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Introduction

The halogen lamp, with its higher light output and wha@0 - 50 kHz. Thus, the frequency lies outside the audible
is generally described as a more pleasant light characteange and circuits do not need to incorporate noise re-
istic, is becoming more and more popular in both privatuction measures.

homes and business. The typical rated voltage of these

lamps (12 V) is far below the mains voltage, thereforei irgg\gﬁr Iouéﬂitar'zfséoiecg:gg'(f[c:r?nn;fr?sr”tlgis?;(rfg:s
transformer or power supply unit is necessary wh gly p P '

powering these lamps from the mains supply. The cl hey are used for powering lamp groups whenever the

sic switched-mode power supply unit cannot be useﬂ‘dwldual loads are not located too far apart. Designs

however, because it contains a secondary rectifier tvag\isal'sl%eiza\I/v:\l/léhs T:n ?:lejssfalosnu Ofl e':;tt)rlgg‘?g”aegcas
would impair effieciency. . pply

antennas, and, therefore, the length of the cables may
The first halogen lamps available on the market wetgave to be restricted.

powered by means of simple 50 Hz mains transformer. I .
These guaranteed excellent mechanical stability fﬁe self-oscillating push-pull half-bridge  transformer
lighting fixtures, but they also dramatically increasedoWn in figure 1 represents the circuit principle in-

; Ived. If a phase control, such as the IC U2008B from
the weight. The bulky 50 Hz transformer also pose : E i s
restrictions on the design of lighting fixtures. lé(I)EMIC, is added to the circuit, interesting modifications

o _ ) S will result in overload protection, soft-starting and dim-
A reduction in the dimensions of the lighting fixturesmer functions.

can be achieved by using electronic transformers. Their ] o o
principle is based on frequency conversion of the supph@nks to their switching frequency range, their high
voltage. The high operating frequency involved permitgellabmty and their low-cost, bl_polar transistors from

the use of smaller transformer cores. Usual ferrite cofd=MIC in TO220 package are ideal for these applica-

transformers operate at frequencies within a range #ens.
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Figure 1. Standard circuit of the electronic transformer
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Description of the Standard Circuit

Figure 1 shows the typical circuit of an electronic trans- 1

former. It operates by alternately activating the transig«;,,, = (1)
tors T2 and T3, thus generating an ac voltage in the Tx In E 1 - Vbiac E
primary winding of transformer Tr2, whose amplitude 0 V2 xvyO

corresponds approximately to half of the mains voltage.
The operating frequency is adj_us_ted by way Of f%dbaﬂ? this case, self-oscillating mode is not possible be-
transformer Trl, usually consisting of a toroidal core '

. ; . Cause the control transformer, Trl, is not carrying any
The typical operating frequency range is 30 - 50 kHz. noteworthy current and therefore, T3 does not remain

In relation to the transformer's control response, twactivated.

rinciples are known: .
P P The transformer resumes normal operation as soon as a

* Operation as a current transformer with detamp is connected to the output.

activation after core saturation . )
. Operation as a voltage transformer with deactivdl contrast with the conventional 50 Hz transformer, the

tion after the voltage has passed through zero elec_tronic transformer saves energy during no load op-
eration.

In the former case, the operating frequency depends on

the load current, while, in the latter case, it remainBa|anCing Measures
almost constant. In this circuit, capacitors C5 and C6 do
not serve to smooth the dc voltage, but rather serve @s
voltage dividers. Their capacitance values for the speg

fied frequency range are clearly less thaaFl As the same. In actual practice, ON-time inbalances occur as a

primary load current flows through these capacnor?eSult of the spread of components in the control circuits
they must be suitable for the expected surge curren Td the storage times of the power transistors. These

The load current is detected by means of emitter resis Albalances may produce a dc portion at the main trans-
R11 and a subsequent low pass filter. In the event of rmer, Tr2. This leads to electromagnetic losses in the

overload, starting capacitor C4 is_discharged throug{ransformer. Storage time differences between the power

transistor T1. This prevents the trigger pulse, at Iea§t {fansistors are the main cause of these imbalances.
the next half-wave of the mains frequency, thus reliev-

1"the description above, it was assumed that the ON-
mes of the power transistors, T2 and T3, were the

ing the power transistors and the transformer. TEMIC has many years of experience working with
electronic ballasts for fluorescent lamps, where difficul-
Starter Circuit ties in storage times also influence the power output.

The dynamic characteristics of the bipolar power transis-
During every half-wave of the mains, the lower transigors are influenced by the dc-current gain, the blocking
tor T3 is triggered by way of the RC network R5, C&/0ltage, the technology and by the chip size. Other pa-
and the DIAC TH1. After triggering, the circuit contin-rameters, such as the working point and the switch-off

ues to self-oscillate for the rest of the half-wave. conditions, depend on the application given by the

L , ) manufacturer of the electronic transformer.
The starter circuit is very simple and functions as fol-

lows: The voltage at capacitor C4 rises in accordand conclusion, there are two main problems to be solved:
with an exponential function until the trigger voltage of

the DIAC TH1 is reached. The capacitor's charge thén Storage time differences between the bipolar power
drives a current into the base of T3. The transistor is transistors in the application must be as small as
supplied immediately with base current through the possible.

trigger transformer, Trl, and does not deactivate agaén
until the voltage on the transformer passes through zero.
During self-oscillating operation, transistor T3 periodi-
cally discharges capacitor C 4 through diode D5. During

normal operation of the transformer, this prevents fur; . " .
ther triggering of the DIAC, which would lead to an‘f these custom-oriented conditions are met, imbalances

: S e will be limited at acceptable levels. To help solving the
inadmissible increase in dissipated power. problem, TEMIC provides a switching parameter, called
When no lamp load is connected to the output of thg, which allows the designer to select the proper com-
transformer, it is started periodically with the frequencybination of bipolar power transistors. This parameter is

The absolute value of the storage time of the bipolar
power transistor in the application must be appro-
priate for the application.
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controlled and measured in production for 100% aCC‘OverIoad Protection
racy. From what has been stated above, it is obvious that

the ability to easily make the desired groupings of bipdrhe electronic transformer must be protected against
lar transistors provides a considerable advantage wheverload because the power semiconductors and trans-
designing electronic transformers. former Tr2 can only be loaded up to a maximum output
power. Protection is achieved by measuring the emitter
current of T3 by way of the voltage drop through R11
lg>2x%I¢ and, when the maximum current is exceeded, by short-
J_C | ing the starting capacitor, C4. The resistance of the
BT halogen lamp (which is represented as a PTC resistor) is
Voc to: T DUT very low when it is off, thus rendering the electronic
1:10 | | "'4 — transformer's overload protection function active each
? time the lamp is switched on. If the control signal is
| | applied to T1 without delay, the overload protection
tp tx T —™ function would be ineffective because only a relatively
low current flows during starting in every half-wave of
the mains and is not interpreted as an overload. After
starting, the electronic transformer containing the circuit
shown in figure 1 can no longer be deactivated. The low
The trigger circuit operates the transistor under tep@ss filter R12/ C3 delays the build-up of voltage at the
DUT with a defined pulse width and frequency. Differbase of T1 and stores the overload information until the
ences in storage time or current gain produce differefext half-wave of the mains. Therefore, in the event of
ON-times of the test objects. The average voltage @ overload, the starting cycle can be prevented for a
capacitor C, which represents the actual result of thew half-waves of the mains, thus relieving the semi-
measurement, changes to an equal extent. The relatiéanductors and the transformer.

ship between the measurement process and the phy.SJ&ﬁ‘l excess current corresponding to eight times the

events taking place in the transistor is given by the Sifjg,mina| current may, theoretically, occur when activat-

ple equation: ing halogen lamps. Therefore, no creeping overloads
Q=CxV (2) can be limited with the overload protection circuit
shown. However, to some extent this problem can be
where Q represents the charge state or overdriving &flved satisfactorily with a deactivation facility that
the transistor under the operating conditions of the tegséspond when the maximum permissible operating tem-

With the aid of a correlation shown in figure 3, the relaperature is exceeded. This circuit variant is not shown in
tionship to the requirements of the final customer circufigure 1.

can finally be established.

The diagram in figure 3 serves merely as an examp&hort Circuit Protection
The y-axis may fundamentally contain all parameters

relevant to the final customer circuit. Thus, by means dihe electronic transformer cannot be protected against a

a standard measurement process, TEMIC is able to fdivect terminal short circuit of the secondary winding

fill each individual customer requirement with suitablevhen using the circuit components described in the

grouped switching transistors. previous sub-chapter. For this event, the transformer
must be switched off immediately and permanently.

Figure 2 shows the grouping principle.

o

Figure 2. Grouping principle

—

s inps

As shown in figure 4, both short circuit and overload
T protection can be obtained with the emitter resistor of
T3. The most straight forward method of activating
permanent switch-off is with a thyristor that is triggered
by the voltage drop through the emitter resistor R11. A
feed voltage is needed to maintain the thyristor's anode
current. In the standard circuit described up to now, a
T high-blocking capability, low-power thyristor is used for
this purpose. A low-blocking capability type or a two-
transistor equivalent circuit can be used in the circuits

) ) with a dimming function, which will be discussed in
Figure 3. Correlation curve detail further below.
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E maximum collector current under defined base drive
R36

conditions.

— This results in a collector current versus working volt-

T3 age area which is also known as the RBS®&verse
TH2 R37 Biased Safe OperatingArea) or FBSOA Forward Bi-
asedSafe OperatingArea) diagram of a bipolar transis-
T8 Ul R38 R11 tor. TEMIC combines these as SW/afe Working
Area).
Figure 4. Short circuit deactivation
ICW

Working Voltage

In electronic transformers for halogen lamps, the bipolar 01X Ic< < 0.5 ¢
transistors are blocked by either short circuit respec-
tively resistance < 100 between base and emitter or
negative base emitter voltage, but not with base emitter'c

open circuit. Vopag <2V
Base | -
drive Ve Veew Vees
Figure 5. Base emitter resistance Figure 8. Safe Working Area
The values ofgdw, Vcew. Vceo and Vces, shown in
figure 8, depend on the type of transistor.
Basel The highest working voltages will be achieved if the
drive T reverse base currentgfl) is greater than 10% and less
than 50% of the collector current. For the forward base
o current, it is assumed that the transistor should be satu-
T rated at the collector current so thatpkat< 2V is
guaranteed.

Figure 6. Negative base emitter voltage The hatched area shown in figure 8 indicates Safe

Working Area for TEMIC transistors.

e t— T Transistor Selection

Selection must be based on the following criteria:

. «  Amount of mains voltage (Ygs> 700 V at
Figure 7. Base emitter open circuit VN =230V)
*  Nominal power ()

So it must be emphasized that the value gE¥ is not o

the correct parameter to determine the switching capa- Overcurrent when lamps switching on
bility of a bipolar power transistor. TEMIC defines the o PSR ;

e . . ) . vervoltage when circuit is workin
switching capability of a bipolar power transistors as: 9 9 BEw)
Vv * Nature of the circuit (half-, full-bridge, dimmed or
CEW undimmed)

the so-c?lled work;‘rlmghvolgggal'crhgx\glw is the rr:axp . Extremely low losses in power transistors enable opera-
mum voltage at which a Ipofar pOwWer transiSg,, \with ‘a small heat sink or, under certain conditions,

tor can be switched on and off without any risk at Bven without any at all. Switching and saturation losses
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can generally be looked upon as representing substantidlere:
losses. The high-speed- or SWOT technology employed
in TEMIC transistors produces minimum switching" P
losses. To guarantee minimum saturation losses, the number of secondary turns
transistor's dc current gain at the maximum expect
collector current in the application and 2 V saturationt N
voltage should be higher than 5. Vi nominal voltage of the halogen lamp
;?jtélgstiois:and 2 are based on the following cor}n the tables 2 and 3, the halogen lamp is assumed to
have a nominal voltage of 12 V. The lamp's nominal
Given the main voltage , the rms value of the main operating currents can be calculated by way of the
transformer's primary voltage in the case of a halhominal power, R:
bridge circuit amounts just to 0.5 ¥ V. The follow-
ing equitation then approximates the voltage or current,. = Pa
transformation ratio: VH

number of primary turns

rms value of mains voltage

©®)

Wp _ VN

3) The primary rms currents, and thus also the peak values
Wg 2xVy of these currents, can be calculated with the transforma-
tion ratios from equations (3) and (4). The overload
In the case of the full-bridge circuit, the full rms valudactor defines the highest possible peak collector cur-
of the mains voltage is applied to the primary windingents with which the transistors are loaded during acti-
of the main transformer and the following applies acration. Definition of this value always represents a
cordingly: compromise between the fastest possible activation
(with a high load for the lamps and transistors) and slow
(4) activation (with a corresponding ON-delay). A practical
Ws Vy overload factor of 2.7 is assumed in both tables.

Wp VN

Table 1. Transistors for 230 V mains

Power Half-Bridge Circuit Full-Bridge Circuit
at 230 V Standard With Soft Start Standard With Soft Start
in W Tin A Type Tin A Type Tin A Type Tin A Type
35 1.14 BUD620 0.57 BUDG600 0.57 BUDG600 0.29 BUDG600
TD13005D
50 1.7 BUF644 0.85 BUF620| 0.85 BUF620 0.42 BUDG600
TD13005D TD13005D
75 2.5 BUF650 1.25 BUF630| 1.25 BUF630 0.63 BUD620
BUF636A BUF636A
105 35 BUF654 1.75 BUF644| 1.75 BUF644 0.88 BUF620
TE13005D
150 5.0 TE13009 25 BUF650 2.5 BUF650 1.25 BUF630
BUF636A
200 6.7 3.35 BUF654 3.35 BUF654 1.68 BUF644
400 13.4 6.7 6.7 3.35 TE13009
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Table 2. Transistors for 120 V mains

Power Half-Bridge Circuit Full-Bridge Circuit
at 120 V Standard With Soft Start Standard With Soft Start
in W Tin A Type TinA Type Tin A Type TinA Type
35 2.3 BUF650 1.14 BUF630 1.14 BUF630 0.57 BUD600
TD13005D TD13005D
50 34 BUF654 1.7 BUF644 1.7 BUF644 0.85 BUF62D
TD13005D
75 5.0 TE13009 25 BUF650 2.5 BUF650 1.25 BUF630
105 7.0 3.5 BUF654 3.5 BUF654 1.75 BUF644
150 10.0 5.0 TE13009 5.0 TE13009 2.5 BUF650
200 13.4 6.7 6.7 3.35 BUF654

The TE13005D includes an integrated, antiparallel, fre®n the other hand, the influence of the magnitude of the
wheeling diode which, as has been shown, is absolutehains voltage becomes evident too. Halving the mains
necessary for all electronic transformers. The user W®ltage results in half the power output despite use of

thus given two advantages: the same power transistor.

*  Lower cost in comparison with two discrete com- £or eyample, to use the transistors in the low-cost
ponents , TO 220 package with 120 V mains, the full-bridge cir-

*  Lower component complexity cuit must already be used at powers in excess of 105 W.

The two tables show the influence of the circuit type onThe tables also show that full-bridge circuits equipped
the choice of transistors. While using the same transistaith soft starting allow power outputs of up to 400 W
type, the circuits with soft starting are suitable for twicewith one transformer, thus enabling comfortable illumi-
the power output of the standard circuit. nation of large rooms (e.g. business rooms).

6 Issue: 09. 96
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Dimmable Electronic Transformer with U2008B

A conventional TRIAC dimmer as has been known fosoft-starting response during activation, for instance,
some time in relation to brightness control of incandesllows higher continuous outputs with the same power
cent bulbs can be used to control electronic transformeransistor to be achieved and increases the lamp's life-
or the brightness of connected halogen lampime. The overload protection function, which limits the
(dimming). As an additional unit, however, such a dimeutput power, prevents a continuous overload as is pos-
mer increases costs substantially while bringing with &ible in the standard circuit. Thus, the circuit is protected
an undesirable increase in size. effectively even in the event that the wrong lamp is

These disadvantages can be obviated by exploiting S[;L}Jqs_\_)eli.CThls circuit does not require an additional power

cial operating characteristics of the electronic trans-

former, which almost call for the use of an integratedihe U2008B is a classical phase control IC. In this cir-
phase control. The smoothing capacitors in the tranedit, the trigger pulse (Pin 8) with which a TRIAC is
former's intermediate dc voltage circuit have very lowtherwise triggered, serves as a starting pulse via T1 for
capacitance values, among other things, to minimize thiee half-bridge transformer. The trigger pulse position
amount of filtering required for the mains current. Thavithin the half-wave of the mains or the control angle,
result is that self-oscillating operation of the transformex, defines the amount of the output voltage, as is known
is interrupted at the end of each half-wave of the maitfiiom the classical phase control principle.

or has to be restarted during each half-wave. From t
point of view of circuit configuration, this correspond
to the control response of a TRIAC on the mains.

l@i?/ means of a high-resistance voltage divider (R8, R9,
SRlO at Pin 3), the phase angleand thus the output
voltage at the lamps, can be controlled almost power-
Using the integrated circuit U2008B, the transformelessly. Simple remote control of individual lamps or
can be started at almost any time during a half-wave gfoups of lamps through infrared or RF transmission
the mains. The unit also provides other advantages.lidks, which can also be designed as multiplexed

7 6 5
) M)
; T - Vg
Limiting |«¢—— Voltage - Mains voltage | Supply voltageq 4
detector detector compensatio limiting G
N
D
Automatic
re-triggering
¢ Phase ot
Current eference
control
detector voltage
C
Full-wave load
current detector -
S +
Soft start -O-g
O O
2 3

Figure 9. Block diagram of the U2008B
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systems, is therefore possible. Thus in certain circum- Mains voltage synchronization (Pin 7)

stances, wiring problems are easily handled when add- The control anglex = 0° is defined. The diode D7
ing lamps to the system at a later time. The system is is needed to ensure that the U2008B can be syn-
open for control through a "insta bus" and is therefore chronized to the points where the mains voltage
oriented to the future. At the same time, the component passes through zero.

requirements for the circuit shown in figure {the

actual transformer circuit) are also reduced. *  Current consumption less than 3 mA
; Figures 11 and 12 show the oscillograms of the trans-
Slmple ContrO”er former's mains current consumption at a minimum con-

The simple controller circuit can be done in one of #ol angle or maximum output power andoat 90° or
number of versions depending on the convenience realf the output voltage. The almost sinusoidal mains
quired. Soft starting, which enables gentle activation gurrent consumptions achieved with relatively simple
the lamps, is one additional advantage of this circuitiput filters are apparent.

The U2008B in a DIP 8 or SO 8 package is suitable f
use as a low-cost control component. Special charac
istics of the U2008B include:

Yhis circuit enables continuous adjustment of the lamp
t%‘Itage to between 0 and 100% of the nominal voltage.
It is set by means of the external potentiometer, R9. The
Mains voltage compensation (Pin 7) maximum control angledmay and thus the minimum
As the mains voltage increases, the control angle dsitput voltage, are set with the trimmer R5. Fixed resis-
enlarged and the output voltage is reduced. Thers R8 and R10 limit the customer's specific adjustment
compensation effect is variable. range for phase control.

Soft start function (Pin 1) Note that the control angle must not fall below a specific
The voltage at Pin 1 defines the minimum contrahinimum in this circuit (i.e. for inadequate values of the
angle. The value of the capacitor C4 determines timeains voltage), otherwise the conditions for self-
soft-start response. In the event of an overload, tlscillation of the transformer are no longer met. This
transistor T2 produces an enlargement of the corffect manifests itself by flickering or complete extin-
trol angle or a reduction of the output voltage, thuguishing of the lamps at the potentiometer's full load
providing overload protection. setting.

L4l
b7 R14 1 l
R3 R4 '\ T3 A D11 —cs

4 D2 W D5 °

| |
) R1 | g - D9 [Jree R21 []
S = I D6 \/ﬁr R6 °
c2 non = T — -
1 -|_ (H)RZ R7 ™ [
N - ) Ic1
|J L2 R11
i R17 T4 J D12
cat R9 = K 2
hy
1 % r1o RI12 R18
C10 T S ]

L RS
A D4 r e T Ij T Lc7 [|ris| ® p10 ng&‘ [ﬂRzz

]
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Vi
»

lw}
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”
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©
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Figure 10. Dimmable electronic transformer for halogen lamps
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Transformer with Slaved Output
Voltage

[ /\ In the case of both 50 Hz transformers and electronic
transformers, fluctuations in the mains voltage produce

\ fluctuations in the output voltage. Particularly in the
\ event of excess voltages, these fluctuations may result in
, an overloading of the connected halogen lamps. The
/ '] / —I / voltage increase at low lamp load is a further undesir-

able effect.

By means of phase control, slaving of the output voltage
A / \ / by the phase control angle will prevent such operating
situations.

7 had

First, the output voltage must be measured and trans-
ferred to the primary side.

N : 0.2 Ardiv Time base : 5ms/div. When employing peak value rectification, the peak
value of the output voltage is usually available as a
measured value. The lamps are supplied with the rms
value, which is not comparable with the dc peak volt-
age. Therefore, it is not an exact loop control but a delay
control.

Figure 11. Mains current consumption at full load

In the circuit shown in figure 13, the output voltage is

measured directly by way of full wave peak value recti-
\ "\ fication. The threshold value for the response of T7 or
\ OK1 can be set by means of voltage dividers R31, R32
and R33. In this case, R32 is the setting potentiometer.

The coupler's output transistor influences voltage divid-
ers R23, R24, R25 + R9 and thus the input voltage at

\ Pin 3 of the U2008B. The control range can be set by

/ ] / T / means of the trimmer R9. With this function, all lamps
connected to one single transformer can be activated or

/ deactivated individually. Using an uncontrolled trans-
former would overload the connected lamps if the trans-
/ former were underloaded.

The circuit shown in figure 13 offers overvoltage deac-
tivation via the components D13, D14, T5, T6, R26,
R27, R28, R29, C13 as an additional protective func-
N : 0.2 Aldiv Time base : 5 ms/div tion. When the Zener diode D14 responds, starting
pulses from T1 are shorted via T5 and soft starting after
Figure 12. Mains current consumption at half full loadreduction of the mains voltage is prepared via T6.
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Figure 13. Dimmable electronic transformer with slaved output voltage
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Full-Bridge Circuit for Higher Powers

The standard circuit in figure 1 uses only half the valueonsiderations have always been based on an almost
of the mains voltage as the input voltage of the transectangular lamp current whose amplitude is modulated
former. This is why, in devices with relatively lowwith the momentary values of the mains voltage. In
power, high primary currents already flow and place actual fact, however, the lamp current is delayed by the
burden on the transistors. In the case of applicatiofitne constant:

involving the same power in connection with the 120 V

mains, the currents are doubled yet again. 1=—0 (6)

L . R
Therefore, a circuit that enables the full mains voltage — '@™P

on t.he .primary winding is suiFabIe for.higher-powerAssmning an operating frequency of 40 kHz corre-
applications on the 230V mains and in the case %onding to a period of 25 pus and a maxi-mum permis-

120V devices. The full-bridge circuit is achieved by a time constant = 2.5 usfor example, we arrive at
replacing the capacitors C8 and C9 in the standard cjf;, following leakage inductance limits:

cuit and by switching transistors and free-wheeling
diodes.

PinW i L glimit in nH
Transistors T5 and T6 are triggered in the same way|__ Riamp in Q olimit

T3 and T4 via the toroidal core, Trl, which contains twp 50 2.88 7200
additional control windings.

. . 100 1.44 3600
It is not possible to make a general statement as|to
which circuit configuration is better in a practical cir 200 0.72 1800
cuit. If a higher-power lighting facility is required, it is
best to use only one transformer for 400 W in a ful
bridge circuit (4 x BUF654 + U2008B) rather than fou
transformers with 100 W in a half-bridge circuif 800 0.18 450
(8 x BUF644).

The differences in terms of dimensioning between t
full-bridge circuit and the standard circuit is discusse
below.

400 0.36 900

H%n excessive leakage inductance value itself does not
crease losses. Instead, it reduces the form factor for
e lamp current. In simplified terms, this means that the

peak currents have to be increased accordingly by modi-

In comparison with the standard circuit, activation ofying the turn ratio in order to reach the rms value or the

only one of the four power transistors in this circuit doesominal power output. This leads to an increase in

not produce a flow of current through the main trandesses in the transformer and also on the power transis-
former. tors. It is possible to avoid this effect by means of spe-

Therefore, the trigger pulse must be fed through th%al winding techniques, for example, but these are not

: iscussed in further detail here.
trigger transformer to two transformer each of one
bridge diagonal in order for the transformer to staiVhen dimensioning very high power circuits (e.g., of a
oscillating. This is why a higher pulse power is needetD0 W transformer as described in chapter ‘Full-Bridge
for reliable oscillation. Transformer for 230 V/ 400 V"), it may be expedient to

Owina to the maanetizing reactive power. even in thireduce the operating frequency in order to reduce the
9 9 9 P ’ Mfluence of leakage inductance on the one hand and to

circuit, an intermediate circuit capacitor, no matter honit switching losses of the power transistors on the

small, must be used. other hand. The example circuit operates with approxi-
One problem that might occur in units with a maximunmately 25 kHz at nominal load. At this power, it is abso-
power output is the influence of the transformer’s leakutely necessary to cool the power transistors. A heat
age inductance on the shape of the current. Up to nosink with a thermal resistance of 5 K/W is advisable
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Figure 14. Dimmable electronic transformer as a full-bridge transformer for halogen lamps.
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Circuit Examples

Standard Circuit for 230 V/ 100 W

4 X BYT51K
BUF654J J_
22Q & BYT52) L 100nF
% ]f [] 300K . 250 vV
1N4148 1000 120 K2
L 1Q,05W .
° —— BYT52J 0.68Q Tor0|dal.core 20 mH
220 nF g . o
230 Vac 250 V -
0.6 mHT K275
o - — G-ST-2 BUF654
N I 2mH N BYT52J | 100nF
250 V
So0 BC547 10nF = Rx
56 kQ 100V 100Q
= x x o1 1N4148
2x22nF 47 puF 0680 120 KQ
400 V T '
36 kQ 1N4148  82Q
¢ f—
o (o)
[
max. 100 W

Figure 15. Electronic transformer, 100 W

Characteristics:

* Simple circuit » High efficiency

e Low volume e Minimum idling losses
e Low weight e 100 W power output

Typical Applications:

< Simple halogen lighting fixtures fitted with 12 /100 W lamps

* Possibly dimmed externally

Issue: 09. 96 13
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Voltage Controller with U2008B for 230 V/ 100 W
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Figure 16. 100 W half-bridge transformer with soft start
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Characteristics:

Simple circuit
Low volume
Low weight
High efficiency

Minimum idling losses

Typical Applications:

Dimmable without the need of additional compo-
nents

Overload-protected

100 W power output

Dimmable halogen fixtures that can be fitted with 12 V lamps (25 - 100 W)

Possibility of activating or deactivating the lamps during operation

Issue: 09. 96
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Dimmable Transformer with Slaved Output Voltage

M 00T "Xew

O

Azt

¥£96 56

08

8VIYNT 4r 2p

T T w1 1
8YTYNT _ - =
Aosz L P . .
duoot == 500T I o198 noor hu ooﬁlﬁ H vy
| = A
q\/_ V.v508 oo H A oo
HZTXZ
vvoang | O | SSXz8 ot
[ BYTYNT Hri . qlﬁ
rZsLAg _ I
gh (|||
| | [1 ][]
|
|
| soor ¥ E TOST  BIGL _H_ g8002ZN m =
_ 4r A0SZ
_ —1s 00T 4uze
S 1 _ s o] [ &
s —| 000t ™ TS .
— - | v_|_U
Hwoz  ® |
2100 | ¥y 9,5509 O 0Ly fmJ A
[eploio | _ oI Hu 02¢2
I MG0'DT
Id
14
NOST == .
e = 0890 8A90 55XZ8
8YTYNT A Yy
Mme
_H_ vy 0zt o1 0ze _H_ G_omo_u_
(Z5LA8 (TSLA8 »ize
. ¢ - . - NTSLAE X ¥

Figure 17. Dimmable electronic transformer (100 W) with slaved output voltage
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Characteristics:

* Low weight » Dimmable without the need of additional components
e Low volume » Mains voltage compensation

» High efficiency * Overload protected

e Minimum idling losses e 100 W power output

Typical Applications:

« Dimmable halogen lighting fixtures that can be fitted with 12 V lamps (0 W to 100 W)

< Possibility of activating or deactivating the lamps during operation (useful in the event of highly fluctuating
mains voltages)

Issue: 09. 96
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Full-Bridge Transformer for 230 V/ 400 W
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Figure 18. Full-bridge transformer, dimmable for 400 W
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Characteristics:

Simple circuit
Low volume
Low weight
High efficiency

Minimum idling losses

Typical Applications:

Dimmable without the need for additional compo-
nents

Overload protected

400 W power output

Dimmable room lighting fixtures that can be fitted with 12 V lamps (100 W to 400 W)

Possibility of activating or deactivating the lamps during operation

Issue: 09. 96
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Standard circuit for 230 V/ 100 W as shown in

Annex

Parts Lists

figure 1

T1 BC547
T2 TE13009
T3 TE13009
D1 BYT51K
D2 BYT51K
D3 BYT51K
D4 BYT51K
D5 BYT52J
D6 1N4148
D7 1N4148
D8 BYT52J
D9 BYT52 J
D10 1N4148
R1 10
R2 K275
R3 56 kQ
R4 36 kQ
R5 300 K
R6 220
R7 100Q
R8 0.68Q
R9 220
R10 100Q
R11 0.68Q
R12 820
R13 120 KQ
R14 120 KQ
Ci 22 nF
C2 220 nF
C3 47 pF
C4 10 nF

0.5W

250V
250V
6.3V
100 V

Varistor

C5
C6
L1
L2
Trl
Tr2

shown in figure 10

100 nF 250 V
100 nF 250 v

0.6 mH E 13/4 (d =0 mm;
2mH E 16/5 (d = 0 mm)
Toroidal core (10 mim)

20 mH E 32/9 (d = 0 mm)
Voltage controller with U2008B (100 W/ 230 V) as

IC1 u2008B
T1 BC557B
T2 BC547
T3 BUF644
T4 BUF644
D1 BYT51K
D2 BYT51K
D3 BYT51K
D4 BYT51K
D5 1N4148
D6 BZX55C6V8
D7 BYT51J
D8 1N4148
D9 1N4148
D10 1N4148
D11 BYT52J
D12 BYT52J
R1 1Q
R2 K275
R3 22 kQ
R4 680 KQ
R5 470 kQ
R6 1kQ
R7 51 kQ
R8 13 kQ

0.5W
Varistor
2W

Trimmer

20
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R9 10 kQ T2 BC547
R10 33 kQ T3 BUF644
R11 1500 T4 BUF644
R12 56 kO T5 BC547
R13 36 kO T6 BC547
R14 220 T7 BC547
D1 BYT51K
R15 100Q
D2 BYT51K
R16 0.68Q
D3 BYT51K
R17 22Q
D4 BYT51K
R19 0.680 D6 BZX55C6V8
R20 82Q D7 BYT51J
R21 12010 D8 1N4148
R22 120 KQ D9 1N4148
C1 22 nF 250V D10 1N4148
C2 220 nF 250V D11 BYT52J
C3 100 uF  Electrolytic capacitor D12 BYT52J
C4 4.7 uF  Electrolytic capacitor D13 1N4148
C5 10 nF D14 BZX55C75
Cé 100 nF D15 BZX55C2V4
C7 47 uF 16 V El. cap. D16 1N4148
cs 100 nF 250 V D17 1N4148
C9 100 nF 250V D18 1N4148
C10 2.2 nF 400V D19 1N4148
Ci11 2.2 nF 400 V R1 10 05w
L1 0.6 mH E 13/4 R2 K275 Varistor
@=omm s 22kQ 2w
L2 2mH E 16/5
(d =0 mm) R4 680 kQ
Trl Toroidal core 10 mmUO R5 470 kQ Trimmer
Tr2 20 mH E 32/9 R6 1kQ
(d =0 mm)
' _ R7 51 kQ
Dimmable transformer with slaved output voltage ,
(230 V/100 W) as shown in figure 13 R9 47 kQ Trimmer
R11
IC1 U2008B 1500
OK1 4N25 R12 56 k0
T1 BC557B R13 36k
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R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
C1

Cc2

C3

C4

C5

C6

c7

Cc8

C9

C10
C11
C12
C13

22Q
100Q
0.68Q
22Q
100Q
0.68Q
82Q
120 kQ
120 kQ
7.5k
22 kQ
51 kQ
20 kQ
100 kQ
62 kQ
220 IKQ
20 kQ
2.21kQ
2.21KQ
1.2k
100Q
100Q
22 nF
220 nF
100 pF
4.7 uF
10 nF
100 nF
A7 UF
100 nF
100 nF
2.2nF
2.2nF
4.7 uF
22 nF

250V
250V
25V
25V

16V
250V
250V
400 V
400 V

25V
100 V

El.cap.
El.cap.

El.cap.

El.cap.

Ci4
C15
L1
L2
Trl
Tr2

10 pF
100 nF
0.6 mH
2mH

Toroidal core

E 32/9 (d=0mm)

25V

(10 mmO)

El.cap.

Full-bridge transformer for 400 W/ 230 V as shown

in figure 14

IC1
T1
T2
T3
T4
T5
T6
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
R1
R2
R3

R5

u2008B
BC557B
BC547
TE13009
TE13009
TE13009
TE13009
BYW55
BYW55
BYW55
BYW55
1N4148
BZX55C6V8
BYW55
1IN4148
1IN4148
1N4148
BYT52J
BYT52J
1N4148
1N4148
BYT52J
BYT52J
0.68Q
K275

39 kQ
680 KQ
470 KQ

0.5W

2W

Varistor

Trimmer

22
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R6

R7

R8

R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23

1kQ
20 kQ
13 kQ
10 kQ
33 kQ
150Q
56 kQ
36 kQ
1Q
100Q
0.33Q
1Q
100Q
0.33Q
82Q
1Q
100Q
0.33Q

Potentiometer

R24
R25
R26
C1
Cc2
C3
Cc4
C5
C6
Cc7
Ccs8
C9
C10
L1
L2
Trl
Tr2

1Q
100Q
0.33Q
22 nF
220 nF
100 pF
4.7 uF
10 nF
100 nF
A7 uF
2.2nF
2.2nF
1uF
0.6 mH
2mH

250V
250V
25V
25V

16V
400 V
400 V
400 V

Toroidal core (10 mm[)

20 mH

E 42/20 (d = 0 mm)

El.cap.
El.cap.

El.cap.
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Figure 19. Layout of the voltage controller with U2008B for 100 W/ 230 V (scale 2 : 1)
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Figure 20. Component layout of the voltage controller with U2008B for 100 W/ 230 V (scale 2 : 1)
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