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Standards Bias RF Frequency | Generator ___| Microwave ____|# of Jls___| Applications

-
@ Josephson voltage standards will Programmable . Continuous 265,116 DC + T
& o . . . hson Vol 18 GHz — 27 GH Synthesizer + 0 +1 : @)
) SI directly realize the unit volt losephson Voltage 18 GHz—-22GHz ... . . n=0, + SE{pilse 2
z Standard (PJVS) (10 V) approximated AC 8
. =n f K. = 2e Josephson Arbitrary  14.4 GHz - 15 GHz Pulsed 51,240
7= 5 7= Pulse generator + ~ DC +
K h Waveform (Pulse pattern Coaxial cable n=0, +1, (+2) AC (1 Hz to 1 MH2)
J Synthesizer (JAWS) frequency) (1Vrms) >
O
=
[ ] [ ] <
Nb/Nb,Si, ./Nb Josephson Junction (JJ) Technology Fully automated cryogen liquid free Josephson voltage standards O
[aa)
Weston Caell, Commercial E
Passivation Electrochemical Voltage Calibrators t'l)
Battery —
¢ b ide 1 Voltage Sources >
1l l‘-.‘-_, i ,‘ ga _4 LLJ
—— 105! L Callprators
Substrate > 10 | wT
= 10° __AC
= FTWNV B
Cross-section along microwave coplanar waveguide "E 10-7 | ' Siﬁ_gﬂ.e,L - W e (ED
: GE’ 108 Junctions | JAWS o
JVS currently available frequency and voltage range 3 - | )
7 O 109 25— =
] — =
S ] 1010 ’ <
o 5. PJVS <10 9:}\7‘ >
T JAWS |
= 4 10-11 l
SR 1940 1960 1980 2000 2020
2 5. Year
4 1_'
- /\/ Both systems are available as Standard Reference Instruments (SRI)
0 1 o 100 1 1ok 100k M https://www.nist.gov/sri PJVS: 6000 & JAWS: 6011 -
Frequency (Hz)
Quantum locking range verification (intrinsically accurate operating domain) Non-linearities of ADC/Digitizer
(vertical haze in density plot) 5
AmV  -40pV OV +40pV  +4mV 4mV  -40pV OV +40pV  +4mV 20 20000 VIMMS 1 1 e ey > 4 L
[ T | | | | | | o 18 1kHz L e R :

0.1 - : 52 a0l L DR o SN S m.;:r_lj._l iy 200 LY :
. TS T - 51 +10.000 00 V paodse | e ool N R =
E 1 +0.00 mA T T A A 7
© Q 3 o BEENE R | 3 . _{] 5 <€ 0 51 lllll“"ltil'J” ' I l_,_l_l,'l ________ L_,-I_.I \IlllL il I'I 4o uv
AP =~ +0.00 K el o e T - 5 S E =
% v 4.9- = . | = [AF SRR T : T "i.l | 1200V 3 >
B 3 3 @ T I SRR IE RS B Sl S I - F_'_*?_'_”_”_'PF‘_'F_fﬂ.‘?ﬁ?,?.._ﬂﬂ?ﬂwmE‘.‘.EF}‘_ 3?‘?”_ <
m - 54.8- E-mn-;--;-;- 1 GmA 0.0 % o.o_-l_l_ qﬂgq}a:thgn ,(‘,,pefappgﬁmargmm) oW & -
S 4 Q.4.7- g 50 - B 1 ;ZZZﬁIEIZZfg;i,il'ﬁj_'fi:g:uﬁi'i;_..fjﬁ_'ifgﬁlf._@uﬁi,i_’gliﬁﬁ;__I:Ls_._'é'ZﬁZZ.JZ;’;ZZ;‘?IJ'i'ZfH._J_fZ 20w & @)
o +10.000 00 V E B FEIE S N =t IR . SR R NI R S 058 _05; A e ST T 8 -
5 . = 4.6 11 DO ST = Ot I | WS AN R R | LT T 40 W <
S - +0.00 mA ss. 'l : 1a0) T PTG R a1 SRS S O E

. N & L TR T T A T RATETR AT e, ST AR L ok
o | +0.00 CfB | I | | ool I mpd |I . | I II . el _ T 0 _1 ol ulilka ; I il J1l:|l| _ lLInJ- b 100wy
-1.2 -1 -0.5 0 0.5 1 1.4 "-1.3 -1 -0.5 -0 0.5 1 1.1 : ................................................. I.
DC Current Bias Offset (mA) DC Current Bias Offset (mA) ~180 Liii e ey TYIIRR ! o - — — oy
Frequency (kHz) THD (dBc) Period (fraction of a 1.0 ms period)
10 V DC (PIVS output measured with Keysight 3458A) Nathan Flowers-Jacobs et al., IEEE Trans. Appl. Supercond., Feb 2016, Art. ID 1400207
Applications “Artifact” Detectors vs “Quantum” Sources
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“Electrical triangle”
Kibble balance

Zener reference

Stepwise reference waveform

 Conventional AC standards are RMS Detectors
* Thermally compare AC and DC voltage signals
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