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Qﬂ SOUSTAVA SI

= Zakladni jednotka — Ampeér [ A ]
= Definice:

JAmpér je staly elektricky proud, ktery pri
prutoku dvéma rovnobéznymi pAmymi a
nekonecné dlouhymi vodici, zanedbatelného
kruhového prirezu, umisténymi ve vakuu ve
vzajemneé vzdalenosti 1 m, vyvola mezi nimi
silu 2*107 newtonu na metr delky. "
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73 REALIZACE AMPERU

= Pomoci Ohmova zakona I = U/R

[A] = [VI/[€]

= SET (single electron tunneling)

[A] = [C]/[S]
= Nabijeni znamé kapacity I = C-.dU/dt

[A] = [FI-[V]/[s]




Qﬂ REALIZACE VOLTU

= Pomoci Josephsonova jevu
V=n-f-hl2-e=n-f] K,
Koo = 2:€/h =483 597,9 GHz V-1

h = 6,626 068 960 83 x103¢ ] s
e = 1,602 176 487 186 x10719 C
K, = 483 597,890 893 GHz V-



Qﬂ REALIZACE OHMU

= Pomoci kvantového Hallova jevu
R.= hlie = RJi
Reoo= N € = 25 812,807 Q

h = 6,626 068 960 83 x1034 ] s
e = 1,602 176 487 186 x10719 C
R, = 25 812,807 557 4 Q



Qﬂ REALIZACE FARADU

= Pomoci vypocitatelné kapacity —
Thompsontv Lampardlv teorém

& = (/&) Uy = 4nx10~7 N A~

= Porovnanim impedance se znamou
hodnotou R z QHE napr. pomoci
kvadraturniho mostu

= Pomoci SET




Qﬂ REALIZACE V CMI

= SS napeti — statni etalon 10 Va 1.018 V
JVS + sada zenerovych referenci

= SS odpor — statni etalon 1 Q a 10 kO
QHE + CCC + etalonove odpory

= kapacita — statni etalon 10 pF a 100 pF

sada kremennych kondenzatort —
navaznost na BIPM
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MI
gﬂ STEJNOSMERNE NAPETT - JVS
= B. Josephson 1962 ——

« V = nhf/2e = Nf/K; —(-

« K, = 2e/h 7#/

= K, = 483597,9 GHz/V \

superconductor

isolator (3 nm)
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Mi
s STEINOSMERNE NAPETI - VS

microwave radiation o substrate:SiO;

resistive termination:
A microwave dumping

propagation
of microwaves

a
g
'
[l
.

¥
.
'

'

'

Boulder
Colorado

\ decoupling coil:
decoupling capacity: DAC connection for DC,
microwaves goes through, DC not blocks microwaves
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Mi
73 STEINOSMERNE NAPETT - IVS

10 MHz

. reference signal
e is 2= = R 3 frequence
ge-: [— = tandard
counter \\_\\/\ ¥ ———
PC controls devices gunn
through GPIB feed-back loop diode
/ detector Q &
— 3 attenuator
i9|6._15 ) | Ground
S~ elvin e Positioning
voltmetr f E \5 horn System
7 . 3.6 g (/ antennas
= kelvin I /
Speseaeios bias
’ source
scanner —‘—‘
N=jlolo
measurement vacuum veseel / filter
polarity ~ 100P low-pass

switch

reference s
standards X-Y oscilloscope
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Mi
aﬂ STEJNOSMERNE NAPETT - JVS

= Rozsah -11V + +11V
= Nejistota 1E-8

= Navaznost: primarni
etalon, jen porovnani s
jinymi etalony

= Primé porovnani s
etalonem BIPM na 10 V
(Uenmr = Ugpm) = 9,6x1072 V
U=10,3 x 102V




Q‘H STEJNOSMERNE NAPETI - jednotka

= Skupina Zenerovych | -
referenci - —

= Nejistota pro 10 V:
+1.5 pVv (1.5E-7)

= Nejistota pro 1.018 V:
+ 1.5 yV (1.5E-6)

= Navaznost na JVS
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O /ENEROVA REFERENCE

FIUke 732A(P) 10 V +Voltref AJVS
jednotka ¢.5
149 :
148 Drift:
47 +1.645 pV/rok
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Mi
Q‘H STEJNOSMERNE NAPETT - stupnice

= Rozsah 1 mV az
1100V

= Pasivni odporové
délice

s Fluke 732A

s Fluke 720A

= Datron 4002S

= Presnost ~10%
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Mi
?ﬂ STEJNOSMERNE NAPETT - stupnice

= Binarni délic R/2R -
autokalibrace

s Fluke 732A — zdroj ref.
napeti

= Automatizované meéreni

= Presnost <106
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Qﬂ STEJNOSMERNY ODPOR - jednotka

= Velmi stabilni etalonové odpory

= Nejistota pro 1 Q: £32 nQ2 (3.2E-8)
= Nejistota pro 10 kQ: £ 0.32 mQ (3.2E-8)

= Navaznost na primarni QHE (Kvantovy
HallGv jev)



Qﬂ STEJNOSMERNY ODPOR - jednotka

Kvantovy
Halllv odpor

Klaus Von

Klitzing

Gi

Magnetic Field
B
rd
Current

2-Dimensional
Electron Gas

R=V/I=h/ie?
Ry =h/e?=25812.807572 ohms

jo4

= Planckova konstanta

e = naboj elektronu
| = celé Cislo
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Mi
738 STEINOSMERNY ODPOR - stuprice

s Rozsah 0.1 mQ
az 100 TQ

= Presné odporove [
mosty

= Presnost 107 az
102




73 STEINOSMERNY PROUD

= Rozsah 100 pA az
10 A

= Odvozeni pomoci
sady presnych gy
etalonovych odporti / JE858
a ss etalonoveho e
voltmetru

= Pfesnost ~ 10~

M



V v 7 ’ v 7
o'm STRIDAVE NAPETI
= Odvozuje se od ss napéeti pomoci
termoclank

Use = Upc( 1 + d(1))

d(f) je AC/DC diference termocilanku pro
danou frekvenci

f=10 Hz az 1 MHz (100 MHz)



Qﬂ TERMOCLANKY - rozdéleni

= Klasické jednoduché vert

(SJTC) | l lu,
= Planarni

mnohonasobné

integrované (PMJTC)




Q‘H TERMOCLANKY
= Vstupni napétije 1V

= Vstupni proud je 10 mA
(90 ©O), 5 mA (180 Q)

= Vystupni napéti:
~7 mV (SJTC),
~100 mV (MJTC)
« f =10 Hz az 100 MHz
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VETSI STRIDAVA NAPETI

= Rozsah 2V az1kV

= Metodou ,step up”
pomoci rozsahovych
odporll

F792A
PTB 1kV
NPL 1kV

Vi PMITC?

+RR99k

F792A
PTB 500V
NPL 500V

+RR60k

F792A
PTB 300V
NPL 200V

F792A
PTB 100V

F792A
PTB 30V

F792A
PTB 10V

F792A
PTB 3V

F792A
PTB 1V

1
PMJTC6 PMJTC7

1kv

500V

300V

1ov

3V

v



mt MALA STRIDAVA NAPETI
= 1 mVaz 500 mV,
10 Hz az 1 MHz

= Pomoci
mikropotenciometri

= Pomoci indukcnich
delicd



ot STRIDAVA NAPETT - stupnice

= AC/DC Transfer |
Standard Fluke 792A

= Rozsah 2 mV az 1 kV
s f=10Hz az 1 MHz

= Kalibrovany v NPL B @
(Velka Britanie) e

= Pesnost 106 a2 104 Eofuimmmmmmtl e

oooooo
..........
....................
---------------------
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m STRIDAVE PROUDY

= Rozsah 10 mA az 10 A
s f= 10 Hz az 10 kHz

= AC/DC Transfer
Standard Fluke 792A
+ proudové bocniky
Fluke A40 a A40A

= Klecové bo¢niky CMI

= Presnost 10> az 10




m STRIDAVE PROUDY

= Rozsah 10 mA az 100 A
s f= 10 Hz az 100 kHz
= Klecové bo¢niky CMI

= Presnost 10 az 10~ pro.
AC-DC diferenci

= Fazova chyba v do
desitek prad — pro
pouziti ve vykonu
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Mi
o STRIDAVE PROUDY-malé hodnoty

= 100 pA a7 10 mA

= Kalibrace neprimou
metodou pomoci
etalonovych AC/DC
odpory Tinsley a
presneho stridaveho
odporu DATRON
4920




Q‘H NAVAZNOST

DCWV DCR
Statni etalon Statni etalon

10 V., 1.018 V 1 €2, 10 kC2

odporoveé mosty

= 2 DCI a3 Etalonové odpory

AC/DC diference AC/DC diference

ACV ACI

b, 4 ¢ h, 4 ¢ h 4

Referencni kalibrator

v

Transfer Standard D4950

v

Presne multifunkcéni kalibratory

v

Presne Cislicovée multimetry

ss odporove dé&lice

1mV az1100V




Qﬂ IMPEDANCE

= Kapacita 1 pF az 10 mF
= Stridavy odpor 1 mQ az 10 MQ
= Indukcnost 10 yH az 10 kH

s Ztratovy Cinitel 1E-6 az 1 pro C 1 pF az
1 nF

» f = 10 Hz az 1 MHz (10 MHz)



= 10 pF (TESLA)
= 100 pF (AH11)
s f=1kHza 1592 Hz |
Presnost ~10-7

Navaznost na BIPM

~ ———
] B —



= AH 2500
= 1 pFazlpF
f =1 kHz

= Sirokopasmové
mosty
= azdo 10 mF

s f=10Hz az 10 MHz
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m STRIDAVY ODPOR

= Odpory s
vypocitatelnou
frekvencni
charakteristikou 1 a
100 O, 1 a 10 kO

= Kalibrace VNIIM
(Rusko)

= Presnost ~10




i INDUKCNOST

s Odvozeni rezonancni
metodou

= Kalibrace pomoci RLC
mostU

= Zakladni hodnota 10 mH |

aloOOmHzRaC
pomoci Maxwell-Wienova
mostu

= Presnost ~104
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Mi
ELEKTRICKY VYKON A PRACE

= Statni etalon 1-fazoveho
vykonu K2005

50 Vaz 300V

50 mA az 100 A
Ucinik 0 az 1

45 Hz az 65 Hz
Presnost 8%10-
Navaznost PTB a NPL
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Q‘H ELEKTRICKY VYKON A PRACE

= Mmereni 3-fazového
vykonu pomoci
vzorkovacich karet

= 1Vaz560V

= 1 mAaz 100 A
= Ucinik 0 az 1

= 50 Hz az 10 kHz
= Presnost <107




Uu(t), Ui(t)

uy"(8), ui'(t)

DFT

uy™C(t), uMe(p)

korekce
;_________

corr , corr

Ut I,

vypocet
vykonu
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corr

‘
orr ¥ od &
w(U I |
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vykonu

u(Pe,) ‘ |
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POCITACOVE MERENI A
ZPRACOVANI VYSLEDKU

Wiew Project Operate Tools ‘Window Help

[=|[@[n]

3 phase Sampling Wattmeter

Results file directory
s ﬁl sample01

Sarpling settings: Signal base frequency (Hz):
SOkS/S24bits ' S0 —

Mumber of phases: .'-) 3

el

Sampled result:

Vajue

[ [ |
10000 20000 30000

Results file base name {no extension)

Mumber of recorded periods: Record length {samples):
‘,__) 1 S0k
START
Warm up (s) 6100 address
2 I Control source? ¢
o2 FEPIB:18:INSTR. [

ADC designation: U
Setphasel §  Lpenisiore =)
Setphase2 §  Trpurisiors =
Setphase 3 §  Lopericiors =
Status:

Developement
Swetam
Octave exe [ Calculate resulks?

: =
UICHTE e e —I [ Calculate uncertainties?

ADC designation: I

Self calibrate

ADCs
QUIT
error ouk
statusﬂ source 1
code HD .

v N BN N BN U B

I I I I I I
40000 S0000 BO000 o000 50000 0000
Samples

I
100000

P, [vpro My Computer|ﬂ

Gi



= Harmonické
zkresleni (THD)

o Fazovy posuv




V N, v
gi Vzorkovacl fazomer

Vyuziva
dvoukanalovou
rychlou
vzorkovaci kartu
a vstupni délic
napéti.




Vzorkovaci m

2} Total Harmonic Distortion Meter

V VsV

eric THD

=10lx]

BPxiisiots =) Jlu_
Octave exe file path % C:\Octave324\bin\octave.exe

Single measurement ‘ Multiple measurement |

Source Amplitude (V): i)JlSDDi
Source Frequency (Hz): glmi
Sample periods: | 100.000000

Result sampling time (s): 101m

Calculate results? v

(setto 1ifnone): 1z EJ 1

=

Input Impedance: ’:‘J 1 mega chm
Readings: ’5]10
Harmonics Limit: |30
Result samp. freq. (Hz): | 500k

Estimate uncertainty? [~

[ Name of the result file|

=

Path: ' c:\

Filename without extension: | test

Sample Number: ’FJJ 002
Result filename: | test-HoD02-X-ReYYY

{X means M as noise or 5 as signal, YYY wil be replaced by reading number)

As noise data will be used from measurement Mo: | not measured

File Edit View Project Operate Tools Window Help {:I
THDM
el
. . . B
Total Harmonic Distortion Meter B
Measurement setup| ggmpjer 1 channel Divider's voltage ratio Results Sampled waveforms: cho ERSror: ERNE

7.56-6-
SE6-
2.56-6-
0_
-2.5E-6 -

Amplitude

-5E-65-

7.5E-6 -
-1E-5-)
iy

Uncertainty
|Inf

THD (%}
|Inf

k1
k2

|Inf |Inf

Status:
veasurement | | Measurement| 1" |
status code source Self Calibration
o] fo —
= QuUIT

THDM. Ivproj/My Computer |1|




o KALIBROVANA MERIDLA

> etalony napéti a pomeéru napéti
» AC/DC termokonvertory

> presné Cislicové multimetry (od 6 -
mista a presnejsi)
» presné multifunkcni kalibratory

\'A'A R4

> mérice a etalony elektrickych prvkd




s KALIBROVANA MERIDLA
> RLCG mosty

V VsV

> merice a kalibratory vykonu
> etalonoveé elektroméry

V VsV

> merice fazoveho posuvu

\'A'A R4

> merice nelinearniho zkresleni a zkresleni
generatory

> Teplomeérné mosty
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