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Design of a High Precision Time Interval Measurement Circuit
ZHAO Xuepeng', SU Shujing' s GAO Yuan®
(1. State Key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan 030051, China;
2. CMC Equipment Development Center, Beijing 100034, China)

Abstract: Aiming at the problems of low precision, low resolution and small range of time interval meas-
urement, a high precision and high resolution time interval measurement circuit was designed. Through
the combinational logic circuit and sequential logic circuit composed of six D triggers, the time interval ¢
to be measured was split into large time interval ¢, , which was larger than the clock period, and small
time interval ¢, and ¢, , which were smaller than the clock period. Driven by the external clock, FPGA
used the direct counting method to directly obtain the count value Q by the internal counter, and multi-
plied the Q and the clock cycle to get ¢;,. Based on time-amplitude conversion method, the ¢, and ¢, were
made as the open and close signal of high-speed switch to control capacitor discharge time, and then the
time measurement was converted into analog voltage measurement. Capacitance voltage before and after
discharge was obtained by using a 16-bit high resolution ADC, and high resolution ¢, and ¢, were ob-
tained by combining the capacitance voltage and capacitance discharge formula of constant current
source. The measured ¢,, ¢, and #,, were transferred to the upper computer, and the time interval ¢ was
obtained by calculating. The results of theoretical analysis and experimental measurement show that,
the circuit time interval measurement range can reach 10° s, the resolution is optimized to 1.5 ps, and
the measurement accuracy can reach 10 ps.

Key words: time-digital conversion; FPGA; high precision; time-amplitude conversion; direct counting

method; time interval

: 2021-12-07
(1995—), , R . E-mail:452974235@qq. com.

1971—, s R . E-mail: sushujing@nuc. edu. cn.



274 ( ) 2022 3
T, T,, FPGA
0 T12 i Tl Tz TAC
4] ty
) RS485 pC , \
, ) L.
N o H ’
’ 2 H
[3] 1
’ Fig.1 Time interval measurement scheme
’ 2 , Start
- A Stop t
[4]
) T, , FPGA CLK
- ’ Q 1. T
B 5 ] tlZ - Q >< Tclk-
b t —
(6],
N ’ Lig =1 — 1y, Ly s 1y Start N StOp
[12] .0
’ ty - (TAO) )
[7]
‘ 1= tlZ + tl - tz . - -
UI050A 12 , ,
5 pss 10 pst®; ,
A033-ET
3.5 ps, 4 pst GT688
1 pstod, FPGA
, 10 ps, 50 psttt,
) 2
’ Fig. 2 Principle of time interval measurement
1.1 -
1 1.1.1
3 , D
- Start  Stop
(TDC) (TAC) s T, T,
, 1 . T. T, T, TAC
Start  Stop; s T,
T FPGA . FPGA D
T 400 MHz,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



203 ) ( ) 275
Ll . 2.5 ns,
s . FPGA 1407 374. 88 s, 10° s
49 bit , 400 MHz
s
Fig. 3 Design of time interval measurement scheme
4 TDC D,-Q 1,
, Ds-Q. Ds—Q 1.
M,, M,, M, ,
T, Ty, T,
1.1.2 -
3 Start , 5
T,.
D )
3 D T,.
ADCMP573 \
4 TDC , ; VTP
Fig. 4 Main signal waveform of TDC circuit VTN 50 O X
’ Reset . VTP VIN
D,-Q. D,-Q. D:-Q 0, D,-Q. D,-Q. D;-Q ) VP VN
1, M, 0, T 50 Q5 HYS . R,
0. D,-Q D, D : D- ,
D 1 1 s . D
Start , Start D, ,
Cp » DiQ 0 1. 2 . . AD8351
3 » D,Q DiQ ,
1; Stop , D, s s
D, -Q, 1. , n D
Stop , D, , . s Ry R,y Ry R, 50 Q s



( ) 2022 3

276
b R5 . Iz
9 Cl CZ ’ (1) 9 ’
, G,
4 . Q I X1t I X At
C==="F—= . @D)
D : : 4 D v v av
MC100EP131, SET,
4 D : ’
’ Tl ]
, G
, U u’,
Ud s
_ i g _ Iz >< tl
Uy = & Lae = 2250 (2)
s b 3 1,
U’
n—1
U’ :ULSHEMK X 28, 3
K=0
: ULSB s n
5 . ;3 M
Fig. 5 Time-digital conversion circuit i K K . (2
1.2 B (€D A
n—1
1.2.1 C><<U_ULSBEMK><2K>
_ T, T, t, = i K=o (4)
“ 2
N , R ADC
- 6 ’ Tl ’ TZ N
[10] \ ADC.
A/D . TAC
1.2.2 -
— 7 .
, S,
6 — ’ Sl ’ Ql
Fig. 6 Principle of time-amplitude transformation ) A, ’
6 . T] 0 Tz ’ S] Ql Al
, I, G, , S, R,
U,, U 8V, 7V,

Tl? TZ ’ SZ

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



( 203 ) ( ) 277
R, 100 Q, 10 mA. ,
S FDMC7660, N 10 pA; ,
MOS , 2.5V, AD8605,
2.5V , MOS . , (65 uV)
m{) , ; Q CM5160, (8 nV/Hz), . U,
PNP . R, ,
7 _
Fig. 7 Schematic diagram of time-amplitude conversion circuit
, . R, C,
5V, STM32 SPI AD
Us 5V; D, 4.3V ,
s S , G, PC .
, 5V ; , 16 bit ADC,
, T., T, ADI AD7980. AD7980
; Q , . 16 bit
, , CE , ADC )
0~Uxgr » +0. 6L.SB,
) Ay .
R, , AD7980 5V , 16 bit ADC
, A, 1V , 76.3 uV.
R, 100 Q. , 10 mA. I, 10 mA, 1.5 ps
C, , D C 131. 58 pF.



278 ( ) 2022 3
At( ) 50 s, 11 : . 1 ,
TAC 50 ps. 8 S
- ’ s RS485
8 2 b
5,06 V. 1.51 V. , PC
PC UART
PC . 10
8
Fig. 8 Capacitor discharge process
1.2.3 STM32
AD7980 SPI STM32
, 9
(SDD) . (SCK)
(CNV) SDI
., CNV , +IN 10
Fig. 10 Communication structure diagram
, SDO ;. CNV ,
Maxim Integrated
, SDO,
7 MAX3491. .
SCK STM32,
9 . b
4.7 kQ ,
2
81134A.
[15]
9 AD7980 ’ ’
Fig. 9 Timing sequence diagram of AD7980
1.3 ’
S, C, PC
i STM32 ,
s STM32 FPGA S, . 81134A s
, PC 100 ps,
RS485 T, T, Ty, , , PC ,

’



203 ) ( ) 279
S, 81134A - , 100 pF,
, 10 mA, (1)
, t 1 ,
8113A
, 3 000 ps. ,
] Y
Tab.1 Test data of time interval
81134A /ps /ps /ps s
20 27 7
100 105 5
101. 5 106. 4 5 ’
500 504 4
1 000 1 005 5 3
1 500 1507 7
2 000 2010 10 ’
2 500 2 507 7
3 000 3 006 6
5 000 5010 10 N ’
500 ps, 1 000 ps, 1 500 ps 2 000 ps .
, TDC
b
11
FPGA s
’ 1 5
, ADC
b
FPGA 49 bit
. 10° S3 ’
1.5 ps, 10 ps.
(a) 500 ps (b) 1 000 ps
[1] , , TDC-GP2
LIl ,
2017, 40(5): 1072-1077.
CUI Yongjun, LIU Yang, YANG Bing. The design
of high precision time reference measurement system
based on rubidium disciplined crystal and double
TDC-GP2. [ J]. Chinese Journal of Electronic De-
vices, 2017, 40(5): 1072-1077 (in Chinese)
© 1500 ps (d 2 000 ps ,
1 [2] ; ; . TDC-GPX2
Fig. 11 Voltage changes before and after capacitor discharge Ly » 2017, 40
(4): 213-220.
1 10
1 HOU Zhijun, MA Hongjiao, WANG Kang. et al.
’ Design of a precise time interval measuring instru-
10 ps, ment base on TDC-GPX2[ ] |Journal of Time and Fre-
’ 1.5 ps ’ quency. 2017, 40(4); 213-220. (in Chinese)
1.5 ps , 1.5 ps [3] .
11 , . 2006(6) ; 453-462.
500 ps , 0.05 V. AN Qi. Review of methods and techniques of precise



280 ( ) 2022 3
time interval measrements for particle physics experi- ting. 2011. 107-110.
ments[J]. Nuclear Techniques, 2006(6);: 453-462. [9] [D].
(in Chinese) , 2019.
[4] , . . [10]
[yl ; [D]. , 2021.
2018(10): 31-34. [11] s . TDC-GP2
ZHANG Xiuyan, CUI Yongjun, ZHANG Binbin. [Jl. , 2018(12) .
Application of time digital conversion technology in 123-126.
the design of ultrasonic calorimeter[ J]. Instrument LI Kangkang, CUI Yongjun. New ultrasonic liquid
Technique and Sensor, 2018 (10): 31-34. (in Chi- density meter based on time difference method and
nese) TDC-GP2 [J]. Instrument Technique and Sensor,
[5] - 2018(12): 123-126. (in Chinese)
[D]. , 2015. [12] [DJ.
[6] FPGA-TDC [D]. , 2007,
, 2013. [13] [D].
[7] TDC , 2020.
D] : , 2018. [14] , . RS485 .
[ 8] ARTYUKH Y, BESPAL’KO V, BOOLE E, et al. , 2020(2): 80, 28.
Event timer A033-ET: current state and typical per- [15] Keysight Technology Co.. 81133A/81134A Pulse
formance characteristics| C]//Proceedings of the 17th Generatorp[ Z]. Santa Rosa: Keysight Technology
International Workshop on Laser RangingBadKotz- Co., 2015.
( 272 )
[14] s s R Delaunay 22-24. (in Chinese)
[J]. . [17] Delaunay
2020, 47(11); 137-141. (1] , 2017, 25(1); 47-51.
CHEN Shijie, ZHANG Senlin, LIU meiqin, et al. LIU Qingin. Overview of point location algorithm of
Underwater terrain three-dimensional reconstruction Delaunay triangulation on plane domain[J]. Electron-
algorithm based on improved delaunay triangulation ic Design Engineering, 2017, 25(1): 47-51. (in Chi-
[J]. Computer Science, 2020, 47(11): 137-141. (in nese)
Chinese) [18] , . (1.
[15] DA SILVA BRANDAO F J, PAIO A, LOPES A. , 2020, 16(11) . 243-244.
Triangulation algorithms for generating As-Is floor HUANG Shaolong, RUI Zhangxian. The shoelace
plans [ J]. Nexus Network Journal, 2020, 22: algorithm and its program[]J]. Computer Knowledge
683-700. and Technology, 2020, 16 (11): 243-244. (in Chi-
[16] , . Voronoi nese)
(1. » 2016, 30 [19] .
(5): 22-24. L. , 2020(6) : 8-12.

ZHANG Yan, LI Qiang. Research and implementa-
tion of Voronoi diagram generation algorithm based
on point by point insertion method[J]. Journal of

Heilongjiang Institute of Technology, 2016, 30(5) .

YANG Jingjing, MA Jun. Research on parallel algo-
rithm for fast calculation of area in remote sensing
image[ J|. Computer Era, 2020(6): 812. (in Chi-

nese)



