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We describe the design. schematics, and 
performance of a very low noise FET 
cascode input amplifier. This ampli-
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and 

fier hllli noise performance of less than 
1.2 nVrv'Hi and 0.2S fArv'Hi over the 
SOO Hz to SO kHz frequency range. The 
amplifier is presenlly being used in con· 

junction with a Penning ion trap but is 
applicable to a wide variety of uses 
requiring low noise gain in the I Hz to 
30 MHz frequency range, 
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Introduction 

A low noise amplifier has been designed using a 
2SK 117 N channel J-FET as the input device in 
a cascode [I] configuration. Noise measurements 
on this amplifier yield a low frequency noise cur
rent of 0.25 fA/'\.I'Hz and a voltage noise of less 
than 1.2 nV /VHz in the 500 Hz to 50 kHz region. 
Bloyet et al. [2] suggest a figure of merit of the 
product of the noise voltage and current as being 
appropriate for amplifiers of this type. This ampli
fier has a figure of merit of -3 X lO-lS W 1Hz, 
which is almost two orders of magnitude smaller 
than other amplifiers reported elsewhere. [2] 

The amplifier described here is presently being 
used in conjunction with a Penning trap to detect 
small image currents (-0.01 pA) induced by ion 
motion in the trap. [3] This amplifier also appears 
to be well suited for use in noise thermometry ex
periments. [4] 
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This paper discusses some general design criteria 
for cascade amplifiers and draws some conclusions 
concerning the optimum choice of FETs for such 
amplifiers. A particular design having the noise 
performance described above is presented and ana
Iyzed. Variations of the design which either have 
much larger bandwidth, 30 MHz, or draw ex
tremely low input bias current. less than 0.01 pA, 
are briefly discussed. 

Equivalent Circuit for Noise Analysis 

The schematic of the amplifier is shown In 
figure I. The biasing scheme used for Q2, the com
mon base portion of the cascode, is attractive for its 
simplicity and inherent low noise. However, to 
work properly it requires that Idss {5] of Q2 be 
larger than I dss of Q 1. 
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