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Motivation

σ

DVMV

In reality, the measurement is relative to the 

voltage reference inside the DVM

From https://www.elso.sk/sk/uvodna-stranka/wavetek-datron-1271-1281-multimeter-3018.html
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Motivation

ADC specifications do not include the performance of

the voltage reference used

Digitizer or Digital Voltmeter specifications MUST include it!
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Content

▪ Introduction to the Allan deviation

▪ Voltage references & Voltage standards

▪ Josephson Voltage Standards (JVS)

▪ Programmable Josephon Voltage Standards (PJVS)
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Introduction to the Allan deviation

NBS is now    
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Introduction to the Allan deviation

Introduced to electrical metrology by Tom Witt (BIPM)

from 2000
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Introduction to the Allan deviation

The same information is available in the power spectral 

density, but you have to know the bandwidth of your 

measurement system to calculate the uncertainty of 

your measurement.
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Introduction to the Allan deviation

y(t)

σ
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Introduction to the Allan deviation

y(t)

σ
𝜎

𝑛
 = 3 nV , but

Allan dev ≈ 30 nV
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Introduction to the Allan deviation

y(t)

σ

Advantages:

 Directly type A uncertainty of measurement (k = 1)

 Prevents “too good” estimate 

 Lets you choose optimum measurement time

 Identifies white, 1/f noise and drift visually

 also random walk noise (not usual in electronics)

  

Disadvantage:

 Needs a measurement at least 2x long
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Voltage references & Voltage standards

y(t)

σ

A Voltage reference can be: 

A battery (poor performance)

Zener diode

IC based on:

 Zener diode

 Bandgap reference

Part of an IC
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Voltage references & Voltage standards

y(t)

A Voltage standard is an instrument that includes a voltage 

reference and typically an oven and scaling amplifier

Images from https://us.flukecal.com/products/electrical-calibration/electrical-standards/732c-734c-dc-voltage-reference-standards 

http://lionelectroniclabs.com/fluke-datron-4910-dc-voltage-reference-standard/

http://friedrich-messtechnik.de/index.php/messtechnik/dc-standards

https://mintl.com/products/8110a-10-volt-reference/ 

https://mintl.com/products/8110a-10-volt-reference/
http://lionelectroniclabs.com/fluke-datron-4910-dc-voltage-reference-standard/
http://friedrich-messtechnik.de/index.php/messtechnik/dc-standards
https://mintl.com/products/8110a-10-volt-reference/
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Voltage references & Voltage standards

y(t)
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Voltage references & Voltage standards

y(t)

Images from https://upload.wikimedia.org/wikipedia/

commons/4/4b/

Balanced_scale_of_Justice_%28blue%29.svg

To reduce the 

influence of 

the voltmeter
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Josephson Voltage Standard

• Predicted 1962, observed 1963

• Based on natural constants

𝑈 𝑓, 𝑛 = 𝑛 ∙ 𝑓 ∙
𝒉

2𝒆
= 𝑛 ∙

𝑓

𝐾J

Bildquelle: http://www.nobelprize.org

Brian D Josephson

But 
𝒉

2𝒆
= 2

µV
GHz

So, for 10 V using 70 GHz, we need

69 632 Josephson Junctions (JJ)
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Josephson Voltage Standard

Based on a quantum effect, so independent from

materials in the JJ, time, temperature, pressure, ...
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See: J. Clarke, Phys. Rev. 

Let. 21, 23, Dec 1968
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Josephson Voltage Standard

To further dispel doubts, see A.K. Jain et al., Test for 

Relativistic Gravitational Effects on Charged Particles, 

Phys. Rev. Let., Vol. 58, No. 12, March 1987



19

Josephson Voltage Standard

To further dispel doubts, see A.K. Jain et al., Test for 

Relativistic Gravitational Effects on Charged Particles, 

Phys. Rev. Let., Vol. 58, No. 12, March 1987

EMF @loop < 1 x 10-22 V
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Josephson Voltage Standard

To further dispel doubts, see A.K. Jain et al., Test for 

Relativistic Gravitational Effects on Charged Particles, 

Phys. Rev. Let., Vol. 58, No. 12, March 1987

EMF @loop < 1 x 10-22 V

7.2 cm

Red shift of electrons

ΔV = 2.35 x 10-21 V
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Josephson Voltage Standard
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Josephson Voltage Standard

Based on a quantum effect, so independent from

materials in the JJ, time, temperature, pressure, ...
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Josephson Voltage Standard

Based on a quantum effect, so independent from

materials in the JJ, time, temperature, pressure, ...

Uses superconductors, so needs low temperatures

                            



21

Josephson Voltage Standard

Based on a quantum effect, so independent from

materials in the JJ, time, temperature, pressure, ...

Uses superconductors, so needs low temperatures

 So far needs 4.2 K or 10 K
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Josephson Voltage Standard
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Josephson Voltage Standard

Compared instead of calibrated

Control

unit

Control

unit

Null Detector

0 2 4 6 8 10 12 14 16 18
-8

-4

0

4

8

 

 automated SINIS - SINIS comparison @ 10 V


U

 /
 n

V

time / hours

2476 polarity reversals

U = 47 pV    25 pV
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Josephson Voltage Standard
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Josephson Voltage Standard

Noise of 

Null Detector 

removed!
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Why do we prefer polarity reversals in metrology?
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Voltage measurements

DVMV
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Voltage measurements
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V

Terminals have EMF‘s,
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Voltage measurements

DVMV

V

Terminals have EMF‘s,

DVM input stages have 

an offset voltage,

what about the 

voltage reference?

V

V

V

V

V

DVM ADC V

ref
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Voltage measurements

ADR1001

5 V
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Voltage measurements

16x

LTZ1000
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Voltage measurements

1xADR1000
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Voltage measurements

1xADR10001 day
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Conclusions

•  Allan deviation is very powerful tool

• Voltmeter / Digitizer performance must include

 performance of voltage reference

• Voltage standards are good to 10-8 over 1 day

• Promising new reference ADR1000
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