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Abstract- Super Junctions (SJs) have enabled unprecedented 

performance in Silicon power devices, which could be further 

improved by applying this concept to wide-band-gap 

semiconductors like Gallium Nitride (GaN). Currently, 

Polarization Super Junctions (PSJs) are the most promising 

candidates for GaN SJs. Yet, until now, p-type doping of the GaN 

cap layer was required to ensure the presence of a two-

dimensional hole gas (2DHG), and the proper charge matching 

between the 2DHG and two-dimensional electron gas (2DEG), 

which is fundamental to the operation of super-junctions. This 

approach, however, requires precise control of the p-GaN doping 

level, which is very challenging and has hindered the 

demonstration of high-performance PSJs. Besides, while PSJs 

are particularly promising for multi-channel structures aimed at 

reducing the sheet resistance, achieving proper charge matching 

combined with large electron density for all the buried channels 

is challenging. Here, we propose a simple and robust platform for 

intrinsic PSJ (i-PSJ) that enables excellent charge matching for a 

wide range of structures, without relying on doping. We show 

that surface donor states are the origin of charge mismatch and 

provide a strategy to minimize their impact. Simulated devices 

based on this structure show optimal carrier depletion with a flat 

electric field profile in the whole drift region. Finally, we extend 

this concept to multi-channel i-PSJ structures. We demonstrate a 

much-reduced sheet resistance down to 58 Ω/sq and present a 

robust strategy to achieve charge balance, which enables 

reducing the on-resistance without degrading the off-state 

performance, thus greatly improving the device figure-of-merit.  
 
Index terms- Gallium Nitride, Polarization Super Junction, 

Power Devices, Multi-channel, Charge Balance 

 INTRODUCTION 

Silicon Super Junction (SJ) devices, which rely on the 

precise charge matching between n-type and p-type pillars to 

create a neutral depletion region while achieving high 

conductivity in on-state, have enabled a significant decrease of 

the device resistance for a certain breakdown voltage (VBR), 
leading to performances beyond the one-dimensional Si 

material limit [1], [2]. As Wide-Band-Gap (WBG) 

semiconductors, such as GaN, are emerging, the application of 

the SJ concept to these better-performing materials could lead 

to great improvements in the state-of-the-art [3]–[7] by 

enabling a considerable reduction of both resistive and 

switching losses [3]. Yet, GaN SJs are still out of reach, 

hindered by the difficulties in achieving selective and highly-

doped p-type regions because of the absence of effective Mg 

implantation or high-quality p-GaN regrowth [8], [9].  

The AlGaN/GaN lateral platform offers a unique alternative 

to conventional vertical SJs. In these structures, a two-

dimensional electron and hole gas (2DEG and 2DHG) of equal 

carrier concentrations (Ns and Ps respectively) can be obtained 

naturally without requiring any doping [10], thanks to the 

presence of matching polarization charges, enabling the 

realization of Polarization Super Junctions (PSJs) [11]–[15]. 

The charge balance between the 2DEG and 2DHG, and the 

intrinsically matched polarization charges, can result in a 

neutral depletion region, leading to similar off-state behavior 

as in conventional doping-based SJs. 
Nevertheless, translating the matching polarization charges 

into mobile Ns and Ps of equal concentration that can be 

depleted during the off-state is a challenging task due to the 

presence of ionized donor states at the top crystal surface, 

which provide electrons to the 2DEG and prevent the 

formation of a large-density 2DHG [16], [17]. The most 

common strategies to address these issues comprise the use of 

a p-doped GaN cap layer to provide holes to the 2DHG [18]–

[22] or the compensation between a p-GaN cap layer and an n-

type delta-doped region [23]–[25]. However, the introduction 

of a p-doped cap defeats the purpose of PSJs, leading to the 
typical challenges in charge balancing as in conventional 

doped SJs, which are aggravated by the difficult p-GaN 

doping. In particular, the use of a p-GaN cap requires the 

precise control of its thickness and especially of its doping 

level, which is very challenging due to the inefficient Mg 

activation and to its thermal back diffusion [26], [27]. Besides, 

the strong dependence of the Mg activation on temperature 

[26], [27] leads to an increased carrier mismatch (Δ) when the 

device heats up during operation, thus resulting in an early 

breakdown. 

Previous works [11], [13] have also claimed the 

demonstration of PSJ devices by employing usual 
AlGaN/GaN HEMTs structures without any GaN cap on top, 

which were referred to as natural PSJ. However, in usual 

AlGaN/GaN HEMTs, no 2DHG can be formed due to the 

presence of ionized donor states at the top crystal surface, 

which provide electrons to the 2DEG [10], [16], [17]. These 

states represent a fixed net charge contribution that imposes an 

electric field gradient in the drift region and hinders any super 

junction effect. Finally, PSJ devices based on 3D polarization 

doping have also been proposed [12], [28]. Yet, these devices 

require a challenging control of the growth parameters to 

ensure a very precise AlxGa1-xN graded profile over thick 
layers and suffer from reduced carrier mobility due to the 

strong alloy scattering.  

To address these limitations, in this work, we propose a 

simple and robust platform for intrinsic PSJ (i-PSJ) based on a 

thick undoped GaN cap layer, which enables to achieve charge 

balancing regardless of the surface and temperature 

conditions, without any need for precisely controlled doping. 
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Although heterostructures with undoped GaN cap were 

reported [15], [16], [29] and the presence of a 2DHG was 

shown experimentally [26], [27], [30], these studies did not 

focus on the design of i-PSJs. Thus, key challenges of these 

structures such as achieving a small charge mismatch 

regardless of surface donor states and obtaining large Ns 

despite the thick cap remain unexplored [15]. Here, we show 

that by employing a thick undoped GaN cap excellent intrinsic 
matching between Ns and Ps is obtained and maintained for 

any surface condition while still achieving a large 2DEG 

density. Simulated devices based on this heterostructure show 

the typical SJ behavior with a neutral drift region, which 

results in an ideal constant off-state electric field. The effect of 

donor states at the GaN top surface on the carrier mismatch is 

discussed and the role of the charge imbalance on the device 

performance is presented. 

Besides, to significantly reduce the device on-resistance, we 

investigate intrinsic multi-channel PSJs, in which several 

channels are stacked to decrease the heterostructure sheet 
resistance. In particular, we address the main challenges of 

these structures, namely the population of all the buried 

channels and charge matching. Multi-channel structures 

typically employ doping of the barrier to increase the carrier 

concentration in the buried channels [31]–[33]. This strategy 

however results in fixed donor charges in the off-state and is 

thus not suitable for PSJs. Another possibility consists of 

including both n-type doping in the barrier and p-type doping 

in the GaN channel to balance the fixed charges [23]. Yet, this 

approach is very difficult to implement in GaN devices due to 

the strong Mg memory effect and inefficient activation, which 
prevent an accurate control of the doping level, resulting in a 

large charge mismatch. In addition, it should be noted that 

charge matching for all of the channels, including the top and 

bottom ones, should be achieved as any charge mismatch 

would limit the breakdown voltage of the device [13].  

Here, we propose an intrinsic multi-channel structure with a 

thick undoped GaN cap as an optimal platform for multi-

channel i-PSJs. We demonstrate that large carrier densities and 

reduced sheet resistance can be achieved also for intrinsic 

multi-channels and we present a robust strategy to achieve 

proper charge balance in multi-channel structures. Simulated 
devices based on this approach show a flat off-state electric 

field profile despite the increased carrier density and thus have 

the potential to greatly improve Baliga’s figure-of-merit. 

 DESIGN OF SINGLE-CHANNEL HETEROSTRUCTURES 

The first step to designing a charge-balanced heterostructure 

is to identify the source of the electrons in the 2DEG. Indeed, 

while at equilibrium charge neutrality is always guaranteed in 

the structure, during the off-state mobile electrons are depleted 

by the high voltage. If these electrons have been generated by 

the formation of other mobile carriers (e.g. holes), these can 

also be depleted, resulting in a neutral drift region and in a SJ 

behavior. However, if the source of the 2DEG is fixed charges, 
such as surface donor states, these cannot be depleted and 

result in a net charge contribution in the drift region, thus 

affecting the off-state electric field as in conventional doping-

based devices. 

Figure 1 (a) shows the investigated heterostructure which 

comprises a GaN channel, an AlGaN barrier, and a GaN un-

doped cap. This results in a 2DEG at the bottom GaN/AlGaN 

interface and, depending on the conditions, in a 2DHG at the 

top GaN/AlGaN interface. Donor states with an energy level 

ED are located at the GaN cap/insulator interface due to the 

presence of the crystal surface. While the structure is similar 

to conventional GaN HEMT heterostructures, increasing the 

undoped GaN cap thickness (tc) enables to reach charge 

matching between 2DEG and 2DHG, which offers an 

excellent platform for intrinsic PSJs.  

Typical HEMT heterostructures employ a very thin (~2-3 
nm) GaN cap, whose main purpose is to protect the AlGaN 

barrier during processing. In this case, the Ns in the 2DEG is 

entirely generated by ionized surface donor states [16], [17] 

(Fig. 1 (a-b)). While electrons in the 2DEG are mobile charges 

that are depleted during the off-state, ionized surface donors 

are fixed positive charges that remain in the depleted region 

and directly affect the field profile in the off-state. Thus, while 

the presence of matching polarization charges is a necessary 

condition for PSJs, this is not sufficient to achieve any super 

junction effect in conventional HEMT structures. In particular, 

the key mechanism lies in translating the matched polarization 

charges into a mobile 2DHG and 2DEG of equal 
concentration. In this case, the Ns in the 2DEG is entirely 

generated by mobile holes in the 2DHG that can be depleted 

in the off-state, resulting in a neutral drift region. This 

favorable condition can be achieved by adjusting the GaN cap 

thickness. As tc increases, more and more electrons in the 

2DEG originate from the valence band at the top AlGaN 

interface, rather than from ionized surface donor traps, 

forming a 2DHG with hole concentration Ps (Fig. 1(b)). The 

difference between the mobile Ns and Ps, i.e. the charge 

mismatch Δ=Ns-Ps, corresponds to the density of ionized 

 
Fig. 1. (a) Investigated heterostructure and corresponding band structure. (b) 

Ns, Ps, and ionized donors as a function of the GaN cap thickness (tc) (c) Carrier 

mismatch (Δ) as a function of the donor states energy for different tc (d) Ns as 

a function of the AlGaN barrier thickness and composition for a 200 nm-thick 

GaN cap. 
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donor states at the top GaN cap surface (Fig. 1(b)) and is a 

direct indicator of the net fixed charges in the depleted part of 

the device’s drift region during the off-state. For large 

thicknesses of the cap, Ps further increases and approaches 
very closely the Ns value, leading to an intrinsic negligible 

charge mismatch (Fig. 1 (b)). It should be noted that, while it 

is important to achieve Ps and Ns of matching concentrations 

to minimize Δ, the impact of holes on the heterostructure 

conductivity is negligible due to their much lower mobility 

compared to electrons in the 2DEG [26], [30], [34], [35]. 

In the absence of a top metal, the Fermi level at the GaN 

surface is determined by the energy level of the donor traps 

[17]. While experimental values are present in the literature 

[16], [17], the exact ED (or its distribution) highly depends on 

the surface conditions, which are unpredictable and can 

influence the Δ value. Figure 1 (c) shows that a considerable 
dependence of Δ on the trap energy is present for small tc, 

which however becomes negligible as tc increases. This allows 

achieving a minimal carrier mismatch regardless of the 

presence of top donor states, thus preventing any influence 

from the surface conditions on Δ. The reduced impact of the 

surface states on the 2DHG concentration, and thus on Δ, can 

also be seen as an electrostatic screening effect that increases 

with larger GaN cap thicknesses. Despite the presence of a 

thick cap layer (tc = 200 nm), large Ns values can still be 

obtained by employing realistic barrier thicknesses and 

compositions (Fig. 1 (d)), which makes the proposed 
heterostructure an excellent and robust platform for intrinsic 

PSJs.  

  SINGLE CHANNEL I-PSJ DEVICES 

To understand the potential of charge balance to improve the 

off-state electric field distribution, we focus our analysis on 

the drift region of an i-PSJ device. It should be noted that the 

carrier depletion and electric field in the drift region are 

equivalent for a diode and a transistor (with the anode 
corresponding to the gate and the cathode to the drain). 

Therefore, the proposed concept and analysis are general and 

valid for both types of devices. The heterostructures comprises 

a 30 nm-thick Al0.25GaN barrier, and a 200 nm-thick UID cap 

(Fig. 2 (a)), leading to Ns of 0.8 x 1013 cm-2 and Δ < 0.3 x 1012 

cm-2. A first electrode (cathode or drain) with work-function 

(Φb) of 4.2 eV provides ohmic contact to the 2DEG and 

Schottky contact to the 2DHG, while a second electrode 
(anode or gate) (Φb=5.2 eV) provides a barrier to electrons in 

the 2DEG. A top ohmic contact to the 2DHG is realized by a 

p++ GaN layer (whose aim is only to improve the contact to the 

2DHG but has no role in the charge matching) and a metal 

electrode [34], which is connected to the anode or gate. Good 

contact to the 2DHG is important for an efficient depletion and 

injection of holes and is required to avoid any degradation 

during high-frequency switching, as shown in [23]. The p++-
GaN layer can be either grown during the heterostructure 

epitaxy and then removed in the access region or realized by 

other techniques under development such as selective area 

regrowth [36]–[38] or ion implantation [39]–[41]. The device 

simulation was performed using Silvaco Atlas software and 

employing its built-in material parameters [42].  

Contrary to conventional devices in which the charge 

depletion in the off-state extends from the anode (or gate) 
towards to cathode (or drain), the intrinsic PSJ device shows a 

uniform and simultaneous depletion of the 2DEG in the whole 

drift region (LD) (Fig. 2 (b)). Most importantly, a full carrier 

depletion is achieved at an extremely low voltage over the drift 

 
Fig. 2. (a) Schematic of the drift region of an i-PSJ device (b) Ns profile at the 

AlGaN/GaN bottom interface as a function of the reverse voltage (c) Ns and Ps 

cut in the middle of the drift region as a function of VD (d) Ex profile at the 

AlGaN/GaN bottom interface for different VD.  
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Fig. 3. (a) Ns profile as a function of VD for a PSJ device with Δ of 3 x 1012 cm-

2 for different VD. (b) Cut of the Ns concentration at LD = 5μm as a function of 

VD and Δ (c) Ex profile for VD =500 V for different mismatch values. (d) wDepl 

and slope of Ex   as a function of Δ for VD =500 V. 
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region (VD) of ~ 5 V, with the same behavior for both Ns and 

Ps (Fig. 2 (c)). This results in an electric field profile that is flat 

along the whole drift region (Fig. 2 (d)), which is a clear 

feature of SJs and allows to significantly increase the device 

VBR.  

Unbalanced structures were investigated to determine the 

effect of the carrier mismatch on the device performance. 
Ionized surface states with the density shown in Fig. 1 (c) were 

introduced at the top GaN cap interface, resulting in the 

desired fixed net charge contribution. Figure 3 (a) shows the 

carrier depletion for a PSJ device having Δ ~ 3 x 1012 cm-2. 

Two different processes can be identified: first, the device 

behaves as a PSJ with a uniform carrier depletion down to a 

level limited by the value of Δ for VD of only a few Volts (Fig. 

3 (b)). Beyond this point, conventional depletion occurs, as in 
the case of typical HEMT-like devices, which grows from the 

anode (or gate) to the cathode (or drain) and requires very large 

VD values to expand. This results in a degradation of the off-

state field distribution, and thus of the blocking performance, 

as the mismatch increases (Fig. 3 (c)). The depletion width 

(wDepl) reduces and the Ex slope rises as Δ increases, leading to 

the typical triangular shape of the electric field in conventional 

HEMT structures. Besides, it is possible to observe that 

𝑤𝐷𝑒𝑝𝑙~1/√∆ and the slope of Ex ~ Δ (Fig. 3 (d)), which is the 

typical behavior of conventional HEMTs and shows that 

unmatched PSJs behave as a HEMT device having Ns = Δ. It 

should be noted that under large off-state bias electron 

injection to the positively-charged ionized surface states can 

mitigate the net charge contribution and thus locally reduce Δ. 

This is referred to as to virtual gate effect and can result in a 

smoothening of the electric field peak at the gate/anode edge 

[43]–[46]. However, this mechanism also leads to severe 
current collapse [47], [48] due to the time required for the 

electrons de-trapping, and thus it is highly undesirable. On the 

contrary, additional ionization of neutral (at equilibrium) 

donor states during the off-state increasing Δ is not observed 

experimentally in the literature and thus has not been 

considered in this work.    

The effect of Δ on the device off-state behavior does not 

depend on the origin of the mismatch. Thus, the presented 

analysis can be also employed to account for other sources of 

mismatch, such as possible impurities in the GaN layers, 

which have not been directly included in the simulation due to 

their strong dependence on the growth technique and 

parameters. 

 DESIGN OF MULTI-CHANNEL HETEROSTRUCTURES 

Since for charge-balanced intrinsic PSJs Ns can be 

decoupled from the off-state electric field, reducing the sheet 

resistance (Rsh) of conventional single-channel heterostructure 

would in principle improve the performance of the device. 

However, a significant Rsh reduction in such structures is 

challenging to achieve due to the trade-off between the carrier 

concentration and mobility [31], [32]. Multi-channel 
heterostructures [31], [32], [49]–[52] having multiple stacked 

AlGaN/GaN layers allow overcoming this limitation by 

distributing a large Ns in several parallel 2DEGs [31], [32]. 

However, two main challenges need to be addressed to achieve 

multi-channel intrinsic polarization super junctions. The first 

one consists of achieving a large carrier density in the buried 

channels without employing n-type doping of the barrier, 

which would result in fixed donor charges in the off-state. The 
second challenge is to obtain a charge-balanced structure 

without relying on the doping of the GaN channels [23]. The 

absence of p-type doping in the GaN layers is fundamental 

since the strong Mg memory effect, observed in GaN p-

doping, would be very detrimental to the charge balance and 

the electron mobility due to the increased carrier scattering. 

Besides, charge matching for all of the channels is a 

fundamental requirement to achieve an effective super-
junction depletion since any charge mismatch would limit the 

device voltage blocking capability.   

 
Fig. 4. (a) Cross-sectional schematic and (b) bandstructure of the multi-channel 

heterostructure under study. 
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 LARGE NS IN MULTI-CHANNEL I-PSJS 

The proposed intrinsic multi-channel structure with a top 
GaN cap is shown in Figure 4 (a), with the corresponding 

bandstructure reported in Figure 4 (b). In general, a multi-

channel stack comprises a top and bottom channel, and n 

middle channels. While the 2DEG concentration of the bottom 

channel is similar to the single-channel case, and thus is 

typically large, particular care should be taken to populate the 

2DEGs of the middle and top channels due to the finite 

thickness of the GaN channel. In the absence of n-type doping, 
the electron concentration in these channels (Ns,top and Ns,mid  

(Fig. 4 (a)) depends both on the barrier and GaN channel 

thickness (tb and tch). A proper combination of tb and tch should 

be selected to achieve the desired electron concentration and 

avoid unpopulated channels [53]. This sets a corresponding 

channel period (v = tb + tch), determining the total 

heterostructures thickness (Fig. 5 (a)), which should be 

minimized to facilitate the device fabrication. By knowing the 
dependence of Ns,mid on tb and tch, the minimum possible period 

(v*) to achieve a certain electron concentration can be 

calculated. Limitations in the maximum achievable barrier 

thickness could result in a slight increase of this lower bound. 

Figure 5 (b) shows that for a conventional Al0.3GaN barrier 

with a 1 nm-thick AlN interlayer, v* could be of about 80 nm 

to reach a large Ns,mid  of 8 x 1012 cm-2 in the middle channels. 

Besides, v* can be further reduced by employing a higher 
polarization barrier material such as In0.17AlN, which leads to 

a twofold reduction of v* compared to Al0.3GaN, enabling to 

stack more channels and increase the total electron 

concentration (Ns,tot).  

The feasibility of this approach based on undoped layers was 
experimentally verified growing by MOCVD intrinsic multi-

channel heterostructures with a different number of channels, 

each comprising a 23 nm Al0.3GaN barrier, a 0.8 nm AlN 

spacer, and a 75 nm GaN channel. The growth temperature 

was 1050 °C for the GaN channels and 1030 °C for the AlGaN 

barriers while the pressure was set to 200 mbar and 150 mbar, 

respectively. H2 carrier gas and TMGa and TMAl precursors 

were used. A linear increase of Ns,tot with the number of 

channels is observed, which confirms the successful 

population of all the middle channels with an Ns,mid of about 6 
x 1012 cm-2 (Fig. 5 (c)). This enables a significant enhancement 

of total electron density as the number of channels is increased, 

thus resulting in a large reduction of the sheet resistance from 

340 Ω/sq for a single channel down to about 58 Ω/sq for a 10-

channel structure, even without employing any n-type doping 

of the barrier (Fig. 5 (d)).   

 CHARGE MATCHING IN MULTI-CHANNEL I-PSJS 

The charge-balancing approach based on a thick GaN cap 

proposed for single-channel devices can also be applied to 

multi-channel structures to realize multi-channel intrinsic 
PSJs. Besides, in the absence of doping, the Ns and Ps of the 

buried middle channels are intrinsically matched because of 

charge conservation, i.e. Ps,mid = Ns,mid. However, charge 

matching for all of the channels, including especially also the 

top and bottom channels, is required to achieve an effective 

super-junction depletion. While a GaN cap is always necessary 

to ensure the presence of the top 2DHG (Ps,top) (Fig. 6 (a)), as 
in the case of a single-channel, two different strategies can be 

investigated for multi-channel structures.  

1) One can set all the Ns and Ps to be equal for all channels, 

i.e. Ps,top= Ns,top= Ps,mid = Ns,mid = Ps,bot =Ns,bot. To this 

end, the thickness of the GaN cap should be properly 

designed (tc
*
 in Fig. 6 (b)) to achieve Ps,top = Ps,mid, as very 

thick GaN cap layers would result in an excess of holes 

(Fig. 6 (a-b)). In addition, Ns,bot should be reduced to 

match the concentration of the middle channels by 

employing, for instance, a back-barrier layer (Fig. 6 (a)). 

However, in this approach, the small cap thickness still 

results in ionized surface donors at the top surface (as 

shown in Fig. 1 (b)). This leads to a fixed net charge 

contribution preventing proper charge matching with this 

strategy. 

 
Fig. 6. (a) Different matching strategies for an intrinsic multi-channel 

heterostructures (b) Electrons and holes concentration in the different channels 

as a function of the GaN cap thickness (c) Ns and Ps depletion in the 5 channels 

i-PSJ device as a function of VD. 
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2) A second possibility consists of matching the top 2DHG 

and the bottom 2DEG independently from the middle 

channels, i.e. Ps,top = Ns,bot and Ns,top = Ps,mid = Ns,mid = 

Ps,bot. In this case, the GaN cap just needs to be thick 

enough, as in the single-channel case, and no back-barrier 
is required (Fig. 6 (a-b)). This method is more robust 

since the thick GaN cap prevents the ionization of surface 

donor states (Fig. 1 (b)) and no precise tuning of the back-

barrier is required.  

A multi-channel i-PSJ based on this structure was simulated 

to investigate the off-state performance of a charge-balanced 

multi-channel device. The multi-channel stack herein 

investigated comprises 5 channels with a 23 nm-thick 

Al0.3GaN barrier, a 75 nm-thick GaN channel, and a 200 nm-
thick GaN cap. This is structure is similar to the ones presented 

in Fig. 5 (c-d) and in [51] showing the feasibility of such an 

approach. Intrinsic PSJ multi-channel devices based on this 

structure show a two-step depletion of the drift region. 

Depletion of all of the carriers in the middle channels occurs 

first at a VD of ~ 3 V (Fig. 6 (c)), followed by the depletion of 

the top 2DHG and bottom 2DEG, which have a higher carrier 

concentration, at VD of ~ 30 V (Fig. 6 (c)). Since a full carrier 
depletion is achieved at very low reverse voltage, similarly to 

the single-channel case, a flat Ex profile is obtained in the 

whole drift region (Fig. 7 (a)). Most importantly, due to the 

efficient PSJ carrier depletion, the electric field value is 

independent of Ns. Therefore Ns can be significantly increased 

by adding more channels without affecting the device 

breakdown (Fig. 7 (b)). This results in linear growth of 

Baliga’s figure-of-merit as the number of channels is increased 
(inset in Fig. 7 (b)), potentially overcoming the 1D GaN 

materials’ limit and leading to a great improvement in the 

performance of GaN power devices. 

 CONCLUSION 

In this work, we proposed a simple and robust approach to 

realize both single- and multi-channel intrinsic PSJ without 

any need for a p-GaN cap layer and precisely controlled 

doping level. Excellent intrinsic matching between was 

achieved and maintained for any surface condition, thus 

providing a robust platform for i-PSJs. An i-PSJ device based 

on this approach was simulated and showed the typical SJ 
behavior with an ideal constant electric field in the whole drift 

region. The effect of donor states at the GaN top surface on the 

carrier mismatch was discussed and its influence on the device 

performance minimized. Finally, we extended this concept to 

intrinsic multi-channel structures, showing that much-reduced 

sheet resistance and excellent charge matching can be 

achieved simultaneously. Simulated devices based on this 

approach showed a flat off-state electric field profile despite 

the increased carrier density and thus have the potential to 

greatly improve Baliga’s figure-of-merit. 
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