminates the need for a fuse and
the necessary access for fuse
replacement. There is virtually no acoustic
noise.

AN518/0793

by J. M. Charreton

2. MAIN FEATURES

The power supplied to the load can be adjusted
between 0 and 90%. Control is achieved by
varying the conduction time of the IGBT.
Because the IGBT is controlled at turn-off,
overload and short circuit protection can be
implemented - a feature that removes the need
to incorporate a fuse.

Slowing down the rate at which the current falls
at turn-off reduces the amount of R.F.l.
generated and avoids the use of a series
choke. It also reduces any tendency for
audible noise generation.

IGBTSs, unlike TRIACs, do not have a threshold
current limit. This means that no flicker is
observed as is the case when using TRIACs.

This dimmer can work at any mains voltage by
adapting the power switch to the load.

In order to use the full half sine wave of the
rectified mains voltage, tha time constant can
be adjusted from, for example, Oms to 9 ms
(approximately half of the full wave period) in
the case of a 50Hz mains system.

The circuit complies with the IEC5555' norm
when controlling a load up to a limit of 1TkW.

177
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3. PROPOSED SOLUTION
3.1 Circuit description
The light dimmer uses an isolated gate power

Figure 1:

switch such as a MOSFET or an IGBT.
A controlled AC switch is made by using
the power switch to control a diode bridge,
figure 1.

Light Dimmer

L
7%

CONTROL

[

N

@ 500W
O

o Neutral

Phase

A standard timer, a TS555 controls
conduction in the power switch. This
controls the light intensity. The timer is
triggered on the zero voltage crossing of
the rectified mains voltage.

Short circuit protection.

Should a short circuit occur, the over-current
is sensed across the shunt resistor. As
soon as the shunt voltage reaches a
predetermined level, the power switch is
turned off and the timer is reset for a long
enough period to avoid spurious restart.

Figure 2: dl/dt control

Short circuit protection eliminates the need
for a fuse which would otherwise be a heat
source in the circuit.

Control of di/dt and dV/dt.

dl/dt can be slowed down both at turn-on
and turn-off by placing a small inductor in
the emitter lead of the IGBT. The current
variations are controlled by the IGBT itself.
During dl/dt the voltage across the inductor
(e=L dl/dt) must be equal to the gate-source
voltage minus the Miller effect voltage, figure 2.
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dV/dt can be drastically slowed down at
turn-off by using a very high value of gate
_resistor (Rgy to turn off the IGBT. The
typical dV/dt can be reduced by a factor of
1000 compared to normal switching.
Reducing dV/dt results in the losses being

Figure 3: dV/dt control

low when switching at a frequency of
100Hz. During dV/dt the IGBT is
desaturated. The current through the Miller
capacitor (i=C dV/dt) flows through the gate
resistor generating a voltage equal to the
gate threshold voltage, figure 3.

OFF control
_—ID(
1
N H
N o e
1
Load i
1OAII /
1 J \
0
~—
delay 100us 20ps

dV/dt =10 V/us

The advantages of controlling dV/dt and
dl/dt are that EMI is reduced and hence the
cost of filters is reduced. Eliminating the
series inductor also saves valuable space
on the printed circuit board and eliminates
the magnetic constriction noise.

3.2 Power Switch: Selection and
Performance

Basically, both power MOSFETSs and IGBTs
are both well suited for use in this
application. Evaluations of the performance
of this light dimmer have been made using
both types of power switch. The results are
given in Table 1.

Evaluation of the losses showed:

- turning on at zero crossing voltage
eliminates turn-on losses

5,7 SGS-THOMISON

- the conduction losses are dependent on
the type of power switch and the conduction
time,

- by slowing down the turn-off switching, the
losses at this point in the switching cycle
are the same for both types of power switch
and are at a maximum at 50% conduction
time.

Conditions:

- for this evaluation, power switches with
the same die size were used.

- the Power MOSFET STP5N50 has an
RDS(on) = 1.5Q at 25°C and the IGBT
STGP10N50A has Vgg(on = 1.8V at | = 10A
and T, = 100°C.

The results in Table 1 are for a load of
300W.

377
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TABLE 1: Power switch comparison, MOSFET vs.

IGBT, using a 300W load.

IGBT

. MOSFET
CONDUCTION
MODE Conduction Switching Conduction Switching .
losses losses losses losses
HALF-WAVE 3.2w 1.2W 1.2W 1.2W
FULL-WAVE aw - 1.8W -

As the losses in the IGBT were lower than
those in the power MOSFET, the IGBT was
chosen as the power switch for this

application.

gave the results shown

Further evaluation of the IGBT as a power
switch, using and increased load of 500W,
in Table 2. The data
was obtained using a heat sink rated at 17°C/W

and at an ambient temperature of 23°C.

TABLE 2: Working temperature of sources of heat in the light dimming circuit.

Half-wave conduction Full-wave conduction
t,, =5ms t,, =8.5ms
Power switch heatsink 61°C 61°C
Sense resistor 58°C 70°C
Rectifier diode 60°C 80°C

TABLE 3: Heat losses in the power switch, sense resistor and rectifier diode.

Source of power losses Half'wi\:ig(;:‘: uetion Full-v::\viscfgrrf; aton
Power switch 2.7W 3.1W
Sense resistor 0.3w 0.5W
Rectifier diode 2.3W 4.1W
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4. PRACTICAL REALIZATION

The heart of the circuit is the TS555 timer
and the IGBT STGP10N50A. The complete
schematic is shown in figure 4.

The timer is triggered on the zero crossing
voltage pulse. The conduction angle is
dependent on the time constant determined
by C5/R14+R15.

In order to guarantee that a correct voltage
level is applied to the gate of the IGBT, the
under-voltage control, T2 - T3, inhibits the
power switch until the auxiliary supply
voltage reaches 8V.

Over-current and short circuit protection

are based on the current sense resistor, R5.
When the voltage across R5 reaches the gate
trigger voltage of the sensitive gate thyristor
,T4, the gate of the IGBT is taken low and it
turns off. At the same time the timer is reset.
This current limiting also provides automatic
soft-start and hence protection against
excessive in-rush current.

Figure 5 shows the equivalent circuit of a load
which includes an equivalent line inductance.
When an overload or short circuit occurs, the
power switch is ‘turned off. At this time the
energy stored in the inductance is dissipated in
the IGBT through the transil diode D4, making
the IGBT operate as a power zener clamping

Figure 5: Equivalent Schema with Line Inductance

Phase O

Light Dimmer
CONTROL

Neutral O

diode. The IGBT must be sized to sustain
, the energy stored in the inductance during

this period (see figure 6).

If the short circuit is still present at the next

mains crossing, the IGBT is turned on until

the current protection is reached. This

means that, in permanent short circuit

Figure 6: Short Circuit Behaviour

conditions, a series of current pulses are
produced. Therefore the IGBT should be
sized to sustain the resulting energy.
Figure 6 illustrates the collector voltage and
current when an accidental short circuit
occurs and is followed by a permanent
short circuit.

] Collector Voltage
\K / Collector Current
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At the time of the short circuit, the power
switch must sustain the energy stored in
the line inductance. Switching off the
current generates an over-voltage. The
IGBT is protected from the over-voltage
by a transil placed between the drain and
the gate.

A summary of the switching losses for
normal operation, accidental short circuit

and for a permanent short circuit are
given in Table IV.

The TS555 timer is reset for a period of
about 5ms to prevent parasitic turn-on of
the power switch due to the voltage
oscillations that can occur after current
limiting.

The auxiliary power supply is provided
during the off state of the power switch.
This means there is a conduction time

Table 4: Stress on the switch for a load containing a series inductor.

Parasitic Line  Maximum switching

Inductance  losses 500W(100Hz)
80uH 0.9wW
1.5mH 1.6W

during conduction

Energy for
short circuit

Losses (100Hz)for
Turn-on Short Circuit

9mJ 6mwW

0.2J 2.9W

ranging from 0% to 90%. Hence the power
supplied to the load varies between 0% and
90%.

5. CONCLUSION

dl/dt control of an IGBT in a light dimming
application reduces the amount of R.F.l.
generated and avoids the use of a series
inductor for this purpose as is used in the
case of a more conventional dimmer.

El_ SGS-THOMSON

Removing the inductor makes the circuit
noiseless and saves printed circuit board
space.

If over-current protection is provided, no
conventional fuse is necessary while the
self protection of the circuit is enhanced
with short circuit protection and control over
the in-rush current.

"Norm concerning disturbances in supply
systems caused by household appliances
and similar electrical equipment.
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ELECTRONIC TRANSFORMER FOR A 12V HALOGEN LAMP

1.INTRODUCTION

Lighting that uses halogen lamps is commonly found
in residential environments, where it offers a warm
lightin comparison with that generated by fluorescent
tubes, and greater efficiency than conventional
filament bulbs.

These lamps are available with voltage ratings of 6,
12 or 24 Volts, and so a transformer is needed in
order to provide the lamp with a low voltage supply
from either 110V a.c. or 220V a.c. mains. They are
generally available with power ratings of 50, 75, 100
and 250 Watts.

The “electronic” transformer represents an alternative
means of power conversion to the more standard
iron core, 50Hz transformer technique.

The advantages of the electronic transformer
compared with the classical solution are:

o The output power from the electronic transformer
to the lamp can be varied, thus dimming control
can be added;

by P. Fichera, R. Scollo

e |t is possible to include protection against short
circuit of the lamp filament;

o Weight can be reduced and the construction made
more compact; and

e Acoustic noise (mains hum) is eliminated.
2. THE ELECTRONIC SOLUTION

The topology of the circuit is the classic half-bridge.
The control circuit could be realised using an IC (so
fixing the operating frequency), but there is a more
economical solution which consists of a self-
oscillating circuit where the two transistors are driven
in opposing phase by feedback from the output circuit.

3. CIRCUIT DESCRIPTION

The line voltage is rectified by the full-bridge rectifier,
generating a semi-sinusoidal voltage at double the
line frequency. The diac starts to conduct during
each cycle, starting the half-bridge oscillation. The
turn-on of the diac can be varied by modifying the
time constant of the RC network formed by R and

Figure 1. Electronic transformer for 12V Halogen Lamp

R N - C2
| T4 TR
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L
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C1. This can be varied to provide a lamp dimming
feature.

Once the cycle has started, the diode D maintains
the voltage across C1 at a value less than the diac
conduction threshold voltage, so the transistor can
switch off.

The frequency of oscillation depends mainly upon
the size and maximum flux density of the core used
in the feedback transformer, and the storage time of
the transistors. When the cycle has started, the
current in the feedback transformer increases until
the core saturates. At this point the feedback drive
of the active transistors is therefore removed, and,
once its storage time has paEsed it turns off. In this
application the oscillation frequency would be around
35kHz, generally around ten times the natural
frequency of the circuit. ﬁ

The dependence upon the sto\rage time is minimised
by the RC network at the base of the transistor,
which increases the rate of charge extraction from
the base at turn-off. The network also serves to
decouple the base from the oscillation caused by
the base transformer at turn-off, preventing spurious
turn-on of the device.

The anti-parallel diodes allow current to flow when
devices are off.

3.1 Short Circuit Protection

Figure 2 shows a circuit with circuitry to protect
against a short circuit of the load added (note - some
components have been removed for clarity). The
circuit operates as follows.

A short circuit of the lamp will cause an excessive
current to flow through the transistors, which will
eventually cause them to overheat and be destroyed.
However, this current will also cause the voltage
across R to increase. This causes transistor TRg to
turn on, which in turn prevents the diac from triggering
the circuit at the start of each cycle. Rgand Cg serve
to delay the turn-on of the transistor, preventing the
protection being triggered during the inrush phase at
the turn on of the lamp (when the lamp filament is
cold, it has a very low resistance, causing a large
but brief current to flow through the transistors at
turn-on. This resistance increases when the lamp
heats up, and the current through the transistors
falls to its steady-state value). Diode Dg prevents
the small-value resistor R disrupting the operation
of the filter.

After a short time (a few operating cycles), the
capacitor Cg will become discharged and so will be
unable to keep TRs turned on, and the circuit will
attempt to restart itself. If the fault condition still

Figure 2. Transformer with short-circuit protection added (shown shaded grey)

2/4 (37, SES-THoMSON
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exists, the protection will be re-triggered after a
short time. In this way the circuit limits the energy
dissipated by the transistors.

It should be noted that the transistor must be robust
enough to withstand the fault condition while the
short circuit protection reacts - that is to say devices
with a large RBSOA must be used.

4. TRANSISTOR SELECTION

Because of the tight cost constraints and the voltage
range of this application, the bipolar is the usual
choice of transistor. The voltage and current ratings
of the power devices used must be selected based
on the circuit topology, the required output power
and the frequency of operation.

4.1 Voltage rating

The required voltage rating of the devices is defined
by the half-bridge topology. Supplying the circuit
with 220V RMS A.C. mains, calculating peak value,
and adding a safety margin, gives a maximum supply
voltage V. of:

220V x V2 +10%
310V + 10%.
350V,

To this figure must also be added the overvoltage
generated by the input filter at turn-off. In practice,
devices are used with a rating of:

Vegmay = 450 - 500V
4.2 Current rating

VCC(max)

The nature of the half-bridge topology is such that in
normal operation, half the supply voltage is dropped
across each device, so from the above figures Ve
in the steady state is 310V /2, 155V. Hence the
collector currentin the steady state can be calculated
using:

POUT = IC(RMS) . VCE(HMS)
1/2 . Vmalns
2. Pour

Vmalns

VCE(RMS) =

lomms)

IC(_geak[
V2

_ 2.42.Pyy
Vinans

_ 2.N2.50W
220V

leirms)

lc(peak)

‘ SGS-THOMS!
3 F. MicRoELECTRONICS

lepeasy = 0.64A

As stated above, when the circuit is first turned on,
the low initial resistance the lamp filament causes a
large current to flow through the transistors. This
current can be up to ten times the current in the
steady state, and the devices must be selected to
withstand this.

In this example then it is recommended that the
device used is bipolar transistor, rated at 450V and
around 7A. An example is the BUL38-D, which also
incorporates an integrated anti-parallel diode.

4.3 Storage and fall times

The fall time, t,,, of the transistors influences the
losses of the circuit, while the storage time, t,, is
important as it affects the switching frequency of the
converter. The nature of the processes used to
produce bipolar transistors means that the storage
time between batches of transistors may vary
considerably. The transistors used must be
manufactured, tested and selected to have storage
times within certain limits.

Transistors with too large a storage time may cause
the circuit to oscillate below the operating limits of
the output transformer, causing saturation of the
core towards the end of each cycle. This will cause
a spike in the collector current of the transistors

“every cycle, which will eventually cause them to

overheat and be destroyed.
5. POWER FACTOR CORRECTION

As the capacitor at the input of the circuit is relatively
small, there is little deformation of the input current
waveform. However, this type of circuit generates a
certain amount of electro-magnetic interference, due
to the high frequency source that feeds the resonant
network, and so a suitable filter must be inserted in
the circuit before the rectifier bridge to prevent this
interference being fed back to the mains. This filter
must satisfy VDS and UL norms concerning
maximum RFI levels, clearance and creepage
distances and the frequency response of the filter.

CONCLUSION

Electronic transformers can offer an economic,
simple and compact alternative to the traditional
50Hz transformer. This technique is particularly
useful in halogen lamp applications because of the
short circuit protection, reduced weight, absence of
acoustic noise and the possibility of including a
dimming facility.

ON 3/4
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The simple general circuit shown and the guidance
givenin choosing a suitable transistor should provide
a useful starting point for developing more specific
applications.

RECOMMENDED TRANSISTOR TYPES

Lamp Power Recommended Transistor
50-60W BUL38D*
50-100W BUL67/ BUL58D*
100-120W BUL87
150W BUL810
200-250W BUV48/BUL810

* With integrated diode

4/ .
ST Rl
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TRANSISTORS FOR HORIZONTAL DEFLECTION
IN TELEVISIONS AND MONITORS

ABSTRACT

The low cost and good performance of high voltage
bipolar transistors have meant that these devices
remain as the designers first choice in horizontal
deflection circuits. As higher definition monitors and
television circuits appear, the frequency of operation
of the transistors has moved from 16kHz to 32kHz,
64kHz, and up to 100kHz. This paper shows how
improved design of die and packages result in
transistors optimised for operation at these higher
frequencies.

by V. Sukumar

The first section of the paper is an introduction to the
operation of the deflection transistor. The switching
times and power losses are analysed. The following
section describes the characteristics of different
transistor technologies. The various options that a
power transistor designer has are outlined. The
transistor characteristics are divided into three areas:
(i) edge termination, (i) the emitter layout and (iii)
the vertical structure. Each of these topics are dealt
with in detail. The performance of transistors of
similar voltage ratings and die size but with different

Figure 1. Simplified representation of horizontal deflection
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design are ‘compared. The possibility of higher
frequency operation and the different techniques
used to increase the speed of the transistors are
also discussed. Isolated packages designed specially
for TV and monitor applications are shown in the
next section. The performance trade-offs implied in
the integration of the damper diode are discussed
briefly. The designed trends of the future are
mentioned in brief.

1.INTRODUCTION

The designers of TV and monitor horizontal deflection
circuits have traditionally required a switch working
ataround 1500V and at frequencies around 16kHz.
The current requirements of the transistor switch
varied between 2A and 7A, depending on the screen
size, resolution of the picture tube etc. For many
years the switch chosen for horizontal deflection
has been a high voltage power bipolar transistor like
the well known BUS08A.

The trend towards monitors with better resolution
and, to some extent, higher definition televisions
has led to the development of high frequency
transistors designed specifically for this application.
While many modern TVs have their horizontal
deflection frequency increased from 16kHz to 32kHz,
the advances in computer graphics, especially
monitors for workstations and desktop personal
computers have pushed the horizontal deflection
frequency of computer desktop monitors to 64, 80
and up to 100kHz.

Today, the low price and good performance of 1500V
bipolar transistors have precluded other circuit
options like MOSFETs and IGBTs.

Figure 2. Basic Deflection Circuit

We shall limit our discussion to the horizontal
deflection transistor, since vertical deflection
transistors are often incorporated into a vertical
deflection power IC.

2. TELEVISION DEFLECTION

A greatly simplified view of the operation of the CRT
in a domestic television using the PAL (625 line)
standard is shown in figure 1.

The picture on a television or monitor tube is
produced by an electron gun, which produces a
beam which is scanned across the inner surface of
the tube, causing a coating of phosphors to fluoresce.
In order to cover the entire screen, the movement of
the striking point of this beam is controlled by
magnetic coils in two axes - horizontally and vertically
-in such away as to cover the screen in a pattern of
horizontal lines. The refresh rate of the screen is
thus defined by the rate at which the beam travels
from the top of the screen to the bottom. The point of
impact of the beam is moved in the vertical direction
relatively slowly - often refreshing the screen at half
the mains frequency, 25 or 30Hz. In these
applications, the horizontal switching frequency is
generally 16kHz, although for a very high resolution
computer monitor with a high refresh rate (eg 72Hz)
this can be around 80kHz.

3. THE HORIZONTAL DEFLECTION CIRCUIT

A basic deflection circuit using a base drive
transformer is shown in figure 2, and figure 3 shows
circuit waveforms.

The purpose of the horizontal deflection circuit is to
provide a signal to the horizontal deflection coil to

+Vee H.V.T.
V,
+Vee Focus
Deflection Horizontal
Transistor deflection coil
T1 LB \ CCI
S IC
2/9 SGS-
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Figure 3. Transistor Switching Waveforms: a) Circuit operation
b) Transistor switching
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cause the beam to scan across the screen at a
constant speed, and then to make the beam to “fly
back” at the end of the write cycle, ready to write
another line on the screen. This is achieved by
generating a current ramp for the duration of the
write cycle, and then turning off the transistor abruptly
at the end of the cycle, causing a high voltage pulse
in the deflection coil. Transistor turn on causes a
current ramp through the inductor. Abrupt turn off of
the transistor results in a large flyback pulse seen at
the collector of the transistor. This flyback pulse is
stepped up to several kilovolts by the flyback
transformer, which pulls the electron beam back
from one side of the screen to the other. Normally a
supply voltage of around 150V results in a peak
collector voltage of over 1200V. Traditionally, this
has made the use of 1500V (Vcgo) transistors
common in this application.

Where possible, base drive of the high voltage
transistor should follow the collector current ramp. A
proportional base drive scheme is best to provide a
constant forced gain of adequate level during the
time the transistor is on and prevents the transistor
from going into hard saturation. Hard saturation of
the transistor can lead to current tailing, which in
extreme cases can result in thermal runaway and
destruction of the transistor. Often a base inductor,
shown as Lg in figure 2, is used to decrease the fall
time of the transistor and hence the losses. At turn-
off, the high reverse base-emitter voltage caused by
this inductor will result in the (harmless) avalanche
breakdown of the base-emitter junction of the
transistor every switching cycle.

4. DEFLECTION TRANSISTOR LOSSES

The mostimportant power losses in the high voltage
transistor are:

i) Saturation Losses or On State Losses. The on-
state losses and transistor dynamic saturation
are usually significantly less important than the
turn off losses in the transistor.

ii) Turn Off Losses. This can be further divided into:

a) Losses in the storage time. During this time,
the current through the transistor remains close to
lemax While the voltage across the transistor is
increasing. Adequate forward base drive prior to
turn off along with careful design of the transistor
are needed to avoid dynamic desaturation of the
transistor. Dynamic desaturation of the transistor
leads to increased on-state voltage, Ve e, during

49 57, S6s-THomson

the storage time, which in turn increases the
losses. :

b) Losses associated with the fall time. This value
is usually small but a current tail here could
significantly increase the losses. Minimizing the
currenttail is an important goal in transistor design.

We will assume that the turn on and leakage losses
are negligible. In general it is seen that the bulk of
the losses are not during the ‘on’ condition but during
turnoff (storage and fall time losses).

4.1 Rate of Change of Turn Off Base Current.

In traditional transistor designs, the rate of change of
base current (dlg/dt) at turn-off is very important in
determining the losses. dlg/dt, of course, depends
on the inductor Ly in series with the base drive
transformer. The power losses and the current fall
time curves vary with the rate of fall of reverse base
current, as shown in figure 4.

This curve shows that there is an optimum range of
the rate of change of base current. If the transistor is
turned off too slowly, the excess minority carriers
are not extracted quickly enough from the lightly
doped N- collector area. The voltage across the
transistor increases, leading to higher switching
losses. If the extraction of the charges is too fast,
the collector-base diode junction recovers more
slowly than the base-emitter junction. The minority
carriers trapped in the lightly doped N- region give
rise to a ‘current tail' that can dramatically increase
the switching losses. The current tail has a positive
temperature coefficient and hence can lead to thermal

Figure 4. Variation of Losses with Base Current
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runaway which can destroy the transistor. The
optimal drive conditions therefore fall in between the
high storage losses region and the high current tail
losses region.

Itis possible to some extent to design a transistor to
make the extraction of minority carriers easier. From
the point of view of a designer of the transistor die,
the flatter the curves shown in figure 4 can be made,
the more versatile the transistor will be, since it will
be more immune to variations in the drive circuit. Itis
preferable to design a transistor with slightly higher
power losses if the losses are reasonably
independent of the base inductance (dlg/dt).

4.2 Base drive design

The base drive design for the horizontal deflection
transistor is important, to minimise the losses. There
are a number of solutions available, and the choice
of solution depends on the characteristics of the
individual application. They fallinto two basic classes:
those used for TVs; and those used for monitors.

In a TV, the horizontal frequency and screen size
are known and fixed, and hence many electrical
parameters (e.g. le, Veegybacy) @re already defined.
The main tasks of the drive are therefore to generate
the base current to achieve these values
(compensating for variations in the he¢ of the devices
used), and to produce an optimised reverse base
current to reduce turn-off losses.

In monitor circuits, the horizontal frequency and
screen size are usually not fixed (monitors are
often multi frequency, and the screen size may be
varied by the user), and so I; and Vegyysacy are not
fixed. Inthis case it is important to have a base drive
which can adapt to the various conditions. One way
in which this can be achieved is to use a proportional
base drive, where the base current follows the
collector current.

5. BIPOLAR TRANSISTOR TYPES

Having to switch voltages in the range of 1200V or
more, and allowing a safety margin, means that
1500V transistors are the de facto standard. One
goalin transistor design is to ensure that the transistor
is, less dependent on variations in the base drive
circuit (especially rate of change of base current).
Switching speeds should be as fast as possible.
The spread in device characteristics from device to
device, especially the dc gain (hgg), storage time
etc. should be minimised. The same device used in
horizontal deflection is, for cost reasons, often used

in the SMPS in the TV or monitor as well. This
means that although the transistor used in the
deflection circuit does not require a large RBSOA,
as the transistor used in the SMPS does, the
transistor designer should design for the largest
possible RBSOA to maximise the ruggedness for a
given transistor area.

5.1 Edge termination

The design of the edge termination of the transistor
is important (indirectly) in determining the switching
performance of the transistor. The techniques used
in edge termination could be used regardless of the
type of transistor: MOSFET, bipolar, IGBT etc.

The two edge termination techniques most commonly
used in horizontal deflection transistors are:

i) Mesa edge termination, and
ii) Planar edge termination techniques.

Both termination techniques are widely used in the
industry today. Their advantages and disadvantages
can only be evaluated in the context of the design of
the entire transistor, especially the design of the
vertical structure.

Once a decision is made to use mesa or planar
edge termination design, the efficiency and
reproducibility of the design process will greatly affect
the transistor performance. For example, the quality
of the edge termination determines whether, in order
to meet a guaranteed 1500V V. specification, the
average transistor will have a breakdown voltage of
1550V or 1800V. Process parameters will, in this
way, affect switching losses and performance as
much as design. The efficiency of edge termination
of the transistor determines how the edge termination
can be achieved in the minimal area and how much
higher the bulk resistance of the silicon should be
increased for good yield at the specification limit.

52 Layout Design of the transistor- Emitter
Layout.

This part generally refers to the design of the emitter
and base fingers or cells.

5.2.1 Design of the emitter structure

Figure 5 shows the structure of a hollow emitter
transistor. The traditional structure has been a hollow
emitter. The ‘hollow’ is created by an oxide layer in
the centre of the emitter forcing the current only to
the edges. The increased peripheral area reduces
current crowding, leading to faster switching. Hollow

~-THOMSO 5/9
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Figure 5. Hollow Emitter Transistor
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emitter transistors have been in use for over ten
years with good results. The major disadvantage of
the hollow emitter transistor is that conduction is
limited to the periphery of the emitter region. In other
words, some of the silicon area of the hollow emitter
transistor is “wasted” as the current that can be
switched per unit area of silicon is reduced. Efficient
emitter design can mean better cell layout, which
significantly increase the power handling capability
(especially turn off current at high temperature).

The latest trends in emitter design have included:

i) Emitter strips. This implies a finer geometry. This
can be understood as the shrinking of the thickness
of the emitter finger till, at the limit the oxide layer
creating the hollow emitter disappears entirely.

i) Cellular Emitter. This is the extension of the Emitter
Strips technique to a second dimension to form
small cells in the emitter structure. These cells,
which are connected by a metal layer result in faster
removal of charge at turn-off, improving switching
speed. Figure 6 shows the structure of a cellular
emitter design.

iii) Base Islands. This technology is similar to the
cellular emitter. Here the base, not the emitter is
placed inside an island and the emitter connections
are interspersed between the base islands.

Figures 7 compares the various technologies. Planar
transistors designed with these new layout designs
have a better RBSOA than those of conventional
design. Our results show that the cellular emitter
has high current gain characteristics superior to
alternative emitter structures. The difference between
these three different emitter design technologies,
however, is not very large.

& L5, SGS-THOMSOR

Figure 6. Cellular Emitter Transistor:
a. Cross Section (single cell)

b. Plan View
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5.3 Design of the Vertical Structure

As the transistor breakdown voltage increases, the
variations in the emitter layout are not as important
as those in the vertical structure. The 1500V
deflection transistors that are used for horizontal
deflection voltage have large lightly doped collector
epitaxial structures (over 110 micrometers). There
is not a great amount of variation possible in the
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design of the collector structure.

The optimisation of the base structure is one of the
most important parameters affecting device switching
performance. In a transistor of conventional design,
the safe operating area at turn off could be improved
by the addition of an ‘energy layer’ a thin additional
epitaxial N+ layer. This increases the RBSOA, but
at the expense of switching speed. That is, the
thicker the energy layer, the better the RBSOA but
the slower the transistor. It has been found that by
careful optimisation of base diffusion design of the
planar transistor, the RBSOA can be increased while
keeping the switching speed of the device high.

Significant other performance improvements can be
achieved by optimising the base structure of the
transistor. By optimising the design of the junction,
better stability after HTRB is possible. The gain of

the transistor can be made flatter and less dependent
on the value of the current. An incidental benefit of
this is that the variation of the current gain (hgg) with
temperature is lowered. This is important in horizontal
deflection circuit design since it protects against
transistor runaway.

The optimisation of the vertical structure and the
emitter layout lead to a decrease in the (equivalent)
base parasitic resistance .. This makes the turn off
base current more effective in removing stored
charge in the transistor. Switching times and hence
switching losses are reduced.

Figures 8 and 9 compare the SOA and fall times of
similar conventional hollow emitter and the newer
generation planar transistor. In the conventional
hollow emitter transistor, the rounded waveform of
the reverse bias base current is caused by a high

Figure 8. Effect of Base Design on RBSOA: a. Hollow Emitter Transistor
b. Cellular Emitter Transistor
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value of the base spreading resistance. The new
planar transistor with reduced rbb’ has current fall
times about two thirds of that of the conventional
transistor. The techniques explained below can lead
to a further reduction of storage and fall times in the
transistor.

5.4 Techniques for Improved Switching Speed

Techniques of a similar nature are used in rectifier
diodes, IGBTs and bipolar transistors to increase
switching speeds. The excess charge present at
turn off is removed by the creation of recombination
centres. These recombination centres are made by
precious metal (Pt, Au) doping or by fundamental
particle irradiation. Electron irradiation is one example
of how recombination centres are created The flaws
in the crystalline structure caused by irradiation is
where the recombination occurs. The minority carrier
lifetime, a physical parameter of the transistor which
controls the gain, and switching times for a transistor
of a given breakdown voltage can be reduced
significantly. As a result of the creation of these
recombination centres, these devices exhibit higher
on-state voltage than before but their switching times
are reduced dramatically.

The storage times and the fall times are significantly
reduced by irradiation. The tail in the collector current
in turnoff is lowered. This results in significant
reductions in the turn off losses and hence device
junction temperature. The on voltage during the
storage time period is also increased but the total
losses during this period are marginally reduced
because of the reduction in the storage time itself.
The unit-to-unit spread in the switching parameters
of the transistors are greatly reduced. This is also
very important from the circuit design point of view.

Another method to increase the switching speed of
the transistors is to monolithically integrate portions
of the drive circuit on to the high voltage transistor.
Here the challenge is to manufacture this complex
circuit at the very competitive prices common in this
market.

6.ISOLATED PACKAGES FOR DEFLECTION

Isolation of the high voltage transistors is very
important. In high volume applications such as TVs
and monitors, isolated packages save manufacturing
costs and time and increase safety and reliability.
Some of these packages, such as the ISOWATT218
are similar to their non-isolated counterparts but
with a thin layer (a few tenths of a mm) of a thermally

8/9 £, S5S:-THOMSOR

conductive but electrically insulating plastic layer to
provide the isolation. To meet VDE and EN isolation
requirements, a second generation of smaller, low
cost packages was developed for increased isolation
as well as creepage distances. These methods of
moulding thermally conductive plastic over the heat
spreader is easy to automate. This results in lower
costs and better reliability.

7.THE DAMPER DIODE

It is possible to manufacture a planar or mesa
deflection transistor with an integral collector-emitter
anti-parallel rectifier diode, simply by changing one
or two masks in the process. Some design
compromises are sure to result if the antiparallel
diode is integrated. The integrated antiparallel diode,
for example, will have recovery times at least twice
that of an external rectifier diode designed solely for
this application. Techniques designed to speed up
the fall time of the transistor usually speed up the
recovery times of the diode as well. Therefore, for
low frequency operation, deflection transistors with
integrated collector-emitter diodes can be used, while
at high frequencies, specially designed “damper
diodes” are used. These diodes designed specifically
to minimise the forward recovery time and the turn
on forward voltage overshoot. An example of this
kind of damper diode is the DTV32F1500A.

8. FUTURE TRENDS

Figure 10 compares the total losses in two similar
1500V switching transistors while switching a peak
collector current of 5A at 64kHz. These current and
frequency specifications are a real challenge for the
transistors of such a small die size. A typical modern
planar transistor is compared with a conventional
transistor, sorted for high gain. The low gain
conventional transistors went into thermal runaway
under these conditions. By using transistors with
larger die size, even higher current and higher
frequency operation is possible.

In the short to medium term, bipolar horizontal
deflection transistors are not likely to be replaced by
MOSFETSs or IGBTs. A more likely replacement
would perhaps be a Power IC, an intelligent power
switch specifically designed for horizontal deflection.
An example of this type of circuit is a 1500V
monolithic emitter switch with built in drive and
protection features.. In the near future, the careful
layout and design will keep the bipolar transistor as
the device of choice in horizontal deflection circuits.

o MICROELECTRONICS
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Figure 10. Comparison of Transistor Losses
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TV AND MONITORS :

CHOICE OF DIODE FOR A HORIZONTAL DEFLECTION

1-INTRODUCTION

The purpose of this note is to review the operation
of the basic horizontal deflection circuit, to do an
analysis of the different losses in the damper
diode, and to suggest criteria for choosing
between the DTV32-1500A and DTV32-1500B for
a given application.

Il - BEHAVIOUR OF THE BASIC HORIZONTAL
DEFLECTION CIRCUIT

The basic horizontal deflection circuit is shown in
Fig.1

Fig.1 : Basic horizontal deflection circuit
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Fig.2 : Wavesforms in the basic horizontal deflec-
tion circuit
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The current and voltage waveforms in the circuit
are shownin Fig.2 -~

Att =1, the transistor starts to turn ON. The current
in the line yoke and in the transistor is given by

IT0=10="2!

The voltage V1 across the diode is equal to the
Vcesat of the transistor. The damper diode is
blocked.

Att = t1 the transistor starts to turn OFF, the circuit
becomes resonant (Vo . L . C). The current in the
line decreases from Ip to -Ip and an overvoltage
(Vep) appears across the diode.

ANB00/1092

At t =to the voltage VT across the diode becomes
negative and the damper diode conducts. The
current in the diode and in the line Yoke is then :

Io(=-10(0=lp-Y2!

At t=to + T anew cycle starts

177
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Iil- ANALYSIS OF THE POWER LOSSES IN THE
DAMPER DIODE

a) Conduction losses : Pconp
The current in the damper diode is triangular Fig.3

Fig.3 : Current in the damper diode

Ip

Ip

0T

T

The conduction losses are given by :
PconD = V10 - IF(av) + rd IF%(RMS)

with
e 123
FAV= "5
and
138
/ %(FIMSF %
Example : With a DTV32-1500 A
Vio=1V
rd =25 mQ
and
IP=6A
§=0.45

We findPcono =1.5W

b) Switch ON losses : Pon

When the diode switches ON (t=t2 Fig.2), the
current in it increases from 0 to Ip with an high
dlF/dt (80A/us). This current variation results in an
lovervoltage across the diode (Vrp) and switch ON
osses.

Fig.4 shows the oscillogram of the current and the
voltage across the damper diode when it is
switched ON.

27 Ly, SGs-THOMSOR

Fig.4 : Current and voltage in the damper diode at
switch ON
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Pon is calculated with the oscillogram of Fig.4 and
the following formula :
tr

Pov=~| Ve Irdt
o

ttr is the time during which the voltage accross the
diode increases from OV to Vrp and then
decreases from Vep to Ver =2V

Example : With a DTV32-1500B
and
Tj=100"C
dIF/dt = 80A/ps
Vrp =42V
f=32kHz
Ip=6A

Wefind:Pon =1W

c)Switch OFF losses : Porr

When the switching frequency of the horizontal
deflection circuit is low ( 40 kHz), Porr is negligible.
The diode disposes of all its stored charge with a
low voltage across it (VcEesat). At high frequencies
there is insufficient time to complete this discharge
during the conduction time of the transistor. In this
case, when the transistor switches off, a current
appears in the diode (at t=t1 Fig.2) and the voltage
reaches a high value (600V) resulting in
switch-OFF losses (Fig.5)

o MICROELECTRONICS

624



APPLICATION NOTE

Fig.5 : Current and voltage in the damper diode at
switch OFF (f = 70kHz)
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Example : With a DTV32-1500A

and P = 6A

f=70kHz

Tj=80°C

trr=210ns
(Tj=25C IF=1A VR =30V dIF/dt=-50A/s)
Porr is estimated at Porr = 0.9 W

This estimate has been made by measurements
on the board whose circuit diagram is given in ap-
pendix A.

IV - CHOICE BETWEEN THE DTV32-1500A AND
THE DTV32-1500B FOR A  GIVEN
APPLICATION

SGS THOMSON offers two high voltage damper
diodes : the DTV32- 1500A and the DTV32-1500B.
The principal characteristics of these two diodes
are given in the following table :

: Principal characteristics of the DTVV32-
1500A and the DTV32-1500B

Figs:7 - 9 show the total loss (Pt = Pconp + Pon +
Porr) in the damper diodes A and B versus
frequency, for different currents Ip and different
junction temperatures.

These curves have the same forms for the different
junction temperatures (80°C - 100°C - 120°C)

For the lower frequencies ( < 55 kHz) total losses
are greater in the DTV32-1500B. In this area
conduction and switch ON losses are
predominant. For the high frequencies ( > 65 kHz)
total losses become greater in the DTV32-1500A
(switch OFF losses are more significant in this
diode). This difference in high- frequency losses
between the two devices also increases with
temperature.

Parameters DTV32-1500A| DTV32-1500B
Vto max 1V 1.2V
rd max 25mQ 34 mQ
Vep 80 Alus 30V 3%V
typ VEr=2V
tir typ 500 ns 600 ns
tr 25°'C 250 ns 130ns
IF=1A
VR=30V
-50 Alus
typ
Lq7 SGS-THOMSON 37
Y7, scrozLEcTAONICS
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Fig.6 : Comparison type “A” and type “B” at Tj = 80°C
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Fig.7 : Comparison type “A” and type “B" at Tj = 100°C
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Fig.8 : Comparison type “A” and type “B" at Tj = 120°C
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V- CONCLUSION APPENDIX A

SGS-THOMSON offers two Damper diodes to
cover the need in horizontal deflection circuit for
televisions and monitors. The operating frequency +V
determines the choice of damper diode. For
frequencies below 55 kHz the DTV32-1500A is
preferable while above 65 kHz the DTV32-1500B
is the better choice.

150,H

[ 4.70H -PD,LF

DTV32-1500

BUH517

N7 SGS-THOMSOH 7
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