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Editor’s Note

The purpose of this application note is to demonstrate
the BULA45 bipolar power transistor in a typical application.
it is not intended to be a complete, production-ready circuit
that meets all regulatory agencies' requirements. The ex-
ample is centered around a European 55 watt fluorescent
lamp not the standard F40T12 U.S. fluorescent lamp.

Abstract

The use of fluorescent lighting has been widespread in
the consumer and industrial market for many years. The
main advantage of fluorescent lighting is its high light out-
put per watt compared to standard incandescent lighting.

As an example, a 32 watt flucrescent tube provides
1700 Lumens at one meter, while a 75 watt tungsten fila-
ment bulb provides only 1200 Lumens (a Lux/Watt efficien-
cy of 53 for the fiuorescent tube and 16 for the incandes-
cent bulb).

Although the energy savings is significant, there are
three major disadvantages with flugrescent lighting:

®  Higher initial cost
* Discontinuous light spectrum
* Larger total package

Even with these disadvantages fluorescent lighting
systems are preferred for large areas where power con-
sumption is high.,

Qver the years, many different electronic approaches
have been developed to contro! flugrescent lighting. These
systems improve efficiency, extend lamp life and eliminate
low-frequency flicker. Alf three of these advantages help to
offset the initizl high cost. This application note discusses
the standard single lamp magnetic ballast, an electronic ap-
proach, limitations of different methods and a recently de-
veloped bipolar power transistor from Motorola that signifi-
cantly improves circuit performance.

THE STANDARD CIRCUIT

The operation of a standard fluorescent tube requires
very few basic parts; ballast {(inductor), glow starter and ca-
pacitor as shown Figure 1. The gas mixture enclosed in the
tHluorescent lamp, called a tube, is ionized by means of a
high-voitage pulse appliec between the two heated elec-
trodes at each end of the tube.

During start-up, the electrodes (actually filaments) are
heated when the starter switch is closed. The filaments
heat the mercury vapor and the gas near the filaments. Af-

© MOTOROLA ING., 1980

www fastio.com

v |

BALLAST (L) | STARTER
LINE
220 V/50 Hz c

.

Figure 1. Standard Fluorescent Tube Circuit

ter approximately a second, the starter switch automatically
opens and causes an inductive kick (a high-voltage spike)
from the ballast that ionizes the fluorescent tube gas and
drives the tube into the steady-state mode. The tube im-
pedance decreases from near megaohms to its operating
value {depending upon the tube internal characteristics,
i.e., 250 - 300 ohms for an F40T12). The current in the cir-
cuit is limited by lamp impedance and ballast inductive
reactance, L, in series with the power line.

The glow starter switch, commonly called the “starter”,
is an essential part of the fluorescent tube triggering sys-
tem. The starter is a bimetallic contact enclosed in a glass
envelope which is filled with a neon-based gas mixture and
is normally in the open state. When line voltage is applied
to the circuit, the voltage across the fluorescent tube is in-
sufficient to ionize the cold gas fluorescent tube mixture.
The voltage across the starter is sufficient to ionize the
neon mixture which heats up the bimetallic contact and
causes the starter switch to close. This action deionizes the
starter switch gas and the bimetallic switch begins to cool
down while current is flowing in the circuit, heating up the
two filaments in the fluorescent tube. When the bimetallic
contact cools down sufficiently the starter switch opens.
This gives rise to large induced voltage across the fluores-
cent tube because of the rapid change in current through
the ballast inductance, L. This voltage can be determined
using Eq{1):

V =L di/dt Eq (1}
Since there's no synchronization with the line frequency the
starter operates on a random basis. The starter can open
at any current level between zero and the maximum circuit
current.
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Figure 2. Electronic Ballast Schematic Diagram

if the induced voltage is too low (i.e., the starter opens
at a low current level) the gas is not ionized and the tube
doesn't turn ON. The start-up sequence is automatically re-
peated until the gas in the fluorescent tube is fully ionized.
This is the flashing that often occurs at turn-on with flucres-
cent lamp circuits.

In this standard circuit, the gas in the fluorescent tube
is extinguished and ionized again with each half-cycle of
the line frequency, this is the source of the low-frequency
flickering in a standard circuit. To compensate for this phe-
nomenon, duaf or multiples of two fluorescent tubes are op-
erated with different phases. One method is to use a ca-
pacitor instead of an inductor for one of the lamps. This is
called a lead-lag circuit. When these are housed in a
single light fixture with a light diffuser the flickering detected
by the human eye is significantly reduced.

THE ELECTRONIC SYSTEM

The basic principle of any electronic fluorescent tube
controller (often called “electronic ballast") consists of sup-
plying the tube with a high frequency ac current above 18
kHz. The typical range is frorn 20 kHz to 60 kHz. This ap-
proach has three main advantages:

* Improved energy conversion ratio (light output to watts
input)
* Undetectable high-frequency flicker
+  Lightweight ballast assembly
The main drawback of the electronic approach is the
additional complex circuitry when compared to the simple
magnetic inductor ballast (see Figure 2). The following are
some electronic ballast topologies that are discussed in this
application note:

Flyback inverters

s  Current source resonant circuits (current fed paraile!
resonant)

*  Voltage scurce resonant circuits {series resonant
parallel load)

The flyback topology {see Figure 3) is not very popular
because of the high-voltage transients associated with this
approach which implies the use of high-voltage power
transistors. Also, a flyback circuit decreases the transistor’s
efficiency due to the switching losses as ¢an be seen in
Figure 4. A maijor disadvantage to the flyback is that the

T4 (Transiormer)
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| T1a = Tyg filament heating windings
! Tqp = high voltage winding
Cperating Frequency: 20 kHz to 30 kHz
Q1 V(BRICEY Voltage:
22X V2 x Vymg = 2.2 x V2 x 220 = 620 V Min

Note: Inordertotake care of the circuitleakage inductance, the
transistor must have a breakdown voltage V(BR)CEV inthe 750
to B0O voit range.

Figure 3. Flyback Topology (Typical Circuit)

MOTOROLA
2

ClibPD www fastio.com

AN1049


http://www.fastio.com/

ClibPD www fastio.com

waveform produced is a square wave voltage and a
friangle current. The tamps want to see sine waves.

To make this circuit produce sine waves additional
components are required: inductor and capacitor. When
this approach has been used, the transformer has a large
leakage reactance between the primary and the secondary
windings. The circuit often resembles the horizontal sec-
tion of a T.V. or CRT monitor with a damper diode and a
resonant capagcitor on both the primary and secondary side.

The current fed resonant circuit {see Figure 5) has the
inherent advantage of being able to sustain, indefinitely,
the open or short circuit loads. It is a higher cost approach
because it requires an extra inductance cailed a feed

choke. The circuit is simple but requires high-voltage tran-
sistors. For additional information on this topology see the
following Motorola Application Notes: Electronic Ballast
{AR180) and Bipolar Transistors Excel in Off-Line Reso-
nant Converters (AR181).

In the equivalent circuit of Figure 5, Vg is pi () imes
the Vimg of the input line. As an example, 220 times
3.1259 equals 691 Vimg at the resonant frequency. The ca-
pacitor, C1, is the ballast reactor or dropping element,

The voltage fed resonant topology, sometimes called
series resonant (see Figure 6) is a simple circuit ap-
proach, easy to implement and without major drawbacks.

ICpeak _ _

Switching losses:

Pswitch = (VCE(peak) X !C(peak) X te x )12 Eq(2)
i Onlosses:
| Psat = (VCE(sat) X IC{peak) X ton x /2 Eq (3
' Where: .

ton — transistor conduction time
f = operating fraquency

» 1
V(BRICEV
VCE(sat) VOLTAGE
+310V
[ ) »
i
SWITCHING LOSSES
— e T » 1

te = Collector voltage/current crassover time {from 10% Vg to 10% Ig)

ON LOSSES i

Figure 4. Losses in the Flyback Topology
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voltage reaches 784 volts. Since the transistor’s specifica-
tion must include some safety margin, the transistor's
breakdown voltage must be equal to or higher than

Figure 5. Typical Current Fed Resonant Circuit

Assuming a line voltage tolerance of +15%, the VcE 8007950 volts at a collector current of 1 ampere to 2 am-

peres, V(BR)CES(sus).
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EQUIVALENT CIRCUIT

Figure 6. Typical Voltage Fed Resonant Circuit
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Figure 7. Typical "Voitage Fed Circuit” Schematic Diagram

THE VOLTAGE FED RESONANT CIRCUIT

This configuration appears to be one approach used
by many electronic ballast manufacturers at the present
time. it is the one that will be the focus of this application
note. This application note will look at the performance im-
provements using the BUL45 (a detailed schematic dia-
gram is shown in Figure 7). Figure 7 will be used as the
reference for the rest of this application note. Waveforms
for this type of circuit are shown in Figures 8, 9 and 10.

The line voltage is rectified by DR and charges up ca-
pacitor C1. C1 becomes the dc voltage source feeding the
fluorescent tube circuit. The input filter, consisting of induc-
tance Lt and capacitor Cf_has a dual purpose :

s Protects the circuit against line transients

* Attenuates any EMI (Electro Magnetic Interference)
perturbations generated by the high-frequency source
that feeds the tube

This input filter is mandatory for all industrial electron-
ic ballasts. it must meet both the German {(VDE) and U.S.
(FCC and U.L.) specifications which define the maximum
RF! levels, creepage distances and the filter frequency re-
sponse. Details about these specifications can be found in
related technical literature supplied by VDE, FCC and U.L.
Each country has its own regulatory agencies.
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From the basic equivalent circuit shown in Figure 6,
the energy transfer from input to load is accomplished us-
ing a series resonant circuit. In the schematic diagram of
Figure 7, this serles resonant circuit consists of the pas-
sive components L, C3, and C4 in paraliel with the fluores-
cent tube's Ointernal impedance. When the circuit is first
turned on, the flucrescent tube is deionized and appears as
a high impedance. Capacitor Cg4 is virtually in series with
L and C3 (via the tube filaments FiL1 and FiLp, yielding
an operating point at the resonant frequency given by:

fo=1/2nVL(C3xC4){C3+Cq) Eq(4)

At resonance the large voltage generated across ca-
pacitor C4 allows the quasi-instantaneous ionization of the
tube. This results in instant starting and often degrades the
fitaments because the filaments have not been elevated to
their proper emission temperature before high voltage is
applied. This initial behavior is confirmed by the oscillo-
gram shown in Figure 8, showing the collector current of
Q2 during the start-up phase. At this time the peak collector
current value (2.75 amperes) is close to four times the
steady-state value {0.75 amperes). It will be necessary to
choose power transistors for Q4 and Q2 that can handle
these high start-up current levels when operating at the un-
loaded resonant frequency. The cusrent in the L/C network
is limited oniy by the dc resistance of the circuit. See Ap-
pendix for more details.
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Figure 9. Steady-State Collector Current and Voltage
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Figure 10. Steady-State Switching Losses

In the circuit in Figure 6 and Figure 7 there are two
resonant capacitors in series. These are labeled C3 and Cy
in Figure 7. These two capacitors help divide up the high
voltage developed during the lamp starting process. If the
ratio of the two capacitors is incorrect, damage to the fila-
ments results which shortens tube life. As the dc bus vait-
age changes because of different countries, the ratio or
size of these capacitors changes. Today there are many ar-
ticles that show only one resenant capacitor that is placed
across the tube in series with the filament. This approach
allows resonance te be controlied over a larger range whiie
at the same time filament current can be regulated after
ionization. Capacitor C4 controts filament current while Ca
controls resanance.

When the tube is fully ionized, its impedance drops to
a low value. The actual value depends upon the tube char-
acteristics, for example, approximately 300 ohms for a
F40T12 U.S. tamp and 400 ohms for a 55 watt European
lamp. This results in a virtual short circuit across capacitor
Cg4. This, in turn, shifts the resonant frequency to a value
defined by L and C3. The energy being transferred to the
tube is now much lower. The voltage across the tube is
very low, the tube remains icnized and on and the fube
start-up sequence is now completed. In this mode of oper-
ation, voltage fed resonant converter, the losses in both
the active and passive components have been minimized
for the electronic ballast. This point is confirmed by the cur-
rent and voitage waveforms for transistor Q2 shown in Fig-
ure 9. The top trace shows the power dissipation during
switching.
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The lead is a 32 watt Ioad and the peak current is 600
milliamps. Figure 8 shows the lamp start-up condition. The
current settles down to just under 500 milliamps after
warm-up. Figure 9 shows the steady-state current and voit-
age of a single transistar, BUL45. Note that there is a nega-
tive current shown in Figure 9. This is caused by the base
drive toroid transformer. The current flows through the col-
lector-base region and is not harmful. This is common in
self-commuting circuits.

CIRCUIT START UP

The oscillatory action of Qq, Qo and Tq is not
self-starting without some additional help when the input
voltage is first applied. in fact, both transistors are initially
biased off by resistors Rpi/Rp2 and the secondaries
T1a/T1p of transformer T4 which are cennected between
base and emitter of each transistor.

The start-up bias is provided by diac D2 together with
the R1/C2 network which generates a positive, going pulse
in the base of Q2. A silicon bilateral switch (SBS) will also
work in place of a diac. After start-up, this circuit becomes
inoperative by means of diode D1 which keeps the Vgg
voltage at a value lower than the trigger voltage of the diac
D2. This peint is important because it will prevent exces-
sive base drive from being delivered to Qp, hence, it will
avoid the increased storage time associated with overdrive
conditions.

The seif-oscillation of the circuit is accomplished
through the toroidal coupling of transformer T4 which gives

MOTOROLA
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the needed regenerative action to Q41 and Q2. The energy
to drive the base of these transistors is obtained from the
output power circuit, This is often referred to as a propor-
tional base drive scheme.

Notice that the current is not a pure sine wave in the
transistor. Current is not switched at zero but just after the
collector current starts to fall. The base drive transformer
{T1) is the main reason because as the coilector current
starts to fall, a -di/dt is sensed by the Ty primary. This -di/dt
causes the secondary to reverse its current. As the bage
current is reduced, the collector current is also reduced.
This is the cause for turning off the transistor.

Figure 10 is an expansion of the power dissipated in
the transistor. Heat is mainly created during switching.

TYPICAL TRANSISTOR SELECTION CRITERIA

This section is being included as background material
and represents most of the critical considerations that could
be required in this type of ballast circuit. The new bipolar
power transistor design discussed in this application note
will help reduce the adverse effects of many of these para-
metric considerations.

The key power transistor parameters for this type of
circuit are:

* VCE voltage

®  Collector current and gain (hFE) variation

e 3witching times (fall time and voltage storage time)
*  Junction temperature

SPECIFICATION ANALYSIS

Veg Voitage
When the converter is normaily loaded with a fluores-
cent tube, the peak collector voltage that must be sus-
tained by the transistor is equal to Ve (the rectified, fil-
tered ac line), for a 220 volt input line :
VCC =Vims V2

VCC =220vZ =311V

Allowing for input line voltage variations of 15% and an
additional 10% safety margin results in a minimum
V(BR)CEQ rating of 400 voits for Q1/Qg2 in this type of cir-
cuit.

The ftransistors should never be biased in the
V(BR)CEQ condition under normal operating conditions
(the base-emitter network impedance is usually low) there-
fore, the V(BR)CER or V(BR)CES rating is the important
barameter for this application and should be 700 volts.

("V(BR)CEO: collector emitter breakdown voltage,
base open.) :

Eq (5)

Collector Current
The collector current rating for Q1/Q2 needs to be
analyzed from three aspects.

* Absolute peak value required for the steady-state con-

®  Peak current for lamp starting
Optimized die size to provide as much current gain as
possible for the steady condition at the lowest possible
die cost.

The peak collecter current rfequirement at steady-state
for this application can be computed from Eq (6), which
represents the peak collector current vaiue as a function of
the output power.

IC(peak) = 2v2 (Ptube NMag input) Eq ()

Note: Eq (6) is a first order approximation to help determine
the current.

in this exampie, assuming a total output power condi-
tian of 116 watts (a common application today in Europe,
two 58 watt tubes in parailel) and a line voltage of 220 volts
nominal, the estimated steady-state ICpeak required for
this application, from Eq (7), is equal to 1.49 amperes.

116 x 2 x 1.414
220
The variation in operating current from the milliamp
range to amperes presents some unique probiems in re-
quired dc gain levels. Also, since the load is inductive, the
current increases exponentially. it becomes important to
have a gain curve (beta or hrg) as a function of the coflec-
tor current, heg vs. I, that is as flat as possible between
the extreme values of I¢ for this application. In an applica-
tion of a single 58 watt lamp without dimming, the range is
500 milliamps peak for lamp operation to 3.0 amperes peak
for starting.

= 1.49 Eq(7)

Vee = Constant

/— hFEpeak

Figure 11. Typical Gain Curve hFg vs. Ic

DC Current Gain (hgg)

A typical power transistor gain curve iooks like the one
given in Figure 11 where the curve stans at 50 milliamps
and peaks at one ampere. Beyond the one ampere area
the gain slope quickly decreases.

The required break point of the gain curve is a critical
parameter in this application because its required value is
influenced by two areas in the circuit that affect the overall
performance.

*  Saturation voltage VCE(sat)

C

dition »  Collector peak current
MOTOROLA
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Theoretically, hFg should be as high as possible to
give the Jowest possible saturation voltage at the highest
possible operating current with the minimum amount of
base drive. This reduces the on-losses in both the output
and drive circuits. However, other tradeoffs such as switch-
ing speed and voltage capability will limit the maximum val-
ue of hFg.

Therefore, both the actual value of the gain and its
variation above and below the average value from one pro-
duction lot to the next are critical parameters. However,
since it is practically impossible to keep the gain spread
within a +10% range for a given Ic, the design of an elec-
tronic ballast must include the necessary feedback to get a
stable operating point for the transistors. This is easily
achieved by putting a resistor Rg in series with each of the
transistor’s emitters.

The value of Rg resuits from a compromise between
the allowable losses in the resistors (Joule effect) and the
need to have a feedback voltage VEE higher than the tran-
sistor VBE(on).

When the V¢ voltage is low (12 voit, battery-fed con-
verters) the probiem becomes worse due to the lower avail-
able voitage swing to feed the output circuit. Usually, for the
baitast fed from the 220 volt mains, the value of R is com-
puted by using Eq (8).

Re = 2 VBE(on)/IC(peak) Eq (8)

For a typical 55 watt tube, R will be equal to 2.2 2,
0.5 watts.

Switching Times

These are the key factors in this kind of circuit. In fact,
concerning the losses during the coliector current switch
off, we've seen in Eq (2), that those losses were proportion-
al to the t, this parameter being linked to the transistor t§
(see parameter definitions in the Appendix).

Therefore, the VCE/IC conditions being a function of
the application, one must minimize the t5j value through the
base driver by removing the carriers stored in the junction
and/ar by selecting the type of component with the best
performance for that parameter. However, the most efficient
base drive circuits are expensive and cannot be used in the
low cost market. The negative current is limited, moreover,
by resistors Rp1/Rpz. One solution is to use a BAKER
clamp as described in Figure 12.

The second important switching time parameter is the
voltage storage time tgj (see definition in the Appendix). It
will directly influence the converter operating frequency and
its timing versus the resonant circuit L/C. Also, a large dif-
ferential between the tgj of Qq and Q2 yields a probability
of output stage destruction because of the asymmetry that
will exist in the feeding of the L/C network. This asymmetry
can cause a dc current to flow in the inductor which causes
the core to saturate.

The oscillation frequency of existing electronic light
ballasts is typically around 40 kHz, or a 25 s period. One
can see that the tgf cannot exceed 20% of this value. Be-
yond 20% the operating point moves too far from the reso-
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nant frequency (see the Appendix) yielding high losses in
the power transistors which increases the junction tempera-
ture, downgrading the total light ballast efficiency.

Several electronic solutions are possible using com-
plex drive circuits which will have a significant effect on the
tota! cost. In order to avoid this cost many design engineers
think that having the semiconductor manufacturer select
transistors and match them for the tg; parameter is a possi-
ble solution. However, it shoufd be noted that inductive dy-
namic switching parameters are not 100% measured in
semiconductor production testing. Correlation between test
circuits and application circuits, lot-to-lot variations, test
time and yields, usually make this approach extremely ex-
pensive and unpredictable. The unpredictability may be the
worst problem because it can result in major delivery prob-
lems and cause the end user unforecasted expenses that
can completely dwarf the original cost of designing the
proper circuitry.

Junction Temperature

Under any cendition the junction temperature should
not be higher than the maximum specified for the transis-
tors. In order to minimize the manufacturing costs, transis-
tors Q1 and Q2 are mounted without heatsinks. To perform
the calculation of the junction to ambient thermal (Rgja)
resistance is required. For a TO-220 package Rgja is
62.5°C/Watt.

With the maximum ambient temperature inside the box
for an electronic ballast being limited to 70°C, we can com-
pute the maximum allowable lpsses in the transistor, (with
TJmax = < 15000)

Pmax = {TJmax — Tamb) ReJA
Pmax = (150 — 70)/62.5 = 1.28 W

This power level includes the ON losses seen in Eg
(3}, those due to switching as seen in £q (2) as well as
those in the base.

It becomes obvious that a low tf together with a high
gain will minimize the total losses in the transistor,

Eq{9)

vee
LT
i
g1 D —
[_} D2 Da
_ i — ; - Qy
‘82 Da f !
|
!
i D1, D2 D3, D4 are ULTRAFAST diodes
: {Motorola MURxxx series)

Figure 12. Typical Baker Clamp Circuit
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THE MOTOROLA APPROACH

Keeping in mind the stresses applied to the semicon-
ductors in an electronic ballast, Motorola has developed
state-of-the-art bipolar power transistors to meet the needs
of this application, the BUL44 and BUL45. These devices
are specifically designed for lamp ballast applications: the
BUL44 up to 50 watt circuits and the BUL45 up to 120
waltts.

The foliowing analysis discusses the BUL45 specifica-
tions in reference to the voltage fed resonant circuit of Fig-
ure 7.

SWITCHING TIME

The inductive storage time (tsi) and inductive fall time
(tsi) by design are very low values making them compatible
with the simple base drives in today’s electronic ballasts.

However, even more important than the absolute value
of tgj, is the guaranteed distribution of £ 0.6 Us, yielding a
stable and safe converter operating without any special
screening and/or matching of the power transistors. Also,
the t is specified at a maximum of 200 ns at Ty = 100°C,
therefore, the switching fosses remain low even at elevated
junction temperature.

This switching time optimization allows the design of
electronic ballasts with chopper frequencies up to 50 kHz

AN1049
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without significant change in parametric distribution from
one tot of components to another.

BREAKDOWN VOLTAGE

With a V(BRycEv minimum of 700 volts, these lamp
ballast devices offer an adequate voltage safety margin in
most applications, including usage in the U.K. with a line
voitage of 240 volts.

DC CURRENT GAIN

The minimum guaranteed is 16 atic = 1A, Vge=5V
and T¢ = + 25°C with a distribution of £ 30% from one Iot
of components to ancther.

This high-gain level aliows for simple base drive de-
sign, keeping the VCE(sat) low, hence, keeping low ON
state losses.

From these general specifications we can evaluate the
BULA4S typical behavior for an output power of 2 x 55 watts
or 110 watts at 40 kHz.

Pswitch = VCE(peak) * IC(peak) x tfi x /2
Pgwitch = (310 x 1.8 x 100 x 10-9 x 40 x 103)/2
Pswitch = 0.11 W

Note: assumes a VCE dv/dt of 300 V/us, with a
collector load of 2 mH.

MOTORGLA
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Psat = VCE(sat) X IC{peak) X ton x f)/2
Psat ={0.35x 1.8 x 12.5x 10°% x 40 x 1032
Psat = 015

Pbase = VBE(sat) x 18 X ton x f
Phase = 1.5 x 0.25 x 12.5 x 108 x 40 x 108
Pbase =018 W

Ptotai = Pswitch + Psat + Pbase
Protal = 0.11 + 0.15 + 0.18

Ptotal =0.44 W

TJ = (Rthja X Ptotal) + Tamb
Ty =(62.5x 0.44) + 70
TJ = 97.5°C

EVALUATION CIRCUIT

In order to verify the performance that was discussed
in the previous paragraphs, Motorola designed an evalua-
tion circuit using the voltage fed resonant topology, as de-
scribed in Figure 7. The actual circuit is shown in Figure 16,

Figure 16 is a series resonant proportional base drive
circuit. The base drive is obtained from a toroidal trans-
former with a single turn for the primary and 10 turns for
each secondary Ty and T1g. The toroid is ferrite and is
similar to 3C6A material from Ferroxcube or F Material

from Magnetics. The physical dimensions are 0.375 inches
0D, 0.1875 inches ID and 0.125 inches thick.

The main inductor, L, is 2 mH wound on an RM8 core.
Any number of power ferrites will work like the 3C8A and F
mentioned above. The wire used for the turns shouid be
Litz type 1, which is copper magnet wire twisted together
greater than 20 twists per foot. When large solid single
strand magnet wire is used, the Rgc/Rdc ratio is large and
heating occurs In the wire especially if many layers are
used.

To feed a 55 watt tube, the collector peak current is
equal to :

ICP = 2V2 x (PVag)
ICP = 242 x (85/220) = 0.707 A

Since the BUL45 has a collector current rating of 2
amperes (continuous), the operating current for this appli-
cation should not present any particular problem.

Assuming an oscillation frequency of 35 kHz, together
with a dv/dt of 300 V/us and a forced gain of 15, the losses
in Q1/Qy are as follows:

Pswitch = (0.7 x 31 x 150 x 109 x 35 1032 = 0.570 W

Peat=(0.7x1.2x125x10%x35x 1032 = 0.184 W

Ppase = (0.05x1.8x12.5x 108 x 35 x 103 = 0.055 W

Ptotaj = Pswitch+Psat+Pbase =0.570+0.184+0.055
=0.809 W

Voe 310V DG
*- * *
| 22R [ D3 Cs
| — i P A MURISO 0imF ==
- gaov |
x gl * Q1
§ = : { < 1 E 1 /
2 g L J E - BUL45 . U
- 1) 1
| g | S
A e —Pp— . g
- o, D1 1N4007 /J -
TUBE
INPUT B | i — - e T
LNE &— [ | T o bt o € <
VOLTAGE , "N 22R ] ~ O
220 V AC W_«@) i f\
! f e [
! ' j Qo i = |
i E ) l | ] b I/ i
g KO ~ BUL45 D4 ) 6 |
= J A MURIS0 3450 100 v p—
w1 1 mF —_
= g LW . 830 V
o 4
o L |
| ) | i
; !
‘, - . . .
Figure 16. Evaluation Circuit
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and should result in good long-term reliability for the tran-
sistors. Figure 17 (scale 1/1) shows the P.C. board design
and Figure 18 shows the component layout on this evalua-

Yielding, a steady-state junction temperature of {assuming
Tamb = 70°C):

TJ = (Rthja x Ptot) + Tamb tion board.
[+
- (62. 5 x0.824) + 70 = 12725°C Note: Since this design doesn'tinclude the line input filter, it
Which is well below the maximum allowable for T can't be used “as is” in a practical industrial circuit
Fa
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% = w
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o W |26
F2 - £ =3
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W, - -
LINE

i Copper side: scale 1/1

Figure 17. P.C. Board Layout
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L Figure 18. Component Layout
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CONCLUSIONS A-Pure resistive loads
w td: delay time

This particular study has discussed the main advan- 10% Ig1 to 10% Ic, positive slopes
ta:g;?;?cvgg:tas‘ the major drawbacks of flucrescent tube tr:  collector current rise time
ele roi. o o I

The importance of cortroling the power transistor’s ) 10% IC to 80% Ig, positive slqpes
dynamic parameters to guarantee stable operation and su- fon: total collector current turn-on time
perior performance in a voltage fed series resonant conver- ton=ig+1t
ter circuit was discussed in detail. ts: collector current storage time

The evaluation circuit helped to demonstrate how the : 90% !g1 t© 90% I¢, negative slopes
application specific design of the BUL45 power transistor t:  collector current fall time
could provide excellent performance without any special 90% IG to 10% I, negative slopes
screening or _rnatchmg. Screening or rlnat_c'hmg power tran- toff: total collector current turn-off time
sistor dynamic parameters can add significant cost to the te + t
base price of the device. loff =15 + 1

APPENDIX

| Series Resonant Basic Characteristics
Outside resonance, the current is given by:
l=Vin/VR2 4 (Lw-1/Cw)2  EQ(10)
When the circuit is tuned, i.e. when f = fg, then:
* the impedance is equal to the pure chmic circuit
resistance
Z=R . Eq(11)
* the voltage across the capacitor is at a maximum value
VC=Vinx(1+q2) Eq(12)
* the current in the circuit is at 2 maximum value
i=Vip/R Eq (13)

The quality factor Q will set the circuit selectivity
Q = Lw/R Eq (14)

The Q factor can be derived from the circuit component
values

Q = (1/R) (YL/C) Eq (15) i

Il Switching Parameter Definitions

The measurements are performed in accordance with
industry recognized standard test conditions which are typi- 0% |
cally world-wide recognized standards. i

IB1: for the device under test is the A
base-emitter forward biasing current. b

IB2: for the device under test is the — — 90%
base-emitter reverse bias current. This Ic °
current is the vehicle by which the stored
charge in the base of the transistor is re- 1 — 10%
moved rapidly. The reverse bias can also '

be created by means of a voitage source Note: the waveforms are idealized

connected between base-emitter known

as VREoff, with the current being limited Figure A2. Switching Time Parameter Definitions
only by the circuit impedance. (Resistive Load) L

MOTOROLA AN1049
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oy
! ( B-inductive load 10% VGE, positive slope, to 10% Ic, negative slope
try: collector voltage rise time
10% VG E to 90% VCE, positive slopes
tyail: collector current trailing time
10% Ic to 2% Ig, negative slope
VClamp (V(BR)CEX): maximum allowed collector voltage

tgi: coltector current storage time
90% |g1 to 90% I, negative siopes
ti: collector current fall time
' 90% I to 10% I, negative slopes
tc: |G and VoE crossover time

IB1 AN—
, /— B
\r_~ T
tsi i
Ic
tail
—— >t
A e —r———
vce - Velamp
/ {¥(BR)CEX)
vee
: VCE(sat)
-/ -
? Wl e
Note: the waveforms arg idealized
Figure A3. Switching Time Parameter Definitions
{inductive Load}
Hl Baker Clamp Drive Circuit
When transistor Q1 in Figure A4 is driven hard toward
saturation, dicde Dy diverts some of the current from the
base drive circuit into the collector path, resuiting in a lim- Dy
ited saturation condition for Q1 {i.e., Q1 is just barely in the IB1 -
saturated condition and is not overdriven by Ig1). There- ™
fore, less carriers are stored in the base-emitter junction, —I i D2 D3
which results in minimum storage time (1s;). ‘_}_.—4 ‘ Q4
At turn off, diode D4 is used to route the stored charge |
from the transistor directly into the negative bias supply. : B2 D4 ]
Ll
. "t ,

Figure A4. Baker Clamp Typical Circuit

—
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IV 120 VAC Operation 220 V applications. The center tap can be formed by using [ -
A 220 V ballast can be operated from 120 VAC by two coupling capacitors (C3 in Figure 7) or by splitting the

using a voltage doubler (see Figure SA). This produces a filter capacitor as in Figure 16.

reclified DC bus of approximately 310 V for either 120 or

310 VDC
o
o :
220
1 VA J
201220 VAG o \: * —
®
120
——
T
: ]

Figure 5A. Voltage Doubler
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