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Introduction to FinFET
* The most radical shift in semiconductor technology in 50 years
* Intel 3D MOSFET for 22nm

 Dramatic performance gain at low operating voltage
— 37% performance increase at low voltage
— >50% power reduction at constant performance
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Why FinFET?

v’ Introduction to MOSFET
v’ Scaling

v Problems caused by scaling



MOSFET
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Scaling
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Reduce all lateral and vertical dimensions by a. Ex. W, L, tox.

Reduce the threshold voltage and supply voltage by a.

Ex. VDD, VTH
Increase all the doping level by a.
a =1/0.7 (Based on Moore’s law)



Advantage of scaling(1/2)

Increase of the layout density (the number of transistors per
unit area)
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Reduction of capacitances
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Advantage of scaling(2/2)

* Reduction of power

* |ncrease of the speed of the digital circuit
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Problems in MOSFET scaling

* Leakage current through gate (gate tunnel current)

* Higher off current
- DIBL(Vth decreases)

e Degradation of subthreshold slope (90mv/dec->120mv/dec)
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Leakage current through gate
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p-substrate

Due to scaling of thickness of gate oxide



DIBL(Drain induced Barrier Lowering)(1/2)
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DIBL(2/2)
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L
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When Vs increase 1V, the threshold voltage V;y decrease by 0.2V
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To turn off effectively:
- Vry has to be large enough.

[f Vyy is too small:

=> [, leakage T = off current T
=> Static power T

=> Circuit instability T



Degradation of subthreshold slope(1/2)

e Subthreshold slope: the slope of the curve log ID — VG.

* Subthreshold swing[S] =

(log) Is

1
Subthreshold slope

(mV/decade)

o

8 < 60 mv/decade
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Degradation of subthreshold slope(2/2)

= Switch on slowly

= Need of larger voltage to achieve saturation, which limits the
scaling of supply voltage

(log)1s
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What is “FInFET”
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What is FinFET

Traditional planar transistor

High-k

3D transistor-FInFET
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Advantages

Lower leakage currents

Lower switching voltages

Improved switching characteristics
(On current vs. Off current)

Greater drive currents(bigger channel)
Lower power, 50%

Faster switching, 18-37%

Small wafer cost increase, 2-3%
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The evolution for better Gate control

UTB- ultra thin body
SOI- silicon on insulator
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FinFET- Thinner and taller

Thinner- small W, :better control for Gate
Taller-big He;y,: more current ,

Gate Length, L
Aspect Ratio(AR)= H¢;p, /Wi :
In practice, Hep,: Wy, =2:1 3

S

e

e
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Fin Height. H,

= Fin Width. W

. W - 2.Hﬁn+ me
. xl = Wf:n
¢ Le=L,
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Making the Fins

* Two ways:
> Subtractive Fin- Etch a Fin

» Replacement Fin- Grow a Fin
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SADP

(Self-Aligned Double Patterning)

1. The mold after photolithographic
patterning
2. Deposition of the film(Spacer)

3. Anisotropic etching
4. Removal of the resist mask

5. Anisotropic etching of the
underlying layer

6. Removal of spacer.


http://upload.wikimedia.org/wikipedia/commons/1/18/Spacer_Patterning.JPG

Self-Aligned double patterning(SADP)

Patterning fins

Most cost-effective answer to production tools from 32nm
process

All features come from a single exposure, the overlay error is
greatly reduced
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Gate Length, L_
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Subtractive Fin V.S Replacement Fin

_ Subtractive Fin Replacement Fin

Speed Fast Slow

Use Of Different Material No(Only Si) Yes(Ex. SiGe, Ge)
(For Fin)
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Benefit of Spacer based lithography

v’ Pattern begins to blur at around 45 nm half-pitch
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Benefit of Spacer based lithography(cont’d)

etch
® Spacer litho.— hardmask materials — Wsi 1 = Wrin2

» Spacer lithography: same way of roughness

etch
* Conventional litho.- photoresist — Wy, 1 # Wriy, 5 (bad)

Wein is key for Vr and short channel effect ~ Spacer lithography

<uniform W, D
: el
‘
Conventional litho.
<>nonuniform W, D

S &b‘ Wi

T




NMOS
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Well implants

* Two ways:
» Etch the Fin => Dope the well

» Dope the well => Etch the Fin
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e STI: toisolate NMOS and PMOS

Planar MOSFET FInFET




Process challenge

Pattern collapse

Fin doping
» RT implant V.S Hot implant
» Shadowing

Corner effect
Spacer Stringer

CMP challenge

Epi
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Pattern collapse

e Structure deformation

s H?)

= 3ycos6 7 M

¥y — Surface tension
d — the distance between fins
W - fin width
H- fin height




Fin doping

* Two ways:
» RT implant: only for wide Fin

» Hot implant: for wide/narrow Fin
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RT implant(Room Temperature Implant)

e Atroom temperature

* Wide fin:
» Amorphize a wide fin => Anneal completely =>recovery of fin
crystallinity

* Narrow fin:

» Amorphize a narrow fin => Anneal incompletely
=>Polycrystalline

wmnan

Anneal

Anneal
—_—

Single Crystalli :
Wide fin of 32nm, ngie Hysiatine Narrow fin of 12nm, Polycrystalline

'nm amorphous outerlayer Completely amorphized



Hot implant

* High temperature

=> Enhance dynamic annealing Anneal

=> Amorphization reduce

=> Achieve higher dose
Narrow fin of 12nm,
Completely amorphized

e Substrate amorphization is reduced

Polycrystalline

=> Deeper profile

* Low energy required ‘Anneal .

Narrow fin of 12nm

Single crystalline(recovered)
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RT implant V.S Hot implant
I (L S

Temperature

Structure of Wide Fin

Structure of Narrow Fin

Dose
Depth

Energy required

Low

Anneal
damage=—— recovery

Anneal
damage—— X

Low
Shallow

High

High(better dopant activation)

Anneal
damage=—— recovery

Anneal
damage — recovery

High
Deep

Low
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Doping the fin




Jolg

implantat

ing- ion

Shadow

g°: Tilt angle of implantation

60

for n7

6°<5°

photoresist
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Solution for shadowing

» Conformal Hardmask (topaz process)

» Conformal Plasma Doping
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Conformal Hardmask(topaz process)

g°: Tilt angle of implantation

00

6°<30° for n7

57



Conformal Plasma Doping(CPD)

Applied Centura ConformaTM

Conformal doping of complex 3D structures
Plasma doping: less directional than ion doping
Avoid limitation of line-of-sight doping

High concentration _
Generate Si

Low energy Fin Test
Structures

Conformal
Doping +
Anneal

Deposit Si
Fill




Design tradeoffs

* Fin height(H) < >

-Current increases

Limited by etching technology

-Layout efficiency

e Fin width(W)
-Lower threshold voltage < > Gate tunneling leakage current
-Better gate control

s Fin pitch(D)

- Bigger layout area > Hmit dopln(g]’fftti?gl‘eL
S
B =
. < >Pattern collapse

urrent
Flow

Fin Height. H

~
N\ l-—‘ Fin Width W



Process challenge

Pattern collapse

Fin doping
» RT implant V.S Hot implant
» Shadowing

Corner effect

Spacer Stringer

CMP challenge

Epi
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Corner effect

comer effect

Bulk FInNFET

61



Oxide

Tapered fin
Half circle corner



1

* Benefits of spacerin 2D MOS
v" Define source drain doping
v Protect gate
v D/S extension



2 Spacers Iin FINFET

> Spacer on the sidewall of gate

» Spacer on the sidewall of D/S(X)

Fin Width

64



Solution: Etching

Spacer 2
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Process challenge

Pattern collapse

Fin doping
» RT implant V.S Hot implant
» Shadowing

Corner effect

Spacer Stringer

CMP challenge

Epi
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CMP challenge

SiN
SiN: a liner layer(~A level)

Purpose:
» Protect gate electrode
« Stop layer

Challenge:

« Being removed too quickly
by CMP

« Uniformity

Dummy Poly

N B 5N .
Si Fins

l Dummy Poly CMP

Dummy Poly

B B 5
Si Fins

In-Situ Optical Endpoint Allows Stop
In Film




Site Flatness Maximum

1

1

Allowed (nm),

CMP challenge- precision control

Flathess Matters

40 - 2001 6 times flatter
20 - compared to 2001
00 -
80 -
New realm for CMP
60 - 0 uniformity
N 2011 l
20 B Site map on a 300mm
waler
D T T T T T T 1
130nm 110nm 90nm 70nm S50nm 30nm 10nm

Sowrce: ITRS roadmap, 26mm X 10mm sife (scanner exposure aned)

DRAM node, half pitch

Lithography depth of field driving site flathess specs
< 25nm flatness for 3X nm and beyond

APPLIED

SILICON SYSTEMS GROUP Extemal Use MATERIALS»



In-situ optical endpoint

* Laser interferometer
v' Emit laser beam + detect light reflected by wafer

* Position sensor
v’ Output sensing signal when the window is close to the wafer

* In-situ optical endpoint:
» Applied: Mirra(R), Mirra Mesa(TM) and Reflexion(R)

A
Al
I
I

| | 15t reflected beam

2nd reflected beap
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Epitaxy(Epi)

Purpose: To increase drain current / Performance
Approach: Use source/drain stressors to provide strain in channel regions
Stressors:

— NMOS: Tensile stress improve electron mobility

v’ Epitaxial growth of SiC

— PMOS: Compressive stress improve hole mobility
v Epitaxial growth of SiGe

SiC, SiGe T =Stress T

=Dislocations T =Stress | ./
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PMOS+SiGe

Larger Lattice Constant

0Q@00000 .
Q000000
0000000
C0Q@O00000
0000000

0000000
0000000
0000000

Smaller Lattice Constant

SiGe
Layer

Silicon

Substrate

Introduction of larger
atoms during epitaxial
deposition to induce
strain

O Silicon Atom

. Germanium Atom

A Germanium lattice is 4%
larger than that of Silicon



sFNERAEENERRNEN,

Benefits of Epitaxy in 18686566,
Advanced Transistors 0000000:

-

L]

-
eummny

%

Q0000

-
.
.o®

PRECISION
CHANNEL MATERIAL
ENABLES GATE
PERFORMANCE

‘ | COMPRESSIVE

] STRAIN ON
| ‘ RAISED SOURCE / : CHANNEL
: DRAIN EPI KEEPS ) INCREASES DRIVE

ogoo O: | METAL CONTACT AWAY CURRENT

8 o.ooo . FROM CHANNEL
.ooooooa ‘
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Current Density (A/cm?)
__JE5

1.5E6
L

silicide

Epi for FINFET

Epitaxial Growth

Fin
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http://www.semiwiki.com/forum/content/attachments/3524d1335503592-source_drain_epitaxy.jpg

Challenge for Epi

 Conformal coverage on vertical Fin

* Uniformity of deposition of Epi between wafers

* Applied Centura RP Epi System
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Fin: Triangular V.S. Rectangular

Rectangular

SOl FinFET -

Bulk FInFET

Triangular

78



Why triangular Fin in bulk FInFET?

a. Prevent the voids between fins

79



b. Avoid corner effect




Why triangular Fin?

c. Etch Straight is difficult

— Anisotropic etching

81
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Triangular Fin V.S Rectangular Fin

_ Rectangular Fin Triangular Fin

Electrostatics

Mobility

Current density 12~15%)
Fin collapse .
Corner Effect .
Implants

STI formation

Etching

QN



Outline

Introduction to FInFET
Why FinFET?
v" Introduction to MOSFET
v’ Scaling
v’ Problems caused by scaling
What is FinFET?
Process Flow — Making the fins + Well implants
Process Challenge

Fin: Triangular V.S. Rectangular

Bulk V.S . SOI

83



Bulk V.S. SOI

Fin

84



Bulk FinFET process flow

Fin

The oxide deposition must fill a
deep. high aspect ratio trench

= o=



SOI FinFET process flow

The fin trench etch sumply stops on the

e

wafer's buned oxide layer
Si-sub

Si-su!

SOI-Silicon on Insulator

Fi l iate
 SOI-FinEET

86
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Main difference: Stopper in Bulk

* Highly-doped stopper below the channel in the bulk FinFET
* Purposes:

— Cut off the leakage

— Prevents DIBL (drain-induced barrier lowering)

— Improves the short-channel effects of the bulk FinFET
* Impact of stopper:

— Prevents current flow at the very bottom of the channel

— Built-in potential pushed up carriers towards the top of the fin
Channel Depth Gate Depth

Y(f Gate A Fi

source Depth ate

4
- )

Local - | G el Stop Doping }subﬁn

Oxide
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Current density: Bulk V.S. SOI

= Built-in potential pushed up carriers towards the top of the fin

= Reduce the effective channel height

= Reduce the FinFET performance

Highly-doped stopper

Bulk

SOl

Cross section in the
middie of the Fin



Alignments of Depths(Y)

Ideally, Ysource = Yprain = Ychannet = Ygate
* It’s challenging in Bulk FInFET process

NOT ALIGNED IDEAL ALIGNMENT
Channel Depth Gate Depth Channel Depth et
pth
| VC{. Gate - qu Gate 'y
ource Depth rce bep .

Yo . Yo .

Local

\ ub-fi
Oxide Channel Stop Doping Suo-fin

Buried OXide
Well Reglon

- Silicon
Bulk Silicon Wafer



FinFET

Height variation of Fin

Risk of over-etching
Process

Current density
Short channel effect
Power

Cost

Speed

Well implants required

Sensitivity(ex. Vth,Swing)

Bulk V.S. SOI
Bulk

Yes, 140-170%
(defined by etching oxide) (defined by top SI)

No

More complicated(91steps) Less steps(56steps)

lower
Worse

More power
cheap

Slow

Yes

No

No

@ Yes(over-etch oxide)

higher
Better(-2.5x leakage)
Less power

© Expensive (10%~20%)
Fast

No(No random dopant
fluctuation)

@ Yes(sensitive to w, position)

ClENEEECEN®

a te Lo | By

90
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FINFET for each company:

Bulk FinFET SOI FinFET Rectangular Fin Triangular Fin

Intel TSMC Intel
TSMC UMC Sematech
Samsung ST Imec

Global foundries

AMD

. ‘ ate in At
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Latest technology node for leading

companies
* |ntel
2011 2013 2015
22nm > 14nm > 10nm > 7nm > Snm 4
In Production In Development In Research
e TSMC
2013 2013.04 2015 2015

28nm ) 20nm ) e o donm ) 10w o

In Production In Production Tape-out
In Production Research

 SAMSUNG 2013 2015

_200m > L4nm > L4nm > 10nm 2

In Production Production In Research
Development




Intel’s R&D plan

Intel

R&D PIPELINE

2011 2013 2015+

22 nm 14 nm 10nm 7nm 5nm
PE————
IN PRODUCTION  IN DEVELOPMENT IN RESEARCH

Lithography = Materials = Interconnect
.. and more

Innovating for the Next Decade of Computing




What’s Next?

FD-SOI technology
High-mobility FinFET with different materials

Tunnel field-effect transistors (TFET)

Nanowire-based gate-all-around FinFET (GAA)
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What’s Next? (Cont’d

B SW2013_Adam Brand Applied Materials.pdf - Adobe Acrobat Pro

File Edit View Document Comments Forms

Tools Advanced Window Help

;e = A = : -
: g Create - i) Cormbine ~ [ Secure ~ f Sign - @ Forrmg ~ E Multimedia ~ _? Comment

OB B ez D &

& ® =k o |

. =) StickyNote | E| TextEdits > & v A | Bl =

n22, n14

Si FinFET

< A 7 (| O / w_)“__fEhDWv

Transistor Pathway

n10, n7 /

New Fin,
Material

Si/Ge FinFET

Si/Ge Gate All Around (GAA)
Vertical or Horizontal

Improved electrostatics

* Precision etch and CMP
« Scaled metals

* High Aspect Ratio ALD

-V FinFET

Improved mobility

« Epi structure

= [ll-V gate interface
* New material CMP

Vertical

TFET

Improved SS
Epi structure
Multi-pass CMP
Precision etch & CMP

@ AREHER.

— L
kf;[*’l 04:01 PM
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Next Potential Generation

high-mobility FinFETs—

FinFETs with germanium (Ge) for the PFET
Indium gallium arsenide (InGaAs) for NFET
FinFETs with Ge for NFET

FinFETs with Ge for PFET

I1I-V materials for NFET.
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BACK UP



ChenMing Hu

Inventor of FinFET
Inventor of Ultra-thin body MOSFET

Chief Technology Officer of TSMC, world’s largest IC foundry

Inventor of the BSIM model
- the first industry standard model for circuit simulation that has
been used by most IC companies worldwide in the design of IC


http://en.wikipedia.org/wiki/Chief_Technology_Officer

Why CMOS?

e Zero static power dissipation

p-substrate

101



subthreshold slope

* |n the weak-inversion (or subthreshold) regime

Vis
erawakfl"ff‘?lp( E )
n
- where VT:k'T, n=1+ Cb
q ':_'E

 Cgand Cb stand for the gate and bulk capacitances respectively

Csi €
C = — Cy = -=.
1wy Lo
- €, and €g;: the dielectric constants of the oxide and silicon
- wy : the depletion width under the channel

- t,: the gate oxide thickness
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subthreshold slope(cont’d)

In order to switch faster, scaling the supply voltage

* S must be as small as possible
=>s|lope must be large

1
=>——has to be large
nvr Ve

=> n has to be small

=> Cd/Cox must be minimized T Jatxl




DIBL

* DIBL: Drain Induced Barrier Lowering

V
_|_—_6+— — In short channel devices, the drain
" = Yos voltage also makes the surface more
| 7 positive by creating a two-dimensional
L n* Jngfg‘L n* J field in the depletion region.
- S — The drain introduces a capacitance C,’
p BUEAR that raises the surface potential in a

manner similar to C.

— The barrier to the flow charge and
hence the threshold voltage are
decreased.

— The principal impact of DIBL on circuit
design is the degraded output
impedance. (p.2-67)
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Solution for SCE in bulk MOSFET

1.Increasing body doping concentration
2.Using halo implant

Cf SPACER
' RAISED | RAISED
SOURCE . OXIDE DRAIN
EXTENSION
- R —
HALO
. BODY
halo implant

High doping density results in:
Lower carrier mobility;
high tunneling effect which increases off-state currents;

Larger depletion capacitors leading to high subthreshold swing which

increases off-state currents;
Larger parasitic capacitance, Cgd, Cds.



Solution for SCE in Fully depleted
Silicon on Insulator (SOI)

i G ll)

s I l T

Source L 4 Dram
§

Buned oxade hhow = 200 nm
halo iL’UWﬂv—
| substhate

Use ultra-thin film (tsi is small) as the conducting body, depletion layer
is confined in the film.( Xd<= tsi).

Eliminate the junction parasitic capacitors.
Cuff off the leakage current path from drain to substrate.



Problems of the spacer approach

* The spacers can stay in place after
the material to which they are

attached is removed? w

 The underlying material is attacked

by d°h 42 4N
the etch removing the material
attached 4 B y R y K

to the spacer.
* Removal of underlying material

* The positioning of the spacer
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http://upload.wikimedia.org/wikipedia/commons/1/18/Spacer_Patterning.JPG

Soft “Mask”

An etch Mask

Easily etched by Oxygen, fluorine, chlorine, or other
gases.

Rapidly degraded during plasma etching
Ex. Polymer, other organic materials



Double patterning

e photoresist pattern begins to blur at around 45 nm half-pitch

* double patterning was introduced for the 32 nm half-pitch
node and below



http://en.wikipedia.org/wiki/32_nm

Aspect Ratio Trapping (ART)

A Unigue Technology for Integrating Ge and IlI-Vs with Silicon
CMOS

Heterointegration technique including Ge, GaAs and InP.

Causing defects in a material to terminate on a side surface as
the material grows vertically

E.g., at a dielectric sidewall, with the sidewall being
sufficiently high with respect to a width of the growth area,
such that it traps most of the defects.



Why SiGe?

Higher electron mobility

=> Lower Voltage

=> Reduction of power consumption
=> Reduction of leakage

Lower band gap => lower leakage current for MOSFET
Allows CMOS + BJT (Bipolar Junction Transistor)

Beyond 14nm, as we move to 10 and 7nm, a new fin material
will be required —SiGe and Ge

Ge has nearly four times the electron mobility compared to
silicon.



FinFet: Challenges

The biggest problem with the FinFET is the fact that the fin is
pretty thin, limiting the amount of current that can make it

through ? o

R
Tunneling effects: ;’ 7 L:f},
Gate to channel tunneling, - = \\‘ Dran
Band to band tunneling at @< — __;,:";'..--3_.
PN junction \]_Tk ;’"

\ /
\*_!

N
Va7 Back Gate
= =p Edge direct tunneling
b Gate-to-channel tunneling™==% Subthreshold leakage.




FinFet: Challenges

* Parasitic resistance: a raised source/drain structure can be used to
reduce the parasitic resistance.

However, the overlap capacitance is increased.

* Parasitic resistance is the main adverse factor which prevents FinFET’
application, which leads to lower speed and high noise.

r r
SPACER C d q .
% Gateo—\l\h H ¢ YW\——e Drain
+
cgs — Vg¢' cds__
RAISED N RAISED _ E;
SOURCE e DRAIN (D > Fas
T gm*v,
: : EXTENSION
~ HALO

BODY <
TE%

Source



lon implant

e Shallow angled implant
=>amorphization of the Si fin.

» The amorphization is the result of a critical balance between
damage generation and its annihilation

« High dose implants (ex.SDE implant)
=> the energetic ions damage the Si crystal lattice and

amorphize the surface region.

* Anneal to recover fin’s crystal.



SRPD(Self Regulatory Plasma Doping)

e Better than PD
* B2H6, He2 gas
* No sputtering due to low energy

(a) SRPD (This work) (b) Conventional PD
Difference between top surface and side
Difference between top surface and side surface of fins is large.
:"““' of fins is small, because lon density Major difference is amount of collided ion
n the plasma is very low, from the plasma, Boren
on lmpla

&]?'f"“ 1 1*"""" \ L \l \l
e\ = \"

lovew .‘
BOX ;\\ll\\\\ \\ \\\\l\t \\\ YA\ \\\\\.\\\\ SO

Sisubstrate

Fig. |: Schematic of (a) the concept of the SRPD process for fins and the mechanism
why conformal doping is realized; (b) conventional PD for fins,



Expanding Plasma Doping Applications

DRAM
3D Vertical
Gate

_FLASH
3D ::;Ln_al New Cﬂﬂfﬂf{l’lﬂ'
Plasma Doping
LOGIC Technology

3D FinFET

LOGIC LOGIC
Material Material
Maodification Modification

Traditional Plasma
Doping

Conformal doping and material modification enable a whole new
generation of devices at the 2x node and beyond

Mote: RCAT = Recessed Channel Amay Transisior, BEWL = Buried Word Line

8 SILICON SYSTEMS GROUP



Introducing Applied’s Centura Conforma
Plasma Doping System

Conforma system utilizes production proven components on a

production proven mainframe




Short Channel Effect in triangular Fin

* Triangular Fin

» Electrical integrity decreases
* Due to different width from top to bottom

» Degradation of subthreshold slope

e Due to the decrease of Cox



Topaz

 Topazis a silicate mineral of aluminium and fluorine with the
chemical formula Al,SiO,(F,OH),. Topaz crystallizes in the
orthorhombic system, and its crystals are mostly prismatic
terminated by pyramidal and other faces.

e Color: Colorless (if no impurities), blue, brown, orange, gray,
vellow, green, pink and reddish pink
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http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Silicon
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Fluorine
http://en.wikipedia.org/wiki/Hydroxide
http://en.wikipedia.org/wiki/Orthorhombic
http://en.wikipedia.org/wiki/Crystal
http://en.wikipedia.org/wiki/File:TopazUSGOV.jpg
//upload.wikimedia.org/wikipedia/commons/6/6f/Kite-cut_yellow_topaz.jpg

Replacement gate process(1/2)

Dummy gate

7

Deposit High-K
Deposit polysilicon dummy gate

Implant the source/drain
High T anneal
Deposit and CMP mold

1

-]

p-subetrate
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Replacement gate process(2/2)

Etch out dummy gate
Litho and deposit MG1
Litho and deposit MG2

Fill MG with metal 3
CMP metal 3

Metal Gate2
Metal Gate1
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Benefits of replacement gate process

Avoids the problems of work function material stability

Separate PMOS and NMOS metals can be used instead of a
single metal

Two metals are not exposed to high temperatures



Gate first process(1/2)

Deposit High-K,
Deposit Work Function 1
Deposit Metal Gate 1

Pattern MG 1, WF1
Deposit WF2
Deposit MG2

METAL 1

=1

SILICON

METAL 2
METAL 1

SILICON
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Gate first process(2/2)

Deposit and CMP polysilicon
Pattern and etch gates

Litho for Implant
Implant dopant into source / drain
High T anneal to activate
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Reflexion GT system

1.5x the area of a conventional CMP pad
~30% less slurry per wafer
Historically has been one of the costliest steps($S100 per wafer)

real-time control and multi-zone head which enables dual-wafer
control

30% fab space savings

Only product for tungsten profile control



Process Development
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Process for Epitaxy

Pre-clean : Use chemical like HF to remove oxide on the surface of S/D

The spacer of sidewall would protect gate oxide from being etched
during clean

Source/drain stressors approach
— remove the semiconductor material near the channel area
— form recess regions there
— filling recess regions by growing a semiconductor material of a different

Grow epitaxial films from gaseous or liquid precursors
— Epi film: seed crystal

Anneal step: risk of causing relaxation of the stress or excessive
dopant diffusion

— Solution: perform anneals before epitaxial erowth



Dislocation

* Crystallographic defect

* Influences many of the properties of materials.
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Edge dislocation
Screwed dislocation

r

vecio



//upload.wikimedia.org/wikipedia/commons/5/57/Vector_de_Burgers.PNG

Applied Centura RP Epi System

Enhance speed without increasing leakage

= >60% drive current improvement

+20% of NMOS mobility enhancement @20nm

2X revenue in last 5 years with >80% share



Extra advantage of SOI

No isolation wells

No latchup concerns

Low source/drain parasitic capacitance

No doping body =>Solve Random dopant fluctuation
Increased range of operating voltage

lower soft error rate

Bulk-isolated fins present a fin channel with a wider base and
the resulting poor gate control requires an even higher doping
in this region

— The doping at the base of the fin must be sufficient to
elevate the local V; by 100-200mV

Gate capacitance won’t affect because the oxide wouldn’t
interact with capacitance



Effects of Doping body in short channel

Random dopant fluctuation = Threshold voltage variation(Vth)
Impurity
Degradation of mobility

Non-uniform doping = Increases capacitance



Random dopant fluctuation(RDF)

Only appear in doped body
Cause: implanted impurity concentration
Serious in small node device

v’ The total number of dopants is fewer

v’ Addition or deletion of a few impurity atoms can
significantly alter transistor properties

Local process variation: two juxtaposed transistors may
have significantly different dopant concentrations

Biggest impact: variation of threshold voltage



Bulk: making triangular Fin is easier

® |In a bulk-based process, an oxide is required between each

fin

® Some angling of fins can help prevent the voids between
the fins
Bulk + Triangular Fin SOl + Rectangular Fin

well engdant
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Planar bulk V.S Bulk FInFET

Threshold voltage has been traditionally the most important
parameter to model MOSFETs

Planar bulk technology has enjoyed the advantages of
controlling the threshold voltage through the well
potential. No such benefit exists in bulk FINFET devices,
as it is not possible to influence the transistor through the
well bias except in the spurious and undesirable region
below the active fin.

This parameter is absent in undoped body

In undoped body, threshold is frequently conceptualized as
the condition where the conduction band of the undoped-
body is bent close to the conduction band of the n* source



