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Low-Noise JFETs — Superior Performance to Bipolars

Comparative low frequency performance of JFETs
versus bipolars.

Introduction .

Junction field effect transistors continue to outperform Curves comparing noise current and voltage.

the best bipolar transistors on low-frequency noise at —
source impedances as low as®.kWith higher source
impedances, common in sensitive transducers, the JFBEfining the JFET Noise Figure
amplifiers exhibit dramatically lower noise figures.

Source impedance effect on circuit NF.

Figure 1 represents the basic circuit identifying the equiv-
alent noise sources, and j, found in a JFET (or bipolar

A close examination of bipolar and JFET specificatioffansistor). The gnoise voltage referred to the input is

and typical curves, along with circuit breadboarding, wilndependent of source impedancec: Rhe j-noise cur-
startle most designers. rent effect is directly dependent upon the source imped-

ance — R; thusj, x R gives a resulting noise voltage 90
degrees out of phase with. e

Many currently available JFET devices offer ultra-low
noise performance over a wide range of operating condi-
tions without compromising other desirable JFET fea-

tures. Recommended applications and part types are de-
: ) r————————= —
scribed in Table 1. | en D |
R
ANl () G.l [
| |
This application note will review the important noise | ) S |
areas including: Vineo | ! In | Vo
' |
|
e Considerations in determining noise figure. !- FET Under Test _!

e Defining the types of noise.

e Equivalent noise voltage and current. Figure 1. Equivalent Noise Sources

e Operating point considerations and minimizing noise
figure.

Table 1: Recommended Application and Parts

Metal Can TO-226AA (TO-92) | TO-236 (SOT-23)
General Low-Noise Application Hermetic Plastic Surface Mount
Low current/low voltage amplifier 2N4338/2N4339 J201/3204 SST201/SST204
Medium current £5 mA) amplifier 2N4393 PN4393 SST4393
High-performance monolithic dual U401/U404/U406 - SST404/SST406

Updates to this app note may be obtained via facsimile by calling Siliconix FaxBack, 1-408-970-5600.

Please request Eaniamtktd0599.
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Excess Noise Region — Results from random fluctuations in conductivity and surface effect varying with the reciprocahoy fradue
usually referred to as “1/f” noise. Negligible in low-noise JFETS, it increases approximately 3 dB per octave in bipolars

starting below 100 Hz.
Thermal Noise Region — Represents the noise generated in the resistive channel portion of the JFET as identified ir).equation (1

Shot Noise Region — Associated with the flow of dc currents in the real part of the gate-to-source device input impedemcer The
frequency is normally above 10 kHz in JFET devices.

Figure 2. Characteristics of Junction FET Noise

Describing Junction FET Noise Characteristic ~ exception of the shot noise region shown in Figure 2, due
to thermally-generated reverse current in the gate channel

Junction FET gand j, characteristics are frequency- dejunction. It is defined as
pendent within the audio noise spectrum and take the

form shown in Figure 2. in=1/2qIB ()

en, the equivalent short circuit input noise voltage (withwhere q = 1.602 x 18° coulomb (the magnitude of the

the exception of the Ifregion), is defined as electron charge)dlis the measured dc operating gate cur-
rent in amperes, and B is bandwidth in Hz. The expres-

(1) sion is accurate only when the measured gate current is
the result of bulk device conductance. This conductance
may stem from contamination across the leads of the

where K = 1.38 x 13 JoulesiK (Boltzmann's gemiconductor package.

Constant). T =temperature K (°K = °C + 273), B =

bandwidth in Hz, and R = 0.67/gs, the equivalent resis- At higher frequencies, as in the shot noise region shown

tance for noise. The,eexcept in the 1% region, closely in Figure 2, } can be approximated as being equal to the

approximates the equivalent thermal noise voltage of tidyquist thermal noise current generated by a resistor:

channel resistance.

e, = JAKTR B

. 4KTB @
In the so-called 1%region, @ is expressed as In = Ry
e, = J4KTRB (1 + f,/f") (2)  where R is the real part of the gate-to-source input im-

pedance. The breakpoint or corner frequenan fFig-
where n varies from 1 to 2 depending upon the deyjce ure 2 is lot- and device design-oriented and can vary from
the equivalent open-circuit input noise current, with thé kHz to 50 kHz.
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Defining the JFET Noise Figure resistance, B Therefore, thegi, method remains the
best way to quantitatively express the noise characteris-

A noise factor (F) is a figure of merit for a device with retjcs of the EET.

spect to the resistance of a generator. To calculate a noise

factor, a source resistor ith a thermal noise voltage, . . .

fact Storchw 98 Optimized Noise Figure

er, is added to the circuit.

Rg can be chosen to give the lowest noise figure in de-

A noise factor (F) may be defined as signs where minimal noise is extremely critical and the
Noise power output due togR+ noise source resistance is flexible. Thig Ran be determined
. powerF())utput dug to JEET by takirtl? the de(;ivaiit\./e o.ft the teers in Equatilc;n (;1) with
= r n ing i zeror ing in
Noise power output due togR espect to B and setting it equal to zero resulting
(5)
or Rs = %‘ for NF min (12)
Noise power of FET referred to input
F=1+ . . . .
Noise power output due togR Operating Point Considerations

Unlike bipolar transistors, wherg and '}, characteristics

vary directly with changes in the collector currerd)(l

similar characteristics in JFETs will vary only slightly as
=/ 6 X . . L

& 4KTRB © drain current @) is varied. Thisis true as long as the FET

is biased so that the drain-source voltage is greater than

the pinch-off voltage (¥s> Vp or Vgs(off)-

The thermal noise voltage across R

Therefore, noise power due tg; &

gi: = ﬂ% = 4KTB (7)  The'g in JFETs will be lowest when the devices are oper-

ated at \6s= 0 V (Ip = Ipsg, where transconductance
(grs) is at its highest value. This will be true only if device
dissipation is moderate in relation to the total dissipation
capability of the FET.

The noise power of the FET referred to the input is

—nz = + T2 R 8
RG In™ - G ( )
The curves shown ir Figure 3 illustrate cllangesn iase

When expressions for the noise power of both the FEille operating drain currenplis varied. Note the more

and R; are substituted, the noise factor becomes significant changes in,@n the bipolar transistors.
_ B2 + in2 Rg2
F=1+ 4KTRgB 9) 100 rTTT
50 | Ta=25C

L Bipolar 2N5088/2N930 — ¥ = 5 V
| FET-Vbg=10V

)

A noise figure (NF) expressed in dB indicates the pres

N
ence of added noise power from the FET or another activ% 20 | || n
device. The noise figure is always given with referencef::/ ‘
to a standard, specifically the generator resistagce R S //
' £ 10 J/SSTZOl—A{ S~ 10 Hz
S 5 AR S~ 100 Hz
NF = 10 log,, [F] (20) o ~ 10 Hz > 1 kHz
.g \\# —_— | X
The noise figure of the FET is ! K 1Kz L\
& 2 —— 100 Hz 2N930 |
oo 2N5088
& + 1’ Rg L1
NF = 10 log, |1 + =2 ¢ | 4B (11) 1
O[ 4kTRGB ] 001 002 00501 02 051 2

Ic (Ip) — Collector-Drain Current (mA)
When JFET noise is expressed in terms of the noise figure
(NF), an inherent disadvantage arises because the noise
figure value is dependent upon the value of the generator Figure 3. Equivalent Input Noise Voltage vs. Current
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The optimum (lowest}iin depletion-mode JFETs should Bipolar collector currents greater than 88 will have a
occur at \6s=0 V (Ip = Ipsg. In practice, very little noise figure much worse with highegRvhile the JFET
change will be seen in, iwhen the operating point is noise figure—even with = 1 @Q2—is well under 1 dB,
changed, provided that the drain-gate voltage is maibased upon calculating NF in Equation (11).

tained below the gate curreng)lbreakpoint and power
dissipation is kept at a low leve}, increases typically
only 10% from \bs =5 to 15 V for the popular low-noise
JFETs. Even the typical order of magnitude increase from

. . . 10 17 T TTTT T TTIm T T T
15 to 30 V is still far lower than the best bipolarst 110 Typ 2N5088/2N930 @ 30A
uA. The curves shown in Figure 4 illustrate the negligible
change versusylfor the JFET, while the iincreases dra- - 8
matically with increasingd for bipolars. oA b | Typ 2N5088/2N930 @ 10A
: NN
T
100 p - ———— — 00p § f=10Hz
50 p |- Bipolar 2N5088/2N930 — ¥ =5 V s || NBW =6 Hz
m Ta =25°C P | Ta =25°C
B | 7 L 2N5088/2N930 — ¥ =5V
20 p 10 Hz L2 z FET - b = Ipss
// 100 Hz 2 - Vps=10V
10 p - 10p
5p . il
A7 J/SST201-4 FE
= ~ 7 0
I% 2p// - AT LkHz | 100 1k 10k 100k 1M 10M 100M 1G
S 1p P / 1p s 2
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N—r
= 500f
L
5 200 f Figure 5. Noise Figure vs. Source Resistance @ 10 Hz
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Figure 4. Equivalent Input Noise Current vs. Current Nl /SST201-4 FET
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JFET vs. Bipolar Noise Figure R — Source Resistance]

Th_e dramatic 'nOIS.e performancg |mproveme_nt u§|ng low- Figure 6. Noise Figure vs. Source Resistance @ 1 kHz
noise JFETS in higher source impedance circuits versus
bipolar transistors is clearly illustrated in Figures 5 and 6.
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Figure 7. JFET Noise Figure—Noise Voltage Conversion Chart
Noise Voltage Conversion clude the input amplifier in high-performance micro-

phones, hearing-aids, sonobuoys, ultrasound, olil

sufficiently low that it can be neglected for source impedst sensors include:

ance values up to 10 On this basis, the simplified
approximate chart can be used as given in Figure 7.

« Acceleration o Level « Radioactive
« Acoustic « Mass « Strain Gauges
Ideal Low-Noise JFET Applications « Chemical « Meteorological « Tactile
. . « Displacement  « Moisture « Temperature
Many currently available JFET devices offer ultra-low pa . P
. . - » Electrical « Optical « Velocity
noise performance over a wide range of operating condl-FI Posit Vibrati
tions without compromising other desirable JFET fea" ' " * mosition + Vibration
tures. Recommended applications and part types are de>as/Vapor « Pressure
scribed in Table 1.
Table 1: Recommended Application and Parts Conclusion
T0-236 Contemporary JFETs have noise voltage$ égual to
General TO-226A | (SOT-23) . . . . .

Low-Noise Metal Can | A (TO-92) | ‘Surface those found in low-noise bipolar transistors. The JFET is

Application Hermetic Plastic Mount voltage-actuated, while the bipolar transistor is current-
Low current/low >N4338/ SST201/ actuated. Hence, FETs have an inherently lower noise
voltage amplifier 2N4339 | J2019204 1 5e104 current (j,) and are preferred over bipolar devices in most
Medium current SN4393 PN4393 SST4393 audlo—fr_equenc_y appllc_at|ons where low-noise perforf
(=5 mA) amplifier mance is a design requirement. The process geometry in-
High-performance | U401/U404/ B SST404/ herent to the FET governs the noise characteristics of

monolithic dual U406 SST406

product types derived from it. Readers are invited to refer

Today’s instrumentation and other products require gl the Siliconix FET data sheet curves for full device per-

tecting and amplifying extremely low-level signals wherdormance data.

noise could “mask” results, and even contribute to a mis- B

diagnosis. In general, sensor output impedance has e device g typical curves are included in the data

creased along with sensitivity, making the JFET amplififheets, whileni can be guaranteed at frequencies below

the ideal input stage choice. 100 Hz by measuring the dc operating gate curreit (I
When s is known, j, can be extrapolated from frequen-

There are numerous sensors to detect changes in our “atias below 100 Hz to predict noise performance at fre-

log world.” Common JFET amplifier applications in-quencies to 100 kHz.
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