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Correlated Samples

106 107 108 0 5 10 15 20 25

0 5 10

Delay [ns]Frequency [Hz]

1.0

0.8

0.6

0.4

0.2

0.0

0

0

0.1

-0.1

-10

-20

-30

-40

A
ut

oc
or

re
la

tio
n

N
or

m
. 

P
ow

er
 S

pe
ct

ra
l

D
en

si
ty

 [
dB

/H
z]



17Vacuum fluctuations quantum random number generator with non-iid samples

Correlated Samples

Samples are not independently distributed!

106 107 108 0 5 10 15 20 25

0 5 10

Delay [ns]Frequency [Hz]

1.0

0.8

0.6

0.4

0.2

0.0

0

0

0.1

-0.1

-10

-20

-30

-40

A
ut

oc
or

re
la

tio
n

N
or

m
. 

P
ow

er
 S

pe
ct

ra
l

D
en

si
ty

 [
dB

/H
z]



18Vacuum fluctuations quantum random number generator with non-iid samples

Correlated Samples

Samples are not independently distributed!

106 107 108 0 5 10 15 20 25

0 5 10

Delay [ns]Frequency [Hz]

1.0

0.8

0.6

0.4

0.2

0.0

0

0

0.1

-0.1

-10

-20

-30

-40

A
ut

oc
or

re
la

tio
n

N
or

m
. 

P
ow

er
 S

pe
ct

ra
l

D
en

si
ty

 [
dB

/H
z]

Idea: Map non-i.i.d. into i.i.d. process



19Vacuum fluctuations quantum random number generator with non-iid samples

Correlated Samples

Samples are not independently distributed!

Power spectral density
of the signal

Conditional variance describes variance of virtual i.i.d. process
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Metrological characterization
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Metrological-Grade Characterization
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Metrological-Grade Characterization
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Metrological-Grade Characterization
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Metrological-Grade Characterization
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Lower bound as
● Visibility = 1
● Quantum efficiency = 1
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Summary

● Min-Entropy: 11.4 bit per 16 bit sample

● Real-time randomness extraction: 10.67 Gbit/s

● Metrological characterization:

Real-time QRNG suitable for high speed QKD

Outlook

● Where to get good seed bits from? DI-QRNG?

● Integration into a package suitable for QKD integration

● Online tests

● Power-on self-tests

QRNG runs in the past
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