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Introduction
• Delay testing has become a major issue for 

manufacturing advanced System on a Chip.
• The Circuits Under Test (CUT) have many circuit 

paths and dependent input patterns; it is hard to 
measure delay times accurately, especially when 
debugging small delay defects.

• A segment delay defect on a path can be observed 
by propagating a transition through the path.
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Introduction
• We propose a fully synthesizable high resolution 

built-in delay measurement (BIDM) circuit that 
applies vernier delay line (VDL).

• The focus of our BIDM is to accurately measure 
delay time for internal chip debugging.



The Vernier Delay Line Circuit
• Vernier delay line (VDL)

– Each stage of a VDL is constructed by a positive edge 
trigger D-type Flip-Flops and two buffers, and BUF_2’s 
delay time is larger the BUF_1’s.  

– The VDL circuit transforms the two signals’ D-time into 
digital format, which can be recorded into DFF.

1 1 1 0

D-time - (TBUF_2 -TBUF_1)



The BIDM Circuit Design
• The BIDM’s architecture is divided into two main block, 

namely Coarse-Block (CB) and Fine-Block (FB).
• The FB’s resolution is smaller than CB’s resolution. Our 

design concept is similar to the ten’s digital system: FB uses 
2 tens digits, CB uses 3 tens digits.



The BIDM Circuit Design
• Schmitt Trigger

– The two signals (Ref and Data) pass a schmitt trigger to diminish 
glitches (2~175ps).

• Dynamic Gate (DG)
– The two input signals (Ref and Data) have four type transitions. The 

DG circuit can be used to transfer the Ref and Data signals to rise-
transition.
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The Detail Circuit Structures
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The BIDM Circuit Design
• The Coarse Block Circuit Design

– The average D-time range is 130ps for CB outputs.
– The TGs are used to decide whether the Ref and Data 

signals need to pass into the FB or not.
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The BIDM Circuit Design
• The Fine Block Circuit Design

– The average D-time range is 21.35ps for FB outputs.
– When the D-time increases, more FB outputs will be 

logic-high.
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BIDM Circuit Simulation
• The timing measurement range

– Rise/Rise Signals



BIDM Circuit Simulation
• The timing measurement range

– Rise/Fall Signals



BIDM Circuit Simulation

• The CB and FB average measurement results. 

• The integrated circuit of CUT with BIDM post-
layout simulation.
– The D-time range is 454~472ps in simulation result. The 

BIDM report D-time range covers a real delay time of 
461ps.
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Test Circuit Implementation
• The integrated circuit of CUT with BIDM 

– The integrated test chip was implemented by a cell-based 
design flow using TSMC 0.18um technology.

The test application control timing diagrams



Test Circuit Postlayout Simulation

• The integration circuit corner simulation results  based 
on the TT, FF, and SS TSMC 0.18um SPICE Model.
– The Nanosim SPICE simulator is used in this integrated 

circuit simulation. 
– The SS model simulation results indicate failure, and the 

measurement results cannot be adopted.   
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Chip Validation
• The die photo

– To Electric Magnetic Interference (EMI) noise from 
adversely impacting the BIDM.

Low area overhead



Single Chip Validation Results
• Chip measuring result of Case1 to Case4

– We take the TT model simulations as our reference in the analysis.
– The chip measurement results are the same as those of the TT 

model.

• The measuring result from five chips



Single Chip Validation Results

• The average accuracy ratio from all test cases.
– We monitored 14 other test cases by changing the input 

patterns for Chip-3. 
– The BIDM can accurately report the node D-time, and 

(except for FO3 and FO5) most of the outputs correctly 
match the simulation results. 

– The average accuracy ratio is 95.83% for total 18 test cases. 



Oscillator Scope Measurements
• The scope measurement waveforms of chip

(a) The correct scan the FO1 output to FO6 stage. (b) The CO1 and FO1 correct response the D-time. 

(c) No response in CO and FO, when D-time<0 (d) The BIDM chip control signals timing diagram. 



Conclusions
• Our BIDM is digitally designed; it can be easily 

synthesized within a CUT with little area overhead.
• The BIDM can accurately measure the small path 

delay time from an internal chip, and report the 
timing measurement results to outside observation by 
scan chains.

• Our BIDM improve the timing resolution capability 
of shorter path delay to make the internal segment 
path delay measurement/test practice.
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