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Introduction

“Fine time resolution” and “high linearity” 

TDC (Time to Digital Converter) is 

essential for jitter BIST & ADPLLs

・ High linearity TDC 

→Self-Calibration circuit

・ Fine time resolution TDC  

→Stochastic architecture

・ High reliability TDC 

→Self-testing capability
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Time to Digital Converter （TDC）
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Higher resolution with CMOS scaling

● time interval → Measurement → Digital value

● Key component of Time-

domain analog circuit

● Higher resolution can be   

obtained with scaled CMOS 
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Time to Digital Converter （TDC）
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Encoder Circuit
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Encoder Circuit

Count the number of “1” outputs from DFFs

To ensure monotonicity of the TDC

Encoder Circuit

STOP

START

D DQ Q D Q D Q

Dout=2

1 1 00

21 3 n

10



Encoder Circuit

# of 1’s counter
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Encoder Circuit
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Proposed TDC Architecture 

with Self-Calibration
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Self-Calibration Mode
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Normal Operation Mode
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Self-Calibration

Test mode
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after collection of a sufficiently large number of data, 

if the TDC has perfect linearity 
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Self-Calibration

Histogram

TDC digital output

2



3

4

5

1 
2  3 

4 

TDC is non-linear

buffer delay

D Q D Q D Q

18



Principle of Self-Calibration
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Stochastic TDC Structure

Use the random offset proactively

D Q

1 11 1 1 1START

STOP

Encoder Dout

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

+ -

random offset

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

D Q

22



D Q

Stochastic TDC for Fine Time Resolution
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Fine Time Resolution of Stochastic TDC

Encoder (# of 1’s counter) and 

self-calibration make 

the stochastic TDC practical.
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Self-Testing Function
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Self-Testing Function
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Conclusions

■ Fine digital CMOS implementation

・ Verification

・ Self-calibration

・ Testability

・ Consists of digital standard cells 

(hence even FPGA implementation is possible)

・ High linearity TDC 

→Self-Calibration circuit

・ Fine time resolution TDC  

→Stochastic architecture

・ High reliability TDC 

→Self-testing capability

・ High linearity TDC 

→Self-Calibration circuit

・ Fine time resolution TDC  

→Stochastic architecture

・ High reliability TDC 

→Self-testing capability
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