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« Metrology Is the *“science and practice of
measurement”
— Stable: Long-term trends can be used for decision making

— Comparable: Results from different laboratories can be
brought together

— Coherent: Results from different methods can be brought
together
* The objectives of metrology are achieved through
providing the framework for traceable
measurements.
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Laboratory, Hong Kong, China

Introduction of SCL

= Established in 1984

= SCL is the Hong Kong's custodian of reference
standards for physical measurement
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e From 1860:

e Siemens mercury unit

— Electricity passing through a
1-meter long column of pure

mercury
e Silver voltameter

— “International ampere”

— Determine the mass of the
cathode before and after to
Indicate current had passed
through it

Source: NIST



e Weston Cells

— H-saped glass container filled
with chemical for stable voltage

« Ampere balance

— Current pass through a coil will
produce a physical motion to
move the indicator

Source: NIST



e History of Electrical Metrology
e In 1920s:
— International comparison of
Weston cells
e In1933:

— CGPM determined to move
from “international ampere” to
“absolute system” based on
length, weight and time.

e |n 1948:
— Officially adopted by CIPM

Source: NIST
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&= Current S| Definition (1948)

The ampere g that  congtan
tureent thich, if maintained iy
(o straight parallel conductors
of infinite length, of negligible
civcular crogs-gection, and placed

1 meter apagg; e e tnenl
produce bettel Ampere’s Force Law:

q force equal {
per meter of [e




.. & History of Electrical Metrology
e |n 1960:

— The “ampere” joined the
family of S| base unit.

e In 1970-80:

— Evolution of quantum
technologies




e e Current Practical Realization

o Quantum Hall'effect

o h Ry _90 ~ h
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e Nobel Prize in Physics in 1973
 Prof. Brian Josephson

« Josephson Array Junction
— Superconductor
— Tunneling effect

o At 4.2 K (liquid helium)

— Cooper pair of electron can tunnel through the insulation
barrier giving rise to a DC current

— No voltage drop across the tunnel barrier



B Josephson Voltage
h nf
V =nf — = —-
nf 2e K

* h~6.626x1034Js
¢ £~1.602x10°C

» where K, : Josephson
constant = 2e/h
~ 483597 GHz/V

o KJ-90 — 483597 9 r 10Voltage Std.
GHz/V




Quantum Hall Effect
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* Nobel Prize in Physics in 1985
 Prof. Klaus von Klitzing

* Two-dimensional (2D) electrons S
In strong magnetic field at low Prof. Dr. Klaus von Klitzing
] visited SCL on 29 July 2016
temperature shows quantized
Hall resistance with the
universal fundamental constant.
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e h=6.626x1034Js
e £6~1.602x101°C
e Fori=1,

R, =25812 Q

e CIPM conventional defined
value R, o, = 25812.807 Q

* Ry=Ryq0/!
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Revised definition of electric current

S
C
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alibration
aboratory, Hong Kong, China

i -

The ampere, symbol A, i1s the SI unit of
electric current. It is defined by taking the
fixed numerical value of the elementary
charge e to be 1.602 176 634 x10-* when
expressed in the unit C, which is equal to
A s, where the second Is defined in terms
of Avg..

C <
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e Revised definition of electric current

i -
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A=C/s

< Count the flow of electrons In a second @




e Revised definition of electric current

Silicium wire NPLE / )
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N2 S X
N < Ametallic SET
detector

Single Electron Transport (SET)

(Sources: NIST, PTB, NPL)
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Deffiicy constants:

ez Continuity of Electrical Standards

e=1.602176634 - 10°C § h=6.626 07015 - 10°* J'S

K, = 483 597.9 GHz/V

2e
=%
/@M[f@c/ S /

R0 = 25 812.807 Q

il

K, =483 597.848 416 984 GHz/V

= 25 812.807 459 3045 Q

R(/Riqo—1=1.8 108
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25d<U no action is necessary until the next recalibration (or measurement).
U<25d numerical correct or recalibrate before the standard’s next use for traceability.
Instruments U<25d
(% 10 6) (x 10 6)
Zener voltage standards 0.06
Calibrators (DC voltage) 0.7 +0.11 No
DMM (DC voltage) 1.5 No
Standard resistors 0.3 No
Calibrators (Resistance) 1.0 +0.018 No
DMM (Resistance) 1.0 No
Calibrators (DC current) 2.6 No
+0.087

DMM (DC current) 1.0 No



21075 |\
Ea 10 mV Slngle
$10 F———Jun| ctions
510% o
<1 010 1 lOV ________
X Array<; |
104920 7940 1960 1980 2000 2020
Year
10V 0.22 nV 2.2 nV
1.018 V -0.51 nV 1.8 nV

(Source: NIST)
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Programmable Josephson Voltage Standard (PJVS)
- step-wise approximated sine waves (12 17)mm PIVS Clip

_‘7 Steps

VIO _—

DC Input/Output Pads

Josephson Arbitrary Waveform Synthesizer (JAWS)

- direct digital synthesis with current pulse sequences

h
V(t)=—
II ‘0 IIIIIIIHHIIIIII I
(I

V(t)

pulse 26
; 'X

l I|I'IV|

(Source: NIST)



Thermal Converter Multijunction Thermal Converter

1920 1940 1960 1980 2000 2020
Year

(Sources: NIST, PTB)
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B eon Medical Application

« Synthesis of Normal sinus ECG waveform by
JAWS

} E —_— LSE of Hl:h'il'n_n:ll‘:'l-l hrythim
— &= — '
%ﬁl 5 pr— -
(3] o | L~ _f-"\_
-~ ™ N | /“\___i,u— L\ FaN
G - i'\-ﬁ_ ; S
> ; o I
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time / ms

(Source: PTB)
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Medical Application
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e \ i
_ L ¢ High energy
e Short pulse
— P
Defibrillator
J
4 N
_ ¢ Weak differential
AL _"\\ _. signal
== e Narrow QRS pulse
i i :
Electrncafdiu raph
- erap J
;- N
e High energy
& High frequency
» Different duty
cycle
Electrosurgical
N\ 8 Y,

Arbitrary Waveforms

OH
oL
Sampling In-house developed
Multimeter control program

Digital sampling system




. Electrical Testing
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 RCD tester

 |nsulation resistance

o Clamp meter
 Withstanding voltage
 Electrical safety analyzer
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Advanced Sensors

Proximity Sensor
: LDR
Color Sensor Gas Sensor iLicht Senaor) e
. . @ Yl e 1‘:* cs il
] - LM35 & e -, k- -
| Alcohol sensor Smoke Sensor Thermistor
X {T&mp&:a{'ure Semsos) (Temperature Sensor)
= ¥ “w Ultrasonic Sensor
— IR Receiver :
. 1 : Y
Rain Sensor PIR Sensor Water Flow Sensor
Heartbeat Sensor i) " ﬂ
= - e Ty &
T Z?l{) 1 Humidity Sensor Gyroscope _
IR Sensor IR Sensor  Touch Sensor Photo Transistor Soil Moisture Sensor
(Transmissive Type) (Reflective Type) (Light Sensor)
Traffic
Monitor Airborne
Imaging
5 Device
Environmental Health <
Monitor | Monitor Industrial
. Process
Stratn Monitor -

(Sources: Electronicshub.org, logisticsarena.eu)
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Future development

* Lower magnetic field for QHR

« Higher operating temperature for quantum standards
e Quantum calibrators (DC/AC)

e SET

« Ultra Low Current Amplifier (ULCA)

2D GRAPHENE SHEET
IS ONLY 1 CARBON
ATOMTHICK.

3 ]
K-
Sealiy i ' MAGNETIC FIELD
BENDS ELECTRON PATHS, CAUSING POSITIVE
AND NEGATIVE CHARGES TO BUILD UP ON OPPOSITE
G rap h ene based Q H R EDGES OF THE GRAPHENE, PRODUCING A VOLTAGE.

(Sources: NIST, PTB)
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+ The development of quantum QD

measurement standards have evolved
rapidly In recent years.

* These measurement standards ensured
the accuracy of electrical calibration
for new opportunities in the
technology age.
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