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Courtesy of V. Moroz(Synopsys)

Lecture 2

e Short-Channel MOSFET Electrostatics
— MOSFET Performance Metrics
— Short-Channel Effects

Reading:
- Taur & Ning, “Fundamentals of Modern VLSI Devices,”
Cambridge Univ. Press, 1998.

- multiple research articles (reference list at the end of this lecture)
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Simple MOSFET Performance Metrics
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Review of Long Channel MOSFET

 Threshold Voltage (V;,)

e Sub-threshold Swing (SS)

n(E) < exp (-E/KT) ©
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Short Channel Effect (SCE)

Depletion charge lVG
supported by gate
n+
______ ] ) “‘-.____f?f“‘“ depletion region
« Thesmaller L is, the greater o 1St Order Analysis

percentage of depletion charge
balanced by the S/D PN junctions

Long Channel:

S B D

Short Channel:
S bh.dD
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Quantitative Derivation of SCE:
Yau’s Model

. . L.-D. Yau, SSE (1974
Depletion charge (Qq,) reduction: (1974)

0.6 —

VD =0.125 A"

04 —

Vr (volts)

Threshold Voltage Lowering:

0.2

Yau’s model’s assumptions:

» Uses geometry relations instead of solving
Poisson’s equation

» Assumes channel potential is linear along lateral
(i.e. channel) direction



Drain Induced Barrier Lowering (DIBL)
- Qualitative

1E+1 g
1E+0 |

Va‘.';:
JoV
50 mV|

— [a—
i m
] 1

[

1E-3 |
IE-4 F
1E-5 |
lE-6F /)¢

2/ “.*' 1,=100 A
IE=7 ¢ :,;FOBS um N=3x10"® cm™
1E-§ bt
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Gate voltage (V)

Drain current (A/cm)

Short Channel

C. Hu, Modern Semiconductor Devices

for Integrated Circuits, Figure 7-5
In short-L, MOSFET:

 X-and y-components of the electric field are coupled
-> Drain bias will affect the barrier at source/channel

- More band bending at given gate bias = V; decreases
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Derivation for DIBL
- A Quasi-2D Model
Steps:

1. Develop Poisson’s equation in the
channel region, including x- and y-

components. 0 : { — L
nt j A \ nt
o
Ey)— 1 |7 Ely*ay)
I I
deax
2. Solve Qg as a function of position (y) o
= °F ; LB=130nm-
, sinh(y/7) sinh((Z — 1-‘);’7 ) — — L=%0mn ||
V)=V, +(V, +Vps =V, o+ (V, =V, - g
2.( a + Vo Vo5 =V sinh(L /1) . :) sinh(L/7) ol \\ \ - L=Som
§ ll | ‘\
- oy SRE
3. Calculate the peak of Pg, which V  =Vs =V ¢ RN
-1F (| 1
corresponds to V. HERE
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Scale Length — A Simplified Knob

1. Tells how closely a MOSFET approaches a “short-channel”
device.

\/EST&‘E' d max — \/BT&HETH‘ max

€o

X

/

2. Provides the guideline to scale a MOSFET while maintaining
Its electrostatic integrity.

e.g. for Planar Technology:
Bulk Ultra-Thin-Body Double-Gated FinFET




Viy vs. L, Plots: SCE + DIBL

AlVry

A Increasing V.

DIBL limitged
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State-of-the-Art MOSFET's
Viy vs. L, Plots

Intel’s 32nm Bulk
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Sub-threshold Swing Degradation

A 2-D Capacitor Network Model (after Prof. M. Lundstrom)

* Impact of L, Scaling on SS



 Generated by “shifting” a device’s V;, under a fixed Vg
« To benchmark the effectiveness of technology advancement.

logly Baseline
A

Low SS Baseline

logloes =)0
A

VION

Combined

Baseline

logloee
A

> ION
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Gate Induced Drain Leakage (GIDL)

lllustration and Band Profiles I, vs. V. Characteristics
1072
Ve * electron NMOS o3l Tox =884 ¥ =50um

° hole === Ly = 0.6 um

't — L =45um
n-plﬂj"\ weL
gate
— 10f L
J— <

o 17t
Tunneling @ we |

Electron
1070
107" ;
1 u"l! T i
] 5 1 1.5 2

T.-Y. Chan, IEDM (1987)
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Intel’s 32nm Bulk CMOS
Ioec Vs. I Plots
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IBM’s 20nm Bulk CMOS
Ioec Vs. I Plots
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GIDL-Limited I, vs. I5 Plots
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Narrow Width Effects

Narrow Width Effect Reverse Narrow Width Effect
- A “Quasi-planar” MOSFET !

shallow trench

1solation(STT)

 Narrow Width Effect is caused by LOCOS process.
« Reverse Narrow Width Effect is caused by STI process.
* Introduce problems as transistor systematic variations.
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Vtsat [V]

State-of-the-Art MOSFET's
Narrow Width Effects

IBM’s 20nm CMOS Samsung’s 20nm CMOS
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H. Shang, VLSI-T (2012) Width (nm)

« Thanks to advanced isolation
techniques, narrow width effects are

no longer problematic.
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Summary

« How bad a planar bulk MOSFET is, regarding electrostatics?

Iy vs. V, lyvs. Vy | Vyvs. Ly |loee vs. gy

SCE

DIBL

SS
Degradation

Punchthrough

GIDL

Narrow Width
Effects
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