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f57] ABSTRACT 

A bipolar transistor formed on the face of a semicon­
ductor substrate which includes an extrinsic base of a 
first c:onductivity type formed in a portion of an emit­
ter-baso. region of said semiconductor. A conducting 
base contacting layer is formed over the extrinsic base 
which has a non-conducting spacer formed over a side­
wall thereof. An intrinsic base in the emitter-base region 
is juxtaposed to the extrinsic base. An emitter of a sec­
ond conductivity type is formed within the intrinsic 
base with an edge of the emitter being aligned with an 
outer edge of the spacer. The method includes forming 
an isolation trench, viewed in plan, having comers that 
are angled at about 45 degrees. 

2 Claims, 10 Drawing Sheets 
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POLYSILICON SELF-ALIGNED BIPOLAR 
DEVICE INCLDING TRENCH ISOLATION AND 

PROCESS OF MANUFACTURING SAME 

RELATED APPLICATIONS 

This application is a continuation of application Ser. 
No. 07/224,833, filed July 27, 1988, abandoned, which 
is a division of application Ser. No. 932,752, filed Nov. 
19, 1986, U.S. Pat. No. 4,799,099. 

The application Ser. No. 932,752 is a continuation-in­
part of application Ser. No. 824,388 filed Jan. 30; 1986, 
abandoned. 

This application is also related to application Ser. No. 
923,454 filed Oct. 27, 1986 which is a continuation-in­
part of application Ser. No. 799,042 filed Nov. 18, 1985, 
now abandoned. 

BACKGROUND 

2 
tremely difficult to optimally reduce the base resistance, 
emitter-base capacitance and at the same time maintain 
a sufficiently high emitter-base breakdown voltage. 

Siemens AG published a paper entitled "Self-Aligned 
5 Bipolar Technology-New Chances for Very High 

Speed Digital Integrated Circuits by A. Wieder, Sie­
mens Forsch. und Entw. Berichte Bd. 13, 1984, pp. 
246-252'.' which appears to use same film for the p+ 

10 polysilicon cap and the spacer plug. Thus, the latter 

device would therefore have the same disadvantages as 
discussed with respect to U.S. Pat. No. 4,431,460. 

Accordingly, it is an object of the invention to pro­
vide an improved bipolar semiconductor device. It is a 

15 further object of the invention to provide an improved 
bipolar device which exhibits high speed and small 
dimensions. It is yet another object of the present inven­
tion to provide a bipolar semiconductor device which 

The present invention relates to a method of fabrica- 20 
tion of a compact high-speed bipolar device in VLSI 

has a significantly smaller emitter to base spacing. 

SUMMARY OF THE INVENTION 

technology. According to the invention there is provided a bipo-

The semiconductor industry has sought methods of lar transistor formed on the face of a semiconductor 

fabrication to improve the switching speed and reduce substrate which includes an extrinsic base of a first con-

the size of bipolar devices. One technique developed in 25 ductivity type formed in a portion of an emitter-base 
pursuit of this objective is a polysilicon self aligned 
device. In 1978 Nippon Electric Company of Japan region of said semiconductor. A conducting base con-

developed a self aligned bipolar device which utilized a tacting layer is ~ormed over the extrinsic base w~ch has 

local oxide separation method to separate the base re- a non-cond~ct~g . spacer_ formed . over a sid~w~l 

gion and the N+ emitter published in October, 1978 in 30 !hereof. An mtnns1c ~as_e m the enutt~r-base region 1s 

"IEEE Journal of Solid State Circuits, Vol. SC-13, No. Juxtaposed to the extnns1c base. An enutter of a second 

5, pp. 693-698 by K. Okada". Oxide Isolation was also conductivity type is formed within the intrinsic base 

used to separate the emitter from the collector. Due to with an edge of the emitter being aligned with an outer 

the size constraints of such oxide, the Okada device edge of the spacer·. 

does not lend itself to significant size reduction. 35 Preferably, the transistor includes a buried collector 

Fairchild Carner~ and Instrument as described in U.S. of a second conductivity type, local oxide isolation 

Pat: No. 4,148,468 ISSued ~~c. 6, 1~83 M. Vo~a used the strips on the face defming the emitter-base region and a 

~as1c co?cept of t1!_e poly~i~icon .~ 1~ed device, except separate collector contact area adjacent to the emitter-

it d~pos1ted the_ N polysil!con imtially and the~ grew base region and a trench isolating the transistor from 

a thm_ spacer oxide afte~ which the P: wa~ ~eposited._ In 40 adjacent cells on the semiconductor substrate. 
growmg the spacer mude the base 1s oXJdized making 

BRIEF DESCRIPTION OF TIIE ORA WINGS control of the base profile difficult. Further a high tem­
perature oxidation is done to drive the impurities and 
grow oxide on the p+ polysilicon. Since the oxidation is The novel features believed characteristic of the in-

performed at 1,000• c. It is difficult to keep the base 4S vention are set forth in the appended claims. The inven-

profile shallow using the Vora method. Moreover, oxi- tion itself, however, as well as other features and advan-

dation of the p+ results in boron segregation out of the tages thereof, will be best understood by reference to 

polysilicon into the oxide thus causing a depletion of the detailed description which follows, read in conjunc-

boron concentration at the polysilicon surface. As with tion with the accompanying drawings, wherein: 

the Okada approach Vora separates the collector from 50 FIGS. 1 to 27 are greatly enlarge sectional elevation 

the emitter by isolation oxide. views of one cell of a semiconductor chip made in ac-

U.S. Pat. No. 4,481,706 issued Nov. 13, 1984 to M. cordance with a preferred embodiment of the invention 

Roche describes a polysilicon self-aligned device in and showing the device at successive stages ofmanufac-

which the spacer oxide was deposited rather than ture; 

grown. However, the emitter is formed by an implant 55 FIGS. 28 and 29 are an alternative planarization 

and subsequent diffusion of the emitter prior to deposi- method of preparing the contacts for metallization; 

tion of polysilicon. Stich a method of application makes FIG. 30 is a plan view of a resistor fabricated in a 

it difficult to make the junction~ very shallow: Further- separate cell; and 

more, the base of Roche reqwres a substantial anneal FIG 31 • 1 • f th t t f FIGS 27 
due to the lateral diffusion required to meet the p+ 60 • 15 a Pan view O e s _rue ure O • 

contact region. In addition, a nitride layer is used in the and 29 aft~r metal has been ?eposited. . . 

spacer film thereby complicating the process. FIG. 32 is an enl~ged sect1?nal elevat1on_view ?f o~e 

U.S. Pat. No. 4,431,460 issued February 14 to Barson eel~ of an altei:na~1ve embodiment of the mv~nt1on m 

et al. following on with the Roche method optionally ~hich the extrms1c base an? contact t~ereto lS on one 

omits the nitride from the spacer film. However, Barson 65 side as opposed to the four sides shown m FIGS. 28 and 

retains the same oxide film formed over the P+ polysili- 29. 
con cap used for the base formation as the sidewall FIG. 33 is a top or plan view of the structure of FIG. 

spacer. Using the same conformal film makes it ex- 32. 
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DETAILED DESCRIPTION WITH REFERENCE 
TO THE.DRAWINGS 

Referring to FIG. 27 there is shown a bipolar transis-
tor cell formed in a P-conductivity type semiconductor 5 
substrate 10. The cell is one of many formed on a silicon 
wafer (not shown) which, in turn, is divided up into a 
number of chips. Each chip also contains a number of 
such cells. Each transistor consists of a monocrystalline 
P-type silicon substrate 10 having an N-type antimony 10 
implanted DUF region 12 extending a thickness of 3 to 
3.5 microns into the wafer. An N-type epitaxial layer 14 
is deposited over the DUF region 12 to a thickness of 
1.0 to 1.4 microns. Polysilicon filled trenches 18 each 
about 1.5 to 2 microns wide and 8 microns deep divide 15 
up the substrate 10 and epitaxial layer 14 into a number 
of regions in which bipolar transistor cells are formed. 
The sidewalls of each trench 18 are lined with a thin 
oxide layer 20 and filled with polysilicon 22. A channel 
stop region 19 is formed at the bottom of each trench 18. 20 
The use of a thin oxide layer coupled with polysilicon 
avoids stress fractures in the silicon and oxide that 
would otherwise occur with a thick oxide isolation 
layer. 

The active area of each transistor cell is formed be- 25 
tween a pair of isolation trenches 18 ·by local oxide 
isolation the spaces between which define an emitter­
base region 44 and a collector contact region 42 (see 
also FIG. 31). The local oxide isolation areas 34 are 
grown to approximately 4,000 to 5·,000 Angstroms in 30 

thickness. During the latter oxidation the top 35 of the 
polysilicon 22 in each trench 18 is converted to oxide as 
well. An N+-type conductivity region 72 is formed in 
the epitaxial layer 14 extending from the DUF region 12 
up to the surface of the collector contact area 42. An 35 
N-type conductivity polysilicon layer 76 forms the col­
lector contact to region 72. 

In the emitter-base region 44 there are developed a 
pair of spaced apart P+-type regions 58 and 60 formed 
along each side of region 44 to a depth from the surface 40 

of about i,500 to 5,000 Angstroms. Between the latter 
regions there is implanted and diffused a P-type conduc­
tivity region 70 and then an N+-type conductivity emit-
ter region 80 formed by diffusion from doped polysili­
con in the top portion of region 70 to a depth of about 45 
500 to 2,000 Angstroms. Contact to each P+-type re­
gion 58 and 60 is provided by P+-type doped amor­
phous silicon regions 40a and 40b, respectively. A low 
pressure chemical vapor deposited oxide layer 59 of 
3,000 to 5,000 Angstroms thickness covers the regions 50 
40a and 40b and includes sidewall spacers 66 and 68 
which space the emitter region 80 from the inactive 
base regions below regions 40a and 40b, respectively. 
An N+-conductivity type polysilicon layer overlies the 
emitter 80 between sidewall spacers 66 and 68 to form 55 
the emitter contact. A layer of phosphosilicate. glass 
(PSG) 78 is deposited over the oxide 59 and etched to 
open to emitter contact layer 74, a base contact layer 56 
and collector contact layer V6. Metal contacts and inter­
connects are then deposited 7md etched (not shown). 60 

Referring to FIGS. 1 and 2, there is shown a P-type 
silicon substrate 10 being subjected to a blanket implant 
of a donar species to a post anneal depth of 3 to 3.5 
microns and a final sheet resistance of 10-20 ohms per 
square. Using antimony as the implanted donor species 65 
rather than impurities such as arsenic or phosphorous 
results in relatively little up diffusion into the overlying 
epitaxial layer since antimony diffuses much more 

4 
slowly in silicon than do other types of donor impuri­
ties. Consequently, antimony is a preferred dopant spe­
cies. Next as seen in FIG. 3 an N-type epitaxial layer 14 
is deposited over the antimony implanted DUF region 
12 at reduced pressure to a thickness of 1.0 to 1.4 mi­
crons with resistivity 0.3 to 1.0 ohm-cm. This thickness 
of epitaxial layer 14 is about 20% less than the thick­
nesses of epitaxial layers used in conventional technolo­
gies and requires shallow emitter and base regions. 

A layer of silicon dioxide 16 is then deposited to a 
thickness of about 1.0 to 1.5 microns. A layer of photo­
resist (not shown) is then deposited over the silicon 
dioxide exposed to ultra violet light through a mask and 
the exposed portions removed in order to expose trench 
regions. Depending on the number of cells there may be 
several such trench regions. The trench region 18 is 
then etched to form a deep trench extending below the 
DUF region 12 having a width of 1.5 to 2.0 microns by 
etching the exposed silicon dioxide. The photoresist is 
then removed and the silicon is then etched using the 
silicon dioxide as an etch mask. 

As shown in FIG. 4, a sidewall oxide 13 is grown 
over the walls of the trenches 18 by placing the cell in 
an atmosphere of steam at a temperature of approxi­
mately 1,000° C. for about 15 minutes. A channel stop 
boron implant is then directed into the trench 18 at an 
energy of 40 to 60 keV and a concentration of about 
1 X 1014 atoms per square centimeter to form a P+ chan­
nel stop region 19 below each trench 18 in order to 
prevent an inversion layer from forming around the 
trench oxide sidewall 13. An etch removes the layer of 
silicon dioxide 16 on the surface of the N-epitaxial layer 
14 and on the trench sidewalls as shown in FIG. 5. A 
new layer of sidewall oxide is grown as shown in FIG. 
6. 

Next the trench 18 are filled with a polysilicon de­
posit 22 as seen in FIG. 7 and onto the latter layer is 
deposited a layer ofphotoresist 24 which is flat. An etch 
is selected to have an etch rate which will etch the 
photoresist 24 at substantially the same rate as the un­
derlying polysilicon. Thus, upon etching the photoresist 
and polysilicon down to the silicon surface 26 a flat 
oxide surface as seen in FIG. 8 is achieved. By using the 
active device area present in devices using ordinary 
oxide isolation is avoided and the packing density · can 
be increased significantly. In oxide isolation the current 
design rule requires a separation of 8-10 microns be­
tween transistors whereas with a polysilicon filled 
trench the 1.5-2 micron width of the trench is the limit 
in separation. 

Referring to FIG. 9, the oxide layer 26 is removed 
with a new oxide layer 28 being grown to a thickness of 
800 to 1,200 Angstroms. A layer of silicon nitride 30 is 
formed over the oxide surface by a low pressure chemi­
cal vapour deposition as seen in FIG. 10. A layer of 
photoresist 32 is deposited over the nitride 30 and then 
patterned, and the exposed isolation region 34 etched to 
remove the nitride 30 and oxide 28 as seen in FIG. 11. 
The entire wafer is then exposed to an oxidizing high 
pressure atmosphere at about 900° C. for about 2 hours. 
During oxidation silicon is consumed so that a relatively 
thick oxidation isolation region 36 is formed as seen in 
FIG. 12. 

Next, as shown in FIG. 13, the nitride and oxide are 
etched off. A new layer of oxide 29 is grown to a thick­
ness· of 300 to 500 Angstroms and a layer of nitride 38 is 
deposited by low pressure chemical vapor deposition 
over the oxide layer 29 to a thickness of 700 to 1,000 



5 
5,104,816 

6 
Angstroms as shown in FIG. 14. A photoresist layer 37 (not shown) are patterned and etched as seen in FIG. 

is then deposited, patterned and developed to expose 27. 
areas where local oxide isolation strips (LOCOS) are to Alternatively, as seen in FIGS. 28 and 29 a thick 

be formed. The nitride 38 in the opened regions is oxide layer 82 may be deposited after formation of 

etched down to oxide layer 29 as shown in FIG. 15. S polysilicon contacts 74 and 76 followed by etching to 

Then oxide 34 is grown in the regions not covered by produce a substantially planar top surface and then 

nitride by again placing the wafer in an oxidizing atmo- patterning and etching contacts. Conventional metalli-

sphere at about 1,000° C. for about 2 hours to form an zation processing is then used to provide interconnects. 

?xide layer of 3,?00 t~ 5,000 Angs~~oms thick as shown A top view of the structure of FIGS. 27 and 29 is 

ID FIG. 16. Durmg this step polysibcon 22 at the top of 10 shown in FIG. 31. IIi this case the trench 18 encloses a 

the trench 18_ is_ converted to_ oxide 35. transistor region 11 on a chip 10. The trench bas its 

After the mtnde ~8 and oxide 28 l~y_ers are remove~, sidewalls 90 and 92 at corners angled at 45° with respect 

low pressure _cheIDical vapor deposit~~n (LPCVD) is to each corresponding intersecting trench sidewall to 

used to deposit a laye~ of amorphous sihc~m 40 of 3,000 make the trench width substantially constant at the 

to 5,000 Angstroms thickness over the entire wafer. The 15 corners. This is done to avoid voids created in the 

am?rphous silicon is then doped with boro~ to a sheet polysilicon used to fill the trench at comers where no 

resistance of ~o. to 200 ~hms/square as seen m FI<?: 17. such angles exist. 

Amorphous silicon 40 1s u~d ra~er than polysil1con The extrinsic P+-type base 58 and 60 is seen to form 

because of th~ _better et_ch umforIDI~Y of the former. 1:he a rectangular ring enclosing N +-type emitter 80. 

amorphous silicon 40 is cap~ed WJth a LP~VD oxide 20 Polysilicon contact 74 engages the emitter 80 while 

3,000 _to 5,000 ~~stroms thick ~ shown m FIG. 18• silicon contact 40a and 40b contacts the extrinsic base 
The amorphous silicon 40 and oxide 46 are then pat- . . . . 
t d d t h d · h t • t h • FIG 19 58 and 60 on all four sides. Polysilicon layer 76 1s shown 
erne an e c e usmg P O oresis _ass own m • contacting collector contact N+-type region 72. 

to form two stacks 40a and 40b which each overlap the FIGS 32 d 33 h alt f h • hi h 
emitter-base region 44. The latter etch is followed by a 25 • an .. s ow an erna ive sc . eme ID w_ ~ 

thin oxidation growth of 800 to 1,500 Angstroms during the amorphous silicon layer 40 ~d assoc1~ted extnnsic 

which into the epitaxial layer 14 to form diffused base base 60 e~!end along ~mly ~me_ side of e~tter 8~. . 

areas 58 and 60, respectively, joined at either end as In addition to a thin_ epitaxial la~er, high switchmg 

shown in FIG. 31. Following oxidation thin oxide lay- speed and 1';1~ base ~esistance and inhere~t adv8:fltages 

ers 52 and 50 are formed over emitter region 48 and 30 of th~ polysihcon emitter, the present _device achieves a 

collector contact region 42 as shown in FIG. 20. relat1".ely !mall collector-base capac1~ce d~e to the 

Photoresist 54 is deposited and patterned to open a small inactive ?ase area and shal}ow ~ Junc~on. Also, 

region 48 corresponding to a proposed emitter and the short spac~g bet_we~n the mactive portion of t~e 

intrinsic base region and then an boron implant is made base and the ~°:11t!e~ significantly reduces_ th~ base _resis-

through the thin oxide 52 at an energy of 40 to 60 ke V 35 tance: !1_ie mm.1m1Z~g of the former spacmg is achieved 

at a concentration suitable to obtain a sheet of 600. to by utilIZmg the oxide spacers 66 and 68 to defme the 

1,000 ohms per square. Using photoresist patterning a separation betw~n th7 ~~itt~r and the inactive portion 

resistor 90 as seen in FIG. 30 of high sheet resistance is of the bas~ .. Platmum silicid7 is preferably used between 

also formed by implanting boron at a concentration the_ polysil1con and met3:1 m order to reduce contact 

suitable to obtain a high sheet resistance of 2,000 to 40 resis~ce. . . . . . . 

5,000 ohms per square in region 84. The low implant While thi~ mven!1on has hf:en desc~bed WI!h ~efe~-

energy and implanting through thin oxide results in a enc7 to an illustrative emb<>?1me~t,_ !his descnptio_n is 

very shallow junction. The collector contact area 42 is not ~ten~ed to be co~strued_m a hm1t~g sense. Vanous 

defined by photoresist 56 and implanted with phospho- mod1Qcation~ of the illust~ative 7mbod!111ent, as well as 

rous as seen in FIG. 22. A deep phosphorous implant at 45 other em~im~nts of the mvent1on, will be a?parent_to 

an energy of 100-200 keV is effected with a concentra- persons skilled m the art upon reference to this descnp-

tion in the range of 4 x 101s to 3 x J016 atoms per square tion. It is, therefore, contemplated that the appended 

centimeter. claims will cover any such modifications or embodi-

The next process step involves formation of sidewall ments as fall within the true scope of the invention. 

spacers by first laying down a conformal deposition of so What is claimed is: 

LPCVD oxide 59 seen in FIG. 23 which is then etched 1. A method of fabricating a bipolar transistor at a 

back with an anisotropic dry etch leaving oxide plugs face of a semiconductor body having by a surface insu-

66 and 68 on the sidewalls of the oxide/amorphous lating layer and which has an emitter-base spaced from 

silicon stacks as seen in FIG. 24. Alternatively, silicon a collector contact area by a local surface isolation 

nitride or polysilicon (undoped) can be used in place of 55 region including: 
oxide 59. The plugs or spacers 66 and 68 defme the a) forming an isolation trench in the semiconductor 

spacing between the inactive portion of base regions 58 body to surround the emitter-base and collector 

and 60 and the emitter 80 (see FIG. 27). Referring to contact areas, said trench, viewed in plan, having 

FIGS. 25 and 26, polysilicon is deposited in emitter corners that are angled at about 45 degrees so that 

opening 48 and collector opening 42. A phosphorous 60 the trench has a substantially constant width at the 

implant is made into the polysificon at an energy in the • corners; forming an insulating layer over the side 

range of 80 to 100 keV and at a concentration in the walls of said trench and forming a channel stop 

range of 5X JOISto 2X 1QI6atoms per square centimeter. region at the bottom of said trench; removing insu-

Then the polysilicon is patterned and etched to form lating layer from the walls of said trench and re-

emitter 74 and collector 76 contacts as seen in FIG. 26. 65 placing said insulating layer by another insulating 

A layer ofphosphosilicate glass (PSG) 78 is then depos- layer; depositing polysilicon to fill said trench; and 

ited for stabilization and all contacts including base, planarizing the surface of the polysilicon filling 

collector, emitter, resistor contacts and Schottky diodes with said face of the surface insulating layer; 
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b) forming an extrinsic base contact layer comprising 

amorphous sillicon doped with impurity of a first 
conductivity type over surface portions of said 
emitter-base area to leave part of the emitter-ba~e 
area uncovered by said extrinsic base contact layer; 5 

f) forming an emitter contact doped with impurity of 
a second conductivity type over and limited to an 
area of said intrinsic base region bounded at least 
partly by said sidewall insulating spacer; and 

g) heating said semiconductor body to form an emit­
ter region within said intrinsic base by impurity 
diffusion from the emitter contact. 

c) forming a thin insulating layer over said uncovered 
area of the emitter-base area and over the adjacent 
sidewalls of said extrinsic contact layer at a temper­
ature to cause diffusion of impurity from said ex­
trinsic base contact layer into the underlying face 
of the semiconductor body to form an extrinsic 
base region; 

d) implanting and diffusing intrinsic base impurity 
through the thin insulating layer into the part of the 
emitter-base area uncovered by the base contact 
layer to form an intrinsic base region contiguous 
with the extrinsic base region; 

e) forming a sidewall insulating spacer over the side­
walls of the extrinsic base contact layer near the 

• intrinsic base region; 

2. A method of forming an isolation region in a semi­
conductor substrate, including the steps of forming a 

10 . trench extending into said substrate from a face of said 
substrate to surround a region to be isolated, said 
trench, viewed in plan, having corners that are angled 
at about 45 degrees so that the trench has a substantially 
constant width at the corners; forming an insulating 

15 layer over the walls of the trench; forming a channel 
stop region in the semiconductor body at the bottom of 
the trench; removing the insulating layer from the walls 
of the trench and forming a new insulating layer on said 

20 
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walls; and filling the trench with polysilicon. 
$ $ 0 0 0 




