5 43% 51 8 BT 5 fF B % ik Vol. 43No. 8
20214E8 H Journal of Electronics & Information Technology Aug. 2021

— B A RET B i RESEN EEREES T E R AR E SN

4,

FiEA  FEES 0w H# Mk &R AT BER

(RART R IR ML B R E R KRE  BE  710024)

& FE: 2R R E R AR R 28 (TDC) B % RS 5 7= AR Tk, EOTER TR IS, @it
EHETDCEM MRS T Bz, SEaMmHE SRR, MARUEHIBIE S, 7ED% R
W, BENE SN AETDCHIZER % E, SEIXTDCHbin-by-binfi#. 2T Xilinx A 7 )28 nm T. 2
Kintex-7 I gmF2 [ 1FEF(FPGA) N I HEAL 5 ST —Fhiplain TDC, FIHiZJ7iER HEplain TDCHITE FE (1%
JEIRESE]), WFFURAE T 24k 7 R I TDCHIMERE S H, I (8] 3 38 (R L TDC I IR A 2412, Least Signifi-
cant Bit, LSB)}24.9 ps, ALkt N(-0.84~3.1)LSB, AL N(-5.0~2.2)LSB. CH ik B HE T %
K P BB BRI, B R AL A SRR, AR BT AR Z R T0.5 pso ZARHE VISR H B £h8 4R
HRAR B A B, EEME. REtgdr, ST Xplain TDCHI &S H B RME. %7k FIRGE T At
HKII M TDCHITE S FERS 1

KRR (R BCEA IOEEERCE . AHTREE: TDCER B KRS S

FEZES: TNT9 XHAFRIRAS: A XEHS: 1009-5896(2021)08-2121-07
DOL: 10.11999/JEIT200769

A General Method of Generating Code Density Calibration Signal for
Time-to-Digital Converter and Its Realization

LI Haitao LI Binkang TIAN Geng RUAN Linbo ZHAO Qian LU Zongjing
(State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Xi’an 710024, China)

Abstract: This paper proposes a universal Time-to-Digital Converter (TDC) code density calibration signal
generation method, which is based on the theory of coherent sampling. By reasonably setting the frequency
difference between the TDC master clock and the calibration signal, combining with the output hold circuit, a
random signal for calibration is generated to ensure that the random signal is evenly distributed on the TDC
delay path to achieve Bin-by-bin calibration of TDC. The paper implements a carry chain plain TDC based on
XILINX’s 28 nm Kintex-7 Field Programmable Gate Array (FPGA). The method is used to calibrate the code
width (tap delay time) of plain TDC, and the performance parameters of TDC in 2-tap mode are studied and
calibrated. The time resolution (corresponding to the least significant bit of TDC, Least Significant Bit, LSB) is
24.9 ps, with the differential nonlinearity is (-0.84~3.1) LSB, and the integral nonlinearity is (-5.0~2.2) LSB.
The calibration method described in the paper is implemented using clock logic resources, and multiple tests
show that the standard deviation of a single delay unit is better than 0.5 ps. This calibration method uses clock
logic resources instead of combinatorial logic resources to realize high-precision automatic calibration of plain
TDC, with good repeatability and stability. This method is also suitable for other types of TDC code density
calibration.

Key words: Time-to-Digital Converter(TDC); Code density calibration; Coherent sampling; TDC master clock;

Calibration signal

1 58 X R R A5 SR R R S XTI [R5 B 3R
Bt )/ A B 2 T AN B A e — B EUn] DA ey i () #  #% # 45 (Time to Digital Con-
HE2 R R R VA, R g verter, TDC)RELIL, TDCKS I 8] 7] 5% 46y — 33t
HIECT gAY, e B S o A 45 B AR B RS

Wehs E: 2020-09-07; Bl EH: 2021-02-25; PZEHIAR: 2021-03-30 B TDCIZRHER RN, FhEMr. L2
SEfEE#: 490 1ibk2008@sina.cn B BIEE . EREBURSEARZ AR, R



http://radars.ie.ac.cn/CN/10.11999/JEIT200769

2122 B 7 5 F

2 %

43 %

FREYEL SR 12, TD ORI 8] 45 S R 6% [A]
FRBR T shE . RESEE, 80k Fh
%K. Bk NI RS R E R

TDCH Z ML J7iE, AHER R A Fg 5 &
L BT IAIE B Rk . EETHEOE . BBy AHTE
Wbk Sk B REEVE AN 2 70 A IR VLS s AT
ERTDIMSZAE A, Wl DG S, AT DASEI A
TENG FE B SRS B MORELIST 70 280 248 B i) F0 B 1] 1) o
o WSV ERE, TDCHISEI 5 %m] Loy
N ITENE 7T WSEF& BF, TDC
n] LYE & 46 L % (A pplication Specific Integ-
rated Circuit, ASIC). I3l gwfE [ TFES (Field
Programmable Gate Array, FPGA)%F & 5k
Bl. ASIC-TDCHIM R RS EMEEEMEE i, EAE,
ASIC-TDCH A X — BARN it ARG
&P, HIFR—RASICE F AIRK:; FPGA-TDC
BATERAARE . ERE R AR, &k RiES%
s, (HRHLARZME R = .

BEAE MR FHEAR, A GE T2 RRE,
FPGA-TDCM &R e S5 Sia, 1E
FPGA FSEBlmAE ETDCRAA EEM AR L. H
A, 2 TFPGASLILI R L TDCHIW /T 3 2k
EJUA T (1) TDCISERL, HETFPGANHHE
RIS FETDC, I (A B 3 6 ple — 3t 1 9w
i, EEd AR R Fw; (2) TDCHH R
e, EFEEGENRMETE, RETDCHM T (bin
size), PFAKFPGARE T2, TAEHE. TIERE
(Process Voltage Temperature, PVT)% 6}
TDCHREMFZM; (3)8F X TDCH #ibin sizelt) A —
;v WA EDbin, BN EIRZE,
PRI R, FE 22 T3 & (Wave Union,
Ripple method). 2 8 8O & 55 7% AT LAE
O TZHEA E, RAgEGEEFPGA-TDCHHE
ik, REIERE; (4)HARRIIRE, WalE
W I SE I R HETDC/¥bin size, % @IETDCHE L
fEF, EEXTRREREOR (TR S ) 2T TDCHI TUAR &
5.

WX FEEHARFPGA-TDCH H I HE %,
Y B R HE T VERR ZE A, o TR E
T8 BERSEAS 5 P2 AR 7, $RH T — PR T AT
FERR ) IEH TDCRY % FE R At T7 i, i & B
BTDCEM P AL HEE 5 2 MR 2, 6%
HORFFHLER, ARG S, FRENS
FERAEITFEF, BENLIE 5351 /3 A E T D CIP) ZE B
ML, LI TDCHIZEAL (bin-by-bin) B HE .

2 TDCRERE
TDCHIH IR HE T3 % 3 203 9 P B AR

PEAZHEPFPE0), SIS HE AT DX TD CREAT PR id AR
e, (HAE, 521 R B B o Sk 1 35
IR R, TEEXTDCH REAN L IR B el Sk 4T 8
REReHE, 2 FEECRMN R IR ZE . BARAE T LX)
G R JE IR B A R — > B3R BT Sk i3 1T bin-by-bin
W, — OB EE B ke, W] LURS B bR 2
ANIEAR BT Sk R ZE TR N ]

FRYE SCHR [T 45 5, 04 PR 25 BE A i 5 v
KRAETDCHIRS TEF, A 7R AT BE BRI & B # TG iY
AR 22, 5 BRGNS HE R EL, B R vk v Bt 2
BN HERTTA] . BN b P& AR I 7 AR YR
TDCHRIRE R HH 8. FERGES SAMTDCER
BRERMIRIEE T, NS S NS S, ik
Ze R HE R B 2 e ok 2 =K (1) B, U,
NABHERE, RNFEEE L% H, TATDCE
WEEP A BE, T=5 ns, J 3k 4E B 3% $669 58 1 A ()
B, o, NN IR ITTHIbREZE, o NKHEIRZE
B . RIEA(D), SR ELBAR IR BN
1000000¢%, *F M TDCHIRHE R Z T KB/ T5 ps;
[ B, SRR R A 2100000000k, X B
TDCHIRHER ZE e RME/NT0.5pse Mo —ANFMTE
M, TIPS psB kR S TDCHEATRIHE, A4
1000000k A HE, Dt A5 ps, A4 TX5 ns
JE I Bl 110009k, Hoaw ) A E R,

k
T , o2 T [ 1 T
or=y D ottt 1-2<— (1
N\&Z=" 2 VN k= VN M)

IHERE S 4 ERARTASEIMTDCH, 4
7 — R A IR B, 2R TFPGAN
P A7 A AN T AL B, MG 1 TR I R
i R T LR, A0, KO0 R,
R D907, AT RGeS BR8N, ki
KAEO-1BRARNS, RGITAGENR, A B oy A 3]
WGP, WTIRGIRE, R FIE T
WERS; BTN, JRGIRESR,
HH D907, [ BIRSEARAS . I L S A ]
T LR PR SE I — R AE N AD B2, TT LA™ A v A
W55, WSS LS e AT DO TR

XOR i
1

AND
Cy 5 it

7/
XOR

ik

AL
K1 TR R R



8 1

UGV — I H I TR) B e B g i 8 PR HEAS 5 7 A T i B L sz 2123

WA RS EIRGE 5 AN AR R TIH
B RG IR AT E BRI AR, —MeRul, A%
FERSHETT R IR HE IR B %, fE— A2 BT Lld
TP S5 0 5 1 AR I AR B 1 s

CHR[1)8 T — MR HFPGA W &R
(Look-Up Table, LUT) %I, i 2 e $k 3R 57
ARG BRI 7. M TEIR Y F G — M A7 2
SR A IR B e fe — AN RO A R R SR
— A RAB RN T DUE IR 454, 1A BHRG 1 H
). FPGARFETERKREWEY, HKEEK
FTHIR H 7 ERIEE, nT Ll i e B AR 3ROk S
FHER IR, ERERLUTL, LUT2H I3 TE
Ry e E 2R, S —ALUT2HMEEA
LUT1, LUT1, LUT2M BEAER R, FK20R, @
HRELUT2WEAA M “00107 , {ENRO
I, LUT2ANZI0RN, HtHiaZ 0’ MENKNT
i, LUT2M % OS5 ANI0R M, SEHL R AH 28 Th
A WEIECELUTLW WA E N “107 , SEH
MR ThRE . ERAELFEF, ENNUR, HE
HRELUTISLUT2H IR 450, A2 T4 5L
AN SORH 2 2R ) R T AR 5 FL it s B Il B Bl R AL
i, AFARIIAE. BRIRTH0, ENAO, HEREK
LUT1S5LUT2H AR, 24T 54 x
FHEE, ATEEIREY -

3 —MEREESTERE
AR 5 IR 15 5RO RMERS 5 10Tk, R
MFPGANFRHIA G IEH BT, 21 B R R

0 1 2n
EN
=2 n n”
o) 0oL .. -0 o finth
i%im LUT1 LUT1
B 2 FIFERE ISR S 2%
%=1 LUT1E{ER
10 0
0 1
1 0
=2 LUT2EER
11 10 0
0 0 0
0 1 0
1 0 1
1 1 0

FEATEERIRY, BV ENREES S
TDCERME TR, VLGS . 0% ERET
E, WmRRHEREVEY 2, DORBENUE 5T
Sy ARTETDCINER #4542 F, 7] PASEILX TDCH)
kG R

TDC IR % B MR -5 AD C H RS 25 0 Ji 2
HAL, X HIAE T ADCIPIA5 % B P A2 %o e B B AL
PIPME F AT EW G, DR ADCI i
M ImAL ) AE LR M TDC YRS %8 FE I 338 2 X fisf
W FEAL 2 75 ST EA gt o, s
TDCHIZER BT JELtE . fEXTADCIH T
REZr AT, 7 B0 I 5% R A s 2547 48 5L i 43
Mo Wi ADCRAF B BRI RE KB 1E 5% 38 20 % 3 2
FEAG VAT RFE SR A, A AE AT A L 2 AT i
KEEE S PAE A S B IRIL S BN, REE
EE s, EERERZ —HZADCKREE
P IESZPBAR AR T, RO S A ER .
& EA T RAE ] DR IEAD CRFE Y 1E 5% % £ s 2
HEAEER, MRS E LB R, M1 RE
AT DAORE SRR RO i S5 8 — N IESL Y 325
I3 e SEBR IR PP ER AR SR AR ME ST, Bk
S, RURSRFER B AR . IESZ R AR G A TR
TR R AT, FEA R EDE A — AR L.

XFADCEIAEREN AT 5, AT RAE KA1
(2), [RRFEIFE, [ 2feRAEIERBEE,
M2 RFEFIEL, Npprse KPS 8. TR
HERMMNppr N, HENZEH, HH
Nppp N2 BEERR, v DL Z &5 oA
Nppr A2 BB R, MR AL

Js X M = fin X Nppr (2)

MARTRAFE I A B 53 Bt TD C 165 %25 B RS A
SrEA, S ADCENE MR A TR A,
i FE TDC = I B AR AT 5 A T RAE 1) X
TDCH % R HETT 5, o] DU 4 22 3R X0 A KA
AT, W (3) R, frpc N TDCHI E
B, f NRHEE SR, M, N B H
NEE N MNERIZ2MBEHIR T, Nppr 2115
RS BT ER, N oMK . 78
R AR TR AR BUE S 2 FIE LR, AT RAR
WERHEAS 5350 A AE TDC I IR B L.

froc/ fear = Near/ M (3)

WARI (BB froe, fea P& BIBURE AR F
I, M, NdEw#:0E, N/ MWEEIET1. Llfme
1y 3 1, Eb%ﬁﬁﬁfTDC*ﬁj(ﬁ:fcalﬁg'r%%7
frocAf = feas TroetAt = Ty, Af, AR/,
TEME E RN IZE ZAHA f, FER 38 E SR I i



2124 m F 5 B B % F 435
[T REAL, LA fopofE MRS B ALt (4) Fr v D Q %ﬁ
T Froof N T o S B ESRAHT pete | "
At =T — Trpe = 1/ fea—1/ froe n
=1/(froc — Af) — 1/ frpc A0

= Af/[frpc x (froc — Af)] (4)
2 feas froclBAHZE LRI, P E IS [A) 22 W] 5
UNA f/(froe % froe)s ZfrocfdN200 MHz
i, XN T fEH N5 ns, 1R ERTDCLER 7%
RUEFRRL0 psiftReitE—k, B2 R T (B 95.010 ns,
K N f B 29°8199.6 MHz. S2Br b, 34
ANTDC I b J 3 #0856 il — RS v o R I BE5 4
TDC I B J& 1 78 B — I HE (FL B ZERAAE), TR
2Ly XERT, M5 85.002 ns, RSN £ B2
4199.92 MHzft, 255 MNTDCER B Y], W
FHZ10 ps. fFEFPGA B 5L LL ERAAE,
Jroc Pl LAE 4 /NI Bl B i, Bk AR
FP) fo A W] AR FP GA A 5 1) 78 & B 2
B g FEBLE (Mixed-Mode Clock Management,
MMCM) B WEF=A4, ZFER T, froof fork
[ — PR, 2 FPGAW MM CM =4 £
HEAS S, FPGA P EEAIMMCM U5 4 B i
rEL S — K100 ps/af, BRI INTDC
(I [A] R 22, [F B2 HIR, 2 R HE AT DA IX
INf[A] iR 25 V-3940, e SN TD CHE 3B A1
Ty T 2 BRI A BR RR A A A [R]
RIS BRI, 2 GEN frpo M foa MBS BROE,  HiR F
PR A I B ) D 28 % B Oy A AN e Al R, PN
PR T Re S H e A RIAERAE, P AR IR/
22, WO R A Bk, &
MMCM 5 (% 2 i NBA IE Bh R 3l PRt
AL B E 5 T H SN, BEEAMEATDC
IERh A S, AT AR B RE ERIE3h.
FERDE FERCHERT, WS SR m HE
FEFENBIEIRBErh, W] g 231 BT D CHi H 9 A £
R, XA ERAAEE S T IR, DUR B L
NHEB: ()BT FE R TDCRY 4t gw b 1A
Rtk (2) % X &t R R 5 15 5 N BENLE
S, WNBENUE S AMTDCER$ I, —Fhdi Al
)0 PR LR 25 M A I3 T s, D A 448 i\ i
B, ORHEE SE DMK SR E S, ik
B5 W EFHEF MG —IRBENLE AR, — RIS E
XDl R #R AT EALEE, FARERF ST 4
ISR A Y. B TR#EFES 5TDCE
Iy R AR T RFE A, N& T — 9 IRFF
B, IOBELE S0 R i R HE IR, W DR
P (1) TH R R AE R 22 B R A

P 3 di TR Fry A L DR LS

4 SEIEMR

fEXilinx A A28 nm L Z [ Kintex-7 FPGA
b R A B 1) 7% SE B plain TDC,
AT AL EE BT IR 128, Sk E 2561, FEAHMT
() B Y LK T5 nse W SCBETH AR AE FELBS 45 F
BIART 7N o A HE FL B AT 32 22 AR HEAS 5 7= AR IR
FEA O« BRI o da s, AR v H ) — 32 1) G
BERFENMA R IR, RO EREER)E. K
MG SRR FNARENE S, Hre4
JARFF 2R HESE R 4], BENUE 5 AN H K
BRI BE A R I TDCH, Ok 2 s Ta) ) =2 &5 2R 08 il
bR YA B R s R R B R
WA BE . FEHIRCHE R B, &) 3R & fan B S5 AE
s B8ORS A HE 25 R iE N G it 3R
WM Gt RS R B ERE. ETDC
DR, S B ) 3 Gt 22 ) i 0 M 1S 21 B
PR BT TR S o

S A— — — — b

1
. | [ m——e— _,L ________ 1
\
I I I
BeEfs 574 | A EE LS R @®R
o R Tl ghg > it

4 B BE VAR HETD CRY 98 7R &

FET AT REFES, RPN B R 7
YEN froo M f o T BRE, G F I 85| BE N,
L MMCMZ 5, HiHfENTDCHER . Kk
{55, XtkEfiEplain TDCHEATIS % R . Kin-
tex-7 1 [P BN 3R A7 B — M T DU HE 4 i Sk 8
SRR CO0~CO3, Lt i kevE, Al K44k
SRS 5E Wi 5 (a) B, A) DL Sk A5 B8 H A 5,
5 CHR[4]%90 nm T2 Virtex-4 FPGA R 55
K AG T8 2R, Virtex-43E A7 8 =k 5 55 o 2 Bt
EI5(b)Frm. XL, ] DL 200 oot i
2 S VA i B S (R (S B G Dei VA 21 Y
I SRR A K.



8 1

UGV — I H I TR) B e B g i 8 PR HEAS 5 7 A T i B L sz

2125

20 1

I E] (ps)

0 1 2 3
bin
(a) Kintex-7 #0744 L5 55 S Y fE

50

40

30

20

I TE] (ps)

10

0
28 29 30 31 32 33
bin
(b) Virtex-4 JEA7 %A Sk 5 56 HR{E

K 5 Kintex-7#E A0 #E41 k4 58 gt R {E

A SCER[T-9) B, AN — AR T H A
sk, B H B N2 AR BT, Rl
“CO0+CO3” 1 “CO1+CO3” WiFhdhk 5=,
Xf a5 A “Otap+3tap” A1 “1tap+3tap” , HF
587 AL 7 O T D C 43 9 2 A HE 2k 1 1) 5
ma, ZERuEeHR, KM “CO0+CO3” K24tk
T2 ATLAETDCH 23 #F 2 F0 AR 46 14 2 [H) HUAS 4
LR . K6, BEEE100 M S I 2 H B — A
FRTERY, XN — AR X R 504 R
RN EE, BANHEAIEE S| 2k, 100/
Sk, 2 Ja eI R T A B, R4 S
BOB VISP A o AR SCHEAL B SR AR 6 B A 2
b X 3k R B JEC S, B LAER B 6t EAE 94, 95, 193,
19433k 4b

1t “Otap+3tap” ik N, FHCH AR
Fik, BUHELS B TDC ) i Sk B0 0 AE I8 1 1a]

120 | -~ 1tap+3tap
— Otap+3tap

Al (ps)

0 50 100 150 200
bin

K 6 P 2dm Sk 7 SRS 98 s AR

LSB
SIS RIS

0 50 100 150 200
bin
(a) WiFh2dmsk 7 R TDCR S JE et

— Otap+3tap

B, @d&mEG 2GR RunE TR, A5
HEH K249 ps, K Mplain TDCH H = 31 4 i 1)
A 2A7 (Least Significant Bit, LSB), KI7&E/R
I TD C I I [A) 2 11 FE 8, & AR B 90.9997.
KI8(a)h th T R HEA B TDCHIf A AR 4 M (Dif-
ferential Non-Linearity, DNL)fi#x, 7E
“Otap-+3tap” 2k 77\, DNLEH(-0.84~
3.1)LSB, DNL A 115 Hh 8 4 7 1) 4t Sk A7 5 1]
Klo—. KE8(b)4ith I RRMERFIMTDCHIM 4k
21 (Integral Non-Linearity, INL)$&45, fE
“Otap+3tap” k7T, INLJEH (-5.2~
2.2)LSB. & X INL#Hr435], fER—A g X
S S = I N W73 =B VA P ] [ I P A 11 S
Xof L PR ZE IR B [RIEL ), o BB I8 (), kA
MOEI93, INLZ A28 FERERE, ki E
M94FI193, INLIRE. XS5 CHk[L, 2, 4, 10]

5k Otap+3tap
a4} — Linear fit
2,
[ 3k ke
=
zZ 2%k r
1k
0 50 100 150 200

bin

Kl 7 “Otap+3tap” ik 7 NI TDCL M A 45 R

8
6 L
4 |
2
e
,2 L
,4 L
_G L ) ) ) )
0 50 100 150 200
1tap+3tap bin

(b) BAERRI K TDCR S AR

K 8 TDCHARZE R =



2126 B 7 5 F

2 %

43 %

FHITDC %6 & 3E 2t 2 Bt Rt 45 31, A
PR RS BIM RS 2 fF A B, EZ T
EAAT .

N T BRAIESRE T A TR AR 8 A 4 SRR
EVEFTTEZ M, 2 R HEIC S R — AN Sk 0 42
I, MR 36K (AR EIN=36), /A9
Fiiom, 2 BER TiN92, 94, 96, 98I, FLAML 5

17.5

17.0
"
=
= 16.5
&

16.0 | =92

t=16.57 ps
0,=0.33 ps
15.5 —— : . T
0 5 10 15 20 25 30 35 40
count
(a) 924 kit 55 Al bR ik 2 (N=36)

13
"
=
- 12
a
2

11

0 5 10 15 20 25 30 35 40
count

(c) 963 KA5 % Fibz ik % (N=36)

FHFRHEZE, iR E, ¢ RNl Y
W, o RN NSk RAEZE, Sk 942 BT
B AR . FTLUE R, 43Sk ARG B8 Bl A TR
AR, PN (B AR A TE 2 ps, 361K, [ —
AN KA 58 ) — EvE LU, o R T70.5 ps, AR
AR (1), SRS BT F R HETT iR R HE R 22 B
KAHo N5 ps(T=5 ns, N=1000000), o, i/ F5 pso

106

FFIE] (ps)
2

1=94
t=105.6 ps
0,=0.40 ps

104

0 5 10 15 20 25 30 35 40
count

(b) 94tk hih B F bz il 22 (N=36)

27
"
N an
= 26 i+
&
=98
t=26.3 ps

0,=0.26 ps

0 5 10 15 20 25 30 35 40
count

(d) 983k 56 Mikzifk % (N=36)

Kl 9 TDCHLIAY 52 Fby i 22

5 g

FET MRS, AR IFIIIE [ —FhiE
M) TDCH % FEALHEAS 5 77 £ 74, #IRTDCE
I B AR HEMS 5 RIAEEAE T, 456 i Hh DR KR FL i
TRAERAE FH I BE ML 5 /E TDCREB %42 L1355
A, SEBLT XMTDCHIbin-by-binkZ . K Kin-
tex-7 FPGA P I8 I EA 8% 52l plain TDC, HAIH
T3k i 5 R e plain TDCHIRS %8, BFFEIR T
243k NN TDCHRES %L, £ “CO0+CO3”
Sk 77 2T, I TE] 4 2R (R RILSB) 249 ps,
oy ARZR N (-0.84~3.1)LSB, FAHELt: (5.0~
2.2)LSB, ZMRAT71249 245 AL HL R [1,2,4,10]
SH MRS RFERE . Z2XNAEZESERE
B: SCHRRTIA SR RO BhZ e, BN ZERS T
HIARE Z T0.5 ps. X HEFIM S ML T4 5%
PR (D FEARHEAS S R T, ARSCEE T AT
REEEEVS, $EH T R B8 5 B YR AR A (S
7%, BAEE R IR e B S . AR

FA3EE Y 5 P 0 77 92 TR e ) 1 HA 2R TDC
b R T
& £ XM

(1] A FETFPGARALEE A A B e e s B it D). [Bitig
3], BB A, 2017,

ZHOU Hao. Design of a time-to-digital converter based on
carry-in lines of FPGA[D]. [Master dissertation], Chongging
University of Posts and Telecommunications, 2017.

(2] XK. T FPGARIN a) Ky e i s B (0 TR B EOR AT
D). [, PEBEAEARKY:, 2015.

FAN Huanhuan. Some key technologies about time-to-
digital converter based on FPGA[D]. [Ph. D. dissertation],
University of Science and Technology of China, 2015.

[3] WU Jinyuan. Several key issues on implementing delay line
based TDCs using FPGAs[J]. IEEE Transactions on
Nuclear Science, 2010, 57(3): 1543-1548. doi: 10.1109/
TNS.2010.2045901.

[4] BAYER E and TRAXLER M. A high-resolution (< 10 ps
RMS)48-channel time-to-digital converter (TDC)


http://dx.doi.org/10.1109/TNS.2010.2045901
http://dx.doi.org/10.1109/TNS.2010.2045901
http://dx.doi.org/10.1109/TNS.2010.2045901
http://dx.doi.org/10.1109/TNS.2010.2045901
http://dx.doi.org/10.1109/TNS.2010.2045901
http://dx.doi.org/10.1109/TNS.2010.2045901

8 1

UGV — I H I TR) B e B g i 8 PR HEAS 5 7 A T i B L sz

2127

[5]

(6]

[7]

(8]

implemented in a field programmable gate array (FPGA)[J].
IEEFE Transactions on Nuclear Science, 2011, 58(4):
1547-1552. doi: 10.1109/TNS.2011.2141684.

FISHBURN M W, MENNINGA L H, FAVI C, et al. A 19.6
ps, FPGA-based TDC with multiple channels for open
source applications[J]. IEEE Transactions on Nuclear
Science, 2013, 60(3): 2203-2208. doi: 10.1109/TNS.2013.
2241789.

R, Mg, 2R, A, B i BTN SRR R el Y A
ARG ST I]. BT 515 825k, 2019, 41(10):
2382-2388. doi: 10.11999/JEIT190095.

GAO Lijiang, YANG Haigang, LI Weli, et al. A circuit
optimization method of improved lookup table for Highly
efficient resource utilization[J]. Journal of Electronics &
Information Technology, 2019, 41(10): 2382-2388. doi:
10.11999/JEIT190095.

WANG Yonggang and LIU Chong. A 3.9 ps time-interval
RMS precision time-to-digital converter using a dual-
sampling method in an UltraScale FPGA[J|. IEEE
Transactions on Nuclear Science, 2016, 63(5): 2617-2621.
doi: 10.1109/TNS.2016.2596305.

HU Xueye, ZHAO Lei, LIU Shubin, et al. A stepped-up tree
encoder for the 10-ps wave union TDC[J]. IEEFE
Transactions on Nuclear Science, 2013, 60(5): 3544-3549.

[9]

[10]

s
R

7o
Ak

doi: 10.1109/TNS.2013.2265555.

ZHAO Lei, HU Xueye, LIU Shubin, et al. The design of a
16-channel 15 ps TDC implemented in a 65 nm FPGA[J].
IEEE Transactions on Nuclear Science, 2013, 60(5):
3532-3536. doi: 10.1109/TNS.2013.2280909.

TR, #K, A, 5. T EPGAN Sk B 2 I i A 4
BB [T). B T2, 2015, 45(6): 698-701, 705.
WANG Wei, DONG Yongmeng, LI Jie, et al. Design of a
high resolution and multichannel TDC based on FPGA[J].
Microelectronics, 2015, 45(6): 698-701, 705.

%, 198644, A, LARIW, W57 MR T
B, 196644, {4, WEFG, WEICTT A kg R
W BBk T TR R SR .

Bt 53, 197884, L, WL TR, BT ROMERGR
Pl REETH

< B, 197344, WL, W TARIN, BTN
T

Bi: 55, 19944RA4:, ik, WRFUSESIGL, WA A m A
KERG . BFAE T,

: 5, 199344, i, TLARIE, WERIT AL LT
LN E S RSP S

S

TS R


http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2280909
http://dx.doi.org/10.1109/TNS.2013.2280909
http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2280909
http://dx.doi.org/10.1109/TNS.2013.2280909
http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2011.2141684
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.1109/TNS.2013.2241789
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.11999/JEIT190095
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2016.2596305
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2265555
http://dx.doi.org/10.1109/TNS.2013.2280909
http://dx.doi.org/10.1109/TNS.2013.2280909

	1 引言
	2 TDC校准方法
	3 一种新的校准信号产生方法
	4 实现及测试
	5 结论

