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1. Introduction 

High performance AlGaN/GaN HEMTs on Sapphire or 
SiC substrates have been successfully applied to microwave 
power device applications. This is due to the excellent 
characteristics of GaN, namely a wide bandgap (3.4eV), a 
high breakdown filed (2×106 V/cm), and a high saturation 
velocity (2.2×107 cm/s). Additionally, the induced 2DEG in 
the interface of the AlGaN/GaN can reach about 1x1013 
cm-2 sheet concentration, which is almost 5 times larger 
than the case in AlGaAs/GaAs HEMTs [1-2]. Because of 
the polarization effect, the passivation issue is very impor-
tant for the GaN HEMTs [3]. In this study, we proposed 
and fabricated the low-k BCB as the passivation layer on 
GaN HEMTs, which demonstrate better rf performance, 
good pulse I-V and rf power characteristics of device per- 
formance.  
 
2. Device fabrication, DC and pulse I-V performance 

The MOCVD-grown AlGaN/GaN HEMTs consists of 
the sapphire substrate, a 3.3 µm undoped GaN buffer layer, 
a 30 nm undoped Al0.25Ga0.75N Schottky layer, and a 5 nm 
GaN (5×1018 n-doped) cap layer. The electron sheet charge 
density and mobility of this structure were 9×1012 cm-2 and 
1400 cm2/Vs, respectively. Drain and Source ohmic con-
tacts were formed by using the Ti/Al/Ni/Au and annealed at 
850oC. The mesa etching was done by using the Ar/Cl2 
mixture plasma, and the gate recess etching was carried out 
by using the characterized Ar/Cl2/CH4/O2 mixture plasma 
to own high etching selectivity and low surface damage 
advantages[4]. The 0.4 µm T-shaped gate with Ni/Au met-
als was deposited directly on the recessed area without any 
post-etching annealing. Finally, the device was spun by 
coating a 400 nm low-k BCB (εr = 2.7) as a passivation 
layer, for comparison the device with a PECVD Si3N4 film  
passivation was also fabricated. 

The device I-V and transfer characteristics comparisons 
at drain-to-source voltage of 7 V are showed in the Fig.1(a) 
and (b). The maximum transconductance (gm) and current 
density (Ids) for these two kinds devices were 179 mS/mm 
and 838 mA/mm for the BCB passivated device and 176 
mS/mm and 860 mA/mm for Si3N4 passivated device, re-
spectively. Both of them demonstrate good pinch-off char-
acteristics and the threshold voltages (Vth) was -4.6 V. In 
order to confirm the surface state of the GaN HEMTs has 
been stabilized by depositing the passivation layer, the 
pulse I-V measurement was carried out to observe whether 
the dispersion effect appearance or not [3]. The Fig.2 dem-

onstrates the pulse I-V comparison of these two kinds de-
vices with various pulse width of gate. These devices were 
biased at a Vds of 20 V, and the high level and low level of 
the applied gate pulse voltage were 0V and -8V, respec-
tively. After measuring the Ids versus the gate pulse width, 
the Ids of these two devices are decreased by increasing 
pulse width. This observation illustrates that the dispersion 
was not observed in these devices, which will result in the 
opposite current change versus the pulse width. It therefore 
indicates that both BCB and Si3N4 material are suitable for 
the passivation application on GaN HEMTs. Additionally, 
the self-heating effect of these devices can also be observed 
in the Fig.2, where this effect is more profound by increase- 
ing the pulse width resulting in an Ids reduction. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1  The I-V characteristics of BCB and Si3N4 passivated de-
vices (a), and the transconduction characteristics of BCB and 
Si3N4 passivated devices (b). 
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Fig. 2 The pulse I-V of BCB and Si3N4 passivated devices. 
  
3. Device rf and power performance 

The advantage of the BCB passivation layer is its low 
dielectric constant(2.6 F/m), and this parameter is very im-
portant for the high speed electronic device especially on 
the rf performance. After measuring the Yang-Long, Cold 
FET, and S-parameters of these two devices, the equivalent 
circuit models could be extracted by the matrix transforma-
tion[5]. The small-signal parameters comparisons of these 
two devices are summarized in the Table.1. Because of the 
low-k characteristics, the device passivated by BCB own 
lower parasitic capacitances. Therefore, the Cgs, Cgd, and 
Cds of the BCB passivated device are lower than these in 
the Si3N4 passivated device, resulting that BCB passivated 
device achieves higher fT and fmax. From the Fig.3, because 
of BCB passivated device presenting a higher fmax, the 
power gain and power added efficiency performance are 
better in the lower input power region. The maximum out-
put power densities at 2.4 GHz of these two devices are 2.3 
W/mm for the BCB passivated device and 2.5 W/mm for  
the Si3N4 passivated device, respectively. 
 
4. Conclusions 

A low-k material, BCB has been used as a passivation 
layer on GaN HEMTs successfully. The pulse-I-V meas-
urement demonstrates that the surface state can be stabi-
lized well by this approach. Moreover, this device shows 
better rf performance than the Si3N4 passivated device be- 
cause of its lower dielectric constant.  
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Table.1The small signal parameters of these two devices 

Parameter BCB passivation Si3N4 passivation

Cgs (fF) 87.3 104 
Cgd (fF) 22.4 27.8 
Cds (fF) 4.4 4.9 
Rds (Ω) 1029 1030 
Ri (Ω) 36.5 34.7 

gm (mS) 20 19.5 
τ (psec) 4.05 4.7 
fT (GHz) 32 28 

fmax (GHz) 48 42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3  The power performance comparison at 2.4 GHz of BCB 
and Si3N4 passivated devices. 
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