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The electrical system controls the 
experiment through a custom-designed PCB 
that components are mounted to. The PCB 
board is designed to fit within the 3U form 
factor, integrates the entire electrical system, 
and reduces points of failure due to faulty 
electrical connections.
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Our scientific payload: an integrated 
magnetic field sensor, or a magnetometer, 
that operates based on quantum mechanics 
within a 3U enclosure.

Sensor components, control electronics, and 
batteries are all mounted onto a removeable 
sled. Our sensor's core is a diamond with 
quantum emitters whose emission intensity 
varies based on the magnetic field. 

6 12V 2Ah NiMH 
batteries power the 
experiment

Sensor head, with 
Helmholtz coils for 
magnetic field 
testing

Red emission from 
the diamond crystal
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The objective of the payload is to measure a 
changing magnetic field using quantum mechanics 

in the environment of a sounding rocket. The 
quantum sensor, based on color centers in a 

diamond, is conceived with and advised by Dr. 
Jennifer Choy of the University of 

Wisconsin-Madison’s Electrical & Computer 
Engineering Department. 

The payload functions by shining a green LED onto 
a diamond quantum sensor. The nitrogen-vacancy 

centers in the diamond are excited by the green 
light, and emit red light when returning to their 
original states. The intensity of the red light is 
influenced by the magnetic field. Changing the 
current through the Helmholtz coil alters the 

magnetic field around the diamond, and 
consequently, the red light output. The intensity of 
this light is recorded by a photodiode and logged to 
a pair of data drives, providing redundancy. Plotted 
below is data collected from a ground test running 
a limited set of magnetic field values. During the 

flight, a more complete range of fields will be 
tested.

We acquired a nitrogen-rich, lab-grown diamond and made 
quantum color centers by irradiating the diamond with 

high-energy neutrons in UW's nuclear reactor. This process 
was followed by annealing the diamond at high 

temperature. This approach significantly increased the 
number of color centers, which improves the signal strength 

and sensitivity of the magnetic field sensor. [2]

Nitrogen-vacancy (NV) 
centers in diamond

Sensor schematic

Magnetic fields change whether the NV is in a bright or dark 
state, which changes the light intensity being measured by the 

photodetector. 

Quantum electronic 
transitions

Investigating Space Plasma
Attitude Orientation Measurement
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Potential to sense magnetic fields with 
sensitivity on the order of ~1 pT

Optical sensing reduces electrical and 
mechanical noise 

Orientations can be derived from optical 
output

Potential to be miniaturized to a smaller 
form factor

Accuracy and Sensitivity

All-Optical

Vector Information

Compact Design

Motivation for using a 
quantum magnetometer

Specifications

[1]

3U Form Factor
100-400 Gauss Field Range
0.7A-2.7A Coil Current Range
500 Turns of 20AWG Wire per Coil Side
4.81kg


