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Circuit arrangement.

The invention relates to a circuit arrangement for operating a lamp,
provided with
- ballast means for generating a lamp current from a supply-voltage,
- a memory in which a relation between a number of temperature-dependent lamp
parameters has been laid down, . '
- means coupled to the memory for changihg lamp operation in dependence on
the temperature. o '

Such a circuit arrangemeht is known from European Patent 391383. The
temperature dependence of parameters relating to preheating and igniting of a discharge lamp
have been laid down in the memory of the known circuit arrangement. A temperature sensor
measures the temperature and, for example, the amplitude of the prehuting current and the
amplitude of the ignition voltage are adjusted in dependence on the measured temperature
value. Preheating of the lamp electrodes and lamp ignition are thus adapted to the ambient
temperéﬁ:re. Not only the required preheating current and the required ignition voltage, but
also the lumen output of the lamp depends strongly on the temperature. It is possible to
accommodate this temperature dependence by measuring the temperature with a temperatixre
sensor and adjusting the power consumed by the lamp to a value which leads to the desired
luminous flux value at the measured temperature, in a manner corresponding to the
adaptation of the ignition voltage and the preheating current to the temperature as described
in European Patent 391383. The use of a tenrpérature' sensor, however, renders the circuit
arrangement comparatively expensive and complicated. |

The invention has for its object to provide a circuit arrangement which
maintains the luminous flux of a lamp operated by means of the circuit arrangement |
substantially independently of the temperature over a substantial temperature range, while the
circuit arrangement is at the same time comparatively simple and inexpensive.

According to the invention, a circuit arrangement as described in the
opening paragrapt ‘s for this purpose characterized in that
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- the parameters comprise a current through the lamp, a .voltage across the lamp,
. and a luminous flux of the lamp, and

- the means for changing lamp operation in dependence on the temperature
comprise _ |

- _ means I for generatmg a signal S1 which is a measure for the voltage across the
lamp,

- -means 1I for generaung a signal S2 whrch is a measure for the current through
the lamp, -

- . means III for generating a srgnal S3 Wthh is a measure for a desired value of
the luminous flux of the lamp, -

- means IV for dé_te_rmining_the luminous flux of the lamp by means of the

| memory and signals S1 and S2, and _

- means V for adjusting lamp operation in dependence on the luminous flux of the

lamp and on signal S3. |

During lamp operation, the luminous flux of the lamp is derived from the

| voltage across the lamp and the current through the lamp. by means I, IT and IV and by the

memory Smoe thrs method of determtmng the luminous flux does not use, for example,
light sensor or temperature sensor, the luminous flux is determined by comparatively simple
means. The means V adjust lamp operation in dependence on the determined luminous flux
and the signal S3. It was found that the luminous flux of a lamp operated by means of the '

circuit arrangement aecordmg to the invention is substantially independent of the temperature

over a comparatively w1de temperature range. It was also found that a discharge lamp
operated by means of the circuit arrangement according to the invention has a good run-up
behaviour. This is the case more particularly when the discharge lamp is provided with an
amalgam acting as a reservoir for a substance which is present in the plasma during .
stationary lamp operation. The term "_r_un.-u_p behaviour” is to be understood here as the
increase in the luminous flux during a time interval which starts immediately after lamp
ignition and ends when the lamp enters stationary operation. Imm_ediately_aﬁer the ignition
of, for example, a low-pressure mercury discharge lamp (called lamp hereinafter) provided

* with an amalgam as a mercury reservoir in the discharge vessel, the temperature of the

amalgam is comparatively low. As'a result, comparatively little mercury is present in the

- plasma, so that the luminous flux of the lamp is comparative_iy low. After lamp ignition the
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lamp temperature rises owmg to the dlscharge, so that also the amalgam temperature rises
35 a result. In proportion as the
mercury quantity in the plasma increases, the luminous flux of the lamp also rises. This

and the quantity of mercu; pment in the plasma increasé

luminous flux continues to rise until the temperature of the Iamp does not rise any further. It
is desirable in many applications to keep the time interval during which the luminous flux of
the lamp rises from the value immediately after ignition to the stationary lamp operation
value as short as possible. If such a low-pressm:e mercury discharge lamp is operated by
means of a circuit arrangement according to the invention, the means IV determine the
luminous flux immediately after lamp ignition on the basis of the current through the lamp,
the voltage across the lamp, and the memory. Since this luminous flux is smaller than the
desired value, the means V apply a change to the lamp operation whereby the luminous flux
rises. The effect of this is that the luminous flux of a lamp operated by means of a circuit

- arrangement according to the invention is comparatively high immediately after ignition. The

luminous flux also reaches the substantially constant value accompanying stationary lamp
operation after a comparatively short time interval. |

An advantageous embodiment of a circuit arrangement according to the
invention is characterized in that the relation between said number of temperature-dependent
parameters of the discharge lamp is stored in the memory in the form of a table. It was
found that the means IV can be constructed in a comparatively simple manner in this case.

A further advantageous embodiment of a circuit arrangement according. to
the invention is characterized in that the circuit arrangement is in addition provided with |
means for temporairily changing the value of the current through the lamp and for deriving
the luminous flux of the discharge lamp from changes, resulting therefrom, in the value(s) of
one or several temperature-dependent lamp parameters and from the memory. If there is no
unequivocal relation between the luminous flux (and the temperature) of the lamp on the one
hand and the voltage across the lamp and the current through the lamp on the other hand,
these means may be .use'd for determining the luminous flux (and the temperature). In the
case of low-pressure mercury discharge lamps, for example, it is often found that each
combination of a current value through the lamp and a voltage value across the lamp
corresponds to two lamp plasma temperatures, and thus to two luminous flux values, over a
range of the current through the lamp and over a further range of the voltage across the
Iamp. It is possible in such a situation to determine the luminous flux (th: :emperature) of
the lamp in that the power consumed by the lamp or the current flowing through the lamp is
changed during a time interval, This achieves a reduction or increase in the temperature of



10

15

20

30

WO 96/08125 4 PCT/IB95/00703

_the lamp It can then be determined which of the two possible luminous flux values was the

actual value by subsequently determining, after the time interval, whether the value of one or
several temperature-dependent parameters has risen or dropped.

An embodiment of the invention will be explained in more detail with
reference to a drawing, in which . , . |
_ Fig. 1 i,s'a diagram of an emﬁodim_ent of a circuit arrangement according
to the invention; and | | |
| Fig. 2 shows the temperature of the coldest spot m a compact low-
pressure mercury discharge lamp as a function of the voltage across the low-pressure

mercury discharge lamp ar_l_d the current through the low-pressure mercui'y discharge lamp.

- InFig. 1, Bare ballast means for generating a lamp current from a supply
voltage. Ballast means B are provided with input terminals K1 and K2 for connection to a
supply voltage source. A series arrangement of a 1amp_1.a and an ohmic resistor R1 is
connected to output teminzﬂs of the ballast means B. Circuit portion IV forms means for
determining the luminous flux of the lamp. A first end of the lamp, a common junction point’

-of the lamp and the rwstor, _émd a further end of the resistor are coupled to three respective

inputs of circuit portion IV. The voltage difference between the first two inputs forms a
signal S1 which is a measure for the voltage across the lamp during lamp operation. The
couplings between the lamp and the first two inputs form means I for generating the signal
S1. The voitage difference between the second and the third input forms a signal $2 which is
a measure for the current through the lamp during lamp operation. The couplings between
the resistor R1 and the. second and the third input of circuit portion IV form means II for
genergﬁng signal S2. Circuit portion IV is coupled to memory M. Memory M contains a
relation between the current through the lamp, the voltage across the lamp, and the luminous
flux in the form of a table. Circuit portion VI and switching element VIa together form
means for temporarily changing the current through the lamp. Cii'cuit portion VIa forms a
signal generator for generating a signal for increasing the lamp current most recently
measured by, for example, . 10% via circuit portion Vb. A first output of circuit portion IV is

~ connected to a first input of comparator Va. Comparator Va forms means for generating an

analog signal which is a m_ea_sui'e for the difference between the actual luminous flux value
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determined via the memory and the desired luminous flux. A second output of circuit portion
IV is connected to a first ifiplit-of circuit portion VI. A fuxther input of circuit portion VI is
coupled to the resistor Rl Tlus coupling is indicated with’ a broken line in the Figure. An

output of circuit portion VI is coupled to a first main electrode of switching element VIa. A

‘third output of circuit portion IV is coupled to a control electrode of switching element VIa.

This coupling is. indicated with a broken line in Fig. 1. Circuit portion III forms means for
generating a signal S3 which is a measure for a desired luminous flux value. Comparator Va
and circuit portion Vb together form means V for adjusting lamp operation in dependence on
the luminous flux and on the signal S3. A second input of comparator Va is connected to an
output of circuit portion ITII. An output of comparator Va is connected to a second main
electrode of switching element VIa. A third main electrode of switching element Vla is
connected to an input of circuit portion Vb. An output of circuit portion Vb is connected to
an input of ballast means B. \

The operatlon. of the circuit arrangement shown in Fig. 1 is as follows.

When the input terminals K1 and K2 are connected to a supply voltage
source, the ballast means B generate a current through the iamp La from a supply voltage
delivered by the supply voltage source. Signals S1 and S2 are present between the inputs of
circuit portion IV via the couplings which in this embodiment form the means I and II. The
circuit portion IV determines the luminous flux of the lamp from the signals S1 and S2 and
the table present in memory M. If the values determined for the wﬁent through the lamp
and the voltage across the lamp are not identical to the values tabled in memory M, the
luminous flux value is obtained through linear interpolation. A signal is present at the first
output of circuit IV which is a measure for the actual luminous flux in those cases in which
the relation between the voltage across the lamp and the current through the lamp on the one
hand and the luminous flux of the lamp on the other hand is unequivocal. This signal is also
present at the first input of comparator Va. Signal §3, which is a measure for a desired
luminous flux value of the lamp, is present at the second input of comparator Va. A signal is
also present at the third output of circuit portion IV under the influence of which this third
output keeps switching element VIa in a first state via the control electrode of this switching
element, in which state the second main electrode is conductively connected to the third main
electrode. In this first state, the signal at the output of comparator Va, which is a measure
for the difference between the actual luminous flux value determined via the memory and the
desired luminous flux, is also present at the input of circuit portion Vb. Circuit portion Vb

- adjusts the lamp operation in dependence on the signa_l present at the output of comparator
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Va. If the luminous flux as determined is lower than the desired luminous flux, the lamp
current is increased by circuit portion Vb. When the ballast means B comprise a DC-AC
converter to which the lamp is connected, the current through the limp may be adjusted, for
example, in that the duty cycle and/or the frequency of one 6" several switching elements of
the DC-AC converter is adjusted '

Dependxng on the lamp type, the relation between the voltage across the
lamp and_tﬁe current thr_o.ugp the lamp on the one hand and the l_ummous flux of the lamp on
the other hand is often not unequivocal over a certain range of the current through the lamp
and the voltage across the lamp In other words, two possible values for the luminous flux
are found in the table of memory M for the relevant values.'of ‘the voltage across the lamp
and of the current through the lamp. In that case, the values determined for the voltage
across the lamp and the current through the lamp are temporanly stored in a memory which
forms part of the circuit portl_on,IV. The circuit portion IV also generates a signal at the third
output of the circuit portion IV under the influence of whieij the switching element VIa is
brought into a second state during a certain time interval in which the first main electrode
and the third main electrode are conducnvely mterconnected As a result of this, the signal
generated by the circuit poruon VI is also apphed to the mput of circuit portion Vb. So a
signal which is a measure fq: the current through the lamp most recently measured is also
present at the second output of circuit portion IV and accordingly also at the first input of
circuit portion VL. The coupling between the resistor R1 and the further input of circuit
portion VI means that the signal S2 is applied to this further input.

The signal at the output of circuit portion. VI controls the current through
the lamp to a value which is approxlmately 10% higher than the most recently measured
value, via circuit portion Vb. After the time interval has elapsed, the switching element is
brought into the first state again by means of the signal at'-. _t_he second output of circuit portion
IV. Since the current through the lamp had a higher value during the time interval, the
tempefature of the lamp hasmcreased The means IV dete;"r_nine whether this has caused an
increase or a decrease in.the voltage across the lamp in that the voltage value across the lamp
after the time interval is compared with the value before the time interval stored in the
memory. If the lamp is a compact low-pressure mercury discharge lamp and the voltage
across the lamp has risen, this means that the lamp temperature had the lower of the two

values corresponding to the voltage across the lamp and current through the lamp determined

before the time interval. If the voltage across the lamp has dropped, however, this means
that the lamp temperature had the higher of the two values corresponding to the voltage

{
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across the lamp and current through the lamp determined before the time interval. The two
temperature values correspbnd to the different luminous ﬂmé values of the lamp laid down in
the table in memory M. It i is accordingly also detemuned whxch of the two possible luminous
flux values is the actual value in that the lamp temperature is determined in the manner
described above. The circuit portion IV generates at its first output a signal which is a
measure for the determined luminous flux, and since the switching element VIa is in its first
state again, the luminous flux control proceeds further as described above.

Fig. 2 shows, plotted on three orthogonal axes for a low-pressure mercury

'discharge lamp, the_ current through the lamp (Ip ), the voltage across the lamp (VL) and the

temperature of the coldest spot of the lamp, in arbitrary units.

Fig. 2 shows that most of the possible values for the voltage across the
lamp and the current through the lamp correspond to two values for the coldest spot
temperature in the lamp in the case of the compact low-pressure mercury discharge lamp for
which the pictured data were measured. These different temperature values of the coldest
spot of the lamp correspond to different luminous flux values, so that also the relation
between lamp current and lamp voltage on the one hand and the luminous flux of the lamp
on the other hand is not unequivocal. The problems involved in this ambiguity relating to the
control of the luminous flux of the lamp by means of a circuit arrangement according to the
invention can be counteracted in the manner described above. '
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- ballast means for generating a lamp current from a supply voltage,

- a memory in which a relation between a number of temperature-dependent lamp
parameters has been laid down, . |

- means coupled to the memory for changmg lamp operation in dependence on .
the temperature,

charactenzed in that

- : the parameters compnse a current through the lamp, a voltage across the lamp,
and a luminous flux of the lamp, and . .

- ‘the means for changing lamp operatlon in dependence on the temperature
comprise

- ' means I for generatmg a s1gnal S1 which is a measure for the voltage across the

lamp, .

- | means II for generatmg a signal §2 which is a measure for the current through
the lamp,

- means III for generating a signal $3 which is a measure for a desired value of |
the luminous flux of the lamp,

- - means IV for determining the luminous flux of the lamp by means of the
memory and signals S1 and S2, and

- means V for adjusting lamp operation in dependence on the lummous flux of the

~ lamp and on signal S3.
2. - A circuit arrangement as claimed in Claim 1, characterized in that the
relatioh between said number of temperature-dependent parameters of the discharge lamp is

- stored in the memory in the form of a table.

3. A circuit arrangement as claimed in Claim 1 or 2, charactenmd in that
the circuit arrangement is in addition provided with means for temporarily changing the value
of the current through the lamp and for deriving the luminous flux of the discharge lamp
from ehanges, resulting therefrom, in the value(s) of one or several temperature-dependent
lamp parameters and from the memory. |



