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1.0 INTRODL !CTION

1.1 Overall Program Obj ect ives

The ma i n objective of this program is to explore and develop a novel
epitaxia l techni que for the HgCdTe system. Basical ly, the proposed approach

is a form of vacuum deposition similar to the ~~1l known MBE. However , due to

the high vapor pressure and the rapid interd iffusi on of this material conven-

tional MBE is rio t suitable. We have innovated a number of mo dification s to

accomodate these stringent requirements. Key differences between the two

methods are the beam sources and the way to achieve epitaxia l annealing. Two
alternative beam sources were proposed.

1.2 Overall Program Plans

Because of the pioneering nature of this subject , r~ist parts of the

initial efforts invo l ve the system des i gn and construction. This inc l udes the
selection and purchasing 0f capital equi pment and the setup of a new labora-
tory. In addition , u~ also need an extensive literature search and to carry

out some analytic studies. This survey allows us to foresee the potential

problems and take them i nto consideration . Moreover , ~ can base on this
study to deci de which one of the two proposed beam sources are more advan-
tageous and more likel y to succeed. So far in the course of this program ,

these tasks are completed or near completion. Our progress is essentiall y on

schedule according to the following phases that were generated before :

Phase I System Des i gn , Construction and Analytic studies:

1st and 2nd quarter , completed .

Phase II Epitaxia l Growth and Optimization:

3rd quarter through the end of the program.

Phase III Epilayer Characteri :ation:

4th quarter through the end of the pro~am .

I
C,’1°~4 A ,’ ch
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Acco r~it1 ‘shments i n the First t~e~’ii — ’ \nnua1 Period

Pur i ny the ~irs t si.~ ‘iu nths , we have comp leted the follo w in ti :

(I~ We have selected and purchased the necessary ca o it al equip-

inent. The t o t a l  cost is over $65 ,000.

( )  We have designed the system . The main vacutin chamber is corn—

plete ly assemb l ed and tested .

(3 )  We have made some l i terature search and anal y t i c  s t ud i es on
this subject. We have also estimated the power requirer ’ent for
the evaporation laser and the growth rate .

The onl y unaccomplished goal is the install at ion of the lasers. Th is delay is

caused by the postpo nement of the manufacturer s delivery schedule. The laser

for evaporation is now set to arrive in early October . Therefore , it is

reasonable to expect the first run in l ate October .

‘ l t ) ’ , ,\  ch
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2.0 TECHNICAL INF O~ 1 A T I 0 N

2.1 General Descr i pt ion

We proposed two means of generating beams of the source materials: a

nozzle beam and a laser generated beam. After careful literature survey and
desi gn consideration , we .~ecide that the canbination of a laser evaporated

beam with in situ laser annealing is most viable. During the past six months ,

this idea has been refined . Now it takes a much more advanced form than the

one described in our proposal. In the fol l owi ng sections , we will give a
brief descri ption of the system and the approach. Figures la and lb show the

pict ures of the entire apparatus and the closeup view of the main chamber.
Figure 2 shows its schematics diagram . The system consists of three major

c ciriponents.

.1.1 Ma in Vacuum Chamber

This unit is al ready assembled and tested . It is 12” in diameter and
10’ tal l and has an all metal construction for UHV application. It is backed

up by two pa rallel pump ing systems. One is a mercury diffusion pump stack and

the other is a Varian diode ion pump. The mercury diffusion pump is equipped
with a li quid nitrogen cooled second stage baffl e and a thermal electrically

cooled first stage baffle. The foreline is also all metal construction and

heavily trappe d with molecular sieve material to minimize mechanical pump oil

backst rearn i ng. Its virt ue is the simpl ici ty and the high pumping speed . It
requires only 15 minutes to reach a vacuum in the io~ torr range. it is oil-

free and has no foreign contamin ation except mercury vapor. The diode pump is

a 500 L/S model . It can routinely achieve low lO~~ torr vacuum. We will grow

HgCdTe layer under bot h vacuum conditions.

In this chamber , we have installed a thickness monitor and a quadru-

pole mass analyzer for beam monit oring. This analyzer covers a range up to

400 AM U , thus even the heavy evaporated species such as HgTe can be detected .

L
C/19 74 A , ’ cb
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Substrate wafers will be loaded through one of the side t lariqrs . 
~l’

to four  wafers can be mounted on the 10 l inear t rave l  dur 1 nq a S i  lit: i t ’ load-

t rig. This w i ll greatly teduce prepara t ion and pump — down t iWO . he s ut ’—

strate can he heated to a preset temperatur e . Cur plan Is to grow the t ’~ ’ 1-

layer at a substrate temperature as high as possible before re -e va p o ra t  ion and

.‘ut -d iffu sion occur.

There are two sapphire windows on the top flange and one on t h e
bottom flange. They are for the transm iss ion of evaporation and annea l ing

laser beams , respectively. The transmission of sapphir e window s at the 1.Ot ’ u
laser wavelength is 90%.

There are three source flanges. Two of their are for ilyTe and CdT e

compo und sources. The third one has a regular ML~L el tu siv e furnace. It wil l

be used for future dopin g experiments.

2. 1.2 Evaporation Laser

T h i s  unit locates above the top l eve l  of the main chamber. It is a

~ Nd-fAG laser (Control Laser Model 514 QT) and can deliver a liax irnigli of 100 W

cw power in the multimode operation. It has an acousto-electro ~-sw itc li for

~ pulsed operat ion. In the pulsed node , the laser output t r o q u e n c~ c an  vary
S 

from 0.5 kH: to a few KH: and the peak power is in few kW range. le~ t’the r

with this unit is a set of custom designed optic al components. ihi ~ includ es

a 3:1 up col l imator , a beam spi itter and two 00” steer i ng opt ics with a set of

L3” focal length lenses. Their f u n c t i on w i l l  be discussed in a lat er

S •~ so rt  ion .

.~~. 1. .3 Anneal ing Laser

I t i s p1 aced he I ow the bot t or level e t t he ira in C h~uinber. It i s

Nd— Glass laser (korad ki ) with a l’ o c k e l — c t ’l 1 ~— swi tch. It can d~ l iver ox—

romt’l v narrow (“20 nsec ) pul se’s. The’ t o t al ener qy den si t v  per pul se’ i s  ,t ’ t ’ e t

1— i’ Co t l i ’. c r ’ . Thus .u 20 us I ,iser pu 1 se would have a pt’,ik power of 10 — 1ul~’ ~ ci ’

a typical value for pti l Sod laser .rnnea Ii nq. The Iid \  ilnuin pu 1 se r a t e  is 4 ppm .

It W i  11 be’ direc t ed onto t he suhst r u t  t’ b’+ .i ‘~0” heam st oer inq opt i Cs .

C/ 1~r3A ch
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1.4 t ~ pt’ i -  i “out ~i I Approach

ho koy di f t  er enc u ’s b~t weeri our ol’l’ro.h Pt a r id  t h e  t. t ’ i ’ ~ o t t  t t ’ nO 1 ~t I t  r io

hi’ S t  j r  i t t ;  ‘. o i re  o mat or’ i a Is , th e  bea n ‘lorit ’r11 t i en and t he anne1u I l i t :  pro - -

W e i’. t ’ mt ’ l ecu 1 an compound ‘,ource.’ (Il~ To ari d (‘d l et  i r ist  ead of el orient a

os i’d and l e .  . The booms art’ qerierat&’d liv pu 1 sod la ser ’ (‘‘.,I e r a  I i t ’ ll

i ‘ i s  ~‘j d  ‘ f  ther :i,u 1 t’vopor-at ion. Th e ep i tax io 1 arinea 1 i no i s  ,uch i r ’v ed by in
i ~~ I ‘,t’d 1 ,usor i’ ,ttl 1 at 1 on i i stead of t hernia l ly heat i nq the s t i b s t  ra te .

\ ~‘t I sod I ,tsor beam \ 1. Ot ’ tini) i.~i1ortio’, f rom the Nd — ‘ ~cG lose r .  1 lii’
So , t ’: i s  i’\~~,iri~1t ’,I t’v a .3: 1 up ce ll iin~utor.  P,irt o f I he heaiii i s  t ht ’ri di rot  t ~el
0 ’ ~~ti w , l’~1 h~ a ~~ i t t  or and f ocus e d  t i n t  o the Cd To so u’co Lw a 1.3 ’’ toc ~~l lon~ t Ii

1 en’~. he t ronsin i t t  i’d beam wi II he at. t enuat ed and bent t tirouqh hk 1” and

f oc u se d  onto the Hq Te source. Th e di vor ’ qe ’ n c o  of t he’ I ,user on p u t  i s api ’r t ’ \ i —

‘‘..i t t’k .‘.h’ ,n,’o,f 
• t hen ’et ore’ the I oc ised spot s are about 0. 15 ri: in di ,iirot or.

~tii’ it- r ,id i ,ut i’d ii iatt ’ r— ia l  absorbs the laser power. L~ec,ucise ’ t h e  lose r  i’u l s o s  o r

sht ’it , l l i t l  t he ir • peak power hi qh . one would e’ t I ’ec t conorue nt i ’~ a ‘o r- a t  i t ’l l . Ci t e

; i i i ’ s t  1 I ’ ll tti1i t intiiie’ el l a t e ly  r i ses  I s  t h a t  si rice ’ .0 l~’ i s  t ra nspare ’nt .ut 1. Ct i i:’ .

lien how c o n  t Pi ts  wet - k o f f  i c i ’nt I v I tiwev en • when t ho peak power dori s i t  of

t Pie toc us~d I ,ise ’r spot reach es ve ’r’~ hi qh lt ’vel 1~* ‘~ cii: ) here’ i s  110

d i f t  e ’ronl’ e’ in in i t  i .ul iy opaque and t u- a nsparor i t  s u t ’ s t  ori~ o. A l  1 mat or- i al ’.

i tic 1 tel i n’i tr1inspare’ni t (liel e ’ e ’ t r  ics  pas s qu ick  1~ i nit o j  P it ‘:h I ~bsor b i i t :  ‘4 a t e ’

due’ to opt i cal ava 1 aud io breakdown and subsequent hoot i no I o 1 i t;ht . ihsot ’ I ’—

t i on. In t he’ M m- st tO so , i f Cd lo tloes n o t ova I t ’ l l  to at a 1 1 , we c~ 11 t her

r-o I’I ace’ it. w i t  Ii a sh~ u-t cut — off wave’l e’nqt.h lioudle ’ bu l k not or t ,ul or. st ’ur’ ce

Two source booms w i II co—d e p os i t  onto t he subs I i - a t e  t o  t ~‘,
-m a f i I of

Jo a ll ov . Si b s t  no to t e’ lipera t ire Wi 1 1 he’ kept u’1 be 1 o~ I l i i ’ O t t  n

n-on ce’ of  ro~ e~v .n i l t mr, t ion and out —cl i f fu ’~ l oll. I i liii cr~ st ,ul 1 m i  t~ w i l l  ho re-

s tored by C — ‘. w ’ t t ’ he ’d 1,isor pul sos at req I or — I l i e ’ i itt on’v a 1

u ’ ;’i ‘i ,’ l \  t h ’

—.,I, ~~~~~s~~~~~~~ ’.,S.--l” 
~~~~~~~~~ ,~~~
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This approach has three obvious advantages:

(1) Duri ng the process , the onl y hot spots are the ar-eas rad iated

by the Nd-YAG laser beam. Tb are very small  ( —43 .2 r u e ) ,
thus contribute very li tt l e outgassing . Therefore , the use of

a pulsed laser as a source of power external to the vacuuriu sys-

tem minimize the contam ination due to the proximity of hot fil-

aments , crucib ies , etc.

(2) All growt h parameter can be easily controlled outs ide the

v acu rili System .

( 3 )  The alloy com posi t ion 
~ 

is determined by the relative intensity

of the two laser beams , or more specifically, by the beam at-

tenuator. Since two beams originate frorii he same laser unit ,

any small power fluctuation would only have neg lig ible secon-

dary effect.

(4) It is a low temperature growth techni que.

2.2 Literature Search and Analytic Studies

We have carried out an extensive literature search and analytic

studies in the area of laser evaporation. Pioneering work in this area began
altinost a decade aye. The number of publications are quite li n il ted and they

all belong to the small scale research oriented type. A wide range of note-

r i als have been used. These include metals , alloys, semiconductor (111- V j r td

Il -V I compounds) and dielectric materials. Some most important experiments
mre summar ized in Table I.

These investigations can be categorized into two areas. One is the

evaporation with a cw laser and the other with a pulsed laser. Their results

are very different. The cw laser operation resembles the use of an L-beam .

Here , the source material Is heated slowl y and continuously by the laser heart

unt i 1 a temperature high enough for evaporation. t’~’i’ipounit1 ‘iater i,il eva po rat i ’d

0
C / 1 ° i’ 4 A ,‘ c b

_.__.__f ______ 
~‘ 

.--- ~ - - . - —,-‘-
~~~~‘ —



Rockwell Intern ati onal
Science Center

SC~~ m,: . .~~~~ .‘\

L 

_

— ~~~ , , 

~~~

I C

_ _ _ _ _  — A



Rot’kwe’ll Inte’, ,i.r t ioiial

Si: .ent e Center

C ‘
~~ ,.‘~~~.

‘. . ‘ s ,~

this way usually result in a rion— ’,to i ch iometr  i i. arid ii it ’l’ Llit us f t  Iin . ~~
pul sed laser operation is r’oi:i m n it ’sco nit of t he’ st ,ir i ti, j n ’ ,l il o h  t ’ v ’ t ~ t i ’ , t t  i t ’ l l

technique. I.xcept th is  appro ach o f f e r ’ s t’ t ’t b r ’  c o n t r o l , ‘,mo l b r  i i t ’ i , f l b  o ’

evaporated material per ’ ;‘uI so , f a s t e r  heat t in t  t t i n t ’  and h n ; h o r ’ Si ,n t , i * , 0 1 or

ture. This net hod produces St o t  cli i oinetr ic and poT ‘, r v  st a l I t  no f t  l i i  ,tnitt i

w i ll he the ideal candid ate for the ‘,~stetit.

1 [1st imote the Power’ Requ I rernent arid L~ ,.It ims i t  ion I~at e

Th e evapora t ion  iiiechani sm can he suminar i :ed as 1 he ’ to T 1 ~~~~ i i t t ; .  ~ Pit r

laser rod i at  mon i s absorbed at the sur face at  an o t °  qut ’ t. o  l i t lO l i  sed rio It  e’r •

is eleve l oped in a thin layer under the sur tace.  As a ros i t l  1 • I lit’ S l i l  I , t u r or-

peratur e increases. S mmu l taneous heat conduct tori I .ukos p1 ace i n o  he n nit or

m o r  of the material , thus increasing the t li ic kntes s of the heated bo ’,or. S in c e

he ve loc ity of heat tran sport due to heat conduct tort decr ’oa s e ’ s  w I t h  11:10

hus the heat conduct ion does not penniti t an udequa to out let of heat in t l a he

inter ie m r. Hen ce the temperature at a rid n ear the surf ace w i l l  i nicroa se ’ up t t m

t irne when evaporat ion c ommences. I rein then on tho sur- t ,rco t ompe rat i r t ’ i s  oot

erned by the eva perot i on nec hon I sri onl y. I oo t ca iiu uC t ion c e~a sos  t o  1 ,u~ a
s il n i fi cant role in the heat balance.

The m i n i rio 1 laser power dons i t  v ~e f o r ’ ova pot -at i t i n t Ira’, he os t i m at  Ot t

in the follow i ng way. The t h i c k  ness of t lie heated I aver at t n i:i ~’ 1 a t  1 e ’r I ht’
beginning of the laser pulse i s  of or der At ‘I ~ where A i s  the  I hernia l d i i

fe i s m v i t y c oef f ic  le nt .  The t hernial energy made ova ii a ble unt i l  I hen is

where i s the laser power den s i t  ‘~ . Thus the rio ter Ia 1 oh ht’ a t ed I a~ c’r ha’ .

ta 1 ned an average therma l en ergy dens i t  y t if  i~ 1t 
~~~~ 

At ) ~~~~~~~~ where  ~,, is I ho

den s i ty. For eva pora t tori to take p1 ace • t hi s t Pieriiia I eiie ’r’q~ den s i t  ‘~ st ie l t i  1 C
exceed the sub I into t ion ener gy ( per tin it wet oh I U ,Illel t he t into t s h~ ii Id t’e
1 t’ss th~ri the duration of t ho laser pul so. Th is  1 t’,id-, t o  t he cc ’ nt e l i t  i eli :

- 
~~~~ 

~~ \ 1 -
‘ - 1 . .’

11
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For CdTe , c 0 ~ ~~. 7 o, cm~, U • 2. 4 ‘ IC ~ erq, ; ra in , A ,: C cm 2 fsec , it the
pulse duration is 100 nsec i’ t - 11’ sec then

1’e ~ 
U ~ • ~. ,‘ * lO~ w O t t s , cim: ” ( 2 )

The focused spot has an area of 3 io-~ cime , therefore , the ini nin ta l average
power per pulse for ev a po r a t i ’ n i  is

C0 ’ — 
~~~~~~ ‘ 1i ~i~’ 

‘ 3 ic— 4 i.~ k~ (3)

Thi s value is well within the power limit of our Nd-YAG laser. [Lyle should be
eas ier  to be eva por a t ed  than CdTe.

We can also make a very crude estimation on the growth rate based on
his  rnforrrta t mon. The area is about 5 ~ cm ’- and the depth is (4t)’1” 2.

~her e tm r e . the total volume of material evaporated per pulse is

V = 5 iü~~ (0.02 10-7 )1/2

2 10~~ cm3

Cr 3 io 14 molecul es,’ J’ulSe . If the laser is to be operated at 1 KHz then the
total evaporated flux will be 3 1017 molecules/sec. If only 1% of the
evaporated material is to be intercepted by the substrate (1 cm2) then the
growt h rate will be about 3 1015 molecules/sec -cm’- or 4 itii/hr. Thi s is a
very practical valu e.

2.2.2 Anticipated Problem s and Solutions

We can foresee two basic problems with laser evaporation which can be
avoided by proper design.

First , one has to avoid prolong exposure of a same region to laser
pulses , otherwise this area will reach very high temperature slowly ano cause

C/ 1974A / cb 
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noncongurent evaporation. This problem can be easily solved by ‘ io v ’ mn ~: the

laser beam and rotating the source material simultaneously. Thus the laser

spot can actually scan over the entire source area.

Second problem is the fogging of the transmission winOow due to the

condensation of evaporated materials. We take the following precaution steps

to avoid this

(1) Make the distance between the source material and the window
much longer than the distance between the source and the sub-

strate.

(2) Collimate the region between the source and the window .

(3) Protect the window by plac i ng a piec e of heated quartz plate in

front of the window at 45° to the beam. This heated quartz

plate w i ll deflect the evaporated material moving toward the
window .

.2.3 Some Remarks on the In Situ Laser Annea lin o

Up to date , all the work in laser annealing was carried Out in the
ambious atmosphere. However , r~ feel that by carry i ng out the in situ anneal-

ing in vacuum , there is a special phenomenon which can potentiall y benefit the

annealing process. When a beam pulse with an energy flux of about 10’ L~,
’cm 2

interacts with the surface , it will produce some vapor which escapes in the

form of a rapidly rising plume. This plume exerts a recoil pressure on the

vaporizing condensed phase. Depending on the condition , the pressure can vary

frcxii a few attn to over 1000 atm! If this does happen in our case , it can have

similar effect as the use of overpressure during a therma l annealing. During

the annealing pulse , the HgCdTe surface will experience a localized “ inst ant ”

high pressure which can reduce the out -diffusion proble m . We will study this

and try to utilize it.

L i
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3.0 F:T~!I~L PLANS

w O  w m l l  Start to “ tir e up ” the app ara tu s  next month. During the 3rd
quarter , we will  debug the system and establish a routine operating pro-
cedure. Start i ng from the 4th qua rter , we will characterize the epilayers and
opt i m ize the growt h conditi on. This effort will be continued until the end of

h m 5  ‘ roq ram . During this period of ti inie , scientifically signifi cant studies
such as the mech anism of evaporation , the effect on the beam energy etc. will
also be examined .

I
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