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Picosecond-level event timing measurement based on high-speed ring oscillator
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Abstract: A picosecond event timer based on high-speed ring oscillator is studied and designed. The rising edge of the signal

representing the event is used to trigger the high-speed ring oscillator to generate the clock pulse signal synchronized with the event. The

sinusoidal reference signal is sampled and processed by the all phase FFT algorithm to greatly improve the precision of event timing

measurement. Experimental results show that in the case of a sinusoidal reference signal with 10 MHz frequency, a 14 bit ADC with

140 MHz sampling frequency, and the all phase FFT with operation point number N=8 192, we have achieved the single-shot time

interval measurement precision of 3. 16 ps rms and the time stability are better than £0. 31 ps/h. The results are in good agreement with

the error budget based on the theoretical analysis, reaching picosecond-level event timing measurements.

Keywords : event timing; ring oscillator; all phase FFT; timing ambiguity

0 3l

i3

FF 2Z 18] ik ] 1 B2 FH 323 I 45 (event timer,
ET ) SRR, SOE R A S AR SRR P A =
AL P FH L0 ST (4 2 0 o 0 A% R R —
RITIT 220 5 F PR T )RR , 79 280 <7 7 2 A= i LR i 2 7
AT T RIS S B RSk S

SFAFTTI AR [ R 22 U5 By R SR,
Y R B2 35 B AP 1 4 i ST B AR R 2T
TR R 5 E R 2 T ) S B B, b <) T

Wk H 9. 2022-01-10

Received Date: 2022-01-10

B E AL A 18] RAT SR R E L DL T B AR
HHET

T 4 3 A o ) T8 FH P I i B 4 . TECS
(Institute of Electronics & Computer Science ) ffFifil] ) A033-
ET, H RS T3k 3 ps rms , (HANAK & 5215,

ARICHFEHB T — T md IR G A
A AH A7 8 B A8 $e (all phase fast Fourier transform,
apFFT) W1 S0k (1 2238 38 55 (0 1T s 2 | 4 38 T 17 B
NSRS 32 P 3k B Fb B 2, 12 22 30 38 I A A 7 2
VT 2052 2 B 2 0 3 P B U8 UL, X T Bl 4 RR A A
BIER AR (AT LK T 10 ps tms KAL) CRARIEZ S



- 48 - LSRR R e o

5536 4%

ZAZ PR, 10 MHz, f8F TRESCEL, BEFEAL,
RG] SRV R REAS IR B R RD A S R

AT BRI A

1) AR A AR F S LR 2l & = s 2R
ARG , 7= 5 A [ R P Bk P55 VR R Rk
BB X IE 52 5 % 55 AT R AE DA =42 =2 1] B (1] ]
B P BRI B A oA BT 1 T R B A S I, i R
AR A M AL FRT 83 EAT A0 B, KR 45
BT F IR AR

2) BT HER A SRR T SR T RTRE I AR ASR JEE H S)
S AR T ST AT B g )

3) T ARAS e FD i A B U RS B SR R R
ADC [ RFERH AP 5 FHF 5 RS0 R 25, AR 5% 2R
H5IET HMC746LC3C 1E A fmfe s S IE IR 1 v B 4%
O, HEAE L 4535 14 G bps, PR3# ETHFIR [
B 1] 2351 R 21722 ps, AR 3G IR R 95 ps, BEHLEF SN
0.2 ps s, Bt %IR35 HEL 3 7 A A B 4 ok b A S
LA W A RRE M AR N B AL EL 31, 7 A s ADC fY
KA BRI T 5 AE S R R 2D

1 ETSEREIRZHFNEGITHERE
'—5111‘[’7'7_7%

T R TE JIR F ESF ] ] B 000 Ty 92 ) D B AE
AN 1 s,

wae ]| UL wppanun
T g P klﬂﬂ_ﬂ

ADCl H ]
: 17 1]
i LSHMBFFT | A
i = o2 S
' ﬁ%2

ADC 2| !

$#2f—, waemamg] | k2] fU
o SR

1 T PR IR 7 14 P 1] [ o 00 Je A 1]
Fig. 1 The principle block diagram of time interval
measurement based on high-speed ring oscillator
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Fig.3 The principle block diagram of the

picosecond high-precision event timer
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Fig.4 The principle block diagram of

the precision timing module
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Fig.9 Hardware system block diagram of single-channel event timer with picosecond high precision
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Fig. 22 Dual-channel event timer single measurement accuracy experimental verification system
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