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Motivation & Problem Statement (1/2) 

• Operation of electrical circuits are sensitive to input glitches i.e., pulse widths of input signals 

– Issues with system level function when built with such circuit elements 

– Critical for asynchronous data or control paths and delay chains used for sequencing 
operations 

• Hazard example: Reaching eventual state is critical once the transition started, else getting stuck in an 
irrecoverable forbidden state 

– Clock-less implementation with delay elements are sensitive to input pulse widths / glitches 
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Motivation & Problem Statement (2/2) 

• Earlier solutions 

– Pulse width filtering  Standard glitch gobbler or filtering using sequential elements, delay and 
other combinatorial elements  

• Cells used in the delay elements or glitch gobbler circuits are not characterised for pulse width filtering 
characteristic 

• Costlier SPICE based simulation is mandated at system level to verify the robustness of the design 

– Handshake based asynchronous design methods  Handling external asynchronous signal 
sources not amenable 

• Proposed: Pulse width insensitive design and/or pulse width sensitivity analysis capability 

– Identified & existing implementations are sensitive to input pulse width 

– No need of flip-flop or edge-sensitive circuit elements 

– Utilises inherent glitch filtering behaviour of combinatorial gates 

• Limitations 

– No automated gate-level tools/methodology available to design, synthesize or verify such 
designs 

• Proposed: Pulse width sensitivity analysis capability in gate level simulation 



4 

Proposed Solution – High Level Formulation 

• Standard active element based delay elements exhibit glitch filtering behaviour 

– This fact is not utilised in existing design practices 

• Such behaviour of any existing circuits cannot be analysed easily with existing standard verification 

techniques 

– May require costly transistor level (SPICE) simulations 

• Pulse width insensitive design 

– Ordering of delay elements appropriately to achieve the required glitch filtering behaviour 

• Simulation based & static analysis of such designs 

– Simulation methods exist for similar purpose in sequential circuits  

– Combination of such of verification components is extended for combinatorial elements 

 



5 

Proposed Design and Verification Methodology  

1. Novel alternate system level design technique 

2. An area and power efficient circuit design technique for pulse width insensitive design 

– Only using existing delay elements 

3. A) A constraints driven design automation methodology for the same 

– Pulse width sensitivity characterisation of combinatorial elements  Including in the 

timing library  Use of existing logic and physical design tools for a constraint driven 

automation for design synthesis 

3. B) A simulation based verification method that can comprehend glitch sensitivity 

– Extension of functional model for glitch filtering behaviour 

– Use of the above components to drive a simulation based verification at GL abstraction 

4. Static timing analysis 
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Direction of Design Method 

• Delay buffers and all combinatorial logic cells are characterised by  

– Pulse width filtering  Min. pulse width that will pass 
through (tmpw) 

– Pulse width modification (elongation/compression)  
• Pulse width compression is predominant 

– Delay  
• Transport delay  tmpw  = tD  

– Default behaviour of standard cell models & simulator 
• Inertial delay  tmpw ≠ tD 

– Only modelled for clock, reset and preset controls of flip-
flops 

– Combinatorial cells may have negligible effect  
Significant for delay cells 

• Effect on delay chains 

– Is it possible to build delay chains with any random 
combination of individual delay cells? 

– Easy to analyse in SPICE / transistor level (TL) 
simulations 

• Earlier implementations were part of analog modules  
• Currently implemented in semi-custom digital partition 
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Methodology - 1: System Design 

• Asynchronous event look-ahead for constraint driven design without architectural design cost  

– Look-ahead information used to gate the asynchronous event for a short period during 

transition  System robustness at the cost of probabilistic loss of event in a small time 

window during state transition 

Asynch. Event None 
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Methodology - 2: Circuit Design 

• Analysis of delay buffer transistor level (TL) simulations: tmpw < tD & tmpw α tD  

• Synthesise the delay chain such that the first delay element provides the safest pulse width filtering 
(tD,max=tn)>tn-1 

 

 

 

 

 

 

 

• Conventional glitch gobbling function, but through natural property of the delay cell 

• First cell: Delay cell with the largest delay (tn=tD,max) and largest pulse width propagation (tmpw,max) 

• Composition of the subsequent portion of chain is immaterial as long as all the cells tD < tD,max and 
tmpw<tmpw,max 

• It will not encounter any input with min. pulse width (tmpw,i > topw,max) 

• It should only use cells with delay < tD,max & tmpw<tmpw,max 

• No need for a flip-flop or latch element  Area and power efficient 

• Critical where any event on Output eventually should result in corresponding event in Output_eventual 
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Methodology – 3: Design Automation 
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Methodology – 3: Design Automation  
Design Synthesis (Cadence Genus®) 

•
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Methodology – 3: Design Automation & Verification 
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Methodology – 4: Static Timing Analysis 

•
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Results 

• GLS illustration: Simple buffer chain with pulse width filtering modelled 

• Applied on a ultra-low power & low cost mixed-signal SoC 

• Identified system dead-lock scenarios with conventional design method were verified to indeed 

cause irrecoverable state using proposed verification method 

• Redesign using proposed design method 

• The scenarios that were earlier failing were verified to be behaving robustly in the newer design 
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Conclusions 

Conclusions 

• Pulse width insensitive design and verification method conceptualised & applied 

• An area and power efficient design method for pulse width insensitive design 

• Introduces a constraint driven, automated design synthesis methodology that can comprehend the pulse 
width sensitivity of the design components 

• Introduces a simulation based verification method to analyse such behaviours and designs 

– Avoids costly SPICE based simulations to comprehend such scenarios 

• Handles reliable design of asynchronous sections in an otherwise synchronous design  

– Known asynchronous design methods are difficult or costlier to apply 

• Enabled cost and power competitive low power design implementation for mixed-signal SoC 

Future scope to bridge limitations 

• Fully automated back-end flow that comprehends pulse width sensitivity for design & SDF generation  
EDA Vendor engagement 

• Exploration of formal design and verification methods 
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