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Signal initial phase jitter compensation method based
on quantum voltage and digital sampling technology
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Abstract: When the AC voltage is measured precisely based on programmable Josephson voltage standard and differential sampling
technology, the amplitude error of sinusoidal signal after multi-period averaging is caused by the unstable phase lock of AC voltage source
and incomplete clock synchronization. This paper proposes an error quantitatively evaluation method based on the Monte Carlo method to
quantitatively evaluate the amplitude error distribution caused by random jitter of the initial phase within the range of Ag. The findings
reveal that the amplitude error primarily depends on the range of phase jitter and is minimally influenced by the number of averaging
cycles. For a jitter range of 5 mrad, the amplitude error can reach a magnitude of 107°. To address this, a compensation method based
on the phase jitter range is proposed. By calculating the compensation coefficient and applying the correction, the amplitude error caused
by phase jitter is significantly reduced. The compensation effect improves with an increasing number of averaging cycles when the jitter
range is fixed. A verification experiment was conducted to validate the proposed compensation method. For a jitter range of 50 mrad, the
amplitude error exceeded 1x107* V/V after multi-period averaging but was reduced to a magnitude of 10°° magnitude. These results
confirm the effectiveness of the proposed method.
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Fig. 1 Schematic diagram of step wave and sine

wave crossing point change
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Table 1 Simulation results of amplitude error at

different values of Ap
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Fig. 3 Influence of different jitter ranges on amplitude errors
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Fig.4 Multiple sampling average equivalent diagram
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Fig.5 Effective point position before and after compensation
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S4 AMERTIRSE E/(V-VT)  AMERIRE E,/(V-VT)
10 -9.3x1077 1. 1x1077

30 -1.0x10°° 3.5x107%

50 -1.0x107° 2.0x107®

100 -1.0x107° 1.1x107®

300 -1.0x107° 3.1x107°

500 -1.0x107° 2.0x107°

R T WA AT AR A7 BB ok S 8 46 SR 4 5 i, 1 B
REFE S B4 JR L S 9 500 21, 385 & 2 % AME S
100 000 ¥, Ge it 3RAGHMETT 5 A IR AR 1R 2240 1Y B 7 /]
S3A, WE 6 Fis

iR 2ME 6 TLLE M S 3K, #MERL
AR T B EGE X R IR AME T R B SOR/IME
SIRAETR 22, 30K 8Ll 51 A 0 8 (8 15 25 8 i 75 — 4~
A /NPT RPN, X6 IE T T 4R R R O i A R

SRIEARDI B Bl AME T 133
L [ #Mezwi

8000 B MR

6 000}
i
40001

2 000}

oLl

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

TR R Z/(V-V) x107
B 6 HBIENEEH 5 mrad B}, 100 000 YR {7 B SE 5k
TR IR (R 224 A

Fig. 6 Histogram of amplitude error distribution before and
after compensation for 100 000 simulation experiments with

a jitter range of 5 mrad
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Table 3 Compensation results for amplitude errors caused
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