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ABSTRACT 
An A-B etchant is applied to a ( 100) surface of a body 
of semiconductor material, a portion of which along 
the ( 100) surface of the body is either gallium arsenide 
or gallium aluminum arsenide. The etchant is applied 
for at least 15 seconds at a temperature of approxi- 
mately 80” C. The A-B etchant is a solution by weight 
percent of 47.5%, water, 0.2% silver nitrate, 23.8% 
chromium trioxide and 28.5% of a 48% aqueous solu- 
tion of hydrofluoric acid. As a result of the application 
of the A-B etchant a pattern of elongated etEh pits form 
having their longitudinal axes along the [0 1 1 ] crystal- 
line direction. Grooves are formed in the body at a 
surface opposite the (100) surface on which was ap- 
plied the etchant. The grooves are formed along the 
[ Oi 1 ] crystalline direction by aligning the longitudinal 
axes of the grooves with the longitudinal axes of the 
etch pits. 

~571  

7 Claims, 6 Drawing Figures 
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METHOD OF FORMING GROOVES IN THE [On] 
CRYSTALLINE DIRECTION 

BACKGROUND OF THE INVENTION 
This invention herein described was made in the 

performance of work under a NASA contact and is 
subject to the provisions of section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 

The present invention relates to a method of forming 
grooves in a body of semiconductor material and more 
specifically to forming grooves in the [ OTI ] crystalline 
direction. 

During the fabrication of stripe configuration semi- 
conductor devices, such as mesa and buried structure 
configurations, photoresist is applied to the surface of a 
semiconductor body and then patterned by well known 
photolithographic techniques. Typically, in the fabrica- 
tion of a mesa structure for example, the photoresist 
pattern is of such a design as to facilitate in the etching 
of two parallel grooves thereby forming in the mesa 
structure therebetween. After the forming of the mesa 
structure by the etching of grooves, an insulation layer, 
such as silicon dioxide, is deposited on the mesa struc- 
ture, in the grooves and on the exposed surface of the 
body. A portion of the insulation layer, i.e. usually on 
the top of the mesa structure, is removed by etching. A 
contact layer, typically a metal, is then deposited on the 
insulation layer and the top surface of the mesa. The 
insulation layer electrically insulates a portion of the 
mesa structure, the grooves and the remaining body 
surface from the contact layer. Thus, if the insulation 
layer is not continuously and uniformly deposited the 
contact layer may come in contact with the semicon- 
ductor body or mesa structure thereby shorting out the 
device. 

The depositing of a continuous and uniform insula- 
tion layer in the grooves is more readily accomplished 
if the sides of the grooves flair-toward each other from 
the top of the grooves to the bottom of the grooves, 
rather than being perpendicular or flaking-away from 
each other from the top of the grooves toward the 
bottom of the grooves. In the latter two cases the sides 
of the grooves tend to be partially obstructing to the 
deposition of the insulation layer. For semiconductor 
bodies, having a portion of which is gallium or gallium 
aluminum arsenide, when grooves are formed in a 
( 100) surface of the body along the [OT 11 crystalline 
direction, the sides of the grooves will flair-toward each 
other. Thus, it would be most desirable in the fabrica- 
tion of stripe configuration semiconductor devices to 
be able to determine this crystalline direction prior to 
the forming of grooves for the formation of mesa or 
buried structures. 

SUMMARY OF THE INVENTION 
A method of forming grooves along the [Oil 3 crys- 

talline direction of a body of semiconductor material a 
portion of which along a ( 100) surface of the body is 
gallium arsenide or gallium aluminum arsenide. The 
method includes applying to the ( 100) surface for at 
least 15 seconds at a temperature on the order of 80" 
C., an etchant which is a solution by weight percent of 
47.5% water, H20, 0.2% silver nitrate, AgN03, 23.8% 
chromium trioxide, CrO,, and 28.5% of a 48% aqueous 
solution of hydrofluoric acid, HF. The etchant forms a 
pattern of elongated etch pits whose longitudinal axes 

85-568 (72 Stat. 435; 42 U.S.C. 2457). 

are in the [Oil] crystalline direction. Grooves are 
formed in the body at a surface opposite the surface on 
which the etchant is applied. The grooves are aligned 
with the longitudinal axes of the etch pits so that the 

5 grooves are formed along the [ 07 1 ] crystalline direc- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a semiconductor body 

10 on which is utilized the method of the present inven- 

FIG. 2 is a microphotograph of the etch pit pattern 

FIGS. 3 to 6 are perspective views of the semicon- 
15 ductor body of FIG. 1 at various steps in the fabrication 

of a semiconductor device in which the method of the 
present invention is utilized. 

DETAILED DESCRIPTION OF THE INVENTION 
Referring to FIG. 1, a semiconductor body desig- 

nated as 12 is shown for the purpose of describing the 
method of the present invention. The body 12 is ulti- 
mately fashioned into a strip configuration semicon- 
ductor device 10, shown in FIG. 6. For the purpose of 

25 explaining the method of the present invention the 
device 10 is designated as a laser. A laser is a device 
which emits light either visible or not visible, through 
the recombination of pairs of oppositely charged carri- 
ers. 

For the purpose of describing the present invention 
the semiconductor body 12 includes a substrate 14 of 
one conductivity type having two opposite surfaces 21 
and 22 with surface 22 being a (100) surface. A first 
layer 16 of the same conductivity type as the substrate 

35 14 is on the surface 21. A second layer 18 of the oppo- 
site conductivity type is on a surface of the first layer 16 
opposite the substrate 14 having a P-N junction 20 
therebetween. The second layer 18 has a surface 23 
opposite the first layer 16. The surface 23 is a (100) 

40 surface. If the substrate 14 and first layer 16 are on N 
type conductivity, the second layer 18 is of P type 
conductivity, although the conductivities of the sub- 
strate 14 and layers 16 and 18 can be opposite of that 
described. 

The substrate 14 is of gallium arsenide and the first 
and second layers are of III-V semiconductor materi- 
als. For the purpose of explaining the method of the 
present invention, the first and second layers 16 and 18 
are epitaxially grown layers of gallium arsenide. 

If a groove is formed into the first and second layers 

tion. 

formed in the method of the present invention. 
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16 and 18 at the surface 23, along the [ O i l ]  crystdine 
direction, the sides of the groove will flair-toward each 
other from the top of the groove to the bottom of the 
groove. As previously explained, grooves with sides 
that flak-toward each other make possible a continu- 
ous and uniform layer of material desposited thereon. It 
is well known to those in the semiconductor art that the 
[Oil] crystalline direction is the direction normal to 
the roi i i  Diane. - -  

60 In order 'to determine the [Oi 1 ] crystalline direction 
an etchant hereinafter referred to as the A-B etchant, 
is applied to the surface 22 of the body 12. The A-B 
etchant is a solution by weight percent of 47.5% water 
(H20), 0.2% silver nitrate (AgNOa), 23.8% chromium 

65 trioxide (CrO,), and 28.5% of a 48% aqueous solution 
of hydrofluoric acid (HF). The components of this 
solution should be added in the order listed. For the 
practice of the present invention the surface 2 may be 
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Palisad&;N.J. iideposiied on a surface of the lay& 24. 
Using photolithographic techniques well known in the 
art, grooves 31 are formed into the photoresist layer 
32, thereby forming a photoresist mask. In order to 
practice the method of the present invention, the 
grooves 31 are formed along the [Oil] crystalline di- 
rection, i.e. the longitudinal axis B-B of the grooves 
31 are aligned with the longitudinal axis A-A of the 
etch pits 30 by aligning the grooves 31 with the refer- 
ence side 37 of body 12. An acid to which the photore- 
sist maske 32 has been rendered insoluble, such as 
buffer-HF, is then applied to the photoresist mask 32 
and in the grooves 31. The acid etches grooves into that 
portion of layer 24 exposed by grooves 31. The etched 
grooves extend through layer 24 to the surface 23. The 
photoresist mask 32 is then removed. 

Referring to FIG. 4, an acid to which the layer 24 is 
impervious, such as a solution of six parts sulphuric 
acid, one part hydrogen peroxide and one part water, is 
applied to the layer 24 and to the exposed portion of 
surface 23 thereby etching grooves 34 into the first and 
second layers 16 and 18 and forming the mesa configu- 
ration 36. From the description of device 10 fabrica- 
tion so far detailed it is obvious that the grooves 34 are 
formed along the [Oil] direction, i.e. the longitudinal 
axis C-C of the grooves 34 are alibed with the longi- 
tudinal axis A-A of the etch pits 30. The mesa 36 has 
a top surface 33. The remaining portion of the layer 24 
is then removed by etching. 

As a result of etching the grooves 34 in the [Oil] 
crystalline direction, the grooves 34 have sides 35 
which flair-toward each other from the top of the 
grooves to the bottom of the grooves. 

Next, an insulating film 38 is deposited by well 
known techniques, such as vapor depostion, on the 

in a lapped condition rather than in a polished condi- Typically, the insulating film 38 is of a material such as 
tion when the A-B etchant is applied. silicon dioxide and is about lOOOA in thickness. Be- 

If the A-B etchant is applied to the surface 22 for at cause the grooves 34 have sides 35 which flair-toward 
least about 15 seconds, preferably for 30 seconds, at a each other the insulating film 38 can be deposited in a 
temperature of approximately 80" C., a pattern of ori- 5 continuous and uniform film. If the sides 35 of the 
ented and alongated ethc pits 30 appear as shown in grooves 34 were instead perpendicular or flairhg-away 
FIG. 2. The elongated or longitudinal axis A-A of the from each other they would obstruct the continuous 
etch pits 30 indicate the [OTl] direction of the sub- and uniform deposition of the insulating film 38, and 
strate 14. could cause unwanted gaps in the insulating film 38. 

A portion of the insulating film 38 on the top surface 
art that semiconductor layers epitaxially grown on a 33 of the mesa 36 is then removed by well known pho- 
semiconductor substrate will have the same crystalline tolithographic techniques. Subsequently, a metallic 
orientation as the semiconductor substrate. Therefore, film 40 is deposited on the insulating film 38 and top 
the longitudinal axis A-A of the etch pits 30 will also surface 33 of the mesa configuration 36, shown in FIG. 
indicate the [Oil] direction of the first and second 15 6. If the metallic film 40 were also deposited into an 
layers 16 and 18. unwanted gap in the insulating film 38, when electrical 

A side of the body 12 is then cleaved parallel to the power is applied to the device 10 an electrical short can 
[OT 1 ] crystalline direction forming reference side 37. result destroying the device 10. 
Reference side 37 is therefore a reference plane so that The surface 22 is then lapped off so as to remove the 
the [Oil] direction can be easily transferred from the 20 etch pits 30. 
surface 22 to the opposite surface of the body 12. In a While the method of the present invention has been 
body of either gallium arsenide or gallium aluminum described in the fabrication of a semiconductor laser, it 
arsenide or in a body having the crystallographics of is anticipated that the present invention can be utilized 
either of these materials the [ 07 1 ] plane is a natural in the fabrication of striped configuration semiconduc- 
cleavage plane parallel to the [ 01 1 ] crystalline direc- 25 tor devices. 
tion. The semiconductor body as described includes a 

Referring to FIG. 3, after the [ 07 1 ] crystalline direc- substrate of gallium arsenide with two layers of 111-V 
tion is determined, a layer 24 of silicon dioxide is de- materials epitaxially and sequentially deposited 
posited on the surface 23, by techniques well known to thereon. However, the method of the present invention 
those in the art, such as evaporation. Next, a layer 32 of 30 can be utilized on a semiconductor body a portion of 
a photosensitive material such as Waycoat I.C. Resist which is either gallium arsenide or gallium aluminum 
28CP Type 3 by Phillip A. Hunt Chemical Corn. of arsenide along a (100) surface of the body, e.g. the 

body can be only gallium arsenide or gallium aluminum 

It is also well known to those in the semiconductor 10 

arsenide or the body can have a po-don of which is 
35 gallium arsenide or gallium aluminum arsenide along a 

( 100) surface of the body with one or more epitaxial 
layers of 111-V materials sequentially deposited 
thereon. 

The method of the present invention provides 
40 grooves having sides which flair-toward each other, in 

the fabrication of striped configuration semiconductor 
devices. 

I claim: 
1. A method of forming groove along the [ O i l  ] crys- 

45 Mine direction of a body of semiconductor material a 
portion of which is gallium arsenide or gallium alumi- 
num arsenide along a (100) surface of said body, com- 
prising the steps of: 

applying to the ( 100) surface an etchant for at least 
50 15 seconds at a temperature on the order of 80' C., said 

etchant being a solution by weight percent of 47.5% 
water, H,O, 0.2% silver nitrate, AgNO,, 23.8% of chro- 
mium trioxide, CrO,, 28.5% of a 48% aqueous solution 
of hydrofluoric acid, HF, said etchant forming a pattern 

55 of elongated etch pits whose longitudinal axes are in 
the [ 07 1 ] crystalline direction; and 

forming grooves in said body at a surface opposite 
said surface on which said etchant is applied with 
said grooves being aligned with the longitudinal 
axes of said etch pits so that said grooves are 
formed along the [OTl ]  crystalline direction. 

2. The method of forming grooves h accordance 
with claim 1 wherein said surface on which said etchant 
is applied is in a lapped condition when said etchant is 

3. The method of formine Prooves in accordance 

60 

65 applied. 

with claim 2 wherein said ;&ant is applied to said 
[ 1001 surface for approximately 30 seconds. mesa configuration 36 and in &e grooves 34, FIG. 5. 



4,029,53 1 
5 6 

4. The method of forming grooves in accordance 
with claim 3 wherein a side surface of said body is 
cleaved parallel to said longitudinal axes of said etch 
pits thereby forming a reference surface for determin- 

surface. 

6. The method of forming grooves in accordance 
with claim 4 wherein said body is gallium aluminum 
arsenide. 

7. The method of forming grooves in accordance 
5 with claim 4 wherein said body has a substrate of gal- 

one or more layers of III-V semiconductor materials 
epitaxially and sequentially deposited thereon. 

ing the [Oi l  1 direction On said Opposite lium arsenide along a ( 100) surface of said body with 

5. The method of forming grooves in accorciance 
with claim 4 wherein said body is gallium arsenide. * * * * *  
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Col. 2 ,  l i n e  23 

Col. 2 ,  l i n e  4 0  

Col. 2 ,  l i n e  56 

Col. 2 ,  l i n e  68 

Col. 3, l i n e  6 

Col. 3,  l i n e  2 1  
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C l a i m  1, l i n e  4 4  

a f t e r  "forming" d e l e t e  " i n " ;  

a f t e r  "gal l ium" eccond occurrence insert 
-- a r s e n i d e  --; 

" s t r i p "  should be -- s t r i p e  --; 

"on" should be -- of --; 
"despos i ted"  should be 
-- depos i t ed  --; 

a f t e r  " su r face"  ' '2" should be -- 22  --; 

"ethc" should be -- e t c h  --; 

a f t e r  " su r face"  and b e f o r e  " o f "  
i n s e r t  -- 23 --; 

"maske" should be -- mask --; 

"depost ion" should be -- deposi t ion-- ;  

"groove" should be -- qrooves --; 
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