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Agenda 

• LOD effect – Theory – Basic Overview 

• Measured data – IV curves, Small Statistics, Large Statistics 

• Simulations - BSIM4 Model Parameters, Results 

• PDK implementation – Solution Proposals 
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LOD Effect 

Theory – Basic Overview 
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LOD Effect (Length of Oxide Definition) 

• Shallow Trench Isolation (STI) causes 

an additional compressive 

mechanical stress in a silicon island.  

 

• The stress increases as the channel 

to STI/Active edge distance 

decreases [3]. 

 

• STI induced stress has impact on 

device performance, introducing 

offsets in both the drain current and 

threshold voltage. 

 

• Two dominating mechanisms have 

been described: 
– Mobility-related, induced by the band 

structure modification. 

– Vth-related as a result of doping profile 

variation [1]. 

[1] 

LOD=SA+Lg+SB 
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LOD Stress Influence on P/N MOS 

d(Id)/d(Vgs) 

Vgs 

Hole mobility 

increases 

PMOS gets faster 

Electron mobility 

decreases 

NMOS gets slower 
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Measured Data 

IV Curves, Small Statistics, Large Statistics 
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Layout Examples 

 

 

 

 

 

 

 

 

 

Example: NMOS, Wg=10um, Lg=0.18um 

aa_ex_P1 [um]: ~ AA extension over P1 (0.48um is default) 

 

 

           0.48 um                 0.96 um                      1.92 um                  3.84 um 
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LOD Measured Data – IV Curves 

• IdVd plots & Vgs=|1.8|V – Wg=10um, Lg=10um 
 

                           NMOS                                                                   PMOS 
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LOD Measured Data – 2 Wafers, 72 Cells 

Cells=72 

Mean_Vth [V]; gm method 

Mean_Idlin [A]; Vgs=1.8V, Vds=0.1V 

Mean_Idsat [A]; Vgs=1.8V, Vds=1.8V 

Wg=10, Ng=1 
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LOD Measured Data – LARGE STATISTICS 
• Evaluated large set of data measured in production (PC data): N>13000 

• Measured 2 PCM structures: STANDARD: sa=sb=0.48um, high stress 

                                                        DENSE:        sa=sb=1.2um,    low stress 

       Structures differ in “sa” and “sb” values. 

 

These data prove statistically significant differences for STANDARD vs. DENSE structures  

with trends corresponding to the LOD theory and LOD measurements. 

Id [mA] Vth [V] 

Examples:  pmos Id_lin (peak-to-peak = 12.4%)                nmos Vth (peak-to-peak = 14mV) 

STANDARD 

DENSE 
STANDARD 

DENSE 
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Simulations 

BSIM4 Model Parameters, Results 



Public Information 12 3/8/2016 

LOD Simulations - Results 
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PDK Implementation 

Proposed Solutions 
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PDK Implementation – BSIM4 Model NG=1 

The BSIM4 model requires arguments “sa” “sb” to activate LOD effect equations.  

(key model parameters: saref, sbref, ku0, kvth0, kvsat) 
 

#1 Approximate solution 

      “area approach” 
 

 

The arguments “sa” “sb” can be calculated internally in the model subcircuit  

using LVS back-annotated parameters “ad” drain area, “as” source area (an approximation): 

         saeff=ad/Wg;   sbeff=as/Wg.    

    

 
 

 

 

 

#2 Precise solution 
LVS returns exact “sa” “sb” values for each instance as the distance “poly gate” to “aa”. 

 => Exact LOD model (trends; Id, Vth values) 

 

The extracted area “ad” (“as”) is not exact for “sa” (“sb”) calculation      

in layouts where “aa” exceeds bulk and drain (source) doping layers ! 

                                ad < (sa1*w1+sa2*w2) 

saeff < sa1,sa2 
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PDK Implementation – Possible Solutions for NG>1 

#1 Approximate solution - “area approach” 
LVS returns NG separate instances with NG=1,  

areas “ad” “as” and flags “shared drain” “shared source”. 

Using this information “sa” “sb” can be estimated in the subcircuit: 

  sa>=sa_guess=Lg2g + Lg + sa_min. 

=> LOD model trends OK, but absolute Id, Vth values changes are approximate 
 

 

 

 

#2 Precise solution 
LVS returns exact “sa” “sb” for each NG=1 instance. 

In case of irregular “aa” shape use the concept of effective “sa” “sb” [1]: 

=> Exact LOD model (trends; Id, Vth values) 
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Solutions Comparison 

#1 Approximate solution #2 Precise solution  
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Summary 

References 
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Summary 
 

• LOD effect has been proved in a 180nm process by several types of measured 
data. These data confirm: 

o |Idsat| increases with the stress for pmos (max +9%) 

o |Idsat| decreases with the stress for nmos (max -6%) 

o |Vth| increases with the stress for pmos (max +27mV) and nmos (max +10mV) 
depending on the bias, device dimension and LOD distances. 

 

• LOD effect can be effectively modeled using standard BSIM4 LOD parameters,    
modifying threshold, mobility and vsat:  KVTH0, KU0, LKU0, KVSAT. 
 

• LOD effect can be easily implemented into the PDKs. 
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Backup slides 
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LOD simulations - results 


