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Time-to-Digital Converter
TDC
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N = 1001 ( ) TDC 

TDC 1001= 7x11x13 
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TDC
LSI
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2, 3, 5  

N=2x3x5 = 30

0 N-1(=29) k

a:  k 2 a= mod2 (k)

b:  k 3 b= mod3(k)

c: k 5 c= mod5(k)

k (a, b, c) 1 1

k (a, b, c) 

(Chinese Remainder Theorem)
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b: k 3 b= mod3(k)

c: k 5 c= mod5(k)
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DC

TDC 

( m1 m2 m3 )

T

(a b c)

T = 

(

T

T 2 a

T 3 b
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14
(Ring Oscillator)

15 16

START

STOP

17
TDC

18

HDL (Hardware Descrption Language) ISim

STOP 100MHz

30.30ns

START L H 200ns



19 20

ChipScope FPGA

JTAG
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TDC FPGA

23
TDC

No mismatches among the delay stages
Mismatches exist among the delay stages 
(large glitches are observed)

Simulation results with Residue Arithmetic-based TDC 
without and with mismatches among delay cells in ring 

oscillators.
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(Gray code)

Gray code 
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Binary Code Gray Code

Decimal numbers Binary Code Gray Code

0 0000 0000

1 0001 0001

2 0010 0011

3 0011 0010

4 0100 0110

5 0101 0111

6 0110 0101

7 0111 0100

8 1000 1100

9 1001 1101

10 1010 1111

11 1011 1110

12 1100 1010

13 1101 1011

14 1110 1001

15 1111 1000
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Gray code TDC
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Gray code TDC 
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RTL simulation results for 4-bit Gray code based TDC
without and with one delay mismatch.
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