
Low frequency noise on 4H-SiC low-level 
signal-lateral JFETs was systematically 
investigated. In contrast to previous studies, 
which are based upon high power vertical 
structures, this work investigates the low-
frequency noise behaviour of low-level 
signal-lateral devices which are more 
relevant to the realisation of small signal 
amplifiers. The JFETs studied share an 
identical cross section, with different gate 
lengths and widths. For high temperature 
operation between 300K and 700K at VGS = 
0V, the Normalised Power Spectral Density 
(NPSD) of the JFETs is proportional to ƒ-1. 
The NPSD increases monotonically with 
temperature until a critical temperature, 
where it starts to decline. Two unique noise 
origins, fluctuation from bulk and SiO2-SiC 
interface traps were observed across all the 
devices investigated.  Low frequency noise 
for devices with a 50μm gate width is 
localised at the SiO2-SiC interface, whereas 
for wider devices the noise is seen to be of 
bulk/substrate origin, which follows Hooge 
model.

The schematic cross-section of the 4H-SiC 
JFET studied in this work is illustrated in Fig. 
1. The devices under investigation (DUTs) 
were categorised into 4 sets with gate 
widths (W) of 200μm, 150μm, 100μm and 
50μm. Each gate width has 3 unique gate 
lengths, L - 9μm, 15μm and 21μm 
respectively. 

The devices have 3 terminals on the top 
surface of the substrate with no back-
contact to simplify system integration and 
device characterisation. The doping 
concentration in the channel is 1017cm3 
and the channel depth is 0.3µm. P+ epitaxy 
is partially etched to form the gate region 
while exposing the channel epilayer to 
facilitate contact formation. 

Ti(5nm)/Ni(100nm) is used for n-type 
contact metallisation while Ti(5nm)/ Al
(60nm)/Ti(5nm)/Ni(40nm) is applied for p-
type contact metallisation. Metal contacts 
were annealed at 1015°C and 950°C 
respectively before a gold layer is deposited 
to enable wire bonding. LOX shown in Fig. 1 
is the length of the passivation layer used to 
isolate the device terminals and its area is 
dependent on the gate width. The oxide 
dimension plays an important role in 
defining the oxide trap density which has 
significant effect over the intrinsic noise [2]. 

To set up the noise measurement, a Keithley 
2611 with a 1Hz low pass filter is used to 
bias the gate. The drain noise current was 
amplified using a SR570 low noise current 
amplifier (with built in voltage source to 
provide drain source bias) before being 
analysed with a SR760 FFT analyser.
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Junction Field Effect Transistors (JFETs) 
have always been favoured for front-end 
amplifiers/preamplifiers and oscillator 
circuitry due to their low intrinsic noise 
[1-3]. Low frequency noise plays an 
important role in defining the operability of 
JFET based circuitry.

Whilst low frequency noise may only 
ex tend up to hundreds o f Hz, in 
applications such as oscillators this can be 
up-converted to high frequencies, thus 
distorting the output signal. In recent years 
4H-SiC has demonstrated enhanced 
performance over 6H-SiC in high frequency 
operation, because of the superior carrier 
mobility and saturation velocity, enabling 
the construction of microwave devices[1]. 
In the past, reports in the literature have 
studied low frequency noise using power 
devices, which may not be appropriate 
since the signal to noise ratio is extremely 
large. In this paper we investigate the low 
frequency noise on an array of 12 different 
4H-SiC epitaxial n-channel, normally on, 
low level signal planar JFETs under 
different operating conditions.

Since the investigation involved multiple 
devices with different current capability, 
direct comparison of their measured Power 
Spectral Density (PSD) is not feasible as 
the parameter is heavily influenced by the 
d r a i n s o u r c e c u r r e n t , I D S . T h e 
discrepancies between large and small 
devices can be eradicated by normalising 
the PSD against IDS2, thus introducing a 
universal parameter which is independent 
from the I-V characteristic. Previous work 
has shown that low frequency noise of a 
4H-SiC and 6H-SiC JFETs is caused by 
either free carrier fluctuation at the SiC-
SiO2 interface (traps) or in the channel 
(bulk/substrate). However, to date little 
attention has been paid to the origin of 
noise in devices with different dimensions 
and hence SiO2-SiC interface areas. 

Two distinctive low frequency noise sources 
were observed for lateral 4H-SiC JFETs, 
which originates from carrier fluctuation from 
both the bulk/substrate and SiO2-SiC 
interface. We believe that both noise 
sources are present in the devices 
simultaneously. 

However, wh ichever mechan ism is 
dominant, the overall noise source is 
critically dependent on device size and 
hence RDS. As RDS increases, the noise 
source switches from originating in the bulk/
substrate to the SiO2-SiC interface. 

This is analogous to two noisy resistors 
connected in parallel, when one resistance 
become substantially bigger than the other, 
it will have less significant effect to the 
overall resistance. 

The data also indicates that at temperatures 
beyond 650K, the noise in JFET structures 
increases further and this is likely to limit the 
maximum operating temperature of high 
sensitivity JFET amplifiers and oscillators to 
temperatures below this.  
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reported and we suspect this will rise further beyond 700K. This observation may imply that there 
are multiple mechanisms that govern the noise behaviour in SiC JFETs for high temperature 
operation. 

Conventionally, semiconductor noise is described in terms of fluctuation in the number of charge 
carrier in the channel using Hooge formula (Eqn. 1) [4]. Based on Eqn. 1, as temperature 
increases more free carriers will be generated due to ionisation [7]. Thus SI/I2 should decrease 
accordingly as NCH increases. However it is not the case as seen in Fig. 3 which implies that  
increases drastically with temperature. The variation maybe influenced by the reduction of carrier 
mobility at elevated temperatures [8]. 

The data in Fig. 4 presents the NPSD as a function of frequency for devices with 200µm/21µm and 
50µm/21µm dimensions and at different operating temperatures. It is clearly seen that for the 
temperature range studied NPSD is proportional to ƒ-1.When the dominant noise source is bulk in 
origin, NPSD is proportional to RDS as RDS = l/NCHµeA. The NPSD was measured across different 
devices as a function of RDS biased in the linear ohmic operation. 
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The results in Fig. 2 show RDS for the 
devices with dimension of 200µm/21µm and 
50µm/21µm as a func t ion o f VGS. 
Measurements of low frequency noise with 
temperature in the range of 300K to 700K 
were performed with the VDS biased in the 
linear ohmic region and VGS = 0V.Fig. 4 
shows the NPSD for the JFETs with 200µm/
21µm dimensions at different frequencies as 
a function of temperature. The results in Fig. 
3 i l l u s t r a t e t h a t N P S D i n c r e a s e s 
proportionally with temperature until a critical 
point (which varies between different 
devices), where it begins to decay and 
increase again at 650K [1].The increase in 
NPSD  at  650K   has   not   been   previously
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Equation 1 Equation 2

Fig. 5 illustrates the comparison of NPSD against RDS for devices with 200µm/9µm, 200µm/
21µm and 50µm/21µm dimension. The results clearly show that NPSD increase monotonically 
with RDS for 200µm/9µm and 200µm/21µm devices with almost identical magnitude. This 
implies that the noise origins for both devices are generated at bulk/substrate as described by 
Hooge formula. In contrast, the 50µm/21µm device, shows RDS2 behaviour and one order higher 
in magnitude. This phenomenon suggests the device that has distinct noise source which may 
originate from the SiO2-SiC interface [1]. 


