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istic curves as FETs. According to contemporary know-

ledge, they also have an internal body diode, dictated by
10 the technology, in the inverse mode.

‘A known power circuit-breaker (WO 93/11608)
operates with two reverse-connected series FETs, in the
case of which power circuit-breaker the release elemént
of a component acting as a relay is arranged electrically

15 in parallel with a semiconductor element having two
" reverse-connected series FETs, which component can
interrupt a line train to be protected by means of
interrupter contacts. In that case, the semiconductor
element is set in such.a way that its internal impedance

20 has a low-value when there is a specific control voltage
across a control electrode and an operating voltage
across working electrodes situated in the direction of
continuity in a line train, and its internal impedance
rises abruptly as the voltage across the working elec-

25 trodes rises. In the event of an increase in the internal
impedance, voltage is applied to the release element
arranged in parallel, which voltage results in tripping.
Electrical installations have to be connected to

and isolated from an electricity supply. In the case of

30 mecﬁanical switches, there are optimized solutions which
in practice satisfy the technical requirements, €for
exaﬁple in the case of drives, motor protective circuit-
breakers, in respect of overload protection and short-
circuit protection. It is generally desirable in the case

35 of protective switchgear, which include power circuit-
breakers, motor protective circuit-breakers or line
protective circuit-breakers, rapidly to detect overload

currents that occur, in particular = short-circuit
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In contrast, semiconductor switches can operate
without any wear and switch rapidly; they have 1low
switching losses and they can be controlled in a variable

10 manner. On the other hand, the disadvantages of semicon-
ductor switches are: high costs, high space requirement
and comparatively high forward losses.

In general terms, it is frequently desirable to
1imit alternating currents rapidly to specific values, so

15 that overcurrents become tolerable or in order that to
the [sic] time remains for disconnection. Semiconductor
element [sic] can also be operated in such a way that
they reduce a current all the way down to the point of
disconnection.

20 The invention is based on the object of develop-
ing an advantageous AC power controller using semiconduc-
tor technology. The invention is at the same time based
on the knowledge that the previously outlined devices and
elements can be designed as AC power controllers in the

25 broadest sense.

The object that has been outlined is achieved
according to the invention by means of an AC power
controller according to Patent Claim 1. In this case,
with reverse-connected series semiconductor regions, the

30 gate-source voltage at the respective semiconductor
region in the forward direction are [sic] set to be
large enough for a desired limiting of the drain-source
‘current to be established. At the semiconductor region in
the inverse mode, the respective gate-source voltage is

35 only set to be large enough for the body diode to remain
de-energized. The invention is based on the knowledge
here that the forward losses in relevant semiconductor
elements is [sic] composed of the losses in the switching

‘element and of the losses of additional freewheeling



currents, and to limt themto small values and finally to disconnect them
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include switching-over losses.

Tf the semiconductor regions are formed £from
silicon carbide, SiC, this yields particularly large and
favourable operating ranges in the family of characteris-

15 tic curves. The semiconductor regions can be formed in a
microchip or alternatively be designed as discrete FETs.

The invention will now be explained in more
detail using exemplary embodiments which are represented
in a roughly diagrammatic form in the drawing.

20 Figure 1 illustrates an AC power controller.

Figure 2 illustrates, for a semiconductor region,
the drain-source current, Ipg. égainst the drain-source
voltage, Upg, for parameters with the gate-source volt-
age, Ugg, in the vicinity of the origin for two reverse-

25 connected series regions.

Figure 3 illustrates, on a different scale with
the inclusion of higher drain-source voltages, a family
of characteristic curves for I,; on the ordinate and
on [sic] Uyg on the abscissa for reverse-connected series

30 semiconductor regions.

The AC power controller according to Figure 1
operates with two reverse-connected series semiconductor
regions 1 and 2, which are represented as discrete FETs
in the exemplary embodiment. Each semiconductor region

35 has a source 3, a drain 4 and a gate 5. In the forward
direction, for example at the semiconductor region 1, the
gate-source voltage 6, Ugg ;, is set to be large enough
for a desired limiting of the drain-source current to be

established. The gate-source voltage is in this case a



with at |east two, reverse-connected sem conductor regions or devices in
series,. each of which is provided with an el ectron donor, an el ectron sink
-and:an el ectrode which controls the flow of electrons, said regions or
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then to be set in such a way that the voltage drop across
the operating path is lower than the threshold voltage of
the body diode. '

The semiconductor regions 1 and 2 can be formed

15 from silicon carbide and be implemented, in particular,
in a microchip. The semiconductor regions can also be
designed as discrete FETs, in particular as MOSFETs.

In the case of the AC power controller according
to Figure 1, gate driving suffices for both semiconductor

20 regions 1, 2 in both current directions, although at
potentials of different magnitude. For an applied voltage
U, the AC power controller sets a current I to a desired
value in the family of operating characteristic curves,
as a function of the gate-source voltage 6, 7.

25 In the case of a semiconductor region having
characteristic curves such as those exhibited by FETs,
characteristic curves according to Figure 2 are produced
at small drain-source voltages for reverse-connected
ser:.es semiconductor regions. With an increasing gate-

30 source voltage, Ugy, as the parameter, the characteristic
curves starting at the origin tend to follow the straight
line 9, Ry, to a greater and greater extent. Viewed
another way, a steep characteristic curve for the ON
resistance, - that is to say a very low ON resistance, is

35 achieved at high gate-source voltages. This characteris-
tic curve, which is to be interpreted as the resistance,
exhibits a linear, in other words ohmic, behaviour. With
reverse-connected series circuitry, the characteristic

curves and Ry, extend in the first and third quadrants.



be | arge enough for the body diode to remain de-energized. The invention is
based on the 10 know edge here that the forward | osses in rel evant

-sem conductor elenents is conposed of the losses in the switching el emrent
and-of the Io§§ 4%5Padditional freewheel ¢ ng 93P3483P -
3 - diodes whi'ch"are frequently connected in series. Special freewheeling
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operating rangasametens Mith ¢ bigbexr gateriseurce voltage. Character-
istic curves which limit the drain-source current are
produced approximately parallel to the abscissa for gate-
10 source voltages. For the sake of simplicity, it will be
assumed that enhancement-mode FETs are used for the
semiconductor regions, these being normally off and
having an n-channel. The illustration in Figure 1 corre-
sponds to this. The body diodes 8 produce a superposition
15 with a characteristic curve 11 in the first and third
gquadrants. Operation on the characteristic curve 11,
which illustrates that the body diode in parallel with
the operating path of the semiconductor region becomes
effective in the reverse direction, can be avoided by
20 setting the 'gate-source voltage at the semiconductor
region in the inverse mode only to be large enough for
the body diode to remain de-energized, in other words,
therefore, by remaining in an operating region between
the abscissa and the limiting line 12 through the point
25 of intersection between the R, resistance 9 and the
characteristic curve 11 for the body diode. This avoids
bipolar conductivity mechanisms in any operating mode, so
that stored charges do not occur, as a result of which
the steady-state and dynamic losses of the AC power
30 controller are kept low.

A desired drain-source current can be set in the
event of overvoltages by means of a suitable gate-source
voltage as the parameter in the family of characteristic
curves according to Figure 3. During normal operation of

35 the AC power controller, only low losses occur correspon-
ding to the characteristic curve 9 for the Ry, resis-
tance, which losses are lower, the more steeply the
characteristic curve 9 proceeds. In the case of silicon

carbide and particularly in the case of a structure after



15 tic curves. The sem conductor regions can be fornmed in a mcrochip or

alternatlvely be designed as discrete FETs. The invention will now be
explained in nmore detail using exenplary enbodi ments which are represented
in a roughly gb% 'y ggmatic formin the draw ng. 20 Figure 1
illustrates an power controller. Figure 2 illustrates, for a
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relevant semiconductor region to remain de-energized,
10 separate freewheeling diodes are not required to lower
the dynamic losses, since essentiaily they do not occur

at all.
" The AC power controller described here can be
used in a very wide vériety of applications. Thus, it can
15 be used, for example, as a special limiter in series with
commercially available protective circuit-breakers, the
current being limited in the limiter to a specific value
in the event of overvoltages. During rated operation, on
the other hand, it has such a low resistance that the
20 steady-state losses remain low. However, the AC power
controller can also be designed as a circuit-breaker
which, in the event of overvoltages, given an appropriate
gate-source voltage initially limits the current to a
predetermined amount and, given correspondingly contin-
25 ually lowered gate-source voltages, is reduced [sic] the
current. The AC power controller can also be used gener-
ally to set a specific current I in an operating range,

independently of the voltage U.



di rectlon for exanple at the sem conductor region 1, the gate-source '
voltage 6, Uerr], is set to be | arge enough for a d t he
drain-source current to be established. The gate- sou mﬂﬂa""m Illl ln[thl S
case a 93FR, - 4-qparaneter fors currentw|

| i nes such as ose Illustrated in Figure 3. At the sem conductor reg| on I n

the inverse npgeent e¢1dimPe the sem conductor region 2 in the exenplary
enbodi ment according to Figure 1, the gate- 5 source voltage 7, Uerr],

is only set to be |arge enough for the body diode 8 to be de-energized. In
the case of FET nmade A¢ powér @omardlilder, whdchhopekakdsvattbemst with
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controls the flow of electrons, and characteristic curves
such as those exhibited by FETs, in other words also
having an internal body diode, dictated by the tech-
nology, the gate-source voltage (6; 7) at the respective

10 semiconductor region (1; 2) in the forward direction
being set to be large enough for a desired limiting of
the drain-source current to be established, and the gate-
source voltage (7; 6) at the respective semiconductor
region the respective in the inverse mode (2; 1) being

15 set only to be large enough for the body diode 8 to
remain de-energized.

2. AC power controller according to Claim 1, charac-
terized in that the semiconductor regions (1, 2) are
formed from silicon carbide (S8iC).

20 3. AC power controller according to Claim 2, charac-
terized in that the semiconductor regions (1, 2) are
formed in a microchip. |
4, AC power controller according to Cla:.m 2, charac-
terized in that the semiconductor regions (1, 2) are

25 designed as discrete FETs.
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The seni conductor regions 1 and 2 can be fornmed 15 fromsilicon carbide
and be inplenented, in particular, in a mcrochip. The sem conduct or
regions can al so be designed as discrete FETs, in particular as MOSFETs. In
t he case of the AC power controller according to Figure 1, gate driving
suffices for PARIAGH conductor 20 regions 1, 2 in both current
directions, although at potentials of different magnitude. For an applied
vol tage U, tHPIETIRfer controller sets a current | to a desired value in
the fam |y of operating characteristic curves, as a function of the
gate-source vpltage 6, 7. 25 . In th e_of 1 u
regi on havi n& hggggfer‘f"srﬁxf:o}b][ﬁl\'/eghéﬁgh °zfse%‘1%e?e g)%hi]ka)elatssgﬂtglﬂ %@egE‘%‘%
char act er i st i rewarsescomnes thd gsexi &6 gseni Condec pendrestons thal 2) -
drai n-source voltages for reverse-connected series sem conductor regions.
Wth an increasing gate- 30  source voltage, Uerr], as the paraneter, the
characteristic curvesEaghr3emirendyseon Tedirn chti t9 MAT AR tHEHTR ght
line 9, R errdoddr a (9t eadictircd)] GeabtecC¥binisin¥ eied apaihpr andy am Steep
charact er | sti &) Y&l ofs | Q) LRTR! 8058wl i tnk eI Q0 %8 A aRASY OV
in conjunction with characteristic curves such as those

exhibited by FETs. The semiconductor region also has
internal body diodes, dictated by the technology. It is
provided that the gate-source voltage (6; 7) at the
respective semiconductor region (1; 2) in the forward
direction is set to be large enough for a desired
limiting of the drain-source current to be established.
The gate-source voltage (7; 6) at the semiconductor
region in the inverse mode (2; 1) is set to be large
enough for the body diode (8) to remain de-energized.

FIG 1



35 achieved at high gate-source voltages. This characteris- tic curve,
which'is to be interpreted as the resistance, exhibits a |inear, in other
wor ds ohm c, behaviour. Wth reverse-connected series circuitry, the
characteristic curves and Rlerr] extend in the first and third quadrants.
93P3483P -5- In the case of silicon carbide, for exanple,
the voltage drop in the forward directLyg caused by R err] is distinctly

| ower than the threshold voltage of th ody diode. Figure 3 illustrates,
on a different scale, a 5 famly of characteristic curves after the
manner of Figure 2 reaching to higher drain-source,volrages and paraneters

with a higher gate-source voltage. Char §crer——+st+e—corves which limt the
drai n-source current are produc i lyqparallel to the abscissa
for gate- 10 source vol tages. |For §h les Of Isinmplicity, it wll be
assuned that enhancenent-node FHTs ar or ithe sem conductor regions,
these being normal ly eff-awey . |
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‘having an n-channel. The illustration in Figure 1 corre- sponds to this.
The body di odes 8 produce a superposition 15 with a characteristic curve
11.in the first and third quadrants. Operation on the characteristic curve
11, which illustrates that the body diode in parallel with the operating
path of the sem conductor region becones effective in the reverse
direction, can be avoided by 20 settf the gate-source voltage at the
sem conductor region in the inverse no nly to be | arge enough for the
body di ode to remain de-energized, in other words, therefore, by remaining
in an operating region between the abscissa and the limting [ine 12

t hrough the point 25 of intersection between the R err] resistance 9 and
the characteristic curve 11 for the body digde. This avoids bipolar
conductivity nmechani sns in any operating‘ @e, so that stored charges do
not occur, as a result of which the steady-state and dynam c | osses of the
AC power 30 controlyd er age)kept ¢l owy Aldesired drain-source current can
be set in the event (f oveiv%l.ages by mgans of a suitable gate-source

vol tage as the parangt eri he fdmily off characteristic
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curves according to Figure 3. During normal operation of 35 t he AC power
controller, only |low | psses occur correspon- ding to the characteri stic
curve 9 for the Rerr] resis- tance, which | osses are |ower, the nor
steeply the characteristic curve 9 proceeds. | Aubgtitigashest -<i1 Aosih 1@&% de
and particularly in the case of a structure after -7- THE CLAI M5

DEFI NI NG THE | NVENTI ON ARE AS FOLLOWG: 1. An AC power controller,
configured to operate with at | east two,2ceverse-connected sem conduct or
regions or devices in series, each of which is provided with an el ectron
donor, 5 an electron sink and an el ectrode which controls the fl ow of

el ectrons, sab\d'mmimdaodmdﬂmhﬂasmwm\dnﬂgimﬂywms%ﬂrﬁéti therfilr Miechani¢ah
as those exhlblted i n other wor ds al so havi ng an i nternal body

di ode, di ctatet?twth? wrmvsggﬁ digadyantages, of cQmACE Wedfy fleguent BINENARGe WE\A ce
bei ng oper at esom;shﬁva IshR ShitBhify %emxea@m&qsﬁoﬁa}cﬁn%weﬁ%sw&x ﬁgﬁve}% low

selected to lim't current of C power controller to a predeter
10 val ue, andmr%ac@w@amf@ymmmsm@m he second sem conductor regi on or

devi ce belng operated in an |nverse node, wherein

In contrast, semiconductor switches can operate without any wear and switch rapidly;
they have low switching losses and they can be controlled in a variable manner. On the other
hand, the disadvantages of semiconductor switches are: high costs, high space requirement
and comparatively high forward losses. |

10
In general terms, it is frequently desirable to limit alternating currents rapidly to specific
_values, so that overcurrents become toleérable or in order that the time remains for
disconnection. Semiconductor element can also be operated in such a way that they reduce
a current all the way down to the point of disconnection.
15 )

The invention is based on the object of developing an advantageous AC power
controller using semiconductor technology. The invention is at the same time based on the
knowledge that the previously outlined devices and elements can be designed as AC power
controllers in the broadest sense.

20

Accordingly, this invention provides an AC power controller, configured to operate
with at least two, reverse-connected semiconductor regions or devices in series, each of which
is provided with an electron donor, an electron sink and an electrdde which controls the flow
of electrons, said regions or devices also having characteristic curves such as those exhibited

25 by FETs, in other words also having an internal body diode, dictated by the technology,
the first semiconductor region or device being operated in a forward direction, having
a gate-source voltage selected to limit a current of the AC power controller to a predetermined
- value, and

the gate-source voltage of the second semiconductor region or device being operated

30 in an inverse mode, wherein
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t he predeterm ned val ue of the AC power controller current of the first
sem conduct or region or device is selected so that the second sem conduct or
has at this current, a voltage 15 drop so that a body di ode of said second
region or device is still de-energized. 2. pubstitute wbeet orltlr Aprik1 998
according to Caim1, wherein the seniconductor regions or devices are
formed fromsilicon carbide (SiC). 20 3. An AC power controller
according to Claim?2, wherein the senm cor@Actor regions are forned-in a

m crochi p. 4. An AC power controller according to Caim?2, wherein the
sem conduct or devices are designed as discrete FETs. 25 93P3483P

-7 - Patent C ai mahelpredeterminédviley1the" A0 pbwer cBhtrolléh burFen® BEIHB RS sanicofdifttor
with:two reverse-connected series sem conductor regions ( each havi ng

[ Cl e ! 1,.2),
an el ectron fSBION qraievige if selerted 50 that the second serpigpndurior hassat this shsrentea yoliage
el ectrode (5; ' : f 186
characteri st i%%%%@%@haggé%@e&%i %g’f%e? cggﬁsn‘,?ﬂ?er-]exgt er words al so
5 In this case, with reverse-connected series semiconductor regions, the gate-source
voltage at the respective semiconductor region in the forward direction are set to be large
enough for a desired limiting of the drain-source current to be established. At the
semiconductor region in the inverse mode, the respective gate-source voltage is only set to
be large enough for the body diode to remain de-energized. The invention is based on the
10 knowledge here that the forward losses in relevant semiconductor elements is composed of
the losses in the switching element and of the losses of additional freewheeling
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having an internal body diode, dictated by the tech- nol ogy, the
gate-saqurce voltage (6; 7) at the respective 10 sem conduct or region (1;

2) in-the forwa n g set to be | agge enou for esjr

i mting of thenm Imﬂmnﬂmnﬁmr ent to be esté&??%th'é%l,%nﬁﬂﬁ' t1ﬁe Bﬁl éggs
source voltage (7; %) at "thé& réspective seniconductor region the respective
in the inverse node (2; 1) being 15 §<a7t_ only to be | arge enough for the

body diode 8 to remain de-energized. 2. AC power controller according
to Claim1, charac- terized in that the sem conductor regions (1, 2) are

accor di ng 1o TGPV REFRING TR RV ENFION ARE AN BRI LCt O 1 cgions (1.

2) are formed in a mcrochip. 4. AC power controller. according to

Claim?2, charac- terized in that the sem conductor, regions (1, 2) are 25
desi gned as di-scr dyeAEpower controller, configured to operate with at least two, reverse-connected

semiconductor regions or devices in series, each of which is provided with an electron donor,
5 an electron sink and an electrode which controls the flow of electrons, said regions or devices
also having characteristic curves such as those exhibited by FETs, in other words also having
an internal body diode, dictated by the technology,
the first semiconductor region or device being operated in a forward direction, having
a gate-source voltage selected to limit a current of the AC power controller to a predetermined
10 value, and
the gate-source voltage of the second semiconductor region or device being operated
in an inverse mode, wherein
the predetermined value of the AC power controller current of the first semiconductor
region or device is selected so that the second semiconductor has at this current, a voltage

15 drop so that a body diode of said second region or device is still de-energized.

2. An AC power controller according to Claim 1, wherein the semiconductor regions or

devices are formed from silicon carbide (SiC).

20 3. An AC power controller according to Claim 2, wherein the semiconductor regions are

formed in a microchip.

4. An AC power controller according to Claim 2, wherein the semiconductor devices are
designed as discrete FETs.
25
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