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Fig.1. Flash TDC.
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Fig.2. Timing diagram of TDC circuit.
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Fig.2. Flash TDC with ring oscillator.
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Fig.3.  Self-calibration flash-type TDC implemented
with PSoC.
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Table 1. Number of measurements (measured histogram) in self-calibration mode
Pinl Pin2 Pin3 Pin4 Pin5 Pin6 Pin7 pin8 Pin9 Pin10 Pinl1 Pin12
1,565 743 1,860 1,927 546 1,771 1,782 1,909 1,862 1,937 2,069 2,181
Pin13 Pinl4 Pin15 Pinl6 Pin17 Pin18 Pin19 Pin20 Pin21 Pin22 Pin23 Pin24
1,873 783 1,898 944 1,765 1,913 1,768 2,019 1,786 2,077 1,750 2, 206
=2 EEREE— FRERRSR
Table 2. Measurements results in normal measurement mode

L & UM (ns) 0 541 812 1,437 | 2,104 | 2,291 | 2,895 | 3,500 | 4,166 | 4,770 | 5,395 | 6,083 6,791

HIfE 0 1 2 3 4 5 6 7 8 9 10 11 12
L & U ME (ns) 7,416 | 7,645 | 8,270 | 8,583 | 9,145 | 9,770 | 10,354 | 11,000 | 11,583 | 12,250 | 12,812 | 13,541

HfE 13 14 15 16 17 18 19 20 21 22 23 2%

£ 3 BILE & HEEROEZE(%)
Table 3. Measurement results of error between the delay value and the corresponding histogram
Pinl Pin2 Pin3 Pin4 Pin5 Pin6 Pin7 pin8 Pin9 Pin10 Pinl11 Pin12
-4.31 -9.30 -1.55 -4, 43 -3.41 -3.01 -2.56 -5.18 1.979 2.52 -0. 52 1.90
Pin13 Pin14 Pinl5 Pin16 Pin17 Pin18 Pin19 Pin20 Pin21 Pin22 Pin23 Pin24
-0.87 13.11 0.46 -0.23 3.89 1.25 0.15 3.39 1.34 3.01 3.01 0. 10
# 4 BIEH TDC HiUfE
Table 4. Measured TDC output after calibration.
L & UM (ns) 0 541 812 1,437 | 2,104 | 2,291 | 2,895 | 3,500 | 4,166 | 4,770 | 5,395 | 6,083 | 6,791
H il 0 0.917 | 1.353 | 2.443 | 3.573 | 3.893 | 4.932 | 5.976 | 7.096 | 8.187 | 9.324 | 10.536 | 11.815
L & UM (ns) 7,416 | 7,645 | 8,270 | 8,583 | 9,145 | 9,770 | 10,354 | 11,000 | 11,583 | 12,250 | 12,812 | 13,541
HOOfE 12.913 | 13.372 | 14.485 | 15.038 | 16.073 | 17.195 | 18.231 | 19.415 | 20.462 | 21.680 | 22.706 24
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Fig.4. Correlation of the amount of delay and number

of measurements.

nEFHEE
wHEDH

2HEICTR LI FEEZH OV TRIEZ{To T2, RIEHZOKE
v MEDEEE 4 17 T0, 72, WERIBOAH DT Z
Z7xM 57T, K5IZRTEY, TDC A E > hORBIEH
FOBIERITIG U HAMEDHEBN S 0, IS SE S
NTNWD Z ENHERHHRD,

~RIERITDC

=HAOREZRTDC

0 2000

4000 6000 000 10000 12000 14000

5 HIE L KIER# O TDC

TDC characteristics before and after calibration.

374



5. FH

LU EDOFERIZONWT, REH COKIEHED R % & &)
AT 9. AT CIE, B/ Z3iEE AV CRIE L E R %
Koo, ZIbENEERE INL) 235325, INL X
TERE R & T EIERR & O RERREE R THRIETHY, 0
WZIEWZ EREE L, MPLERO TS A Ty
MILTFORTRT Z LN TE D,

N-K4,—K{'K, (1)

N-K3—K?

Ko K
offset = % —gain-—+ (2)

ZZTN=24THY,Kinb KelZZNETNLUTFORTHE
T EMTED,

gain =

Ki =N i (3)
Ky = YN S() e, (4)
Ky =3Nli2 e, (5)
Ki =N SO oo (6)

LIZANEZTH Y, SOz Lo hETH D, (1
K2 5 (6)= & ¥, INL(ntegral Non-Linearity: &%) JE B
M EFHET LRI T L2125,

. S(i)—(gain-i+of fset)

INL(i) = e (7)
ZOXNHRDZINL 2K 6 12737, HIERKREE LT, &
IERT TDC Tldf Kk 60% D INL 2F L CW=niZxh L, &
IE# TDC T3 K 17%0 INL & 72 0 #gitasm kL,

0.8

0s ~BIER I NL
e ~BIEHRINL
0.2
0
0 10 15 25
-0.2

6 RIERT#%OWE INL
Fig.6. Measured INL before and after calibration.
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