| Overcurrent and m dpoint voltage detection The present invention rel ates
to inverters having half- bridge circuits, to an electronic ballast (EVG
for gas 5 discharge | anps having such an inverter, to nmethods for
nonitoring the condition of an inverter having a half- bridge circuit, and
to a conputer software program product which supports such methods when it
is run by neans of a conputer. 10 The bacKHground to the present invention
is for exanple the field of application of electronic ballasts. Such

el ectroni ¢ baldwasts, e veldqg kpoywefreomehesgd aterOfctbe art and
conventionally have a rectifier, supplied wwth 15 mains vol tage, having PFC
(power factor correction). The d.c. voltage generated by this unit is then
delivered to -bridg e i Lgh.fre i ' es a
hi gh frequencﬁﬁgbgéggg%bgggfﬁﬁﬁﬁgﬁg}ﬁ%%gﬁgégstcaeﬁﬁgggggr%gkéﬁ&ﬁn agﬁhg%e
connect ed gas kdiistfwar gertanps, 20 olhen hallkbchrodde callhdt t haveby fltas gss a
rule two W tches connected in series, such as for exanple power
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the half-bridge attention is to be paid to the fact that a so-called "hard

swi t chi ng" i s bavisicded.cIHardt swi ¢edii ngb  Bhercebyureans tdidiwata i ngredrem

free-wheel i ng phage. of 08y CHISH Lhrough the, balf-brldoe, through the
means of a computer.

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 conventiconally have a rectifier, supplied with
15 mains voltage, having PFC (power factor correction). The

d.c. vecltage 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 c¢ircuit 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 tc be paid to the fact that
a so-called “hard switching” 1is avoided. “Hard switching”
thereby means that during the free-wheeling phase of the
current through the half-bridge, through the free-
30 wheeling dicde (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 therein)

, the opposing switch is switched on. Thereby, damage 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 sw tching
procedure. 5 On the other hand it is also knowm for exanple from WO

00/ 35252 (see Figure 14 there), to monitor2the condition of the hal f-bridge
circuit, and nore precisely stated the voltage at the m dpoint between the
two switches, raher eitie $hetebyrt hecappiopthate hrangnstar swomdtyidrirentoe

switched 10 on when the free-wheeling phase has _ended. A disadvanta of
this circuit P&tV HGr trﬁﬁmifi%ﬁ*r@f%%g% At dpbi At PEFHAGE AL é%goﬁ%%%ma

unit, for examplg atyithe S -LUHS Q. unit which also controls the
switches, an additional pi'n of an integrated circuit is occupied. 15

Starting fromthis state of the art it is thus the object of the present

i nvention o propase a re.effectively . configured nitoring a co ol
circuit fo% ae)aﬁgyab?Fggg.rfﬁmﬁh%é 68jé%%s?skg8 PeJ%%Ti%X%%%g?dgggg &ﬁ{h
t he inventionoohpsmeans e t hegheat unesrefrd)he tadepandent teleaidendifhien
dependent clains further develop the central concept of A the present
invention in &ipd&NE dildrBr fFant bgeotsr 28CnHAKREr precisely stated the

voltage at the midpeoint between the two switches, wherein
thereby the appropriate transistor is only then switched
10  on when the free-wheeling phase has ended. A disadvantage
of this circuit is that for monitoring this midpoint
voltage at a control unit, for example at the same
control unit which also controls the switches, an

additional pin of an integrated circuit is occcupied.

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

20

This object is 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 in a particularly advantageous

25 manner.

In acccordance 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. In accordance with the
invention, thereby the menitoring circuit is S0

configured that on the ocne hand in ohe phase of the



In accordance with the invention it is thereby made possible that the pin
of an integrated circuit needed for nonitoring the m dpoint voltage of the
hal f-bri dge can 30 simultaneously al so be enployed for nonitoring the
current of the half-bridge. In accordance with the invention, thereby the
nonitoring circuit is so configured that on the one hand in one phase of
the 3 clocking of the switches the neasuréhent signal at a pin of the
integrated circuit is enployed as a mdpoint voltage. In a phase of the

clocking of thelswiehess (peweswitaisd StREShehempemahtky sseparnated = pin
therefrom the 5 sanme pin can on the other hand be enployed for
det ermi nati on ©f tHee hadlFlapidgrd c iirgiit THe c@fitdmyed hegugh t Redpoint

hal f-bridge may. {hereby fior Lxanple bee emploved Jofdetactiag ob,afcnes

over-current condition and anp power regul ation: I n accordance with
a first aspect{miwd¢he tpresanttodsiventinpnrihérye sspdhusepr apesed ram,i nvieet er
havi ng a galf-bridge,circuit, whi ch_has two smﬁtchﬁs onnected in sgries

5

and suppl i 8d WdH d. B1vol9%ye, ©at thE niUptint BF" cHETRg@¥ed  for

appropriate CoHt&FmLhOEkbNg Of the CiHQUWtor ) 2uGret@l.t ageel sciRdent
avail able. Further, a control wunit is provided which clocks the sw tches
and eval uat es thrardsur epent hei nkir iddppedsof f tdrensiey mi Bpoi nexempldi fiper ent

I’;ﬁﬂ)gﬁ,?l . ﬁ?gﬁgﬁﬁnﬁ%&{% ?'pgfr%%%%é#eo%"“atnch8§e§QcE9Ee9‘Et eeldon Of they
for lamp power regulation.
10
In accordance with a first aspect of the opresent
inventicn there 1is thus propesed 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 1s made available. Further, a control
unit is provided which clocks the switches and evaluates
a measurement signal tapped off at the midpoint in
different temporal 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 conly 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 midpoint in a
temporal phase of the clocking in 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, in

which both switches are open.



for detection of the voltage at the m dpoint. The control unit may thereby
eval uate the m dpoint signal as current through the half-bridge when only
the switch 25 of the half-bridge Iying at |ow potential is closed. On the
ot her hand, the control unit can evaluate the m dpoint signal as voltage
value of the mdpoint in a tenporal phase of the clocking in which at |east
the 30 switch lying at | ower potential is open. In particular the control
unit can evaluate the m dpoint signal thereby as voltage value of the

m dpoint during a dead tine, in which both switches are open. 4 The dead

tinme may therebye becvariabhe by meansrebythe ¢ontrapheunif hBadependense
upon the detected m dpoint voltage, in particular extendable, starting from
a standard sét@MfigP 5 UTHe péfenffEENGSN6Rer UBHT t dR ey el EatheBL 88OW Eh

ground by means «of ,an Oopi c EBas t L ce, grehy the :resistance
val ue of the neasuf%%%nt ggsistang%ﬁggp s%%gtgggﬁa?fymghﬁﬁﬁgTg?han ?ﬁe :
resi stance of fthenddrpotentiayly | ower switch in the closed condition of the
switch. A further Ohmc resistance can be connected parallel to the

potentially |ower switch, whereby the mdpoint signal 15 between the
nmeasur enent registaheenangi i perpoeentiakl-y onele swhigd-i St AppedyebhingA
conparat or for conparison of the neasurenent signa
by means of an Ohmic measurement resistance, whereby the
resistance value of the measurement resistance is
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 is tapped off.

A comparateor for compariscn 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 contrcl unit may for example be an ASIC.

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

and thus a potential-less switching procedure i1s 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.



with a reference voltage may be provi ded, whereby then

conparison is passed on to the control wunit for further evaluation. The

control unit may for exanple be an ASIC. 25 The control
detection of the m dpoint voltage has indicated that
and thus a

switch first when the
the free-wheeling phase of the half-bridge current has ended,

potential -1ess switching procedure is ensused. 30 In accordance with a
further aspect of the present invention there is provided an electronic

bal l ast for gas ndisgharge Lamps haw no suchs ap,i perbels: A r Fhoaltyrithe
invention relates to nethods for nonitoring the condition of an inverter

havi ng a hal f ths dgeonéittont . oF Furt heinfeatereshagdvant ageshahf-bridge
characteristi%§:§guf@e present invention will now be described in nore
detail with reference to the acconpanyi ng Figures and by detailed
description of different exenplary enbodinents of the present invention.
Figure la %
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$rafdiact ed, 15 ELour £ 1 brshows, t he conrditi op, ofthe fiesty
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with reference to the accompanying Figures and by
detailed description of different exemplary embodiments

of the present invention.

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

effected,

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

the half-bridge,

Figure Z2Za shows a second exemplary embodiment of the
present invention 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
a conditicon in which the current through the half-bridge

is measured.

Figure la shows a first exemplary embodiment of the
invention with an inverter 10 having a half-bridge
clircuit 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 diocodes 11, 12 may

the invention in

20 the result of the

unit may switch on a

10



the hal f-bridge, 20 Figure 2a shows a second exenpl ary enbodi nent of the
present invention in the condition in which, during the dead tine, the
voltage at the mdpoint is nmeasured, and Figure 2b again shows the second
exenpl ary enmbodinent in 25 a condition in which the current through the
hal f-bridge 1is neasured. Figure |a shows a first exenplary enbodi nent of
the invention with an inverter 10 having & half-bridge 30 circuit 5, to
which a DC bus voltage 3 is delivered. The half-bridge circuit 5 has two

power switchesilso 2ok i@achyrase Whihof ree: wagekbRg<di ades skl @nd )12 5
connected parallel thereto. These free-wheeling diodes 11, 12 may 6 also
be integratedfafrito tHe SWPrelas ster ansilstiorfgeausByey Ineg&rschf ndpppéprilate

(hi gh-frequency). ing of the i_t ches ans_ o, he o] _unit
6, there is %%)é%%8%¥lgblg a ytﬁggﬁ%dﬁgan%i %P%¥ﬁgﬁhg??%%r%dgé: é{r%ﬁit 5
a (high-frequenciy availwlieaget whiheh modpogxanpke t$ deheveredftior sdgdoke

13 of a following load <circuit, whereby this load circuit usually contains

the |anp.>10 & Ydsk 2of 2a mBAPLGEFSGUENSEUI t 2cEnnelPela86  t hPR1KRE| fLoT

bri dge ci 1 cui to B ON: Lheione hand 19 avoighae sescald ed hand,swid ching,
i.e. a non-potential-less swtching of the transistors 1, 2. The sw tches
are sw tched iaim=uigot enheakbledsiimanheadwisr ahig: f neea Wheeldiomd adirgdeshd 1,

15 12 becane ﬁapable of conduction in the inductive
anmp .

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 in a
potential-less manner when the free-wheeling diodes 11,

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

switches are switched on.

This 13 the case when rescnance curves of the load
20 circuit manifest an inductive behaviour. In contrast,
this condition is no longer fulfilled if the load circuit

shows a capacitive behavicur.

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

30 open.

The monitoring circuit thereby has a first OChmic

resistance 8, which is connected parallel to the



operating range of the half-bridge circuit, before the swtches are

swi tched on.

This is the case when resonance curves of the load 20 circ

ui t

mani f est an inductive behaviour. In contrast, this condition is no |onger
fulfilled if the load circuit shows a capacitive behaviour. In accordan
with the invention, thereby the mdpoint 25 voltage is neasured in a

t enporal phase of the clocking of the switiches 1, 2 in which at |east t

potentially

| ower switch 2 is open. In particular, however, this mdpo
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Since the contrel unit 6 determines the tempcral clocking
of the switches 1, 2, an incoming measurement signal at
pin 14 can be unambiguously asscciated with the dead time

phase.

It is to be noted that the resistance value of the Chmic
resistance 7 1s significantly smaller than the switch
resistance of the potentially lower switch 2 1in closed
condition ({switched-on condition) and for example may be

a few mOhm.

Thus, during the midpoint wvoltage measurement, preferably
during the temporal duration of the dead time, the
measurement of the half-bridge current 1is effected, as
can be seen from Figure 1k, when the potentially lower
switch 2, as predetermined by the control circuit 6, 1is
closed. In this condition, in which the midpoint wveoltage
is about 0.7 wvolt, the half-bridge current is measured by
means of the voltage at the measurement resistance 7 and

in turn delivered to the comparator 9.

It is to be neoted that the same circuit in Figure la and
Figure 1lb, with the employment of one and the same pin 14
of the circuit 6 can carry out on the one hand the

midpeint voltage measurement in a first temporal phase of

ce

he
i nt
ch
a
ally

W th
al



15 resistance 7 is significantly smaller than the switch resistance of the
potentially lower switch 2 in closed condition (swtched-on condition) and
for exanple may be a few nOhm 20 Thus, during the m dpoint voltage
measurenent, preferably during the tenporal duration of the dead tine, the
measurenent of the half-bridge current is effected, as can be seen from
Figure | b, when the potentially |Iower sw 8ch 2, as predeterm ned by the
control circuit 6, is 25 closed. In this condition, in which the m dpoint

voltage is about O.J-pohd. okherhaldsfridge gurpent, is,yeasured fy s of
the voltage at the neasurenent resistance 7 and in turn delivered to the
conparator 9. t3@ Inedsiterdye: nofed hchatuttentsatkroiugouithic redRigurrel s and
Figure |b, mﬁ%h. he enpl oynent of one and the sane pin 14 of the circuit 6
can carry out “6rn%fe one hand the midpoint voltage measurement in a first
tenporal phase of 8 the clocking of the switches 1, 2 and on the other hand
t he nmeasurenent of the current through the sem conductor bridge. 5 Figures
2a and 2b ZhoWlgusESomk eRBADIAY yShobodi FaReTS exdeP ] AvEneMERdirgkhi<ch t he

oL ored CLLSHRY A RLAT) 0 nSe(a 2 e AT BIRDL Suonalel s o,
t he neasur enentimgf itthedm dpod fHr vabkt age insed0iefdfect ediguaingst hiel rdead it | e,
thus while both switches b G878: RN 2N¢ g, [Pasurenent of the current
t hr ough
Figure 2a, the measurement of the midpeoint voltage 1is
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
cf the c¢locking o©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 comparison would the circuit in
accordance with Figures 1la, 1lb, thereby represents a
compromise to the effect that the switch resistance of
20 the switch $S2 (Resistpn) is only very crudely known, so
that the current measurement in the condition of Figure
2b is relatively imprecise. Meanwhile, the precision with
appropriate setting of a threshold wvalue in the control
circult 6 1is adequate in crder to be able to effect a

25 security switching off in the event of an over-current

recognition in the half bridge.

Alternatively, the switch S$S2 1s alsc be formed as
integrated switch, whereby in this <case the switch
30 resistance in the closed condition (Resiston) is
relatively precisely defined, and thus alsc the current
measurement in the example of Figure 2b can be effected

more precisely.



the half-bridge is effected during the tenporal duration of the clocking of
the switches 1, 2 whilst the potentially lower swtch 2 is closed. 15 The
sinplification of the circuit in accordance with Figures 2a and 2b, in
conparison would the circuit in accordance with Figures Is, |b, thereby
represents a conpronmse to the effect that the switch resistance of 20 the
switch S2 (Resistor,) is only very crudely%nown, so that the current
measurenent in the condition of Figure 2b is relatively inprecise.

Meanwhi l e, 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 switdiishgdetecthorhetevidmt blanbovéeecorrerit redbgnied o i et he
hal f bri dge. t e t sw t Ny or S t ed
cui tch,  whor byt 1T IS GASE hE oni TERCT S0 r o4y SRS PRt R cieedr
condition (ResiStohe) desdcaliatri vafy apr esrsetyutdefnnedpondnd ibhus altsoathe
current asurenent_ in the exanple of Figure 2b can be effected nore

preci sely. °9 ZFhédet%tT FrofPI I faty - BF i Age?RRir PeHET cRRIUABRARRT | e,

serve not only for a security switching off in the event of the detection
of an over-current condition, but also 5 as at | east one paraneter of a |anp
power regul atilon.aderadzoredancehwihh theenmienti dmust hudie tihien prunbembet of

the control l%h% caf %o&ep£C|Q¥/SInC & e%%urfggntsince a measurement

con can
concept is proposed that in terms of circuiltry technology
10 combines the detection of the midpoint voltage with the

over—-current detection in the half-bridge.

Since the midpoint wvoltage 1is always determined, before
the corresponding transistor i1s switched on and on the
15 other hand a dead time is always present, measurement is
effected in the c¢current-less condition, which makes
possible an additive superimposition of half-bridge

current and midpoint voltage detection,



concept is proposed that in ternms of circuitry technol ogy 10 conbi nes the
detection of the mdpoint voltage with the over-current detection in the
hal f-bridge. Since the m dpoint voltage is always determ ned, before the
corresponding transistor is switched on and on the 15 other hand a dead
time is always present, neasurenent is Sffected in the current-1|ess

condi tion, which nakes possible an addPti ve superinposition of half-bridge
current and mi dpoint voltage detection. 10 Cainms 1. Inverter with a

hal f- bri dge cigicuits having: - two switches (1, 2) connected in series and

5 supplied wwth d.c. voltage (3), at the mdpoint (4) of which, with
counter-clocking of the switches (1, 2), an a.c. voltage is nade avail able

and - a control yni#néégteym%f C%?Q%ﬁflg§i§%%;§9§§§i%g é%y%gé.and eval uat es

a neasurenent signal tapped 0 e mdp ent tenporal
phases of the clocking ofwd heswswdrehes (1(1, 22) dotndetestiion ekrtibe camgent
through the half-bridge (5). and of the voltage at the 15 mdpoint (4),
wher ei n thé potential |y eriw veh (d) S s veoriget éd i t3+ grouht By eans
of an ohmi ¢ measur ement yesi hAnGey3 &), FNeyr EsbhAnEeYaLKengl YAl chnds
substantially smaller than the resistance of the potentially Iower
switches (1, 23, an a.c. voltage 1s made
available and
- & control unit (6), which clocks the switches
10 (1, 2) and evaluates a measurement signal
tapped off at the midpoint (4) in different
temporal phases of the clocking of the switches
{1, 2) for detection of the current through the
half-bridge (5) and of the vecltage at the
15 midpoint (4), wherein
the potentially lower switch (2) is connected with
ground by means of an Ohmic measurement resistance
(7), the resistance value of which 1s substantially

smaller than the resistance of the potentially lower

20 switch (2) in the closed conditicon.

2. Inverter accerding claim 1,
characterised in that,
the control unit (6) evaluates the midpoint signal
25 as current through the half-bridge (5), when only

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

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

potential is open.



20 switch (2) in the closed condition. 2. Inverter according claima1,
characterised in that, the control unit (6) evaluates the m dpoint signal
25 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, 30 the control UE{t (6) evaluates the m dpoint signa
as voltage value of the mdpoint (4) in a phase in which at |east the
switch (2) lying at lower potential is open. 11 4. Inverter according to
claim3, characterized in that, the control unit (6) evaluates the m dpoint
signal 5 as voltage value of the mdpoint in a dead tinme, in which both
swtches (1, 2) ardropernen.adamveiirer acooradimg3ito claim4, characterized

in that, 10 the dead tine is variable in dependence upon the detected
nm dpoi nt vol t age. é%%ﬁﬂﬁﬁ%%ﬁmﬁidd}dﬁﬁﬁtﬁo claim1, characterized in that,

15 a further Ohmic wesi sbanegl ({niits connestadparal gk rheohetpotemdal ly
| ower switch (2) and the midpoint signal is tapped off between the
measurenen?  resi sEENCEC HmIIE heapetenti dley Miglerinwi teha(Pead time, in

which both switches (1, 2) are open.

5. Inverter according to claim 4,
characterized in that,
10 the dead time 1is wvariable in dependence upon the

detected midpoint wvcltage.

6. Inverter according to claim 1,
characterized in that,
15 a further Ohmic resistance {8} is connected parallel
to the potentially lower switch (2) and the midpoint
signal is tapped o¢ff Dbetween the measurement

resistance and the potentially lower switch (2).

20 7. Inverter according to claim 6,
characterized by,
a comparator (9) for compariscon of the measurement

signal with a reference voltage.

25 8. Inverter according to any preceding claim,
characterized in that,

the control unit is an ASIC.

9. Inverter according to any preceding claim,
30 characterized in that,
the control unit switches on a switch only then when
the detection of the midpoint voltage has indicated

that the free-wheeling phase of the half-bridge



20 7. Inverter according to claim6, characterized by, a conparator (9) for
conpari son of the neasurenent signal with a reference voltage. 25 8.

I nverter according to any preceding claim characterized in that, the
control unit is an ASIC. 9. Inverter according to any preceding claim 30
characterized in that, the control unit,switches on a switch only then when
the detection of the m dpoint voltage has indicated that the free-wheeling
phase of the hal f-bridge 12 current has ended, and thus a potential-less

swi tching procedure,is &ns ?%8 ngggctr%glc QQMﬁ?St for$g@§ngi ged
)

| anp, 5 having an |nverter ih accordance w th any ecedr ng claim
11. Method of noni tovithgh e ooncdduon o amsursaverter haV|ng a hal f-Dbridge
circuit, which has two 10 switches (1, 2) connected in series and supplied
with d.c. voltage (3), at the mdpoint (4) of which, wth appropriate

counter-clocking;of theswtiches - (loa121)astan €. g/@étaafswa avaid abl e,
wherei n a neasurenent signal tapped off at the 15 mdpoint (4) is eval uat ed

in differeht tenpor@lvinshases ofntdretat ockithy ofnt hecewdehes (4itle) Fray

t he detection of t@%é%g 1né Cfgpugh the hal f-bridge

11. Method of monitoring the condition of an
inverter having a half-bridge circuit, which has two
10 switches (1, 2} 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,
wherein a measurement signal tapped off at the
15 midpoint (4) 1s evaluated in different temporal
phases of the c¢locking of the switches (1, 2) for
the detection of the current through the half-bridge
(5) and of the voltage at the midpoint (4},

wherein the potentially lower switch (2} is
20 connected with ground by means 0of an Ohmic
measurement resistance (7)), the resistance wvalue of

which 1is substantially smallexr than the switch

resistance in closed condition, and a further Ohmic

resistance (8) is connected parallel to the
25 potentially lower switch (2),

and the midpoint signal 1s tapped off &t a point

between the measurement resistance (7) and the

potentially lower switch (2).

30 1z. Method according to cleim 11,

characterised in that,



(5) and of the voltage at the mdpoint (4), wherein the potentially | ower
swtch (2) is 20 connected with ground by neans of an Chm c neasurenent
resi stance (7), the resistance value of which is substantially smaller than
the switch resistance in closed condition, and a further Ohmc resistance
(8) is connected parallel to the 25 pptentially lower switch (2), and the
m dpoi nt signal is tapped off at a point between the neasurenent resistance
(7) and the potentially Iovver switch (2). 30 12. Method according to claim
11, characterised |n that 11’1 thenm dp0| n(twgiL n@l IS evalrurat ecd as. C&Jrrent
through the hal f-bridgs (8] 1GRFY the SWi 1) 2Pyi Ty " At | ower
potential is closednd Ehélfwbtsmageaqcaqr dizAgnt @naRy oie ClsaLEFEhll( 0r Iging
characterized in that, the mdpoint signal is evaluated as voltage val ue of
the midpoint (4) it JFHEse RH-GiHichl atS | ehetedhe switch (2) Iying at | ower
potential is open. 10 14. Method according to any of clainms 11 to 13,
characterized in that, the mdpoint signal is evaluated as voltage val ue of
the midpoift in h3dead tMemhod mashirch rigotto swit chfesslalBng 111 2)r ak%, open.

characterized in that,
the midpoint signal is evaluated as vcltage value of
the midpoint (4} in a phase in which at least the

switch (2} lying at lower potential is open.

10
14. Methcd according to any of claims 11 to 13,
characterized in that,
the midpoint signal 1s evaluated as voltage value of
the midpoint in a dead time, in which both switches
15 (1, 2) are open.
15. Method according to claim 14,
characterized in that,
the dead time 1is wvaried 1in dependence upon the
20 detected midpcint voltage.
16. Method according to claim 11,
characterized in that,
the measurement signal 1s compared with a reference
25 voltage.
17. Method according tc any of claims 11 te 16,
characterized in that,
the wvoltage at the midpoint 1s evaluated for
30 ensuring potential-less sgswitching procedures of the

switches (1, 2).

18. Method according to claim 17,



15. Method according to claim14, characterized in that, the dead tine is
varied in dependence upon the 20 detected m dpoint voltage. 16. Mthod
according to claim1l, characterized in that, the' neasurenent signal is
conpared with a reference 25 voltage. 17. Method according to any of clains
11 to 16, characterized in that, the voltage at the mdpoint is eval uated
for 30 ensuring potential-Iess SMAtch]ng procedures of the swtches (1,

2). 18. Method according to claim17, 14 characterized in that, a switch

(1, 2) is only clog ?%r%ct%ﬂ% QEfgﬁ;lgyggﬁ t he m dpoi nt voltage has

indi cated that the free- wheel i ng phase 'of the half-bridge current has
ended. 5 19. Mt hed ﬁwmt@mnﬂlolQlng&anonhyetﬂ&me@amﬁhgthe hialtecrictdge £

circuit, which has swi,t ches Q; connected. in series and supplied
with d.c. voltage %%5 MLEPPHET i %Fsofl@$h%%Fe§nt gaﬁrl €710
counter - cl ocki ng of,nthe isw rhes (o]ﬁ Zahe @{hlaf-cbrld(?é tage-d st nﬂa@l@ SVddd abl e,
characterlged in that, a neasurenent signal tapped off at the m dpoint (4)
13. Method for «controlling an inverter having a
half-bridge circuit, which has two switches (1, 2)
connected in series and supplied with d.c. voltage
(3}, at the midpcint (4) of which, with appropriate
10 counter-clecking of the switches (1,2), an a.c.
voltage is made available,
characterized in that,
a measurement signal tapped off at the midpocint (4)
in a dead time, in which both switches (lm 2) are
15 open, 1is evaluated as voltage wvalue of the midpoint
and this dead time is varied in dependence upon the

detected midpcint voltage.

20. Computer software program-product,
20 characterized in that,
it supports a method according to any of claims 11

to 19 when it is run by means of a micro-computer.

21. Inverter with a half-bridge circuit, having:

25 - two switches ({1, 2) connected in series and
supplied with d.c. voltage (3), at the midpeoint
{4y o0f which, with counter-clocking of the
switches (1, 21, an a.c. vecltage 1s  made
avallable and

30 - & control unit (6), which clocks the switches
il, 2) and evaluates a measurement signal
tapped off at the midpoint (4) in a dead time,

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



in a dead tinme, in which both switches (Im2) are 15 open, is evaluated as
vol tage value of the mdpoint and this dead tine is varied in dependence
upon the detected m dpoint voltage. 20. Conputer software program product,
20 characterized in that, it supports a nethod according to any of clains 11
to 19 when it is run by neans of a nicgﬁ;conputer. 21. Inverter with a

hal f-bridge circuit, having: 25 - two itches (1, 2) connected in series
and supplied with d.c. voltage (3), at the mdpoint (4) of which, with
counter-cl ocking of the ;swddhesalle 2) c@NtaeC. nV@bdage ishedersavaid able
and 30 - a control unit (6), which clocks the swtches (1, 2) and eval uates
a measurenent signal ta&fFst offmat the AEdpoildRnced) vpera dded tdetescldch

whi ch both sw tches (1’ﬁ@dé§;%6) JT%& as 15 voltage value of the m dpoint

and sets the dead time in pen ence‘%%bn the detected mdpoint voltage. 5



