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ABSTRACT 

This paper presents an investigation of the cut-off frequency of 500 µm (4 x 125 µm) monolithic microwave 

integrated circuit (MMIC) gallium nitride high electron mobility transistor (GaN HEMT) device at 10V, 16V 

and 20V drain voltages from 1 to 25 GHz. The GaN HEMT device was fabricated by WIN Semiconductor 

using NP25-00 0.25 µm GaN HEMT process. S-parameter measurement was carried out with vector network 

analyzer (VNA) while the simulation was carried out with Keysight advanced design system software (ADS) 

from 1 to 25 GHz at gate voltage of -2V and drain supply voltages of 10V, 16V and 20V respectively. The 

measured and simulated results were compared at 5 GHz. The S-parameter results were used to compute the 

transistor current gain and determine the cut-off frequency of the MMIC GaN HEMT device. The cut-off 

frequency of the measured  MMIC GaN HEMT device from 1 to 25 GHz and drain supply voltages of 10V, 

16V and 20V respectively stood at 19 GHz, 23 GHz and 23.9 GHz whereas the cut-off frequency of the 

simulated MMIC GaN HEMT device stood at 20 GHz, 18 GHz and 17.6 GHz. 
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I. INTRODUCTION 

Wide band gap gallium nitride high electron mobility transistor (GaN HEMT) finds application in devices 
where there is desirability for high power handling capability, high switching speed, high thermal conductivity 
and high electron drift velocity (Akwuruoha, 2018). The use of wideband GaN HEMT devices is limited by 
the inability of GaN HEMT devices to operate at frequencies higher than 10 GHz due to low cut-off frequency. 
This has further underscored the need to determine the cut-off frequency of GaN HEMT transistor devices by 
comparing the simulation and measurement results. This comparison will enable the RF and microwave circuit 
designers to make an accurate and informed decision in RF circuit design. While some workers have 
extensively carried out some works in GaN HEMT (Mishra et al, 2002), (Green et al, 2000), (Pengelly et al, 
2012), (Okamoto, et al, 2004), (Green et al, 2000), (Mishra et al, 2008), (Darwish et al, 2004), (Shen et al, 
2001),  (Aaen et al, 2007), (Dunleavy et al, 2010), (Fager et al, 2002), (Wood and Root, 2004), (Kazior and 
Wu, 2008), the use of measured and simulated S-parameter results to compute such transistor figure of merit 
such as small signal current gain (H21) and determine the cut-off frequency of 500µm GaN HEMT device has 
yet to be investigated as proposed in this paper. This paper is organized as follows. Section II discusses the 
theory of GaN HEMT device including S-parameter and transistor figures of merit. Section III discusses the 
measurement and simulation results. Section IV concludes the paper. 

 

II. THEORY 

A. GaN HEMT  

Gallium nitride high electron mobility transistor is produced through the process of metallic beam epitaxy 
(MBE) or metallic organic chemical vapour deposition (MOCVD) (Mishra et al, 2002). The comparison of 
the electrical characteristics wideband GaN HEMT with other semiconductors including such transistor 
figures of merit as Baliga’s figure of merit (BFOM) and Johnson’s figure of merit (JM) have been reported 
by Okamoto et al, 2004 as shown in Table 1. 
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Material Mobility(µ) cm2/V.s 

 

Band Gap 

Eg (eV) 

Break Down Field (Eb) 106 V/cm BFOM Ratio 

 

JM 

Si 

GaAs 

4H-SiC 

GaN 

1300 

5000 

260 

1500 

11.9 

12.5 

10 

9.5 

 

0.3 

0.4 

3.5 

2 

1.0 

9.6 

3.1 

24.6 

1.0 

2.7 

20 

27.5 

 

B. S-Parameter and Transistor Figures of Merit 

1) S-Parameter  

 The S-parameter [S] of a two-port network is derived from the reflection and transmission coefficients to and 

from the transistor device between the source and the load as reported by Bahl (2009) and Pozar (2012). The 

S-parameters results used in this paper were obtained through measurement using a vector network analyzer 

(VNA) or by simulation of the modeled device using a computer added design software. In this work, 

keysight’s advanced design system (ADS) has been used to carry out the S-parameters simulations. The 

measured and simulated S-parameters include: Input Reflection Coefficient (S11), Output Reflection 

Coefficient (S22), Forward Transmission Coefficient (S21) and Reverse Transmission Coefficient (S12). A  two-

port network with an arbitrary source impedance (ZS), load impedance (ZL), source reflection coefficient (ΓS), 

input reflection coefficient (ΓIN), output reflection coefficient (ΓOUT) and load reflection coefficient (ΓL) is 

shown in Figure 1. 

 

 

 

 

 

 

 

 

2) Transistor Figures of Merit 

The transistor figures of merit discussed in this paper include: small signal current gain (H21), Maximum 

stability gain (MSG) and maximum available gain (MAG). The H21, MSG and MAG are obtained using the 

measured/simulated transistor S-parameters (Akwuruoha, 2018), (Cheng, 2005), (Pawlikiewicz and Hess, 

2006), Ahn et al, 2004. 

 

a) Small Signal Current Gain (H21) 

The small signal current gain of transistor can be defined in accordance with S-parameters as 

 

                                                           (1) 

 

                                       

Where S21 is forward transmission coefficient, S12 is the reverse transmission coefficient, S11 is the input 

reflection coefficient and S22 is the output reflection coefficient. 

b) Maximum Stable Gain (MSG) 

The maximum stable gain is defined as 

 

                                                         (2) 

Table 1. Electrical characteristic of GaN HEMT showing Baliga’s and Johnson’s Figure of merit  
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Figure 1. A two-port network with an arbitrary source and load 

impedance 
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c) Maximum Available Gain (MAG) 
The maximum available gain is defined as 

 

             (3) 

where K is Rollet’s stability factor (Jackson, 2006), (Tan et al, 2009): 

 

        (4) 

 

Where,               (5) 

    

III. RESULTS AND DISCUSSION 

The investigation of the cut-off frequency of the GaN HEMT proposed in this paper is presented in accordance 
with drain supply voltage of the transistor device at 10V, 16V and 20V from 1GHz to 25 GHz frequency and 
gate voltage of -2V. 

A. Measured and Simulated Result at drain voltage of 10V from 1-25 GHz. 

S-parameter measurement and simulation of the fabricated and modeled 500µm GaN HEMT carried out at 

drain supply voltage of 10V from 1 to 25 GHz indicates that the fabricated GaN HEMT has measured S11 of 

-2.3 dB and S22 of -8.2 dB whereas the simulated model S11 of -1.3 dB and S22 of -5.4 dB as shown in the 

linear graph and Smith chart in Figures 2 and 3. Similarly, the fabricated device has measured S21of 8.1 dB 

and S12 of -20.1 dB whereas the simulated model has S21 of 12 dB and S12 of -28.4 dB as shown in the linear 

graph and Smith chart in Figures 4 and 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  S11 and S22 at drain voltage of 10V from 

1-25 GHz 

 

Figure 3. Smith Chart of S11 and S22 at drain voltage of 10V 

from 1-25 GHz 

 

Figure 5. Smith Chart of S12 and S21 at drain voltage of 10V 

from 1-25 GHz 
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> 1 

|𝛥| = |𝑆11𝑆22 − 𝑆12𝑆21| < 1 
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Figure 4. S12 and S21 at drain voltage of 10V 

from 1-25 GHz 
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The cut-off frequency (FT) is the frequency at which the small signal current gain is zero. The small signal 

current gain (H21) for the measured (H21m) and simulated (H21s) device indicates cut-off frequency of 19 GHz 

and 20 GHz respectively as shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

B. Measured and Simulated Result at drain voltage of 16V from 1-25 GHz. 

S-parameter measurement and simulation of the fabricated and modeled 500µm GaN HEMT device were 

respectively carried out at drain supply voltage of 16V from 1 to 25 GHz in order to determine the cut-off 

frequency defined as the frequency at which the small signal current gain is zero. The result indicates that the 

fabricated GaN HEMT has measured S11 of -1.9 dB and S22 of -6.4 dB whereas the simulated model has S11 

of -1.1 dB and S22 of -3.1 dB as shown in the linear graph and Smith chart in Figures 7 and 8 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The fabricated GaN HEMT has measured S21 of 13.6 dB and S12 of -23.4 dB whereas the simulated model has 

S21 of 15.9 dB and S12 of -34.5 dB as shown in the linear graph and Smith chart in Figures 9 and 10 

respectively. 
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Figure 6. Small signal current gain of the GaN HEMT at drain voltage of 10V 
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Figure 7. S11 and S22 at drain drain voltage of 16V from 1-

25 GHz 

 

Figure  8. Smith Chart showing S11 and S22 at drain drain 

voltage of 16V from 1-25 GHz 

 

Figue 9. S12 and S21 at drain drain voltage of 

16V from 1-25 GHz 

 

Figure 10. Smith chart of S12 and S21 at drain drain 

voltage of 16V from 1-25 GHz 
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The small signal current gain (H21) for the measured (H21m) and simulated (H21s) device indicates Ft of 23 GHz 

and 18 GHz respectively as shown in Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

C. Measured and Simulated Result at drain voltage of 25V from 1-25 GHz. 

S-parameter measurement and simulation of the fabricated and modeled 500µm GaN HEMT device were 

respectively carried out at drain supply voltage of 25V from 1 to 25 GHz in order to determine the cut-off 

frequency defined as the frequency at which the small signal current gain is zero. The results compared at 5 

GHz indicate that the fabricated GaN HEMT has measured S11 of -1.8 dB and S22 of -5.3 dB whereas the 

simulated model has S11 of -1.1 dB and S22 of -3.1 dB as shown in the linear graph and Smith chart in Figures 

12 and 13 respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The fabricated GaN HEMT has measured S21 of 14.1 dB and S12 of -235.1 dB whereas the simulated model 

has S21 of 15.5 dB and S12 of -33.7 dB as shown in the linear graph and Smith chart in Figures 14 and 15 

respectively. 
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Figure 11. Small signal current gain and cut-off frequency at drain voltage of 16V from 1-25 GHz 
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Figure 12. S11 and S22 at drain voltage of 20V 

from 1-25 GHz 

 

Figure 13. Smith chart of S11 and S22 at drain drain 

voltage of 20V from 1-25 GHz 
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Figure 14. S12 and S21 at drain voltage of 20V 

from 1-25 GHz 

 

Figure 15. Smith chart of S12 and S21 at drain drain 

voltage of 20V from 1-25 GHz 
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The small signal current gain (H21) for the measured (H21m) and simulated (H21s) device indicates Ft of 23.9 

GHz and 17.6 GHz respectively as shown in Figure 16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

S-parameter measurement and simulation of the fabricated and modeled WIN Semiconductor 500µm GaN 

HEMT device carried out from 1 to 25 GHz at drain supply voltages of 10V, 16V, 20V and gate voltage of -

2V show good agreement regarding the results which were used to compute the small signal current and 

determine the cut-off frequency. The frequency at which the small signal current gain equals zero is the cut-

off frequency of the GaN HEMT device. The results validate the cut-off frequency of the WIN 500µm GaN 

HEMT device being investigated in this paper at drain supply voltages of 10V, 16V and 20V. The cut-off 

frequency result will be valuable to RF and microwave circuit designers.  
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