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Sigma-Delta Time-to-Digital Converter Architecture
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This paper describes a sigma-delta-type time-to-digital circuit for high-speed IO interface circuit testing. We
show its structure and operation principle. Especially we propose a multi-bit-type sigma-delta time-to-digital
circuit, where mismatches among delay cells in delay-lines degrades the linearity but the data-weighted

averaging algorithm improves the linearity of the overall time-to-digital converter. Our MATLAB simulation

results verify these.
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Fig. 1. Architecture of Sigma-Delta TDC.
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(a) In case Dout=1. (b) In case Dou=0.

(2:2) JLFEY FIITILZETDC DR EBNE

3N TF Y T =T ET TDC O 7T,
~/ILFbEy b T<wF g8 TDC OEITHies s LT
Flash B> AD gz O REF 2 — K& LTE Yy by
OWMhNEND, £, BB TFL~vNVTFT T L7305
Wz, NEY DOV Z<FLERITDC &4 5121%, (28-1)
HOBERZ AL~V TF AL 7Y RBEL END,

#iEL LTI —E y oS L FEEET CLK1, CLK2 %
AL, HA#ERE Dout IZL » TIEHZBIEESH 5, Mask
FEEEROTCEEE L ORIEME L o2 %, TORMZE
CLKin 23R %, THEEBET—FTHOL. RTHD
INTout % Flash %! AD Z#igs % W CEHRT 5, 0T
DOREF =2 — ROFER Dow I2E V. ENENDOEEBRD
70y CHINOIREEZRINRSND, TOLDE -y
FOBE LT Y | KE B ORIERRHX Flash & AD 4
PO NFERIZ L > TELT 5, 7oy 7O E EXN
D %A 7T Flash & AD Z#gso i h Sz 1
DN BRD 5,

AR CHEN ST AL TFE Y F DTC THY | @H
DATADC TOSAFEy b DAC IZxhiET 5, <w/AFE
v b DTC WOIEIESE T « DMRHIH>ZiI2 L), DTC @
FERRENESC Y 7~ T NV 2 BRI TDC 2RO IEMIEME 2 5 &k 2
LTLEW, MEDRERKERSTLEY, TDROD,
Element Rotation [2] (2L > THFDOEELEH I W5,

Timing Gen o

Mask

3 wAFEY b TFE TDC ORI
Fig. 3.  Architecture of multi-bit Sigma-Delta
TDC.
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Fig. 8. Number of 1’s for comparator output
with respect to the rising edge timing difference
between CLK1 and CLK2 (in 1bit Sigma-Delta
TDC case).
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with respect to the rising edge timing difference
between CLK1 and CLK2. (in 3bit Sigma-Delta
TDC case).
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number in cases with and without mismatches

among delay cells
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Table 1. simulation parameter.

Tl T2 3 5 6 © 7 [ms] © A HE
CLK1 #%# 1.02 1.01 1.03 0.99 0.95 1.04 1.04 7.08
CLK2 #%# 1.04 1.04 1.04 0.92 1.03 0.98 1.03 7.08
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