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r 1 Overcurrent and m dpoint voltage detection The present invention
refates to inverters having half- bridge circuits, to an electronic

ball ast (EVG for gas 5 discharge | anps having such an inverter, to

nmet hods for nonitoring the condition of an inverter having a half- bridge
circuit, and to a conputer software program product which supports such
nmet hods when it is run by neans of a conputer. 10 The background to the
present inveptéebBukscher agampbpoibhevbiiebdeoticg@ppkiieati on of el ectronic
bal | asts. Such electronic ballasts are well known fromthe state of the
art and conventionally have a rectifier, supplied with 15 mains voltage,
havi ng PFC ( r r ion) . :vyal g d; this
unit ist henP}S%?ip\}fee%%g%t ofggéﬁgl{??brﬁeégg%cs I g%ﬁeé%\%e%%gﬁisgﬁ%%feﬁg%

whi ch generlatesga hiighrfitequency aa. ¢zl vl taage; bhalthsin EWE i Sor gas
delivere% to at | east aone connected gas di scharge |anp. 20 The

hal f-bri dge ¢ FELPEIENSAEEY hadY BaC a SHGe 3ol "ERFFERes "CoMheti ¥ i AT
series, suchyasi{Or: GXATIL BOWAN ¢ ; bhANSE SLA Sy il angghgekednby <~
means of a contro unit, such as for exanple ASIC. 25 In the switching
processes ofbthégse powerutransiastior ssof at heom@hfebri dgétagtent ponpgiramt o

be paid to the fact that a so-called "hard i tching” is .avoided. "Hard
swi t chi ng" PhefBsY ﬁﬁgﬁgltﬁHPPEEFansTa% zgkﬁﬁbeVBﬁa praséof” ThePY

current thropghntherhal EoRpi,ege. through the free

10
The background to the present invention 1is for example
the field of application of electronic ballasts. Such
electronic ballasts are well known from the state of the
art and conventionally have a rectifier, supplied with
15 mains voltage, having PFC (power factor correction}. The

d.c. voltage generated by this unit is then delivered to
a half-bridge clocked with high frequency, which
generates a high frequency a.c. voltage, which in turn is
delivered to at least one connected gas discharge lamp.
20 The half-bridge «circuit thereby has as a rule two
switches connected in series, such as for example power
transistors, which are clocked by means of a control

unit, such as for example ASIC.

25 In the switching processes of these power transistors of
the half-bridge attention is to be paid to the fact that
a so-called “hard switching” is avoided. "“Hard switching”
thereby means that during the free-wheeling phase of the
current through the half-bridge, through the free-
30 wheeling diode (parallel to the switch and possibly
integrated therein), the opposing switch 1s switched on.

Thereby, damage to the switch can arise.



30 wheeling diode (parallel to the switch and possibly integrated
terein), the opposing switch is switched on. Thereby, danmage to the
switch can arise. 2 Fromthe state of the art there are known suggestions
to deactivate the half-bridge after the occurrence of such a hard
switching procedure. 5 On the other hand4t is also known for exanple from
WO 00/35252 (see Figure 14 there), to nonitor the condition of the

hal f-bridge EidEUthe SRELRDIE prleci Setytskated ehanowdl tagegadtides to

m dpoi nt between the two switches, wherein thereby the appropriate

transi stor idcdnativahentBai hehddbIoder wWHER It HOS rE Whedl P bhaide has
ended. A di n t hi Lreuit is that for nonitoring this

m dpoi nt vm(geég?@%hg%%tg%ﬁcé%l%%'for exanple at the same control unit
whi ch al so controls the switches, an additional pin of an integrated
circuit is occupied. 15 Starting fromthis state of the art it is thus the
object of the BREseHtNshvBARFond Ut ol r B8pESe ey ef @F f 8&EMPdry LXBhf ¥gur ed

moni tori ng ol, .GLI GUI or =, bridg - i bLegl: | So;
achi eved i naq;g/c%ér)%%éncés\%t (t;flitgi%fel n%/gn??%%m by'tgegrr?ﬁgfo-gjtﬁlhtzh?egtsﬁrés %? t he
i ndependent «f ativs. hihé-pbdepgrderntr caliai, madfdimtdey mevel opl ¢ het eead r ahe

concept of the present invention in a particularly advantggeous 25

manner. |n AACOrERCRTWINR FHEPCAPENEESFSR" IS Hefeby" nhadess, wWherein

thereby the appropriate transistor 1is only then switched
10 on when the free-wheeling phase has ended. A disadvantage
of this c¢ircuit 1is that for monitoring this midpoint
voltage at a control unit, for example at the same
control uriit which alsc contreols the switches, an

additional pin of an integrated circuit is occupied.

15
Starting from this state of the art it 1is thus the object
of the present invention toc propose a more effectively
configured monitoring and control circuit for a half-
bridge.

20

This object 1is achieved in accordance with the invention
by means of the features of the independent claims. The
dependent claims further develop the central concept of
the present invention 1in a particularly advantageous

25 manner.

In accordance with the invention 1t 1s thereby made
possible that the pin of an integrated circuit needed for
monitoring the midpoint voltage of the half-bridge can
30 simultaneously also be employed for monitoring the
current of the half-bridge. 1In accordance with the
invention, thereby the monitoring circuit is SO

configured that on the one hand in one phase of the



possi ble that the pin of an integrated circuit needed for nonitoring the
m ‘dpoi nt vol tage of the hal f-bridge can 30 sinultaneously also be enpl oyed
for nonitoring the current of the half-bridge. In accordance with the

i nvention, thereby the nonitoring circuit_is so configured that on the
one hand in one phase of the 3 clocking ®f the switches the measurenent
signal at a pin of the integrated circuit is enployed as a m dpoint

vol tage. I n alpbasagofft hehel oeki tige of thbe reuistehkesnt( poweral ransksraens)
tenporally separated therefrom the 5 sanme pin can on the other hand ?e
enpl oyed T oPf deberniRbedeAtef t AECRALE- biF dgERLR¥ht 25Thé o FBRE "

through the ahaheidoeqmay thereby dior exanplecheng enpt oyad f asdehect i on

of an over-current condition an for lanp power regulation. 10 In
accor dance wiphwarfitsinaspectsbf tdwgpqrasent sepavehedonthdeserém, t his
proposed an inverter, havin

a half-bridge circuit, which has t swi_t ches
connect e insa@@riéEJhndcggppPPedRﬁ§rlagg?rvoﬁﬁgﬁe,Qﬁ t%@pzfﬁéginﬁ%gf 15
which, with gppeoprihate soupkertchocking-ofidhe cluesids. andk acerreoeltage
is made available. Further, a control wunit is provided which clacks the

swi t ches andtkvaligat eshea rhesisintenietue sigral thppedyof foat EHe™rilGpoPRt in
of 1 he cur r CRRBLAYSHaN Ao RAPFEBFPAgE Al T6r dat 8el oneorot heo Vot Sge
at the m dpokpt. 1The eenkiOlreyiltatiey .t hereby eval uate the m dpoint signal
10
In accordance with a first aspect of the present
invention there 1is thus proposed an inverter having a
half-bridge circuit, which has two switches connected in
series and supplied with d.c. voltage, at the midpoint of
15 which, with appropriate counter-clocking of the circuit,
and a.c. voltage is made available. Further, a control
unit is provided which clocks the switches and evaluates
a measurement signal tapped off at the midpoint 1in
different tempcral phases of the clocking of the switches

20 for detection of the current through the half-bridge and

for detection of the voltage at the midpoint.

The control unit may thereby evaluate the midpoint signal
as current through the half-bridge when only the switch

25 of the half-bridge lying at low potential is closed.

on the other hand, the control unit can evaluate the
midpoint signal as voltage value of the midpeoint in a
temporal phase of the clocking 1in which at least the
30 switch 1lying at lower potential is open. In particular
the control unit can evaluate the midpoint signal thereby
as voltage value of the midpoint during a dead time, 1in

which both switches are open.



as current through the half-bridge when only the switch 25 of the
hal'f-bridge lying at |ow potential is closed. On the other hand, the
control unit can evaluate the mdpoint signal as voltage value of the

m dpoint in a tenporal phase of the clocking in which at |east the 30
switch lying at |ower potential is open. 4n particular the control unit
can evaluate the m dpoint signal thereby as voltage value of the m dpoint
during a death&i mRad Ntiwmbi eirpotheswbi,ches apeiapes. &y mhendeadf t thre may
t hereby be variable by neans of the control unit in dependence upon the
det ect ed n1d%@ﬂhf01vowmhbelilndﬁéﬁpﬁéﬁpér 8REBndaHt e 2 e§ﬁéﬁf¥hgmﬂpgﬁ%8t

standard sety)pg,q5 Thg potentially. | ower switehomy de onpect edoyi t

ground by neans m'e heasur enent re5|stance wher eby t he

resi stance vataﬁd@fdtbetﬁeagurenent resistance is substantlally smal | er
than the resistance of the 10 potentially lower swtch in the cl osed
conditio of the switch. A further Chmic resistance can be connected

parallel to ngge BOLARG ahg,l Y 1lQMer Sy J.t&h’m %@b&'om@cabapgwh sirgnak 15

bet ween the meastrement stance and the potentially |lower switch is
t apped of f. Ky cosparsataf ierbmmpameammnﬂmadEeHﬁﬁmﬁﬂ&nmﬁu shgnaby wheh a
reference vol tage nay be provi ded, whereby then he result_of

t he
conpari son i §¢pasEBACENn G tiHe cSﬁtrcﬁheunﬂ?aFBFePﬁP hert &vaf u&Ton. ~°

substantially smaller than the resistance of the
10 potentially lower switch in the closed condition of the

switch.

A further Ohmic resistance can be connected parallel to
the potentially lower switch, whereby the midpoint signal
15 between the measurement resistance and the potentially

lower switch 1s tapped off.

A comparator for comparison of the measurement signal
with a reference voltage may be provided, whereby then
20 the result of the comparison is passed on to the control

unit for further evaluation.
The control unit may for example be an ASIC.

25 The control unit may switch on a switch first when the
detection of the midpoint voltage has indicated that the
free-wheeling phase of the half-bridge current has ended,

and thus a potential-less switching procedure 1is ensured.

30 In accordance with a further aspect of the present
invention there is provided an electronic ballast for gas

discharge lamps having such an inverter.



The control unit may for exanple be an ASIC. 25 The control unit may
switch on a switch first when the detection of the mi dpoint voltage has
indicated that the free-wheeling phase of the half-bridge current has
ended, and thus a potential-less switching procedure is ensured. 30 In
accordance wth a further aspect of the pﬁesent invention there is

provi ded an el ectronic ballast for gas discharge |anps having such an
inverter. 5 FEhaally, tithe imvention relates tto meithodss f 6or nowntopirngg t he
condition of an inverter having a half-bridge circuit. 5 Fﬁréﬁe% d
features, advBfit agesddid Ehardkt efl'st iHEYEEHF T he'@pritsent | AFent PERTJFI |
now be descr%pgg in nore detail wth reference to the acconpanying

Fi gures and by Hetailed description of different exenplary enbodi nents
of the present invention. 10 Figure |a thereby shows a first exenplary
enmbodi ne of, the invention in the condition in which, during a_ so-

cal l ed dg%d FPﬁﬁFeﬁ '?ﬁﬁﬁ?ﬁsVOPFHSQ%ﬁ8§§uﬁ?ﬁ%nfhﬁgacéFFé5§é§% IBEFFSSre
I'b shows thepcandhti o @fndhen fidist exemphar yoe &mbaskhdrenh dusiagcatail
measur ement of the current through the half-bridge, 20 Figure 2a shows a
second exenpiath emsddinme of t® hethpr es@monipaRHT%N §HoWHeS cordfti 6% in

which, during the, deag Lime, . the voltagp-aichbe JudROIM, | SopRASHERTs and

of the present invention.

10
Figure la thereby shows a first exemplary embodiment of
the 1invention in the condition in which, during a so-
called dead time, a midpoint voltage measurement 1Is
effected,

15

Figure 1b shows the condition of the first exemplary
embodiment during a measurement of the current through

the half-bridge,

20 Figure 2a shows a second exemplary embodiment of the
present inventicn in the condition in which, during the

dead time, the voltage at the midpoint is measured, and

Figure 2b again shows the second exemplary embodiment in
25 a condition in which the current through the half-bridge

1is measured.

Figure 1la shows a first exemplary embodiment of the
invention with an inverter 10 having a half-bridge
30 circuit 5, to which a DC bus voltage 3 is delivered. The
half-bridge circuit 5 has two power switches 1, 2 in each
case with free-wheeling diodes 11 and 12 connected

parallel thereto. These free-wheeling diodes 11, 12 may



Figure 2b again shows the second exenplary enbodinent in 25 a condition in
whi ch the current through the half-bridge is nmeasured. Figure |a shows a
first exenplary enbodi ment of the invention with an inverter 10 having a
hal f-bridge 30 circuit 5 to which a DC bus voltage 3 is delivered. The
hal f-bridge circuit 5 has two power switdéhes 1, 2 in each case with
free-wheeling diodes 11 and 12 connected parallel thereto. These
free-wheel i ngldbodes ikisedZatmy ahsadethat egriateesi n(itoardiestswitiche8y
(transistors) . By neans of appropriate (high-fre uen%y cIockng of the
switches 1, DPe®YS nedhs VIPEHE ¥k r ol NI tT e i § &%y & abl'& at

the m dpoi nfs;pbntbe half- Bol dagm: CoECubl 2 dighahi eauencde a: Cis

vol t age, mhi%ﬁl?or exénpge ?s erﬁzered to a choke 1% of a follow ng |Ioad
circuit, whenady taisilaateciatcuithasualdgoioont d neft héhel ahplftbriAget ask
of a nonitoring circuit connected to this half- br%dg% circui%4§risf8n t he

one hand %o @VbFdlL so- cal | dH INaFFIWIThH nd - 5. eV R "H&F-potential - “less

swi tching of o, tRe1Lransi §Loiseleq2toTe sWbkehesy ase swtehesimy aload
potential -1 ess manner when the free-wheeling diodes 11, 15 12 becane

capabl e of cohdaciton whendixy i hdust ilved operati hg Usarge Yof ¢ He2 haf f LBEi dge
circuit, befgre the switches are switched on. This is the case when
resonance cut%88-of the load 20 circuit manifest an inductive behaviour.
In contrast, this condition is no longer fulfilled if the load circuit
shows a capacitive behavi our. . . _

10 The task of a monitoring circuit connected to this half-
bridge circuit 5 is on the one hand to avoid a so-called
hard switching, i.e. a non-potential-less switching of
the transistors 1, 2. The switches are switched 1in a
potential-less manner when the free-wheeling dicdes 11,

15 12 became capable of conduction in the inductive
operating range of the half-bridge circuit, before the

switches are switched on.

This 1is the case when resonance curves of the load
20 circuit manifest an inductive behaviour. In contrast,
this condition is no longer fulfilled if the load circuilt

shows a capacitive behaviour.

In accordance with the invention, thereby the midpoint
25 voltage is measured in a temporal phase of the clocking
of the switches 1, 2 in which at least the potentially
lower switch 2 is open. In particular, however, this
midpoint voltage measurement can be carried out during
the dead time, during which thus both switches 1, 2 are

30 open.

The monitoring c¢ircuit thereby has a first Ohmic

resistance 8, which is connected parallel to the



In accordance with the invention, thereby the mdpoint 25 voltage is
measured in a tenporal phase of the clocking of the switches 1, 2 in
which at |least the potentially |lower switch 2 is open. In particular,

however, this mdpoint voltage neasurenent can be carried out during the
dead tlne during which thus both switches 1, 2 are 30 open. The
nmonitoring circuit thereby has a first Ghmc resistance 8, which is
connected papatkektitlCy tlhee? spdtrent izl |'Yhiowetrsw Oohil. r@hﬁstﬁhpstS

Chm ¢ reS|stance 8 fornms with an Chm c neasurenment resistanc ch
connects thefpsPent FaFly PBwePPEHRCt cRe2SWEERSGFcundS1d 206Ft age d.Oﬁab

The vol tage behgen&ss'&{@l pbschben; 2 del ver ed te-a conpakat ofr Qunahi gh

conpares the voltage |V|der signal "with a predeterm ned reference
vol t age V, , fvoahdgdel bugnsefrrhe &bﬁpawpéaﬁgelgdawlﬁarthél@@ﬁﬂroﬂSunﬁbee

Si th t it 6 det th | k f
cvi tohes 1. 30 aieF Rtlorihgs mERRGRERL < il &P SHIE R ean Be 2L 9%

unanbi guousl ¥ asgeei atig@daw ththey ckej_a@détérﬁmrp&@sgeféfemet oobeapet ed. .t hat

the resistance value of the Chmc 15 resistance 7 is significantly

smal | er thananfedshivels thsi spanesisent fé 9patenl &hey COBWEP lswtich©2 in
closed condition (switched-on condition) and for exanple nmay be a few
nChm 20 Thus, during the m dpoint voltage nmeasurenent, preferably during

the tenporal sddeat tble eforitheldeat i i éredetbenineasunenmentpoiat helocking
hal f-bridge current is effected, as , _

1 of the switches 1, 2, an incoming measurement signal at

pin 14 can be unambiguously assoclated with the dead time

phase.

It is to be noted that the resistance value of the Ohmic

15 resistance 7 1is significantly smaller than the switch

resistance of the potentially lower switch 2 in closed

condition (switched-on condition) and for example may be

a few mOhm.

20 Thus, during the midpoint voltage measurement, preferably

during the temporal duration of the dead time, the

measurement of the half-bridge current is effected, as

can be seen from Figure 1b, when the potentially lower
switch 2, as predetermined by the contrecl circuit 6, 1is
25 closed. In this condition, in which the midpoint voltage
is about 0.7 volt, the half-bridge current is measured by

means of the voltage at the measurement resistance 7 and

in turn delivered to the comparator 9.

30 It is to be noted that the same circuit in Figure la and

Figure 1b, with the employment of one and the same pin 14

of the circuit 6 can carry out on the one hand the

midpoint voltage measurement in a first temporal phase of



can be seen fromFigure | b, when the potentially lower switch 2, as
predet erm ned by the control circuit 6, is 25 closed. In this condition,
in which the mdpoint voltage is about 0.7 volt, the half-bridge current
is neasured by neans of the voltage at the nmeasurenent resistance 7 and
in turn delivered to the conparator 9. 3% It is to be noted that the sane
circuit in Figure la and Figure Ib, with the enpl oynent of one and the
sane pin 14 tioé theo&ﬁmgukif6tnans®attyeeuﬂ.oﬁzthedone hared ¢thleer nhdpdi nt
vol tage neasurement in a first tenporal phase of 8 e cl ocking of the
switches 1, BhanBegRurREeathett h*é%%i CHRESHEa etﬁ‘éméﬁ?ggHF o

t hr ough the Sefygonductor bridge. 5 Figures 2a and 2b show a second
exenpl ary enbodi rent of the invention, in which the nonitored circuit is
sinmplified insofar as the measurenent signal is directly tapped of f at

th id t 4. Al b t _of
thg E:dg zt FYort gé Ps5T6§a2P92¥%§FSBL$ﬁ§OPﬁee&gg&%ﬁrﬁé nﬁﬁusﬁﬁﬁ?ne ot h

switches 1,tRe-areReiiaNd thg neasurenentie of mbhe tewetentc ihnough ishe
hal f-bridge is effected durlng the tenporal duration of the clocking of

t he smntche551mp21ﬁhe@snnﬁmiaqxﬂ%ntbalm?aBGW@m&ﬁmt&ﬂGE?hsl%lﬁééGCtis The
SLTBLI 11 cat 1, 8Lt 0% 16Ul T Bpsardance WL Pl 88,28 k2D bh.
represents ari§Q@pRr g sethe trh@a@ﬁf@ﬁbnt haif t hﬁesmi@ﬂﬂorﬁSI Sztcﬁft(@eof is
10 effected during the dead time, thus while both switches
1, 2 are open, and the measurement of the current through
the half-bridge is effected during the temporal duration
of the clocking of the switches 1, 2 whilst the
potentially lower switch 2 is closed.
15
The simplification of the c¢ircuit in accordance with
Figures 2a and 2b, in ccmparison would the circuit in
accordance with Figures 1la, 1lb, thereby represents a
compromise to the effect that the switch resistance of
20 the switch 82 (Resistgy,) 1s only very crudely known, so
that the current measurement in the conditien of Figure
2b is relatively imprecise. Meanwhile, the precision with
appropriate setting of a threshold wvalue in the control
circuit 6 is adegquate in order to be able to effect a
25 security switching off in the event of an over-current

recognition in the half bridge.

Llternatively, the switch S2 1is also be formed as
integrated switch, whereby in this «case the switch
30 resistance in the closed condition (Resiston) is

relatively precisely defined, and thus also the current
measurement in the example of Figure 2b can be effected

more precisely.



20 the switch S2 (Resistc)~) is only very crudely known, so that the
cufrent neasurement in the condition of Figure 2b is relatively
i npreci se. Meanwhile, the precision with appropriate setting of a
threshold value in the control <circuit 6 is adequate in order to be able
to effect a 25 security switching off in%he event of an over-current
recognition in the half bridge. Alternatively, the swtch S2 is also be
formed as integrated switch, whereby in this case the switch 30
resistance in the closed condition (Resisto,) is relatively reci%ekg
TEFgure

.0, )
defined, and PRusSaRSS 1ORe Thr FBAt Balfehsargfe U G5EttheS@anprFalry
2b can be effgcled, Worg 0y echselysedurThe dgtiechiion ofr# he, haht- bridge
current can, nmeanwhile, Serve not only for a security switching off in
the event offthdededecedononf odn avervearrcentesbndioridan,icdiut aksoassas
at | east one argnﬁter of a Ianggggmer e ulation. In accordance with the
i nventi o, tfus2tt h82pEnCRENBEF SEh&LcEntPBP PEYETcafohd 2kéSt | ow
since a neasurenment concept is proposed that in terms of circuitry
technol ogy 10 conbi nes the detection of the mdpoint voltage with the
over - cur r ent Idetecpirdance whé bhalfe bimitye: 1Sincehuhe wirepbiht "vePeageti s
al ways determ ned, before__the corresponding transisior is
and on the S ot 1t Hand '& déad 11 m%ei gk%yfgva%gwprse?é% , anegl\gﬁtrsgggﬂ Ri@s
effected in tbgceptr eat pregs seenditd on n W ehs nekesi rpassbl eeannadditi ve

superinposition of half-bridge current and m dpoint voltage detection.
1 combines the detection of the midpoint voltage with the

over-current detection in the half-bridge.

Since the midpoint wvoltage is always determined, before
the corresponding transistor is switched on and on the
15 other hand a dead time is always present, measurement 1s
effected in the current-less condition, which makes
possible an additive superimposition of half-bridge

current and midpcint veltage detection.



10 dainms 1. Inverter wwth a half-bridge circuit, having: - two sw tches
(%, 2) connected in series and 5 supplied with d.c. voltage (3), at the
m dpoint (4) of which, with counter-clocking of the switches (1, 2), an
a.c. voltage is nade available and - a control unit (6), which clocks the
switches 10 (1, 2) and evaluates a nmeasUPenent signal tapped off at the
m dpoint (4) in different tenporal phases of the clocking of the swtches
(1, 2) for deteeison of the current through the half-bridge (5) and of
the voltage at the 15 mdpoint (4). 2. Inverter according claiml,
characterised in that, the control unit (6) evaluates the m dpoint signa

20 as current tlhr?w@rk@% Qg'tfnélgr h%q%-@;@mg\@h%&r%hx theisw:tch (1) lying

at |l ower potential is close Inverter according to any preceding
claim characterize inwbhatwi2bhtbe cbntrxl unnhecﬁ)adevam uateesi dsheand
m dpoi nt signal as voltage val ue of the n1%ﬁ0|nt § in a hase in. which

at |east R he switch (2FUPPLA§ atvitdnet- C potentddt |3’ opeh. t86 BXIPSVErt er

according to claim3, gharagterhzed,inuihal, LG eenkn@ibid €8 cre
eval uates the m dpoi nt S|gn

sw1tches (1, 2), an a.c. voltage 1s made
available and
- a contreol unit (6), which clocks the switches
10 (1, 2) and evaluates a measurement signal
tapped off at the midpoint (4) 1in different
temporal phases of the clocking of the switches
(1, 2) for detection of the current through the
half-bridge (5) and of the wvoltage at the
16 midpocint (4).
2. Inverter according claim 1,
characterised in that,
the control unit (6) evaluates the midpoint signal
20 as current through the half-bridge (5), when only

the switch (1) lying at lower potential is closed.

3. Inverter according to any preceding claim,
characterize in that,
25 the control unit (6) evaluates the midpoint signal
as voltage value of the midpoint ({4) in a phase 1in
which at least the switch {(2) lying at lower

potential is open.

30 4. Inverter according to claim 3,

characterized in that,



as voltage value of the mdpoint in a dead tinme, in which both swtches
(I, 2) are open. 5 5. Inverter according to claim4, characterized in
that, the dead tine is variable in dependence upon the detected m dpoint
voltage. 10 6. Inverter according to any precedlng claim characterized
in that, the potentially |ower swtch (2)1|s connected with ground by
means of an Ohm ¢ neasurenent resistance (7), the resistance val ue of
which is substantthkl ydri smal Let tt i theatestssamme oﬁidm@i@bten@haﬂly
|l ower switch (2) in the closed condition. Inverter accor to claim

6, characterlzedaFnWﬂ%ﬁ@g%KY%ﬁq%r?ﬁthﬁhWﬁgpPé§|sﬁéh&% BY i 9%‘Snné@ted

parallel to the patent bakhy shoWehesWtich 2(2) rand Jche nldp0|nt signal is
t apped of f between the neasurenent resistance and the potentially | ower

switch (2). 25 8 I nverter according to claim7, characterized by, a

conpar at (9) f arison of, .the neasur.e signal with a reference
voltage.%go 3 néay?é €4cB6FGIERG "o tany Sﬁgggdlng claim characterized

in that, the cont5ggrg@%@rh§e@nlAS{§at12 10. Inverter according to any

precedlng claim characterized in that,
the dead time is variable in dependence upcon the

detected midpoint vcltage.

10 6. Inverter acceording to any preceding claim,
characterized in that,
the potentially lower switch (2) 1is connected with
ground by means of an Ohmic measurement resistance
{7y, the resistance value of which is substantially
15 smaller than the resistance of the potentially lower

switch (2} in the closed condition.

7. Inverter according to claim 6,
characterized in that,
20 a further Ohmic resistance (8} is connected parallel
to the potentially lower switch (2} and the midpoint
signal is tapped ©off between the measurement

resistance and the potentially lower switch (2).

25 8. Inverter according to claim 7,
characterized by,
a comparator (9) for comparison of the measurement

signal with a reference voltage.

30 9. Inverter according to any preceding claim,
characterized in that,

the contreol unit is an ASIC,.



the control unit switches on a switch only then wnen the detection of

t he midpoint voltage has indicated 5 that the free-wheeling phase of the
hal f-bridge current has ended, and thus a potential-less swtching
procedure is ensured. 11. Electronic ballast for gas discharged |anp, 10
havi ng an inverter (10) in accordance wi t'R any preceding claim 12.

Met hod of nonitoring the condition of a n inverter having a half-bridge
circuit, whichlas twoIntbrseirt ahesr@iing2)ocanyeotredeidi ngeriles rand
supplled with d.c. voltage (3), at the mdpoint (4) of which, wth
appropri at e countEPaEPSEthéegflPhehéﬁntches (1, 2), an a.c. voltage is

made available, —ehar %%%Eb&e%dﬁ thats 12l areassy; eNBRt oal gnahehapped
off at the mdpoint (4) 1is evaluated in different tenporal phases of the

cl ocking of the shhécheiagtldn ¢ﬁrthhemd@@@ammowaﬁtaqmeh@ﬂrﬁ@dﬂCﬁhﬁdugh

t he hal f-Dbridge ( e at t e m dpai nt . (4)
Met hod actordi ng ?% glal 2 re@hg% épgseg arsi‘eth , tﬁ% h&é%l%t g0 nal

is evaluated as cgﬁgg@htthngggh eh@@dbalfaﬁwldeUQS) ahepcephy itkhe 1swist ch
(1) lying 30 at |ower potential is closed. 14. Method according to any
of clainms 12 or 18witghanrdacrericeddrien ishgnsurgd.

11. Electronic ballast for gas discharged lamp,
10 having an inverter (10) 1in accordance with any

preceding claim.

12, Method of monitoring the condition of an
inverter having a half-bridge circuit, which has two

15 switches (1, 2) connected in series and supplied
with d.c. voltage (3), at the midpoint (4) of which,
with appropriate counter-cleccking of the switches
(1, 2}, an a.c. voltage is made available,
characterized in that,

20 a measurement signal tapped off at the midpoint (4)
is evaluated in different temporal phases of the
clocking of the switches (1, 2) for the detection of
the current through the half-bridge (5) and of the
voltage at the midpoint (4).

25
13, Method according to claim 12,
characterised in that,
the midpoint signal is evaluated as current through
the half-bridge (5} when only the switch (1) lying
30 at lower potential is closed.

14, Method according to any of claims 12 or 13,

characterized in that,



the m dpoint signal is evaluated as voltage value of the mdpoint (4) in
a phase in which at least the switch (2) lying at |ower potential is
open. 5 15. Method according to any of clains 12 to 14, characterized in
that, the mdpoint signal is evaluated as voltage value of the m dpoint
in a dead time, in which both switches (3, 2) are open. 10 16. Met hod
according to clains 15, <characterized in that, the dead tine is varied
in dependence upofhéhgiqget get edgndpaigntewpliages & A7t Mt hodlue of
according to any of clainms 12 to 16, wherein the potentially |ower
switch (2) is cobhecreédd@iith gfdundnbyd neBAseofl Narichi ¢ 2 tne'dtit lenkeh
resi stance ~7), the. i nce. val i L §,Subs ially smaller
than the switch $§%§§§a§%2 ?ﬁlﬁgoggdgégﬁgipggggtg%é ggfhgghér Chm ¢
resistance (8) is connected parallel to the potentially |ower swtch
(2), characterized in that, 25 the mdpoint signal is tapped off at a
poi nt beftween lthe neadfkBREntcresfishanée gry Qﬁdcﬂﬁémﬁoﬁgnfpaﬂﬁy | ower
switch (2). 18. Methpd pceording, to,gkaim17, 30 characterized in that,
t he measurenent signai 'S conpared wth a reference

the midpoint signal is evaluated as voltage value of

the midpoint in a dead time, in which both switches

(1, 2) are open.

10
l6. Method according to claims 15,
characterized in that,
the dead time 1is varied in dependence wupon the
detected midpoint voltage.
15
17. Method according to any of claims 12 to 16,
wherein the potentially lower switch (2} is
connected with ground by means of an Chmic
measurement resistance {7), the resistance value of
20 which 1is substantially smaller than the switch
resistance in closed condition, and a further Ohmic
resistance (8} is connected parallel to the
potentially lower switch (2},
characterized in that,
25 the midpoint signal is tapped cff at a point between
the measurement resistance (7) and the potentially
lower switch (2}.
18. Method according to claim 17,
30 characterized in that,

the measurement signal 1s compared with a reference

voltage.



voltage. 14 19. Method according to any of clains 12 to 18,
characterized in that, the voltage at the mdpoint is evaluated for
ensuring potential-less switching procedures of the 5 switches (1, 2).
20. Method according to claim19, <characterized in that, a swtch (1, 2)
is only closed if the detection of 10 tA# nidpoint vol tage has indicated
that the free- wheeling phase of the half-bridge current has ended. 21.
Met hod for contlraal | i ngManhoavecterdhagi ng anyhalff cheiidge 1€ teuilt, which
has two switches (1, 2) 15 connected in series and supplied with d.c.

vol tage (3), at thB2RPAPBFAESE4Y ofDRhich, with appropriate

counter-clocking pf.thegswiehes, (1, 2)e aR;i@c6intVolifgect s MRAEs for
avai |l abl e, characterlzeg inthat, 20 a neasupenent signal tapped off at

the m dpoint (4) ensuaideagdiare,idIin-ME<chsbdothhsngt chesgdlire®) af ethe
open, is evaluated as voltage | ue of the mdpoint and this dead tine
is varied in depeﬁﬂéﬁﬁ@eﬁng'tﬁg' det ected m dpoint voltage. 25 22.
Comput er software program product, characterized in that, it supports a

nmet hod according to any of clains 12 to 20 when it is run by neans of a
m cr o- conput er .20. Method according to claim 19,

characterized in that,
a switch (1, 2) is only closed if the detection of
10 the midpoint wvoltage has indicated that the free-

wheeling phase of the half-bridge current has ended.

21. Method for controlling an inverter having a
half-bridge c¢ircuit, which has two switches ({1, 2}

15 connected in series and supplied with d.c. voltage
(3), at the midpoint (4) of which, with appropriate
counter-clocking of the switches (1,2}, an a.c.
voltage is made available,
characterized in that,

20 a measurement signal tapped off at the midpoint (4)
in a dead time, in which both switches (1, 2} are
open, 1s evaluated as voltage value of the midpoint
and this dead time is wvaried in dependence upon the

detected midpeoint voltage.

25
z22. Computer software program-product,
characterized in that,
it supports a method according te any of claims 12
to 20 when it is run by means of a micro-ccomputer.
30

23. Inverter with a half-bridge circuit, having:
- two switches (1, 2) connected in series and

supplied with d.c. voltage (3), at the midpoint



30 23. Inverter with a half-bridge circuit, having: - two swtches (1, 2)
connected in series and supplied with d.c. voltage (3), at the midpoint
15 (4) of which, with counter-clocking of the switches (1, 2), an a.c.
voltage is nade available and a control unit (6), which clocks the
switches 5 (1, 2) and evaluates a neasur@nment signal tapped off at the
m dpoint (4) in a dead tinme, in which both swtches (1, 2) are opened, as
vol tage val ue of the midpoi 6t andisk{s wheh deadntemecilncé#epgndencetbipon
the detected 10 m dpoint voltage.

switches (1, 2, an a.c. Vvoltage 1s made

available and

- a control unit (6), which clocks the switches

5 (1, 2} and evaluates & measurement signal
tapped off at the midpoint {4) in a dead time,

in which both switches (1, 2) are opened, as

voltage wvalue cf the midpoint and sets the

dead time in dependence wupon the detected

10 midpoint voltage.



