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4Research Objective
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Ex. Data and clock

in  Double Data Rate memory

 Short testing time

 Good accuracy

Implement BOST with small circuitry
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5Our Work

Focus on Multi-bit ΔΣ Time-to-Digital Converter (TDC)

• Repetitive digital signals 

ΣΔ TDC can be used

• Simple circuit

• Fine time resolution

• Testing time

Single-bit ΣΔ TDC       Long

Multi-bit ΣΔ TDC         Short

• Linearity

Single-bit ΣΔ TDC       Good

Multi-bit ΣΔ TDC          Bad     due to delay elements mismatches

For their compensation

DWA algorithm,  BOST (FPGA) verification
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7ΔΣ TDC Features
Timing T measurement between CLK1 and CLK2

ΔΣ Time-to-Digital Converter (TDC)

• Simple circuit

• High linearity

• Measurement time → longer    ⇒ time resolution → finer
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8Principle of ΔΣTDC
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9ΔΣTDC Configuration
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10Single-Bit ΔΣ TDC
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11Operation of Single-Bit ΔΣ TDC
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12Operation of Single-Bit ΔΣ TDC
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+Δτ1 +Δτ2 +Δτ7

Multi-Bit ΔΣ TDC
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15Multi-Bit ΔΣ TDC
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+Δτ1 +Δτ2 +Δτ7

Multi-Bit ΔΣ TDC
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17Multi-Bit ΔΣ TDC
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18Time Resolution Comparison

1-bit ΔΣ TDC 3-bit ΔΣ TDC

Rising timing edge difference

(T)

-0.9～ 0.9 ns

(Resolution : 0.04 ns)
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19Measurement Time Comparison

Multi-bit takes short measurement time for a given time resolution 

Low cost testing

 A rising number of outputs for the interval T
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20DWA (Data Weighted Averaging)
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21Noise-Shaping
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22DWA & Noise Shaping
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23DWA Operation 
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24No DWA Digital input 1 at time 1
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25No DWA Digital input 2 at time 2
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26No DWA Digital input 1 at time 3
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27DWA Digital input 1 at time 1
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28DWA Digital input 2 at time 2
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29DWA Digital input 1 at time 3
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30DWA Effectiveness
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32DWA & Mismatches
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34Analog FPGA Implementation

Programmable System-on-Chip（PSoC） Cypress Semiconductor

Analog-Digital Mixed-Signal FPGA

Advantages of

PSoC Implementation

• Low cost

• Short design time

• On-chip debug/design correction

• Easy for chip testing



35Photo of ΔΣTDC PSoC Implementation



36Designed 3-bit ΔΣTDC
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37Phase Detector
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393bit Flash ADC Without Encoder
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40DWA Logic Circuit
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41Measured Result (Case 1) 
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42Measured Result (Case 2) 
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44Circuit Performance Comparison
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Circuit size × ◎ 〇 〇
Resolution × ◎ ◎ ◎
Linearity △ ◎ × ◎
Testing 

time
◎ × 〇 〇



45Conclusion

● We propose to use ΔΣ TDC 

for digital signal timing measurement

● Multi-bit ΔΣ TDC

 Short measurement time

 Fine time resolution

 Non-linearity due to mismatches among delay cells

DWA  algorithm for linearity improvement

– Analog FPGA verification

Low cost, high quality digital timing test can be realized

using BOST.
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Time is GOLD !!

ΔΣTDC is a key.
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