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Abstract—In this paper, we present an optimized 

cost-effective JFET integrated in 0.13μm CMOS 

technology with excellent Sub-threshold Swing (SS), 

transconductance, Gate leakage, tunable pinch-off 

voltage. The optimised JFET shows excellent DIBL 

short channel effect, which does not only exist in 

CMOS but also in JFET devices. Based on the output 

noise performance, the JFET shows more than one 

decade improvement in the output noise level when 

compared against a buried channel PMOS from the 

0.35μm LOCOS CMOS technology with excellent low 

noise performance. The integrated JEFT can greatly 

benefit analog applications by offering the low noise 

performance without compromising on amplifier 

performance. 
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I. INTRODUCTION 

Recent years, many consumer communication 
amplifier products adopted common MOSFET for 
integrated circuit design as CMOS devices have high 
input impedance and lower Gate leakage. The low 
noise pre-amplifier performance significantly 
depends on the noise of basic CMOS components in 
the integrated circuits due to internal noise impact on 
the very first signal stage.  

A lot of efforts have been made to improve 1/f 
noise performance of the primitive CMOS devices. It 
is well known that buried channel (BC) devices show 
significantly lower 1/f noise than that of surface 
channel (SC) devices due to deeper current transport 
and reduced carrier number fluctuation in Gox/Si 
interface [1,2]. In addition, it is reported both LOCOS 
and STI edge effect can influence 1/f noise level [3,4]. 
However, the direct comparison between STI and 
LOCOS is not feasible due to different wafer 
processes between the two technologies. As STI 
plasma dry etching process can generate plasma 
damage and surface roughness on the sidewall of the 
bulk silicon [5], it could degrade noise performance 
much more for devices with STI process when 
compared to traditional LOCOS isolated device.  

It is reported that JFETs have superior 1/f noise 
performance than conventional MOSFET[6], but the 
STI used in the JFET can potentially degrade noise 
performance due to STI interface impact. Replacing 
MOSFET with non-STI based JFET in an amplifier 
has resulted in improved signal-to-noise ratio (SNR) 

[7]. However, the single Top-Gate JFET device 
operation was not fully characterized in [7]. And few 
publications reported STI and silicon interface impact 
on JFET devices noise in the same CMOS technology. 

In this paper, we demonstrated a cost effective 
JFET integrated in 0.13μm CMOS technology with 
excellent device characteristic, and it can be an 
alternative solution for low noise analog amplifier 
design. By comparing a very low noise buried 
channel PMOS in 0.35μm LOCOS CMOS 
technology, the JFET shows more than one decade 
improvement in the output noise level by using 
unified noise characterization technique [8]. 

 

II. DEVICE STRUCTURE AND EXPERIMENT 

The designed P-channel JFET structure is 
illustrated in Figure 1. CMOS Source/Drain 
implantation is used for the JFET S/D region and N-
WELL pillar acts as Bottom Gate (G′) connection. 
Standard P-WELL is used for p-channel formation 
and two n-type dopants control p-channel height of 
type A JFET, which is integrated with STI process, as 
shown in Figure 1 (a). Type B JFET has simplified p-
channel region but without STI design between Gate 
and Source/Drain, as shown in Figure 1 (b). An I-
LINE PHOTO and Phosphorus/ Boron implantation 
process is dedicated for the channel formation of the 
two devices. Meanwhile, two N-JFET devices layout 
are designed with similar construct as experiment. All 
the JFET devices are processed in a 0.13μm CMOS 
MPW using Design of Experiment. 

 

III. ANALYSIS AND DISCUSSION 

The Sub-threshold Swing of the JFET device is 
defined as the change in Gate voltage that produces a 
one decade increase in the output current. It is 
observed that the JFET Sub-threshold Swing has 
significant improvement under both Top and Bottom 
Gate (GTGB) operation when comparing to under 
Top Gate (GT) operation only.  A measured N-JFET 
shows steep and improved Id-Vg slop in Figure 2. 
The GT operation forces voltage at GT terminal and 
sweep it from 0V to -2.3V, and GB terminal is 
connected to ground. GTGB operation connects both 
Top Gate and Bottom Gate with same voltage sweep. 
Based on our calculation, the Sub-threshold Swing is 
improved from 160mV/decade to 62mV/decade by 
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using both Gates operation instead of a single Gate 
operation. Additionally the transconductance is 
maximized. Meanwhile, the Gate leakage (to 
underneath WELL and P-sub) is suppressed by using 
two Gates operation method. Furthermore, the result 
indicates that the JFETs missing Bottom Gate design, 
which can gain process cost saving with less 
implantation steps, have weaker channel control 
ability and the additional leakage concern due to the 
channel pinched off with Top Gate connecting to 
underneath WELL. 

 
 

 
Fig. 1. (a) Cross section of type A P-JFET with STI design. (b) 
Cross section of type B P-JEFT without STI design between Gate 

and Source/Drain. 
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Fig. 2. A W/L: 5/1.6um N-JFET I-V characterization under Top 
Gate (GT) vs. both Top Gate and Bottom Gate (GTGB) operation 
at Vd=0.1V 

In short-channel MOS devices, when the channel 
become shorter, the Drain is close enough to the Gate 
channel and the Threshold voltage reduces when 
Drain voltage increases,  namely the DIBL (Drain 
Induced Barrier Lowering) effect. The DIBL effect 
affects analog Small-Signal parameters (gm/Id, rds) 
and it is shown to increase output noise Power 
Spectral Density (PSD) [1][2]. It is also known that 
DIBL effect can affect not only MOS but also JFET 
devices [9] in the form of Threshold voltage stability. 
Figure 3 shows measured I-V curves of an un-
optimized JFET device in one of process splits with 
obvious DIBL of 385mv/V. 

The DIBL ( mV/V) is defined as: 

DIBL = |Vp_sat – Vp_linear| / (VDH – VDL)  
×1000 

Where Vp_sat is the pinch-off voltage measured 
at high Drain voltage (VDD), and Vp_linear is the 
pinch-off voltage measured at a low Drain voltage, 
typically at 0.1 V.  

It is also notable in Figure 3, the Gate leakage 
current (Ig) increases with increasing Gate voltage 
|Vg| at higher VDD (VdH), but it reduces when the 
JFET channel is close to the pinch-off region (Vg is 
near to -5V). However, the Gate current is stable at 
lower VDD (VdL). It indicates that the Gate to Drain 
leakage not only reflects widened channel depletion 
width impact in lateral channel direction which is due 
to increased reverse voltage bias between Gate to 
Drain junction, but also worsen the DIBL effect. 

The Vp stability against VDD variation can be 
improved by adjusting S/D junction depletion dopant 
or optimizing the channel length. In addition, the type 
B device Gate to S/D spacing can be fine-tuned to 
meet terminal to terminal breakdown voltage 
requirement without considering STI design.  Figure 
4 and 5 shows no DIBL effect for both N and P-JFET 
optimized devices (5/1.6μm) under two Gates 
operation as there is no obvious pinch-off voltage 
dependency on high and low VDD. Figure 6 shows 
that the Vp is tunable by adjusting channel dopant to 
meet design requirement. 
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Fig. 3. A measured Vp shift at VdH=5V and VdL = 0.1V for an un-
optimized N-JFET 

The JFET devices noise was characterized by a 
commercially available noise analyzer system and the 
verified BSIM4v4 noise model extracted from a 
buried channel PMOS and low noise NMOS in the 
0.35μm LOCOS technology are used as noise 
comparison. Figure 7 shows the measured type B P-
JFET (without STI design between Gate and 
Source/Drain) output noise which has more than one 
decade of 1/f noise improvement when compared to 
the buried channel PMOS in 0.35μm LOCOS 
technology with similar channel size. Nevertheless, 
the results indicate both LOCOS and Gate oxide 
interface could influence noise performance of the 
buried channel PMOS as its noise performance is 
inferior to the P-JFET and it has potential carriers 
flow near LOCOS/Silicon and GOX/Silicon interface 



for the buried channel device construct. The 
optimized Type B N-JFET noise is around a factor of 
100 lower than the 0.35μm low noise NMOS, as 
shown in Figure 8. This is due to general surface 
effect eliminated in the N-JFET as the channel 
current is far away from silicon interface. 
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Fig. 4. Measured Drain current at high & low VDD for an 
optimized N-JFET for device size 5/1.6um 
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Fig. 5. Measured Drain current at high & low VDD for an 
optimized P-JFET for device size 5/1.6um 
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Fig. 6. The JFET Pinch-off voltage dependence on implanted 
channel dose 

Furthermore, to have a completed comparison of 
STI impact on JFETs in the same technology, type A 
JFETs noise is also measured. Figure 9 shows that for 
both N and P-JFET, the output noise is degraded with 
STI design (type A) when compared to without the 
STI design (type B). It is because of the accumulated 
current density near the interface of STI and ACTIVE 
region, as shown in the TCAD simulation of Figure 
10. In the JFET devices without STI design, the N-
JFET (B) output noise improvement is more 
prominent than P-JFET (B). It could be that the 
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Fig. 7. Measured Drain current noise PSD of P-JFET vs. simulated 

noise of 3.3V Buried- Channel PMOS (base on verified BSIM4v4 

model) at 1, 10, 100μA Id and 3.3V Vd for device size 5/1.6μm 
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Fig. 8. Measured Drain current noise PSD of N-JFET vs. simulated 
noise of 3.3V low noise NMOS (base on verified BSIM4v4 model) 

at 1, 10, 100μA Id and 3.3V Vd for device size 5/1.6μm  
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Fig. 9. The PSD noise comparison of type A and type B JFET for 

both N and P-JFET at Id=10 μA for device size W×L=8μm^2 

P-JFET device channel formed by counter doped 
implantation has more lattice damages, which can be 
improved by adjusting the related implanted dopant 
depth or fine tuning the annealing conditions [10]. 

In addition, in the higher frequency region (near 
10kHz), thermal noise is visible for Type B JFET 
devices as shown in Figure 9. It indicates that there 
could be a process margin to improve the channel 
resistance as the JFETs operates as voltage controlled 
resistors. Lower Rds JFETs can result in lower 



thermal noise. This is because thermal noise is 
influenced by channel resistance and the spectral 
density of the thermal noise is given by 

                       Sv(f) = 4kTR 

Where, k = 1.38×10
−23J

/K is the Boltzmann 
constant, T is absolute temperature of the resistor R, 
and Sv(f) is expressed in V

2
/Hz. 

 

Fig. 10. The simulated current density plot for a type A P-JFET at 
Vg=0V and Vd=0.1V 

 

IV. CONCLUSION 

In this paper, we have demonstrated a cost-
effective JEFT integrated in 0.13μm CMOS 
technology with improved device DC performance 
and the noise measurement results show low 1/f noise 
performance when compared to buried channel 
PMOS. The results discussed in this paper shows that 
JFET can be an alternative solution for low noise 
amplifier design. 
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