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Antenna Noise
Antenna and Preamplifier Noise

Design challenges:
* Bipolar transistors are required 
to be used in the signal path in 
order to meet the noise 
specifications because of their 
lower 1/f noise corner.

* Low impedance input signal

*  AC decoupling capacitors 
would be too large to fit onchip.  
All stages must be DC coupled.

*Temperature range from -50C 
to 27C

* Process variations

I. Introduction
The STAR Lab Very Low Frequency 
(VLF) group studies electromagnetic 
waves in the frequency range of 100Hz to 
100kHz that permeate the near-space 
environment of our planet.  The waves are 
radiated by lightning discharges, and also 
generated as coherent (laser-like) 
radiation by the energetic particles that 
populate the Earth's radiation belts.  
These Extremely Low Frequency (ELF) 
and Very Low Frequency (VLF) waves 
are used to remotely sense the otherwise-
inaccessible regions of the Earth's upper 
atmosphere.  Due to the configuration of 
the Earth's magnetic field lines, the most 
intense electromagnetic waves that are 
typically observed in near-Earth space 
occur near the geomagnetic poles, so that 
one of the best locations for observation 
of these signals is the Antarctic continent.  

V. Other Applications
Although the particular application we have in mind involves 
the measurement of electromagnetic waves in near-Earth space, 
we have realized that there exists several other applications in 
which broadband (and low noise) amplification of several tens 
of nanovolts signals in the several kHz range is crucially 
important:

* Magnetometers 

* Detecting sources of EMI

* Nerve and brain research: For example, Prof. Shenoy's group 
at Stanford inserts sensors into the neurons of monkeys to 
detect the impulsive signals produced by the animal as it cycles 
though given behavior patterns.  Preamplifiers currently used 
in medical research use CMOS and therefore have much higher 
noise than the one we have designed.  

* MEM: this is a new area where once again it is necessary to 
detect/amplify extremely weak (nanovolts) signals over a broad 
frequency range.

* Low noise current amplifier  

The preamplifier chip is custom designed 
with the specifications listed in the table 
to the right.  The design of this type of a 
low noise amplifier (LNA) is 
fundamentally different from that of 
LNAs designed largely for narrowband 
applications (e.g., those used in cell 
phones or for detection/amplification of 
GPS signals) in several important ways, 
thus presenting particular challenges and 
requiring innovation.

Frequency Range
Power
Supply
Noise Figure
Dynamic Range
Temperature 
Input Impedance
Process

100Hz - 100kHz
5mW
2.5V
5dB
96dB (16 bit)
-55C to 20C
Series 1Ω − 1mH
.25um BiCMOS

Currently the cost of shipping the 
equipment, power fuel, and 
people for servicing is limiting 
the program.  The primary 
objective of this project is to 
design, build, and test a new 
generation of receivers that uses 
less power, costs less, and is 
physically smaller.  Since these 
new receivers will be easy to 
deploy and will need to be 
serviced only once a year, the 
number of recording sites for 
studying upper atmosphere 
phenomenon can be expanded 
(also allowing interferometry 
measurements).  The ELF/VLF 
receiver system consists of a 
large magnetic loop antenna, a 
preamplifier chip, ADC, digital 
storage, and battery.  

Figure 3: Original Receiver Top left: Storage hut for 
equipment, Top right: Loop Antenna, Bottom left: 
Preamplifier and cable, Bottom right: digitizer and storage

Figure 4: Comparison of preamplifiers

Preamp Specification Table

IV. Preamplifier Performance

VI. Project Status
Final chip version design is complete and includes improved noise and linearity performance.  Layout will be completed in the next month and 
will be tested early 2008.

The first system will be deployed in December for testing in Antarctica and includes enough power and storage to collect 2 seconds of data every 
15 minutes for 1 year.  There are two channels in each system for both north-south and east-west antennas. A GPS card provides timing for future 
interferometry potential.  The system will be deployed at all original receiver sites and some new sites in winter 2008.

Figure 5: Layout of preamplifier chip

Figure 7: Simulated voltage gain of chip at -50C.  The 
maximum gain at .3V/pT corresponds to a minimum noise 
level at 3LSB in the ADC.  The preamplifier chip by itself can 
detect signals down to 3.6pA.
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Figure 8: Noise figure of first versions of chips.  Although the first 
chip's noise was very high, the second version (with a new process 
and slightly larger transistors) was able to make significant progress.  
The lower frequencies are dominated by 1/f noise, and the higher 
frequencies by shot noise.  The noise figure is also increased by the 
mismatch between the preamplifier and the frequency-dependent 
antenna impedance.

Figure 6: Sensitivity of the preamplifier with an 4.9m, 6 turn loop 
antenna.  The green shaded area shows typical atmospheric noise.  
Although the chips do not have as low sensitivity as the discrete 
version, only a slight change at the lower frequencies is needed in 
order for the receiver to be sensitive enough to receive all signals 
down to the atmospheric noise floor.
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III. System Design Overview

Figure 2: Low frequency receiver block diagram, including antenna, transformer, 
preamplifier, analog-to-digital converter, and compact flash for storage.  The antenna is 
modeled as a series resistance and inductance.  

Figure 1: Receiver site locations in Antarctica
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All of the needed are available commercially, except the specially designed antenna, transformer, 
and preamplifier.  The antennas are large 1Ω-1mH wire loop antennas.  A custom built 
transformer is used before the preamplifier to step up the impedance and provide DC isolation 
between the antenna and the receiver.

Two versions of the preamplifier chip have already been fabricated 
and tested.  These prototype chips showed that it would be possible to 
get the low noise performance required for these types of 
measurements.  Now that the basic functionality has been proven, we 
have adjusted and optimized the design for better performance and 
robustness.  The simulated results are shown above in figures 7 and 9.

The sensitivity plots show how we are able to detect signals in the fT 
range.  Because the very good sensitivity, the receivers are so 
sensitive that they can literally detect the ticking of a wristwatch and 
care must be taken during deployment to reduce interference from 
other sources.  Also, we keep the digital electronics about 200ft away 
from the antenna and preamplifier to prevent the digital noise from 
coupling into the antenna.

II. Goal 
Design and build a smaller, lighter VLF receiving system that will survive in 
Antarctica at -50C for a year.

Figure 9: Simulated noise sensitivity of final version of 
preamplifier chip.  The thermal noise of the antenna is also shown 
for comparison


