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vices

(Tox<14 Å).

s still an open issue.

process monitoring
®

Compact Modelling Solution for Advanced De

❑ Gate leakage exceeds 10A/cm 2 in advanced MOS transistors 

❑ The impact of this leakage on MOS DC and AC characteristics i

❑ Gate current correction for I(V) curves for device modelling and 
purposes.

❑ Gate current compact modelling solution.

Outline

❑ Experimental Overview

❑ Model Derivation

❑ Discussion

❑ Application
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kage
®

Experimental:
Typical DC Characteristics of MOSFETs with gate lea
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0.6

P4156; 27 °C

Tox=12Å,

Tox=16Å,
Tox=14Å
®

ID(VG) curves: Experimental (1/2)
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Area Gate Current density: Experimental (2/2

PMOS; VB=VS=VD=0; HP4156; 27 °C
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®

Problem to Solve & Models
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B
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PMOS

C characteristics?

tion?
®

NWELL

P substrate

N+ N+
P+

LDD

Poly Si

STI

Gate

S DB

L

To

Igate

Problem to Solve (1/5)

☛ How to describe the impact of gate leakage on transistor D
Channel length dependent DC area gate current

☛ What is the gate-to-drain and gate-to-source current parti

Accurate correction for first order parameters extraction
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B
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annel?
®

Problem to Solve (2/5)

NWELL

P substrate

N+ N+
P+

LDD

Poly Si

STI

Gate

S DB
Tox

PM

?? ψ(x)?
Q(x)?

☛ Gate leakage impact on channel surface potential?

☛ Gate leakage impact on inversion charge along the ch
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D

te Electronics, 1978. Vol21 pp345-355

Igd
®

❑ Compact MOS model:
❍ Ichannel does not depend on gate leakage

❍ Gate leakage as:

❍ Charge sheet model

G

S

B

I ch I GD– I D=

I ch I GS+ I S=




☛ J.R. Brews, Solid sta

Models (3/5): Compact MOS model + gate leakage

Igs

Ich
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 resistance

D

s --> from access resistance
®

❑ Model tentative
❍ Ichannel does not depend on gate leakage

❍ Gate leakage as:

❍ Series access resistance to attempt to
reproduce IG/S roll off.

Models (4/5): Compact MOS model + gate leakage + series

I ch I GD– I D=

I ch I GS+ I S=




a)
G

S

B

R
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DVk+1

iD,k+1
®

❑ Our work: segmented surface potential model.
❍ Distributed gate leakage along the channel

❍ Channel divided into segments:

❍ For DC and AC simulations

iD k 1+, iD k,– iG k,=

Models (5/5): Segmented model

G

S

νkUnknowns:

Continuity equation:

b)

Vk

iG,k

iD,k
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Discussion & Model Comparison
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 long Devices
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 Debiasing in inversion
®
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n long Devices  (DC Analysis)

°C
Toxeff 13Ȧ=

m

m

m

on null because of gate current

 flowing to the source side

Remark:
ID,k quasi linear
for L=10 µm device
®
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(DC Analysis)

20 40 60 80 100

0
5

L(µm)

d Charge Sheet model

Toxeff 13Ȧ=
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ing
®

Model application: Gate current partitionn
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alculation methods
®
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alculation methods

ed to be linear along channel
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 Oxides
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rent for long channel MOSFETs.
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L, W, Tox,...) analytical relation..

ent) accounts for channel debiasing
®

❑ Experiments:

❑ Models:

❑ Solutions for I G partitionning:

❑ Solutions for I G modelling:

Conclusions For DC modelling on Ultra Thin

G

S D

B

SCompact model

❍ Strongly debased measured drain cur

❍ Area gate current is geometry depend

❍ Segmented MOS model + gate cu

❍ Compact MOS model + α(VG, VD, 

❍ Only segmented model (or equival


