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A NEW METHOD TO FORM N- AND P- CHANNEL TRANSI STORS W TH
SHALLOW JUNCTI ONS BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod of formng both NN and P-channel transistors with shallow junctions
in the fabrication of integrated circuits - (2) Description of the Prior
Art In the fabrication of integrated circuits, as N and
P-channel transistors continue to be scaled down, extrenely shall ow
junctions are required to reduce short channel effects.

A NEW METHOD TO FORM N- AND P-CHANNEL TRANSISTORS WITH

SHALLOW JUNCTIONS

- BACKGROUND OF THE INVENTION

{1) Fi%;d of the Invention

The invention relates to the fabrication of
integrated ciréuit devices, and more particularly, to a
method of foxrming both N- and P-channel transistors with

shallow junctions in the fabrication of integrated circuits.

{2) Description of the Prior Art

In the fabrication of integrated circuits,
as N- and P-channel transistors continue to bé scaled down,
extremely shallow junctions are required to reduce short

channel efferts.

Phosphosilicate glass {PSG) and borosilicate

glass (BSG) materials are discussed in the book, Silicon

Processing for the VLSI Era, Volume 2: Process Integration,

by Stanley Wolf, Lattice Press, Sunset Beach, CA, c. 1990, )

pp. 198, 334~-335, 337.



v

Phosphosi licate glass (PSG and borosilicate glass (BSG materials are

di scussed in the book, Silicon Processing for the VLSl Era, Volune 2:
Process Integration, by Stanley Wl f, Lattice Press, Sunset Beach, CA, c.
1990, pp. 198, 334-335, 337. - 2 -
SUMVARY COF THE | NVENTI ON A principal object of the present

i nvention is

to provide an effective-and very manufacturabl e net hod of

formng NN and P-channel transistors having shallow junctions in the
fabrication of an integrated circuit device. A further
object of the invention is to provide a nethod of formng N and P-channel

transi stors

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effecti§e and very manufacturable method of
fbrming N- and P-channel transistors having shallow junctions
in thg fabrication of an integrated circuit device.

A further object of the invention is to
provide a method of forming N- and P-channel transistors
haviné shallow junctions on the order of 300 to 1000

Angstroms.

In accordance with the objects of this

- invention a method for forming N- and P-channel transistors

having shallow junctions in an integrated circuit device is

_ achieved. A semiconductor substrate is provided having

active regions separated from one another by isolation
regioné wherein there is a N-channel active region and a P-
channel active region and wherein gate electrodes and
associated lightly doped source and drain regions have been
formed in each of the active regions. A layer of
borosilicate glass is deposited overlying the semiconductor
substrate. A photoresist mask is formed over the P—channél
active region. The borosilicate glass layer is etched away

where it is not covered by the photoresist mask thereby
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havi ng shal |l ow junctions on the order of 300 to 1000 Angstrons.

In accordance with the objects of this invention a nethod for formng N
and P-channel transistors having shallow junctions in an integrated
circuit device is achieved. A sem conductor substrate is provided having
active regions separated from one another by isolation regions wherein
there is a N-channel active region anrd3ia-P- channel active region and
wherein gate el ectrodes and associated |lightly doped source and drain
regi ons have been fornmed in each of the active regions. A |layer of
borosilicate glass is deposited overlying the sem conductor substrate. A
phot or esi st F83KiPg the ROFoSILEicRER FLASFaAABRE WYY RYerdyins. thd -

e L oAl e HLASE) AUTor S FheNBRL AR RIS s | RnlOea O VR P Y S
' phosphosilicate glass is deposited overlying the

semiconductor substrate. The semiconductor substrate is
héated whereby boron ions within the borosilicate glass layer
are driven into the semiconductor substrate in the P-channel
regiog to form heavily doped P-channel source and drain
regions and whereby phosphorus 'ions within the
phosphosilicate glass layer are driven into the semiconductor
substrate in the N-~channel region to form heavily doped N-
channel source and drain regions. The phosphosilicate layer
is planarized to complete the formation of N~ and P-channel

transistors in-the fabrication of an integrated circuit

device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 6 schematically illustrate in
cross-sectional representation a first preferred embodiment

of the present invention.



i

.leaving the borosilicate glass layer only overlying the P- channel region.
The photoresist mask is renoved. A | ayer of phosphosilicate glass is
deposited overlying the sen conductor substrate. The sem conduct or
substrate is heated whereby boron ions within the borosilicate glass |ayer
are driven into the sem conductor substrate in the P-channel region to
form heavily doped P-channel source-aad-drain regions and whereby
phosphorus ions within the phosphosilicate glass |ayer are driven into the
sem conductor substrate in the N-channel region to formheavily doped N
channel source and drain regions. The phosphosilicate |ayer is planarized
to conplete the formation of NN and P-channel transistors in the
fabrication of an integrated circuit device. BRI EF

DESCRI PTI ON OF THE DRNMVNQ& | ] OfPANW dt awi ngs
forming a” material part o §1ﬂ7st ggg?PF&%(ﬁ{he@ﬁégga?gfsng%w“ rade’id

Figs. 1 throsgHsesehon®l i sddasenlhtsosiad sdddndChoEEefAEd idHidiment
representation a first preferred enbodi nent of the present invention.
of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1 through 6 illustrate a first preferred
embodiment of the present invention. Referring now more
particularly to Fig. 1, there is shown an illustration of a
portion of a partially completed integrated circuit. The
semiconductor substrate 10 is preferably composed of silicon
having a (100) crystallographic orientation. Field Oxide
regions 12 are formed as are conventional in the art to
separate active areas of the device. Fig. 1 shows the

planned P-channel area A and the planned N-channel area B.

. The surface of the silicon substrate 10 is
thermally oxidized to form the gate oxide layer 14. A layer
of polysilicon is deposited, for example, by low pressure’
-chemical vapor deposition (LPCVﬁ) to a suitable thickness of
between about 2000 to 4000 Angstroms. The polysilicon and:
gate oxide layers are etched away where they are not covered

by a mask to provide polysilicon gate electrodes 16.



- 4 - Figs. 7 through 11 schematically illustrate in

" cross-sectional representation a second preferred enbodi nent of the
present invention. DESCRI PTI ON OF THE PREFERRED -ENMBCDI MENTS
Figs. 1 through 6 illustrate a first preferred enbodi nent of the present

i nvention. Referring now nore particularly to Fig. 1, there is shown an
illustration of a portion of a partigldy conpleted integrated circuit. The
sem conductor substrate 10 is preferably conposed of silicon having a
(100) crystallographic orientation. Field Oxide regions 12 are forned as
are conventional in the art to separate active areas of the device. Fig. 1

shows the Lightly doped source and drain regions are

formed by ion implantation, as is conventional in the art.
P- regions 18 are formed in the P-channel area A and N-

regions 20 are formed in the N-channel area B.

. A dielectric layer 22, comprising silicon
dioxiﬁe or silicon nitride or the like is deposited over the
gate electrodes and the surface of the substrate. The
dielectric layer 22 is anisotropicélly etched to leave

spacers on the sidewalls of the gate electrodes.

Now the shallo; N~ and P-channel junctions of
the_present invention will be formed. Referring now to Fig.
2, a layer of borosilicate glass (BSG) 24 is deposited over
the surface of the substrate to a thickness of between about
1000 to 8000 Angstroms. The optimum percentage of boron in

the BSG is between about 3 and 5%.

A photoresist mask 26 is formed over the P~
channel area A. The BSG layer 24 is etched away where it is
not covered by the mask 26, as shown in Fig. 3.

Referring now to Fig. 4, the photoresist mask
26 is removed. A layer of phosphosilicate glass (PSG) 28 is .

deposited over the surface of the substrate to a thickness of’



pl anned P-channel area A and the planned N-channel area B

The surface of the silicon substrate 10 is thermally oxidized to formthe
gate oxide layer 14. A layer of polysilicon is deposited, for exanple, by
| ow pressure chem cal vapor deposition (LPCVD) to a suitable thickness of
bet ween about 2000 to 4000 Angstrons. The polysilicon and gate oxide

| ayers are etched away where they are-ngt- covered by a mask to provide

pol ysilicon gate el ectrodes 16. Li ghtly doped
source and drain regions are formed by ion inplantation, as is
conventional in the art. P- regions 18 are forned in the P-channel area A

and N regions, 20 arg forped in the N-channel area B. A
dielectric | ayervess 3R8Hpr VW hFsBOPARIBE tMSte ShesPRE MM REECPAE2®® t he

like is deposif ghdlpRbrhB€in the PSG is between about 3 and 5%.

, At this point, the BSG layer 24 directly
overlies the planned P-channel regions in area A. The PSG
layer 28 directly overlies the planned N-channel regions in
area Bi A rapid thermal anneal (RTA) or a furnace anneal is
performed to drive in the boron from the BSG layer and the
phosphorus from the PSG layer into the substrate. The
annealing conditions are conventional. For example, the
furnace annealing may be at a teﬁperafure of between about
800 to 850 °C for between about 10 to 20 minutes. The RTA
may be at a temperature of between about 900 to 1100 °C for

between about 10 to 30 seconds.

The boron is driven in to form the P+ regions
32, as shown in Fig. 5. The pposphorus is driven in to form
the N+.regions 34. Depending upon the heat cycle and
expected junction debth, the BSG layer 24 needs to be
sufficiently thick to block the phosphorus from the overlying

layer 28 from being diffused into the P-channel region A.

The integrated circuit device is completed as
is conventional in the art. For example, as illustrated in

Fig. 6, the PSG layer 28 is planarized, for example, by



gate el ectrodes and the surface of the substrate. The dielectric |ayer 22
Is anisotropically etched to | eave spacers on the sidewalls of the gate

el ectrodes. Now t he shall ow N- and P-channel junctions of
the present invention will be formed. Referring nowto Fig. 2, a |layer of
borosilicate glass (BSG 24 is deposited over the surface of the substrate
to a thickness of between about 1000-t®-8000 Angstrons. The opti num
percentage of boron in the BSGis between about 3 and 5%

A photoresist mask 26 is fornmed over the P- channel area A The BSG | ayer
24 is etched away where it is not covered by the mask 26, as shown in Fig.
3 Referring nowto Fig. 4, the photoresist mask 26 is

renoved. A | ayer of phosphosjilicate gllass (PSG 28 is deposited over the
surface of tfRBenieRk mechapscal maldendsg (FUF) or by other techniques

such as reflow.

Openings aie etched through the PSG layer 28
to underlying source and drain regions and other areas where
electgical contact is to be made. A conducting layer 36 is
deposffed and patterned to complete the electrical
connections. A passivation layer 38 completes the

fabrication of the integrated circuit device.

Figs. 7 through 11 illustrate a second
preferred embodimené of the p}esent invention. Gate
electrodes and lightly doped source and drain regions are
formed as described above with reference to Fig. 1. Fig. 7
follows Fig. 1 in this embodiment. A layer of
phosphosilicate glass (PSG) 25 is deposited over the surface
of the substrate to a thickness of between about 1000 to 8000

Angstroms. The optimum percentage of phosphorus in the PSG

is betweeﬁ about 3 and 5%.

A photoresist mask 27 is formed over the N-

channel area B. The PSG layer 25 is etched away where it is

not covered by the mask 27, as shown in Fig. 8.



- 6 - bet ween about 3000 to 8000 Angstrons. The opti mum percentage of

* phosphorus in the PSGis between about 3 and 5% At this
point, the BSG | ayer 24 directly overlies the planned P-channel regions in
area A. The PSG |ayer 28 directly overlies the planned N-channel regions
in area B. Arapid thermal anneal (RTA) or a furnace anneal is perforned
to drive in the boron fromthe BSG Layer and the phosphorus fromthe PSG

| ayer into the substrate. The annealing conditions are conventional. For
exanple, the furnace annealing may be at a tenperature of between about
800 to 850 C for between about 10 to 20 mnutes. The RTA may be at a

t enperature of between about 900 to 1100 [err]C for between about 10 to 30
seconds. The boron is driven in to formthe P+ regions
32, as shown in Fig. 5. THedephdspmawisa Figdri fenthe photboeasist md+ regi ons
34. Depending .upon the heat cycle and expected junction depth, the BSG

| ayer 24 ne?ggs"st Fepeveduf 4 dRERT | 9f AATORitdBr8 kI3 (BEG3phBris fromthe

overlying deposited over the surface of the substrate to a thickness of
between about 3000 to 8000 Angstroms. The optimum percentage

of boron in the BSG is between about 3 and 5%.

A second layer of phosphosilicate glass {PSG)
31 is deposited over the BSG layer 29 to a thickness of
between about 2000 to 4000 Angstroms. This PSG layer 31
serves as the gettering layer. That is, the PSG traps
contaminating sodium ions within it thereby preventing damage
to the underlying gate oxide. In the first embodiment, the
PSG layer 28 is the top layer and therefore acts as the

gettering layer also.

At this point, the PSG layer 25 directly
overlies the planned N-~channel regions in area B. The BSG
layer 29 directly overlies the planned P-channel regions in

area A. A rapid thermal anneal (RTA) or a furnace anneal is
performed to drive in the boron from the BSG layer and the

phosphorus from the PSG layer into the substrate.

The boron is driven in to form the P+ regions
32, as shown in Fig. 10. The phosphorus is driven in to form

the N+ regions 34. The PSG layer is sufficiently thick so



| ayer 28 from being diffused into the P-channel region A
The integrated circuit device is conpleted as is conventional in the art.

For exanpl e,
exanpl e, by

as illustrated in Fig. 6, the PSG layer 28 is planarized,

- 7 - cheni ca

mechani cal polishing (CWP) or by other techniques such as reflow

Openi ngs are etched through the PSG | ayegr- 28

drain regions and other areas where electrical contact is to be made.
ayer 36 is deposited and patterned to conplete the electrical

conducti ng |
connecti ons.

A passivation | ayer 38 conpletes the fabrication of the

I ntegrated circuit device.

that the phosphorus from the BSG layer overlying the PSG

layer does not diffuse into the substrate.

The integrated circuit device is completed as
is conventional in the art. .For example, as illustrated in
Fig. 11, the PSG layer 31 is planarized, for example, by
chemiégl mechanical polishing {CMP)} oxr other techniqgues such
as reflow. Openings are etched through the PSG layer 31 and
BSG layer 29 to underlying éource and drain regions and other
areas where electrical contact is to pe made. A conducting
layer 36 is deposited and patterned to complete the
electrical connections. A paésivation layer 38 completes the

fabrication of the integrated circuit device.

The process of the .invention provides extreﬁely
shallow junctions having a depth of between about 300 to 1000
Angstroms, as compared to the ;onventional junction depth of
between.about 1500 to 3000 Angstroms. Only one masking step
is required and ion implantation is avoided. The process of
the invention is time and cost saving and is effective in

providing extremely shallow junctions. -

While the invention has been particularly
shown and described with reference to the preferred

embodiments thereof, it will be understood by those skilled

to underlyi ng source and

f or

A



Figs. 7 through 11 illustrate a second preferred enbodi nent of the present
invention. Gate electrodes and lightly doped source and drain regions are
formed as descri bed above with reference to Fig. 1. Fig. 7 follows Fig. 1
in this enbodinent. A layer of phosphosilicate glass (PSG 25 is deposited
over the surface of the substrate to a thickness of between about 1000 to
8000 Angstrons. The opti num percent age -ofiophosphorus in the PSG is

bet ween about 3 and 5% A photoresist mask 27 is forned
over the N- channel area B. The PSG | ayer 25 is etched away where it is
not covered by the mask 27, as shown in Fig. 8.

Referring nowto Fig. 9, the photoresist mask

in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

What is claimed is:



27 is reaned A er of borosilicate glass (BSG 29 is deposited over

t he surﬂﬂﬂ!’ﬂmlmnﬁl ate to a thickness of between about 3000 to 8000
Angstro rcentage of boron in the BSG is between about 3
and 5% A second | ayer of phosphosilicate glass (PSG 31
i s deposited over the BSG | ayer 29 to a thickness of between about 2000 to
4000 Angstroms. This PSG | ayer 31 servem as the gettering |ayer. That is,
the PSG traps contam nating sodiumions within it thereby preventing
damage to the underlying gate oxide. In the first enbodi nent, the PSG

| ayer 28 is the top |ayer and therefore acts as the gettering |layer also.
At this point, the PSG | ayer 25 directly overlies the planned N channel
regions in area B. The BSG |ayer 29 directly overlies the planned
P-channel regions in area A Arapid thermal anneal (RTA) or a furnace
anneal is perfornmed to drive in the boron fromthe BSG | ayer and the
phosphorus fromthe PSG |ayer into the substrate. The

boron is driven in to formthe P+ regions, 0 Fi The
phosphor us ia Sheyvart i¥hato vegigps changes in %orm anQ &wkafls mSy %g
made without departing from the spirit and scope of the

invention.

What is claimed is:



the_N+__Legi ons..34.-The PSG | ayer is sufficiently thick so
' that the ghosphorus fromthe BSG | ayer overlying the PSG | ayer

g??immuw uﬂﬁﬂ! lu the substrate. The i nt egr at ed

|l eted as is conventional in the art. For exanple, as
illustrated in |g 11, the PSG layer 31 is planarized, for exanple, by
chem cal nechani cal polishing (CWP) ot 1ot her techni ques such as reflow
Openi ngs are etched through the PSG | ayer 31 and BSG |ayer 29 to
under | yi ng source and drain regions and other areas where electrical
contact is to be made. A conducting layer 36 is deposited and patterned to

lete th l.ect t | et th
Fabri cation of thEaeRORGTACRITRrPCtr (S C bl ek B aets0mPl Sl s The

in the fabrication of an integrated circuit device
comprising:

providing a semiconductor substrate having active
fégions separated from one another by isclation regions
whe¥ein there is a N-channel active region and a P-
channel active region and wherein gate electrodes and
associated lightly doped source and drain regions héve
been formed in each of said active regiomns;

depositing a layer of borosilicate glass overlying
said semiconductor substrate;

forming a photorésist mask over said P-channel
active region; .

etching away said borosilicate glass layer where it
is not coyered by said photoresist mask thereby leaving
said borosilicate glass layer only overlying saia P~
channel active region;

removing said photoresist mask;

depositing a layer of phosphosilicate glass
overlying said semiconductor substrate;

heating said semiconductor.substrate whereby boron
ions within said borosilicate glass layer are driven <
into said semiconductor substrate in said P-channel
active region to form heavily doped P-channel source and

drain regions and whereby phosphorus ions within said -



The process of the Envention provi des extrenely shallow junctions having a

ﬁmmmﬂmm ut 300 to 1000 Angstroms, as compared to the

n depth of between about 1500 to 3000 Angstrons. Only
one maski rrg §tep is required and ion inplantation is avoided. The process
of the invention is time and cost saving and is effective in providing
extrenely shall ow junctions. - 12 - VWil e the invention has been
particularly shown and described with reference to the preferred

enbodi nents thereof, it will be understood by those skilled

in ,the art that various changes in formand details may be

phosphosilicate glass layer are driven into said
semiconductor substrate in said N-channel active region
to form heavily doped N-~channel source and drain
regions; and

planarizing said phosphosilicate layer to
complete the formation of ﬁ~ and P- channel transistors

in the fabrication of an integrated circuit device.:

2. The method according to Claim 1 wherein said
borosilicate glass layer has a thickness of between

about 1000 to 8000 Angstroms,

3. The method according to Claim 1 wherein said
prhosphosilicate glass layer has a thickness of between

about 3000 to 8000 Angstroms.

'4. The method according to Cleim 1 wherein said heating
is a furnace annealing at a temperature of between about

" 800 to 850 °C for between about 10 to 20 minutes.

5. The method according to Claim 1 wherein said heating
is a rapid thermal annealing at a temperature of between

about 900 to 1100 °C for between about 10 to 30 seconds.



rradé—vT't"ﬁﬁ'ﬁt_”"a‘ebﬁr't_i"h"g_'fromthe spirit and scope of the invention.

mai dm“mﬂmng Hms changes in formand details may be m-adéowi-thout

departtn nonmwt it and scope of the invention.
V\hat IS clalrred I S:
- 13 -

6. The method according to Claim 1 wherein said
heavily doped source and drain regions have a junction

depth of between about 300 to 1000 Angstroms.

7. R method of forming N- and P- channel transistors in
the fabrication of an integrated circuit device
cémprising: -
providing a semiconductor substrate having active
" regions separated from one.another by isolation regions
wherein there is a N-channel active region and a P-
channel active region and whefein gate electrodes and
associated lightly doped source and drain regions have
been formed in each of said active regions; '
depogiting a first layer of phosphosilicate glass
overlying said semiconductor substrate;
forming a photoresist mask over said N-channel
active region;
etchiné away said first phosphqsilicate glass layer
where it is not covered by said photoresist mask thereby
leaving said first phosphosilicate glass layer only
overlying said N-channel active region;
removing said photoresist mask; <
depositing a layer of borosilicate glass overlying
said semiconductor substrate;

depositing a second layer of phosphosilicate glass



- 11—~ "~ 17 A nethod of forming N and P- channel transistors in the

- f abr, egrated circuit device conprising: providing a

semlm‘l ﬂﬂ]mmﬂwlmat e having active regions separated fromone another
ation segions wherein there is a N-channel active region and a P-

channel active region and wherein gate electrodes and associated lightly

doped source and drain regions have -hden fornmed in each of said active

regi ons; depositing a |layer of borosilicate glass overlying said
sem conduct or substrate; form ng a photoresi st mask over said
P-channel active region; etching away said borosilicate glass |ayer

where it 1is not covered by said photoresist nask thereby |eaving said
borosilicate glass layer only overlying said P- channel active region;
renovi ng sai d phedrliydsigStai®Sdemiconductor substrate;

heating said semiconductor substrate whereby boron

ions within said borosilicate glass layer are driven
" into said semiconducfor substrate in said P-channel
active region to form heavily doped P-channel source and
drain regions. and whereby phosphorus ions within said
-first phosphosilicate glass layer are driven into said
semiconductor substrate in said N-channel active region
to form heavily doped N~channel source and drain
regions; and
planarizing said second phosphosilicate layer

to complete the formation of N- and P- channel
transistors in the fabrication of an integrated circuit

device.

8. The method according to Claim 7 wherein said first
phosphosilicate glass layer has a thickness of between

about 1000 to 8000 Angstroms.

9. The method according to Claim 7 wherein said
borosilicate glass layer has a thickness of between

about 3000 to 8000 Angstroms.

10. The method according to Claim 7 wherein said second

phosphosilicate glass layer has a thickness of between
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&éﬁ6§TfTﬁ§M5“TéY€F“bf phosphosi licate glass overlying said senm conductor

su i ting said sem conductor substrate whereby boron ions
W Rgﬂn;‘m‘“m&mwmrcate glass layer are driven into said sem conductor
substratecinasas d *P- channel active region to form heavily doped P-channe
source and drain regions and whereby phosphorus ions within said
phosphosilicate glass |ayer are dr+viegnh-into said sem conductor substrate
in said N-channel active region to form heavily doped N-channel source and
drain regions; and pl anari zi ng sai d phosphosilicate |ayer to
conplete the formation of N~ and P- channel transistors in the fabrication
of an integrated circuit device.

about 2000 to 4000 Angstroms.

11. The method according to Claim 7 wherein said heating
is a furnace annealing at a temperature of between about
800 to 850 =C for between about 10 to 20 minutes.

12. The method according to Claim 7 wherein said heating
is a rapid thermal anneaiing at a temperature of between

about 900 to 1100 <C for between about 10 to 30 seconds.

13. The method according to Claim 7 wherein said heavily
doped source and drain regions have & junction depth of

between about 300 to 1000 Angstroms.



2. The nethod according to Claim1l wherein said borosilicate glass |ayer

has a thickness of between about 1000 to 8000 Angstrons. 3. The net hod
according to Claim1l wherein said phosphosilicate glass |ayer has a
t hi ckness of between about 3000 to 8000 Angstrons. 4. The net hod

according to Claim1l wherein said heating is a furnace annealing at a
tenperature of between about 800 to 8506[-err]C for between about 10 to 20

m nut es. 5. The method according to Claim 1l wherein said heating is a
rapi d ther na New MEEROD) @OHORM K-€ NND I BHCHARNEY TRRNSTSPORS WiTHI SHAQOW FUECDONS
for between about 10 to 30 seconds. - 13 -

6. The nethod according to Caiml WREFBAAT sai d
A method for forming N- and P-channel transistors having

éhallow junctions in an integrated circuit device is
described. A semiconQuctof substrate is provided having
acfive regions separated from one another by isolation
regions wherein there is a'N-channel active fegion and a P~
channeliactive region and wherein gate electrodes and
associated lightly doped source and draln regions have been
formed in each of the active regions. A layer of
borosilicate glass is deposited overlying the semiconductor
substrate. A photoresist mask is. formed over the P-channel
active region. The borosilicate glass layer is etched away
where it is not covered by the photoresist mask thereby
leaving the borosilicate glass layer only overlying the P-
channel region. The photoresist mask is removed. A layer of
phosphosilicate glass is deposited overlying the
semiconductor substrate. The semiconductor substrate is
heated hhereby boron ions within the borosilicate giass layer
are driven into the semiconductor substrate in the P-channel
region to form heavily doped P-channel source and drain .
regions and whereby phosphorus ions within the
phosphosilicate glass layer are driven into the semiconductor
substrate in the N-channel region to form heavily doped N-°
channel source ﬁnd drain regions. The phosphosilicate layer
is planarized to complete the formation of N- and P-channel
transistors in the fabrication of an integrated circuit
device.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



heavi |y doped source and drain regions have a junction depth of between

about 300 to 1000 Angstrons. 7. A nethod of forming N- and P- channel
transistors in the fabrication of an integrated circuit device
conpri si ng: provi ding a sem conduct or substrate having active

regi ons separated fromone another by isolation regions wherein there is a
N-channel active region and a P- channal/sactive region and wherein gate

el ectrodes and associated lightly doped source and drai n regi ons have

been fornmed in each of said active regions; depositing a first |ayer
of phosphosilicate glass overlying said sem conductor substrate;

formng a photoresist mask over said N-channel active region;

etching away said first phosph05|l 4?te glass Iay?4_ mhere it is not
covered by said photoresid sk t eby daZi ng'{ai d £

phosphosi | i‘cate gl ass Ia&z om\y verlylng aid N-¢h neI I ve region;
renovi ng said photoresist ma '\ deposifting a of borosilicate
gl ass overlying . i
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devi ce. 8. The method according to Claim?7 wherein said first
phosphosilicate glass | ayer has a thickness of between about 1000 to 8000
Angst r ons. 9. The nethod according to Claim7 wherein said borosilicate
gl ass |l ayer has a thickness of between about 3000 to 8000 Angstrons.

10. The method according to Caim?7 wherein said second phosphosilicate

gl ass layer has a thickness of betweer 3/4 - -
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about 2000 to 4000 Angstrons. 11. The nmet hod according to Claim7
wherein said heating is a furnace annealing at a tenperature of between
about 800 to 850 [err]C for between about 10 to 20 m nutes. 12. The

met hod according to Claim7 wherein said heating is a rapid therma
annealing at a tenperature of between about 900 to 1100 [err]C for between
about 10 to 30 seconds. 13. The nethogrsaecording to Caim?7 wherein said
heavily doped source and drain regions have a junction depth of between
about 300 to 1000 Angstrons.
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