Descri pti on -Power Cut-COff Devi ce
Techni cal § ,58? This invention relates to a power cut- pH.

i sclosure o t% nvention According to the invention ere | s
provided_a power cut-off device for . protecting a | oad, the device

including a fiTst—swi-tching device corrpri sing a 10 field effect
transi st orrni9 gl ource drain and gate ferm nals,_and a second

swi tching ¢d.st and second curreny THES SHE ontrol
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swi t chi ng devi ce being connected to a comon node such that when one

switching device is on the other switchin deV| ce is off and vice versa,
and ower Cu -Off Device _

Technical Field

This invention relates to a pb_wer cut-off device.

5 Disclosure of the Invention

According to the invention there is provided a power cut-off device
comprising first and second electronic switching devices which are
cross-coupled so that when one switching device is on the other is off and

10 vice versa, wherein a load to be protected is connectable in series with the
first switching device, and wherein if when the first switching device is on
the current therethrough exceeds a certain value the second switching
device is turned on to turn the first switching device off.

15 Brief Description of the Drawings

Figure 1 is a circuit dxagram of a DC power cut-off device according to a
first embodiment of the invention,

20 Figure 2 is a circuit diagram of an AC power cut-off device according to a
second embodiment of the invention, -

Figure 3isa Cll'Clllt diagram of a DC power cut-off device according to a
third embodiment of the invention, and

25 _ _
Figure 4 is a circuit diagram of a DC power cut-off device according to a
fourth embodiment of the invention.
_ Description of the Preferred Embodiments
30

Embodiments of the invention will now be described, by way of example,
with reference to the accompanying drawings.



wherein the load is connectable in series with-the first sw tching deV| ce
suchthat tially the entire voltage of the power su

appl i ed across ﬁ%e first switching device if the | oad mre%ﬁ%@*’ cui ted
20 Brief Description of the Draw ngs Figure 1 is a circuit
di agram of a DC power cut-off device according to a first

enbodi nent of the invention, 25 FH2ure 2 is a circuit diagramof an AC
power cut - of f- dew ce accordl ng to a second enbodi nent of the

i nvention, vl gu,re 3'iis a circuit di agram of a DC power cut-off
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identical electrical characteristics as far as possible. The FET T1 is
5 connected in series with a resistor R1 between a DC voltage supply 10 and
ground, and the FET T2 is connected in series with a resistive load 11 to
be protected, also between the DC voltage supply 10 and ground.

I

A capacitor C1 is connected across the source and drain of the FET T2 (at
10 this the point ignore the capacitors C2 and C3) and a fusible link 12 is ‘
connected in series with the load 11. A light emitting diode LED 1 and
series-connected resistor R2 are c'onnected' in parallel with the resistor R1.

In this embodiment the DC voltage supply 10 is 12 volts and the

15 components have the following values: -
R1: 420 ohms
R2: 400 ohms

20

Cl: 100 nanofarads
FETs Tl and T2: Beta = 0.42 -

25 'When power is switched on the FET T2 is turned on by the DC voltage
applied to the gate of FET T2 via the resistor R1. A capacitor C4 in series
with the gate of FET T2 speeds up the operation of the device and ensures
that FET T2 turns on while FET T1 remains off. As a result, a small

“current flows through the RC network comprising capacitor C1 and

30 resistive load 11 at a rate determined by the resistance of the load 11 and
the value of the capacitor C1. This causes the voltage to fall at the point A
which holds the pomt B (the gate of FET T1) low. Thus FET T1 is held
off and the point C (the gate of FET T2) is high to hold on FET T2 so that
the supply 10 is applxed to the load 11. This is the normal operating

35 condition of the device, wherein the point A remains low, and thereby
holds off the FET T1, all the while the FET T2 ison.
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drain of the FET T2. Concurrently the current flowing through the FET T2
will increase. However, the 10 volt supply voltage across FET T2 drives
the latter into saturation, so that the current through FET T2 is limited to
the constant saturation current. The saturation current depends upon the
power rating of the FET T2 (essentially its physical size) and its value of
Beta. In the present case it is. assumed that the saturation current is 5
amps.

Although the maximum current flowing through FET T2 is limited to the
saturation current in the case of a fault, this situation cannot be permitted to
persist. However, when the point A goes high so will the point B. This
switches on the FET T1 so that the point C is pulled low which in turn
switches off the FET T2 to remove power from the load 11.

A small current now flows from the DC supply 10 to ground via the FET
T1 just sufficient to keep the FET T1 on, the part-of this current flowing
through the resistor R2 and the LED 1 being just sufficient to illuminate the

. LED 1 to provide an indication that a short has occurred. The value of the

25

resistor R1 should be selected so that it can effectively switch on the FET
T1 with as little power consumption as possible.

When a fault has occurred the power is switched off and the fault fixed,
after which the power is switched on again to resume the normal operating

condition as described above. The LED 1 and associated resistor R2 may

30°

35

be omitted if it is not desired to provide a visual indication of a fault.

The capacitor C1 is responsible for the device's cut-off delay, and should
be chosen so as to filter out switching transients and allow for the mrush of
current in motors, lamps, heaters, etc.

As mentioned above, the saturation current of the FET T2 is dependent in
part upon the beta of the FET T2. The beta of FET T2 has to be carefully

10



R2: 400 ohns 20 Cl: 100 nanof ar ads : FETs T1 and T2: Beta
=0.42 2 power is switched on the FET T2 is turne the DC
vol t age %VO%IW}«@i;ppl ied to the gate of FET T2 via the resi‘?@&g@m

capacitor C4 in series with the gate of FET T2 speeds up the
operation of the device and ensures that FET T2 turns on while FET
T1 remains off. As a result, a snall -4 - current flows through the RC
net wor k conpri sing capacitor Cl and 30 resistive load 11 at a rate
determ ned by the resistance of the load 11 and t he val ue of the
capacitor Cl. This causes the voltage to fall at the point A whi ch
hol ds the pocidseR. (Ktieisxaochigh théfesistanceoof tH FETPED i the ON @taie of f

e Supoly. Timid HFmRE bheioR i Elpde ooy hef Rl eR Wiin By Baby
_ condi tion oftherdevm/imﬁ;e lohg term andeinfanynevent isineffisienhwOmthe other eby
hol ds of I ¢ Meadd T Hle bétalis 186 10Withé shilfadidel cdfrehtwit be too high wifiei®/ 10283
S may cause the device to blow. We have found that a beta in the range 0.42
-0.48isa compromlse between these two extremes and provides
satxsfactory performance. We have also found that a beta below 0.37 or
above 0.55 is unsatisfactory. Although the switching time of the device

may be adjusted by selecting different values for the capacitor C1, the

10 speed is ultimately limited by the operating speed of the field effect = |

transistors FET T1 and FET T2, which is typically 15ns. However, a

further increase in speed may be achieved by connecting additional

capacitors C2 and C3 respectively across the drain-gate path of each FET.

Also, by selecting different values for C2 and C3 one can prov1de different
15 speeds for switching the device on and sthchmg it off.

The fusible link 12 is conn_ected in series-wi_th the load 11 as a fail-safe

feature. If a fault occurs in the device the load is still protected by the

fusible link. The link 12 is designed to blow at a current slightly higher
20 than the cut-off current of the device.

Referring now to ﬁg_ure__ 2, the _AC p_ower- cut-off device essentially
comprises two sub-circuits similar to the circuit described above for the DC
case ('except that the load 11 is connected in series with both FETs T1 and

25 T2 rather than just the FET T2), and in figure 2 the same or similar
components have been given the same reference numerals as in figure 1.
One sub-circuit consists of the cross-coupled FETs Tl and T2 and is

~ responsive to positive half cycles of the AC voltage and the other
_ sub-circuit consists of the cross-coupled FETs T1' and T2' and is
30 responsive to the negative half cycles, as determined by diodes D1 and D2.

During positive half cycles the sub-circuit comprising FETs T1 and T2

operates substantially as described above for the _DC case, the FET T2

being on and the FET T1 being off during normal operation. When there is
35 a fault, the FET T2 turns off and the FET T1 turns on. During the negative

half cycles both FETs T1 and T2 are off. In this embodiment the resistor



< 3- When a short ci rcwt is applied across the resistive load 11

to sinul at Gy fault condition, the:point A rises SUbﬁEﬂﬁI”h to
-~ he vol tage OW}WDC supply 10 at a rate determ ned by t @Mg ar ge
i me of the capacitor Cl, so that substantially the entire 10 volt
supply is placed across the source and 5 drain of the FET T2.
Concurrently the current flow ng through5the FET T2 w Il increase.
However, ‘the 10 volt supply. voltage across FET T2xdtives the latter

into saturatlon so that the current through FET T2 is limted to
the constant saturation current. The saturation current depends upon the

pover rating ofRl has kffdrgevdies ¢ fimif the/ chrréntrlywing thrdugh FET X'l Wwhenahee of

10 Beta. |n,the ioresent case it is assuned that the Saturation current
is 5 ' ar%g Al t hough the maxi num current flow ng through
FET T2 is limted to the sat-uration current in the case of a fault,

this situation ( a her
poi nt A %oes hl%ﬁﬁ@gfy tiﬁ tﬂ?ﬁ m‘ c&xﬂﬁipﬁlggrﬁfé it.l 3@&“@; guﬁlﬂeeé@&i Tl
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FET T2 to renp p% AR et frl ows
fromthe DC su\p?gjl y ?ﬁd rou% VI, a%f}a&lﬁz&eFETTZ“ Off ' B FEP 11
urmg the positive half cycles both FETs T1' and T2' are off.In
thls embodxment it is necessary that the FETs T1 and T2 be of
complementary type to the FETs T1' and T2'. Hence, in this case the FETs
10 T1 and T2 are p-channel devices whereas the FETs Tl and T2' are
n-channel devices.

As in the DC embodiment, it is possible to modify the characteristics of the
circuit by adding capacitors equivalent to those indicated at C2 and C3 in

15 figure 1 across the drain-gate paths of each of the FETSs in each of the two
sub-circuits of figure 2. Also, analogous to figure 1, a respective resistor
R2 and LED 1 may be connected in paralle]l with each of the resistors R1
and R1' to provide a visual indication of a fault.

20 Figure 3 shows a further embodiment of a DC power cut-off device which
uses only two input/output pins rather than three as for figure 1. These are
the pins shown at 14 and 15 by which the device is connected in series with
the load 11 between the D.C. voltage supply and ground. It will be noted
that the device of figure 3 is very similar to one haif of the device of figure

25 2, in that the load 11 is connected in series with both FETs T1 and T2.

The device of figure 3 again comprises a pair of field effect transistors T1
-and T2 which are cross-coupled so that the drain of each is connected to the
. gate of the other. The load 11 is connected directly to the drain of the FET
30 T2 and via a variable resistor VR1 to the gate of the FET T1, and it is also
connected via a large resistor R1 to the line connectmg the drain of FET T1
to the gate of FET T2.

The RC time constant at the FET T2 is shorter than that at the FET T1
35  (because of the capacitor C5 connected across the gate-drain path of the
FET T1) so that when power is switched on the FET T2 switches on before



20 Tl just sufficient to keep the FET Tl on, the part of this current

fl ow ng hrough the resistor R2 and the LED 1 bei ' ficient
to illum na%m{zﬁ5 LED 1 to provide an indication {?ﬁ’@g’gﬁg?t has

occurred. The value of the resistor RL should be selected so that
it can effectively swtch on the FET Tl with as little power
consunption as possible. 25 Wadn- a fault has occurred the power is
switched off and the fault fixed, after which the power is swtched
on again to resune the normal operating . condition as described
above. The LED 1 and associated resistor R2 may be omtted if it is

not desired tRe FEY T4¢ dlﬂ%gﬁé FET TQC%O ?*Vtgh?ﬂl gles%é@e
| d
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g];)ove t he gWhL em¥l}sloi2 tlgﬁf’n?g%al b ﬁg I&%a%(ﬁ:ll Oﬁﬂfe %en‘gée WItBQhE‘PET ar t
upon the bet 'F%t @e?aéﬁg g‘é"? %’60'&@ the Joad P
WD 96/ $§0283 11 while the FET Tl is held off.In the case ofa fault condition such as a
PCT/ 1 E95/ 0004 ort circuit in the load 11 the voltage at the drain of the FET T2 rises and,
- when it reaches the threshold voltage of the FET T1 (as established by the
value of VR1), the FET T1 turns on. The drain of the FET T1 then goes
low and, because the drain of the FET T1 is connected to the gate of the
10 FET T2, the FET T2 is turned off. The RC time constant of the capacitor ‘
CS and resistor R3 is selected to provide an appropriate turn on time for
the FET T1 so that switching transients and the like do not madvertently
trigger the device. - - .

15 In the embodimént of figure 3 the turn on time of the FET T2 is given by:
(1.DxR1xCé6

where R1 = 10Kohms and C6 = 0.0000001uF being the capacitance of the
20 gate oxide layer of FET T2, and the cut off time of the device in the case
of a fault current is given by: : :

(1.1) x (VR1//R3) x cs |
25 where R3 = 30Kohms and C5 = 1uF.

As before, it is possible to modify the characteristics of the circuit by
-adding capacitors equivalent to those indicated at C2 and C3 in figure 1
across the source-gate paths of each of the FETs T1 and T2. Also, a
30 " resistor R2 and LED 1 may be connected in parallel with the resistor R1 to
provide a visual indication of a fault.

A fourth embodiment of the invention (figure 4) is similar to the circuit
shown in figure 3 except that (a) the FET T1 is replaced by a bipolar NPN

35  transistor N, (b) the variable resistance VR1 is omitted, (c) the capacitor
CS5 is omitted, and (d) the resistor R3 is replaced by a variable resistor



‘- 4- chosen. If it is too _high the resistance of the FET T2 in the

ON state uring normal operation-wll. cause undue h sS4 pat i on
‘Mvvhi ch may ‘ﬁgr%n’]mzsg the device in the long termand in aﬁé}lglygﬁﬁdﬁs _
“inefficient. On the other hand, if the beta is too |low the

saturation current will be too high which 5 may ;cause:the.device to

blow. W have found that a beta in the-rAnge 0.42 e i 48t s Al
conproni se between these two extremes and provides . i ~satistactory
performance. W have al so found that a beta bel ow 0.37 or above

0.55 is unsatisfactory. Although the switching time of the device

Spved i ulti °It@eyyﬁﬁwtb%’%ﬁ%i{d‘?ﬁémﬁiﬁ??“‘%@ﬁ"gi t’?ﬁ&%ﬁ%ﬁ%&? °
transi stors F%‘gulff %Wﬂ(‘jﬂ‘ ,C\HRW? ﬁi"%?}ﬁ@%&lﬁol is deig by the

further increasdue of MR®Ed may be achi eved by connecting additional
capacitors C2 and C3 respectively across the drain-gate path of each FET.

Al so, by selecting different values for C2 and C3 one can provide different
15  speeds floralkeibotimentsiaczeney idiedeand adesistoradanpe applédd across the The

feature. 11 a Wy AETREY 0 Hachle vick bah b fatd 88 ablovir-hitde . 25D (e
fusi bl e |ink. pratectomthat gan oceassingspike voltagesonin faulticonditions.i ght | y hi gher
20 than the cut-off current of the device.

The field effect transistors used in the above circuits may be JFETSs,

10 MOSFETs, NMOSFETs, DMOSFETS or any other kind. The circuits can

be fabricated on silicon or gallium arsenide wafers using semiconductor

technology or as hybrids. It is also possible to use FETs with a silicon

carbide substrate to withstand the high operating voltage, current and

temperature conditions of the device.

15



Referring now to figure 2, the AC power cut-off device essentially

conpri ses b-circuits simlar to the circuit descri bed above for the
DC wto\é\'%@ except that the load 11 is connected in s&CTAEISA4T hot h

FETs T1 and 25 T2 rather than just the FET T2), and in figure 2 the same
or simn conpaonent s have been given the.sane referenrce—+inerals

as in [T 8HBET HAS BEEN [One sub- ci r cui t §consists of the cro S- Gou lgd FETs
T1 and|] T2 amEPLACED responsive to positive _h@l'fh‘ ' 1§ AC
vol t ag ‘ sub-circuit consists o | : Epl ed

FETs T1' and T2' and is 30 responsive to the néga s, as
determ ned bycgi 9 D1 and D2. . During positive half cycles the
sub-circuit coﬂprﬁgghg FETs T1 and T2 operates substantially as
descri bed above for the DC case, the FET .T2 it ’iit'being on and the FET T1

being of f during ViR- i sk T T2
turng of f andllf h%"@g??iﬂﬁlﬁ?ﬁ’?ﬂ?ﬂ%ﬁmﬁﬁt?ﬂhgmt %é%g?ﬁ\}lg éle«f:&Uﬁfchgf | es

both FETs T1 Hf¥ices Wiieh are crosg-coupledcsondiar When anesswisehisgalevice is ond
96/ 10288 the other is off and vice versa, wherein a load to be protected is |
PCT/ 1 E9S/ 0004cZonnec:ta_ble in series with the first switching d_év'i__ce, and wherein if when
the first switching device is on the current therethrough exceeds a certain
value the second switching device is turned on to turn the first switching

device off. B

10 . _ o
2. A power cut-off device as claimed in claim 1, wherein the first
switching device is an FET and if the load is short circuited substantially

. the entire supply voltage is placed across the source and drain of the FET.

15 3. A power cut-off device as claimed in claim '2, wherein the FET goes
into saturation when: the supply voltage is placed across its source and drain
so that the current through the FET is limited to its saturation current.

4. A power cut-off device as claimed in claim 3, wherein the FET has a
20 beta of from 0.42 to 0.48.

5. A power cut-off device as claimed in any preceding claim, wherein an
impedence is connected in series with the second switching device through
which current flows when the second switching device is turned on.
25 - |
6. A power cut-off device as claimed in claim 5, wherein the load is also
connected in series with the impedence.

7. A power cut-off device as claimed in any preceding claim, wherein a
30 device is connected in series with the second switching device to provide a
visual indication when the latter is switched on.

8. A power cut-off device as claimed in any préceding claim, further

including a capacitor arranged to delay the turning on of the second _
35 switching device to prevent the device triggering in response to switching

transients and the like. -
AR RO




Rl has a Iarge value to limt t he curr.ent rovm ng through FET T1 when the
lLatter is OWO96/10283 Sinilarly, in-the sub-circuit conprisi n FETs T1'
and T2', during-negative 5 half cycles the FET T2' is on PEATEISNO047ET
T1' is off during normal ~  ~ Operation and when there is a fault, the
FET T2' turns offus F3BeénRepidckd turns on. During the positive
hal f cycl es both-H 2" are off9I-n this enbodinent it is
necessary that th T2 be of conpl emrentary -type to the
FETs T1' and T2'. Hence, In s case the FETs 10°" " T1 and T2 are

p- channel devices whereas the FETs T1' and T2' are n- channel

devi ces. 9- A«prwehalﬁffw f&rﬂn Aig %P%ggﬂym&?‘ rodi Ty Lhe
g ca

characteristicsq rcui t QR ¥Rt to
t hose i ndi cat edbét %gﬁ's Clairped luhgé precqq;ég,p @épwsveﬂ}'\eonneuted gatiee pat hs
of each of the ¥oB¥DY oppositelyodiretted mmidirectional cﬁ#ﬂént:ﬂéﬁ\‘ib§5 of figure 2.

Al so, anal ogous to figure 1, a respective resistor and LED 1 may
be connected in parallel with each of the resistors Rl and R1' to
provide a visual indication of a fault. 20 Figure 3 shows a further
enbodi nrent of a DC power cut-off device which uses only two

i nput/output pins rather than three as for figure 1. These are t he

- pins shown at 14 and 15 by which et 5 lected in series with
the | oad 11 between the D.C. voltéﬂﬁs T @nﬁ@ und. It will be noted
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«that the device of figure 3 is very simlar to one half of the device of
figure 25wo96?102§3n that the load 11 is connected in series POTIBIS904Y FETS

. T1 and T2. " The device of figure 3 again conprises a pair of field

veffect transistors Tl and T2 which are cross-coupled so that the
drain of each is connected to the gate of the other. The load 11 is
connected directly to the drain of the FET 30 T2 and via a variable
resistor VRL to the gate of the FET T1, WAd it is also connect ed
via a large resistor RL to the line connecting the drain of FET T1

to the gate of FET T2. The RC tinme constant at the FET T2 is
shorter than that at the FET T1 35 (because of the capacitor C5
connected across the gate-drain pat h—ofthe - hat when
power i's switched on the FET T2 sw f§ches on before WD 96/10283
PCT/ | E95/ 00047 ~{ - 6-
the FET T1. Thus the(grai n of the FET @ goes low which pulls tHe gate
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-~ 0of the FET Tl low via the resistor R3 to prevent the FET T1 from turning
on. This is the normal operating condition of the device, WdrligésiodEl T2
_turned onWR028, conplete a path to ground for current through the |oad 5
% 11 while the FET Tl is held off. In the case of a fault condition such as a

short circuit in the load 11 the voltage at the drain of the FET T2 rises

and, when it reaches the thresho2t4 v (as

establ i shed by the val ue of VR1), tha FE®3T1 turns on. e drain of
the FET T1 then goes | ow and, becausg th rain of the T Tl is
connected to the gate of the 10 FET T2, the is turned pff. The RC
time constant of the capacitor Ch antl i |s .ﬁb selfected to
provi de an appropriate turn on ti for al ‘FE‘TT sot t
switching transients and the |ike §o not inadves 5 i gger the
device. 15 In the enbodi ment of fi gurq—B thﬁ !ur n time of the FET T2
i's given by: (1.1) xRl x 56 eWe R1 = 10Koh and C6 =
0. 0000001uF being the capacitance §f the 20 gaf e oxi de | ayer pf FET T2,
and the cut off tine of the devicep C JS@mmanse=} of a faulf current
is given by: (1.1) x ,Q/.[Rl /I R3) X 25 where R3 = 3pPKohns and
C5 = 1uF. QZS :
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As before, it is possible to nodify the characteristics of the circuit by
addi ng capagdb@igesrqui val ent to those indicated at C2 and Laure 1
across the source-gate paths of each of the FETs T1 and TZF%K#25$&§H§g
resistor R and LED 1 may be connected in parallel with the resistor Rl to-

provi de a visual indication of a fault. A fourth enbodi nent of the
invention (figure 4) is simlar to the §i£CUit shown in figure 3
except that (a) the FET Tl is replaced 9 a bi polar NPN 35 transi stor N,

(b) the variable resistance VRL is omtted, (c) the capacitor CSis
omtted, and (d) the resistor R3 is replaced by a variable resistor

WD 96/ 10283

PCT/ | E95/ 00047 -7-

VR3. However, the circuit o gates in substantially the same manner as
figure 3 except that the fﬁgﬁ hold of the transistor N is determ ned by the

val ue of VRS.
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&5 In all enbodi nents a zener diode and a resistor can be applied
_across t hegwo o6/10283 PC OF AC supply so that the device can bi Wﬂan
sover -vol tage protector that can occur in spike volt faul t

‘condi tions. The field effect transistors used in the above
circuits may be JFETs, 10 MOSFETs, NMOSFETs, DMOSFETS or any ot her kind.
-The circuits can be fabricated on silicon or gallium arsenide
~waf ers using sem conduct or technol ogy og/&s hybrids. It is also
possible to use FETs with a silicon carbide substrate to w thstand
. the high operating voltage, current and tenperature conditions of
t he device. 15 8 - CLAI Ms:
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+1. A power cut-off device for protecting a |oad, the device including a

first switching device conprising a field effect transistor having
_source, drain 5 and gate term nals, and a second swi tchi ng device
“ having first and second current termnals and a control termnal,
wherein the first sw tching device IS cross-coupled to the second
swi tching device with one of the sour c€ hnd drain of the first
'swi tching device and one of the first and second current term nal s
of the second switching device being connected to a common 10 node such
t hat when one switching device is on the other sw tching device IS
of f and vice versa, and wherein the | SGripL nectable in series with the

first switching device such that substantially the entire voltage of the
power supply woul d be applied acr 1e.first switching device if
the | oad were short ci rcuim—@ﬁ—?r £ fﬁ]evme?_ The power cut - of f

devi ce of cl ai FedhnioklclFieidh the first switching device goes into
saturatign whe | C ss the first

Swi t chi ng devi?E*i‘?“’?ﬁ@‘?"‘%‘%‘?‘%ﬁ?%ﬁ%‘gﬁﬁfﬁgdﬁ% swi t ching device is
limted to the saturation current of the first swi tching device. 20

3. The power cDiscdbduré @fith® Ifentiogl M 2, wherein the first switchi ng devi ce
s e o i i vaton e oL S SR £,
t he second sw protectingieloads thérdevigh including a first switching device comprising a
10 field effect transistor having source, drain and gate terminals, and a second
switching device having first and second current terminals and a control
terminal, wherein the first switching device is cross-coupled to the second
switching device with one of the source and drain of the first switching
device and one of the first and second current terminals of the second
15 switching device being connected to a common node such that when one
switching device is on the other switching device is off and vice versa, and
wherein the load is connectable in series with the first switching device
such that substantially the entire voltage of the power supply would be
applied across the first switching device if the load were short circuited.
20 -
Brief Description of the Drawings
Figure 1 is a circuit diagram of a DC power cut-off device according to a
first embodiment of the invention,

25 Figure 2 is a circuit diagram of an AC power cut-off device according to a
second embodiment of the invention,

Figure 3 is a circuit diagram of a DC power cut-off device according to a
third embodiment of the invention, and

30 ' _
Figure 4 is a circuit diagram of a DC power cut-off device according to a
fourth embodiment of the invention.

| Descrigtidn of the Preferred Embodiments
35 Embodiments of the invention will now be described, by way of example,

with reference to the accompanying drawings. S g\?\%@
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«which current flows when the ‘second SWItChI ng device is turned on.

5. The_power cut-off—devite of cl a|m4 wherein the load is al so connect ed
in series with the | nce. 30" 6. The power cut-off device of any
Yprecedi nmﬁm\m m@ﬂma device is connected in series with the
second s o provide a visual . indication.

7. The pover® cutof f device of any prece@® g claim further including a
capacitor -arranged to delay the turning on of the second swtching device

to prevent the devicE triggering in response to swtching
~transients and the l'ike.
CLAIMS:

1. A power cut-off device for protecting a load, the device including a first
switching device comprising a field effect transistor having source, drain

5 and gate terminals, and a second switching device having first and second
current terminals and a control terminal, wherein the first switching device
is cross-coupled to the second switching device with one of the source and
drain of the first switching device and one of the first and second current
terminals of the second Switching device being connected to a common

10 node such that when one switching device is on the other switching device
is off and vice versa, and wherein the load is connectable in series with the
first switching device such that substantially the entire voltage of the power
supply would be applied across the first switching device if the load were

short circuited.
) 15
2. The power cut-off device of claim 1, wherein the first switching device
goes into saturation when the supply voltage is placed across the first
switching device so that current through the first switching device is limited
to the saturation current of the first switching device.
20

3. The power cut-off device of claim 2, wherein the first switching device
has a beta of from 0.42 to 0.48.

4. The power cut-off device of any preceding claim, wherein an
25 impedance is connected in series with the second switching device through
which current flows when the second switching device is turned on.

5. The power cut-off device of claim 4, wherein the load is also connected
in series with the impedance.

30 . .
6. The power cut-off device of any preceding claim, wherein a device is
connected in series with the second switching device to provide a visual
indication.



*5 8 A power cut-off device for an A C - power supply, conprising

t wo ___'___ALL_Cﬁs—a&—eJral med in any preceding claimrespectively
,connected to the oad by oppositely directed unidirectional current
devi ces “‘)ml““m““m‘“er cut-of f device for protecting a |oad, the device
conpr.i snm st switching device conprising a field effect
transi stér havind a *sour ce termgal, a drain termnal and a gate
termnal; a second swi t chi ng devi ce having first and second

switched termnals and a control termnal, wherein the drain of the
first switching devi ce is coupled to the control term nal of 15 t he

d switching t ,
zsmC?Qm fl\ém dgv: ce is go%ﬁlqr %‘f?lffdteﬁcesdg[éerﬁ'gfrq?&ﬁég‘cm}q ‘]’L\ Dggnd t he
source of the fqapamt@vartrmgt:dgto %mmmg@m@%tmcsesmd &m,t@hmsrdﬁvm toof
the %ﬁ*@?exﬁ"th& geiieg tﬁggéﬁﬁg ] ?es?@ﬁﬁé Rﬂsdvﬁclﬁﬁg‘%%sm%&daﬂ&‘ ffeSi n the

’:LJ

first &e chi ng deV|ce s coupl eab In serieS with the load. 20
5 . _
8. A power cut-off device for an A.C. power supply, comprising two
devices as claimed in any preceding claim respectively connected to the
load by oppositely directed uni-directional current devices.
10 9. A power cut-off device for protecting a load, the device comprising: a

first switc_hing device comprising a field effect transistor having a source
terminal, a drain terminal and a gate terminal; a second switching device
having first and second switched terminals and a control terminal, wherein
the drain of the first switching device is coupled to the control terminal of

15 the second switching device, the first switched terminal of the second
switching device is coupled to the gate of first switching device and the
source of the first switching device and the second switched terminal of the
second switching device are coupled in common; and wherein the first
switching device is coupleable in series with the load.

20



