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Abstract  

 Transconductance roll-off at high gate bias is an issue 

in mmWave AlGaN/GaN HEMTs, resulting in reduction 

of current gain cut-off frequency, fT and degradation in 

linearity. In this work, the cause of this effect is 

investigated by comparing competing source starvation 

and hot phonon scattering models in TCAD simulations. 

Simulation of a GaN HEMT with a 100 nm gate length 

and recessed contact suggests that the device 

characteristics could be better explained by the source 

starvation model. This work highlights the importance of 

including source starvation effects in the design of device 

and optimization of RF device characteristics. 

 

INTRODUCTION  

   AlGaN/GaN high electron field mobility transistors 

(HEMTs) exhibit excellent performance in high frequency 

applications. To further improve high frequency performance 

e.g for operation at 30 GHz and above, devices have been 

scaled down and novel technologies like graded channel have 

been implemented [1-3]. AlGaN/GaN HEMTs exhibit a 

gradual decrease in transconductance (roll-off) and cut-off 

frequency in on-state at high frequencies, thereby limiting 

linearity. Inability to maintain high transconductance for 

wider range of gate bias has been explained to be due to lower 

saturation velocity, 𝜈𝑠𝑎𝑡   of GaN, than theoretically predicted 

[4, 5]. 

The underperforming saturation is often explained by two 

alternative ways, which has been under active research and 

debated. They are the saturation velocity limitation by hot 

phonon scattering at high carrier density [6, 7], and due to an 

increase in source resistance, RS, with current (which is an 

example of a so-called source starvation) [5, 8, 9].  In this 

work, we implemented a source starvation model in TCAD 

and compared the result with the hot phonon scattering model, 

which is also known as longitudinal optical (LO) phonon 

model [10]. The simulations were compared to experimental 

DC and small signal RF data. The results impact design rules 

of high frequency GaN devices, and ultimately their 

manufacture.  

 

DEVICE STRUCTURE AND MODELS 

 Figure 1 shows the schematic structure of the simulated 

device under investigation. The AlGaN/GaN HEMT structure 

has T-gate with a footprint, LG of 100 nm, Al0.3Ga0.7N barrier 

layer of 10 nm, 100 nm thick GaN channel, 300 nm thick Fe- 

doped GaN buffer and an AlN nucleation layer on a SiC 

substrate. The structural specifications of the AlGaN/GaN 

HEMT device under investigation is shown in Table I. The 

ohmic contacts were implemented via recessing and 

evaporation of a Ta/Al/Ta metal-stack, resulting in a sidewall 

contact to the 2DEG [11]. 

 

 

 

Fig. 1. (a) Schematics of the AlGaN/GaN device under 

investigation (b) STEM image of the fabricated device. 

TABLE I 

STRUCTURAL SPECIFICATIONS OF THE ALGAN/GAN 

DEVICE UNDER INVESTIGATION  

Layout Parameters Value 

LG 0.1 µm 

LGD 1 µm 

LGS 0.65 µm 

FPs 0.15 µm 

trec 23 nm 
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A 2D physics-based simulation was carried out using Silvaco 

ATLAS. A 2DEG density of 9.2×1012 cm-2 was obtained from 

TCAD, which matches closely the Hall measured 2DEG of 

1.05×1012 cm-2. The threshold voltage was calibrated to the 

measured result by proper surface pinning of the Fermi level, 

~ 1eV below the conduction band, in the access region and 

setting the work function of the gate metal to 4.1 eV. A 

contact resistance RC of 0.272 ohm.mm is implemented, 

calibrated against 0.3 ohm.mm of the real device, measured 

from the TLM structure. To obtain a good fit to the ID-VDS 

and ID-VGS characteristics, two different approaches based on 

adjusting saturated velocity were implemented and compared. 

   Firstly, hot phonon scattering was implemented using the 

LO phonon model, which has been widely used, to explain the 

reduction of electron velocity in GaN at high carrier densities, 

as discussed in the previous section. The LO phonon model 

was contrasted with an alternative, a novel source starvation 

model, developed in this work to mimic the effect of a 

localized reduction in the carrier density near the ohmic 

contact. This creates a current-dependent source resistance, 

resulting from velocity saturation occurring at lower gate 

voltage than in the main part of the channel. This can happen 

for instance if there is localized strain relaxation associated 

with the etching and contact metallization and annealing. 

However, there are very few articles that explain source 

starvation effects and this work gives an observation on its 

impact.  

RESULTS AND DISCUSSION 

The measured device exhibits a maximum current density of 

1 A/mm, gm=430 mS/mm. As a benchmark, Fig. 2 shows the 

comparison of simulation using a traditional carrier density 

independent 𝑣𝑠𝑎𝑡  model (𝑣𝑠𝑎𝑡= 1.6 ×107 cm/s), compared with 

the measured data. It is found that current is two times higher 

than the measured one, also a greatly broader gm peak is 

observed in the TCAD model, confirming the necessity for a 

more sophisticated approach. The discrepancy can be seen 

most importantly in the transconductance curves (Fig 2 b), 

where simulated result gives a much broader, bell-shaped 

curve, while measured result shows a faster roll-off.  

 
(a) 

 
(b) 

 
(c) 

Fig 2. Comparison of the DC device performance from TCAD 

model, simulated with the regular 𝒗𝒔𝒂𝒕 model, to measured 

data (a) ID-VG characteristic (b) gm-VG characteristic (c) ID-

VD characteristics. 
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(b) 

 
(c) 

Fig 3. Comparison of the DC device performance from TCAD 

model, simulated with the LO phonon Model, to measured 

data (a) ID-VG characteristic (b) gm-VG characteristic (c) ID-

VD characteristics. 

TABLE II 

PARAMETERS USED IN THE LO PHONON MODEL IN THE 

REFERENCE VS OUR MODEL  

Parameters Referred Model 

[4] 

Our Model 

Carrier density, n0 

(/cm3) 

6×1019 1.5×1020 

Electron mobility,  

mu0 (cm/V. s) 

1320 1200 

 

Fig 3 shows the device characteristics, simulated, and fitted 

with LO phonon model. A C-interpreter model, as employed 

in [4] was implemented, parameters used in this work are 

adjusted from the reference model (TABLE II) to improve fit 

to the experimental data. As seen, the decrease of 𝑣𝑠𝑎𝑡  with 

carrier density due to the hot phonon scattering, implemented 

in this model, causes a rapid decrease of the simulated gm 

curve at high VGS; this greatly improves the fit to the 

measured data. However, we can still notice a slightly faster 

roll-off in the transconductance, in the TCAD result some 

discrepancy is also apparent in the knee region (Fig 3 (c)). 

 

 
(a) 

 
(b) 

 
(c) 

Fig 4. Comparison of the DC device performance from TCAD 

model, simulated with our source starvation model, to 

measured data (a) ID-VG characteristic (b) gm-VG 

characteristic (c) ID-VD characteristics. 

      Fig. 4 shows TCAD result, simulated with the source 

starvation model, which is implemented by introducing a 

local lower carrier density near the source/drain contacts. In 
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contrast to the LO phonon model a general overall better fit 

to the experimental data is achieved. As seen in the gm-VG 

curve in Fig. 4 (b), a decrease of gm can be seen, which 

matches the experimental data. This suggests that source 

starvation cannot be ignored in the device considered here.  

Small signal simulation shows similar peak intrinsic cut-off 

frequency for the two models, with 70 GHz for LO phonon 

model and 74 GHz for the source starvation model. However, 

there is a clear difference in the VGS dependence as shown in 

Fig. 5. The source starvation model explains the measured fT 

dependence on VGS better than the LO phonon model, in 

which fT degrades rather more rapidly. The LO phonon model 

clearly is important to consider in device simulations as it 

reflects the actual decrease in mobility with carrier density, 

however in itself, it cannot explain the device characteristics 

in full. Source starvation is important to be included which 

will impact device design rules and cannot be neglected at 

least for the device studied here. 

  

Fig. 5. Current gain vs VG simulated at VD = 10 V with 

different models, compared to the measured fT,int 

CONCLUSIONS 

 LO phonon model and source starvation model were used 

to explain the gradual decrease of gm and fT at high VGS, which 

degrades the linearity of millimeter-wave AlGaN/GaN 

HEMT devices. It was shown that simulation with the source 

starvation model can explain the device under investigation, 

better than the LO phonon model. While the LO phonon 

model is widely used to explain gm dependance of such 

devices, it is shown that the source starvation model can also 

explain this effect and indeed provides an improved fit to the 

reference device. It is likely that both effects can be present in 

short-gate length HEMTs, and both need to be considered in 

modelling of such devices. 
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 ACRONYMS 

 

LO: Longitudinal-optical 

MBE: Molecular Beam Epitaxy 

MOCVD: Metal Organic Chemical Vapor Deposition 

TCAD: Technology Computer Aided Design 
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