
Fig. 2. Average, individual (main) and combined (interaction) effects of +/-
10% variation of tg,NA, tc and ND, on the threshold voltage of 2µm n-LJFET

Fig. 3 (a) Complementary JFET Inverter
structure. (b) Voltage Transfer 
Characteristics, VTC,  of logic inverter.
(c) Temperature effect of Vthn on VI.

Need for Reduction in Device Dimensions and Biasing Potential
Current advances in SiC technology have led to the realisation of high 
temperature, radiation tolerant devices and circuits which are not possible 
with silicon [1, 2]. Currently, SiC devices are larger than those fabricated in 
Si and, hence, reduction of device dimensions and operating biases are 
key to achieve complex integrated circuitry capable of higher frequency,
improved performance and increased functionality [3, 4]. However, as the 
process steps to manufacture circuits are more complex than for individual 
devices, the overall circuit performance is more sensitive to the underlying 
process variation.

Fig. 1. Illustrating 4H-SiC 2µm n-channel Lateral JFET structure
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OBJECTIVES

This paper reports a systematic Technology Computer Aided Design 
(TCAD) based statistical study on the effect of variation in four process 
parameters, gate implant depth, tg, gate doping concentration, NA, channel 
epitaxial layer thickness, tc, and channel doping concentration, ND, on the 
behaviour of a logic inverter, based on 4H-SiC 2µm, normally-off n and p 
channel Lateral JFET (LJFET) structures. 

Factorial Design Algorithm

Table 1 shows a 24 factorial experiment for the n-LJFET.

The n-JFET was simulated using Finite-Element methods with model 
parameters validated by Bhatnagar et al. [5].  

A Factorial design algorithm [6] is employed to systematically and 
efficiently explore the average, individual (main) and combined 
(interaction) effects of a set of input variables/factors (tg, NA, tc and 
ND), on response (threshold voltage, Vthn) of 2µm n-LJFET.

All factors are varied simultaneously by +/-10% from their default 
values, illustrated in Fig. 1.

Results

Hassan Habib1,*, Nicholas. G. Wright1, Alton. B. Horsfall1
1School of Electrical, Electronic and Computer Engineering
* hassan.habib@ncl.ac.uk

Effects of Process Variations on Silicon Carbide Devices
for Extreme Environments

ND = 1x1017 cm-3 (N)

1x1017 cm-3 (Al)

NA = 1x1018 cm-3 (Al)tg = 0.22 µm
tc = 0.5 µm

Design Matrix Response Calculation steps for Effect
Divisor Effect

(V) ID
tg tc Na Nd Vthn (V) (i) (ii) (iii) (iv)

- - - - 2.825 6.008 9.869 19.710 34.102 16 2.131 Avg
+ - - - 3.183 3.861 9.841 14.392 5.667 8 0.708 tg
- + - - 1.513 5.961 7.150 2.305 -11.929 8 -1.491 tc
+ + - - 2.348 3.881 7.242 3.362 3.153 8 0.394 tg tc
- - + - 2.828 5.519 1.194 -4.227 0.065 8 0.008 Na

+ - + - 3.132 1.630 1.111 -7.702 -0.120 8 -0.015 tg Na

- + + - 1.537 5.528 1.700 0.980 0.143 8 0.018 tc Na

+ + + - 2.344 1.715 1.662 2.173 0.005 8 0.001 tg tc Na

- - - + 2.609 0.358 -2.147 -0.028 -5.318 8 -0.665 Nd

+ - - + 2.910 0.835 -2.080 0.092 1.057 8 0.132 tg Nd

- + - + 0.116 0.304 -3.889 -0.082 -3.475 8 -0.434 tc Nd

+ + - + 1.514 0.807 -3.813 -0.038 1.193 8 0.149 tg tc Nd

- - + + 2.617 0.301 0.477 0.067 0.120 8 0.015 Na Nd

+ - + + 2.910 1.398 0.503 0.076 0.044 8 0.006 tg Na Nd

- + + + 0.173 0.293 1.097 0.026 0.009 8 0.001 tc Na Nd

+ + + + 1.542 1.369 1.076 -0.021 -0.046 8 -0.006 tg tc Na Nd

 As shown in Fig. 2, tg is the 
dominant parameter in this 
analysis as the interaction 
effects of tg with tc and Nd are 
positive; where both tc and Nd
have negative individual and 
combined effects on Vthn.

 The shift of inverter 
threshold voltage, VI, [7] 
(Fig. 3c) from the default 
value, in bold, degrades n and 
p-JFETs and, hence, increases 
the response time for the 
output to reach logic high and 
logic low, respectively.

 For a functional digital 
circuit, (Voltage input low)    
VIL< VI< VIH (Voltage input high) 
and, both, the noise margin for 
logic high (NMH = VOH - VIH) 
and logic low (NML = VIL - VOL) 
should be greater than zero. 
These get degraded with the 
shift in VI from its default value.

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

Avg tg tc tg tc Na tg Na tc Na tg tc 
Na

Nd tg Nd tc Nd tg tc 
Nd

Na Nd tg Na 
Nd

tc Na 
Nd

tg tc 
Na NdEf

fe
ct

 o
n 

Vt
hn

 (V
)

Parameters (tg, tc, Na, Nd)

300K 600K 1000K

(a) (b)

(c)

We performed a systematic TCAD based statistical study on the effect of 
variations in four process parameters, tg, NA, tc and ND, on the threshold 
voltage, Vthn, of a 2µm normally-off n-channel 4H-SiC Lateral JFET. The 
individual (main) and combined (interaction) effect of these four parameters 
indicates that tg, which in this case is realised by ion implantation, is the 
critical process step in the realisation of JFETs for logic circuits. 

Furthermore, the shift in Vthn from its default value shifts VI and this directly 
affects the input low (VIL) and input high (VIH) voltages of the inverter 
transfer characteristics and, hence, degrades the noise margin which is a 
critical parameter for logic operation.
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