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" ABSTRACT o | -

.

Y M0OS transistors with channeJ'nggth as short as 2.5um and:as long as

50um have been fabricated in laser cryitallized polysiljéon layer.

b

Ihé results have been compared with thosé.fabricatéd on single crystal
- . N .

silicon substrate. A modified expression for threshold voltage for

¥

a -

"polpsj1icod devices has been dbrived. A relatively smaller droop in

« N .

hapnel conductance and gété to source kransconductance at hF%her
’ . . i ' ‘ [
gagi .source voltages for polysilicon devices hes been réported

and a need for a different mqdelling approacﬁ for laser cryStéllized

t a *

' “
-

Polysilicon deviees has been establiished,

- -

. P v .. - " / 'b
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" NOTE
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This thesis was prepared with the aid of text editi‘ng’l
N ) N . .

facility available on VAX-11 computer. The digits-following
.an alphabetic character denote a'subscript throughout the

thesis.



T e - -

o

=

@' « ' CHAPTER 1 .

INTRODUCTION

1.1 Overview Of Integrated Circuit Technology
¢

The introduction of pWanar.;i]ico;' technology Jﬂ‘ the
late 1950's heralded the era of integrated circuits whereby
the integra{ion of an ever iﬁcreasiAQ Humber of «cjrecuit
functionsq€ on the same chip became possibte.
Historically,the evolution of iﬁtegrated circuits haév pro-
gressed through small scale integration(SSI|),medium scale
intégratiaq(MSl) and large scale integration (LS1) .

SSl,introduced in the earl} 1960's.wés'characterized by an

>gration complexity of several logic gates per chip.

~——

WEtH_‘thg'\Eevelopment of a stable MOS process in the second

half of the 1960's transition to the MSI| phase occurred.

The highest complexity MS| chiplcorre;ponded to about 100
:1ogic gates or 256 bits of memory. The inceﬁtion of large~
scale integratiqn(LSl) is identified with the ihtroduction
in 1970 of the lk-bit dynamic MOS RAM. LS| can be ‘charac-

terized by the aevelopment of proven silicon process techno-
[4 . ! ’
logies and outstanding progress in device and circuit devel-

opment. One of. the mogt advanced devices of the LS| era is

{

the 16K-bit dynamic MOS RAM.

i

—

Development of 6hK-pit dynamic MOS RAM's,16K-bit static

MOS RAM's,16-bit microprocessors and logic arrays with about

.
¢
\

4 | -/
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10,000 logic gates marked the birth of the Yery Large 'Scalé
|ntegrati6n(VLS|) phase. This phase~js characterized By ex-
tension of the technologies to achieve fiqe} and fin?[ di-
mensions and to refineme;t in devic; structures ;nd intro-

duction of ngw‘innovative circuit design ideas. it is pos-

sible to extrapolate the histary of integrated circuit tech-

noladgy into the future'and foresee a long continuation of.

o

the rapid progress shown by the famous Moore's curve[l].
However,the extrapolation impliesﬁcertain changes in the in-
tensive parameters of a system,such as increasing impurity
concentrations and electric fields ih, semiconductor compo-
nents and increasing power dissipation in large system -con-
taini;g many components. In.other words,one must. coﬁsider

the extrapolation of semiconductor technology to ever small-

.

)
er dimensions in the light of known semiconductor phenomena

and the laws of physics. Some of the pheﬁoména that appar-

o Nently are likely to limit the functioning of

‘miniaturised,highly integrated semiconductor dé&vices are-

electromigration,hot electrons and breakdown, wiring com-

\
plexity,ohmic resistance,interconnections and power dissipa-

tion. An extrapolation of the levels of integration of main

memory and logic chips taking the aforementioned phenomena

u

into account shows a saturating trend in both bits per- chip

and circuits 'per chip[2] as contrasted “to the Moore's

curve[1] which predicted the &oqbling of circuit complexity

every year.

EY)
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EIL these extrapolations of the: level of integration

i ‘ )
have been done considering the 'in-plane' fabrication of

P . -
semiconductor devices and taking into account improvement in
. N (%] N

the basic’ device® technology such as electron-beam 1itho-

L ) ’ —

4 graphic capability to define the sub-micron z@ttern li-
- ' . Ao

. twnewidths- and ion-implantation to accurately introduce the,

1}

dopant impurities. Shrinkage in device dimensions following

the ;'scaling rules' is,however,ultimately limited by the

L

laws of physics. So the question arises:where do we go from

here? @
.
Applicat}on of lasers to devicé fabrication domain pro-

vides part of the answer. The speed of logic circuits will

be Gltimately limited by the laws of physics but the density
[ 3

of circuils per chig/;can be approximately thbled if the

"in-plane' fabrication of devices is extended to the concept
' .

N

_ of 'multé—plane';'high—rise' devices. One such 'high-rise'
, \ .
CMO0S sf‘ﬁcture'in which the the N-channel transis;or,instead

of lying by the side of the P-channel transigtor,sits on the

top of the P-channel device, has been recently shown feasi-

ble[3]. This feat has been achieved by using iasers to

. . .

crystallize the polysilicon layer deposited on the top of an

insulator sych .as silicon-dioxide. A brief review of the

-

. ~

work done to-date on Laser-Assisted-Crystallization(LAC) is

given in the next section.

' ’ )
.
:

v
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‘

1.2 Review Of Pfavious Work On Laser Assisted Crystallization:

N
. -
t
,
.

Ever  since the -first Russian work[h] in >197M,Ebe sub- .
IS ' J ’ ,‘ !
ject oflaser annealing has become oneaof ‘increasing inter-.

national actibity. This appljcation of the™ laser
was,however ,designed to remove iop~imptantation induced dam-%¢
© "

age in silicon,whereas the idéa of using.lasers to crystal-
. T . | ¢
lize a polysilicon Tlayer 'i§ a recent ond[5-13]. Workable

semiconductor devices have been made and reported[5-12] on
. » . . :

-

laser crystatlized polfsilicon with a performance comggr ble

to those on sili;dﬁ:on—sapphi}e(SQS) substrates.
N - * L4

» o T
. . ’o .
The  hirst attempt to fabricaterM0S tran%istors on a po-
. ) ) ' - C ‘ v
lysilicon layer was made by T.l.Kamins[14] using high tem-
perature polysilicon deposition,f6lloweg by thermal anneal-

) |

ing. Th®  fiel§y-effect mobility™ obtained -was very
e e

'lowiapprox.30 cm ;[y—éec),so it was concluded tha}' MOS
X : -

transistors fabrgcated in polyé?ystalliné §ihjcon films

would‘probably find himited ﬁractica] application. The in-

e - - hd 4

troduction of lasers to anneal the polysilicon film,however,

. 2 -
cQ?nged the scene. A .field-effect mobility of

%

300- 400

cm’ /v-sec,calculated from the source-drain 1=V charac-

]
.

tefistics of \NMOS devites,fabriicated on laser crystallized

* .

polystlicon,has been reported by .K.F.Lee et .al[15].
. ) . . P v

, . L -
Reasonably good |-V characteristic ‘for. MOS devices have
IS ) o : R .

——

Iz
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also been obtained with the under\yiﬁg-substrates béing sil-

‘¢
»

icon dioxide and silicon nitride[lé-lf]. C e

e

1.3 Subject Of The Thesis: .

o . .
P o \
7 . !

4 v

Almost all the . previous résea:gpers have used

1

ion-implantation as a means to introduce impurities into the

poéykilicon film. An alternate approach, which " has been

>

adopted in this thesis, is to dope the polysilicon film by
introducing suitable dopants in the epitaxial heactor while

the polysilicon film is growing. This eliminates the need
‘ . v

of angion-/mplanter and a complex process step .in. the fabri-

schedule., Secondly, doping during growth gives large

grains to start with and consequently lower power .Js
s to ;;JE{::: ww;he film. ' Using s;ch» a.
dooed,chemiEal-vgpour—geposited(CVD) polysi\iconv;laYe%, as
the startimng mate;ial énd subsequent laser, assisted cry-
staldization,NMOS transistors were faan%ated and‘ chqracterj

ized * in detail for  threshold voltage,channel

conductance,gate transconductance’ and the . field-effect mo-

‘bility which has not been reported so far by any of the pre-

v
v

vious researchers. The threshold voltage is found to show a

dependence~”on the defect levels‘in the semiconductor bulk.
. s , :

The channel conductance and the .gate tranconductance show

the usual droop‘at h}ghen géte voltages. But the percentage

droop is much lower than-that for MOS devices fabricated on

.
>

‘ k v

]
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Lo
¥

single crystal’ silicon. An electron field-effect mobility

-

of 500 ,cm2/Vi§EC has been reported for the short channel
deviges which is higher than that reported by previous re-

searchers..

’
i
1.4 Organisation Of The Thesis:

This tHesis has been organised into six chapters.

Chapter-1. introduces the phenomenon of laser-assisted cry-
stallization in the perspective of VLS| and sets the scene

for this research work. Chapter-2 dfgls with laser theory

N . >
in brief. The physics of the laser action is dealt

with,with an emphasis on the optics of the laser beam_which

'Ls'relevant £o~the semiconductor device proéess engineer. A
' //' mathemat}cal expressioﬁ for the spot-size of ‘the laser beam
has been derived. _Jhé chapter epds with a- description of
poxeﬂtial sppYication areas for laser i% ‘device proc?ésing.
Chapte?~3 §tartsvw}th a brief descriétionl of conventional
c;ysxa) growing techniques used in semiconductor industr; to
allow ;ompar?sbn with Ia§er assisted((ijstallization(pAC).

-The mechanisms of laser crystallization via either a solid

phase or a liquid phase §rowth are-highlighted and thermal

crystaL{li{tion via furnace aﬁnealing is compared with LAC.

Laser—solidldnteractions are considered and the Jeat flow

equation derived to aliow the temperature profile normal to

. " the 'silicon surface being crystallized to be plotted.

’

-
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. Finaldy,the spot size of the laser beah,hasfﬁéeg'télqulated
e ‘and ﬁlotted after the theory developed in chapter-2.
Chapter-4 deals with the- characterization . of

as-depoéiféd and Iaser—crystallized"po}ysilicon layers on
1] - 4 .

. L : . \
different substrates by resistivity measurements and optical \*

. N .

»

and scanning electron mic?ostopic methods. Chapter-5 p}e- AR

- i. 1.' - - - . . .
sents the characteristics of n-channel MOS transistors em-
phasizing = the ' 'channel conductance, gate

. , . - by -
transconductance, threshold voltage and field-effect .mobili-

Y

ty. Theoretical " I-V characteristics of sample deviéés_have .t
been obtained by’f{nding Vt and Xj from;SUPEEM—Ir(a device pro-
cess simulation program) and current and voltage characteristic

from SPICE2F-1(a circuit simulation program)and compared with

N
1Y

the results obtained experimentally. Chapter-6 coﬁcludgs this

research work and shggests areas of further work I'n ;he.application—

of lasers to devioe processing.

~ v
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: CHAPTER-2

a

,
«

2.1, Introduction:

. § : .
The recent application[b-14] of lasers in to the fabri-

catioh of solid-state devices has opened up various possi-

.bilities in the area of wvery large scale integrated’
(VESI)circuits. " Though a complete knowledge of laser phy-

sicikis ndt essential for a device processing engineer,a

-
.

brief treatment of laser theory and faser optics is necessa-
ry %or successful empfoyagnt of this tool in deviée fabrica-
fion.‘atfis chapter deals with the prinfiple of laser opera-
tion, laser optics and it; applications to device pracess-

. ing. v

2.2 Laser Theory: ~

2.2.1 Laser Aftion:

.

A laser (Light Ampl’f_fication by S?mulated Emission of
o N
Radiation) works by the '"stimulated emission" of “Fadiation.

When electrons excited to a higher energy level fall to

-

lower energy states,there .is  an emission of radiation.
. -

Normally these processes occur randomiy and,therefore,are.

LASER:ITS THEORY AND APPLICATION TO SEMICONDUCTOR DEVICE PROCESSING
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/ .}

called ‘'spontaneous emission'. The rate at which etectrons
H j .

fall frbm a higher level of eﬁergy.gz to a blower lev&k of

energy E] is at every instant proportional to the Aumber of

B

glectrbné‘remaining in E,,which is cailed’' the ‘papulation'

2
[ 4 . v
of E2‘ The electron population in Ez,if allowed to decay

- R . e ‘ v M
follows an exponential rate of decay to a lower energy level
] . " RIS

with a mean decay ti?e characterizing the process. The

electroqé‘ in a higher energy .- level can,however,be
'stimulated' to fall to'a lower energy level and emit pho- _

tons in a time much shorter than the mean spontaneous decay

t L . L e ., .
time. This stimulus is provided.by the presence of photpns

of the proper wa&e1ength.“ e v

.‘ ‘l‘ . - ’ . . . !
Assume that an electron in energy-state E_, .s .waiting

2

" to drop .spontaneously to a lower lev7| E] Es shown iﬁ

Fig.2.1.1f it does ;o}a,photon of, energy given by

\

v By - Ep Ll (2.)

v

will be emitted. Here,h is the Plah;kﬂs constant and v s
i N
- - i
the frequency associated with the wave properties of the em-

itted photon. Now assume that the electron in the energf

.

. .

state E2 is immersed- in an intense field of photons,each

with an eriergy given by equation (2..1) above,and in phase

with the other ‘photons.  The electron is thus induced té

drop in energy from E. to E],emitting a photon whose wave ié

2
in phase with the radiation field. If this process is con-"
8 : ( ' :
,-4\ )
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)

. i N e t ",
tinued and other electrons are stimulated to emit photons in’.

the same way,a Jlarge radiation field can buiid up~, Since,

each emitted photon has an energy of p(eciselr hv-EZ—E]uthis

) . - . ®
stimulated radiation will’be 'monochromatic'and because alf-
the emitted photons are in phase and reTnforcing,i;.Will be . -

D

'coherent'.

With the stimulating photon fieid,there will be some

.

.absorption of photons and electrons will find sufficient en-

v

ergy fo‘jump to the higher energy level E2' Fdr an emission

to occur,the. rate“of emission must be higher than the rate

2
E] be né and Ny respectively. At thermanequi]ibriuh.ifwthe

of absorption, Let the instantaneous populations of,E, .and
levels contain an equal number of available states,therela- ,
tive population is given by

: : , .3

2 = EXP (-aE/KT) = EXP (-hi/KT)  --nihe(2.2)
- ] ‘ -

3 3
N

Hence at equi}ibrium,nl>>n2,ie.md§£ of A the -electrons
are in the lowe; energy level as expectedz If the atoms
exfst in a }aJiétion figld'of_pﬁbtons wifh enérgy hv  .such
that the energy density of ;he fi;}d is p{(v}, then stileated
emission can occur alongwith absorption and_spontaneous em-

ission. The rate of stimulated emission is proportional to

- the instantaneous number of electrons in the upper energy

”
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level,n2,and to ftug energy level of the stimulating field,

plv) ,and is givén by

\ o

Rate Of Stimulated'Emission--BZ] Ny e pv).(2.3)

. \ - B .,
where B21 is the proportionality constant. The rate at
!

which photgns are ab;orbed by the eiectrons in El is propor-

} ! o

tional to ply) and to the electron population/l,in E1 and

is given by . . , X N -

Rate Of Photon Absorption= B]Z -y p(v) ...(2.4)

-

-

Whete Bi2 is another proportior{ality° constant. ~The
rate of spoptaneous'emissioﬁ is propartional to the electron
population in the upper“'E;gy level and can be described by

I3 o S

%

~ , ) S
Rate Of Spontane?us Emission AZI n2 (TTf(.(Z.S)-

~

. .

where A2] is a proportionélity factor for spontaheous emis-

»

. Pl - "
“!?on. For steady state,the two emission rates must balance

ths rate of absorption to maintai'n the population nl and n2’

]

in E] and E2 ,respectiveiy. So v

Biz x M s p(V) = Ay - ny 4

-

21" Mz - plv)
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FIG 2.1:Transition of'electron_from an upper state to a
) lower state,with accompanying photon emission.
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<

These three processes are shown in Fig.2.2. The " coef-

are called Einstein's coefficients.

'

ficiepts B]Z.Azl ahd 82]

, At thermal equilibrium,the ratio of the stimulated emission
Fate to the spontaneous emission rate is generally very
s smail,and the contribution of stimulated ‘emission is negli-

gible. The ratio is given by °

X

kY

! Stimulated Emission Rate Bé] --n2 - plv)

N

o ‘ g
As depicted by equation (2.7),to make the stimulated

emission predominate over the ;pontaneous emission,a very
laf;e ‘phQton fie}d density,p(v),is required. ]n ;he
-laser,this is achieved b; providing an pptical re;on;nk cax-
ity in whicht the photon density can Quild up to a large

\ value through muitiple internal refiections at certain fre-

quencies(Fig.2.3)

. .
- ' .
-
‘

Similarly the ratio of stimuiated emission rate to ab-

Y sorption rate is givan by ,

Stimulated Emission Rate 12" M- p(v)
Absorption Rate o 812 . n] ’ p(v)
: // B M
‘ . Y om e ... (2.8)
Y B]z n‘

Thus for stimulated emission to dominate over absorp-

]
. « SN
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tion of photons from the radiation figld,nZ))ﬁﬂ,ie.more
electrons‘must be maintained in the upper'yenergy lével EZ )
fhan: in'th; lower energy level E1. This condition is unna-
tural.since equation (2.2) indicates that hz/n] is less than
uniiy for any equilibrium case. Because of this unusual na-
ture, the condit%%n n2>>nl is called ‘population inversion'.,
This is also referred to as a condition of negative temperﬁ-
ture, because n2>>nl,if T in the exponent of equation (2.2)
is negative, Thus to obtain laser action two‘conditions

must be satisfied:

(1) A very large'photon field density,and

(2) Popuiation inversion,ie, n, >>m

-~

2.3 Optics Of Laser Beams

\v
t .

2

-

2.3.1 Mathematical Representatibn Of Laser Beams:

i}

Most well designed lasers emit an output beam that s

" very close to an ideal Gaussian-speri;al beam which cah be’

represented mathematically as follows[18]:

u(x,y) =

R

=

. 2.2 2. 2
. %.. EXP [:lﬂiéjﬁx—l] EXP [:il—i%_l‘ ..(2.9)
. w .

“ ..
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Combining ® the two separate exponents in the above
equation,we may write the total exponent in the form -
in ( 2,2 2, 2 . .2, 2 :
_dmiX 4ty ) x“+y© _ -Jn(x +y°) .
AR - 5= = v T ERREEE (2.10)
w

And the expression for u(x,y) becomes

. ,
Exp [-3F - X ] g
q

u (x,y) = v

ENTV]
|
.
.
—
[N)
.
=

o0 |-
O s
3
3
Ve

The one complex number § contailhs both the radius of

,

curvatuggif.and the spot size,w,of the Gaussian sperical
wave. The expressioQ\?ive6 by equation (2.12) will be wused

in the following section to find the spot size ané.radius of

curvature at any given point in space,provided beam proper-

ties at some previous points are given, s
. v\\ *
2.3.2 Propagation 0f Gauss'ian Spherical Wave .

Assume a Gaussian plane wave at an 4nput plane z=0,as shown
in Fig.2.h, ' .
,- .

n 2. 2

u(x,y) = /7 - 1; EXP [~ k(’z‘; 1 (2.13)
5 2

where 2n o3 MW e oo (2.1h)

As the wave propagates,the Padius of curvature R and
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Fig 2.4 Outward Propagatfon 0f a Gaussian Beam From
a Waist.located at Z=0.
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the spot size w change with distance, By applying the sim-

plified Huygens principle[lBljU(Xuy) at a later plane 2z s

given by, . .
> Lo ‘ Q - ) .
s n . > .
- 2 . "k (x%ry?
u(noysz) = /o e B T-jiKI-u(z))] - Exp(-g KDy
2 q(z2)
. . e el .(2.15)
o, e
N
* -
. ~ - 2
s w(2) = Tan™' AZ*Z)' 7 -0 L.,.(2.16)
’ .nw N r A N
3 .0 ; R
<1.; . -‘ “‘ @ 7 ) { ‘ .
e The /input plane where the beam wavefront is planar and
the spot size s wo,is‘callgd the waist of ‘the beam. The
fesults eipressqp by the equation (2.16),show’ that a beam
starting as a Gaussian plane wave at a waist will remain in
the ‘form of a Gaussian wave with complex curvature q(z) at
) B Py
all later planes z,as shown in Fig.2.5. The“radiys of cur-
) f{w\y., ‘vaturéd of»thi§'divergﬁgg wave asaa‘function of distance from -
T v " ’ - N i»
((’/ the waist is given By . . -
. . , . .
o /s '
. . / o, 2
= "l r.
o R(Z)a- Z[] -:D (2—) J 1]
. , ‘ Co T :
. = Z; fo‘r Z >’> Zr\\‘ ------ o ® 00 0w .’ ¥ -120 ]7)
- mi . . * -\‘
< " «
A ! '... “’
’ -~ -
» ) -
*
4 'Yy .
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'l
Thus at sufficiently Targe distances from the waist,the
@ .
wave has a sbherical wavefront with its center of curvature

located essentially at the waist. Furthermore,since the

- 1
»

spot size of the beam as a function of distance from the

waist is given by

Z
-~ W(z) =Wy 1+ () ]
. r 2 N
T nwo .
awo . (-%:) ; for z >> ———- | (2.18)

at large distances from the waist thé beam divergas linearly

with distance. Thus as a Gaussian wave propagates outward

from a waist,its diameter or spot size at first stays nearly

constant, then begins to dfverge inearly with distance at
-
L]

' £ .
large distances. ~What is wvequired is a pencil laser beam

which remains collimated to as.small«a diameter as possibie
* . .

;

for as long a distance as poséib[e. A collimated laser beam

-

is siﬁply a particularly long Gaussian- beam waist,as shown

in Fi,g.i.s. 1 Theg collimated region is defined as extending
. s . . M

between the points where the spot size W(z) has increasﬁg_gl

/2 over the value w(d) at the waist{18]. The distahce Zr
r
from the beam waist to the Y2 :W(0) point is given by the
LT . - a v

_equation

¢ '] .
’ . S az 2.1/2 . o ’ -
©ow(z) =M, DR T = 2N )
’ o, TW ' ‘
, 2
. 'rrwo ]
- or, ZY‘ =T v T e .(2.19)
h AT I -
) ‘ & k \

TS
P

LY
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The quantity 7 is called the Raleigh range.The waist
r .

region extends for roughly on'e'Zr on either side of the ori-

gin. From (2.19) it is obvieug that the. smaller the spot
size of the-beam,thé more rapidly it diverges and smaller is
the Rayleigh ragge,whi;h is a measure of coilimation of the

laser beam.

2.3.3 Gaussian Beam .Propagation Through An Optical Ele-
N > K .

ment: -

.

£
The expressions for’tﬁé‘laser beam . spot size derived
above apply to the beam travelljng in free space. When beam

modifying optical eliements such as mirrors,lenses and die-

B

lectric interTacés~ are present,as is the case with

laser-assisted-crystailization set-up, to be dedcribed in

the next chapter,the beam properties are modified. Consider

an arbitrary black-box optical system as shown in Fig.2.6.

v

The optical system can be charactbrized by its [A,B,C,D

L 4 —

parameters of the ray matrix[18]. The overall effects are

v

.summarized by

- rzzc.'j_l.'.D,r.a

The wavefront curvature R and the ray parameters r and r'

are related by . . ' T



.

“Fig 2.8 Evaluation Of Gaussian Beam Propagation thrglgh
an arbitrary optical system.
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r' = r/R or R=r/r' e e (2.21)

Therefore the input-and output wavefront curbatupes for the
optical black box may be reiated by

A+ R, +B \

1
N weaea-(2.22)

T2

r

R2 =

2

Equétion (2.22) has been shown to haold true for the

s

wavefroht:%?%dius R in geometrical optics,however,th}s rela-
tionship holds for any optical system P f q is substituted

for R in equation (2.22)[18]. These expressions will be

A

used for finding the spot size of the laser beam in the next

¢

chapter.

2.4 Lasers in Semiconductor Device Processing FT\\

\
! - i

Altgough lasers have been used for sometime in hybrid
circuit technology f6>) trimméng résistors.pgnétration by
lasérs into the solid state’deviée fabrication domain is a
recent phenomenon[4-15].  The flowchart given in fig.2.7
shows‘the.impprtaﬁt appliéations ;f lasers in integratéd‘

circuit (IC) technology[5]. Some of these appfications are

briefly outlined below.
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. (a) Scribing:
Laser scribing is the oldest and most common laser ap-

.

plication in device processing. Q-switched YAG lasers,which
4
provide relatively high peak power at repetition rates rang-
.ing upto 50'kHz.héve been employed for scribihg. The laser
light at 1.06 micron couples effectively into silicon and
the absorption is sufficient toﬂeffect adequéts material re-
moval. Typica}ly,laser kerfs of 25 micron have bgen obta-
ined during routine-production operation on commercial ;ys-
tems[5].
. "
(b) S{licon Drillirg:

Because of the interdigitation of beam le%ds» in beam

lead technology,laser scribing for chip separation cannot be

.

employed. However,a‘]aserﬁls still employed in the process

for drilling alignment holes required to achieve front to

back aljgnment followed by subsequent etching to effect wul-
A

N

timate chip separation. The most suitable laser for achiev-

ing drilling of holes 25 mictron in djameter to a depth of
175 micron,in a single shot is'a pulsed YAG laser with sub-

-mil)isecond pulses[5].

(c) Connections:

N

Formation of cbnnection§,for MOS structures is one of

4

the first laser applications[5]. ~ During the devélopment

phase of a design program,or when a small number of compo-

‘anents is needed,it is more economical and requires a shorter
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A L4

.

turnaround tife if a laser is used to . customise ‘individual
-circuits for specific functional response. Such a step el-

imidates the need of ‘additional masks and the steps associ-

ated with the particular mask level.

° « .
(d) Gettering: -

Ty -
Laser induced damage has proven to be an effactive
. . r

' * " - . 3
gettering mechanism in removing transitional metal! contami-

nants from active areas in a preprocessinb step whose effec-
B v - &

'

tiveness is not lost during subsequent device processing.
b,

Laser induced gettering has removed the shortcomings encoun=.

tered in other gettering mechanisms such as mechanical ‘dam-
‘age, impurity diffusion and use of stress producing films and

£
.

it is a basis for a clean,well controlled and effective

gettering technique[5].

¢

. (e) Photo Induced Zone Migration (PIZM):

> ° In photo induced zone migration (PIZM),a'fhin layer of

a suitable metal,eg. .Aluminium,is deposited'gn one surface

» , of a'silicon wafer. This metal film is then heated by

~

’
,

transmissibn,through the wafer from the other side,using a

_high powe? CO laser. A molten zone of silicon rich Alumini-

um is thereby formed and this zone migrates ihrough the sil-

@

" icon {owards the light source. -This process could possibly

o R X ~
find applicatioh for deep junctiagh isolation and in large .
area high power devices such as thyrist rs and triacs.
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.

(f) Laser Induced Oiidatjon: .

- . -

T " Since the surface of a silicon wafer can be heated to

. temperétures on the order of 1000 C during laser crystalli-

~

, zétiqn,if the -surface is left in an oxidizing

ambient,silicon dioxide can be expected to grow on the irra-

diated surface. “The oxidation rates for laser oxidation in

’

steam ambient are ’‘comparable to the furnace oxidstiOn
rates[6]. Ey repéated raster. scanning o{ a silicon surface
iﬁmersed in an oxidizing environment,it has been possible to
grow 200A thick oxide Iayérs having Breakdowq vb!tage; of

more than 20V[6]. .

(g) Laser Assisted Dopant Diffusion:

i L

It has been recently shown by Narayan et al.[7] that -

lasers can be‘Used_to'induce impurity diffusion in the sub-

strates.’ The.advantage$ of laser .induced diffusion accrue

from the fact that lasers provide a heat source at a local-.-
. izedospét,so all the wafer need not be subjected to high
s temperature and as a result,impurity contamination and mi-

norit{ carrier life time degradation are avoided.

. t -

(h) Grapﬁoepitéxy:

]

Graphoepitaxy is a process of imposing long range-order

on the in-plqpé ofientatjon of laser crystallized silicon
———— - i 7 - - r
grains by etching suitable grooves in the underlying insula- -

- [

s
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tor substrate. Grooveseyof various shapes give djfferent

crystallographic orientation[10]. P

(i) Laser Assisted Crystallization Of Polysilicon fayer:
Polysilicon films formed by chemical vapour deposition

*' (CVD) are a potentially important material for device fabri-

cation. However,the relatively small grain size obtained

| . under normal-growth conditions makes device fabrication un-

- feasible since the grain boundaries ‘usually determine the

T transport properties of the film. PN Junction diodes fabri-

-

cated on polysilicén.gfhiﬁ}f<a\minority”carFier life time on
N - \\

N

'_ the order of 20psec[8] and MOS transist&hs fabricated on

such films also exhibit poor- electrical gharacteristics[9].

e T N
-
;e

N\

\\’ "However,if the polysilican® layer is irradiated with high
g '\\ power laser light a tremendous improvement in the electrical?

\
“characteristics of

h

Tt —

I~

the polysilicon film is obtained[7-12].

—

N

As\ has been shown in the present work,an electron field ef-

. . 4
T i ili layer and MOS transistors

¥ ,
/ . h ) fect\ mobility as high as 500 cm /v-sec is possible in a
/ - laser crystallized polysilicon

W|th\fhe afé(ement:oned applications of lase in the

device proh\fsnng, it is obvious that the |mportéhge of

lasers to othéngarea§\$f device fabrication steps has be
g :

N,
. increasing. Siﬁpf this research work is concerned with the
N,

N "

T,

| ]
»
&
g
™~
“
R
N, N
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v
laser assisted crystallization (LAC) énd subsequent char-
acterization of MOS transistors, fabricated on the crystal-
lized polysilicon layar,the mechanism and paraﬁeters in-
valved “in LAC have been dealt with in detail in the next

-

chapter.

bl

N
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CHAPTER-3 :

LASER ASSISTED CRYSTALLIZATION-MECHANISM AND EXPERIMENTAL SET-UP
v

3.1 Introduction

This chapter deals with the mechanism of laser assisted
4

crystallization, . the heat fiow equation and the experimeniél

set~-up. A comparison of furnace annealing with laser anne-
s

aling has been made and the advantageé’of the latter over
the former have been pinpointed. Heat equation for the
laser annealing rhas been solved and temperature-time and
temperature-depth profile has been ’plotted. One of the
critical parameters,the laser beam spot size,for lasér cry-

?,rthe

stallization has been plotted with respect to distance

'&

.

of the focussing lens from the wafer béing crystallized. .
3.2 Laser-Assisted-Crystallization (LAC):
- The common feature of all the conventional crystal ~
growing techniques is that they all involve the need for a
single ¢rystal to start with-~in Czochralski and Float zone

. ~
techniques, the seed and in the vapour phase epitaxy,the sin-

gle crystal ;ubstrate;y On the contrary,laser assisted cry-
'stallizati?n(LAC) starts without any need of a sihgle crys-
tal‘ seed or a crystalline s;bstrat . Substrates such
as,silicon ldioxide,quartz, andgfaphitj>can be "used and the

polycrystalline silicon deposite on these substrates is

turned into single crystal'gilico using laser beams.

W
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Two distinct mechanisms have been identified for laser
assisteq crystallizatién of poly;rystalline material.
Liquid phase regrowth has been fouﬁd to predominate for high
power pulsed laser irradiation of very short duration(<l mi-

crosec). Here the near surface layers of the substrate lo-

-

caliy” meit to a depth beyond the amorphous layer and recry-

’ \
stalliization'proceeds epitaxiaily om the wunderiying sub-

strate during rapid refreezjng. The second medﬁanism ap-
plies to low laser powers obtained from continuous wéye (ew)
_~asers and lasting for relatively Iogger‘times(of the order
of millisecond). This is called solid phase regrowth in
which the lasér beam Eaises the local surface temperature

sufficientally to induce complete solid phase epitaxial re-

growgh of the amorphous layer in a manner analogous to fur-

v

nace annealing. These two mechanisms of LAC examined in de-

~

tail below.

3.2.1 Liquid Phase Regrowth-Puised Laser Annealizi//

After pulsed laser annealing of amorphous silicon,it

has been found by Rutherford Backscattering Spectra (RBS)

N
L}

measurements[11]that thgre is a substantial dopant redistri-
bution during recrystallization and the regrown surface mor-
phology contains a prominent ripple &tructurel12]. Both

these observations strongly suggest that the crystalljzation
proceeds by a melt regime. The maximum growth rate in the

silicon solid phase is about 10 A/s just below the melting
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point. Ffor time intervals comparable with the laser pulse

)
duration(20-100ns) ,the regrown film thickness would be only

a few Angstroms as contrasted with the observed annealing of
5000A thick amorphous  layers using pulsed lasers.

Furthermore,assuming a solid phase diffusivity of ']O—]O’Cm

_/s,suggests that a broadening of the dopant profile of only

abput'l 1]A [13) would occur,which is meaningiess. Growth

rates as high as 10 A /s are obtained in liquid phase epi-——

taxy and the diffusion coefficients in 1liquid are of the

- e
order of 10 ' cm /s or higher[13]. Hence these facts rule
out the possibility of a solid phase regrowth during pulsed

laser annealing.

insitu time resolved reflectivity meassureTents[19-20]
have shown that just after a threshold eng;gy.me]ting does
indeed occur;the reflectivity is ipcreased du?ing the dwe]l
time of the pulse:and the layer remains molten for about 1‘
microsecond following the pulse[21]. Fig 3.1 shows the
change in reflectivity as a function of time for pulsecd
laser annealing. At time t]. a”sharp transition in phase is
evident by an increase in the reflectivity. lThis enhanced

reflectivity remains constant until time t. at which ft re-

Vi

duces again reaching a new steady state value at -time t. .

o

Reflectivities at time t] and t3 are not same because of the
) ;

(4

different crystal]}ne structure of the substrate at these

-

times. .
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The threshold energy density required for annealing via
a phase transition from amorphous' t&” liquid- to crystalline
has been found to be 2.5+%.2 J/szfor‘silicon implanted sili- ‘
"~ .
con(22]. ° A similar threshold. for annealing of arsenic im-
planted silicon has been found to be 2.7%.2 J/Cm2 . After
o S

" the threshold energy-has been reached,a complete defect free

‘

recrystallized layer appears.

3./2.2 'Solid Phase Growth-cw.lLaser Anealing:

In contrast to the pulsed laser duration,the dwell time

for cw laser annealing is normally of the order of. several

"

milliseconds’,and even for a surface®™emperature of the order . ‘-v

. . ' ’. . ¥ .

of 1000 C,normal diffu;ion broadening of the dopant profile .°-.
' ".
is not expected and indeeqanot observed. By monitoring the

reflectivity during anﬁea&ing and examihingﬁthg channeling

4

éspectra,Austen et a1[20]: have shown that - 8 cw
b .

annealing,existence of a liguid layer is fiei ther necessary
. . i 3 B
for,nor detrimert¥al to,good annealing. -Their reswlt of re-

//r;lectﬂvity vs laser podwer' is shown in Fig 3.2. At point
. * . . -/ ~ -

a,reflectivity, goes through a peak fuggesilqgl/ggggiiuctive

P M ! . . »\:,

interference between the regrowth interface and the front

in-

ey

surface of the ctystal, Between point ¢ and d 2 la

. crease in reflectivity is observeF which shows the exi
L
of a liquid layer. The continuous hature of the reflectivi-

ty increase betwwen points ¢ and d indicates that the liquid
' .
layer grows in ESicknéss and in extent on the surface as the

-
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'/; laser power is increased. .

v

The solid phase regrowth p}ocgeds at a moving «crystal-

line-amorphous interface and the rate of regrowth depends on
the anneal temperature via a single stage activation pro-

cess, The rate of regfowth can be represented as

V = Vo. EXP ('Ea/KT) ............ ERRREREREE (3.1)

' 7 .
where,Vo = 10 A/s and Ea = 2.35eV. Equation (3.1) can be
used to calculate-the temperature réquired to grow a partic-

ular layer of amorphous silicon for the dwell time of the cw

laser beam spot on the substrate. it has been found that a

temperature-> 9Q0 C,is necessary to completely regrow an

amorphous layer. This,of course,varies with the type of

trystallinity of the layer to be grown.

4 .
3.2.3 &aser Annealing vs Furnace Annealing:

’

As explained in the  previous section,cw laser
annealing,like furnace annealing proceeds through soHd

phase epitaxy characterized by a single activation energy

-

Arrhenius type growth as gfvén by equation(3.1). For fur-
4
nace annealing regrowth takes place at temperature. > 550 C

(5] and regrowth quality depends on time and temperature.

»
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