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introduction

lithography

etching tools

issues
(etch rate, selectivity
slope profile, uniformity
device damage)

endpoint detection (in-situ control)

near-field microscopy for
profile/height control (in-line)
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etch : the process of removing material (8i, S102... thin films) by

wet or dry etching techniques.

wet etch is usually isotropic.

anisotropic etch : lateral etch rate very low.
dry etch is usually anisotropic.

not zero if etching tool not uniform or film thickness not uniform.
Window Formed By Deveioping

Resist

Film

7// . / / /// —4—-—- Substrate

Resist
Film
’ Substrate
{B) ISOTROPIC ETCH
« Wet Chemical
= Plasma
Resist
No .
Undercut Film

7/ / / / //, -«——— Substrate

(C) ANISOTROPIC ETCH
+ Reactive lon Etching (RIE)
» lon Milling
+ Sputter Etching

isotropic etch : proceeds laterally and vertically at the same time (and rate).

over-etch time : extra time required to complete the etch all over the substrate.
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Uniformity

Etch rate

Selectivity

Slope profile

Device damage
radiations
Contaminations

wet etch (*)

good (poor if

incubation time )

high (undiluted)

can be infimte

undercut

none
can be high

dry (plasma) etch

RIE HDP (**)
reactor reactor
dependent dependent
high high (or

very)
controlled controlled

(better)
cuntrolled controlled
(* ** ) (* * % )

from the walls reduced

(*)  not useful for polycristalline films (grain boundaries preferential etch)
(**)  High Density Plasma (low pressure) for ICP, ECR ...
(***) even on double layer (see example of Ti-Mo)

etch rate affect
uniformity affect
selectivity affect
slope control affect

device damage affect

throughput
over-etch time

step coverage
yield

which affect throughput

which affect vield
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trends towards

high density
low pressure

plasmas

allowing

independent control of ion energies

improve the yield

(high etch rate)

(anisotropy)

(reproducibility)

(selectivity)

single wafer etching reactor with in-situ control

(driven by requirements of sub 0,5 pm Si technologies)

Francois PLAIS . Trieste . 26 - 27/3/96
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etching (film thickness > 50 nm) or cleaning (etching of very thin films)

cleaning

removal of adsorbed chemical species from the surface which can affect the
process (surface adhesion) or the final device characteristics (interface states).

removal of particles : the lower the particle, the larger the adhesion force.
- dissolution in oxidizing agent or

- electrical repulsion in alkaline solution (with ultrasonic waves),
combined with mechanical treatment (brush)

etching

less ans less used in large electronics

some examples :

Al or Cr etch because of - very good selectivities towards SiQ9 and resist
- tapered edges

- high cost of dry etch system (for Al)

transparent electrodes (ITO)

" Large area Si devices : polycristalline silicon " part 1 : Etching
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the most commonly used technique

T— MATCHING NETWORK

f
[rsuPPur

I | I =
M) ~C
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GROUNCED

) ANODE

rf
CATHODE

Ve —=

determines the etch rate

Schematic representation of an rf RIE plasma
experimental considerations give Ve/Va=(Aa/Ac)

problem — V¢ which determines selectivity is not independent from the power which

This kind of reactors already exist for the etching on large substrates

slide 7/ 24
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free electron in an electromagnetic field : Lorentz force
F=-evAB
result in an helicoidal trajectory

ECR for Electron Cyclotron Resonance

obtained under the following conditions :
- presence of a microwave electrical field (E) at 2.45 GHz
- presence of a static magnetic field (B) with an amplitude of 875 G

and perpendicular to E

at each period until collision lead to energy transfer by dissociation, ionisation...

ECR introduced in Japan in the early 80's (NTT patent)
commercial systems available from Hitachi for 8 Si wafers

—sfrequency of rotation around B is equal to frequency of E : electrons gain energy

Microwave 2.45 GHz

|

Rectangular
Waveguide

EMagnet

[ Caiis

Gas (1}
N2, etg —=—=
Cooling —-—a ——
Water

* Plasma.

Gas (2) Plasma :Jl\? Piasma Extraction

SiH, Strearm:i \!'-,Wmdow“
.'.' e ;:\/Spec\men

Vacuum ,l—-—|

System

Schematic side view of an ECR type plasma (Matsuo, JJAP 22 (1983) L210)

DECR introduced in France in the mid 80's (CNRS-CNET patent)

D for distributed

developped by Alcatel

main applications in deposition (see part 2)
"Large area Si devices : polycristalline silicon ™ part 1 : Etching
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recent tools (Patents from IBM and Lam Research, 1990)

most widely accepted high density source for etch applications (sub 0.5 pm design rules)
100 Lam systems in the world

RF Power \n__j n

Quartz
Vacuum
Window

Gas
inlet

Sealed
Pyrex
Tube

Substrate
Holder

I [
‘B Field Probe

side view of an ICP reactor

simple architecture (radio-frequency, antenna outside the vacuum chamber)

independent control of ion energy

plasma characteristics
- large process window : 1-10 mTorr
10111012 ¢~ cm2
- the magnetic field decreases exponentially inside the chamber (cut-off)
at P=900W, r = 6 cm, B(z) = B exp (-2/20) with Bg = 2.1 G and z( = 2cm (plasma skin
depth)
- the electrical field is in the window plane along the direction of the coil, with a
maximum of amplitude (at the window) of 200 V/m

"Large area Si devices : polycristalline silicon ™ part 1 : Etching

Francois PLAIS . Trieste . 26 - 27/3/96 slide 9/ 24

A0




In

large area ICP reactors for FPD

manufacturing system for FPD

- report of an ICP reactor for treatment of 600 x 400 mm2 substrates

this kind of electromagnetic field, electrons can gain time average energy without any

collisions (different from paralell-plate reactor)
Hopwood, JVST A1l (1993) 147

- joint program between Lam Research and Xerox for the developpment of a dry etch

matching
network
ICP | = ' &= rf power
source - T I r —
= /
|
- — Langmuir
T JVHL—-— """ -—-—,——‘“"'—”"— probe
S e ==

e i \y\\ substrate
- electrode

Large area ICP reactor (Heinrich, 8 [IVMC95)

part 1 : Etching
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Etch.lngof Sland SiO2 in CF4 + O2 discharge

Fluorine atom is the main echant specie through the reactions :
Si+4F — SiF4

Si09 +4 F — SiF4 + Og

F is continuously created by dissociative reactions :
CF4 - CF4x+xF

and consumed by :
- etching of material

- recombination with CFx

adding Q2 in the discharge

- creates CO, CO2 and COF9 species and reduces the recombination of I atoms.
— increase of etch rate

until, at higher dose

- decreases the mean electron energy

- induce competition between F and O at the active sites oil the Si surface
— decrease of etch rate

T | i
10 8=n R
&
/ \\
A h
ok: 1 r° \9 B
w b
5 F N
= 1 A
I
o 06K | N\ —
& | “o
w AN
2 oalf N -
a { \&
P ! ~
@ J \\
o2 5 ETCH RATE (Si) N n
0 | i | ! |
o} 10 20 30 40 50 60
PERCENT O,

Si etching rate is roughly correlated with the evolution of F density.
Mogab, JAP 49 (1978) 3796
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Si02 contact window opening —» high selectivity over S1

conventionnally accomplished in carbon-rich fluorocarbon discharges
etch selectivity depends on the selective deposition of polymer films on non oxidised

surfaces

C4Fg + 02, ECR reactor

without rf bias of the substrate, the polymer deposition rate is higher than 200

nm/min even in the presence of 02 (40%).
for 40% O29, the selectivity increases (from 6 to 16) when the pressure decreases

(from 4 10-3 mbar to 5 10-4 mbar).
at a pressure of 1.3 10-3 mbar, selectivity and SiOg etch rate are maximum for an

oxygen percentage of 20 %.

2

100 §

Etch rale {(nm/min)
S
|
o
Selectivity {SiQ_7poly-Si)

T - &
50 !

= s i )
0 10 20 30 40 50 60 70O
O2 flow ratio (%)

Si09 and Si etch rates versus O2 percentage (MW and RF powers,
1800 2nd 700 W, 1.3 10-4 mbar) (Kimura, JJAP 34 (1995) 2114)

Selectivity is correlated with the concentration of CF2 in the discharge :
at low pressure  CoF5 — CF2 + CF3

adding O2 2 CoF5 — 2 CF2+ 2 COF3
" Large area Si devices : polycristalline silicon ™ part 1 : Etching
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2 ni
by adding hydrogen in the CF discharge, better control of selective deposition of polymer

is possible

C4Fg + Hg, ICP reactor
0.5 ' 80
(e AF{(13.56MHz):1.2kW
o4l CaFa:He=7.3 | 9
= 10mTorr )
E vde=-190V {3
5 Tsup=20C -
o 13
I} =
Soor 1208
e { B
L W
0.17 410
4
0

L .- 0
0 20 40 60 80 100 120
Total flow rate (sccm)

Etch rates of S8iOg and Si in ICP C4Fg-Hg discharge

adding H scavenge F atoms which are responsible for Si etch'ng

selective deposition of polymer on Si
Fukasawa JJAP 33 (1994) 2139

similar effect reported earlier in RIE system with CF4-H2 chemistry
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10 Si7 .
o ! J L ! ! I L
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% Mg IN CFq
Ephrath JES 126 (1979) 1419
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tapered edges can be obtained by :

using carbon containing gas mixture
(sidewal passivation by polymer formation, stops the isotropic etch)

using very low pressure plasma

(etch profile mainly controlled by ions motion)

using low temperature

(reduce the isotropic component of etch rate)

among the advantages —» no need for further planarization

wet etchant

only in some particular cases : metal (Al or Cr but not Mo) or 8i02 (thin
films)

dry etchant (plasma)
starting from reflowed resist using a chemistry which etches resist
(depending on the ratio of resist etch rate over material etch rate, the final

slope angle wil be lower or higher than that of the resist)

using a gas mixture which isotropically etches the resist mask

= better coverage = higher yield

rLarge area Si devices : polycristalline silicon " part 1 : Etching
_Frang:ois PLAIS . Trieste . 26 - 27/3 /96 slide 14/ 24
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.-.ﬂ.l".0”“'..".l“.’N"mﬂ..ﬂ“"..”“”“.u”“”.‘”. exmples

Etching : SIope ..winsismenscssisisissss

Si etching in SF6 CHF3 102010740 ' 30

using sharp edge resist. obtaining of 45° slope. because of the lateral resist

consumption by O9.

-

B75KX 133n S122

using "hard" baked resist, the slope can be much lower.

"Large area Si devices : polycristalline silicon " part 1 : Etching
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-
: 1
Etchmg - Slopa SserYsIuL .ncouuwuu-u-.uc-ocuu-onunttc‘antouoauumn‘-uuno;ucanucuﬂsuunons exmp es

Si etchipg in SF6 / CHF3 (5 45)
using sharp edge resist, obtaining of straig

ht profiles is possible.

I9KU SO.8KX 28660n 6037

Ti-Mo double laver etching in SF6 /02 (40 [ 20)
using sharp edge resist, the edge slope is already low

(< 45°).

30KU _28.8KX “588n 6083

using "hard" baked resist. the slope can be much lower (10 *).

"Large area Si devices : polycristalline silicon " part 1 : Etching

stide 16/ 24
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This contamination affect dramati

implantation systems)

y the yi
(not especially a problem with etching systems, but

e cost,
also with deposition or

o

100 pmrm—
= ‘ T 0.001/cm?
80 T e—
L 0.003/cm? “"
2 oo - |
= L
R 0.01/cm*
> 40+ N
i -~
i S
20+ e
. e
O ‘ ; L _
8 10 12 14

from O'Mara, SST

Display Size {in.)

Much care is taken regarding particulate contamination during processes
(clean rooms, laminar flows of filtered air, quality of products...)
including the replacement of human workers by robots for transport.

f 1 ination

The particlees can be detected in-situ by Laser Light Scattering (LLS).

Laser beam

Light scattered to
detector

Photodetector

Laser [\ Particle in beam
AN
EWK{ L
Optics
Detector
Collimating
lens
Detection
o chamber
— Laser beam
l.aser
diode Gas
¢ flow

Cylindrical lens

_—P\j

Aspheric lenses
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The particles are generated
- by the plasma chemistry (for deposition system)
- by flake of deposited material from the reactor walls {(even in the etching

systems)

they are sustained in the plasma (negatively charged) until they fall by gravity
- during the plasma treatment
- after the plasma turn off

as you can not suppress the formation of dust in the plasma,

you have to manage with it.

studies by LLS have shown that particles are trapped in particular regions of the

plasma
- over the edges of the wafer (ring trap) at the sheath boundary
- over the center of the wafer (dome trap) at the sheath boundary

using LLS, electrode design can improve the particle elimination (intentionnaly
placed particle traps with connection to exhaust)

In ECR reactor, it has been shown that particles drift along magnetic field lines
and impige the substrates. Tn that case, they can stick into the surface or resist and

induce defects.
Selwyn, JJAP 32 (1993) 3068

I“'Large area Si devices : polycristalline silicon " part 1 : Etching
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radiations damages cured by annealing
contamination damages removed by (wet) cleaning

plasma induced defects for the case of silicon substrate (model)

(S. J. Fonash, JES 137 (1990) 3885)

depends on the etching chemistry (anisotropy and selectivity often depend on the
formation of a surface blocking layer)

pure polymer removed by resist stripping or solvent

cleaning
SiFxOy (case of CF4/0g2 plasma) removed by diluted HF after stripping

metallic impurities contamination : problem with high density plasma

- remove antennas from the chamber
- use hard material (Al203) as much as possible

caused by ion acceleration to the substrate
effect worse when decreasing pressure or increasing power (main correlation with

energy of ions and not density)
threshold at 30 eV (displacement of Si atom in the lattice for E>20 eV)

affect - barrier height at Au-Si schottky junction
- interface states density in MOS diodes

r Large arca Si devices : polycristalline silicon " part 1 : Etching
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example : deposited SiO2 on Si by DECR plasma (see part 2)

on a blank (100) Si substrate after standard cleaning (*)
- Dit ~ 2 1010 ¢m-2 V-1

on a blank (100) Si substrate after SiCl4 RIE and improved cleaning (*)
—  Dijt ~ 1011 cm-2 gv-1

(no residue, heavy ions)

on a blank (100) Si substrate after CHF3/SFg/O2 RIE and improved cleaning (*¥)
- Dit ~ 1012 em-2 ev-1

(polymer, light? ions)

(*) standard cleaning : surface oxydation (30A) and diluted HF, removes 15 A of Si
(*) improved cleaning : repetition of the standard cleaning

typically for hydrogen

not clear how deleterious is the effect
main problem reported is the passivation of dopant (but easily reactivated)

radiation effects : creation of positive charges in Si09 under UV exposure (from high

density low pressure plasma, Hg or 02)

l" Large area Si devices : polycristalline silicon " part 1 : Etching
Francois PLAIS . Trieste . 26 -27/3/96 slide 20/ 24

A



most popular technique because of its simple principle

(for transparent or semi-transparent films)

laser light is reflected at the outer (top) and inner (bottom) interface between the
etched film and vacuum or substrate. and, depending on actual film thickness and
refractive index, two beams interfer.

- continuous etch rate measurement and end-point detection

best accuracy for film thickness larger than thickness corresponding to one period

Si 80C A
SigN4 1500 A
resist ~1900 A
SiOg 2200 A

accuracy improved by the use of the first derivative of the signal

Reactor principle
Laser head —
XY stage Gas inlet
-3 — Anode
N TR S Y
\ ‘ | S@’ Silica plate
\ ry (\
b Py,
% e[ [ ey
S 8 ]
[ -
S S §
- ! |
L1 ]
N
Cathode R s G RF input
Pump

example of implementation on a RIE reactor
(substrate on the biased electrode in RIE, small optical aperture...)

end-point control : overetch time has to be calibrated according to the uniformity of the

reactor
"Large area Si devices : polycristalline silicon " part 1 : Etching
Frangois PLAIS . Trieste . 26 - 27/3/96 slide 21/ 24
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complement to laser interferometry for - very thin films
- metallic or transparent films

commonly used plasmas are glow discharges (a part of the plasma species 18
electronically excited into an optically emitting excited state)

- informations concerning the species present in the plasma can be obtained

from their optical signatures.

— can be used for plasma analysis but active species are not necessary
desactivated by radiations

— for end-point control, one line relative to the material etched 1s enough : it

can be found in tables and checked by experiment ( differences of spectrums)

more complex than laser interferometry because of the use of a spectrometer
but it is a global end-point control, which takes into account reactor uniformity.

examples :

following of Al etching through the recording of the intensity of the 2614A line.
following of n+ type Si on Si (aSi TFT : Back Channel Etch structure)
following of transparent electrode (ITO) etching (Molloy JES 142 (1995) 4285)

< 1750} SnCHSNO Cly’ *

@ 0 SnCl  Ar '

= Sn

2 1A

2 1000{Sn E M

£ | ,

QL

c |

& 250 /L

o

2

(@]

-500
300 400 500 600
Wavelength(nm}

rLarge area Si devices : polycristalline silicon™ part 1 : Etching
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Tuning impedance control (automatic) 18 for a long time a standard equipement of
the electrode bias in RIE system, with the aim to improve coupling and efficiency by

annuling reflected power.
The technique just involve the recording of some of the r{ energy coupling

parameters (between generator and plasma) : a signature of plasma impedance.

Simple control because external.

after the plasma turn on,

- gas phase composition change with respect to etchant products
- after a short time (scale of seconds) tuning parameters converge to a first set of

tuning values
- after etch completion and evacuation of residual etchant species, tuning

parameters converge to a secund set of values

examples :

é ::f L. F.nd-point é é _/\
E3% 2% K
s /\\/4/ sm:= End-point
N / = /
- 27 id L ) 4 ' 1.2
4——:_/—%—_ = - = o _;
=T e} S P tr M \ - qng =
zz : 5 £z bofos ST
2 E 2.5 : 1.1 -EL = ‘: L6 :, 10.4 z‘
=z ' ' z =z y’ ‘e ju2 =
2L a4 . . bl ey T
. 125 : s 2 ) . 7420 §
= 135 g S 1%
Zz . iz == {280 ETT
EICH 1% T2 33 Jw0 %
CE iz Z= ) ==
3 E 2 1340 %
= 155 . : w3 = = -140 . 120 =
0 100 208 we T 6 20 40 60 80 100 1207
Etch Time 1Second) Etch Time {Second}
Patel APL 61 (1992) 1912
"Large area Si devices : polycristalline silicon " part 1 : Etching
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The in-line control in displays fab is mainly :
- optical microscope (limited in resolution)

- stylus profilometer
- electrical measurements (if possible)

The precise control of lithographic - etching processes (detection of small defects,
size < 0,5 um) is only possible by Scanning Electron Microscopy, but it is destructive.

For a few years, a new technique is available, the
Atomic Force Microscopy,
which allows the precise characterisation of the surface (roughness, resist defects

or residues...) and the measurements of etched step (profilemeter) and feature size

(Dimensional Control).

Force

repulsive force

2
mirror .7

b ‘: ------ — = _laser diode
\\‘ -
R PSPD
\ 7 detector
\ =
\‘\ 1 Separation
ey 5 ]
e gample i
PZT
scanner /‘
S attractive force
Schematic of optical-deflection Van der Waals force versus tip
technique for detecting cantilever to sample distance.
deflection.
" Large area Si devices : polycristalline silicon " part 1 : Etching
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SigN4 deposition for glass capping

Si02 deposition for gate insulation

"Large area Si devices : polycristalline silicon" part 2 : Deposition
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. introduction|

Silicon nitride is the material of choice for passivation c_f active devices .a.nd circuits
because of its excellent diffusion barrier properties (moisture and alkali ions)

- well suited for glass capping

Film Property

APCAD
aiy ¢

PECND
O

Compositian

51 N oral

Density

Retracnve index
Dielectnic cunstant
Dicieetne strength
Bulk resistivity
NUTLICD TeeIsiviy
Stress at 23°C oo S

SN,
oA
28=-3lgem
2u-201
7
CHE N em
W10 ohmecm
0t chms. square
i1.2-18y= 1w dyn'cm;
Lenstlel

siy~ H

Pos=1.4

2a-2xooem

2=

-

IR VAR !

WY onme-em

| - 10" ohms-square

(1§} WP dvnsem”
feampressve)

Thermad expansion 1. 107 °C ke T s 0 " C
Color, transmutted nane veliow

Step coversae fasr contormal

H.O permeabidity zero low-none
Thermal stabihty excellent vanable, 40 °C

Solunion etch rate
BHFEi6: 1) 20-25°C
197 HF 23°C
3577 H.PO, 155°C
S5 HL,PO, 180°C

Plasma etch rate
00 Fui30% O-.

200300 ASmin
1.500-3.000 A, min
160-200 A/min
&00-1.000 A/min

1= 15 Asmin
S0 Aimin

15 A/ min

12¢ A/min

150 W 100°C 200 AJmin 300 A/min
Na” penetration <100 A <00 A
Na© rerained in top 100 A =00 w99t
IR absorpuion
SI-N maximum ~%70¢m ~83cem ¢
Si-H munor none 2180 em

a comparison of properties of silicon nitride prepared fron SiH4-NH3-N2
by thermal APCVD abd PECVD (Kern, JVST 14 (1977) 1082)

"Large area Si devices : polycristalline silicon " part 2 : Deposition
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int-oduction

If the composition of the CVD material (LPCVD or APCVD) is close to SigN4, the one of
PECVD depends a lot on deposition conditions.

The material is usually described as an alloy (SixNyHz).

SI/M RATIO

CONCENTRATION
{AT %}

20

-
{

H CONCENTRATION
(ARBITRARY UNITS}

40 -
NH -
e iatly
20 b= SiH ‘-\ _
| |
boo s | . S NH X NH
sir ot L SIH NH ! 5 |J
s} I = 1 -
~ 100 400 100 300 75 W0C 01 003
TEMPERATURE POWER PRESSURE SiH4/ Nz
(°c} (W) (PQ)

from Dun, JES 128 (1981) 1555
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[;3 ﬁ=ﬂ~fT U ESTRODES f‘\uf“\,"\,"\f"\’ — = PUMP
I : i AL AN
\ F ‘[ T il :V‘EJ
: Y
EATED ; :
! SAMPLE T‘ t ! L_ir__
! HOLCER ! N |
348 GAS 5 T ‘QUARTZ
(NLET PUMP INLET LOAD TNLGAS INLET TUBE
() J0CR
o)
parallel-plate radial design parallel-plate tubular design
cold wall hot-wall
batch for Si up to 4" (single wafer for batch for first generation glass
6 and 8") sheets (150 mm x 150 mm)

radial refers to gas flow
tubular refers to furnace geometry

improvement of uniformity by the :

use of gas shower electrode use of pulsed rf power

The optimisation of a deposition process depends onrequirements on film quality.

For glass capping, SixNyHz  has to be deposited at low temperature (CVD not
possible)
must act as a diffusion barrier for impurities contained
in the glass, even after a few tens of hours at 600°C
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—— Td=300°C
00°C anneal 600°C
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Etching time in Buffer-etch (min)

TI1T1

o

—o— BE 7-1 (A/min)
- @--BE 7-1 (A/min) recuit 20h 600°C

10000 p——7—] !!3

1000

£
I ETET S

E L

LB L

1 1 $131211

etch rate in BE 7:1 (A/min)

NHS3 flow (sccm)

The lower the etch rate

the higher the density
the lower the diffusion coefficients IF STOICHIOMETRY CONSTANT
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Deposition :

stress can be tensile or compressive
usually a few hundreds of MPa (a few 109 dynes/cm
to be kept as low as possible to avoid cracks and peel-off

2)

principle of measurement (Flexus system)

SCAN
- SR
f DETECTOR |
| ST t
! MIRROR iz /'72“‘"‘] |
. LASER SN |
i ! . - E "/ :‘
| e ,‘ !
|
o L
- ‘ﬁ%ﬁ\& _ FILM
e A
SUBSTRATE ey
S y
S
—————- avant dépot
R——- o] (-] o s ]}
............. difference
10
5 -
E
E’ 0
e}
=
<
o
Q
-10 -
15 | | | l | |
0 10 20 30 40 50 €0 76
Distance (mm)
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contrainte (100MPa)

contrainte (100MPa) recuit 20h 600°C

stress (100MPa)

[s\]
0y

<

Il]illGlll‘llJlLllilll

O
D
-
0

NH3 flow (sccm)

N-H (1E22 em-3, av. rec.)
Si-H (1E22 ¢m-3, av. rec.)

1200

10

X~H {(1E22 cm-3)
e

0,01

0,001

i i i i

200 400 600 800
NH3 flow (sccm)
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electrically active defects modify the C(V) characteristics and as the consequence, the
MOSFET subthreshold slope.

{
T T ///// // T,
r/ [/1/ A///// //f// /// ///,///?/////////f // METAL
{d MCBILE IONIC I
(%) CHARGE (Qm)
OXIDE TRAPPED 510,
HA
Q‘ ROEW9eth FIXED OXIDE
- _ - CHARGE (Qy)
L o e - —— - — — —— ]
£ 5.0,
INTERFACE TRAPPED
CHARGE (Qy)
Y
/\\7\/’/”’,\/\ '

Terminology of defects at the Si-Si02 interface (Deal IEE TEC 27 (1980 606)

Extraction of interface traps capacitance (and density) from combined high - low
fr n V)im men

at high frequency, interface traps do not contribute to the measured capacitance (the
lower trap time constant is higher than the measurement signal period).

in that case 1/CHF =1/Cox +1/Csc

at low frequency, all interface traps contribute to the measured capacitance (the longer
trap time constant is lower than the measurement signal period).

in that case 1/CLF =1/ Cox + 1/(Cgc + Cit)

Cjt is deduced from CLF and CHF.

"Large area Si devices : polycristalline silicon " part 2 : Deposition
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APCVD

300°C - 450°C
760 Torr

LPCVD

450°C - 800°C
1 Torr

PECVD

200°C - 400°C
0,1- 10 Torr
13,56 MHz

or
2,45 GHz

B=20
"reruote"

B=0
ECR
DECR

I

N

" Large area Si devices : polycristalline silicon "
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CVD for Chemica

atmospheric pressure CVD APCVD hot wall
low pressure CVD LPCVD hot wall or cold wall

among the advantages : batch reactors, large throughput, large up-time
old technique but mature production tools

Deposition only on heated surfaces by cracking of gas molecules and surface reactions to
form solid compounds and gaseous reaction products

SiH4 + 409 — SiO2 + 2 H20

mainly used in IC's fabrication for intermetals insulation with TEOS + 03 chemistry

better step coverage than in SiH4 + O2 chemistry

R 2
|

ingle-wafer

P

20990 (P00

Wafer
Cooling
Station

e P

CVD chamber (reduced chamber volume,
cold wall, distributed gas injection...)

" Large area Si devices : polycristalline silicon " part 2 : Deposition
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DGpOSiﬁOH - Si z_ct_nnucnt_io_acon_ﬂunuupo_&bu&vntuunuunuato_nnnuunuuannq-q«unannﬂTharmal

Evaluation of the LPCVD process for gate oxi
UHVCVD system, cold wall, lamp heated substrate

RCA cleaned wafers, final HF treatment under vapor phase

ition (Liehr, APL 60 (1992) 198)

:JOJ |
= Snow region
é "" T i
= )
2 L 310° -
W 10 -, 310°C
I_ )
< - 4
an L 200°C
T 100 - N
= .
o N ]
C
Cuo2 - =
i LTO growth
o - SiH, O5 0n SiI11007 4
> 575°C OQISiH:;:'IS
O g J ! ‘ \
109w o0 et 10t 102

TOTAL PRESSURE (torr)

-1

oxide deposition rate as a function of the total pressure (SiH4 + 09 chemistry)
snow region : deposition of dust (SiOHx particles) in all the reactor

Field (MV/cm)

Gate Voltage (Volts)

10 1 —
-3 -l \\\
10-5 0.8 ‘1' '-'
— 10 *‘, !
< -7 . o :
‘;g 10 ~ § 0.6 ’,
S 107 450°C
= 10-11 oo4 N NS
© 10 I 0.2 Anneal to:
13 /.+"  Anneal . " . .
10 1 Temperature S15C 355¢C
10‘15 . ) O i N i 1 N | S 1
0 2 4 6 8 10 12 S5 43 -2 -1 0 1 2

Electrical evaluation of Al-SiO2-Si diodes for different deposition
temperature(current-voltage and C(V))

LPCVD oxides deposted at temperatures below 450°C exhibit high leakage current, low
field breakdovm and strong carrier

Low temperature LPCVD oxides are not suitable for gate oxide applications
because of the deposition chemistry which leads to incorporation of hydroxy!l
species in the films.
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benefit from the developpment of reactors for aSi:H processes (large surfaces available)

not used in Si IC's (possible use for intermetal but poor step coverage)

introduced in the mid 80's by IBM for TFT applications (J. Batey ASS 39 (1989) 1)
developpment based on the observation that standard PECVD SiO2 is not suitable for

gate oxide applications.

main characteristics : He dilution and low deposition rates

‘0‘4 f T T T 1
(&) SAMPLE 34-C (510A/min)
10-8L (8) SAMPLE 57-B (150 A/min) -+
(C) SAMPLE 64-A (60 A/min)
orsl i
SiHy + 0 ) He (S0, 0] 2 -
“ob ot awer - 0fF (A) 4
) "PLASMA T T & l
e N € 108 .
L A e e 3
O orr m—
N M y ‘,, ; (8)
energetsc plasma + coot plasmo 109 - -
N b / . c)
parailel regciions . ’conlroi\ed reaction
* qas Dhu;e ) \\\Y ' fsupressed gas
nucleation \\ ¥ phase reactions 1010 4
PITETEOOTD RS 555
substrate t$350°C) |
‘ -1
Conventional PECVD He-PECYD 10 0 é ;, é é Ts)
AVERAGE FIELD (Mv/cm)
conventional versus He-diluted processes effect of deposition rate on

I(V) characteristics
after a 400°C Post Metallisation Anneal under forming gas, Dit < 4 1010 ¢m-2ev-1

not suitable for aSi:H bottom gate TFT
not so used for poly-Si TFTs

"Large area Si devices : polycristalline silicon” part 2 : Deposition
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Lepo

E

Classical ECR source

Microwave 2.45 GHz

l

Gas (1)
NZ, elc e —/—=

Rectangular
Waveguide

Cooling —
Water

Magnet

., Ccils
' Plasma.
— .

Gas (2) __U Piasma | l\

. v Plasma Extraction
SIHG Stream\:\ A l“W”_]GOWII

g - A~ Specimen

] Il
__i_l Vacuum

Matsuo JJAP 22 (1983) L210

System
Elon E

4

J hae

2 o, J,‘ I‘
1
Y
{!
Y

1

Geisler JVST A8 (1990) 908
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ECR PECVD oxide are used by Seiko Epson for the process of poly-Si TFTs
T. Little JJAP 30 (1991) 3724

To increase the throughput, a double layer with APCVD oxide is used.

Si02 (APCVD) Thickness (nm)
150 100 50 0

— 12

s 10¢ 5

£ | 3

s bR

=

& 10 E

2 [(SOAm

T [ [Si0:[ECR-CVD '(iﬂé‘ﬁst)

- Si ‘
10
10

0 50 100 150
Si102(ECR-CYD) Thickness {nm)

Due to uniformity issues, a slide is used to select the most uniform zone of the plasma.
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Classical DECR source for Si wafers up to 8"

magnets
(atemate

magnetic - plasma
field lines (Te=4eV)

O microwave excitation + magnetic field
-» ECR conditions

® distributed antennas (14)
- good uniformity on 8"
® low working pressure (10-3 mbar)
@ high ionic density (1011 cm-3)
@ Ilow energy ions (20eV) and electrons (3eV)
=> HIGH QUALITY THIN FILM DEPCSITION
WITHOUT SUBSTRATE HEATING
"Large area Si devices : polycristalline silicon " part 2 : Deposition
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Improved Uniform DECR (UDECR) design for large area substrates
Pelletier TSF 270 (1995) 49

MICROWAYE INPUT

a}

by

i SUBSTRATE
HOLDER

(RF) BlASING VOLTAGE

PLASMA
ECR REGION
; CUSP
| MAGNETIC FIELD LINE | LOBE
l
‘ \ { {
ettt " ; s o7 LR N .-‘!'-.
) ® °® m; //l
. ‘ |
! I ‘
N/ |
PERMANENT ! FORBIDDEN
‘. MAGNETS REGION
GROUND |
ANTENNA
PLANE
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DECR oxide for gate insulation

ALCATEL RCE200, 8" compatible

Microwave plasma at low pressure
Mixture of pure SiH4 and O2
Deposition rate in the range of 1 A/s

Uniform on 8"

High quality Oxide at room temperature
"P-etch” rate < 4 A/s as deposited

0> 21016 Qcm

Ramp I(V) deviates from baseline for E > 5
MV/cm

Dit on ¢Si(100) < 2 1010 cm-2 eV-1

" Large area Si devices : polycristalline silicon " part 2 : Deposition
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Bulk traps annealing

Curren* density (A cm?)

TIT]IIIIITT'I]IIIII_

t, =5504 ']
t 1 3

dv/dt = 200 mV/s .
b

1

annealed at 580°C
1 1 1 1 1 1 { 1 L A l i 1 L ! 1 1 1 )

2 4 6 8 10
Electrical field (MV cm™)
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introduction

glass issues

device characteristics

device stability

circuits applications

"Large area Si devices : polycristalline silicon"
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large area electronics : up to now, mainly for displays applications
3500 | T 7 ¥ I T T T ! T 1 1 I T 1 T I T T ‘ T T T [ L T T T :
& 3000 F .
= - ]
< 2500 F 3
= C ]
N c ]
o 2000 - =
= : ]
E 1500 - =
& 1000 F .
g - ]
w 500 -
0 : VIR SO SV S S T | TR I BT | TR I I :
1986 1988 1990 1992 1994 1996 1998 2000 2002
YEAR
comparison of glass sheet and silicon wafer sizes
in ime, the num f circui r di h f
4 displays (14" diag.) in 50cm x 60 cm
is much lower than the n r of circui r Si wafer
more than 100 large (1 cm?2) circuits in 8" Si.
large area electronics : large substrates
large circuits
10 years ago, people thought it was crazy, just from a
vield point of view
because of the use of glass, low temperature process (at least below 600 °C or less if
possible) is necessary

" Large area Si devices : polycristalline silicon " part 3 : Poly-Si TFTs
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Comparison of TFT characteristics for ¢-Si, poly-Si, a-Si:H and CdSe materials

c-S1:

material of reference because of ten's of years of experience in devices and circuits
not available on iarge area

transmittive displays not possible

a-Si:H :

presently used material for large area electronics (AMLCD)
some limitations for rapid circuits due to instability

CdSe:
major drawback : it is not silicon
poly-Si :

now presented as a near future evolution for a-Si:H p.oducts
especially because of laser crystallisation

active layer ¢-S1 poly-Si a-Si:H | CdSe
bulk SOl | High-T Low-T
SIMOX | SPC | SPC ! Laser

Ufe, N- 400 to 300to |40t0120| 20t0 70 50 to 0.2to |50to400
channel 700 600 400 * 1.5
(cm2V-1g-1)
fe, P- 100 to 100to | 20t080 | 20to50 | 30to 1to 10
channel 200 300 200
(cm2V-15-1)
Vi (V) 025t0 { 0.2t01 1tob 2t08 1tob 05te5 | 0Htob
n-channel 1.75
Vi (V) 0.25t0 | -0.2to-1| 2to-8 | -2t0-10| -1to-5 - -1to -5
p-channel -1.75

!'"'Large area Si devices : polycristalline silicon " part 3: Poly-Si TFTs
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g

10
11

14
15
16
17

description

hard glass capping layers

active layer deposition (intrinsic)
active layer crystallisation

active layer definition

gate insulator deposition

gate deposition

gate definition

NMOS contacts implantation
PMOS contacts implantation
gate passivation

implantation activation annealing
contact windows opening
aluminum metallisations
metallisation definition
metallisation sintering
hydrogenation (if necessary)

final passivation

as for Silicon On Insulator (SOI) : no need for

enhancement mode NMOS and PMOS (normailly off)

mask

Jjunction isolation (Si02)
LOCOS (island)
threshold voltage adjustement

" Large area Si devices : polycristailine silicon " part 3 : Poly-Si TFTs
Francois PLAIS . Trieste . 27 -29/3/96 slide 5/ 23
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Homogeneous
Glass Delivered
from Melting Unit

Root

Sheet Drawn
Downward

Trough

fusion down draw process from Corning

in competition with the float process (glass flow over an horizontal bath of melted tin)

depending on the constituents of the molten phase, different types of glass can be
fabricated with different thermal properties.

Tg = strain-point temperature = temperature where viscosity = 1014.5 poises.

better if processing temperature (if long times are involved) kept below Ts - 140°C.

Glass code composition Strain-point
temperature (°C)
Corning 7059 Barium_aluminoborosilicate 593
Corning 1737 Alkaline-earth aluminosilicate 666
Hova Na40 Alkaline-earth-zinc-lead aluminosilicate 655
NEG QA-2 Alkaline-earth-zinec aluminoborosilicate 645
"Large area Si devices : polycristalline silicon " part 3 : Poly-Si TFTs

|Francois PLAIS . Trieste . 27-29/3/96
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near room temperature, glass is "considered” as a solid but it is in fact a very viscous
liquid. — heating it will cause compaction or shrinkage.

r nneal t1

C(t) = Crnax ( 1- exp (-t/0)B )
where 1 and [ present unique values for each glass

2500 ¢

2000 +
T
Q.
=
- 1500+
hel
it
2
£ 1000
J
o Dara 600°C
500 c Data 625°C

a Datas 650°C
— Modelled curves

I 10 100 1000

Anneal time (h)

Glass compaction for Corning 1733

Brotherton, IDRC'94, 130

" Large area Si devices : polycristalline silicon " part 3 : Poly-Si TFTs
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SCURCE GATE \

— ORAIN

Device configuration (n-channel, p-type substrate)

Positive gate-bias regime

Sze,Physics of semiconductor devices

particular of poly-Si MOSFET —  channel undoped
—  electrically active defects which render gate
control less efficient

"Large area 91 devices : polycristalline silicon™ part 3 : Poly-Si TFTs
Francois PLAIS . Trieste . 27 - 29/3 /96 slide 8 / 23
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transfer characteristics : Ids = filVgg) for fixed Vg5

for an n-channel poly-Si MOSFET

REGION 11 : the transition region
subthreshold slope (V / dec)
REGION 1 : the on-state region

active layer

Vda =
— T T T T 10V
_4 E
107 ¢ 1V
E
10°
< ¢
g 108 [ REGIONI REGIONTIT ]
10 10 -
GION II
| E
10 12 P : + Y [ 1
-20 -10 0 10 20 30
vV (V)
REGIONI: the offstate region

leakage current density (pA / um of channel width)

threshold voltage (V) and carrier mobility (V/em?2 s)

all of these TFT characteristics are influenced by the presence of defects in the poly-Si

" Large area Si devices : polycristalline silicon "
Francois PLAIS . Trieste . 27-29/3/96

part 3 : Poly-Si TFTs
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Region II ; the trangition regime

using the same processing sequences, but starting from SOI material, give a
subthreshold slope value of 0,1 V/dec.

- defects in the poly-Si channel
in SOI S =80 (1+ Cit/Cox + Cd/Cox ) = S

where So is a constant 65 mV/dec
Cox : 2ate oxide capacitance
Cd : channel depletion capacitance
C;t : interface traps capacitance

inpoly-Si  S=8g(1+C¢Cox)>>50
where Ct : poly-Si traps capacitance (interface and bulk)

changing of crvstallisation technique can greatly affect the S values (same processing)

-3
10’3 LA S I o B B O L B LALLM SLELIML 10 =IIIITTIl!]]ll(ll’ll!"llll[l?ll
Vds=0.1-1—5-10V 3 E =0.1-1-5-10V

L (A)

Transfer characteristics Transfer characteristics of TFTs
of TF'Ts fabricated using SPC fabricated using laser crystallisation
(65h at 580°C). (T=250°C, 220msJ cm-2, SiOg coating).

Electrically active defects originate from cristalline defects in the poly-Si channel.
Models involve a homogeneous concentration in the layer as grain size is usually
much smaller than the debye length.

"Large area Si devices : polycristalline silicon” part 3 : Poly-Si TFTs
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The density of states (DOS) in the band-gap of the poly-Si can be
dramatically reduced by post fabrication hydrogenation treatment

1022 E T T T I T T T I 1 T T [ T T H [ 1 T T l 1 T T 1 T T
- -—— DOS (cm-3.ev-1) +60D QZ1
1021 ; _ DOS (cm-3.ev-l) N.H. Qle B T
".‘g -
., 1020 .
g - g
8 B
09 1019 = 3
Q@ - :
a - ]
101 L 3
1017 L1 l [ | L1 [N T l P11 l L1t Lol |
06 04 0.2 0 0.2 0.4 0.6 0.8
E -Ef0 (eV)
"Large area Si devices : polycristalline silicon” part 3 : Poly-Si TFTs
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6
510 FIIYI‘!|YI\!II]ITIT"’]T!'T
Vds=0,1V

llllllllilllt

Illllll]

Ll

2L I A B L N L B I L L B B

0 5 10 15 2 25 30

Determination of threshold voltage from transfer characteristic
(linear plot, linear regime).
In the linear regime (Vds =0,1V)
Ids = (W/L) u Cox (Vgs - Vt) Vds

it is deduced from the slope of the linear transfer characteristics
in that particular case, p = 80 em? V-1 -1

"Large area Si devices : polycristalline silicon " part 3 : Poly-Si TFTs
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exponential dependence of leakage current on gate and drain biases (for high drain
and gate biases

origin : high electrical field at the reverse-bias drain junction

high voltages and abrupt junction (self-alignment by implantation)

(also present in monocrystalline transistors)

Control of leakage current is achieved by drain engineering (Lightly Doped Drain)

n*implang
p I l ml———lgm'
cly Si LN, i
$10, ——— ¥ 1'-‘:_{/ T - “. LE;D Conventionat
(a) Gale

Si0,

Pely-Si SiyM,
(b}
n’implant
N
Poly-Si Convantionat 2 >’
N
/ : Y
Vo = 10Y '
e 7 4 L2 1.2m i Lo

x Componant Ot E {x 10 Vem™)
(=]

(c} Va=Vr

Poly-5igate

L.

I A L L 1
&1 02 03 04 05 06 07 048
Pasition Atong Surlace {umj

Ogura, IEEE TED (1980) 1359
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Dramatic reduction of the off-current in poly-Si TFTs with the use of an LDD region
(extension 0,8 um dose 2 1013cm-2)
W/L = 10 um/2*5 um Vd;'folvl’
0.001 =
10° £ ;
C -
. 3
107 £ 3
< : :
\-«m ?
=] =
i ]
-9 3
10 3 -
4 / ~——— Sans LDD ;
211 ‘ -
10 | / — Avec LDD ?
10-13 r A L L l 1l .1 ‘ L 1 1 1 | 1 l__]
-30 -20 -10 0 10 20 30
vgs V)
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Wanas. . MRS RAREARK

output characteristics : I[dg = flVdg) for fixed Vgs

3107 ——— g
2.5 10*
210
1.5 10

I, (&)

1107*

5107

lTl]lllII’lllizlllllTlil]llll

0 10°

Vds > Vds0 (Vdso depends on Vgs)

— saturation regime (after the pinch-off point)

for a fixed Vgs, as Vds increases, Vgd decreases : the pinch-off point is the point for
which the channel depth is reduced to zero.

for Vds > Vds1 (Vds1 depends on Vgs)

~» breakdown regime due to impact ionization
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working in or near the breakdown regime affect

W/L=10um/5um

the device stability
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Reduction of the TFT on current by a dc bias stress in the breakdown regime
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LDD structures :the saturation regime is better defined.

-5
2_5105—;,1111r|| TTT T Ty T T T [T T T T T T 111 1_610 PTI1IITIIT[TTTIII!TI TTTTTT 711 VgS-"-
i Vgsvz : 9V
: 1.4 10° ¢ .
210° F . st ]
- 12107 F .
5[ b
15 10% | T ven e «
< [ A S 6 1 Ves =
L 4 7V
£ g 10
1109 F 7 6108 F ]

Vgs = 410%F {vgs =
510° - 25 i 18V
i 2108 .

{1 Vgs =
1 Vgs = | 4 E
0 P - Ll L L Ll L L gsv O llllllllllllllll TITT T TIT Lid v
0 5 10 15 0 5 10 15
Ve W Vg W
without LDD with LDD
" Large area Si devices : polycristalline silicon " part 3 : Poly-Si TFTs
Francois PLAIS . Trieste . 27-29/3/96 slide 17/ 23

&1



LDD structures improve the stability

01 F

-8l onlon

0.01

Relative loss of on current as a function of Vg during stress,
for structures with and without LDD
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One can define a characteristic time, for a certain design :

L(L+L,

»)

where

L : gate length
Lov : gate-drain overlap

1 mobility

Vdd - Vss : supply voltage
Vth : threshold voltage

C(.tp=30tp

f max (register) = 1/ 30 tp = 156 MHz

‘p j,L(Vdd—Vss—Vth)

e del o of an inverter

L =10 um, = 50 cm2 V-1 §-1, V44-Vgs-Vi = 10 V

" Large area Si devices : poly cristalline silicon "
Francois PLAIS . Trieste . 27-29/3/96

part 3 : Poly-Si TFTs
slide 19/23

63



ck1

out n-1

CMOS dynamic shift register

ck2

Ck1
Ck2
Data n

14
-l L1 L

Vad

ck2

ck1

1 4

Vdd

outn

Vss

Data n+1
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CMOS design improve circuit performances (Edwards, (EE CDS 141 (1994))
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CMOS design improve circuit performances
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CMOS design permit complex circuit operation

Data Driver
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Figure 27 : Block diagram of poly-Si AMLCD for HDTV projector with
integrated drivers. Clock frequency for data drivers is 1.8 MHz.
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