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C,1le,- Iikolaevich Talenslcii (::-oscovz-)
Th Pyic Isitut"e o-f the . cademy-. o-; U--cience

ofuo Lebedev --.stitu-'.e)

RLeceived -ov.17,1977

-2:2 article ccmtaf.ns a reviewi Of t he c o rS t ru ctO m o f various
ty;,es of semi-conductor z~rUc.ures for lasers a.mcfted yn

elec tro.n Te= t7-~e 0, -truct4ure --Zed ~.~rzon tha nourzose

of theZ laser. Abefanal-sis; of -,-lgoa.~:zes
ore~M- e. -7o=e -__,ta co-.cerning- the - eters of the l.asers

obtained are also zrsen;e.

-. Resonat"o=r ith transverse 3eo.~e4,=-.

ih reser.t a:'ticle.., -r1-71 discuss structur-es -ade of C-e-

ron-ctcr CZ-f3t.-IS representing- lasers e.-cited :3 a= 31ectron
oam- ( 1). Thae sf-plest lase= structure is3 a stzuctUre ~rth t

sc-ca-lled tr=ansverse eet -. ;lin:hc-e
4a radiated in a dir-ction nernendi-cula- to te dietono h

electron beam. The orinci~al nart Off this structure ic a semi-

cconductor, crystal formin3 a resonator of length of 300-500,rn

-. 2

A;l.Dia a-- of a laser w.ith tr-ansverse ;omatry. 1-crystal
frame;2-cryjstal.

1Article based on the lecture g-iven by the author at the ::ee ting
"Semiconductor lasers" orzgani~zed b-- the ncysics InStitute of P

on 13ept.2 6 ,l977 in 7ra7



in- this 'case The _'irr"ors of the -optical1 rt46r a' he naatural
crystal -wal-ls obtained by chi pping.,

T.he cryptt'1. -used as a laser should thus- have z) ar 1 e 1 borders.

.2is conditio i s fl 1 for crystal wihcbic s-g: me~r.
in. particular for 1aAs-. In, cry'sals tith hexagZonal Y:mme~ryr,
surfaces should 'be dhip-eddofl~) A fortunate circuastancea
is the possibility 6f growing; crystals w!4th hemagonal s Yntet'Y,
such as deS -or-, CdSe, i the form of-: olates x iith orientato
surf ace 120) Laser activity -was, obtained foz, the ;F11ist ti:ae

.nsuch plates and fo 16ic lbGtime t-hey constit Juted t11. e onlyi
obj~ectu of: stk-udies. The surface bo'/±-e, y alectrins, sh5o Uld"l

z-oute a. ;,my, perturbationrs of the5 surfn.ce quali 1-"

thre-shold currents.

The deoth ofele-ctron- penetra'tion, and ther-efore t1he, crystal
area :. hich r adiation generation takes -)l-ca, is severa1p
fo aerg of the order of se~ieral tonsofe7Thren

toar"t. of the crystal 1s, because off 'he -conditions of g ;eeration,
unnecessary.1n addition, thspart of the crystal makes it more

difc-24t to rem ove, the heet forited in the Oenaration. area.
The theoretical, ef fcien~y q-? lasers excitVed by an electr.on

beam does not excceed 33:' hus',t t least 70;. of the pum p s
power is ttansformed into heat and should be. reinoV/~d t o the11

Crystal frmusually mnade of co.pper and -cooled b-7 liqiiI nitrogen. A serious, problem is posed bY manipulation of crystals
off 50FUM thickness. 3erious techanolog-ical difficulties arise
in soldering t , he crystals to the ftames. .,'aterials of t*he group

A B are- wettable with difficultyi by most of the kcnown- solders.
The use of solders vwith high tuem-_erature of' softening.r is also

unacceptable because of the oossibility of damacing the cr-Ystal.
Th111is is -.hy17 so far it is noDossible' to z-emov6e the heat in

a.mounts 'agrthan 600 7 frM2 m *hIs limits the lig3ht rooimr
to 100-15071 per poulse. T17he threshold values for cuzrrent density
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2
in str' ctures :iith transverse geomnetry are several A%/cm at
an electron energy equal to 40-50 keVi

ms entioned aboove, nlates of crystals of type- A36, having
-cod surface, have served to carry out thie basi;.c studies on the
zoh-rSica2. ororerties of telasers in quest';ion. How~ever, an oIta
in theiJr jractica. ut-ilization :tas posedbthr t.1o IM"ortt

dsacivant-a-es: a.s---ail thiknss vhich, ;uith1- brittle ratIIe rial,
has seriously ham-nered techrnological operationadblite

sizeof te !late s (it is -ot nosible to gon. a c-rstal o-' linear

d mensions greater th-n 1-2c4. n add-i"'on, consi;derable nart
of th1 surfa_,ce is covered :rith :-yramids of 2o.tscars, and
otLhe ef sc t of' c r 7st a 1 ro 7- c To r iysic a sudies I raS
sufficient to chf- off a -atof the -olaTe4 fZe. dfcs,*

~1~e -3-n c' h ord-er o' several _illieters 7 efr hsc-1

c~~ ct..; sch cry-tas are too s:,,all.

2.aser rescnaor 7:ith.cn-tud-inal ]geometry.

e:fc o n duc tor a s e rs e-:c I;te ad b.- an el1e ct r on be a.-. fid a-0ZII
Ctin in technolo-y a-,s devicestrnmtngihmto,

inldi~television po e c t.o r d' vices, addr4ess elements for 7
s 3 1 ec t!-; information tcC. " ll these an-li cations recuIre a JZ

srUcture sufficiLently lar,:e. wrhich could be scanned wit-'- an
electron beam alon- t'---.o axis. Att-Lempts of fin,_inz a solut ion

zusinc a s:1stem of moscic ctructu'es ha.e nt ve ositi41ve
results. Only single cryta sruc tures pormised any success.

Obtai-Lning larg-!e crystals -.as possible thankcs to the -ethod

of :.akvand Davydov (2) of -- o,.,th an a closed anpoule.
A characteristic of th11is method is the fact that the crystal
is not in contact with the .aalls of the ampoule during grovoth,
and therefore contains fewer defects. -Ho.-ever, the surface of the
cryst1-al undergnoes considerable dama-e during cuttirE of the
Material obtained int"o sezarate olates. 2ven polishing to
optic a2 quality could not recover the necessa ry degree of clean'
surface. in str-uctures m-ade of such cr-Ystals i;*t .-;as eitJUher impo-
ssible to obtain laser activity atL all, or it -,.as ach'ieved at
very hig, h t1hres1hold. current, 7.ih-ich made practically imposs-ible
to use them. The,.uo.e of structures of volume-typoe crystals .-,as



;.oS3-b1c onl ! after -del'ica1-,echar '6e t* hod~n
-a, zt'rcduced.

54i~4

J JJ

7, VtteC nrv o s 7 ~ . ~ e s t e .~
7170 '"s j tti-: ir cltc 'ha iso--r 0.: toZ. c~~ 2

zt -,cmoe zcvnent t Lc. l 0i o-sld z-i i:
ecery -'hich the drcin of a rdaed llh n of

ec..;electrons is concordant (Fig. 2).
In this case the ti'ckneSs Of thie crylstal 43 li"ited not only

b- 't:-e conditions cn heat re'oval, but;, also by the obsor n
sk:a'Vaof the lih.Therefore it isaVnaeu c rsa

t1hicnes s a s smal as1 -~o ssi ble 9 'vhic h la ds toO a-- inrcr-ease ofth
tre shold current density. The logtdmlStructure gives rise
to soecific technolo-rical difficulties(3). onzaralle. surfaces
lead.. to an increase of the threshold or even tuo a,- imvterru-tion
of;. laser activity. 2mp-,erimental results i-'dicatk-e that the adm-issible
deviation from narallelI surfa-ces is at most l-2pm for 2C-2y.
3uch st;lrinrre-nt re quirements =ake it difficult o ols te L
crystal and the sapphire base. The layer of glue -:-:o--" also
be flat to the same degree of accuracy.

"he t0,hermal conditions are bettUer f':or the g-cmetlrly i;n qu.estion,
sinc 1ea reoa takes place over the entire surface ofte

ince !--ej, rmova



Sstructure., and the :excitation is at 'a single p6int. TIi: f-act
has allowed to obtain laser activity. at room temperature - ith

decreased c ysta, thIickness •

3. l:aterials used or .lasers in projection television.

Projection television recuires obtaining a light signal
fr'om lasers f'or three areas of the visible s-oeCtrtm rane.

This can be aChieyed by' using various semiconductor .materials

for const-ructing laser Structures. Cadmiium surfide, CdS -aIles
it .ossible to obtain a geen iOage Oadium selenide, OdSe,
radiates in very dark red. Solid solutions o' 6these, zaterials
give, depending on. the composition, any desired color of ra-
diation within the range A9OO-69OO?". Solid' olutins o su fid e
in selenide are rather easy to obtain during crystal fro,,th
from a mixture of starting components, It is much zmnore com'pli-
cated to obtain blue light. in thi' case it is necessary to
obtain crystals of solid solutions of cadmium sulfide in zinc

sulfide or of zinc selenide in zinc sulfide. Hovever, the vapor
tension of the starting materials are quite different, and thus
it is only possible to obtain solid solutions of' these compounds
in a narow composition range. Cadmium sulfide has a hexagonal
crystal structure' ;:ihile zinc sulfide - cubic, which results
in a non.uo.ogeneous crystal having domain structure and many

defects.
A very interesting problem is obtla4ning a thin monocrystailic

layer dire ctl y on the sapphire base. Such a solution -,v-ould

simplify conziderably the technology and would decrease the cost
of generating the structure. Por a long time no positive results
.'ere obtained in this direction. Lately, hotrever, studies have
beer. €onducted which may brint ; ".ccess, Fo r ins ta n c e ,

it u'pte AdJvthas been reporte.d that laser ctiit was obtained in a mono-

crystallic layer of zinc selenide . The layer is obtained by the.

method of vacuum spita-is on sapphire base. it is separated,

however, from the base in order to introduce the mirrors.

J _



4. The' -problems of the technblogyj w-f laser- st-ttijcture,
for roj'e&t4idh tele.' is ion."

The s'e:-iconductor structures discussed up t o tnow riec.ui re

re~latiJely, high acceleratizi - Voltages, -of the -ordbr 6-F 50-71k-Th

This f2 aCt causes- vari' c.s drawbacks in the o f)erat io n o-i the

Apparatus, and Makes it n ecess~ary to- uise, zrotecti-6p. agaihst ay
radatin'On the oth~r habd-, loeigtheaclrtn vol1tage

dtues an 'i" c::ease o f d faton, losses eeclyinass
-i t'h transverse ptinbing), v41ated- to the. pefletrptiQr dept4 Of the

electons4, in ord.er to avoid. 'his -oroblem 'he concsLt of uin
a 1:av9-'oornductvin- str _ucture %uas develoned (:ri.3) As in the dase

of2idit asrs 4c.1 'a tttict~dre should'" lead to 1o'eiig of-r

?_rstti v.:,s p~ssble to. acl-'i ve th' e::bected eff±'ect ov

the same effect uas also 6btaied for t*he rii'l 'Dr O h

f Frothu technical poin o viewf the problem consiss in

the increase, of the epita.zfi l layer ofI the s zi~dduct ot wi th
Iaigher refractioncdeffi.Aet on .abase wiith, a lower refraction

coefficien't. As, the 'base , zinc sulfide ( n= 2.47) has been used
it-Uh an otientation surface ( lola). On this basis a layer, o L

zinc selenide ZnhSe ,.ids growin (n=2.86) by the method of gas
trarisoor"t in an o-oeih tube. The car-rying -as was hydro-ehi

PiOr. 3. Diagram 0-6f the- vave-c6hIduciz g laser- stuctuJ'.e-,

The layers- forped had a thic'krness of-: 2O-1lam. '~elayers had
uneven surfaces- .which were then nolished by the nedhat.,ical-
c1aemical method. The resonators w.ere. obtained by ci~n
the base together with the laiyeri Ezper=Iment vier2e conducted
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5. Sx~arv.

In closing it i-z :ortt noting t-hat s tudies in, tke area of1

the physics of penomema in. semicondu ctor lasers e-.ci-te,- b-,, an
1ctron beanm and the technolo~y of struactures for suceaer

have ne-mitted, to w.ork out the ;:rototvype devices ~if hfulflll

terecuirements of m=n7 practical a-Iccations2

rather comvilete descriit,:on of :o:eit=',nescence lazers in
inforonation and projection televis-.on can be found i-n j!!7-
A'Policatio.o e.iqon~uctor lasers ii3 op~i cal.p;
c.Olatiof "Se~icQnuc-tO%% **-es o.. zleecvroz= .~

.*~*-~*n, -* a.ravo F;



in ~ n~~r lo t re1.0-i to e done I.: t1-,- ar? of~ improving
tL 'w',lt~:of' senicondtcto-: c .y s t 1 ( ,erfa.cticr. of~tec:~t..~
:t:ict~r, ecrease *n tenu-bTe-r o~' d133CatiOrS,etC.4 --,a ef-ect

o~~ the 3tc t zthe -P,:ll -tierlor- of'lsr~tv

this -.1o f~ f ~ : 'C t'~ rh~ 1:7ee ne -not ;ret in~ c psi.
t.: 'joe thi:eth,-od3 f'or -urfnce n 'ocezzin., . Thi, on-r~

c " of h. t-:o tec. nzo.,:-cs2, 'rrocessez :.entooed.*~ allow,
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