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(54) Title: Be-CONTAINING II-VI BLUE-GREEN LASER DIODES /

{57) Abstract
A TI-VI compound semiconductor laser diode (10) includes a plurality of 41 /‘°
_} T1-VI semiconductor layers forming a pn junction supported by a single crystal /
GaAs semiconductor substrate (12). The layers formed in the pn junction — 1
include a first cladding layer (20) of a first conductivity type, a second cladding 33"rr~ BeTe:N
layer (22) of a second conductivity type, and at least a first guiding layer (14) —
between the first and second cladding layers (20, 22). A quantum well active 36— znSe/BeTe:N GRADING
Iayer (18) is positioned within the pn junction. Electrical energy is coupled 26— ZnSe:N
to the laser diode (10) by first and second electrodes (40, 41). Various layers 22
(14, 16, 20, 22, 36, 38) in the laser diode are formed using Be. -t
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| aser diode fabricated in a manner which 5 i ncorporates Be to forma
useful device. SUMVARY OF THE | NVENTI ON

BACKGROUND OF THE INVENTION

10 The present invention relates generally to semiconductor laser diodes. More

specifically, the present invention relates to a blue-green laser diode fabricated from
II-VI semiconductor materials.

Traditionally, laser diodes have generated infrared and red light. However,
there are many commercial applications where laser diodes which emit radiation in

15  shorter wavelengths, for example in the green and blue portions of the spectrum (i.e.,
at wavelengths between 590 and 430 nm) would have wide spread application.
Further, such short wavelength laser diodes would increase the performance and
capabilities of many existing systems which currently use infrared and red laser
diodes. _

20 There has been an ongoing effort to create blue-green laser diodes. For
example, U.S. Patent No. 5,513,199, entitled BLUE-GREEN LASER DIODE which
issued April 30, 1996, to Haase et al. is one such example. This reference describes a
blue-green laser which uses a II-VI separate confinement heterostructure (SCH).
Typically, the laser diode is fabricated on a GaAs substrate and all layers are

25  nominally lattice-matched to the substrate with the exception of the pseudomorphic
quantum well and the b-type contact which typically contains relaxed ZnTe. In one
such Iaser, the light output is at 515 nm and the guiding and cladding layers are
nominally lattice-matched to the GaAs substrate and have bandgaps of 2.72 and 2.85
eV, respectively. The laser diode employs a quantum well and ZnTe layers which are -

30  under high compressive strain.

This particular structure appears promising and room temperature continuous
wave laser lifetimes have been recorded of over 100 hours. However, it would be

desirable to increase the lifetime, reliability and output of blue-green laser diodes.
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OF THE pREFm;tm|sm§q%5ducmr laser diode which includes a plurality of layers of 1I-

~

10 VIsemiconductor forming a pn junction. The layers include a first cladding layer of
1I-VI semiconductor of a first conductivity type which includes Be. A first guiding
layer of 11-V1 semiconductor overlies the first cladding layer. An active layer of 1I-V1
semiconductor 6verlies the first guiding layer and second guiding layer of II-V1
semiconductor overlies the active layer. The active layer may comprise a quantum

15 well active layer or a multiple quantum well active layer. A second cladding layer of
II-VI semiconductor that includes Be and is of the second conductivity type and

overlies the second guiding Iayer.'

BRIEF DESCRIPTION OF THE DRAWINGS
20 I;‘igure 1 is a cross-sectional view (not to scale) illustrating the structure of a
* II-VI semiconductor laser diode in accordance with the present invention.
Figure 2 is a graph of bandgap versus lattice constant for various
compositions and is used to illustrate the present invention.
Figure 3 is a plot of luminescent-current-voltage of the device shown in
25  Figure 1.
Figure 4 is a cross-sectional view (not to scale) illustrating the structure of a
I1-VI semiconductor laser diode having n-type contact up in accordance with another
embodiment of the present invention.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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active layer 18. T
which provides a number of beneficial results. More specifically, by replacing S with

10  Bein the guide and cladding layers, a number of benefits are provided.

Structure of a laser diode 10 in accordance with the present invention is
illustrated generally in Figure 1. Laser diode-10 is a wide bandgap II-VI device
fabricated from heteroépitaxial layers grown by molecular beam epitaxy (MBE) on a
GaAs substrate. Laser diode 10 is fabricated on a GaAs substrate 12 and includes

15 lower (first) and upper (second) BeZnSe light guiding layers 14 and 16, respectively,
separated by a CdZnSe quantum well active layer 18. The surfaces of the light
guiding layers 14 and 16 opposite active layer 18 are bounded by lower (first) and
upper (second) BeMgZnSe cladding layers 20 and 22, respectively. A lower ZnSe:Cl
buffer layer 24 is positioned on the surface of lower cladding layer 20 which is

20  opposite light guiding layer 14. Anupper BeTn:N/ZnSe ohmic contact 34 is
positioned on the surface of upper cladding layer 22 which is opposite light guiding

layer 16.
A GaAs buffer layer 28 separates substrate 12 from lower ZnSe:Cli buffer

layer 24 to assure high crystalline quality of the contact and subsequently growth
25 layers. A p-type contact 34 is formed by ZnSe:N layer 26, ZnSe/BeTe:N grading
layer 36 and BeTe:N layer 38. Electrode 41 is provided for electrical contact to layer
38. Further, an electrode 40 is provided to contact GaAs substrate 12 opposite lower
buffer layer 24. Layers 20 and 24 are all doped n-type with Cl (i.e., are of a first
conductivity type). Further, layeré 22 and 26 are doped p-type with N (i.e., are.of a._
30  second conductivity type). Active layer 18 is an undoped quantum well layer of

CdZnSe semiconductor.
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less likely to leak around shutters of the MBE system than S which is used in typical

‘prior art designs. Thus, the use of Be reduces stacking faults in the structure.

10  Further, BeTe has a higher stacking fault energy than the prior art ZnSe and therefore
a BeTe buffer layer grown on the GaAs substrate provides lower stacking fault
densities than in typical prior art designs.

Furthermore, the invention provides improved contact lifetime for the p-type
contact 34. Specifically, BeTe is used in place of ZnTe in the p-type contact 34.

15 BeTe and GaAs are mismatched by only 0.35%, such that BeTe layers 36, 38 of
roughly 1000 A will remain pseudomorphic. The p-type contact 34 is digitally
graded to aid in hole injection and the ZnSe/BeTe layer 36 can be tuned for this
purpose exclusively, rather than tfyihg to simultaneously maintain the quality of the
crystal. Additionally, since the lattice constant of BeTe is smaller than GaAs, this

20  graded region of the contact 34 can be nominally grown to any desired thickness
while remaining pseudomorphic. '

Figure 2 is a graph of bandgap versus lattice constant for various materials
neglecting bowing effects. Figure 2 shows the energy gaps of the constituent
compounds for the ternary guide layers and the quaternary cladding layers for S-

25  based, Mg.Zn,.S,Se,.y (0<y<l), systems of the prior art and Be-based systems,
Be,Mg,Zn,.,.,Se (0<x<l1, 0<y<1), in accordance with the present invention. In both
éystems, the guide and cladding layers can be grown lattice-matched to the GaAs
substrate. Although the S-based system theoretically has a higher upper limit on

30  Thus, because of the improved lateral consistency of the invention, the Be-based

quaternary can effectively span the same bandgap range. In Figure 2, all possible
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lattice cqpst afiéknesy of B iinceash;thé ghidelidyers 14, 16 to a thickness of 0.13 um each. The

n-type'and p-type quaternary layers 20 and 22 were doped to a concentration of
2x10% cm™ and 2x10"7 cm?, respectively. The bandgaps of the quaternary cladding
layers 20 and 22 were 2.84 eV. The bandgaps of the ternary guide layers 14 and 16
were 2.75 eV. The X-ray peaks for the quaternary and ternary were -60 arcsec and

15 +100 arcsec, respectively. The thickness of quantum well 18 was calculated to be
55 A, based on growth rate, with a Cd composition of about 25% (i.e.,
Cdo.2sZny35Se).

Typical devices fabricated from this sample exhibited threshold current
densities of 530 A/cm?® with voltages (at 500 A/cm®) of 4.5V (the lowest being 3.8V).

20 A plot of optical power and voltage as functions of current in a typical gain-guided
device of the invention is shown in Figure 3. CW laser wavelength is 511 nm.

Figure 4 shows laser diode 50 in accordance with another embodiment in
which the n-type contact is "up." In other words, the substrate is p-type. Laser
diode 50 is similar to laser diode 10 of Figure 1 except that the conductivity type (p

25 or n) of the layers has been reversed. Diode 50 includes Be in accordance with the
invention as described above.

Variations in the specific embodiment described herein are considered within
the scope of the present invention. For example, the laser may include either a p-type
or n-type substrate. In‘thecase of a p-type substrate, a graded ZnSe-BeTe contact

30  may be used to facilitate hole transport between the substrate and the 11-VI layers.
Alternative substrate materials include GaAs, GaP or ZnSe. Alternative alloys that
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chamber’can be isolated from the rest of the system by a gate valve. The first

10  chamber is equipped with at least Ga, Si, and Be Knudsen effusion cells, a valved
cracker cell for As, and a substrate heater. It is further equipped with a reflection
high-energy electron diffraction (RHEED) system for surface characterization during
growth. The substrate temperature is measured by two different means depending on
the temperature itself. For temperatures above 500°C, the measurement is made with

15  an optical pyrometer. For temperatures below 500°C, temperature is measured
indirectly by measuring the GaAs band-gap absorption-edge of infrared radiation
from the substrate heater. Temperature is then obtained by comparing the measured
absorption-edge energy to bandgap vs. temperature data for GaAs.

The second MBE chamber is equipped with Knudsen effusion cells for Mg,

20  Zn, Be, Te, Cd, and ZnCl,, a valved cracker cell for Se, an RF plasma source for N
(supplied by Oxford Applied Research, Cambridge, England), and a substrate heater.
This chamber is also équipped with a RHEED system. Substrate temperatures are
measured with the absorption-edge measurement described abové.

For the growth of the n-type-down structure 10 of Fig. 1, Si-doped (001)

25  GaAs substrate 12 is situaied on a substrate heater in the first MBE chamber. In
preparation for growth, substrate 12 is heated to a temperature of approximately
580°C in an overpressure of As in order to desorb the native oxide from the surface.
After the oxide is removed from the surface, as evident from the RHEED pattern,
substrate 12 is further heated to approximately 630°C to fully outgas the wafer and

30  wafer holder, and to ensure complete oxide removal.
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from 580°C to approximately 300°C in preparation for transfer out of the first MBE
chamber to the second MBE chamber. When substrate temperature reaches
approximately 550°C, the As valve is closed which causes the surface reconstruction
to momentarily change from As-stabilized (2x4) to Ga-stabilized (3x1). Substrate
15  temperature is still ramping down at this time, and when the temperature is in the
range of 500 to 520°C, the temperature ramp is stopped momentarily while the
surface recovers its As-stabilized (2x4) reconstruction in the absence of an As flux
from the As source. When the (2x4) surface has fully recovered (after several
minutes), the substrate temperature ramp-down is recommenced. The RHEED
20  pattern during the remainder of the ramp-down is that of an As-stabilized (2x4)
surface. '

When the sample has cooled to approximately 300°C, it is ready to be
transferred to the second MBE chamber for the growth of the 1I-VI layers. It may be
advantageous to transfer at a higher temperature so that the probability of condensing

25  contaminants on the surface is reduced. However, it is a limitation of the system
used that the sample be cooled before transfer.

Upon transferring the sample into the second MBE chamber, the sample is
situated on the substrate heater and immediately heated to a temperature suitable for
growth of the first II-VI layer 24 (ZnSe:Cl). During this time, the sample and heater

30 are facing away from the hot sources to decrease line-of-sight contamination. When

the sample temperature has stabilized at the growth temperature of the first layer



or n-type substraté. In-the case of a p-type substrate, a graded ZnSe-BeTe
contact 30 may be used to facilitate hole transport between the substrate
and the I1- ? Al ternative substrate material s include feftsofsei0r
ZnSe. Alter na?l ve all oys that WO 97/ 50429

PCT/ US97/ 00612 -6 - may be used for guiding or cladding |ayers include
BeCdTe or BeMgTe which may be grown | attice matched to either GaAs or ZnSe

substrates. -giqb"estth&%a.hﬁné% rotﬂé@fx@&é‘?dc! the §01REdsU THERHEED patterh B € quant um

wel l's, may i ud€ alternative sem conductors such as CdZnSSe, ZnSe,
BeCdSe or Bethttkedto EnsDFerthelsgriase iyl emwmuzeﬁ €2x4)) She first Iayer2degrowal y

by an oLty o b mmepcRR R p ZEnePofre offe SrRte Wi Do Man seRRAE i SPEC (o
y an u ra e
fromthe res ec%s:f\m.oamﬁgas%ﬁ(m fo %Zﬂndtlhﬁ'efdﬁaséoxﬂ;ﬂete ZnWédRent. S

equi pped wt ast Ga,” Si, and sen effusion cells, a valved
cracker cel | Thetiméseqainet ﬁ:rshnbﬁtlkmfdmtlm is riated, anfl the Bm treatmenpised wWith a

Char act er i zaPOBIERFOR N MG ohopnt A Sene el oS T FPBSPETHIR e by
two di fferengympang, {&Ps MknHosel and the substrate is heated to 250°C. When the

temperaiure is stable, ZnSe:Cl growth by migration enhanced epitaxy (MEE) is
started. After 25 cycles of MEE ZnSe:Cl growth, the sample is further heated to

10  approximately 300°C for the completion of growth of ZnSe:Cl buffer layer 24 by
conventional MBE. The total thickness of ZnSe:Cl layer 24 is approximately 500 A.

After the ZnSe:Cl buffer 24 growth, growth of lower cladding 20 is started,

without pause, by opening the Mg and Be shutters. Layer 20 is grown at a growth
rate of approximately 1 pm/hr to a thickness of 1 um. The composition of

15 BeMg,Zn,..ySe layer 20 is approximately x=0.075 y=0.12, which gives a room
temperature bandgap energy of about 2.85 eV and is nominally lattice-matched -
(pseudomorphic) to GaAs substrate 12. Layer 20 is doped to an n-type
concentration of approximately 2x10'%/cm®. In other embodiments the bandgap of
BeMgZnSe cladding layer 20 may be 2.75 eV or greater. To provide good optical

20  and carrier confinement, the bandgap of cladding layers 20, 22 should be at least SO
meV larger than the bandgap of the guiding layers 14, 16, and preferably at least 100
meV larger than the bandgap of guiding layers 14, 16.

After lower cladding layer 20 is grown, growth is interrupted (by closing the

Be, Mg, Zn, and Se shutters, and by closing the Se valve). The Be cell temperature is

25  lowered for growth of Be,Zn,..Se waveguiding layer 14. Composition of layer 14 is |
'x=0.03, which is léttice-métched to GaAs substrate 12. When the Be cell
temperature has stabilized, growth of bottom guide layer 14 is started by first
opening the Se valve, then opéning the Be, Zn and Se shutters. The growth rate of
layer 14 is approximately 0.9 pum/hr, and the layer is grown to a thickness of about

30  0.15 um. After layer 14 is grown, CdZnSe quantum well 18 is grown, without
pausing, by simultaneously closing the Be shutter and opening the Cd shutter. The



the tenpératufe itself. For tenperatures above 500[err]C, the neasurenent
Is made with 15 an optical pyroneter. For tenperatures bel ow 500[err]C,
. tenperature iwowmseisved i ndirectly by measuring the GaAs band- QBEGT/USITI00652 . pmeer
. absorption-edge of infrared radiation from%-se substrate heaf¢qis SHEET HAS BEEN |
: Tenperature is then obtained by conparing the neasured absor pti on-ggghy:

energy to band&ap vs. tenperature data for GaAs. The second MBE-chaHbY
equi pped with ahpout 30

i

d gampasition aflayer 18k ppprogimately 25%, and she thickness is

(Supii cu’ by CRNSH doRfi iEhe8lan ehffsiomam kst 8 Fi5n " 34 b6 E¥bodimenys, ,
heater. This chaghastingihé CALonPukifian nd\iequantohihell WidtheiRe ehigsidn at e T iy

tenperatures are nmeasured with the absorption-edge neasurenent described

above. For thewgvelength iay bheelected pncthel sange of 550 and 463 omof To-prpvide g®id. doped

(001 ) 25 GaAs .substrate 12 is situated on a substrate heater in the ' = -
first) NBE chanBerer e SRrng oo FRnpSuffy Sheftli) MR SAUE RS i o
tenperature of oaRRERWellRbptical BRMiItRIN dnerdy shaild Vet DERE300 MeVileddhamtiyr der to
desorb the native oxide fromthe surface. After the oxide is renoved from

the surface, aguidingdayer bindgap,tand prefEmblya least 300 meNdessahan the guidingilayeer
heated to approxijmately 630[err]C to fully outgas the wafer and 30 waf er
hol der, and t ®ad8%-e conpl ete oxi de renoval . WO 97/50159

PCT/ US97/ 00612 After quantum well 18 is grown, top waveguide 16 growth begins without
10 interruption by simultaneously closing the Cd shutter and opening the Be shutter.
Top waveguide 16 is grown to a thickness of 0.15 pm. Both top and bottom
waveguides 14, 16 are undoped.
Prior to the growth of top cl.adding layer 22 (same composition and thickness
as bottom cladding layer 20), the growth is interrupted to raise the Be cell
15  temperature and to start the N plasma. As soon as the temperature has stabilized,
growth of top cladding layer 22 commences by opening the Se valve, and then
simultaneously opening the Mg, Bé, Zn, Se, and N shutters. The doping in layer 22
(N, - Np) is approximately 2x10"7cm™. |
In one embodiment, an etch stop layer is included to improve the subsequent
20 fabrication of index-guided lasers through the use of selective etching. This method
is described in copending application entitled SELECTIVE ETCH FOR II-VI
SEMICONDUCTORS, filed on even date herewith. Typically, the first 500 A of the
BeMgZnSe cladding layer is grown and then an etch-stop layer--typically ZnSe or
BeZnSe, 200 A thick--is grown on top of it. The remainder of the BeMgZnSe
25 cladding layer is then grown. '
After top cladding layer 22 is grown, top p-type contact 34 is grown.
Contact growth starts with a 1000 A layer 26 of ZnSe:N followed by a digitally
graded layer 36 of alternating BeTe:N and ZnSe. In this graded region only the BeTe
layers are doped with N; during growth of the ZnSe layers the N is shuttered off. e
30 Digitally graded layer 36 consists of 16 BeTe/ZnSe layer pairs which are 20 to 23 A
thick. The first BeTe layer of the first pair is 1-2 A thick (the remaining 20 to 23 A
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-7- After several mnutes substrate 12 is cooled to 580[err]C and, when tHhe
terrperature has stabilized, Si-doped GaAs buffer layer 28 is grown. G owh
of buffer 3ﬁsb5 initiated by opening the Ga and Si shuttg&prisor/oo612
si mul taneous y (t As val ve and shutter_ gye already open)

is grown at a rate of 1 [err]Jmhr to 5 a thickness of appronﬂlSa‘iféﬁ S EEN |
[err]m The RHEED pattern during growh is (2x4); indicativel of aR AGER K
surface. Aft peingZnSe)amf thbum&laiesQSfﬂﬁWay@s inRFélse apdxiat overe (A

and Si shutters sinultaneously, while [eavin % the As val ve and shutter
open. The suttesremainingpaitsnddkewisethegnSelayer q}nmmdcqmraapmmmuer an

por i o, subsipesfy: b ShE bl 1% A BRR" ARG Gy Satted Iy S63¢ Brown, ¥

appr oxi mat el 306 A0kapérIsCof Be Ty NS ERID TR id frgiohah :ﬂuﬁuﬁﬁoﬂ tsiwébﬂ §Ia OBE

chanber to the second MBE chanber. When substrate tenperature reach es
appr oxi net el ;heaau[p@rqop@ctlamrsAs val ve is closed which causes the surface

nt ar h As- st.abi | i zed
Ca ot abi 11 zed (3 B EhRinact AN HichisE Ry erobas shingin Eavesdt. Jo
this tine, aﬂdsmenaphﬁpet@mawsuaﬁxsasem Am.a&ﬁw%msmﬂ &S%r?ers e

the tenperature ranp is stopped nonentarily while the surfac
As-stabi | i zeﬁrse,mswrdﬂrmcmb@ngﬁhcmocaduméesauhmvsf an As flux fromthe As

ource. Wen the x4), suxfa ecover ed eral. mnutes),
f he substrate te @Pg%t[ﬁng ¥ gﬁﬁ‘f’@a&ﬂe igé‘*#r 2 ﬁEﬁ?ﬂd(%‘TB‘%ﬂﬂEE?f@@P €IHattern
during the rGfmuter6n thefsublifaté RbRerRiMinintedidialy hedred Ro Atermpériuké aGithbiedtd)
growth of the first II-VI layer. The first layer grown is undoped ZnSe grown by

-4

MEE in the same manner as noted above, starting with a Zn-treatment of the GaAs
surface at 200°C. In this case, however, the layer is only 4 or 5 monolayers thick.
After this layer is grown, a 500 A layer of BeTe:N is grown followed immediately by

15 adigitally graded p-type contact layer of BeTe:N/ZnSe. The digitally graded layer is
followed by 1000 A of ZnSe:N. This p-type contact structure is the same as for the
n-type-down structure, but with the layer growth sequence reversed. In other
embodiments, the first layer grown on the GaAs buffer is the 500 A BeTe:N layer
with or without a first Zn treatment of the GaAs surface.

20 Aﬁer the p-type contact structure is grown, the cladding layers, waveguide
and quantum well are grown at the same temperatures and compositions and timing
as the n-type down structure, but with the order of the layers reversed. After the top
n-type cladding layer is grown, 1000 A of ZnSe:Cl is grown to aid in making
electrical contact. In addition, the Cl doping in this layer is ramped up from

25  approximately 2x10'%/cm’ to above 10"*/cm®.

DESIGN GUIDELINES
To efficiently provide even shorter wavelength operation (less than 500 nm) it
is necessary to increase the bandgap-¢nérgies of both guiding layers 14, 16 and
30 claéding layers 20, 22 of device 10. This is accomplished by using two different
compositions of BeMgZnSe for guiding layers 14, 16 and cladding layers 20, 22.
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surface: Wienm the sanple has cooled to approximately 300[err]C, it is ready
to be transferred to the second MBE chanber for the gromh of the |I-VI
layers. It nayolesemsyant ageous to transfer at a higher tenper at SCEEOHIZ
the probability of condensing 25 contantddnts on the surface is reduced.
However, it is alimtation of the systemused that t'he sanple be cool ed

before transfer. Upon transferri t h ipto, th d ,MBE

the sampl e 1's Goadapiralsonement xh e achine iihe Betean oL aiadie Y8 PO B
enperature s a k ' T h ‘deki
During this ti m ﬁé’ rgéoggﬂég&%ﬂg%gﬁae@ agéf&f%dr%ﬁ{kyiﬂgié\;\%quﬁ ???ﬁdt%%n’hot

sources to de%ﬁ@é&g_b& I'® miaf be] foh exanple A0UDnSe, @nSe)BeCdStyBeMgfnSe, or
tenperature has stabilized at the growh tenperature of the first |ayer '
WD 97/ 50159 BeZnCdSe. Active layer 18 optical transition energy should be at least 500 mexfeless

PCT/ US97/ 00612, - 8-, (.20QC), the £ | d :

The RHELD fa ttm;lhesbaeﬁa%mrsvﬁfﬁ%ﬁ% el A 22 et plefery i B el SO
x4) . e firgds thayiat ef ptidiplidyes20I@2ces With a Zn-exposure of th

surface. Wt hi nslo tanOﬁ%‘gcoEg?the surface reconstrucfi on chang sef r.o

(2x4) to (1x4), indTheappropute thicknessestof thrcladding aachguiding layers aze dgiermine
required for tats GUby vhd RRIAEIT deflcte iRALESE th8 Mehd] St is r8RHedT8 thd S
bandgaps. If the bandgap of the guiding layers is 100 meV less than that of the
10 cladding layers, the total thickness of the two guiding layers should be between
0.1 pm and 1.0 pm, preferably about 0.3 um. To minimize absorption of the laser
light by the substrate and the top electrode, the thickness of cladding layers should
each be at least 0.5 um and preferably at least 1.0 um.
To provide very short wavelength emission, a GaP substrate may be used.

15  This allows larger bandgaps of BeMgZnSe to be grown lattice-matched to the

substrate.

-

FABRICATION DETAILS
To fabricate laser diodes from these epitaxial layers, ohmic contact to the n-
20  type GaAs substrate 12 is made by etching the lower surface of GaAs substrate 12
for a short period of time (e.g., 2 minutes) to remove several micrometers from the
back side of substrate 12. Conventional GaAs etchants (e.g., 5 H20 - 1 H,0; - 1
NH,OH) can be used for this purpose. Five nm of Pd, 25 nm of Ge, and 200 nm of
Au are sequentially evaporated on the etched lower surface of the substrate. The
25  wafer including the Pd, Ge, and Au layers is then annealed in nitrogen or forming gas
for about 2 minutes at 180°C. In other embodiments, the substrate surface is lapped
to a thickness of approximately 150 um and polished smooth before it is etched.
Gain-guided laser diode devices are fabricated from the epitaxially grown
structure by first providing a metal contact to p-type semiconductor contact 34. Five
30  (5) nm of paliadium and 50 nm of gold and 1 nm of Ti (the Ti improves photoresist

adhesion) are sequentially vacuum evaporated on the surface of the II-V1 contact



continued for an additional anmpbunt of tinme equal to twice
transformation tine. The Zn shutter is then closed and the
heat ed to- 258baysjshfse Wen the tenperature is stable, ZnSe:!t
m gration enhanced epitaxy (MEE) is staripgd. After 25 cycle
grom h, the sample is further heated to 10 approximtely 3
conpl etion of growth of ZnSe: d buffer 1ayer 24 by conventi

TRIS SHEET HAS BEEN
substREPLACER

12
s of MEE ZnSe: d
OO[err]C for the
onal MBE. The

total thicknegferobtandardmickseletrodit lithogaphyds tHeal R forMed 1o defiel2dr Jnh Réide

ZnSe: G buffer 24 growth, growth of |ower claddi ng 20 is st
pause, by opdinengn thesurface nfthedeposited aetal. (Coptact 3

arted, w thout

and the abave metal layetsit h

Composi t1 on g 203 TRk FIcH ook fheh peovrd AR et iou ralieo Ashil o5 Zns

x=0. 075 y=0. gthen/@i.ah.auj{ ;e@mtwamotﬁm&k.ums%@dam @ﬁ@ﬂg@% gg?ist 2.85

eV and is nomnally lattice-mtched (pseudonorphiC) to

e 12.

Layer 20 bs cansldtor. sTheZn$ deposited emtopoof the 20 unaphotoresistlimds)s then

2x10[err]/cnB. In other enbodi nents the bandgap of BeMyZnSe

20 may be 2. Temavedalong withdhe photorssist, with agrierr efAnyApPromiatepho

cl addj ng | ayer
LQEESISt er

wev | argor § ARNerR A aflel SR puR Rl Sod in 200 RH A0 e ShanoflBdL )

| east 100 nedntatigsurfabnnThdse eleotrodrsprefypibailyifoithet ate2901dn
cladding | ayer 20 is. rowh is interrupted (by closi

wl&iastﬂ{)és?r | ower
ng the Be, M,

rown, _ n ) ]
Zn, and Se slsemteradon tgﬁgob’;m gn@s iLragen qawities aseforraed usibg clBaveddfatet minmpes. at ur e
is 25 | red for, growmth o elerrlZn errl.Se wav, | ding | ayer 14. |
Conposi t 3 n of IayB mit%ef E’“I%%@‘.“[S%‘: Léﬂ\?‘%ﬂ% in 'W‘ggﬂ?ﬁ?ré %Efd'aagﬁcms‘“g
substrate 12echfiRfies bseBAnGRése described in BURIED RIDGE II-VI LASER DIODE U.S.
Patent No. 5,404,027 and copending application entitled SELECTIVE ETCH FOR
I1I-VI SEMICONDUCTORS, filed on even date herewith. The process begins by

first vacuum evaporating 5 nm Pd, 50 nm Au and 1 nm Ti on the 1I-VI contact layer.

15 Uéing standard techniques, 4 pm wide photoresist stripes are defined. Xe+ ion

etching is used to etch through the metals, and partially through the top BeMgZnSe

cladding layer. Then the éamme is etched in concentrated HCI solution. The HC

solution will etch BeMgZnSe cladding layers much faster than the BeZnSe guiding

layers, so the etching selectively stops at the top of the guiding layers

. Optionally, an

20  additional etch-stop layer of may be grown within the top BeMgZnSe cladding layer,

typically 50 nm above the guiding layer. In this case, after the selective HCI etch, 50

nm of BeMgZnSe and the etch stop layer itself remain. This embodiment provides

finer control the optical mode and also minimizes surface recombinati

on during

operation of the device. The etch-stop layer itself may be any II-VI material that

25 etches significantly slower than the BeMgZnSe cladding layer, such as ZnSe,

BeZnSe, or BeMgZnSe which contains less Mg than the cladding layer. As an

alternative to HCI, HBr solution may be used to provide slower selective etching.

After the selective etching, polycrystalline ZnS is vacuum evaporated onto the

sample. The thickness of the ZnS is sufficient to fill in regions where the cladding

30  was etched away. The ZnS deposited on top of the 4 um photoresist

lines is then

removed along with the photoresist using acetone or any appropriate photoresist
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t-enper at ur'e has stabilized, growh of bottom guide |ayer 14 is started by
first opening the Se valve, then opening the Be, Zn and Se shutters. The
growm h rate ofyoomserssld is approximately 0.9 [err]m hr, and therpg‘%ﬁﬂlpgﬁlz
grown to a thickness of about 30 0.15 [edB]m After |layer 14 is grown,
CdZnSe quantum wel | 18 is grown, w thout-. pausing, by 'sinmultaneously cl osing

T e e e P e e
18 i r OXi | 0 - ; A ) Y
L o TOSFBli  HRSARE 5eped S e

adj,usting the %W&dt&@d%ﬁdhé Sqnabaivd idges) Lavérdavities ire fonhetusing
wavel ength may be selected in the range of 550 and 465 nm To provi de good
5 carrier cocléavedrfacet miororsig room t enperature operation, the active |ayer

(Lo col 1y 2 Gt U e ) A o B85 BB 9 e o e
lless than the guhdidg nbaYsidk, BichligRising indium solder. The laser may be mounted with

either the substrate electrode or the top (epitaxy-side) electrode soldered to the heat

sink.

Although the present invention has been described with reference to preferred
10  embodiments, workers skilled in the art will recognize that changes- may be made in

form and detail without departing from the spirit and scope of the invention. Be-

containing II-VI semiconductor diodes of the invention can find use in electronic

devices, electronic systems, optical data storage systems, communications systems,

electronic display systems, laser pointers, etc.

15



After quantumwell 18 is grown, top wavegui de 16 grow h bedi HHSGHBEEG A BEEN
interruption by sinultaneously closing the Cd shutter and gpeni nBEPLﬁ)@
shutter. Togv § pde 16 is grown to a thickness of 0.15 [ O 1

and bottom waveguil des 14, 16 are. undoped-14xior to the growmh of top

cl addi ng | ayer 22 (sane corrposi tion and thickness as bottom cl addi ng | ayer
20), the growth is interrupted to raise the Be cell 15 tenperature and to

start the N pWimtis clddmedéon as t he tenperature has st abi I”ﬂﬂ' mﬂ:"mtn
top cladding | ayer 22 comrences by opening the Se val ve, , ,r" ",
si mul t aneousl y openi ng the My, Be, Zn, Se, and N shutters.* Tlfe 8dopFngsir

layer 22 (NA y |s .nc?ﬁﬁé‘gmlm'%ﬂd“%'qﬁ%mﬂ‘ﬁmhm g! N one enbodi ment, an

etch stop | ayer to i nprove t subsequent -20 fabrication of
i ndex-gui ded | asersﬁrttmh@ingtlhprufﬂ-w semicenductar includingPe ofid s net hod i s
described in copendi ng gl | c tl.on ?ﬂp*tel tl ed SELECTI VE ETCH FOR | | - VI

SEM CONDUCTORS, filed o ew t h. Typically the first

(500[err]) of the ?,d(gg ‘? n etch-stop
| ayer-typically ane orzgﬁgg%igz 2 g') {ﬂco'nﬁ W%Hgﬁr%op of it. The
remei nder of the BeMyZnghdding layer,addi ng | ayer |s then grown. After top

cl addi ng layer 22 is grown, to%ﬁlﬁ{type contact 34 .is grown. Contact growth
starts with 100 [é?‘i‘f‘}‘f Al sﬂWS@ﬂ‘NcFQﬂQVGW“&@%@EWghYaLIderaded

F 0 o 8 A o R AR

shuttered of f. -. . type overlaying the second guiding layer.

2. The II-VI compound semiconductor laser diode according to claim 1 wherein

the first cladding layer comprises Be,Mg,Zn,..ySe, where 0<x<1, and 0<y<l1.

3. The II-VI compound semiconductor laser diode according to claims 1 or 2
wherein the second cladding layer comprises Be,Mg,Zn,.«.,Se, where 0<x<1 and
O<y<i1.

4. The II-V1 compound semiconductor laser diode of claim 2 or claim 3 wherein x
is about 0.075 and y is about 0.12.

5. The II-VI compound semiconductor laser diode according to any one of claims

1 to 4 wherein the first guiding layer comprises Be,Zn,,Se (0<x<1).

6. The II-VI compound semiconductor laser diode according to any one of claims 1

to 5 wherein the second guiding layer comprises Be,Zn;.,Se (0<x<1).

7. The II-VI compound semiconductor laser diode of claim 5 or claim 6 wherein x
is about 0.03.
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30 ‘Digitalty graded la 16 BeTe/ ZnSe | ayer pairs which
are 20 to 23 A thick. le‘m] iﬁ@1mllnz’n r ofthe first pair (1-2
[err])thick (Wponspa®y ni ng-r - 10- being ZnSe) CHYi597/00612

t hi ckness of the BeTe l'ayers increase apprdfi-mately |inearly [owgg SHEET HAS BEEN
remai ning pairs. Likew se, the ZnSe | ayer thicknesses decreage REPLACE

approxi mately |inear

: the last one (1m: err])th
graded | ayer 368i §hgl%¥ﬁ1°°§wgwe{‘%‘?qﬂ}lb‘¢t8§/@° é& ‘Eﬁl%@ﬁ‘é“&t‘? any,pRe,Qf claims, e

is no growh in uption be tgggﬁphgt@&ers
p-type-cont act - ﬁg‘?ﬂZ"& ﬁ%f‘%rééim {#%%’%@Wﬁ%@ﬁ wi’ﬁ Pn Figure 4. In
this case, a p- é&@&n@%eﬂlﬁlﬁ&ﬁtﬂseﬁumdﬁbtoﬁsmed GaAs buffer layer is
grown first, according to e growt h procedure descri bed above. Upon

transfer of the p-type buffer into the second chanber, the sanple is 10

situated on the_ sybs e heat redr% t
suitable for gr%\/\#ﬁeyf'ﬁ? ﬁ%mP?‘\“gseﬁll"g\'}fl%yer d@ﬁ%&’ﬁ? #gby%# gﬁﬁnﬁ llsj'[oe
undoped ZnSe gr 9\Wheldin ifefactive ?&@?é]&téﬂiﬁﬁmrthegrduptwﬁsﬁﬁwodeZﬁSé JiZiep t h
a Zn-treatnment of the GaAs surface at 200[err]C. 1In this case, however, the

layer is only 4BeCdSe, BeMgZnSe; or BednGdSeafter this layer is grown, a(500
A) ayer of BeTe:Nis grown followed immedi ately by 15 a di gltally gr aded
p-type contact |ayer of BeTe: N ZnSe. The digitally graded | ayer is

10. The II-VI compound semiconductor laser diode according to any one of claims

1 to 9 wherein the active layer has an optical transition energy of at least about 200

meV less than the bandgap energy of the guiding layers.

.

-
as Been Rerlaced

\\\\\\\\ A



f'ol | owed by(1000 [err]) of ZnSe:N. This p-type contact structure is the”
sane as for the n-type-down structure, but with the | ayer growth sequence
reversed. |nvpdbgsoisebodi ments, the first layer grown on the GRET/HEVWS1] s
the (500 [err])BeTe: N layer with or withoft/&first Zn treatnent of the
GaAs surface. 20 After the p-type contact structure is grown, the
cl addi ng | ayers, wavegui de and quantum wel|l are grown at the sane
tenperatures and conpositions and timng as the n-type down structure, but
with the order of the |ayers reversed. After the top n-type cladding |ayer
is grown, (1000)A of ZnSe:d is grown to aid in nmaking eLedQical contact.
In addition, the C doping in this |&jer is ranped up om 25

approxi mately 2x10[err]/cnB to above/f10[err]/cnierr]. DESI GN GU DELI NES To

efficiently provide even shorter MVéI‘é‘H‘g‘t‘H"O‘p‘éTTI"O‘M(Iess than 500 nnm) it

IS necessary to increase bndgap ene s of both guijdi ng | ayers 14, 16
5 Beke:N

and 30 cl addi ng | ayers P of devic his is acg¢onplished by using

two different conposition ebL 14, 16 and
cl addi ng | ayers 20, 22. 3 wo prZneBeTe: GRADIN

PCT/ US97/ 00612 - 11 - Goo gl.pl car—confTgeEnEn. . carr peactfpi eved if the
bandgap of cl adding | ayer'sd' 20,22 is ZnSe:N

22—,

BeMgZnSe:N CLADDING

| 16“\ BeMgZnSe GUIDE

18—~ cdznse QUANTUM WELL

14— BeMgZnSe GUIDE
20—

BeMgZnSe:Cl. CLADDING

24—.  ZnSe:Cl BUFFER
28— n-TYPE GaAs BUFFER

12—l . n-TYPE
GaAs SUBSTRATE

V
12— | S~ ]

40— ELECTRODE

Fig. 1




100 nmeV*or* nore larger than the bandgap of guiding |ayers 14, 16. In this
design, active layer 18 may be, for exanple, CdZnSe, ZnSe, BeCdSe
BeMyZnSe, or wWednEode. Active |ayer 18 opti clé\ ransition energycgmﬁa'l”ﬂoﬁ%
at least 200 neV less 5 than the bandgap e r/géB of guiding |ayers 20, 22,
and preferably at least 300 nmeV less than that of guiding |ayers 20, 22.
The appropriate thickndsses oB&8e cl addi ng and gpiding | ayers are

det erm ned primarilﬁQ twedi fference in refract]ve i ndex of the |ayers,

which is related to thg bamdgaps gkt the guiding |ayers is
100 nmeV less than th of the\l10 the total thickness of
the two guiding |aye shoul d . @t ruamd L9 fterrtnr — —

preferably about 0.3 pfi To mni M ) l'i ght by thé
substrate and the_t | ectrode, tV i =g~ I-ayers shpul d

each be at least »5 rrlmand pref?
very short wavel eyt h dni ssi on, ﬁg
all ows | arger bandgg@d®-of BeMyZnS ) 2
substrate. FABRI | ONJDETAI LS To fabri caNy i om t hese
epitaxi al |ayers,~ohm q contact to the n- y ubstrate 12fis
made by et ching t%fi@ r surface of GaAs sub for a short p rioﬁ
e

of tinme (e.g., 2 nutgs) to rem)ve RiLeTsierers _from the hack si
of substrate 12. 25/5 ti onal Q@a@m\' e Q.| H20 - 1 H02 - 1
NH err] OH) can be u for thls purposeGE"DEnm cﬁn 25 nm of Ge, and

200 nm of

rlm To ovi fle
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CdS
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Au are sequentially evaporated on the etched | ower surface of the

substrate. The 25 waf er

including the Pd, Ge, and Au layers is then

anneal ed i n nixig@memseor fornming gas for about 2 minutes at 180[REFPEI7/Q0612
ot her enbodi nents, the substrate surface 8s/3pped to a thickness of

approximately 150 [err] mand po

| i shed snoboth before it is

et ched.

Gai n-gui ded | aser di ode devices are fabricated fromthe epitaxially grown

structure by first providing a
contact 34. Five 30
(the Ti inproves photoresist ad
on the surface of the Il-VlI con
| it'hography is then perforned t
of the deposited netal. Contact
20 [err]mline region are then
ZnS is then thermally evaporate
pol ycrystalline ZnS is 5 an i
[err] m photoresist lines is the
acetone or any appropriate phot
(typically 100 nm Ti; 200 nm Au
el ectrodes are typically fornmed
the 20 [err]mlines. Laser cavi

nmet al

hesi on) are sequentially v
tact 44l2- |ayer.
od

contact to p-type sem conductor
(5) nmof palladiumand 50 nmof gold and 1 nm of Ti

& evapor at ed

Standp@ d m croel ectronic

ef i 20 [errImwi de lines on the surface
raﬁggfﬁﬁ‘ﬁﬁﬁvﬁ”be'll

al 1l ayers outside the

1134

g(2500 [err]- of
posited

surator. The ZnS deposi t ed
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FCT/US97/00612

fa‘bMﬁé&lfé§tG§iiﬁg Cee _ B
LASERrDREBE :UBS 3464 &HT No. 5, 404, 027 ang _copendi ng appBil €at5 dvl (eNC HIEN
SELECTI ¥VE ETCH FOR 11 -VI SEM CONDUCTORS,; “filed on even -date herewith. The.
process begins by first.vacuum evaporating 5 nm Pd, 50 nm Ausaag | nm Ti on
the I1-Vi C-OCH%hgbﬁﬁSﬁ ogléa??rnlestﬁ h%oﬁhﬁ{%aﬁ%,t &idiRe ﬁﬁ%éss‘}:qﬁﬁé@‘ de

phot oresi st stripés are + 1on‘etching 1s used to etch through -

the netal s, whithpegéthergrydickanegissionewvavelengibifZhSamc ladthenembadiments,Then the

- sanple is etgched ipn congcentrated HCl, solution. The HCO solution will etch
~ BeMyZnSe cl-ahﬂf‘gﬁsqwg? gﬁﬁﬂ@ﬁ”‘ﬁ%‘!%‘}d‘iﬁam"ﬁgm% HSieHSHPN. ayers, so the
et chi ng sel egty| ' | 48 | ay : it ponal Iy, an
20" add: 1 onarHeiath Hap BE sPbcibd  hoFangl of 0 A8 e, T BlcRideiol U K

cl addi ng 3 ayearriet gonifinerhént diifing nocmb tenpetdtereppemdtion thegative ldyer (typicallgase,

after the sel eCtiveeB% etch, 50 nm of BeMyZnSe and the_etch stop |ayer o
i tsel f renai Auantymvel)ppecahiransition spergy shoyld be atlsast 200 meldegsghanthe node and

cton- stop | agoLAF Pl bRtz Y IGRB0BREN I Bat e e T
si gni fi cant| pamigaper than the BeMyZnSe cl addi ng | ayer, such as ZnSe,

BeZnSe, or BeMyZnSe which contains less My than the cladding |ayer. As an
alternative to HCARermmantyn welld$ ingrpwietopsuavegeide 16 groveh begipgwithatectli ve

cvapor at K offesfion Bl ShlFedie’ Y e BECHSG 04 LREE S PR SR , (1)

in regions wirep vabeguidd PEiighewmth a thickheicFioad anaBothitdp akd BotieROSi ted on
top of the 4 [err] mphotoresist lines is then - L
- - waveguides 14, 16 are undoped. _
Prior to the growth of top cladding layer 22 (same composition and thickness
as bottom'_ cladding layer 20), the growth is interrupted to raise the Be cell
15 temperature: and to start the N plasma. As soon as the temperature has stabilized,
growth of top cladding layer 22 commences by opening the Se va_lve; and then
simultaneously opening the Mg, Be, Zn, Se, and N shutters. The doping in layer 22
(N, - Np) is approximately 2x10""cm?. ' '
In one embodiment, an etch stop layer is included to improve the sub_se(;uent
20  fabrication of index-guided lasers through the use of selective etching. This method
{3 . is described in copending application entitled SELECTIVE ETCH FOR II-VI
SEMICONDUCTORS, filed on even date herewith. Typi‘cal!y,mém A)of the
) BeM. onSc' cladding layer is grown and then an etch-stop layer—typically ZnSe or
Beéné%&OQ)A thick—is grown on top of it. The remainder of the BeMgZnSe
25 cladding iayer is then grown. o :
After top claddirg layer 22 is grown, ’iop p-type contact 34 is grown.
Contact growth starts with (1000 A)layer 26 of ZnSe:N followed by a digitally
- graded layer 36 of alternating BeTe:N and ZnSe. In this graded region only the BeTe
layers are doped with N; during" growth of the ZnSe léyers the N is sl;uttered off.
30 Digitally graded layer 36 consist; of 1 g EeTe/ZnSe layer pairs wiicﬁ are(20 to 23 A)'
) . J - oy .
thick. The first BeTe layer of tﬁe first pair 1511-2 Alhick (the remaining{20 to 23 A) )
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rermved al ong wi th the photoresist using acetone or. any approprl at.e..
phot or esi st WO 97/ 50159 e .,,°
"PCT/ US97/ 00612 =13- sol vent and uItrasounq Fi nal mat al el ectrodes
(typicallsy 100 nm Ti, 200 nm Au) are thefn Q\7apor ated onto the surface.
These el ectrodes are typically formed into 200 [err] mw de stri pes

Cl oavea. f acet ngA7e) aBl (e chiCknesd GRS me T8 uStrs ftfeast Abmrhiomaie Wt over-
provided by sqhglfuiditing pars 3lkdvwisd, ek Z75ea e‘i“t‘ﬂéi&xess‘és é'zéEa rBJ& aiéf ically
s 31

usi ng i ndi um sol der _ be rmunt ed wth el t er t ate
el ect rode or tlhead)ome(lmlma%waéldél) A)eluek.t Aﬁdtedlgndlb*grﬁidﬂayet' hms@msa nk.

Al t hough has bee descri bed th reference to '
prefer ?ed 1%@@3?’%@3-%%@9“’& hegeds po, ﬁ%wamsrrwthn bepvesgany of t hat
changes may behéEbel donfaet d detail w thout departing fromthe spirit

and scope of the i nven'Plaonﬁy%g- containing I1-VlI sem conductor diodes of .

t he i nvention can fA ndypﬁammm-dowtstmmm niay alsebe gmlueﬂsrshm:xs!ﬁgﬁxgrns,lln
cati,ons, syste tronic displa
gstslt g?r!s, d?;ge 25%{ %S%%{&%As i@rsr{rrytg I:s useéi. RSBe-Xope rEa.!\s e&C layer is grownIo Y
ﬁrst, according to the growth procedure described above.

a9 e L X ]

Ld *

[ ] LR )
*® . *

L 4 1

~ Upon transfer of the p-type buffer into the second chamber, tﬁe sample is ‘. :
10  situated on the substrate heater and immediately heated to a temperature suitable for
growth of the first II-VI layer. The first layer grown is undoped ZnSe grown by
MEE in the same manner as noted above, starting with a Zn-treatment of the GaAs
surface at 200°C. In this case, however, the layer is only 4 or 5 monolayers thick.
After this layer is grown% 00 A)ayer of BeTe:N is grown followed 1mmed1ately by
15 a dxgltally graded p-type contact layer of BeTe:N/ZnSe. The digitally graded layer is
fo]lowed b 1000 Aof ZnSe:N. This p-type contact structure is the same as for the
n-type-down structure, but with the laye_r growth sequence reversed. In other
embodiments, the first layer grown on the GaAs buffer is th§500 A)BeTe:N layer
with or without a first Zn treatment of the GaAs surface.
20 - After the p-type contact structure is grown, the cladding layers, wavegulde
{3 | and quantum well are grown at the same temperatures and composmons and timing
o as the n-type down strucltluroe,’gl‘x't with the order of the layers reversed. Aﬁer the top
! n-type cladding layer i 1W 000)A of ZnSe:Cl is grown to aid in making
electrical contact. In addition, the Cl doping in this layer is ramped up from

25  approximately 2x10"/cm to above lO”Icm

- DESIGN GUIDELINES |
To efficiently provide.'even shorter wavelength operation (less than 500 nm) it
~ is necessary to increase the bandgap energfee of both guiding layers 14, 16 and .
30 cla&ding layers 20, 22 of device 10. This is eccomplished by using two different |
compositions of BeMgZnSe for guiding layers 14, 16 and cladding layers 20, 22.

AMENDED SHEET



PCT/ US97/ 00612 M nnesota M ni ng and Manuf actur| ng Co. Qur Ref: 'B 3462,"PCT ."".."

-14- What is claimed is: 1. A ll-VI conpound sem -conductor, -l aser gdi pthes » "+s3 -

including: a first cladding |ayer of 11-VlI sem conductor i-ncl udi ng *Be 6f a°**

first conductivity type. a first guiding 1%&yer of I1-VI sem conductor

overlaying the fi rst cl addi ng layer; an active | ayer of I1-VlI sem conduct or
d cl.ad [l -V cI udi ng, Be of a second

rer | ayi th r, of
Conducti vity 1Ee S48 awﬁag‘ﬁﬁgpfg%maw infheg pre @edzo@e? R
d Q -9y e
T e S S “%“Mﬁa’%'s
 err] x[ err] 1outsiid thé 20 pr/lireregibn ark thenlfemobéd With m&u 2300 R eE

| aser diode according to clains 1,2 or 3 wherein the second claddlng Iayer

conpri ses Be[ esrthfwg{eamlmmmqewmwm Sly‘f@Fe This deposited polycrystalline ZnS is
s aninsulator. The ZnS deposited on top of the 20 um photoresist lines is then

| removed along with the photoresist with acetone or any appropriate photoresist
solvent. Finally, metal electrodes (typically 100 nm Ti; 200 nm Au) are evaporated
onto fhé surface. These electrodes are typically formed into 200 pm wide stripes,
~ centered on the 20 um lings. Laser cavities are formed using cleaved-facet mirrors. ‘x
10 - Inanother embodiment, buried-ridge index-guided lasers are fabricated using
techniques based on those described in BURIED RIDGE II-VI LASER DIODE U S.
Patent No. 5,404,027 and copending application entitled SELECTIVE ETCH FOR"
I1-VI SEMICONDUCTORS, filed on even date herewith. The process begins by
first vacuum ev'aporating 5 nm Pd, 50 nm Au and 1 nm Ti on the II-VI contact layer.
15 Using standard techniques, 4 um wide photofesist stripes are defined. Xe+ ion
etching is used to etch through the mgtéls, and partially through the top BeMgZnSe
cladding layer. Then the sample is etched in concentrated HCI solution. The HCI
solution will etch BeMgZnSe cladding layei's much faster than the BeZnSe guiding
layers, so the etching selectively stops at the top of the guiding layers. Optionally, an
20  additional etch-stop layer of may be groWn within the top BeMgZnSe cladding layer,
‘f'ﬁ’\_' o typically 50 nm above the guiding layer. In this case, after the selective HCl etch, 50 -
~nm of BeMgZnSe and the etch stop iayer itself remain. This embodiment provides
finer control the optical mode and also minimizes surface recombinatibn during
operation of the device. The etch-stop layer ltself may be any II-VI material that
. 25  etches sngmﬁcantly slower than the BeMgZnSe claddxng layer, such as ZnSe,
BeZnSe, or BeMgZnSe which contains less Mg than the cladding layer Asan
alternative to HCl HBr solution may be used to provide slower selectwe etching.
After the selective etching, polycrystgllme ZnS is vacuum evaporated onto the
* sample.” The thickness of the ZnS is sufficient to fill in regions where the cladding
3.0 was etched away. Th_e ZnS deposited on top of the 4 pm photoresist lines is then

removed along with the photoresist using acetone or any appropriate photoresist
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d[e ] The 11-VI conpound  sem conductor [asgr diode,of glagm3 : s-..
or%E%ﬁEEZZ@P%?%Fa alh@ about 0.075) gneay iigrgabout 0. 1-2L§§::f33%ﬁﬂi§k7ﬂtﬁ" NCE
CONEAHA¢#ase WG Q) or |aser diode according to any one of-slf:]‘_aﬂWAlmo 5
wheoaicnRelEe :f Br S4e@uipdirng | ayer conpri segy Be[err] Zn[er%]§ iiﬂ;ﬁﬂmgr] 1).

7. “The 11-VI conpound sem conductor |aser diode accordi ?q \)’ N

claims | to 6 wherein the second guiding | ayer conprises Be[err]Zn[err]Se

(O[ err]x[err]WhatiSclaihted i§ - VI conpound sem conductor |aser diode of claim®6

or claim7 wherein x is about 0.03. -15 - 8 The I1-Vigm ,

sem conductor | aser diode according to any one of clai rrulmrmmgmmslaulflllt he

cl addi ng and Quj 64 ayer are.lattice  mat d.t | at t rce®conhst'ant® of the

single cryst atlg é?ﬁ%(ﬁh‘&éﬂ%ﬂe@ %?%.Iasfb&%%é“q?‘f&%ﬁ' conpound |
pé

sem conduct or | asey firéi QSRIAER BV Qerflid¥ndiicto irfdl gTBJ;-Qf wherein the
active layer is selected fromthe group consisting ofr CdZnSe, ZnSe, BeCdSe,

BeMyZnSe, or BeZnCdSe. first comductivityltymeonpound semi conduct or | aser di ode
0, Y DM A0 R 7 12
' cladding layer, - ) Lo e
an active 1a¥(=a"%%-vr senﬁc;)nductor ovedaﬁn'#;gim
| 'a‘sec;dz{adding Iay%-v[ including B? of a second conduc;ivity

erlaying the second guiding layer. WhaieLin
hlomt LZNE/ °Z°°},.% 34 m}a?mm- ciclootts DBe.
2. =7. o2 o

2 2° TheI-VI compound semiconductor laser diode according to claim 1/ivherein

the first cladding layer comprises BeMg,Zn;.,.,Se, where 0<x<1, and 0<y<l.

_ _ 2

¥ 37 The lI-VI compound semiconductor laser diode according to claims I% 2%
wherein the second cladding Iayerrcﬁxpnses BeMg,Zn;<,Se, where 0<x<1 and
0<y<l. - -

. . . 3 .
S 4 The II-VI compound semiconductor laser diode of claim 2-or claim-3-wherein x
is about 0.075 and y is about 0.12. - '

& 5= The I1-VI compound semiconductor laser diode accordiﬁg to any one of cliims

) s -
1 to4wherein the first guiding laye%rises Be,Zn..Se (0<x<1).

F & 'Ié'.he I1-VI compound semiconductor laser diode aécording to any 6ne of claims 1 -

e :
to5 wherein the second guiding Iaygx{éaltfnprises Be,Zn;..Se (O«x<1).

I s % -
& 47 The I1-VI compound semiconductor laser diode of claim4or claim &wherein x

is about _0.0.3. | | _ ) _ : _
£ aSecond geniding bayer (overtlyug e ackive

~.._ | 72, 7--—‘-50' ovad daser chiods Qccordit to clacia,
= [w&,ﬁaﬂﬁwu;cakf @(ﬁ% um/oonq’/ '70 X Compoc nd
nelected Hrom greap [Be Bule, 1%elMg Zule , (9elotle and

) L
[
S [ e R



R

9 % The II-VI compound semiconductor laser diode according to any one of claims
it i ing layer Tt
1 to #wherein the claddm nd guiding layersfare lattice matched to a Igttlce

. constant of the smgle crystal semiconductor substrate.

"

/oé’ The II-VI compound sexmconductor laser diode accordmg to any of clalms 1to
{ wherein the active layetﬂ?gzlected from the group consisting of CdZnSe, ZnSe,
BeCdSe, BeMgZnSe, or BeZnCdSe.

A1 X }‘he IT-V1 compound semiconductor laser dlode according to any one of claims' .
2]

1 to 9 wherein the active lay( as an optical transition ene;%' of at least about 200
meV less than the bandgap energy of the guiding layers("—y '
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