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Abstract 

This work presents a 100 nm-gate InAlN/GaN HEMT with current-gain cutoff frequency ( ) up to 120 GHz at room 
temperature (25 oC). Temperature dependent DC and RF characteristics are measured from 25 C to 200 C. The maximum 
drain current ( ) decreases from 1247 mA/mm to 927 mA/mm as the temperature increases from 25 C to 200 C. For 
maximum drops to 87 GHz and 64 GHz at 100 C and 200 C respectively. These results show that although both DC and 
RF performances decrease with the increase in temperature, the device still exhibits high mm-wave performance at high 
temperatures. Thus, InAlN/GaN based HEMTs are very promising for high temperature mm-wave applications. 
© 2015 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the scientific committee of Symposium 2015 ICMAT. 
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1. Introduction 
 
Due to the unique properties of GaN based materials, including wide bandgap, high critical breakdown field, high 

electron saturation velocity and high polarization-induced two dimensional-electron-gas (2DEG) density [1]-[3], 
GaN based high electron mobility transistors (HEMTs) [4] are emerging as one of the hottest topics for high 
frequency and high power applications. Great progress has been made on improving the performance of GaN 
HEMTs in the last decade. K. Shinohara et al. reported record cut-off frequency ( ) of 450 GHz and maximum 
oscillation frequency ( ) of 600 GHz [5]. Output power density of 10.5 W/mm at 40 GHz has been measured by 
T. Palacios et al. [6]. Minimum noise figure ( ) of 1.2 dB can be achieved up to 50 GHz by Margomenos, A. et 
al. [7]. Compared with the devices with an AlGaN barrier, the GaN HEMTs using lattice-matched InAlN as a barrier 
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can have a larger band-gap difference and a larger polarization charge difference between the barrier and channel, 
thus higher 2DEG sheet carrier density (~2x) can be achieved as compared to AlGaN/GaN HEMTs. In addition, the 
barrier can also be designed to be thinner to realize a high 2DEG electron density which can help to reduce the 
distance between the gate and channel and thereby improve the gate modulation efficiency. Also, there is less strain 
induced reliability issues because of the lower lattice mismatch between InAlN and GaN. Thus, InAlN/GaN HEMTs 
are very promising for mm-wave applications.  

As GaN based RF HEMTs are expected to be able to work at extreme environments, both DC and RF 
performance at elevated temperatures need to be studied. Till now, there are a few reports available on the high 
temperature characterization of GaN HEMTs [8]-[13]. Temperature dependent device performance including DC  
drain current, transconductance, gate leakage current, and cut-off frequency etc,  have been  well studied. However, 
most of these reports are on AlGaN/GaN HEMTs and very limited results of temperature dependent characteristics 
for InAlN/GaN HEMTs have been published. In this work, InAlN/GaN HEMTs on a sapphire substrate with 100 nm 
gate length have been fabricated, and DC and RF small-signal performance including maximum drain current Idmax, 

 and  have been characterized from room temperature to 200 C.  
 
2. Experimental details  
The wafer used for this work was grown on a sapphire substrate by metal-organic chemical vapor deposition 

(MOCVD). The InAlN/GaN heterostructure consists of a 10 nm un-doped In0.17Al0.83N top barrier, a 1 nm AlN 
spacer and a 1μm GaN buffer layer, as shown in Fig. 1. The device fabrication started with mesa isolation by Cl2 

based plasma dry etch. The measured mesa height is 120 nm. Metals of Ti/Al/Ni/Au with thickness of 20/120/40/50 
nm were deposited followed by rapid thermal annealing (RTA) at 775oC for 30 seconds at N2 atmosphere to form 
the ohmic contact. Contact resistance (RC) of ~0.3 Ω.mm has been measured using  transmission line model (TLM) 
patterns and the sheet resistance (Rsh) is 270 20 Ω/□. A 100nm length rectangular gate was defined by blectron 
beam lithography (EBL) and Ni/Au (30/70 nm) metallization. At the end, interconnect and pad were formed by 
Ti/Au metallization to land the RF probes. The surface of the device used in this work is not passivated.  The 
devices have a source-to-drain distance (Lsd) of 1 m, and gate width (Wg) of  2 20μm. The DC performance was 
measured using an Agilent B1500A semiconductor device analyzer, and the RF performance was measured using an 
Agilent N5244A PNA network analyzer. The temperature-dependent characterization was carried out using a 
cascade probe station with its chuck temperature varied from room temperature to 200 C at a step of 25 C. 

 

 
Fig. 1 Fabricated device structure 

 
3. Result and discussion  
 
Fig. 2 (a) and (b) show the DC output and transfer characteristics of the device at room temperature separately.  

Maximum drain current (Idmax) of 1.25 A/mm has been achieved at Vg = 0 V. And maximum transconductance (  
of 270 mS/mm has been achieved at Vg = -4.8 V, Vd =4 V. 
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Fig. 2 (a) DC output characteristic of the fabricated device; (b) DC transfer characteristic at Vd = 4V. 

 
Fig. 3 shows the small signal characteristics of the device at Vg=-5 V and Vd= 4 V. An extrinsic  of 72 GHz and 

an extrinsic   of 40 GHz have been obtained for the device measured at 25 C. 
 

 
Fig. 3 Extrinsic   and  at Vg = -5V and Vd = 4V measured at 25 C 

 
Cold/hot FET de-embedding method was used to eliminate the effect of interconnect pad [14].  After de-

embedding, a high intrinsic  = 120 GHz has been achieved. The intrinsic  remains almost the same as the 
measured extrinsic value because it is mainly limited by the large gate resistance. Higher can be achieved with 
a mushroom gate rather than the existing rectangular gate. 

Id-max and  measured at different temperatures are shown in Fig. 4 (a) and (b). It can been seen that, as  the 
temperature increases from 25 C to 200 C, the maximum drain current drops from 1247 mA/mm to 927 mA/mm 
(∆=26%) and the maximum intrinsic drops from 120 GHz to 64 GHz (∆=47%). The results show that even the 
DC and RF performance has decreased with the increased temperature; the InAlN/GaN HEMT still demonstrates 
excellent performance at a high base temperature up to 200 C.  
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Fig. 4 (a) Id-max (b) intrinsic and extrinsic -max measured from 25 C to 200 C 

 
As shown in Fig. 4, the Id-max and -max decrease approximately in a linear trend as the temperature increases. 

Their temperature dependency can be modeled by [15]:  
                                                                 (1) 

 
Where  is the value of the Id-max or -max at temperature T,  is the value at a reference temperature  

and B is the temperature coefficient (TC) in units of (/oC). By fitting the curves, the temperature coefficients of the 
measured parameters are obtained and listed in Table 1.  

 
Table 1. Temperature coefficients of Id-max and -max. 

Temperature coefficients  ( / C)  ( / C) 
Values -2.67 -1.47 

 
 

4. Conclusion 
 

In this work, we report the InAlN/GaN HEMT grown on a sapphire substrate (Lg =100nm) with maximum drain 
current of 1247 mA/mm and maximum cut-off frequency of 120 GHz. Device DC and RF performance was 
measured from 25 C to 200 C and still shows good performance at 200 C. The results show that the InAlN/GaN 
HEMT is a promising candidate in mm-wave application over a wide range of temperature. 
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