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(54) SINGLE EVENT LATCHUP MITIGATION WITH SAMPLE AND HOLD

(57) A system for mitigating a solid state power con-
troller (SSPC) open or closed state change caused by
single event latchup (SEL) includes an ON circuit (102),
an OFF circuit (104) operatively connected in parallel to
the ON circuit (102), a holding capacitor (116) operatively
connected in parallel with the ON circuit (102) and the

OFF circuit (104), and a power switching device (105)
operatively connected to the holding capacitor (116) and
the ON circuit (102). The system is configured to main-
tain, during and after the SEL, a drive state voltage to
the power switching device (105) that is stored in the
holding capacitor (116) prior to the SEL.
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Description

BACKGROUND

[0001] Exemplary embodiments pertain to the art of
solid state power controllers, and more specifically, mit-
igating single event latchup with a sample and hold cir-
cuit.
[0002] Cosmic radiation can induce Single Event
Latchup (SEL) in complex electronic devices. SELs are
induced by causing conduction from the circuit to the sub-
strate that results in a 4 layer device or SCR turning on
and carrying common mode current from multiple paths
through the substrate to ground. This ’latch’ results in
collapsing the local power supply around the fault and
disrupting the ability of the circuit to function at all. The
amount of circuitry affect depends on the location of the
collapse and the power supply characteristics. In aero-
space this may be a particular problem due to higher
radiation intensities and system criticality. Certain flight
paths have increasing probability of SEL due to global
magnetic variances and/or atmospheric conditions. Fur-
ther, SEL may become more likely at certain polar orien-
tations where cosmic radiation intensity is higher.
[0003] Solid state power controllers (SSPCs) may
switch power on and off to electrical loads (e.g., displays,
components, etc.). The SSPCs may be controlled by Pe-
ripheral Interface Controllers (PICs) that monitor voltage
and current status, and drive field effect transistor gates
to turn the power on and off in the load circuits. SEL
affecting the PICs may cause loss of control and protec-
tion of the SSPC and the SSPC output to shift from their
proper state to an erroneous state.

BRIEF DESCRIPTION

[0004] Disclosed is a system for mitigating a solid state
power controller (SSPC) erroneous state caused by sin-
gle event latchup (SEL). The system includes an ON cir-
cuit, an OFF circuit operatively connected in parallel to
the ON circuit, a holding capacitor operatively connected
in parallel with the ON circuit and the OFF circuit, and a
power switching device operatively connected to the
holding capacitor and the ON circuit. The system is con-
figured to maintain, during and after the SEL, a drive state
voltage to the gate of the power switching device that is
stored in the holding capacitor prior to the SEL.
[0005] Also disclosed is a method for mitigating a solid
state power controller (SSPC) erroneous state caused
by single event latchup (SEL). The method includes con-
figuring an ON circuit, configuring an OFF circuit opera-
tively connected in parallel to the ON circuit, configuring
a holding capacitor operatively connected in parallel with
the ON circuit and the OFF circuit, configuring a power
switching device operatively connected to the holding ca-
pacitor and the ON circuit, and maintaining, after the SEL,
a drive state voltage to the gate of the power switching
device that is stored in the holding capacitor prior to the

SEL.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 depicts a system for mitigating SEL latchup
conditions, according to one or more embodiments;
and

FIG. 2 depicts a flow diagram of a method for miti-
gating SEL latchup with a sample and hold circuit,
according to one or more embodiments.

DETAILED DESCRIPTION

[0007] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0008] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of 6 8% or 5%, or 2% of a given value.
[0009] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0010] FIG. 1 depicts a system 100 for mitigating SEL
latchup conditions, according to one or more embodi-
ments. When an SEL affects the control logic of the
SSPC, the logic power is overloaded and the signals in
the circuit go to relatively low voltages. With this situation
none of the outputs can be driven to the normal full logic
1 state. According to one or more embodiments, system
100 makes use of this affect by configuring the driver
circuit with 2 separate sections: an ON circuit 102 and
an OFF circuit 104. In some aspects, both of ON circuit
102 and OFF circuit 104 require full logic 1 states from
the control logic in order to function. In addition, a holding
capacitor 116 may be configured in parallel to ON circuit
102 and OFF circuit to supply drive state voltage to a
power switching device 105 during any time when neither
the ON nor OFF circuits are properly activated. The drive
state voltage is supplied to the power switching device
105 for a predetermined time during which the SSPC
control logic is reset by power cycling its operative cir-
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cuits. A predetermined time may be, for example, 200
ms. The drive state voltage may be low (e.g., approxi-
mately 0 V indicating a logic value of 0) or high (a non-
zero voltage indicating a logic value of 1).
[0011] According to one or more embodiments, system
100 further includes an power switching device 105 op-
eratively connected to ON circuit 102 and OFF circuit 104
and configured to receive a drive state from the circuits.
Power switching device 105 may further include a field
effect transistor (FET) 126 configured in parallel with feed
128 and the output load 130. In some aspects, FET 126
may be another type of semiconductor device. In some
aspects, FET 126 may include a plurality of paralleled
devices. In some aspects, FET 126 may include devices
in series arranged to provide bi-directional or alternating
current control connection between feed 128 and load
130. In one or more embodiments, power switching de-
vice 105 may further include Zener diodes 120 and 122
configured to output FET 126 gate protection during tran-
sient events. In some embodiments, power switching de-
vice 105 may not include Zener diodes 120 and 122.
[0012] ON circuit 102 includes an amplifier configured
to receive an "on" or high signal from the SSPC controller
101. ON circuit 102 further includes an amplifier 106 con-
figured in series with a diode 108 and one or more resis-
tive elements 110 and 118. According to one or more
embodiments, when the SSPC drive state is high (i.e.,
on) system 100 is configured to stay on when activated
through diode 108, resistive elements 110 and 118, and
holding capacitor 116. If the on state droops or goes to
0 throughout the SEL or the recovering process, then
holding capacitor 116 maintains the SSPC state through
the event.
[0013] OFF circuit 104 includes a resistive elements
112 and 113 configured to receive an OFF signal from
the SSPC controller 101 and an inverting amplifier circuit
that uses a small signal FET 114. In other aspects, FET
114 may be another type of semiconductor device. Re-
sistive elements 112 and 113 are configured to provide
a voltage division that only turns FET 114 ON if the SSPC
drive state OFF is a full logic 1 signal. Resistor 113 also
provides a path for leakage currents when the ’OFF’ sig-
nal is floating and not driven due to the SEL. OFF circuit
104 and ON circuit 102 are connected together in parallel
via a resistive element 118 and holding capacitor 116.
[0014] Both ON circuit 102 and OFF circuit 104 can
include series resistors (e.g., resistive elements 110 and
118) configured such that they prevent a momentary
glitch from an ON state to an OFF state or OFF state to
ON state during a processor reset following an SEL. Hold-
ing capacitor 116, along with resistors 110 and 118, can
result in a holding time constant that ensures that this
does not happen and that the output if OFF stays OFF
and if ON stays ON all through the SEL recovery process.
Accordingly the output only ’floats’ if the SSPC was OFF
and stays OFF which is a normal case for the SSPC being
OFF. In some aspects, time constant is between the hold-
ing capacitor and the effective leakage path to ground

which includes some reverse leakage current through
the diode 120, the leakage current through the OFF FET
114, and leakage current through the Zener diode 122,
as well as a small amount of leakage through the cap
itself and through the main FET gate.
[0015] According to one or more embodiments, the
time constant between the resistive elements 110 and
118, and holding capacitor 116 is configured to be long
enough to ride through a reset period such that the con-
dition will not affect the state of the SSPC during the
recovery from the SEL by turning the SSPC drive state
from OFF to ON, or by turning the SSPC drive state from
ON to OFF. For example, similar to ON circuit 102, when
the SSPC drive state signal is OFF and an SEL occurs,
system 100 does not send logic 1 signals to either the
ON driver or the OFF driver, and the power switching
device 105 ’floats’ on stored voltage of approximately 0
volts stored in holding capacitor 116.
[0016] , OFF circuit 104 is configured to require a logic
1 (i.e., a voltage high signal) so that when the SSPC drive
state droops OFF circuit 104 is not activated (e.g., forced
high). Accordingly, ON circuit 102 output and the OFF
circuit 104 output are now defined so that each must be
driven by a logic 1 (e.g., voltage high) for either circuit to
function. Similarly when the SSPC is ON, and an SEL
occurs, again there are no logic 1 signals sent to either
the ON circuit 102 (which was previously driven to ON)
nor to the OFF circuit 104. The SSPC FET gate 126 then
"floats" on the stored charge from the holding capacitor
116 and thus keeps the SSPC channel (e.g., feed 128)
turned ON while the control logic is being reset.
[0017] FIG. 2 is a flow diagram of a method 200 for
mitigating SEL latchup with a sample and hold circuit,
according to one or more embodiments. Referring now
to FIG. 2, after an initial starting step 202, at block 204
the method includes configuring an ON circuit 102.
[0018] At block 206, the method includes configuring
an OFF circuit 104 to be operatively connected to the ON
circuit 104.
[0019] At block 208, the method further includes con-
figuring a holding capacitor 116 to connect in parallel with
the ON circuit 102 and the OFF circuit 104. The method
also includes receiving, from an SSPC controller 101, via
the ON circuit 102 or the OFF circuit 104, an SSPC drive
state voltage (not shown); and storing, in the holding ca-
pacitor 116, the SSPC drive state voltage.
[0020] As shown in block 210, the method further in-
cludes configuring a power switching device 105 to op-
eratively connect to the holding capacitor 116 and the
ON circuit 102.
[0021] At block 212, the method concludes with main-
taining the initial drive state voltage to the power switch-
ing device 105 after the SEL event. For example, system
100 may supply, at the power switching device 105, the
drive state voltage via a leakage current for a predeter-
mined time period during which the SSPC controller 101
resets.
[0022] Embodiments of the present invention may mit-
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igate an SSPC open or closed fault condition. With this
invention included in the SSPC circuitry, an SEL can oc-
cur and the SSPC control logic can be power cycled with-
out the output changing state. This can allow a load to
receive uninterrupted power throughout the period of
time at which the system recovers from the SEL. Embod-
iments of the present invention may also avoid nuisance
’No Fault Found’ returns in the SSPC controller that would
have occurred if the load had gone off during operation.
Embodiments of the present invention may also ensure
that a load that is already off at the onset of a SEL (e.g.,
in a low power state) will stay off through the SEL recovery
process.
[0023] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims

1. A system (100) for mitigating a solid state power con-
troller (SSPC) erroneous state caused by single
event latchup (SEL) comprising:

an ON circuit (102);
an OFF circuit (104) operatively connected in
parallel to the ON circuit (102);
a holding capacitor (116) operatively connected
in parallel with the ON circuit (102) and the OFF
circuit (104), and
a power switching device (105) operatively con-
nected to the holding capacitor (116) and the
ON circuit (102);
wherein, responsive to the SEL the system (100)
is configured to maintain, during and after the
SEL, a drive state voltage to the power switching
device (105) that is stored in the holding capac-
itor (116) prior to the SEL.

2. The system of claim 1, wherein the ON circuit (102),
the OFF circuit (104), the holding capacitor (116),
and the SSPC gate are configured to:

receive, from an SSPC controller, via the ON
circuit (102) or the OFF circuit (104), an SSPC
drive state voltage; and
store, in the holding capacitor (116), the SSPC

drive state voltage.

3. The system of claim 1 or 2, wherein the ON circuit
(102), the OFF circuit (104), the holding capacitor
(116), and the power switching device (105) are fur-
ther configured to supply, at the power switching de-
vice (105), the drive state voltage via a leakage cur-
rent for a predetermined time period during which
the SSPC is power cycled to clear the SEL.

4. The system of claim 1, 2 or 3, wherein the SSPC is
in an OFF state and the drive state voltage to the
power switching device (105) is low.

5. The system of claim 1, 2 or 3, wherein the SSPC is
in an ON state and the drive state voltage to the
power switching device (105) is high.

6. The system of any preceding claim, wherein the ON
circuit comprises:

an amplifier (106) configured to receive the drive
state voltage;
a diode (108) operatively connected in series
with the amplifier; and
a first resistive element (110) operatively con-
nected in series with the diode (108) and the
holding capacitor and configured to transmit the
drive state voltage to the holding capacitor and
the power switching device.

7. The system of claim 6, wherein the amplifier, the
diode (108) and the first resistive element (110) are
configured with a time constant sufficient to supply,
at the power switching device, the drive state voltage
via a leakage current for a predetermined time period
during which the SSPC is power cycled to clear the
SEL.

8. The system of any preceding claim, wherein the OFF
circuit comprises:

a second resistive element (118) configured to
receive the drive state voltage; and
a semiconductor device operatively connected
to the second resistive element, the ON circuit,
and the holding capacitor and configured to
transmit the drive state voltage to the holding
capacitor.

9. The system of any preceding claim, wherein the pow-
er switching device comprises:

a plurality of diodes (120, 122) operatively con-
nected in parallel to a second FET.

10. A method for mitigating a solid state power controller
(SSPC) open or closed momentary state change

5 6 



EP 3 334 045 A1

5

5

10

15

20

25

30

35

40

45

50

55

caused by single event latchup (SEL) comprising:

configuring an ON circuit (102);
configuring an OFF circuit (104) operatively con-
nected in parallel to the ON circuit (102);
configuring a holding capacitor operatively con-
nected in parallel with the ON circuit (102) and
the OFF circuit (104);
configuring a power switching device (105) op-
eratively connected to the holding capacitor
(116) and the ON circuit (102); and
maintaining, during and after the SEL, a drive
state voltage to the power switching device (105)
that is stored in the holding capacitor (116) prior
to the SEL.

11. The method of claim 10, further comprising:

receiving, from an SSPC controller, via the ON
circuit (102) or the OFF circuit (104), an SSPC
drive state voltage; and
storing, in the holding capacitor (116), the SSPC
drive state voltage.

12. The method of claim 10 or 11, wherein the SSPC is
in an OFF state and the drive state voltage to the
power switching device (105) is low.

13. The method of claim 10 or 11, wherein the SSPC is
in an ON state and the drive state voltage to the
power switching device (105) is high.

14. The method of any of claims 10 to 13, further com-
prising:

receiving the drive state voltage at an amplifier
(106); and
transmitting the drive state voltage to the holding
capacitor (116) and the power switching device
(105) via a first resistive element (110) opera-
tively connected in series with a diode and the
holding capacitor (116).

15. The method of any of claims 10 to 14 further com-
prising:

receiving, at a second resistive element (118) in
the OFF circuit (104), the drive state voltage;
transmitting the drive state voltage to a semi-
conductor device operatively connected to the
second resistive element (118), the ON circuit
(102), and the holding capacitor (116); and
transmitting the drive state voltage to the holding
capacitor (116).
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