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GDNMOS (Gated Diode merged NMOS) and GDBIMOS (Gated Diode merged BIMOS) were fabricated using the 28nm node ultra-thin film UTBB FD-SOI high-k metal gate CMOS technology. The anode current and voltage were measured and simulated for a high number of variants with different connectivity conditions on the terminals. The devices are reconfigurable and promising for high voltage ESD protection applications.

Introduction

Previous studies were conducted on the GDNMOS (Gated Diode merged NMOS) device [START_REF] Benoist | Triggerable bidirectional semiconductor device"/"Dispositif semiconducteur bidirectionnel déclenchable utilisable sur silicium sur isolant[END_REF][START_REF] Athanasiou | GDNMOS: A new high voltage device for ESD protection in 28nm UTBB FD-SOI technology[END_REF][START_REF] Athanasiou | Reconfigurable ultra-thin film GDNMOS device for ESD protection in 28 nm FD-SOI technology[END_REF][START_REF] Conti | Toward Gated-Diode-BIMOS for thin silicon ESD protection in advanced FD-SOI CMOS technologies[END_REF][START_REF] Conti | GDNMOS and GDBIMOS devices for ESD protection in 28nm thin film UTBB FD-SOI technology[END_REF][START_REF] Bedecarrats | Circuit électronique"/"Non homogeneous silicide for thin-film carrier transport control for example to build an ESD high or low voltage protection in UTBB FD-SOI technology[END_REF]. It is an ESD protection device where a gated diode is merged with an NMOS transistor (Fig. 1). The anode and the cathode of the device correspond to the anode (P + ) of the diode and the source (N + ) of the MOS, respectively. The shared area is located in the cathode of the diode, which is also the drain of the MOSFET. The GDBIMOS (Gated Diode merged BIMOS) device was also simulated and compared to the GDNMOS [4 and 5]. This device is composed of a gated diode merged with a BIMOS transistor. A BIMOS [START_REF] Athanasiou | Novel ultrathin FD-SOI BIMOS device with reconfigurable operation[END_REF][START_REF] Bedecarrats | Investigation on built-in BJT in FD-SOI BIMOS[END_REF][START_REF] Bedecarrats | Investigation on built-in BJT in FD-SOI BIMOS[END_REF] is an NMOS transistor provided with a P + doped body contact in order to access the MOSFET channel in the thin silicon film. For ESD applications, this body contact and the gate are plugged to the same external resistor.

In this study, the GDBIMOS has two body contacts that can be seen in the top view presented in Fig. 2. 

GDNMOS and GDBIMOS devices for high voltage ESD protection in thin film advanced FD-SOI technology

Both GDNMOS and GDBIMOS are designed in ultra-thin film SOI, the interest of these structures lying in the fact that, in principle, a SCR (Silicon Controlled Rectifier)-like structure (with PNPN junctions) can be formed [START_REF] Conti | Toward Gated-Diode-BIMOS for thin silicon ESD protection in advanced FD-SOI CMOS technologies[END_REF]. Other generic advantages of implementing ESD protections in the thin film are: (i) the possibility of using the back plane as a back gate; (ii) less parasitic elements (junctions, capacitor, bipolar, …) for better control and silicon area saving; (iii) there is no need to open the BOX (Buried Oxide) so process steps are potentially easier and less margin with neighboring components is required; (iv) the difference between the triggering mechanisms in bulk and thin film offers additional possibilities of implementations in order to shift the electrical behavior of the protections. For instance, it is possible to add a finger to a MOS, the new finger being shorted to the drain in order to use the capacitance of the oxide of the new gate to decrease the trigger voltage of the MOS [START_REF] Ph | ESD Boost solution for MOS/BIMOS in thin silicon film & Hybrid Bulk for FD-SOI advanced technology[END_REF]; (v) ESD protections in the thin film is the first step toward protecting emerging technologies, for example the Coolcube TM 3D technology developed at CEA [START_REF] Vinet | Opportunities brought by sequential 3D CoolCube™ integration[END_REF], or other 3D monolithic integrated circuits.

In this work, we present experimental and simulated results for new versions of these two types of devices and discuss their robustness to ESD events along with their design window [START_REF] Benoist | Experimental investigation of ESD design window for fully depleted SOI N-MOSFETs[END_REF].

An ESD protection [START_REF] Amerasekera | ESD in silicon integrated circuits[END_REF] should typically be a black box connected between two nodes, in order to evacuate the current that an eventual ESD surge would bring on the first node through the second node. Here these two nodes are the anode and the cathode. The ideal IA -VA curve (anode current versus anode voltage) corresponds to a device that is normally OFF but able to switch abruptly, at a given trigger voltage, in ON mode. This trigger voltage is called VT1 (Fig. 3). If the curve features a snapback, the holding voltage, VH, is the smallest voltage applied on the device while it is in ON state, and when the device is conductive, it has a resistivity of RON. Without snapback, the I-V curve is close to a straight line with a slope 1/RON starting at VT1. IT2 and VT2 correspond to the breaking current and voltage, respectively. The ESD protection should be transparent in the normal IC operating mode; this means that it is OFF -with very low leakage current Ileak at the operating voltage VDD. In order to have an efficient protection and no latch-up risk, VT1, VH and VT2 should be higher than VDD but lower than the breakdown voltage VBD of the components to be protected. This voltage range is called the design window. IT2 needs to be the highest possible, so that the protection is robust enough to cope with an ESD event provoking a high current surge. We examined these parameters in both GDNMOS and GDBIMOS devices. The operating mechanism of GDNMOS and GDBIMOS devices that feature N + -doped and/or fully silicided common drain is not relying on the parasitic bipolar transistors in the thin film. Indeed, a too high doping in the drain of the MOS degrades the emitter efficiency of the PNP parasitic bipolar transistor composed of the diode and the channel of the MOS.

Only GDNMOS and GDBIMOS devices with a low-doped drain can be considered as being provided with bipolar transistors [4 and 6]. The physical mechanism involved in the triggering of the high-doped drain GDNMOS or GDBIMOS will be explained along the different sections of this paper.

Setup of experiments and simulations

Test devices were fabricated using the 28nm FD-SOI STMicroelectronics process [14 and 15] on ultra-thin silicon film of 7nm. The standard high-k metal gate stack (GO1) with an equivalent oxide thickness (EOT) of 1.1nm was used. A thin buried oxide (BOX) of 25nm separates the thin silicon film and the back plane that has P-type doping. All the structures have 100µm total width (10 fingers of 10µm). In the anode-tocathode direction, the minimum dimensions allowed by the design rules have been used. The drain part of the GDNMOS and GDBIMOS devices was fully covered by silicide, so it corresponds to a N + -doped area.

DC and Transmission Line Pulse (TLP) measurements [START_REF] Maloney | Transmission Line Pulsing techniques for circuit modeling of ESD phenomena[END_REF] were performed at room temperature on several dies. For TLP measurements, 10ns rise time and 100ns pulse duration were selected. Each point of the TLP curve corresponds to the average of the voltage and current measured in the time interval between 70ns and 90ns. After each I/V point is measured, a non-destructive DC measurement is performed to get the leakage current of the device at 1V. TLP measurements are stopped when this leakage increases by more than 500%, because the device is considered damaged. The last point that was measured before this breakdown is considered as being the breakdown voltage VT2 and current IT2 of the device. (Fig. 3)

The GDNMOS devices were numbered depending on the biasing conditions (Table 1). Device 1 corresponds to a GDNMOS with grounded front gates. Devices 2 to 5 have a grounded diode gate and their MOS gate is plugged to an external polysilicon resistor (the value of the resistor increases with the device number i.e. R1 < R2 < R3 < R4). Devices 6 to 9 have a grounded MOS gate and their diode gate is plugged to a resistor. Devices 10 to 13 have both gates tied together and plugged to a resistor. The back gate is grounded for all the devices. The measured GDBIMOS (devices 14 -18) have all their front gates plugged to a resistor. Devices 14 to 17 have a grounded back gate while device 18 has the back gate plugged to a pad in order to apply different biasing conditions. Similar devices were simulated with Synopsis tools. 3D TCAD isothermal simulations [START_REF]Synopsis Sentaurus TCAD[END_REF] are process compliant and meshed in 3D. Our simulations have been beforehand calibrated thanks to a standard MOS structure. The aim of the simulations is not to get the exact ESD parameters such as VT1 and VH, but to be able to compare the different structures together and understand better the phenomena provoking the different 

ESD robustness measurements

TLP measurements with positive pulses on the anode have been performed on devices 1 -13, the robustness of which was By comparing the IT2 of device 6 with device 7, 8 or 9 (Fig. 5), it can be seen that the value of the resistor that is plugged to the gate of the diode has to be sufficiently high in order to prevent a too early break. Indeed, the gate voltage can be raised higher with a higher resistance value, thus delaying the breakdown and enabling a higher current to pass.

The IT2 of the device 6 is smaller than for device 10 even if the resistor value is the same. This is because device 10 has both gates plugged together and benefits from the parasitic capacitance CDGM between the drain and the gate of the MOS, additional to the parasitic capacitance CAGD. Both capacitances help raising the voltage on the gates, therefore, protecting the critical diode gate area.

IT2 reaches a maximum value of 0.12A when only the gate of the diode is connected to a resistor (devices 8 and 9). In the case of both gates plugged into the resistor, IT2 can become higher than this value and increases with the resistor, even at high resistor value (device 11, 12, 13). The reason is that the IA vs VA characteristic is the same for the devices 6 to 9, but the VT1 of devices 10 to 13 is lowered for an increased value of the resistance (see Figs. 8 and 10 that will be explained in the next section). As a matter of fact, the VT2 of the devices is about 5V (Fig. 6). The idea is that, for a fixed VT2 and dynamic ON resistance RON, the smaller the VT1, the higher the IT2 (Fig. 7).

In reality RON changes from device to device due to the difference in the value of the external resistor R, but the difference in RON is not sufficient to compensate for the shift of VT1. Therefore the IT2 of devices 11, 12 and 13 is increased above 0.12A. For the devices 1 to 5 the VT2 cannot reach its maximum value because of the issue with the lack of resistor on the gate of the diode. 

Influence of the front gates on the GDNMOS

The ESD behavior of the GDNMOS devices with different biasing conditions on the front gates was investigated.

If the gate of the diode is plugged to a resistor and the gate of the MOS is tied to the ground, the trigger voltage VT1 of the structure does not change with the value of the resistor (Fig. 8).

In fact, when the anode voltage increases, the parasitic capacitance CAGD causes an increase in VGD through the resistor that is plugged to the gate of the diode. The larger the resistor value, the higher the VGD. A higher diode gate voltage reduces the amount of current (for a given anode voltage) that is flowing through the diode before it triggers. Numerical simulations show that the gate voltage modulates the energy barriers along the channel, which prevents the holes of the anode from diffusing to the cathode of the diode (Fig. 9). Thus, with a Since the gate of the MOS is not plugged to the resistor that is connected to the diode gate, the value of this resistor has no impact on the conduction of electrons in the MOS part of the device.

Fig. 8. Multi-trig TLP measurements of a GDNMOS with different values of resistor (R1 < R2 < R3 < R4 corre sponding to devices 6 -9, respectively) plugged to the diode gate. The MOS gate is tied to the ground. The multi-trig behavior is standard when there are several fingers. Fig. 9. Top: simulated anode current versus anode voltage in two gated diodes with different resistors connected to the diode gate. Bottom: simulated conduction band energy along the gated diode for different anode currents. In the left panel, the value of the resistor R1 that is plugged to the gate is smaller than on the right (R3). Note that from the three upper curves (plotted for I=10 - 5 A, 3.10 -5 A and 5.10 -5 A) for example, the energy is decreasing much faster in the anode and the channel in the case of a higher resistor.

The trigger voltage VT1, measured to be around 4.8 to 5.0V, is not modified by the value of the resistor plugged to the gate of the diode of the GDNMOS. In other words, we cannot use the resistor value in order to fit the characteristics to a different design window if needed. However, the idea that a resistor on the gate of the diode is helping a gated diode or a GDNMOS to be more resistive before triggering is interesting and can be used to reduce the leakage current.

In the case where the gate of the diode and MOSFET are tied together and connected to a resistor, VT1 is lower than the VT1 of a grounded MOS gate, for same value of R. Fig. 10 shows that a higher resistance value lowers the VT1. This is because the parasitic capacitances of both gates are responsible for are helping to raise the voltage on the MOS gate). Fig. 12 shows that the higher the resistor (plugged on both gates), the higher the voltage of the gates and the higher the time constant (RC) while the gate voltage is raised. This increase in gate voltage is provoking the decreasing of the trigger voltage of the device (the anode voltage for which the current starts to conduct; there is a direct link between time and current because it is an ACS).

Fig. 11. ACS I-V 3D TCAD simulation of GDNMOS with different biasing conditions: both gates grounded (device 1), grounded diode gate and MOS gate plugged to a resistor (device 4), grounded MOS gate and diode gate plugged to a resistor (device 8), and both gates tied together and plugged to a resistor (device 12). Top: linear scale; bottom: logarithmic scale. 

Comparison between GDNMOS and GDBIMOS

The GDNMOS devices have the same VT1 as the GDBIMOS devices for same value of resistor plugged to both front gates (Fig. 13). Due to the multi-triggering events at high voltage, it is difficult to compare experimentally the RON of these devices.

Theoretically, RON is improved in the GDBIMOS with respect to the GDNMOS, especially if the value of the resistor plugged to its front gates is high [START_REF] Conti | Toward Gated-Diode-BIMOS for thin silicon ESD protection in advanced FD-SOI CMOS technologies[END_REF]. The reason is that the voltage applied on the gates does not decrease to 0V with time like in GDNMOS (Figs. 12 and 14), so this positive gate voltage helps the conduction in the channel of the MOS part of the GDBIMOS. It is the BIMOS part of the device that maintains the "permanent" positive gate voltage, because it benefits from a positive feedback loop: when there is a current of electrons flowing through the channel of the BIMOS, impact ionization near the drain produces holes that are attracted by the P + -doped body contact. The hole current in the body contact helps the voltage to be raised on the node of the body contact and gate, through the resistor. With an increased gate voltage, the current in the channel of the BIMOS is enhanced thanks to the MOS effect. This increased current in the channel produces more holes through impact ionization, and so on. It is the parasitic capacitances that provoke the raise in gate voltage as the anode voltage is increasing, therefore turning the device ON, and it is the body contact of the BIMOS that maintains this gate voltage while the device is ON, thus improving the RON of the device. 

Influence of the back gate on the GDBIMOS

The influence of the back gate on the GDBIMOS is investigated using the device 18. We found that increasing the back-plane voltage results in a lower trigger voltage (Fig. 15).

Therefore the back plane is a convenient way to modulate VT1 in order to fit to the desired design window. An increase of leakage for higher positive back-plane bias is also observed (Fig. 16). Since the back plane acts as a back gate, the increase in leakage current reflects the gradual activation of the backchannel MOSFET at the film-BOX interface. An improved solution of the design would be to connect the back gate to the front gates (that are plugged to the resistor), so that it contributes to (i) a higher current flowing in the structure in ON mode and (ii) a smaller trigger voltage, while keeping a low leakage before the trig. This elegant solution makes the structure entirely self-biased, without relying on external voltages to control it. In other words, the structure can protect the integrated circuit even if there is no power. In our case, since the buried oxide (BOX) is much thicker than the front gates oxide, the benefit of connecting the back gate to the front gates is less relevant. Indeed, the maximum voltage that arises on the gates does never exceed 1V.

Drain connectivities

All the structures mentioned before had a floating drain. In this section, different devices using the drain contacts will be In previous studies [START_REF] Conti | Toward Gated-Diode-BIMOS for thin silicon ESD protection in advanced FD-SOI CMOS technologies[END_REF], the drain doping was lowered in order to obtain a SCR-like device, but the predicted leakage current was too high. Several solutions to reduce the leakage -at the cost of impacting the ACS characteristics -were mentioned, for example, connecting the drain to the gate of the diode. In this paper, we measured fully silicided devices that do not exhibit SCR-like characteristic with a low trigger voltage. Devices 1 to 17 all have a low leakage current around 2nA at 1V. However, the idea of further lowering the leakage is attractive, since the GDNMOS and GDBIMOS structures with high doping in the drain could potentially be used for low power applications, provided that their trigger voltage is controlled by a trigger circuit situated -for example -on the back gate. 1.E-09
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Conclusion

The behavior of ultrathin film GDNMOS and GDBIMOS devices was evaluated using both TCAD simulations and electrical measurements. The devices can be used for high- 

Fig. 1 .

 1 Fig. 1. Schematic (left) and 3D view (right) of a GDNMOS structure.

Fig. 2 .

 2 Fig. 2. Schematic (left) and top view (right) of a GDBIMOS structure.

Fig. 3 .

 3 Fig. 3. Top: Principle of TLP measurement. Current pulses are sent, then the voltage and current are measured to draw the IV characteristic. Bottom: Typical I-V curve of an ESD protection device, with its leakage.

  recombination with doping-dependent lifetime) is used along with Auger recombination model, Avalanche van Overstraetende Man model (Electron-hole pair generation by impact ionization), and non-local path band-to-band tunneling model. Furthermore, phonon scattering, Coulomb scattering in doped material, mobility degradation at interfaces, and mobility degradation due to high field saturation are considered. Another active module includes the silicon bandgap narrowing model that determines the intrinsic carrier concentration. The default model parameters were left unchanged. Dirichlet-Neumann boundary conditions are used. The simulated surge is an Average Current Slope (ACS) stress [18]. The devices were subjected to a current ramp with a maximum of 0.1A and a rise time of 100ns, in order to mimic a Transmission Line Pulse (TLP) test for Human Body Model (HBM). The voltage was initialized at 0V and then let free to change. All the structures have 10μm width. For simplification purpose, only one finger is simulated.

Fig. 4 .

 4 Fig. 4. TLP measurements of device 4 (resistor R on MOS gate), and of device 8 (R on diode gate).

Fig. 5 .

 5 Fig. 5. Average breaking current IT2 for each device, extracted from TLP measurements performed on several dies. The corresponding topologies of structures are shown underneath the graph.

Fig. 6 .

 6 Fig. 6. Average breaking voltage VT2 for each device, extracted from TLP measurements performed on several dies.

Fig. 7 .

 7 Fig. 7. Generic I-V curve explaining why the devices with a smaller VT1 reach a higher IT2.

  resistor value, the diode is more resistive before triggering. When the potentials are such as the energy bands of the anode and channel tend to coincide, there is no more barrier impeding the injection of the holes from the anode into the channel. At this moment, the anode starts to control the level of the energy bands in the channel at the expense of the gate. When the diode triggers, the voltage of the anode reaches the value for which all the energy bands (in anode, channel and cathode) are almost at the same level, and holes are flowing through the whole diode. The resistivity of the diode in ON mode does not depend on the value of the resistor that is plugged to the gate, because the number of carriers flowing through the diode is so important that the gate voltage is no longer able to act on the channel. The holes flowing through the diode are recombined in the drain of the MOS. Most of the anode potential drops on the drain of the MOS due to the diode being very conductive.

  on the gates through the resistor. A higher voltage on the gates allows the MOS part of the device to conduct current for a lower anode voltage. Here, the VT1 (measured at 1mA) is 4.0V with R1, 3.7V with R2, 3.3V with R3 and 2.7V with R4. This significant VT1 shift makes it possible to utilize the protection in another design window, by simply adjusting the value of the external polysilicon resistor.

Fig. 10 .

 10 Fig.10. TLP measurements of a GDNMOS with different values of resistor plugged to both of the gates. (devices 10 -13). Top: the current is displayed in linear scale. Bottom: logarithmic scale. 100µA is the limit of detectability of the TLP equipement. R1 < R2 < R3 < R4.

Fig. 12 .

 12 Fig.[START_REF] Benoist | Experimental investigation of ESD design window for fully depleted SOI N-MOSFETs[END_REF]. TCAD simulations of a GDNMOS with different values of resistor (R1 < R2 < R3 < R4) plugged to both of the gates. (devices 10 -13). Anode and gates voltage versus time is plotted. Note here that the ACS is a current ramp of 0.1A in 100ns, so 10 -8 seconds correspond to 10mA

Fig. 13 .Fig. 14 .

 1314 Fig. 13. TLP measurements of GDNMOS (devices 10 -13) and GDBIMOS (devices 14 -17) with different values of resistor (R1 < R2 < R3 < R4) plugged to both of the gates.

Fig. 15 .

 15 Fig. 15. TLP measurements of a GDBIMOS with different back plane biasing. (device 18).

Fig. 16 .

 16 Fig. 16. Measured leakage current at anode voltage VA = 1V versus back plane voltage (device 18).

  explored. Devices 19 and 20 are GDNMOS structures; in device 19 the drain is connected to the gate of the diode, while in device 20 it is connected to the anode. Device 21 is a GDBIMOS, with the drain connected to one of the body contacts. For comparison purpose, device 22 is a regular MOSFET (Fig. 17

  ).

Fig. 17 .

 17 Fig. 17. Topology of structures 12, 16, and 19 -22.

Fig. 18 .

 18 Fig. 18. TLP measurements of GDNMOS (devices 12, 19 and 20), GDBIMOS (devices 16 and 21) and MOS (device 22), that have different drain connectivities. Note that the TLP responses are not exactly the same as in figures 10 and 13, due to wafer-to-wafer variability.

Fig. 19 .

 19 Fig. 19. DC measurements : AVS (Average Voltage Slope) on GDNMOS (devices 12, 19 and 20), GDBIMOS (devices 16 and 21) and MOS (device 22) with different drain connectivities.

  voltage ESD protection due to their good integration and performance (robustness, dynamic ON resistance, leakage, trigger voltage). As a general remark from all characteristics, we note that no Silicon Controlled Rectifier (SCR) behavior is observed, for any structure. This is the result of high doping and silicidation of the drain. No latch-up is observed either and the EOS (Electrical OverStress) event could be smoothed. There is a multi-trig behavior at high voltage, i.e. around 4.2V, while all curves are smooth at lower voltage. The protections are reconfigurable since the trigger voltage can be shifted according to the gates connectivity. For a better ESD robustness, it is advised to connect, at least, the gate of the diode part of the GDNMOS (or GDBIMOS) to a sufficiently large resistor. If the gate of the MOS (or BIMOS) is also connected to the resistor, the trigger voltage of the structure is reduced.The higher the back plane voltage, the lower the trigger voltage and the higher the leakage current. The drain of the devices can also be connected to other nodes, therefore a whole set of ESD protections -potentially matching to different design windows -is enabled.

Table 1 .

 1 List of measured devices.

  The holding voltage is low and the leakage is the same in comparison with the device 12 (Figs.18 and 19). is quite high (30nA) but if the protection is designed for low power applications (with VDD ≤ 0.8V) the leakage becomes acceptable (Ileak < 2nA). In fact the DC curves of the devices 16 and 21 start to diverge after 0.6V, which is the voltage for which the diode starts to conduct, and then the BIMOS is activated by a different mean in each device.

	The goal of connecting the drain to the gate of the diode	
	(device 19) is to enhance the barrier for the holes between the	
	anode and the channel by increasing the voltage on the gate of	We expect the same behavior for GDBIMOS structures by
	the diode. Indeed, above 0.6V between the anode and the drain,	connecting the drain like in devices 19 or 20. The device 21 is
	the diode starts conducting more current. When the diode is	a GDBIMOS where the body contact is connected to the drain.
	conductive, the voltage is raised on both the drain and the gate	The trigger voltage is reduced and the leakage current is
	of the diode, thus making the diode less conductive. An	increased at VDD=1V with respect to the device 16. As soon as
	equilibrium is reached in this loop with the self-biased diode	the diode is conducting, the current flows in the first body
	10 -4 gate. As expected, the leakage of the device 19 (70pA) is	contact of the BIMOS through the connection of the drain. The
	10 -5 reduced with respect to the devices 12 and 16 (2nA), but its	parasitic PMOS transistor constituted by the two body contacts
	10 -6 trigger voltage is more suitable for high voltage protection	of the BIMOS and its channel is turned ON very quickly, and
	10 -7 (Figs. 18 and 19).	therefore the gate of the BIMOS starts to be biased. This turns
	10 -8 Connecting the drain to the anode (device 20) is supposed to	PMOS the whole BIMOS ON, and then the whole GDBIMOS becomes
	10 -9	
	decrease the leakage current in the low-doped drain GDNMOS,	conductive. In the classical configuration (device 16), the
	but not in the high-doped drain GDNMOS. However it is still	GDBIMOS is turned ON dynamically mainly thanks to its
	interesting to investigate this connectivity on a high-doped	parasitic capacitances, whereas in static mode, it is activated
	drain structure, because it gives new options in terms of design	thanks to impact ionization and band-to-band tunneling. The
	window. In fact, with high doping in the drain area, we no	parasitic PMOS is much quicker than the RC circuit built by the
	longer observe a SCR-like behavior. The device operates just	parasitic capacitances, the impact ionization and band-to-band
	like a diode in series with a MOS. The high-doped drain	tunneling processes. That is why the device 21 is activated
	GDNMOS triggers before a regular MOSFET only, but has a	much earlier, both in TLP and in DC measurements. Its leakage
	higher holding voltage, and a higher leakage current. It triggers	current at VDD=1V
	before the MOSFET because it benefits from the parasitic	
	capacitance of the diode gate in addition to the one of the MOS	
	gate. Its holding voltage is higher than in MOSFET because of	
	the diode gate which induces a barrier opposing the carriers to	
	flow in the device. In this new configuration (device 20), the	
	trigger voltage in the TLP curve is lowered with respect to	
	devices 12 and 22, because both parasitic capacitances CAGD	

and CDGM are active and most of the surge can flow through the easiest path (i.e., in the MOS part of the device).
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