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Background

• Layout  Dependent Effects

              WPE                                                             LOD                                                    PSE   OSE 

 (Well Proximity Effect)                         (Length Of Diffusion)                         (Poly spacing effect)                    (OD-to-OD spacing) 

(sources: Internet) 
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Overview 
• GAA (Gate All Around) Device   

• MBCFET (Multi Bridge Channel) Gate-All-Around (GAA) from Samsung Foundry (Fig.1).              

MBCFET  can support multiple nanosheet width. Here we are presenting  GAA device        

with four types of nanosheet (NS1/NS2/NS3/NS4)

                            NS4 Width >  NS3 Width  > NS2 Width > NS1 Width

• LLE (Local Layout Effect) 
• Neighbor  nanosheet devices  adversely effect the  victim cell delay causing  setup/hold              

timing degradation .

• Tapered-RX is dominant LLE in GAA devices RX = Regrowth oXide = Active Area

• T-shape : taller NS gets slower by shorter neighbor (Fig.2)

• U-shape : shorter NS gets faster by taller neighbor  (Fig.3)

• LLE impact is getting bigger (>10%) in GAA Devices 

• Bigger impact as lower the voltage and higher the Vt class

• Library characterization relies on fixed overlay patterns
• Problem: overlay vs. actual context

• Conventional min (for FF) and max (for SS) overlays used for library characterization

• min-overlay (NS3) @FF : 
• data path fastest delay, pessimistic but no hold timing risk and setup timing trivial @ FF - 

• max-overlay(NS1) @SS :
• data path slowest delay, hold timing risk and setup timing could be overly pessimistic

Fig.1

Fig.2

Fig.3
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Design level Gap between LLE off and on 

• Validation : STA-SPICE Correlation 

– Design with various NS width cells

– Between all instances, have enough space for filler cell

– Same NS filler cells are inserted in this space

– Check STA-SPICE correlation by all NS cases

– Shows better correlation with LLE aware Flow
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LLE Sensitivity  Library Characterization 
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Advanced LLE Aware Timing Analysis 

• As LLE effect cannot be accurately characterized into library so LLE aware 

STA is required to accurately model  LLE effect 

• LLE impact is modelled into  Vth and mobility (μ0) SPICE parameter shift 

per transistor (SPICE LLE Model) 

• LLE Sensitivity Library

• Timing impact per cell boundary TR’s parameter shift is characterized for each 

timing arc

• Advanced LLE-aware STA

• STA tool estimates actual timing impact based on the RX context from  

design using LLE augmented library

• Actual Context 

• Vth and μ0 shift per boundary device

• Adjust timing arc delay /transition by the parameter shift (char overlay vs. actual)
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LLE-Aware Design Methodology

• Flow and Required Collaterals 

– LLE augmented libraries

– Timing arc sensitivity per victim transistor impact

– LLE model and overlay info: 

– DLL(Dynamic Link Library) compiled for LLE impact equation

– Char. overlay (as a shift baseline)

– DEF and LEF

– For context info and boundary TR mapping 
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LLE Aware Timing Optimization 
• Clock Path Optimization 

• Data Path Nanosheet Swap 

- 9 -

NS3 NS3NS3

2CPP 2CPP

NS2 NS3 NS2 NS3 NS3 NS3

NS2 NS1 NS2 NS1 NS1 NS1

Setup Optimization 

Hold  Optimization 

▪ Design context can't be 

determined at CTS stage

▪ Changing clock cell  based on 

design context can have huge 

impact  

▪ Flat RX overlay for Clock cells

 (Char. Context = Actual Context) 

▪ 2CPP  padding to eliminate 

discrepancy between char. 

context vs actual context 

PROBLEM SOLUTION 

▪ Neighbor nano sheet difference 

can impact the delays of cells on 

critical path 

▪ Adjacent filler cells  with 

mismatch nanosheet  can affect 

delays of cells on critical path 

▪ Create flat RX profile for critical 

cells on data path  by swapping 

neighbor  mismatch nano sheet 

cells (margin aware  swap)

▪ On base filled DB  swap the 

mismatch nano sheet fillers 

adjacent to critical data path 

cells 

SOLUTION PROBLEM 
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Results 
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LLE Off (Char Overlay library )   Vs   LLE On (Actual Context )  
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SS LLE off  setup is overly pessimistic than SS LLE on setup 

SS LLE  off  hold  optimistic  than SS LLE  on hold 

* Based on 3nm SOC  data * Based on 3nm SOC  data 

FF LLE  off  hold  pessimistic   than FF LLE  on hold 
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LLE Aware Power Analysis  
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PrimeTime Reference Scripts

• For LLE-aware STA, following steps should be added

– (1) Enable LLE (2) DLL and overlay information (3) Physical layout information 
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PrimeTime ECO Flow
• Inputs

– STA session (LLE aware)

• LLE-aware ECO

– If LLE setting is set in STA, don’t need to set in ECO

– During ECO iteration, tool considers LLE timing

– Tool calculates LLE timing with existing filler cell 

• For LLE-aware PrimeTime ECO , following steps should be added

– Filler cell invisible setting

– Advanced legalizer enable (nlib base)
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LLE Aware  Place And Route 

• For LLE-aware optimization, LLE-aware analysis is can be also turned on in P&R

• P&R engine takes LLE effect in timing calculation, so that it could select critical paths / resize cells / legalize 

with more accurate timing data.
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Summary 

• Local layout effects are becoming pronounced with  GAA nanosheet transistors 

• Conventional overlay methods of library characterization  based on min/max overlay                

results in overly pessimistic  analysis for setup and optimistic analysis for hold 

• Advance LLE aware STA analysis and optimizations  are essential for accurate  timing 

convergence on  designs with GAA transistors 

• LLE  aware optimization  ( clock cell padding , neighbor data path cell nanosheet 

swap , filler cell  nano sheet swap )  will help to reduce LLE impact on timing QOR    
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