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[57] ABSTRACT 

A method is provided for making a semiconductor 
device which includes the steps of forming a first insu­
lating layer on the surface of a :semiconductor layer 
having a given conductivity type, forming an opening 
in the insulating layer and forming a diffusion region of 
a conductivity type opposite to that of the given con­
ductivity type at the surface of the semiconductor layer 
to provide a P-N junction below the surface of the 
semiconductor layer. A trench is then formed along a 
given axis in the semiconductor layer having a sidewall 
passing through the opening and through the P-N junc­
tion. A second layer of insulation is formed on the side­
wall of the trench, on the first insulating layer and 
through the opening onto the diffusion region. The 
second layer of insulation is etched in the direction of 
the given axis until substantially all of the second layer 
of the insulation is removed from the opening, and an 
electrical contact is formed on the diffusion region 
within the opening. In a preferred embodiment of the 
invention, the second layer is a dual insulating layer 
which may include a layer of silicon dioxide grown on 
the semiconductor layer and a layer of silicon nitride 
deposited on the layer of silicon dioxide. 

15 Claims, 4 Drawing Figures 
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METHOD OF MAKING A TRENCH ISOLATED 
DEVICE 

2 
opening and on the sidewall of the trench including the 
diffusion region and P-N junction. The second layer of 
insulation is etched substantially in the direction of the 
given plane until substantially all of the second layer of 

DESCRIPTION 

1. Technical Field 
This invention relates to a method of making inte­

grated semiconductor devices and circuits and more 
particularly to a method of making trench isolated bipo-

5 the insulation is removed from the opening and a 
contact is formed on a clean surface of the diffusion 
region within the opening. 

lar transistors. 10 

2. Background Art 
Trenches filled with insulating material, such as poly­

imide, for isolating devices, e.g., transistors, in inte­
grated semiconductor circuits have been known to pro­
vide significant device or transistor density improve- 15 
ments over other known isolation techniques. 

In IBM Technical Disclosure Bulletin, Vol. 24, No. 
llA April, 1982, pp. 5458-5459, there is disclosed an 
NPN transistor having an emitter butted against the 
sidewall of a trench filled with insulating material. Fill- 20 
ing a trench with silicon dioxide and silicon nitride is 
shown in IBM Technical Disclosure Bulletin Vol. 23, 
No. II April, 1981, pp. 4917-4919, with portions of the 
silicon nitride being removed by a reactive ion etching 
(RIE) technique. Filling a V-groove trench with poly- 25 
imide is taught in IBM Technical Disclosure Bulletin, 
Vol. 17, No. IO March, 1975, pp. 2893-2894. 

U.S. Pat. No. 3,385,729, filed on Oct. 26, 1964, by G. 
A. Larchian, discloses an isolation trench having a side­
wall covered first with a layer of silicon dioxide and 30 
then with a layer of silicon nitride, and U.S. Pat. No. 
4,242,156, filed on Oct. 15, 1979, by J. L. Peel, teaches 
the formation of a silicon nitride layer over a silicon 
dioxide layer on a sidewall to prevent oxide breakdown. 

In U.S. Pat. No. 4,048,649, filed on Feb. 6, 1976, by R. 35 
Bohn, there is shown a base of a transistor butted 
against a V-groove trench lined with a layer of silicon 
dioxide on which is formed a layer of silicon nitride, and 
in U.S. Pat. No. 4,174,252, filed on July 26, 1978, by H. 
Kresse! et al, there is disclosed an emitter of a transistor 40 
protected on a sidewall by a layer of oxygen doped 
polysilicon over which is formed a layer of silicon ni­
tride with a contact opening formed in the central por­
tion of the top surface of the emitter. 

An emitter of a transistor butted against a silicon 45 
dioxide region with an emitter contact overlapping the 
silicon dioxide region is illustrated in U.S. Pat. No. 
4,110,779, filed on Dec. 13, 1976, by R. Rathbone et al. 

In a preferred embodiment of the invention, the sec­
ond layer of insulation is a dual insulating layer which 
may include a layer of silicon dioxide grown on the 
semiconductor layer and a layer of silicon nitride depos-
ited on the layer of silicon dioxide. 

The foregoing and other objects, features and advan­
tages of the invention will be apparent from the follow­
ing and more particular description of the preferred 
embodiments of the invention, as illustrated in the ac-
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-4, are sectional views of a trench isolated 
bipolar transistor taken at various stages during the 
fabrication of the transistor in accordance with the 
method of the present invention. 

BEST MODE FOR CARR YING OUT THE 
INVENTION 

Referring to the drawings in more detail there is 
illustrated in sectional view in FIG. 1 a structure for 
forming the trench isolated transistor during early 
stages of the method of the present invention. The 
structure includes a semiconductor substrate 10, prefer­
ably made of silicon, having a P type conductivity and 
an N + conductivity type subcollector diffusion region 
12 formed in any known manner preferably with the use 
of arsenic. A known epitaxial layer 14 having An N -
type conductivity is grown on the substate 10 with an 
N + reach-through region 16 formed between the sur­
face of the epitaxial layer 14 and the subcollector diffu-
sion region 12 preferably with the use of phosphorous. 
A P conductivity type base region 18, spaced from N + 
region 16, is formed at the surface of the epitaxial layer 
14 with the use of a boron diffusion or implantation. 
The regions 16 and 18 are formed after a layer of silicon 
dioxide 20 having a thickness of about 3000 angstroms is 
grown on the surface of the epitaxial layer 14 and ap-
propriate openings are made in layer 20 with subsequent 
reoxidation. Since the oxide growth rate is slower over 
the base region 18 than over the N + reach-through 

DISCLOSURE OF THE INVENTION 

It is an object of this invention to provide an im­
proved method for making very small semiconductor 
devices in a semiconductor substrate with electrical 
contacts without causing a short at a P-N junction lo­
cated near the surface of the substrate. 

50 region 16, silicon dioxide layer 20 has a thinner segment 
20', about 2000 angstroms, over the base region 18. A 
layer of silicon nitride 22 having a thickness of approxi­
mately 850 angstroms is deposited over the silicon diox-

In accordance with the teachings of this invention a 
method is provided for making a semiconductor device 
which includes the steps of forming a first insulating 
layer on the surface of a semiconductor layer having a 
given conductivity type, forming an opening in the 
insulating layer and forming a diffusion region of a 
conductivity type opposite to that of the given conduc­
tivity type at the surface of the semiconductor layer to 
provide a P-N junction below the surface of the semi­
conductor layer. A trench is then formed in the semi­
conductor layer having a sidewall located along a given 
plane through the opening and through the P-N junc­
tion. A second layer of insulation is formed within the 

55 

ide layer 20, including segment 20'. 
Openings 24 and 26 are made in the silicon dioxide 

layer 20,20' and in the silicon nitride layer 22 for form­
ing an N + emitter region 28 in the base region 18 and 
an N + contact region 30 for reach-through region 16 
by any known arsenic diffusion technique, as indicated 

60 in FIG. 2 of the drawings. A 6000 angstrom layer of 
silicon dioxide 32 is pyrolytically deposited over the 
silicon nitride layer 22 and into openings 24 and 26. 

By using an appropriately patterned photoresist 
mask, not shown, and known reactive ion etching (RIE) 

65 techniques, trenches 34 and 36 are formed through the 
epitaxial layer 14 and the N + subcollector region 12 to 
the P conductivity type substrate 10, as shown in FIG. 
3. A first reactive ion etching step is performed using 
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ter contact metal 54, shown in FIG. 4, formed on emit­
ter region 28. A collector or reach-through contact 
metal 56, also shown in FIG. 4, is formed in contact 
with the reach-through contact region 30. Contact met-

carbon tetrafluoride gas (CF4) to etch through the 6000 
angstrom layer of silicon dioxide 32, the 850 angstrom 
layer of silicon nitride 22 and the 3000 and 2000 ang­
strom layer of silicon dioxide 20 and 20', respectively. 
The photoresist is then removed and a second reactive 
ion etching step is performed in a direction perpendicu­
lar to the surface of the epitaxial layer 14 using carbon­
chlorine-fluorine, (CClzF2) plus oxygen gas to etch 
trenches 34 and 36 through epitaxial layer 14, subcollec­
tor region 12 and P conductivity type substrate 10 to a 
depth of approximately 4.5 to 5.0 micrometers. During 
this second etching step, the silicon dioxide layer 32 is 
used as a masking material to protect all other regions 
and is reduced to approximately 1500 angstroms. 

5 als 54 and 56 may be made of aluminum doped with 
copper and silicon. 

Another mask and photoresist layer, not shown, are 
used to define a contact hole or opening 58 for the base 
region 18. Opening 58 is formed by reactively ion etch-

10 ing with carbon tetrafluoride gas through 500 ang­
stroms of silicon nitride layer 44, approximately 3000 
angstroms ofsilicon dioxide layer 32', 850 angstroms of 
silicon nitride layer 22 and about 2000 angstroms of 
silicon dioxide layer 20'. The photoresist layer is then 

After appropriately cleaning out the trenches 34 and 
36, a thin layer of silicon dioxide, approximately 250 
angstroms, is grown on the sidewalls and bottom or 
floor of the trenches 34 and 36. Channel stop regions 38 
and 40 are formed at the bottom or floor of trenches 34 
and 36, respectively, by implanting boron ions at an 
energy of about 7.5 Kev and dose of 5 X 1QI3 per square 
centimeter at a normal incidence to the surface of the 
epitaxial layer 14. After P + channel stop regions 38 and 

15 stripped off with hot NMP. After appropriate cleaning 
in opening 58, a base contact metal 60, also preferably 
made of aluminum doped with copper and silicon, is 
formed on base region 18. 

With contact metals 54, 56 and 60 in place, a suitable 
20 passivating layer 62, such as a layer of polyimide, may 

be deposited over the structure with appropriate open­
ings, such as opening 64, formed to receive any desired 
second level of metal. 

It should be understood that although a bipolar tran-40 are formed, a 1500 angstrom layer of silicon dioxide 
42 is pyrolytically deposited on the sidewalls and bot­
tom of trenches 34 and 36 and onto the remaining sili­
con dioxide layer 32 forming a combined silicon dioxide 
layer 32' illustrated in FIG. 3. A layer of silicon nitride 
44 having a thickness of 500 angstroms is deposited over 
the silicon dioxide layer 42 within trenches 34 and 36 
and over the silicon dioxide layer 32'. 

25 sistor has been illustrated herein, the method of this 
invention may be used to form other devices, e.g., di­
odes or field effect transistors, which are isolated by a 
trench and have a shallow P-N junction butted against 
the sidewall of the trench. Furthermore, it should be 

By using known spinning techniques, the trenches 34 
and 36 are filled with an insulating material, preferably, 
polyimide 46, and any excess polyimide is removed, 
after being thermally cured, by known etch back tech­
niques to at least the surface of the silicon nitride layer 
44. 

30 understood that materials and conductivity types other 
than those disclosed herein may be used in the practice 
of this invention. 

It can be seen that a method has been disclosed in 
accordance with the teachings of this invention which 

35 provides a very small and reliaole isolated device hav­
ing a P-N junction spaced a short distance from a 
contact metal which is self-aligned with one of the semi­
conductor regions, such as an emitter, forming the P-N A block mask and photoresist layer, not shown, are 

used to define openings 48 and 50 over the emitter re­
gion 28 and the reach-through contact region 30, re- 40 
spectively, as shown in FIG. 4 of the drawings. Open­
ings 48 and 50 are formed by reactivity ion etching with 
oxygen 3000 angstroms of polyimide 46 and with car­
bon tetrafluoride 500 angstroms of silicon nitride layer 
44 and 1000 angstroms of silicon dioxide layer 32'. With 45 
a wet etch, preferably a 7 to I ratio of buffered hydro­
fluoric acid (BHF), the remaining thickness of silicon 
dioxide layer 32' is removed. Alternatively, other 
highly selective etching techniques could be used which 
have the capability to remove silicon dioxide with sub- 50 
stantially little removal of silicon nitride or silicon. The 
photoresist layer is then stripped off with, preferably, 
hot n-methyl pyrillidone (NMP). It should be noted that 
the opening 48 is formed over the emitter region 28 and 
overlaps onto the polyimide 46 along with interposed 55 
edges of silicon dioxide layer 42 and silicon nitride layer 
44 in the trench 34. Since a reactive ion etch is used to 
remove the silicon nitride layer 44 within the opening 
48 all of the silicon nitride above the emitter region 28 
is removed while little or none of the silicon nitride is 60 
removed from the silicon nitride layer 44 located in the 
trench 34. Thus, it can be seen that the silicon nitride 
remains in the trench 34 to protect the P-N junction 52 
even when a wet etch is used to remove all of the re­
maining silicon dioxide layer 32' located over the emit- 65 
ter region 28. Furthermore, it can be seen that the P-N 
junction 52 can be placed very close to the surface of 
the epitaxial layer 14 without being shorted by an emit-

junction. 
It can also be seen that the invention as described 

provides a continuous layer 44 of silicon nitride passiv­
ation over all surfaces of the semiconductor structure 
except for contact hole openings, affording enhanced 
protection from ionic contaminants, and also that this 
method of trench sidewall insulation provides a means 
of avoiding depletion of boron dopant in the butted base 
region by virtue of the minimal thickness, i.e., 250 ang­
stroms, of thermally grown silicon dioxide formed on 
trench sidewalls prior to the formation of the remaining 
pyrolytically deposited oxide to form layer 42. This 
method enhances the ability to form butted NPN emit-
ters without sidewall electrical leakage to the collector 
region. 

While the invention has been particularly shown and 
described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention. 

What is claimed is: 
1. A method of making a semiconductor device 

which includes the steps of: 
forming a first layer of insulation on the surface of a 

semiconductor layer having a given conductivity 
type, 

forming an opening in said first layer of insulation, 
forming a diffusion region of a conductivity type 

opposite to that of said given conductivity type at 
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the surface of said semiconductor layer through 
said opening to provide a P-N junction below the 
surface of said semiconductor layer, 

forming in said semiconductor layer a trench having 
a sidewall located along a given plane through said 5 
opening and through said P-N junction, 

forming an second layer of insulation on the sidewall 
of said trench, on said first layer of insulation and 
within said opening over said diffusion region, 

etching with a dry etching process said second layer IO 
of insulation substantially only in the direction of 
said given plane to remove from said opening at 
least a portion of said second layer of insulation, 
and • 

15 forming an ohmic contact on said diffusion region 

6 
forming a first layer of insulation and a subsequent 

second layer of insulation on the sidewall of said 
trench, on said given layer of insulation and 
through said opening on said diffusion region, 

etching with a dry etching process said second layer 
of insulation substantially only in a direction paral­
lel to the sidewall of said trench until substantially 
all of said second layer of insulation is removed 
from said opening, and 

forming an ohmic contact on said diffusion region. 
7. A method as set forth in claim 6 wherein said first 

layer of insulation is silicon dioxide and said second 
layer is silicon nitride. 

8. A method as set forth in claim 7 wherein said given 
layer of insulation is a dual layer including a layer of 
silicon dioxide and a layer of silicon nitride. within said opening. 

2. A method of set forth in claim 1 wherein each of 
said first and second layers of insulation is a dual insulat­
ing layer including silicon dioxide and silicon nitride. 

3. A method as set forth in claim 1 wherein said etch­
ing is performed with an etchant that preferentially 
etches said second layer of insulation. 

9. A method as set forth in claim 7 wherein said first 
insulation layer of silicon dioxide is formed on the side­
wall of said trench and said second insulation layer of 

20 silicon nitride is formed on said first insulation layer of 
silicon dioxide. 

4. A method as set forth in claim 3 further including 
the step of filling said trench with polyimide after form­
ing said second layer of insulation. 

10. A method as set forth in claim 9 wherein said first 
insulation layer of silicon dioxide is formed by growing 
a layer of silicon dioxide on the sidewall of said trench 

25 and then depositing a layer of silicon dioxide on said 
grown layer of silicon dioxide. · 

5. A method as set forth in claim 1 wherein said etch­
ing is performed by a reactive ion etching process. 

6. A method of making a semiconductor device 
which includes the steps of: 

forming a given layer of insulation on the surface of a 
semiconductor layer having a given conductivity 
type, 

30 

forming an opening in said given layer of insulation, 
forming a diffusion region of a conductivity type 35 

opposite to that of said given conductivity type 
through said opening to provide a P-N junction 
below the surface of said semiconductor layer, 

forming in said semiconductor layer a trench having 
a sidewall passing through said opening and 40 
through said P-N junction, 

45 

50 

55 

60 

65 

11. A method as set forth in claim 10 wherein said 
deposited iayer of silicon dioxide is pyrolytically depos­
ited. 

12. A method as set forth in claim 6 wherein the 
etching of said first layer is performed with an etchant 
that preferentially etches said first layer of insulation. 

13. A method as set forth in claim 6 further including 
a step of filling said trench with polyimide after forming 
said second layer of insulation. 

14. A method as set forth in claim 6 wherein said 
etching is performed by a reactive ion etching process. 

15. A method as set forth in claim 14 wherein said 
first layer of insulation is etched by a wet etching pro­
cess after said reactive ion etching process is completed. 

* * * * * 




