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AN-6601 

Low Noise JFET Amplifiers  
 

Introduction 

Discrete JFETs reign supreme as low noise amplifiers. 

JFETs are virtually free from the problems of current noise, 

popcorn noise and limited bandwidth which plague bipolar 

transistors and bipolar input op amps. 

Unfortunately, JFETs are awkward to use because of low 

gain and the need of extensive biasing networks. However, 

monolithic op amps are cheap and easy to use but suffer 

from poor noise performance. By combining JFETs with an 

op amp yields single and differential input amplifiers that 

have the best of both worlds; low noise, high gain and ease 

of use. 

 

 
 

Figure 1. Bipolar and JFET Transistor Noise 
Comparison 

 

 

 

 

 

 

 

 
Figure 2. Discrete JFET and Op Amp Noise 

Comparison 

 

The main problem with JFETs is that the voltage gain is 

limited by the size of the load resistance which is limited by 

the power supply voltage and the FET operating current. 

The voltage gain can be increased by combining the JFET (a 

transconductance amplifier) with an op amp current to 

voltage (I/V) amplifier, circumventing the limited load 

resistor. 
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Single FET Stage 

 

 
FET with I/V Amplifier 

 

Figure 3. FET Gain Stages 

 

In the FET/op amp configuration, the FET AC drain current 

is shunted to the op amp virtual ground and through its 

feedback resistor, bypassing the FET drain resistor, Rd. The 

drain resistor is used to bias the FET in a linear region with 

the feedback resistor, Rf, used to set the gain. 

Biasing problems associated with lot and device to device 

parameter variations are minimized by biasing the source 

through a large resistor to the negative supply of the op 

amp. A portion of the source resistor should be unbypassed 

to minimize gain variations between FETs. From a design 

standpoint, the maximum AC drain current should be 1/10 

of the FET quiescent current for low distortion. The 

unbypassed portion of the source resistor should be limited 

to 220 Ω for minimum noise and to increase the op amp 

feedback resistor (decreased AC current). 

Expressions for the single and differential amplifier 

configurations are needed for optimizing the noise to meet 

system noise requirements. 

 

Amplifier noise performance is adequately described by 

modeling the noise sources as a series voltage generator and 

a shunt current generator with a series voltage generator for 

the source resistance thermal noise. The thermal noise of a 

resistor is given by Nyquist's relation and has a spectral 

density given by e
2 
 n       R   where: 

 
 
        

 

e2  n     R  = mean square noise voltage per unit bandwidth 

(nV
2
/Hz) 

k = Boltzmann constant (1.38 x 10
-23

 VAS/°K) 

T = absolute temperature (°K) 

R = resistance (Ω) 

 

 
 

Single-Ended 

 
Differential Input 

 

Figure 4. High Gain FET/Op Amp AC Amplifiers 
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The single ended and differential input amplifier input noise 

(FET noise current is negligible) is given by the RMS sum 

of the noise generators. 

        Single-ended: 

 

with 

 

ent = total input noise voltage (nV/√Hz) 

enf  =  FET noise voltage (nV/ √Hz) 

enA = op amp noise voltage (nV/√Hz) 

inA =  op amp noise current (pA/√Hz) 

ens = source resistor thermal noise 
(nV/√Hz) 

enR = drain and feedback (Rd//Rf) 
resistor thermal noise (nV/√Hz) 

gm = FET transconductance at the FET 
operating current (mmho) 

R = parallel resistance of Rd and Rf (Ω) 

 

 

 

 

The differential configuration has higher noise and lower  

gain than the single-ended version, but is useful when low 

distortion or balanced inputs are of paramount importance. 

The noise of the op amp and the FET drain resistor is 

reduced by the gain of the FET portion of the amplifier 
    

      
. The noise of the feedback resistor has little effect 

on the noise but in conjunction with the drain resistor, it can 

have a dramatic effect on the total circuit noise. The drain 

resistor is the input leg of an inverting amplifier with the op 

amp and the feedback resistor. This amplifier has a gain of 

—Rf/Rd which boosts the op amp noise, limiting the size of 

Rf to about 390 k. 

Practical low noise, high gain AC amplifiers can be built 

using a low noise JFET and just about any op amp. The op 

amp needs to meet the slew rate and bandwidth 

requirements of the circuit, eliminating selected low noise 

op amps or complex discrete amplifiers. 

A note of caution is in order for the op amp noise. Virtually 

any JFET input or bipolar input op amp can be used without 

trouble, but MOSFET input op amps should be avoided. 

MOSFET 1/f noise is one or more orders of magnitude 

greater than discrete JFETs, JFET op amps or bipolar input 

op amps. MOSFETs have 1/f corner frequencies (where the 

noise power rises as 1/f) starting as high as 100 kHz. The 

other forms of amplifiers have 1/f corner frequencies of 1 

kHz and less. Quite a difference. 

 

 

 

Figure 5. Thermal Noise vs Resistance 

 

 

 

 
Figure 6. Single-Ended Noise Model 

 

 



AN-6601 APPLICATION NOTE 

© 2014 Fairchild Semiconductor Corporation  www.fairchildsemi.com 
Rev. 1.0  •  7/16/15 4 

 

 

References 

[1] Aspandiar, Raiyo, “Voids in Solder Joints,” SMTA Northwest Meeting, September 21, 2005, Intel Corporation. 

[2] Bryant, Keith, “Investigating Voids,” Circuits Assembly, June 2004. 

[3] Comley, David, et al, “The QFN: Smaller, Faster, Less Expensive,” Chip Scale Review.com, August/September 2002. 

[4] Englemaier, Werner, “Voids in solder joints-reliability,” Global SMT & Package, December 2005. 

[5] IPC Solder Products Value Council, “Round Robin Testing and Analysis of Lead Free Solder Pastes with Alloys of 

Tin, Silver and Copper,” 2005. 

[6] IPC-A-610-D, “Acceptance of Electronic Assemblies,” February 2005. 

[7] IPC J-STD-001D, “Requirements for Soldered Electrical and Electronic Assemblies.” 

[8] IPC-SM-7525A, “Stencil Design Guidelines,” May 2000. 

[9] JEDEC, JESD22-B102D, “Solderability,” VA, Sept. 2004. 

[10] Syed, Ahmer, et al, “Board Level Assembly and Reliability Considerations for QFN Type Packages,” Amkor 

Technology, Inc., Chandler, AZ. 

 

Author: John Maxwell, March 1977 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER  
FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS 
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE 
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS 
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LIFE SUPPORT POLICY  
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS 
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.  
As used herein: 
 
1. Life support devices or systems are devices or systems 

which, (a) are intended for surgical implant into the body, or 
(b) support or sustain life, or (c) whose failure to perform 
when properly used in accordance with instructions for use 
provided in the labeling, can be reasonably expected to 
result in significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be reasonably 
expected to cause the failure of the life support device or 
system, or to affect its safety or effectiveness. 

 

 


