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Victoria has worked in startups and
companies in wide ranging areas, from
productizing machine learning
applications for cybersecurity to
consumer brands at LVMH. Victoria
studied art and design at Central St.
Martins before working in finance as an
equity market strategist and investment

Mark is a mathematician and Quantum
Hacker. Working at the bleeding edge of
technology for two decades, he has
presented on an array of topics
stemming from his work on quantum
computation, machine learning,
cryptography and cybersecurity data
science.

analyst.
Victoria’s current focus is on creating o ee o Mark is a former professional violinist,
s e ® - o thereminist and is a logician with a PhD
more open routes to commercialization ) ® e - . . = @ Thereminist and is a logician with a
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WHRAT RABOUT QUANTUM

TECHNOLOGY?

Quantum 1.0(% lw-—-'

The "first wave" or "Quantum 1.0" of|
quantum technologies, developed in the
early 20th century, leverages quantumjg 4%
phenomena like quantized energy levels® 8

and semiconductors, which are now, y
commonplace. - U OF WATERLOOF

GNSS Anti jamming system




Tomorrow’s Market: where might NVC Diamond Sensing take us?
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Dealing with GPS Jamming: Magnetometry as PNT
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https://arxiv.org/pdf/2504.08167




Diamonds with Defects in other Quantum
Technologies

Room Temperature KR o
Diamond Quantum
Accelera*-

5
QlA researchers create first Operat "
System for Quantum Networks

The first mobile
Quantum
Computer?

12


https://www.lightsynq.com/
https://quantumbrilliance.com/
https://www.nature.com/articles/s41586-025-08704-w

QUANTUM VILLAGE

Uncut Gem - Key Design Philosophuy:

1. Aim to create a platform for exploration.
2. Use Consumer Off-the-shelf (COTS) components
as much as possible.
3. Create a hardware stack that allows as many
aspects of the sensing process to be ‘software
problems’ as possible.
R 4. Where assembly is required, simplify!







|so-probabilistic spin-density surface,
Source:


https://doi.org/10.1557/mrs.2013.18

The Hamiltonian for the NV Center

Source:

H = hDS. +hE(S; — SJ) + gusB - S


https://doi.org/10.1088/1361-6404/acbe7c

The Hamiltonian for the NV Center

Source:

The Energy of the System

H|=hDS. +hE(S; — SJ) + gupB - S



https://doi.org/10.1088/1361-6404/acbe7c

The Hamiltonian for the NV Center

Source:

The Energy of the System

H|=|hDS?; + hE(S; — S2)



https://doi.org/10.1088/1361-6404/acbe7c

The Hamiltonian for the NV Center

Source:

The Energy of the System

H|=|hDS?; + hE(S; — S2)

Magnetic
Field
Tensor


https://doi.org/10.1088/1361-6404/acbe7c

The Hamiltonian for the NV Center

Source:

The Energy of the System Stress Tensor

H|=|hDS?; + hE(S; — S2)

Magnetic
Field
Tensor


https://doi.org/10.1088/1361-6404/acbe7c
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Energy Level Structure of NVC in Diamond

Source:


https://quantum-journal.org/views/qv-2018-07-17-10/
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https://quantum-journal.org/views/qv-2018-07-17-10/
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~620nm Discharge of NVC

Source:


https://quantum-journal.org/views/qv-2018-07-17-10/
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Hyperfine energy levels from microwave sweep + magnetic fields
Source:


https://quantum-journal.org/views/qv-2018-07-17-10/
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uW only; b/c (one of) state. uW + H gives b and c state
Source:


https://quantum-journal.org/views/qv-2018-07-17-10/

TI-IE SEI‘ISDI_ 4 things are required for NVVC Diamond
Magnetometry:
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The Sensor - core parts @ QUANTUM VILLAGE

~

-------------- Provided by the user/use case.

Green Laser
Modules are
widely used...

Light Source

HOWEVER... The Hamiltonian
'''''''''''''' doesn’t care about phase, so bright

525nm LEDS work fine!



The Sensor - core parts @ QUANTUM VILLAGE

L e
(«ID Lots of widely available options -
e we chose to use ADF4351 based
DRI Microwave solutions...
Source
(.

ADF4351 uW Generator ~40dB RF Amplifier




The Sensor - core parts @ QUANTUM VILLAGE
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o We need to measure light! Lots of

OO0 options already exist, but most of

BUBSIe them had some issues;
Photodetector

BPW34 Photodiode:

e Great sensitivity in Red and
near-IR

e Low cost and widely available

e Large detection surface 3 x 3mm

S(A),.4 - Relative Spectral Sensitivity

350 550 750 950 1150
94 8420 2 - Wavelength (nm)

Fig. 7 - Relative Spectral Sensitivity vs. Wavelength



The Sensor - core parts @ QUANTUM VILLAGE

P Challenge 1: Red Filtering
‘/J e Normally you would use a dichroic mirror
OO Dl o But these can be expensive, heavy,
and add complexity.
Stegemann et al. found a very elegant
Photodetector solution; red light filter gels!

- dichroic mirror
- heam splitter + color filter

(b)

2.8 2.9 3.0 % 2.8 2.9 3.0
frequency (GHz) frequency (GHz)

normalized intensity (a.u.)

Figure 8. Comparison of ODMR performance between an expensive dichroic mirror
and a cheap alternative consisting of a 50:50 beam splitter combined with a color filter
in front of the photodetector at (a) zero and (b) applied magnetic field.

Source:


https://doi.org/10.1088/1361-6404

The Sensor - core parts @ QUANTUM VILLAGE

~

Wide variety of candidates in different papers,
but none were particularly useful here, or they
IR were too expensive (e.g. Thor Labs)

DEOOOE Photodetector

RIODDRNE ﬁ Challenge 2: Transimpedence Amplifiers

Create a custom design:
e Flexible design that has optional capacitor pads for
integrator mode.
Usage of voltage divider to create ‘fake GND’ at 2.5V -
o Acts as signal GND for OpAmp non-inv. input
o Reduces output Voltage to 2.5V for uC for free
DRIt Probably took the most time and work to do...

(V.E0PP] 54 B ADC_SIGNAL]
| s } 5V
i . R16  FAKE_GND 5 ADC_SIGN
PHOTO_DETECT . Iy & . 3 p— 7
At . £ ¢ L uTF =
g * * S K -2V,
W
* + * +
i

FAKE_GND (I etV THOR 0
| B mp13 R
| A L{FIE
s ‘/' H-2mA EDANCE AMP
vz TRANSW 2

sk 06 100K
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The Sensor - core parts @ QUANTUM VILLAGE

-------------- Modern microcontrollers and

RO hobbyist electronics stores have a
______ wealth of options for measuring
'''''''''''' the output and presenting the data

Input/Output from our sensor.

ESP32 Microcontroller functions:

e Send SPI control messages to ADF4351
N On-board 3V ADC to measure signal from PD
SR Do initial signal processing

SRPSREE Has onboard WiFi and Bluetooth for connectivity

R Compatible with Arduino IDE

-------------- Cheap, and easy to procure, with a broad, helpful

ol community of developers.
OLED Screen - added to expose 12C and for data viz...



The Sensor - core parts @ QUANTUM VILLAGE
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-------------- We chose to use Arduino

______________ IDE as the base for our

e firmware.

uC Firmware

#include <SPI.h>

Arduino IDE Features we like: > #include <ADFA350.h>
e Supports a vast number of different boards
and architectures
Very sleek, well defined, and widely ported

#define LED_PIN 2

#include <Wire,h>
#include <Adafruit_GFX.h>

hardware abstraction layer (Wire.h, Serial, 8  #include <Adafruit SH110X.h>
- II g #define i2c_Address 0x3c
N Splh’ etC) 10 #define SCREEN_WIDTH 128 // OLED display width
RRUNE o Same code can run on ESP32 as RPi Ty i e R AT o L
N PiCO, Arduino Uno/Nano, etc. 13 Adafruit_SH11666G display = Adafruit 5H1106b(SC
Z:f:ﬁzi:i:i:ﬁj Very brogd developer suppprt, HUGE #define COM_PIN 26 //32 // sets pin 26 to be t
SEREE community of already-familiar developers and 16 #define ADC_PIN 34
e hobbyists 17  ADF4350 PLL(COM_PIN, ADC_PIN); // declares ob]
FUture'prOOfS and broadens appeal Of our ' Noht'z'g:r:éctngs;e;::gc;ard andaportto ... _ |
Code| ] ~ connect automatically. Sl O

1t CALIBRATION_COUNT = 18;



The Sensor - core parts @ QUANTUM VILLAGE
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el Ouir first PCB was designed

SIS to be hand assembled, and

e carries the various

.............. development modules.

PCB v1 Design Considerations:
e Carries the various development

modules as daughter boards,
secured by regular PCB brass &
mounts.

We mount boards on the back and QU:QNTUM VILLAGE
front to minimize space. ' ® 2024:
A COTS short RF connector cable wo ! o

joins the two sides. ez 4 o °

‘on\| 00000000000 CO0QOOOO



The Sensor - core parts @ QUANTUM VILLAGE

R f
Eﬁf;i;i;i;i;?; % In sourcing our diamond elementSIX
R ‘9 material, we are VERY DE BEERS GROUP
S ' grateful to our partner in 1
""""""" this endeavor! ADAMAS

\ The Diamond m O h

Procuring NVC Diamond Material:
S e Not a highly controlled material - EAR99 in the US, etc.
B e We met E6, and Dr. Matthew Markham has been incredibly

helpful in supplying test materials!




QUANTUM VILLAGE

The Sensor - creating the epoxy ‘prism’

Rough Plan:
Encase everything in Epoxy!
Epoxy fixes the filter to the PD and
holds the diamond in place above
Use signal copper enameled wire as
uW antenna and structural ties
We use fast UV curing epoxy in small

epoxy jewellery moulds (Amazon)

Things to Consider:
Diamond density - it sinks! So use a
multi-layer build process
Prepare antenna and PD beforehand
If you need to start again, only the
diamond can be rescued.




QUANTUM VILLAGE

The Sensor - creating the epoxy ‘prism’

DO /

S NVC Diamond Microwave antenna

o

.,;,; g
; J11

o LT
Photodiode & fll’ger




QUANTUM VILLAGE

The Sensor - creating the epoxy ‘prism’

Side View Top View

el Layer 1 - base layer and antenna/diamond

.............. e Using 24SWG (0.56mm) wire, make a loop and sand the end for

soldering.
e Place things carefully - slightly under-cure the epoxy to keep it sticky




QUANTUM VILLAGE

The Sensor - creating the epoxy ‘prism’

Side View Top View

el Layer 2 - secure diamond and antenna:

.............. e Fill the epoxy over the top and cure

e This holds the diamond in place ahead of placing the red filter and
photodiode in the next step.




QUANTUM VILLAGE

The Sensor - creating the epoxy ‘prism’

Side View Top View

el Layer 3 - red filter and BPW34:

DSOS e Place the red filter gel, cut out to fit the 5x5mm face of the BPW34

e With a small amount of epoxy, place the BPW34
e Don't forget to include any copper wire supports!
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The Sensor - Energizing and
Reading the Diamond

—

Microwave
NG : Source
S Light Source : :

s U J Slde VleW

SR Operation:

.............. e The ESP32 will control the microwave source, with the laser module

.............. powered from the 5V USB supply

e The PD is wired into the transimpedance amp and then to the ESP32’s
ADC




The Sensor - Bill of Materials

Item Number Cost

Bill of Materials: Battery pack 1 Free - $10
OpAmp + electronics 1 up to $10

We have managed to to keep PAMP P

the cost down to around Laser Module 1 ~$10-20

~$160 all in. ADF4350/1 MW Generator $20-35

In future versions, the BOM MW Gain (40dB) + BNC ~$15

cost per device has gone
down dramatically, mainly
owing to the move towards a OLED Screen $10
single board which we have
designed to carry many of the
components directly, without NV Center Diamond ~$15
the need for daughter boards.

PCB (unit from run) ~$7

ESP32 board ~$10

Epoxy and Cu Wire : ~$25
~$160
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Lab Test @ University of Leeds..
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Magnetometer Showdown:

The red trace is a reference lab
magnetometer.

The yellow trace is the amplified signal
from the photodiode.

The yellow trace moves contrary to red
because of the integrator mode of the
opamp in use on that previous design.
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The Sensor - PCB v2 *

-

m QUANTUM VILLAGE
) o

- L]

R A New Design: 2.

S - All-in-one PCB!

.............. - Reduce cost and footprint

e - Remove lots of parasitics

SRR - Make it more ‘hackable’!

-------------- - Add prototyping area
- Expose more pinouts
- Use wider pads

- Make it easy to manufacture
- Single side SMD placement
- COTS connectors and parts




PCB ve2 Prototype:
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PCB v2 Prototype:
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PCB v2 Prototype:
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PCB v2 Prototype:
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PCB v2 Prototype:
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PCB ve2 Prototype:
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A Special Diamond Is the Key to a Fully Open Source
Quantum Sensor

Quantum sensors can be used in medical technologies, navigation systems, and

more, butthey’re Yoo expensive for most people. That’s where the Uncut Gem open
Trce project conjes in.
@"
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Building a pipeline and design flywheel @ auantumvitiace
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QUANTUM VILLAGE

What’'s Next for Uncut Gem?

Call All Would-be Quantum Hackers!

Now that we’ve released everything, we
really want your help!

Improving the amplifier

Improving the RF plane

More ideas for the encapsulation of the
diamond/LED/PD

More use cases...

3 Academic partnerships and growing
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