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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to the field of electronic power supplies. More
specifically, the present disclosure relates to a circuit and a system implementing a power
supply configured for preventing sparks.

BACKGROUND

[0002] Large scale networks used for cloud computing, search engines, and similar
applications, typically include tens or hundreds of servers for load sharing and for redundancy.
These networks need to be highly scalable, so there is a need to frequently add more servers
to the network infrastructure.

[0003] Large scale server networks consume very large amounts of electric power and
generate a lot of heat. Any manner of reducing power consumption is desirable.

[0004] Fuses and/or relays may be used to cut delivery of power to a server in case of a fault,
for example in the occurrence of a short-circuit. However fuses are typically slow to react and
must be replaced after a short-circuit. Relays may protect a server from a short-circuit, and
may be rearmed, but are very slow to react. Additionally, current that is provided to a server
must flow through contacts of a relay, causing important power losses. Measurements have
shown that, typically up to 4% of the power delivered to a server may be lost in a relay. The
energy wasted in the relay causes heat accumulation in the power supply that, for a large
server bank, translates into important cooling needs.

[0005] Availability requirements for large scale server networks are extremely high, so
maintenance activities, including connection of additional servers and replacement of failed
units must be done without delay and without service disruption.

[0006] One particularly disturbing circumstance to personnel who install servers is that inrush
of electrical current into a server when initially plugged into a power supply oftentimes causes
sparks at the level of a plug-in connection. Such sparks can be quite disturbing to the
operators who install the servers and may also cause the accumulation of carbon deposits on
connectors. The carbon deposits create undesired impedance on the connectors, causing of
power losses and eventually causing failed connections to some servers. These carbon
deposits may eventually lead to fire hazards.

[0007] Thus, there is a desire for power supplies that address the aforementioned drawbacks.
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[0008] EP 2 672 599 A2 discloses a system and method for limiting in-rush current from a
power source to a load. When it is sensed that a load has been electrically connected to
receive electrical power, a current limiter circuit inhibits electrical current flow from the power
source to the load for a predetermined time period.

[0009] FR 2 710 802 A1 discloses a circuit protecting a power transistor that is periodically
made to become conductive and non-conductive in response to an oscillating signal produced
by charging and discharging a capacitor. An attack transistor is turned on or off to cause
turning on or off of the power transistor.

[0010] US 2015/303917 A1 discloses controlling in rush current delivered to a hot plug device
by providing a series of turn on pulses to the gates of turn on FETs connecting between a
power supply and a load.

[0011] US 2015/077892 A1 discloses a protection circuit connected between a power supply
and a load. A pulse width modulation signal generated by a control module determines a duty
cycle of used to turn on or of a switch module, in turn controlling a power delivery to the load.

[0012] DE 197 05 339 A1 discloses to a smart switch and a method for open-load diagnosis
and load-interrupt diagnosis of smart switches. The smart switch comprises a power transistor
for driving a load by its connection to a power supply, and a switching logic driving the power
transistor. A status signal indicating whether or not a load is connected is used to activate the
smart switch.

SUMMARY

[0013] The object of the invention is solved by a circuit according to claim 1 and a system
according to claim [[12]] 11. Preferred embodiments are presented in the dependent claims.

[0014] According to one aspect of the present technology, there is provided a circuit
comprising the features of claim 1.

[0015] The foregoing and other features will become more apparent upon reading of the
following non-restrictive description of illustrative embodiments thereof, given by way of
example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the disclosure will be described by way of example only with reference
to the accompanying drawings, in which:

Figure 1 is a highly schematic diagram of a circuit for switching on an off electrical supply to a
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load;

Figure 2 is a highly schematic diagram of a circuit for detecting attachment of a load and for
gradually applying current to the load;

Figure 3 is an electrical diagram of a circuit for switching on and off electrical supply to a load,
for example a computer or a server;

Figure 4 is schematic diagram of system for switching on and off electrical supply to a server of
a server bank;

Figure 5 is timing diagram showing a variation of a voltage when the load is connected to the
load connector; and

Figure 6 is zoomed in section of the timing diagram of Figure 5.

[0017] Like numerals represent like features on the various drawings.

DETAILED DESCRIPTION

[0018] Various aspects of the present disclosure generally address one or more of the
problems found in conventional power supplies for large scale server networks. To this end,
the present disclosure introduces a circuit for powering a load, this circuit being adapted for
integration into a power supply.

[0019] In a first embodiment, the circuit comprises a voltage source, a sense resistor, and a
transistor connected in series with the voltage source and with the sense resistor. The load
may be connected in series with the transistor. The transistor can be turned on and off by the
application of a control voltage on its gate. A voltage across the sense resistor is sensed.
Because the sense resistor is in series with the load, this voltage provides a direct indication of
a level of current flowing in the load. The sensor emits a fault signal when the voltage across
the sense resistor exceeds a predetermined value or, equivalently, then the current load
exceeds a safe level, for example in the case of a short circuit at the load. The circuit includes
a hardware latch that issues a latch signal when it receives the fault signal. The latch signal is
maintained in the hardware latch even if the load current falls again to a safe value, or to zero.
The latch signal is maintained until the hardware latch signal receives a rearm signal. A logic
circuit is fed with the latch signal from the hardware latch and with a software command
intended to control turning on and off of the circuit. The logic circuit converts the software
command to a control voltage for application at the gate of the transistor when the latch signal
is not set. In the circuit of this embodiment, the transistor is thus a "smart fuse" that is turned
off to cut the flow of current into the load in case of a fault and that can be modulated by the
software command to control a level of the current into the load in normal operation.
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[0020] In the same or another embodiment, the circuit for powering a load comprises a
primary voltage source and a secondary voltage source. A primary transistor connects the
primary voltage source to a load connector. A top resistor connects the secondary voltage
source to a gate of the primary transistor while a bottom resistor is connected in parallel to the
load connector. A secondary transistor is connected between the top resistor and the bottom
resistor so that a drain of the secondary transistor is connected to the gate of the primary
transistor. The circuit includes a translator of commands for turning on and off the circuit. The
translator applies a high voltage at a gate of the secondary transistor when receiving an off
command and a low voltage at the gate of the secondary transistor when receiving an on
command. In the circuit, a microcontroller initially issues the off command, which is received at
the translator, causing turning on of the secondary transistor and turning off of the primary
transistor. The microcontroller receives a measurement of a voltage at the load connector.
Initially, the voltage is defined by a resistive divider of the secondary voltage source, the
resistive divider being formed by the top and bottom resistor. The microcontroller detects that
the load is not connected to the load connector when the voltage at the load connector is at a
high level while the off command is being issued. When the load is connected to the load
detector, because its impedance is much lower than that of the bottom resistor, the
microcontroller detects that the voltage at the load connector falls to a low level while the off
command is being issued. The microcontroller may then issue the on command in response to
the detection of the connection of the load. The on command may be issued in the form of an
impulse, followed again by the off command, so that the primary transistor is only briefly turned
on. The microcontroller may issue a sequence of such on command impulses so that the flow
of current gradually increases in the load.

[0021] Referring now to the drawings, Figure 1 is a highly schematic diagram of a circuit for
switching on an off electrical supply to a load. A circuit 10 includes a voltage source 12, a load
14, a transistor 16 having a drain (D) 18, a gate (G) 20 and a source (S) 22, and a sense
resistor 24. In the circuit 10, the sense resistor 24, the transistor 16 and the load 14 are
connected in series between the voltage source 12 and the ground (GND). The transistor 16 is
turned on (i.e. closed) to allow current to flow from the voltage source 12 through the sense
resistor 24 and the drain 18 and the source 22 of the transistor 16, reaching the load 14. The
transistor 16 is turned on by the application at its gate 20 of a voltage higher than a voltage at
the source 22, this voltage being an "ON" command for the transistor 16. In more detail, the
transistor 16 is turned on when its gate to source voltage Vgg is greater than a threshold

voltage Vi, for the transistor 16. Application of a low voltage (an "OFF" command) at the gate
20, Vgg being lower than Vy, for the transistor 16, turns off (i.e. opens) the transistor 16 to

prevent delivery of current to the load 14.

[0022] The ON/OFF command is applied at the gate 20 by a logic circuit 26. The logic circuit
26 has two (2) inputs, i.e. a software ON/OFF command 28 from a microcontroller (shown in a
later Figure) and a latch command 30. When the latch command 30 is not set, the logic circuit
26 converts the software ON/OFF command 28 into the high (ON) or low (OFF) voltage
applied at the gate 20.
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[0023] A voltage across the sense resistor 24 is sensed by a sensor 32. The sensed voltage is
directly proportional to the current flowing through the sense resistor 24, the transistor 16 and
the load 14. When this current exceeds a predetermined safe value, the sensed voltage also
exceeds a corresponding predetermined value. In that event, the sensor 32 sends a fault
signal 34 to a hardware latch 36. The hardware latch 36 in turn provides the latch command 30
to the control logic circuit 26. As the latch command 30 is set, the logic circuit 26 ignores the
software ON/OFF command 28 and applies a low (OFF) voltage at the gate 20, turning off the
transistor 16.

[0024] Although current no longer flows through the sense resistor 24, the transistor 16 and
the load 14 when the transistor 16 is turned off, the hardware latch 36 maintains the latch
command 30 until it receives a rearm command 38. The latch command 30 is removed when
the rearm command 38 is received at the hardware latch 36, following which the logic circuit 26
can once again convert the software ON/OFF command 28 into the high (ON) or low (OFF)
voltage applied at the gate 20.

[0025] The circuit 10 therefore implements a smart fuse in the sense that the transistor 16 can
rapidly react, under hardware control, in case of excessive current flowing through the load 14,
for example in case of a short circuit. This smart fuse can be rearmed by the rearm signal 38.
In normal operation of the circuit 10, when the latch command 30 is not set, the ON/OFF
command 28 from the microcontroller may be used to turn on or off the delivery of power to
the load 14 and may further be used to control the amount of current into the load 14 by
turning on and off the transistor 16 in rapid cycles.

[0026] Figure 2 is a highly schematic diagram of a circuit for detecting attachment of a load
and for gradually applying current to the load. A circuit 50 may optionally be combined in a
same implementation with the circuit 10 of Figure 1, but is shown in isolation in order to simplify
the illustration of Figure 2. The circuit 50 includes a primary voltage source 52 and a
secondary voltage source 54, also called a boost voltage source because its voltage is higher
than that of the primary voltage source 52. A primary transistor 56, for example a metal oxide
semiconductor field effect transistor (MOSFET), such as an n-channel MOSFET (NMOS)
having a drain 58, a gate 60 and a source 62, is connected to the primary voltage source 52
and to a connector 64 having a pair of ports for eventually connecting a load 66. A top resistor
68 is connected to the secondary voltage source 54, to the gate 60 of the primary transistor
56, and to a collector (C) 70 of a secondary transistor 72, for example a bipolar transistor. The
secondary transistor 72 also has a base (B) 74 and an emitter (E) 76. The emitter 76 of the
secondary transistor 72 is connected to a bottom resistor 78, to the source 62 of the primary
transistor 56, and to a positive end of the connector 64.

[0027] A microcontroller 80 applies a software ON/OFF command 82 to a translator 84. The
software command 82 is a logical 1 to turn ON the circuit 50 and a logical 0 to turn OFF the

circuit 50.

[0028] The translator 84 outputs a negative version of the software ON/OFF command, the
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ON command being translated into a low voltage applied on the base 74 of the secondary
transistor 72 and the OFF command being translated into a high voltage applied on the base
74 of the secondary transistor 72.

[0029] When the software ON/OFF command 82 requires turning off of the circuit 50, a high
voltage is applied at the base 74 of the secondary transistor 72. This high voltage turns on the
secondary transistor 72, whereby the voltage at its collector 70 and at the gate 60 of the
primary transistor 56 becomes substantially equal to the voltage at the source 62 of the
primary transistor 56, neglecting a small voltage drop between the collector 70 and the emitter
76 of the secondary transistor 72. The voltages at the gate 60 and at the source 62 of the
primary transistor 56 being substantially equal, Vgg is near zero and is less than Vi, for the

primary transistor 56. The primary transistor 56 is therefore turned off. At the time, if the load
66 is not connected, the voltage at the source 62 of the primary transistor 56, which is also the
voltage at the load connector 64, is defined by the voltage of the secondary voltage source 54
and a resistive divider formed by the top resistor 68 and the bottom resistor 78. If the load 66 is
then connected, because it usually has a much lower impedance than that of the top resistor
68 and of the bottom resistor 78, the voltage at the load connector 64 falls to nearly zero volt.

[0030] Conversely, when the software ON/OFF command 82 requires turning on the circuit 50,
this command is translated by the translator 84 into the low voltage applied at the base 74 of
the secondary transistor 72. This low voltage turns off the secondary transistor 72, whereby
the voltage at its collector 70, which is also the voltage at the gate 60 of the primary transistor
56, becomes equal to the voltage of the secondary voltage source 54. The voltage of the
secondary voltage source 54 being higher than the voltage of the primary voltage source 52,
the gate to source voltage Vgg of the primary transistor 56 is positive, no matter the voltage at

the source 62 of the primary transistor 56 at that time. In the example as shown, the primary
transistor 56 is an NMOS transistor so the positive gate to source voltage Vgg causes turning

on of the transistor 56, whereby the voltage at its source 62 becomes substantially equal to the
voltage of the primary voltage source 52. It will be understood that the voltage of the
secondary voltage source 54 is selected to be higher than the voltage of the primary voltage
source 52 by a sufficient amount to ensure that VVgg will be greater than Vy, for the primary

transistor 56 when the secondary transistor 72 is turned off.

[0031] When the software ON/OFF command 82 is "OFF", the high voltage applied at the base
74 causes closing (turning on) of the secondary transistor 72. If the load 66 is not connected to
the connector 64, the voltage of the gate 60 and the source 62 of the primary transistor 56 is
an intermediate voltage defined by the secondary voltage source 54 and by the resistive
divider formed by the resistors 68 and 78. The gate to source voltage Vgg of the primary

transistor 56 being near zero, the primary transistor 56 is open. A voltage measurement 86
taken between the resistors 62 and 68 is provided to the microcontroller 80. Connecting the
load 66 to the connector 64 at that time causes the voltage at the gate 60 and the source 62 of
the primary transistor 56 to decrease significantly to a low voltage because the load 66 has a
much lower impedance than that of the resistor 78. This drop of the voltage measurement 86
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is detected at the microcontroller 80 as an indication that the load 66 is now connected to the
circuit 50.

[0032] Thereafter, the microcontroller 80 changes the software ON/OFF command 82 to "ON",
causing a low voltage to be applied at the base and causing opening of the secondary
transistor 72. The voltage of the secondary voltage source 54 is now directly applied at the
gate 60 of the primary transistor 56. The gate 60 of the primary transistor 56 now being at a
high voltage, the transistor 56 becomes conductive because Vgg is now greater than Vi,.

Current may flow from the primary voltage source 52 though the primary transistor 56 and into
the load 66. The voltage at the source 62 of the primary transistor 56 is now substantially equal
to the voltage of the primary voltage source 52, neglecting for a minor voltage drop between
the drain 58 and the source 62 of the primary transistor. Vgg is substantially equal to the

voltage of the secondary (boost) voltage source 54 minus the voltage of the primary voltage
source 52. As will be expressed hereinbelow, the microcontroller 80 may rapidly cycle the
software ON/OFF command 82 between the ON and OFF positions, at least for a brief initial
period after the connection of the load 66, to control the inrush of current into the load 66 when
the load 66 is initially plugged in at the connector 64. The microcontroller 80 may continuously
monitor the voltage measurement 86 on the load 66.

[0033] A practical implementation of the circuits 10 and 50 of Figures 1 and 2 is shown on
Figure 3, which is an electrical diagram of a circuit for switching on and off electrical supply to a
load, for example a computer or a server. A circuit 100 includes a high side current monitor
110, a quad 2-input NAND Schmitt trigger 130, an optocoupler 210, which is a secondary
transistor for the circuit 100, a MOSFET switch 220, which is a primary transistor for the circuit
100, a 5-volt source 180, a load voltage source 182 providing for example 19 volts, a boost
voltage source 184 providing for example 31 volts, which translates into a 12-volt boost over
the voltage of the load voltage source 182, and a load connector 230. The circuit 100 also
comprises various signal input ports, resistors, diodes, Zener diodes and capacitors that are
described in the following paragraphs. Values shown on Figure 3 for the various resistors,
capacitors, including their tolerances, and for illustration purposes and do not limit the present
disclosure. The MOSFET switch 220 operates as a smart fuse, as will be explained
hereinbelow. A freewheeling diode 221 is mounted in parallel to the MOSFET switch 221 to
eliminate any eventual voltage spikes that might occur when turning on and off the MOSFET
switch 220, for example when an inductive load is plugged in the load connector 230.

[0034] In normal operation of the circuit 100, the load, for example the server or computer, is
connected to the load connector 230. Power to the load is from the load voltage source 182
and transmitted via the MOSFET switch 220, which may also be called a high side switch, to
ports 3 and/or 4 of the load connector 230, ports 1 and/or 2 of the load connector 230
providing a ground connection for the server.

[0035] Current flowing from the load voltage source 182 through the MOSFET switch 220 and
through the server also flows through a sense resistor 112. The sense resistor 112 has a very

low impedance, for example 10°3 ohm to maintain power consumed in the sense resistor 112



DK/EP 3499721 T3

at a negligible level. A voltage Vgense across the sense resistor 112 is detected by the high side
current monitor 110, between its input 114 (marked "IN") and its sense amplifier input 116
(marked "LOAD"). The high side current monitor 110 has a gain defined by a transconductance
resistor 118 connected between the higher voltage side of the sense resistor 112 (marked "+"
and a transconductance input 120 (marked "RA") of the high side current monitor 110. Without
limitation, the transconductance resistor 118 has an impedance of 100 ohms, the

transconductance gain of the high side current monitor 110 being 102 mho. The high side
current monitor 110 has a ground connection 122 and an output 124. A current |5, flowing

from the output 124 is equal to the voltage across the sense resistor 112 multiplied by the
transconductance gain of the high side current monitor 110. For example, when a load current
of 10 amperes flows through the sense resistor 112 (as well as through the MOSFET switch

220 and the server connected to the connector 230), Vsense is equal to 1072 volt the current gy

is at 104 ampere. The current |, generates a voltage V,,; across a resistor RB formed of a

series combination of resistors 126 and 128. In the example as shown, RB has an impedance
of about 10 Kohms and Vg is equal to 1 volt when the load current is of 10 amperes.

[0036] The quad 2-input NAND Schmitt trigger 130 is powered by the 5-volt source 180 and is
also connected to the ground. Capacitors 132 and 134 filter eventual variations of the 5-volt
source 180, which might otherwise vary in operation of the quad 2-input NAND Schmitt trigger
130. The quad 2-input NAND Schmitt trigger 130 includes four (4) NAND gates 136, 144, 152
and 160. Each NAND gate has two (2) inputs and an output, as described in more details
below. The output of any of these NAND gates is a logical 0 when both of its inputs are a
logical 1, and a logical 1 in all other cases.

[0037] The voltage Vqt is also present at an input 138 of the NAND gate 136, being filtered by
a resistor 168 and a capacitor 169. When V,; exceeds a trigger voltage for the NAND gate

136, for example in case of a fault such as a short circuit in the load connected to the load
connector 230, Vg, becomes a logical 1 applied at the input 138. Vs can therefore be

understood as a logical signal for indicating that the load current exceeds a predetermined
value when Vg: exceeds that trigger voltage. It may be noted that because the NAND gate 136

is a Schmitt-Trigger, slight variations of Vgt will not cause oscillations at the output 142 of the

NAND gate 136. The values of the sense resistor 112, of the transconductance resistor 118,
and of the resistor RB formed of the series combination of resistors 126 and 128 are selected
so that V,t reaches the trigger voltage for the NAND gate 136 when the load current reaches

a maximum desired value. In an implementation, these elements may be selected so that Vg

only reaches the trigger voltage for the NAND gate 136 in case of a severe fault, for example in
case of a short-circuit at the load.

[0038] Another input 140 of the NAND gate 136 is an input port 170 on which a rearm signal
may be received for rearming the circuit 100. When the ream signal is a logical 1 while Vgt

exceeds the trigger voltage for the NAND gate 136, an output 142 of the NAND gate 136 is a
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logical 0. The output 142 of the NAND gate 126 is a logical 1 when V,; does not exceed the

trigger voltage (the load current being within the intended range) and/or when the rearm signal
is a logical 0.

[0039] The NAND gates 144 and 152 are combined into a NAND-gate latch. A first input of the
NAND-gate latch is the output 142 of the NAND gate 136, applied to an input 146 of the NAND
gate 144. A second input of the NAND-gate latch is the rearm signal from the input port 170,
applied to an input 156 of the NAND gate 152. An output 150 of the NAND gate 144 is applied
at an input 154 of the NAND gate 152 while an output 158 of the NAND gate 152 is applied to
an input 148 of the NAND gate 144, completing the NAND-gate latch. The output 158 of the
NAND gate 152 is the overall output of the NAND-gate latch and, at the same time, represents
a status of the circuit 100. This status is a logical 1 under normal conditions, when the current
flowing through the load is within the intended range, Vg not exceeding the trigger voltage. At

that time, the value of the rearm signal from the input port 170 has no impact on the output
158. When Vgt increases and becomes a logical 1, the status of the circuit 100 becomes a

logical 0, as long as the rearm signal is also a logical 1. The status of the circuit 100 may be
reset to become a logical 1 again by temporarily setting the rearm signal to a logical 0.

[0040] A software command QO from an input port 172 is set to a logical 1 to turn on the
MOSFET switch 220 or to a logical 0 to turn off the MOSFET switch 220. The software
command QO provides ON and OFF commands to the circuit 100, to control the application of
current to the load on the load connector 230. The software command QO is applied to an
input 164 of the NAND gate 160. The output 158 from the NAND gate 152 (which is also the
output from the NAND-gate latch, i.e. the status of the circuit 100) is applied to an input 162 of
the NAND gate 160. An output 166 of the NAND gate 160 is determined as follows: If the
NAND-gate latch is latched to provide a logical 0, resulting from V,,t having exceeded the

trigger voltage of the NAND gate 136, the output 166 of the NAND gate 160 is a logical 1 and
will remain as such until the rearm signal is set to a logical 0, at least temporarily. Otherwise, if
the NAND-gate latch is latched to provide a logical 1, which is a normal circumstance, the
NAND gate 160 translates the software command QO, providing a logical inverse of the
software command QO at its the output 166, so that the output 166 is a logical 0 when the
software command QO is a logical 1, and vice-versa. The NAND gate 160 therefore combines
effects of the software command QO and of the status of the circuit 100.

[0041] The output 166 of the NAND gate 160 is connected to a resistive divider formed of
resistors 174 and 176 that connect the 5-volt source 180 to an input 212 of the optocoupler
210. Provided that the NAND-gate latch provides a logical 1 while the software command QO is
set to 1, the output 166 of the NAND gate 160 is set to 0, which translates into a low voltage
present within between the resistors 174 and 176. Current flowing through the resistor 174 and
the NAND gate 160 turns on a light emitting diode (LED) 175 to provide a visual indication that
the circuit 100 is turned on. A LED 214 integrated in the optocoupler 210 is de-energized,
whereby a phototransistor 216 of the optocoupler 210 is turned off and becomes an open
circuit. A voltage from the boost voltage source 184 is substantially present at a gate 222 of the
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MOSFET switch 220. This boost voltage being selected to be higher by at least a threshold
voltage of the MOSFET source 220 than any voltage present at the source 226 of the
MOSFET switch 220 at that time, the MOSFET switch 220 becomes conductive. Current may
flow from the load voltage source 182 through the sense resistor 112, the MOSFET switch 220
and the load connected to the load connector 230. It may be observed that a resistance
between a drain 224 and a source 226 of the MOSFET switch 220 is very low, typically in the

order of 102 ohm when the MOSFET switch 220 is turned-on, so any amount of power
consumed in the MOSFET switch 220 is negligible.

[0042] When, however, the output 166 of the NAND gate 160 is set to 1, whether because the
software command QO is set to O or because the NAND-gate latch provides a logical 0, a high
voltage is present at the output 166 of the NAND gate 160, between the resistors 174 and 176.
Current no longer flows through the LED 175, which is turned off to provide a visual indication
that the circuit 100 is no longer providing power to the load. The LED 214 of the optocoupler
210 is energized, whereby the phototransistor 216 is turned on and becomes conductive. The
gate 222 and the source 226 of the MOSFET switch 220 are now connected via a resistor 190.
No significant current flows through the resistor 190, which means that the voltage at the gate
222 is essentially the same as the voltage at the drain 226. Its gate to source voltage being
about zero, the MOSFET switch 220 is then turned off and non-conductive, preventing the flow
of current between the load voltage source 182 and the load connector 230.

[0043] It may be observed that while another type of secondary transistor may be used, the
optocoupler 210 provides voltage isolation components of the circuit 100 powered by the 5-volt
source 180 and other components of the circuit 100 powered by the load voltage source 182
and the boost voltage source 184.

[0044] Overvoltage protection for the load and the MOSFET switch 220 is implemented as
follows. A voltage on the load connected to the connector 230 is limited by a Zener diode 192,
for example a 60-volt diode, that will become conductive if that voltage becomes excessive.
Likewise, regardless of the voltage at the boost voltage source 182 and the voltage at the
source 226 of the MOSFET switch 220 at any given time, the gate 222 to source 226 voltage
of the MOSFET switch 220 is limited by the presence of a Zener diode 194, for example a 10-
volt diode, placed between the gate 222 and the source 226.

[0045] A measure of a voltage applied on the load when the MOSFET switch 220 is conductive
is available at an output port 196. This measure is not a direct value of the voltage applied on
the load because it is obtained from a voltage divider formed of the resistors 186 and 188. For
example, when the load voltage source 182 is a 48-volt source, the resistors 186 and 188
respectively have 56K ohms and 5.9K ohms so that the voltage at the output port 196 is about
4.5 volts. The measure applied at the output port 196 is in any case directly proportional to the
actual load voltage. Likewise, a measure of the current flowing through the load is available at
an output port 198. The load current is sensed by reading a fraction of V,;, sensed between

resistors 126 and 128, this value being directly proportional to the current Iy, which in turn is

directly proportional to the load current. Respective values of the resistors 126 and 128 are
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selected in part to maintain the load current measurement at the output port 198 within a safe
voltage range for equipment connected to the output port 198. A status of the circuit 100,
which is the output 158 of the NAND gate 152, is available and an output port 200. Signals
from the output ports 196, 198 and 200 are provided from the circuit 100 to a microcontroller
(shown in a later Figure), the microcontroller providing the software command QO available at
the input port 172.

[0046] Figure 4 is schematic diagram of system for switching on and off electrical supply to a
server of a server bank. A system 250 is adapted to provide power to a bank of 24 servers
over 24 distinct channels. Variants of the system 250 may provide power to a single server
over a single channel or to any other number of servers over any number of channels. Each
channel includes a copy of the circuit 100 of Figure 3. Each channel operates independently
from the other channels. Within the circuit 100, the Zener diodes 192 and 194 are
schematically represented as a voltage protection module 240. Control applied at the gate 222
of the MOSFET switch 220 is schematically represented as an ON/OFF command 242. The
various other components of the circuit 100 are schematically represented as a converter and
logic module 244.

[0047] The load voltage source 182 is supplied by a power bus bar 252 that is, in turn,
connected to an AC to DC converter (not shown) and to batteries (not shown). The 5-volt
source 180 and boost voltage source 184 are supplied by a supply bus 254, which is
connected to a DC to DC converter (not shown) that converts the load voltage to a 5-volt
supply and to a boost-voltage supply. The input ports 170, 172 and the output ports 196, 198
and 200 are connected to a control bus 256.

[0048] The system 250 includes a microcontroller 270 that is indirectly powered by the 5-volt
source 180 via a voltage converter 271 that supplies 3.3 volts to the microcontroller 270. The
microcontroller 270 communicates with the 24 instances of the circuit 100 via multiplexers and
272,274 and 276 and via demultiplexers 278 and 280 that are all powered by the 5-volt source
180. Each multiplexer and demultiplexer has 24 distinct ports configured to communicate with
each of the 24 instances of the circuit 100. In an embodiment having a single channel and a
single circuit 100, the microcontroller 270 may communicate directly with the ports of the circuit
100 without using any multiplexer or demultiplexer.

[0049] A momentary switch 258 is connected to the control bus 256 and may be manually
actuated to provide a rearm command 260 that is directly applied to the microcontroller 270.
The microcontroller 270 is aware of the status of all circuits 100, the status of each circuit 100
being transmitted by the output port 200 and received at the microcontroller 270 via the
multiplexer 276. The microcontroller 270 translates the rearm command 260 into the rearm
signal applied at a given circuit 100 whose status indicates a fault. The rearm signal is sent by
the microcontroller 270 via the demultiplexer 280 and via the input port 170 of the given circuit
100. The microcontroller 270 may also initiate sending of the rearm signal without manual
action of the momentary switch 258, based for example on its internal programming or based a
command received at an input 282 of the microcontroller 70 from an external source (not
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shown).

[0050] Programming and monitoring of the microcontroller 270 is made by external
components (not shown) connected to the input 282 of the microcontroller 70. The
microcontroller 270 may communicate with the same or other external components via an
output 284. Details of programming and monitoring of the microcontroller 270 are outside the
scope of the present disclosure.

[0051] Considering a first channel 1 of 24 and its circuit 100, the measured voltage available at
the output port 196, which is representative of the voltage applied to the load of the circuit 100,
is received at the multiplexer 272. The measured load current available at the output port 198
is received at the multiplexer 274. The status of the circuit 100 available at the output port 200
is received at the multiplexer 276. These signals from the circuit 100 are provided by the
multiplexers 272, 274 and 276 to the microcontroller.

[0052] The microcontroller 270 issues the ON/OFF commands and the rearm signal, via the
demultiplexers 278 and 280, respectively, these signals being applied to the input ports 172
and 170 of the circuit 100, respectively.

[0053] The system 250 has various modes of operation.

[0054] When a computer, a server or a similar load is connected to, and energized by, the
circuit 100 of a given channel via the load connector 230, in normal operation, the
microcontroller 270 may issue a continuous ON command via the demultiplexer 278, this ON
command being available at the input port 172 of the circuit 100. The status of the circuit 100
being normal (a logical 1 is present at the output 158 of the NAND gate 152), the optocoupler
210 is turned off and the MOSFET switch 220 is turned on, allowing current to be delivered to
the load. The current load is constantly monitored by the high side current monitor 110. If the
current exceeds a first predetermined value, for example in case of a short circuit on the load,
the voltage V,t increases and causes the NAND-gate latch to change its output - which is also

the status of the circuit 100 - to a logical 0, causing the opening of the MOSFET switch 220,
effectively removing power from the server or other load connected to the load connector 230.
This disconnection is made via hardware only, without intervention from the microcontroller
270, and is therefore extremely quick, for example in the order of 100 nanoseconds (ns).
Thereafter, the NAND-gate latch remains in the same state until the rearm signal is received at
the input port 170.

[0055] When the server or other load is connected to, and energized by, the circuit 100, the
microcontroller 270 may continuously monitor the load voltage and/or the load current via the
signals available at the output ports 196 and 198 and provided to the microcontroller 270 by
the multiplexers 272 and 274, respectively. Although the voltage Vot may be within its normal
range at a particular time - no short circuit or other severe fault being present - the
microcontroller 270 may detect that the load current is reaching a critical level, exceeding a
second predetermined value that, while lower than the first predetermined value, may still be
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considered as a warning by the microcontroller 270. The microcontroller 270 may cause the
demultiplexer 278 to send ON and OFF commands in rapid cycles, causing the opening and
closing of the MOSFET switch 220, in turn causing a reduction of the effective voltage and
current flowing through the load. The microcontroller 270 may alternatively initiate sending of a
continuous OFF command in order to remove all power from the server or other load.

[0056] When the load is initially connected by plugging a jack (not shown) into the load
connector 230, current flowing through the load connector 230 and the load might increase
very rapidly and cause a spark between the jack and the load connector 230. This spark can
be quite disturbing to the operator who connects the jack to the load connector 230 and may
also cause the accumulation of carbon deposits on the ports of the load connector 230. In an
aspect, the system 250 may implement an anti-sparking mechanism to control an initial level of
current flowing through the load connector 230 when a load is initially connected. The following
paragraphs describe an anti-sparking mechanism.

[0057] When the circuit 100 of a given channel is initially energized while no load is connected
to the load connector 230, the microcontroller 270 causes the application of an OFF command
on the input port 172 of the circuit 100, causing the turning on of the optocoupler 210 and the
turning off of the MOSFET switch 220. The output ports 198 and 200 of the circuit 100
respectively indicate to the microcontroller 270 that the load current is null, and that the status
of the circuit 100 is normal. The output port 196 indicates to the microcontroller 270 that the
voltage available at the load connector 230 is defined by the boost voltage source 184 and by
a resistive divider formed by the resistors 178, 186 and 188. Owing to the values of these
resistors, for example 10K ohms, 56K ohms and 5.9K ohms, respectively, the voltage available
at the load connector 230 is slightly lower than the voltage of the boost voltage source.
Respective values of the resistors 186 and 188 are selected in part to maintain the voltage
measurement at the output port 196 within a safe voltage range for the multiplexer 272.

[0058] Thereafter, when the load is initially connected by plugging a jack into the load
connector 230, because the load has a much lower impedance than that of the resistors 186
and 188, the voltage at the load connector 230 falls almost to zero volt. This information is
detected at the microcontroller 270 via the output port 196 and the multiplexer 272, the
microcontroller 270 being thus informed of the connection of a load to the circuit 100. The
microcontroller 270 causes sending of a very brief ON command, or impulse, via the
demultiplexer 278 to the input port 172 of the circuit 100, this very brief ON command being
immediately followed by an OFF command. For this brief period, the optocoupler 210 is turned
off, leading to turning on of the MOSFET switch 220, the appearance of the voltage from the
load voltage source 182 at the source 226 of the MOSFET switch 220 and the application of
the same voltage to the load connector 230 and to the load. These initial brief ON and OFF
commands are rapidly followed by a succession of other similar impulses applied by the
microcontroller 270 to the input port 172 of the circuit 100, whereby current is progressively
and increasingly applied to the load. In a non-limiting example, the first and second such
impulses may be separated in time by a 100 millisecond (ms) delay, following which up to 20
impulses may be applied in an eight (8) ms period. As soon as the microcontroller 270 detects
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that the voltage at the load connector 230 reaches the value of the load voltage source 182
while the load current reaches the expected value for the load, the ON command becomes a
continuous command.

[0059] Figure 5 is a timing diagram showing a variation of a voltage when the load is
connected to the load connector. A chart 300 shows a variation of the voltage between the
ports 3 and/or 4 of the load connector 230 and the ports 1 and/or 2 of the load connector 230,
the latter ports being connected to the ground. Voltage values and timing values shown on
Figure 5 are solely for illustration purposes and do not limit the present disclosure. Initially, at 0
ms, no load is connected to the load connector 230. An initial voltage 310 at the load connector
230 is defined at least in part by the voltage of the boost voltage source 184 and by a resistive
divider formed on one hand by the resistor 178 and on the other hand by a sum of the
resistors 186 and 188. A fraction of the voltage 310, sampled between the resistors 186 and
188, forms the voltage measurement present at the output port 196.

[0060] At 100 ms, a load is plugged in the load connector 230. The load being placed in
parallel with the resistor 186 placed in series with the resistor 188, the load having a much
lower impedance than the sum of the resistors 186 and 188, the resistive divider now
essentially formed by the resistor 178 and the load causes the voltage at the load connector
230 to fall to a much lower value 320. A sample of that value 320 is provided at the output port
196.

[0061] The microcontroller 270 detects the voltage drop at the output port 196. After a delay to
ensure that the load remains connected, for example about 840 ms, the microcontroller 270
starts issuing software commands QO, received at the input port 172 of the circuit 100, causing
the closing of the MOSFET switch 220.

[0062] Figure 6 is zoomed in section of the timing diagram of Figure 5. A section 330 of the
diagram 300 extends from about 838 ms to about 851 ms. At 840 ms, the microcontroller 270
causes the application of very brief software command QO, which is set to 1, causing the
closing of the MOSFET switch 220 for a very brief moment (much like a Dirac impulse 340). A
number of successive similar impulses 340, for example three (3) additional impulses, are
issued by the microcontroller 270, for example at about 0.7 ms intervals. In the illustration of
Figures 5 and 6, the load has a large capacitive component, so each brief instances of closing
the MOSFET switch 220 causes the accumulation of charges in the load, whereby the voltage
at the load connector 230 increases gradually to a value 350. The microcontroller 270 detects
a corresponding increase of the voltage sampled at the output port 196. Because the voltage
at the load connector 230 is increasing normally, the microcontroller 270 issues a number of
additional impulses 360 that are applied to the circuit 100 to close the MOSFET switch 220 in
rapid succession, for example at about 0.2 ms intervals. The voltage at the load connector 230
eventually reaches a nominal value 370 that is interpreted by the microcontroller 270 as an
indication that the voltage and current are building normally in the load. The microcontroller
270 now issues a continuous software command QO, which is set to 1, causing the MOSFET
switch 220 to remain closed. The voltage at the load connector 230 eventually reaches a
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nominal value 380 (Figure 5), which is substantially equal to the voltage of the load voltage
source 182.

[0063] Those of ordinary skill in the art will realize that the description of the circuit and system
implementing the smart fuse and the power supply configured for preventing sparks are
illustrative only and are not intended to be in any way limiting. Other embodiments will readily
suggest themselves to such persons with ordinary skill in the art having the benefit of the
present disclosure. Furthermore, the disclosed circuit and system may be customized to offer
valuable solutions to existing needs and problems related to power consumption and sparking
found in conventional power supplies. In the interest of clarity, not all of the routine features of
the implementations of the circuit and system are shown and described. In particular,
combinations of features are not limited to those presented in the foregoing description as
combinations of elements listed in the appended claims form an integral part of the present
disclosure. It will, of course, be appreciated that in the development of any such actual
implementation of the circuit and system, numerous implementation-specific decisions may
need to be made in order to achieve the developer's specific goals, such as compliance with
application-, system-, and business-related constraints, and that these specific goals will vary
from one implementation to another and from one developer to another. Moreover, it will be
appreciated that a development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking of engineering for those of ordinary skill in the field of
electronic power supplies having the benefit of the present disclosure.

[0064] In accordance with the present disclosure, the components, process operations, and/or
data structures described herein may be implemented using various types of operating
systems, computing platforms, network devices, computer programs, and/or general purpose
machines. In addition, those of ordinary skill in the art will recognize that devices of a less
general purpose nature, such as hardwired devices, field programmable gate arrays (FPGAs),
application specific integrated circuits (ASICs), or the like, may also be used.

[0065] Systems and modules described herein may comprise software, firmware, hardware, or
any combination(s) of software, firmware, or hardware suitable for the purposes described
herein. Software and other modules may be executed by a processor and reside on a memory
of servers, workstations, personal computers, computerized tablets, personal digital assistants
(PDA), and other devices suitable for the purposes described herein. Software and other
modules may be accessible via local memory, via a network, via a browser or other application
or via other means suitable for the purposes described herein. Data structures described
herein may comprise computer files, variables, programming arrays, programming structures,
or any electronic information storage schemes or methods, or any combinations thereof,
suitable for the purposes described herein.

[0066] The present disclosure has been described in the foregoing specification by means of
non-restrictive illustrative embodiments provided as examples. These illustrative embodiments
may be modified at will. The scope of the claims should not be limited by the embodiments set
forth in the examples, but should be given the broadest interpretation consistent with the
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description as a whole.
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Patentkrav
1. Kredslgb (50) til at forsyne en belastning (66) med strgm, omfattende:

10

15

20

25

30

35

en primaer spandingskilde (52);

en belastningskonnektor (64) som har en fgrste port og en anden port til
forbindelse af belastningen (66), idet den anden port er yderligere
forbundet til jord (GND);

en primeer transistor (56) som har et draen (58) forbundet til den primaere
spaendingskilde (52) og en kilde (62) forbundet til den fgrste port af
belastningskonnektoren (64);

en sekundeer spaendingskilde (54);

en gvre modstand (68) som har en fgrste ende forbundet til den
sekundeere spaendingskilde (54) og en anden ende forbundet til en gate
(60) af den primeere transistor (56);

en nedre modstand (78) som har en farste ende forbundet til den fgrste
port af belastningskonnektoren (64) og en anden ende forbundet til jorden
(GND);

en sekundaer transistor (72) som har en kollektor (70) forbundet til den
anden ende af den gvre modstand (68) og en emitter (76) forbundet til den
fgrste ende af den nedre modstand (78);

en instruktionsoversaetter (84) operativt forbundet til en basis (74) af den
sekundeere transistor (72), idet instruktionsoversaetteren (84) er
konfigureret til:

at bevirke en abning af den primaere transistor (56) og en lukning af den
sekundaere transistor (72) nar den modtager en sluk-instruktion (82), og
at bevirke en lukning af den primaere transistor (56) og en abning af den
sekundaere transistor (72) nar den modtager en taend-instruktion (82);

en mikrokontroller (80) indrettet til:

indledningsvist at udstede en sluk-instruktion (82);

at modtage en maling (86) af en spaending ved den fgrste port af
belastningskonnektoren (64);

at bestemme at belastningen (66) ikke er forbundet til
belastningskonnektoren (64) ved at detektere en mellemspaending ved den
fgrste port af belastningskonnektoren (64), mens sluk-instruktionen (82)
udstedes; og
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at bestemme at belastningen (66) er forbundet til belastningskonnektoren
(64) ved at detektere en lavspaending ved den fgrste port af
belastningskonnektoren (64), mens sluk-instruktionen (64) udstedes;
hvor mikrokontrolleren (80) er yderligere indrettet til:

5 at udstede en fgrste sekvens af impulsinstruktioner (340) som reaktion pa
bestemmelsen af, at belastningen (66) er forbundet til
belastningskonnektoren (64), idet hver impulsinstruktion (340) i den fgrste
sekvens svarer til en meget kort taend-instruktion (82), idet hver
impulsinstruktion (340) i den fgrste sekvens efterfglges af et tilsvarende

10 tilfaelde med en sluk-instruktion (82), idet et fgrste antal
impulsinstruktioner (340) i den fgrste sekvens udstedes ved et fgrste
interval;
at overvage spaendingen ved den fgrste port af belastningskonnektoren
(64) mens den fgrste sekvens af impulsinstruktioner (340) udstedes;

15 at detektere en gradvis forggelse af spaendingen ved den fgrste port af
belastningskonnektoren (64) til en vaerdi (350);
efter detektering af den gradvise forggelse af spaendingen ved den fgrste
port af belastningskonnektoren (64) til vaerdien (350), at udstede en anden
sekvens af impulsinstruktioner (360), idet hver impulsinstruktion (360) i

20 den anden sekvens svarer til en meget kort teend-instruktion (82), idet
hver impulsinstruktion (360) fra den anden sekvens efterfglges af et
tilsvarende tilfeelde med en sluk-instruktion (82), idet et andet antal
impulsinstruktioner (360) i den anden sekvens udstedes ved et andet
interval kortere end det fgrste interval; og

25 at afslutte den anden sekvens af impulsinstruktioner (360) og kontinuerligt
at udstede taend-instruktionen (82) ndr det detektereres, at spsendingen
ved den fgrste port af belastningskonnektoren (64) nar en nominel vaerdi
(370).

30 2. Kredslgb ifglge krav 1, hvor instruktionsoversaetteren (84) er yderligere
indrettet til:
at udlaese en negativ version af hver sluk-instruktion (82), idet den
negative version anvendes pa basen (74) af den sekundaere transistor (72)
for at bevirke lukningen af den sekundaere transistor (72) og for at bevirke
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abningen af den primaere transistor (56), nar sluk-instruktionerne (82)
modtages, og

at udlaese en negativ version af hver taend-instruktion (82) anvendt pa
basen (74) af den sekundaere transistor (72) for at bevirke abningen af den
sekundeere transistor (72) og for at bevirke lukningen af den primaere
transistor (56), nar teend-instruktionerne (82) modtages.

3. Kredslgb ifglge krav 1 eller 2, hvor den primeaere transistor (56) er konfigureret

til at abnes, nar lavspaendingen eller mellemspaendingen ved den fgrste port af

10 belastningskonnektoren (64) er pafart ved dens gate (60), og til at lukkes nar en

15

20

25

hgjspaending er pafgrt ved dens gate (60).

4. Kredslgb ifglge et hvilket som helst af kravene 1 til 3, hvor:

lukning af den sekundeere transistor (72), mens belastningen (66) ikke er
forbundet til belastningskonnektoren (64), forarsager pafgringen af
mellemspaendingen ved gaten (60) af den primaere transistor (56);
lukning af den sekundezere transistor (72), mens belastningen (66) er
forbundet til belastningskonnektoren (64), forarsager pafgringen af
lavspaendingen ved gaten (60) af den primeaere transistor (56); og

abning af den sekundaere transistor (72) forarsager pafgringen af en
hgjspaending ved gaten (60) af den primaere transistor (56).

5. Kredslgb ifalge krav 4, hvor:

en spaending af den sekundaere spaendingskilde (54) er stgrre end en
spaending af den primare spaendingskilde (52); og

hgjspaendingen pafgrt ved gaten (60) af den primaere transistor (56), nar
den sekundaere transistor (72) er aben, er i alt vaesentligt lig med
spaendingen af den sekundaere spaendingskilde (54).

30 6. Kredslagb ifglge krav 5, yderligere omfattende:

en vekselstrgms-til-jeevnstramsomformer indrettet til at forsyne
spandingen af den primaere spaending kilde (52); og

en jaevnstrgms-til-vekselstramsomformer indrettet til at omforme
spaendingen af den primaere spaendingskilde (52) til spaendingen af den
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sekundaere spaendingskilde (54).

7. Kredslgb ifglge krav 5 eller 6, hvor mellemspaendingen er defineret af
spandingen af den sekundaere spaendingskilde (54) og af de gvre og nedre
modstande (78).

8. Kredslgb ifglge et hvilket som helst af kravene 5 til 7, hvor lavspaendingen er
defineret af spaendingen af den sekundaere spaendingskilde (54), af den gvre
modstand (68) og af en parallel kombination af den nedre modstand (78) og af
belastningen (66).

9. Kredslgb ifglge et hvilket som helst af kravene 1 til 8, hvor den sekundaere
transistor (72) er en opto-kobler.

10. Kredslgb ifglge et hvilket som helst af kravene 1 til 9, hvor den primeaere
transistor (56) er en metaloxid-halvlederfelteffekttransistor.

11. System til at forsyne flere belastninger (66) med strgm, omfattende:
en eller flere kanaler, idet hver kanal er konfigureret til at forsyne en
respektiv belastning (66) med strgm, idet hver kanal omfatter kredslgbet
(50) ifglge et hvilket som helst af kravene 1 til 10;
hvor mikrokontrolleren (80) er operativt forbundet til
instruktionsoversaetteren (84) af hver af den ene eller flere kanaler, idet
mikrokontrolleren (80) er indrettet til:
at udstede sluk- og teend-instruktioner (82) til hver kanal uafhaengigt,
at modtage malinger (86) af spaendinger ved belastningskonnektorerne
(64) fra hver kanal,
at bestemme at ingen belastning (66) er forbundet til
belastningkonnektoren (64) af en given kanal ved detektering af
mellemspaendingen ved belastningskonnektoren (64) af den givne kanal,
mens sluk-instruktionen (82) udstedes til en given kanal,
at bestemme at en belastning (66) er forbundet til belastningskonnektoren
(64) af den givne kanal ved detektering af lavspaendingen ved
belastningskonnektoren (64) af den givne kanal, mens sluk-instruktionen
(82) udstedes til den givne kanal, og
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at udstede den fgrste sekvens af impulsinstruktioner (340) til
instruktionsoversaetteren (84) af den givne kanal som reaktion pa
bestemmelsen af, at belastningen (66) er forbundet til belastnings-
konnektoren (64) af den givne kanal.

12. System ifglge krav 11, hvor mikrokontrolleren (80) er indrettet til individuelt
at modtage en maling (86) af en belastningsspaending for hver kanal.

13. System ifglge krav 11 eller 12, hvor mikrokontrolleren (80) er indrettet til
individuelt at modtage en maling af en belastningsstrgm for hver kanal.

14. System ifglge krav 13, hvor den ene eller flere kanaler omfatter en flerhed af
kanaler, idet systemet yderligere omfatter en demultiplekser (280) indrettet til
individuelt at sende sluk- og teend-instruktionerne (82) til
instruktionsoversatteren (84) af hver kanal.

15. System ifglge krav 14, yderligere omfattende:
en fgrste multiplekser (272) indrettet til individuelt at modtage malingen
(86) af belastningsspaendingen fra hver af flerheden af kanaler; og
en anden multiplekser (274) indrettet til individuelt at modtage méalingen af

belastningsstrammen fra hver af flerheden af kanaler.
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