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LOD Effect

Theory - Basic Overview
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LOD Effect (Length of Oxide Definition)
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threshold voltage.
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LOD Stress Influence on P/N MOS
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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
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LOD Measured Data - IV Curves

 |dVd plots & Vgs=|1.8|V - Wg=10um, Lg=10um
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LOD Measured Data - 2 Wafers, 72 Cells

L high stress low stress
nmos 8 |s20.48_sb0.48 sa0.96 sh0.96 sal92 sb1.92 sa3.84_sh3.84
Wth LOD influence [mV] 0 0 0 0
Id_lin LOD influence [%] 10 1] 0.61% 1.16% 1.51%
Id_sat LOD influence [%] 0 0.65% 1.20% 1.62%
Vth [V] 0.459 0.453 0.452 0.452
Vth LOD influence [mV] ] -6 -7 -7
Id_lin LOD influence [%] 0.18 1] 2.40% 3.63% 4.87%
Id_sat LOD influence [%] 0 2.15% 3.33% 3.46%
L high stress low stress
pmos 8 |s20.48_sb0.48 sa0.96 sh0.96  sal.92 sb1.92  sa3.84_sh3.84
Vth LOD influence [mV] 1] 1] 0 1]
Id_lin LOD influence [%6] 10 1] -0.63% -1.43% -1.91%
Id_sat LOD influence [%] 0 -0.49% -1.27% -1.74%
Vth [V] 0.484 -0.470 -0.461 -0.457
Vth LOD influence [mV] 1] 14 23 27
Id_lin LOD influence [%6] 0.18 1] =5.19% -6.37% -6.81%
Id_sat LOD influence [%] 0 0.00% 0.00% 0.00%
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Cells=72

Mean_Vth [V]; gm method
Mean_ldlin [A]; Vgs=1.8V, Vds=0.1V
Mean_ldsat [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.

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

BSIM4 Model Parameters, Results
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LOD Simulations - Results

high stress low stress
nmaos lg | saD.48 sh0.48 sa0.96 sb0.96 sal.92 sh1.92 s5a3.84_sb3.84
reference model parameters:
measured v] 0 0 1] nmos
Vth LOD infl \
influence [mV] simulated 0 0 0 0 kwthO 2.1n
. . measured 4] 0.6% 1.2% 1.5% kuO -80n
Id lin LOD influence [%] |\ g 10 0 0.2% 0.6% 1.1% kuO 0.8u
. measured i) 0.6% 1.2% 1.6% odku0 1
d_sat LOD influence [%] . ' | icd 0 0.2% 0.6% 1.1% kvsat 0.4
d 0 -2 -2 -2
Vith LOD influence [mV] I’T:IEEISUI’E - - ~
simulated 0 -2 -3 4
i i measured 4] 3.6% 5.8% 7.1%
Id_lin LOD influence [%6] cimulated 0.8 0 350 6.1% - B%
. measured 4] 3.1% 5.0% 6.0%
Id_sat LOD influence [%] . | o 0 3.4% 6.0% 7.7%
d v] -6 -7 -7
Vth LOD influence [mV] rrjeasure R R R
simulated 0 -3 -5 3
. . measured 4] 2.4% 3.6% 4.9%
Id_lin LOD influence [%6] cimulated 0.18 0 5 4% 2.79% 4.4%
i measured 4] 2.1% 3.3% 3.5%
Id_sat LOD influence [%] | ied 0 2.0% 3.2% 3.8%

Id_lin LOD influence - nmos
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PDK Implementation

Proposed Solutions
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PDK Implementation - BSIM4 Model NG=1

7”7

The BSIM4 model requires arguments “sa” “sb” to activate LOD effect equations.
(key model parameters: saref, sbref, kuO, kvthO, kvsat)

Lo, Ly
#1 Approximate solution = =
“area approach” A [ N IJ_ wg

AS=source area AS=source area

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):
sa.~=ad/Wg; sbe.r=as/Wg.

aa

s wi The extracted area “ad” (“as”) is not exact for “sa” (“sb”) calculation
Wg saz in layouts where “aa” exceeds bulk and drain (source) doping layers !
Saur w2 ad < (sal*wil+sa2*w2)

saert < sal,sa2

ad (drain area)

#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)
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PDK Implementation - Possible Solutions for NG>1

#1 Approximate solution - “area approach”

sa_min Lg Lg2g
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)

1 o~ SW, 1
SA,+05-1, Z] W, s, +05-L,

1 B SW, 1
SB,+05-L, Zl W, sb+05.-L,
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Solutions Comparison

¥MAINLI 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=0.48 sbh=95.34 ¥MAINI 1 2 3 4 nmos wg=wg lg=1g ng=1 m=1 sa=0.48 sb=1l
¥MAINZ 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=11.02 =sb=84.8 ¥MAINZ 1 2 3 4 nmos wg=wg lg=1g ng=1 m=1 sa=11 sb=11
XMAINZ 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=21.56 sbh=74.26 XMARIN3 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=11 sb=11
XMAING 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=32.1 sb=63.72 XMRING 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
XMAINZ 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=42.64 sb=53.18 XMRING 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
XMAING 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=53.18 sb=42.64 XMRING 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
HMAINT 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=63.72 sb=32.1 XMARINT 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
HMAING 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=74.26 sb=21.36 XMARING 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
¥MAING 1 2 3 4 nmos wg=wg lg=1g ng=1 m=1 sa=34.8 sb=11.02 ¥MAING 1 2 3 4 nmos wg=wg lg=1lg ng=1 m=1 sa=11 sb=11
XMAING 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=95.34 sb=0.48 XMAING 1 2 3 4 nmos wg=wg lg=lg ng=1 m=1 sa=11 sb=0.48
XMAINIO 1 2 3 4 nmos wg=wg lg=lg ng=10 m=1 =sa=0.48 sb=0.48
#2 Precise solution  #1 Approximate solution
i i precise precise simulated i i aprox. simulated
device Lg NG test . simulations simulations LOD influence apr-ox. simulations LOD influence
without LOD effect A with LOD effect
with LOD effect [%-1d, mV-Vth] [%-1d, mV-Vth]

Id_lin 4.24E-03 4.33E-03 2.1% 4.32E-03 1.8%

3 Id_sat 2.09E-02 2.13E-02 1.8% 2.12E-02 1.6%

0.18 Vth 0.477 0.473 -4 0.474 -3

Id_lin 1.41E-02 1.47E-02 3.6% 1.45E-02 2.4%

10 Id_sat 6.96E-02 7.18E-02 3.1% 7.11E-02 2.1%

Vth 0.477 0.471 -6 0.473 -4

Id_lin 1.13E-03 1.18E-03 4.2% 1.18E-03 3.7%

3 Id_sat 7.49E-03 7.81E-03 4.1% 7.77E-03 3.7%

Amos 0.8 Vth 0.444 0.441 -3 0.442 -2

Id_lin 3.78E-03 4.06E-03 6.9% 3.98E-03 5.0%

10 Id_sat 2.50E-02 2.68E-02 6.8% 2.62E-02 4.9%

Vth 0.444 0.44 -4 0.441 -3

Id_lin 9.91E-05 1.00E-04 1.3% 1.00E-04 1.2%

3 Id_sat 8.12E-04 8.23E-04 1.4% 8.22E-04 1.3%

10 Vth 0.418 0.417 -1 0.417 -1

Id_lin 3.30E-04 3.38E-04 2.2% 3.36E-04 1.6%

10 Id_sat 2.71E-03 2.77E-03 2.2% 2.75E-03 1.7%

Vth 0.418 0.417 -1 0.417 -1
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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 |ldsat] increases with the stress for pmos (max +9%)
o |ldsat| 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: KVTHO, KUO, LKUO, KVSAT.

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

high stress low stress
pmos lg | saD.48_sb0.48 sa0.96_sh0.96 sal1.92_sb1.92 sa3.84_sh3.84

reference model parameters:
Vih LOD influence [mV] ;ri‘;aj:;zj g g [1} E‘ o pmos .
o T w9 9% am ||
Id_sat LOD influence [%] ;'::fj:ij g gg“"‘; 01?3905 1;92 Hji:f _11
Vth LOD influence [mV] ::;aj:;:j g g 111 114
Id_lin LOD influence [%] :}':?j::j 0.8 g . :é‘j‘j _'191-.5;;
Id_sat LOD influence [%)] ::;aj:;:j g 0% ;::’i '::3:
Vth LOD influence [mV] ;ri‘:waj:izj g i’i’ iz ?;
Id_lin LOD influence [%] ;'::fj:ij 0.18 g 2?‘3 iff :‘:"’:
Id_sat LOD influence [%] ;r::qaj:;zj g _%2‘}; _[}1.29; -t;..[;:
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