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Gheorghe BREZEANU1

1University Politehnica of Bucharest, Romania
2ON Semiconductor Bucharest, Romania

3ON Semiconductor Phoenix, USA
E-mails: Gheorghe.Brezeanu@dce.pub.ro, Ines.Hurez@onsemi.com,

Florin.Vladoianu@onsemi.com, Vlad.Anghel@onsemi.com,
Ted.Chen@onsemi.com

Abstract. This paper presents a method for detecting and reporting fault signals that
can occur in the normal functionality of galvanically isolated Insulated Gate Bipolar Tran-
sistor (IGBT) gate drivers with advanced protection circuits. The method provides robust
transmission of Under Voltage Lock Out (UVLO) and Desaturation (DESAT) events, while
the protection methods, such as soft shutdown and Active Miller Clamp (AMC), prevent
improper functionality that can damage the IGBT. The technique introduces a block that pri-
oritizes and encodes the error signals in a manner that allows area and cost minimization, as
well as reducing the power consumption of the gate driver. The proposed circuit was verified
by means of simulations, and implemented in a standard 0.25µm CMOS BCD technology,
as part of a galvanically isolated IGBT gate driver. Experimental results highlight proper
reporting of UVLO/DESAT faults and validate the functionality of the protection functions.

Key-words: Active Miller Clamp, desaturation, galvanic isolation, gate driver, IGBT,
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1. Introduction
Galvanically isolated gate drivers (GIGD) have gained a significant demand in the last decade

[1]. These circuits are used in a variety of applications, such as medical equipment, inverters for
photovoltaic arrays, digital communication, variable frequency motor drives etc. [1–5]. Galvanic
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isolation (GI) has become an essential requirement in order to separate the voltage domains
between two or more system modules/sub-systems, hence guaranteeing safety and reliability in
harsh environments [2, 6–9]. The necessity to galvanically isolate the modules is due to one of the
sub-systems being subjected to considerable fluctuations in the ground level and the occurrence
of high surge voltage/current [3, 4, 10].

Traditional isolators were obtained by means of optocouplers and/or discrete transformers
[1-8]. However, these solutions are not suitable for cost and area restricted applications, re-
spectively [5–13]. Currently, the bulky and expensive methods are replaced by low-cost on-chip
galvanically isolated modules [11–13]. This isolation technique exploits architectures that use an
inductive or capacitive isolation element (IE) and are based on oscillators and voltage rectifiers
[3, 4, 6].

One important set of applications for on-chip galvanic isolation is represented by IGBT gate
drivers [5–9, 14–18]. Such circuits receive data on a low voltage module from a microcontroller
and transmit it to a high voltage module which drives the IGBT. The communication between the
two sub-systems is ensured by the IE [2–6, 14, 18]. Several methods of transmitting informa-
tion across the galvanic barrier are described in state-of-the-art literature [4, 10, 11]. However,
the transmission of the input data is susceptible to erroneous conditions [5–9, 12–16]. These
situations can damage the IGBT if left undetected.

The aim of this paper is to present a technique for detecting and transmitting fault signals that
can occur in a galvanically isolated IGBT gate driver with advanced protection functions. The
fault signals analyzed, UVLO (Under Voltage Lock Out – accidental decrease of the supply volt-
ages) events and the desaturation of the IGBT (DESAT), are prioritized and encoded efficiently in
order to ensure the safety and correct functionality of the power device. The transmission of the
signals across the isolation barrier is based on a robust method. A soft shutdown (SSD) function
and an Active Miller Clamp (AMC) function are added to the gate driver to prohibit inadequate
operation of the IGBT.

2. Principle of Operation
The concept schematic employing the proposed technique is presented in Fig. 1. The archi-

tecture consists of two galvanically isolated modules - low voltage module (LVM – linked to the
microcontroller) and high voltage module (HVM – connected to the IGBT). The LVM and HVM
have different supply and ground connections (VCC1/GND1 and VCC2/GND2, respectively),
and are able to exchange information by means of an IE. VIN signal received from the micro-
controller is transferred to the gate of the IGBT on a forward path (FP - from LVM to HVM),
whereas fault signals sensed on HVM are transmitted to the microcontroller using the feedback
route (FR – from HVM to LVM), as shown in Fig. 1.

The LVM depicted in Fig. 1 consists of the conceptual schematic for UVLO (UVLO1) detec-
tion, a DECODE block for the fault signals transmitted from HVM, a latch for the DESAT con-
dition, and a LOGIC block. The ideal waveforms for the detection and reporting of an UVLO1
fault are presented in Fig. 2. COMP1 is used to detect the occurrence of an UVLO1 error by
comparing a fraction of the supply voltage, VCC1, against an internally generated reference volt-
age, VUV 1. The supply voltage of LVM, VCC1, must operate above the preset threshold in order
to ensure the correct transmission of the control signal sent by the microcontroller and reliable
decoding of the fault signals sent from HVM [5–7]. Therefore, when an UVLO1 event occurs,
COMP1 switches high and the IGBT is turned OFF (as pictured in Fig. 2) by conditioning the
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input signal inside the LOGIC block. The reporting of an UVLO1 error is done using the DE-
CODE block which processes the fault signals transferred from HVM together with the output
signal of COMP1 and communicates them accordingly to the microcontroller.

Fig. 1. Concept of GIGD with proposed techniques included.

Conceptual implementations of specific UVLO (UVLO2) and DESAT detection, as well as
the protection circuits, soft shutdown and Active Miller Clamp are included in the HVM (Fig.
1). The former fault is sensed using COMP2, which compares a fraction of VCC2 against a
reference voltage, VUV 2. The ideal plots for an UVLO2 error are depicted in Fig. 3. The drive
voltage of the IGBT, VOUT , ranges in the (GND2 – VCC2) interval and is generated using two
power transistors located in the DRIVER block of HVM. When the IGBT is turned ON, VOUT

follows the VCC2 variations (Fig. 3). If the supply voltage decreases too much, in general by
more than 20%, it leads to the occurrence of insufficient gate voltage. In this situation, the IGBT
collector-emitter voltage, VCE , is increased in order to provide the same current, IC . Hence, the
conduction losses, PCON , increase too [5–6]:

PCON = VCEIC (1)

The operation of an IGBT with insufficient gate voltage results in the decrease of its lifetime
expectation [5]. To prevent this, when an UVLO2 error is detected, the output signal of COMP2
is sent into the LOGIC block of HVM to command the turn OFF of the IGBT (Fig. 3) when
VCC2 is less than the preset threshold.
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Fig. 2. Ideal plots representing detection
and reporting of an UVLO1 condition.

Fig. 3. Ideal plots of GIGD behavior
in case of an UVLO2 error.

In normal operation, when an IGBT is turned ON, the collector-emitter voltage reaches the
saturation value (usually in the rage of 1-2V) and the collector current can go up to tens of amps
[19, 20]. An important failure mechanism of an IGBT is represented by an overcurrent on the
power device (in general four times higher than the typical value specified in the IGBT datasheet)
that can result from bad wiring or overload conditions induced by the load [5–9, 15, 21, 22]. As a
result, the VCE voltage is forced to rise above the saturation value and the IGBT desaturates. This
situation of increased voltage under high current conditions determines a drastically increase in
the power dissipation which can thermally destruct the IGBT [5–9, 22]. However, IGBTs have
an overcurrent withstand time of around 10µs that allows a fast acting protection circuit to detect
the fault and to act upon it [5, 6]. State-of-the-art literature reveals that there are two concepts
usually used for sensing such an error: feedback resistor and desaturation detection [5–9, 15, 21,
22]. These techniques are illustrated in Fig. 4.

The feedback resistor architecture in Fig. 4a requires an external shunt resistor used as a
measurement device [21, 22]. The resistor is connected in series with the power device and the
voltage across it is compared to a reference voltage in order to detect the overcurrent condition.
One important requirement of this technique consists of using a high precision resistor to guaran-
tee the accuracy of the signal and the detection time. When the collector current starts increasing,
the voltage across the resistor rises. Therefore, the VGE voltage of the IGBT is decreased and the
power device is turned OFF using a feedback path created through the resitor. The disadvantage
of the architecture is represented by the parasitic inductance of the shunt resistor. This results in
significant power losses when the method is used in high power systems [21, 22].

Another technique used for the overcurrent protection of an IGBT is the desaturation detec-
tion circuit presented in Fig. 4b [5–9]. The architecture uses the power device itself as a sensing
device and monitors the VCE voltage when the IGBT is turned ON. A diode blocks high volt-
ages when the device is turned OFF and conducts a forward current when the IGBT is turned
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ON, allowing the comparator to sense the VCE voltage [5, 6, 15]. When an overcurrent situation
occurs, the VCE voltage of the power device is increased and the comparator changes state. The
output signal of the comparator is used to command the turn OFF of the IGBT. The method also
generates a blanking time using a current source, a capacitor, and a reference voltage that ensure
the overcurrent error is not falsely triggered when the device switches states from OFF to ON
[5–9]. The advantage of this technique consists of low power losses for high power systems and
in a fast response because of low application inductances[5–9, 15].

Fig. 4. Overcurrent protection circuit by: (a) feedback resistor; (b) desaturation detection.

The overcurrent protection circuit was chosen based on the fast response time and low power
losses. Considering the advantages and disadvantages of the previously described architectures,
the desaturation detection method was implemented in Fig. 1 and the ideal waveforms are pic-
tured in Fig. 5. The overcurrent fault is sensed using a comparator, COMP3, and the external
components D1 and CBL. COMP3 monitors the VCE voltage of the IGBT through the DESAT
pin, a current source (IDESAT ) charges CBL, and a switch (M1) offers a path for IDESAT ,
as well as the possibility to discharge CBL during IGBT OFF state. If the power device is
in OFF mode, the VDESAT voltage (VDESAT−OFF ) equals the overdrive voltage of the M1
switch. When the IGBT receives a turn ON command, the internal current source starts charg-
ing CBL and the VDESAT voltage is given by the voltage across the external capacitor CBL

(Fig. 5) [5–8, 15–17]. While CBL is charging, the VCE voltage of the IGBT starts decreasing
from hundreds of volts towards the saturation value. At the moment the voltage across CBL is
exceeding the saturation voltage of the IGBT by VF , diode D1 is forward biased (VF ). As a
consequence, the capacitor voltage is clamped at VDESAT (VDESAT−ON ) (as illustrated in Fig.
5) before it reaches VREF . At this point, COMP3 starts monitoring the VCE voltage through the
VDESAT−ON voltage:

VDESAT−ON = VCE,sat + VF (2)

When a desaturation fault occurs and VCE starts rising, diode D1 is reverse biased and the
voltage across CBL increases to the preset threshold, VREF (pictured in Fig. 5). Hence, the out-
put of COMP3 switches high [5, 6]. The output signal is then sent into the LOGIC block of HVM
to command the turn OFF of the IGBT (as illustrated in Fig. 5), thus avoiding its distruction. In
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order to ensure that the desaturation detection circuit acts within the IGBT withstand time, the
internal current source provides a constant current with ±5% variation and the response time of
COMP3 is around tens of ns. Furthermore, when choosing the external diode, the VDESAT−ON

voltage resulted must not exceed the specified VREF voltage.

tBL = CBL
VCE,sat + VF
IDESAT

(3)

The blanking time allows the power device to switch states from OFF to ON, and more
specifically, allows the VCE voltage to reach the saturation value, VCE,sat [6]. The switching
event occures gradually within a range of several hundreds of ns to µs [16, 19, 20]. This time
varies depending on the IGBT specifications and can be adjusted using the external capacitor
CBL [5, 13–17]. The blanking time can be calculated using the parameters specified in the
IGBT datasheet (VCE,sat and tON,IGBT ) and the gate driver specification (IDESAT ). The value
chosen for the external capacitor has to ensure that the IGBT is fully saturated when COMP3
starts sensing the VCE voltage. Therefore, the resulting blanking time must be greater than the
turn ON time of the IGBT, tON,IGBT .

CBL > tON,IGBT
IDESAT

VCE,sat + VF
(4)

If the value of CBL is too small, then the VCE voltage does not reach the saturation value. The
capacitor voltage is no longer clamped to VCE,sat+VF and it reaches VREF . As a consequence,
COMP3 reports a false desaturation event for each turn ON process [16][17]. However, choosing
a value too high for CBL introduces the risk of the desaturation detection circuit not being able
to act within the IGBT overcurrent withstand time if the fault is triggered immediately after the
turn ON process [5, 13, 16].

As an additional measure of protection, when a DESAT error is detected, the IGBT is not
quickly turned OFF. Instead, the soft shutdown (SSD) function is activated and the discharging
of the IGBT gate is slowed (as highlighted in Fig. 5) using a high impedance stage [5–8]. During
an overcurrent condition, when the collector current increases excessively, an abrupt turn OFF
of the gate voltage results in a large voltage overshoot across the power device. The voltage
overshoot could damage the IGBT if it exceeds the breakdown voltage of the power device. The
soft shutdown function prevents the high switching over-voltages and increases the reliability of
the IGBT [5]. Moreover, a DESAT latch (illustrated in Fig. 1) is used to prevent further turning
ON of the IGBT until the overcurrent condition is removed and the microcontroller sends a
reset signal. Latching the desaturation condition can be implemented on either HVM or LVM.
However, resetting the latch on HVM requires the RESET signal to be sent across the galvanic
barrier using the forward path. This operation involves either an additional transmission path or
increasing the complexity in order to correctly distinguish the signals sent on the forward path.

Another protection circuit implemented in Fig. 1 prevents parasitic turn ON of the IGBT and
the ideal plots are presented in Fig. 6. The parasitic turn ON of the power device can occur due
to the increase of the collector potential of the power device with a high dVCE /dt when the IGBT
is turned OFF [5–9]. In this situation, a displacement current, IGC , flows through the internal
Miller capacitor of the IGBT, CGC , to its gate:

IGC = CGC
dVCE

dt
(5)

This current generates a voltage spike on the gate of the IGBT, VOUT−No AMC :
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VGC = VOUT−No AMC = IGC(RG +RDint) (6)

where RG – external resistor used to influence the turn ON and turn OFF behavior of the IGBT
(Fig. 1)

RDint – internal resistor of the gate driver

The voltage spike generated can exceed the threshold voltage of the power device, VTH IGBT .
Therefore, the IGBT can be parasitically turned ON (as depicted in Fig. 6, waveform
VOUT−No AMC) if the level of dVCE /dt, and thus the level of dIGC /dt, is high enough [5, 9,
17].

The standard approach to address the parasitic turn ON of the power device is to drive the
IGBT gate to a negative voltage in order to increase the safety margin [9, 17]. However, this
solution involves the use of an additional voltage source. An improved method implemented in
the proposed GIGD is to reduce the voltage spike on the gate of the IGBT by enabling an Active
Miller Clamp circuit (pictured in Fig. 1). The AMC protection circuit in Fig. 1 uses a comparator
(COMP4) that monitors the VGE voltage of the power device through the CLAMP pin, a latch
(CLAMP latch) to memorize the turn OFF state, and a switch (M4) that offers a low-impedance
path between the IGBT gate and emitter [5, 9]. For every turn OFF process of the power device,
the AMC protection activates when the VGE voltage decreases below the reference voltage, VCL

(which is in general set at 2V). Therefore, COMP4 switches high and the CLAMP latch is set,
enabling the M4 switch. The reference voltage VCL is set lower than the voltage threshold of
the IGBT, VTH IGBT , in order to allow the AMC function to also improve the time necessary to
drive the power device to the ground level without affecting its turn off characteristic [5, 9, 17].

In the conceptual schematic pictured in Fig. 1, if the collector potential of the power de-
vice increases when the IGBT is in OFF state, the Miller current is diverted through the low-
impedance path set by M4 and the voltage spike on the gate of the power device is reduced
significantly, as illustrated in Fig. 6 (waveform VOUT−withAMC) [5]:

VGE = VOUT−with AMC = IGCrds4 � VOUT−No AMC (7)

In order to ensure a fast activation of the AMC protection circuit, COMP4 requires a response
time less than 10ns. However, the activation of the Active Miller Clamp circuit is not reported
to the microcontroller, indicated by VREADY and VFAULT being constant (Fig. 6). The CLAMP
latch is reset when a turn ON command is sent by the microcontroller and M4 is switched off [9].

Output signals READY and FAULT are used to communicate to the microcontroller the oper-
ation mode of the system. If both READY and FAULT are in high state, the system is in normal
operation and control signals received on the IN pin are transmitted to the OUT pin. An UVLO
error on either LVM (Fig. 2) or HVM (Fig. 3) is reported using pin READY, which is asserted
low, without influencing the state of the FAULT pin. At the same time, the command signal is
no longer propagated to OUT. FAULT remains in high state until a desaturation event occurs, as
illustrated in Fig. 5. In this situation, the SSD function is activated to slowly switch the output
voltage low. Considering the destructive potential of this fault, the gate driver prohibits further
turning ON of the IGBT until the microcontroller resets the latched DESAT flag using the RESET
pin (Fig. 5).
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Fig. 5. Ideal plots picturing the GIGD
functionality in case of a DESAT event.

Fig. 6. Ideal plots representing the
effect of the AMC circuit.

An UVLO2 error and the IGBT desaturation are both sensed on HVM and then communi-
cated to LVM. The first solution considered was the standard one which uses three transmission
paths, one for the gate signal of the IGBT and two for the error signals from HVM. This how-
ever would require an additional isolation element which increases the area considerably, and
hence, the cost of the GIGD. Another disadvantage of this approach is the increase of the power
consumption of the GIGD.

The approach implemented in the proposed GIGD is presented in Fig. 7 and leads to signif-
icant improvements. The two fault signals are communicating using one trasmission path, the
feedback route, and in order to discern between them, they are first sent into an ENCODE block.
The resulting signal is then transmitted across the galvanic barrier. The low voltage module de-
codes the received signal and consequently reports it to the microcontroller using pins READY
and FAULT [6]. The implementation of the ENCODE block takes into consideration the destruc-
tive potential of the desaturation condition and the necessity to have sufficient energy to transmit
the fault signals to LVM. The latter is ensured by using the UVLO2 signal active low. Therefore,
when VCC2 is within the operating voltage range, the ENCODE block generates a periodic signal
which is sent across the galvanic barrier using the feedback route (as depicted in Fig. 7a), thus
confirming the normal operation of HVM. When the signal stops being transmitted (Fig. 7b),
LVM interprets it as the occurrence of an UVLO2 event and reports it to the microcontroller
using pin READY.

In case of a desaturation error, the signal provided by COMP3 takes priority inside the EN-
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CODE block over an UVLO2 check. In these conditions, the ENCODE block generates an
encoded signal which is transmitted to LVM in order to latch the DESAT flag and to be reported
using pin FAULT, as pictured in Fig. 6c. After the encoded signal is processed, the transmission
of the periodic signal is resumed. Thus, the desaturation condition does not change the state of
the READY pin. The DESAT latch is reset only after a pulse is sent from the microcontroller.

Fig. 7. ENCODE functionality and fault reporting: (a) normal operation; (b) UVLO2 error; (c)
DESAT event.

3. Simulation Analysis
The concept of the technique and protection circuits presented was designed and simulated in

a Cadence environment using a 0.25um CMOS technology and BSIM3v3 models. The models
used do not include power devices and the behavior of the IGBT was simulated using ideal
voltage sources and capacitors. The simulated plots are shown in Fig. 8 and Fig. 9. A good
agreement with the ideal waveforms can be observed. Initially in Fig. 8, the supply voltages of
LVM (VCC1) and HVM (VCC2) exceed their corresponding reference voltages, VUV 1 and VUV 2,
respectively. The READY voltage is pulled high. This reflects GIGD normal operation and the
command signal on the IN pin is transmitted to the OUT pin. When VCC1 starts decreasing, the
READY and FAULT voltages follow its variation. At the moment VCC1 decreases below VUV 1
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(VCC1 is reduced generally by more than 30%), the OUT voltage is switched low and does not
follow the IN voltage anymore. The error is reported through the READY pin which is asserted
low. Although VFAULT follows the VCC1 variations, the GIGD does not require a reset pulse in
order to restore normal functionality when the supply voltage resumes to the operating range, as
depicted in Fig. 8. An UVLO2 event is also reported by changing the state of the READY pin
and setting the OUT voltage low.

The desaturation detection circuit was simulated using an ideal voltage source connected to
the DESAT pin. As a consequence, the charging and discharging behavior of the external capac-
itor depicted in the ideal waveforms (Fig. 5) when VOUT changes states is not captured in the
simulation. When VDESAT is increased to the limit of desaturation, the error is communicated
by the FAULT voltage which is pulled to ground (Fig. 8). At the same time, the SSD function
is activated to slowly switch the drive voltage, VOUT , low. Both pins, FAULT and OUT, switch
to high state only after a pulse is sent on the RESET pin. This sequence of events confirms
the correct functionality of the detection and reporting technique for a DESAT error, while also
validating the proper operation of the soft shutdown function.

Fig. 8. Simulation results emphasizing the detection and reporting technique functionality.

In order to verify the performance of the Active Miller Clamp protection circuit, a current is
injected into the OUT pin while VIN signal is low, as illustrated in Fig. 9. When the CLAMP pin
is not connected to the OUT pin, AMC protection circuit is disabled. The voltage spike induced
on the gate of the IGBT, VOUT−No AMC , is greater than the threshold voltage of the power device
and maintained for a period of time long enough to generate a parasitic turn ON. The waveform
obtained for the OUT voltage when the Active Miller Clamp circuit is enabled (pins OUT and
CLAMP are connected through RG), VOUT−with AMC , highlights a voltage spike decreased
both in amplitude and duration. However, the activation of the AMC circuit is not reported to
the microcontroller, as indicated by pins READY and FAULT not changing state. The simulated
behavior in Fig. 9 confirms the correct functionality of the AMC protection circuit.
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Fig. 9. Simulation results verifying AMC functionality.

4. Experimental Results
A galvanically isolated gate driver with advanced protections containing the detection and

reporting technique from Fig. 1 was implemented in a standard 0.25µm CMOS BCD technology.
Measurements were performed to validate proper functionality of UVLOx and DESAT reporting,
as well as correct performance of the protection functions. Fig. 10 illustrates an oscilloscope
screen capture showing the normal functionality of the gate driver. The supply voltages of the two
modules are exceeding the corresponding reference voltages, and as a result, VREADY is pulled
high. At the same time, VFAULT is also set high, signaling that the system is not encountering
a DESAT condition. The control signal sent on the IN pin is propagated and replicated at the
output.

Fig. 10. Oscilloscope waveforms displaying GIGD normal functionality.

The waveforms captured in Fig. 11 illustrate GIGD operation in case of an UVLO1 event.
Initially in Fig. 11a, VCC1 is above the preset threshold, VUV 1, setting the VREADY signal high.
This corresponds to the normal operation of the gate driver and the VOUT signal follows the VIN
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signal. After a period of time, VCC1 is forced to drop below the reference voltage, leading to
the occurrence of an UVLO1 error. As a consequence, VOUT is set low and the condition is
reported by asserting low the READY pin without changing the state of the FAULT pin. Fig.
11b pictures the gate driver resuming normal operation after an UVLO1 event. When VCC1 is
increased above VUV 1, the READY pin is asserted high. As a result, the input signal is again
transmitted to the output. The described behavior validates the functionality of the implemented
detection and reporting technique in case of an UVLO1 error.

An UVLO2 condition was captured in Fig. 12 using the same sequence of events as described
for an UVLO1 error. After an UVLO2 fault is forced in Fig. 12a (VCC2 < VUV 2), the output
voltage is set low, regardless of the input voltage. The error is reported by setting low the READY
voltage. In Fig. 12b, at the moment VCC2 goes above the reference voltage, VUV 2, the gate
driver resumes normal operation by asserting the READY pin high. As a consequence, the
control signal starts being propagated to the OUT pin. The functionality illustrated in Fig. 12
demonstrates proper performance of the fault detection and reporting technique in case of an
UVLO2 event.

Fig. 11. Oscilloscope screen captures emphasizing UVLO1 performance: (a) reporting; (b)
normal operation after an UVLO1 condition.

Fig. 12. Measurements highlighting UVLO2 functionality: (a) reporting; (b) normal operation
after an UVLO2 error.
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An oscilloscope screen capture of the DESAT error functionality is illustrated in Fig. 13.
First in Fig. 13a, VOUT is high and the gate driver is in normal functionality. When a turn OFF
signal is sent at t1, the output signal is abruptly pulled low (as highlighted in Fig. 13b). At the
next input pulse, immediately after VOUT reaches its high nominal voltage, VDESAT voltage is
increased (Fig. 13a) until it leads to the occurrence of a DESAT condition. Shortly after the
desaturation error is sensed, at t2, the VOUT signal goes low slowly (Fig. 13c) compared to
normal switching (Fig. 13b), emphasizing the soft shutdown function. The error is reported by
asserting low the FAULT pin, without influencing the state of the READY pin. This sequence of
events demonstrates proper functionality of the detection and reporting technique implementation
in case of a desaturation error and the waveform from Fig. 13c validates the SSD function
described in Fig. 5 and Fig. 8.

Fig. 13. Waveforms evincing DESAT operation: (a) DESAT reporting; (b) Zoom in at t1; (c)
Zoom in at t2.

Fig. 14 pictures the gate driver resuming normal functionality after a desaturation event.
Initially, the circuit was forced into a DESAT condition and VOUT voltage is pulled low although
VIN signal is high. Soon after a pulse is sent on RESET, at the moment of time t3, VFAULT signal
goes high. After a period of time necessary for the control signal to propagate through the forward
path, VOUT voltage is pulled high. This behavior is in agreement with the simulated plots.
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Fig. 14. Oscilloscope screen captures picturing GIGD normal operation after a DESAT condi-
tion.

The correct functionality of the parasitic turn ON protection circuit is validated in Fig.
15. The CLAMP pin is connected to the OUT pin, enabling the Active Miller Clamp circuit.
The proper operation of the AMC protection circuit is tested by injecting a current into the
CLAMP pin and monitoring the spike generated on VOUT . The spike should not exceed the
VOUT−with AMC threshold determined through simulations. The results obtained show that the
spike does not exceed the set threshold, thus confirming the adequate functionality of the Active
Miller Clamp circuit.

Fig. 15. The effect of the AMC protection circuit.

5. Conclusions

This paper proposed a fault detection and reporting method for a galvanically isolated IGBT
gate driver with advanced protections. The technique relies on an robust implementation to
achieve data transmission and galvanic isolation. The fault signals being transmitted represent
an UVLOx (Under Voltage Lock Out) event and the desaturation of the IGBT (DESAT). In
the absence of the former fault, periodic pulses are sent from an ENCODE block on the High
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Voltage Module through the feedback transmission path. The Low Voltage Module decodes
the received signal and confirms that the circuit operates properly. When VCC2 decreases by
more than 20%, UVLO2 occurs and pulses are no longer generated. The fault is consequently
signaled on the READY pin of LVM. The low voltage module has its own UVLO1 detecting
block that is also reported on the READY pin when VCC1 drops, in general, by more than 30%.
During a DESAT condition, the fault takes priority inside the ENCODE block because of its
destructive potential. A soft shutdown (SSD) function is activated in order to ensure a slow
turning OFF of the IGBT. While UVLO2 is constantly monitored and dynamically reported,
DESAT is latched and prohibits further turning ON of the IGBT until the latch is reset on the
RESET pin. Furthermore, an Active Miller Clamp circuit prevents parasitic turn ON of the
power device and ensures a reliable and steady turn OFF of the IGBT in normal operation and in
case of an UVLOx error.

The proposed technique and the protection circuits were verified by means of simulation.
The resulting waveforms are in accordance with the expected behavior. In normal operation,
pins READY and FAULT, which are used to communicate the operation mode of the GIGD, are
high. The control signal sent on the IN pin is transmitted to the OUT pin. In case of an UVLO1
event, the error is reported by asserting the READY pin low. The same pin communicates the
occurrence of an UVLO2 condition. In both situations, the OUT signal goes low, regardless of
the IN signal. A DESAT event is flagged using the FAULT pin, which is asserted low and the SSD
function is activated to slowly switch the OUT voltage low. The AMC circuit prevents parasitic
turn ON of the power device by significantly reducing the voltage spike on the IGBT gate, both in
amplitude and in duration. In addition, a galvanically isolated gate driver containing the proposed
concept was implemented in a 0.25µm CMOS BCD technology. Measurements showed proper
functionality of the fault detecting and reporting method and validated the protection functions.
Furthermore, experimental results were in agreement with simulation waveforms.

Considering the silicon validation of the proposed circuit and the robust transmission method,
this concept of detection and reporting fault signals in a gate driver with advanced protections is
recommended for use in any application with galvanically isolated gate drivers.
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