VETHOD AND APPARATUS FOR MANUFACTURI NG SEM CONDUCTOR  DEVI CES VOSES-§ Fos

BACKGRCUND OF THE I NVENTION Field of the Invention: The present
invention relates to a method and apparatus for manufacturing
i sem conductor devices, particularly netal insulator sem conductor (MYS)

devi ces, which can inprove the performance of the devices, and nore
particularly to a nethod and apparatus for manufacturing sem conductor

devi ces whi ch METHODI AND CAPPARATUSAFER SUANUEACIURING SEMICIONATETOR t DISEICESN
insulating filmand the sem conductor substrate of the device. Description

of the Related Art: In sem conductor devices, particularly netal

I nsul ator sem conductor (MS) devices, the ener | evel s within the
band- gap existing at the i nE&KEBOUNR QR IHE & IPhting film and the
sem conduct or substrate of the ,device; i.e., so- called interface states,

_?_ﬂverfsel y aff'éﬁ di g€ 'éh%clém’i%&llonchar acterl stics of the MS devices.
th:re ore, there H‘ge prbgseé]ntal vea 1on § ai‘fe%r tgeducéil.h&i Uhd! Qspgfm y of

for manufacturing semiconductor devices, particularly metal
insulator semiconductor (MIS) devices, which can improve the
performance of the devices, and more particularly to a method
and apparatus for manufacturing semiconductor devices which
can reduce interface states at the interface between an -
insulating film and the semiconductor substrate of the device.
Description of the Related Art:

In semiconductor devices, particularly metal insulator
semiconductor (MIS) devices, the energy levels within the
band-gap existing at the.interface between the insulating film
and the semiconductor substrate of the device; i.e., so-

" called interface states, adversely affect the electrical
characteristics of the MIS devices. Therefore, there has
been a great demand for reduction of the density of the
interface states. |

Among MIS devices, MOS (metal oxide semiconductor)
devices are in most common use. In the MOS devices, the
interface states existing at the interface between the :
insulating film and the semiconductor substrate cause a
decrease in the mobility of carriers, instability in the flat
band voltage, a decrease in reliability in relation to

breakdown of the oxide film, and an incréase in a leak current



interface states. Anmong M S devices, MOS (netal oxide-sem conductor)

I nterface states
existing at the interface between the insulating filmand the

sem conduct or substrate cause a decrease in the nobility of carriers,
instability in the flat band voltage, a decrease in reliability in
relation to breakdown of the oxide film and an increase in a | eak current
2 density. AdengithWescAmongthese prnoblemsasn increase daktheuleadnt density -

devices are in nbst common use. In the MOS devices, the

is a significant problemto be solved, Convent i gnal

the density SPrrget depgibnds a significanedroplem dide SRIVEG
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when a

in which an oxide film is formed on a semiconductor substrate,

which is then heated in a hydrogen atmosphere or in an

atmosphere of an inert gas such as nitrogen or argon (see,

for example, B. E. Deal, Journal of Eleétrochemical Society,

Vol. 144, p. 226, 1967). It is considered that when a

semiconductor substrate having an oxide film is subjected to

heat treatment in a hydrogen atmosphere, hydrogen atoms

terminate dangling bonds at the surface of the semiconductor

resulting in the deactivation of the dangling bonds, so that

the density of the interface states can be reduced.

However, in the conventional method, the semiconductor

substrate must be heated to a temperature as high as 400 -

1200 ¢ when the heat treatment is performed in a hjdrogen

atmosphere and to a temperature as high as 900 - 1200 C when

the heat treatment is performed in a nitrogen or argon

atmosphere. Also, when the heat treatment is performed in a

hydrogen atmosphere, the bonding force between the

semiconductor substrate and hydrogen atoms is not strong, and

therefore the dangling bonds can be easily terminated at a

temperature as low as 400 T. However, the hydrogen atoms

bonded to the semiconductor substrate through heat treatment

are easily released when the semiconductor substrate is heated

to a temperature higher than that used during the heat .



sem conductor substrate having an oxide filmis subjected to heat
treatnment in a hydrogen atnobsphere, hydrogen atons term nate dangling
bonds at the surface of the sem conductor resulting in the deactivation of
t he dangling bonds, so that the density of the interface states can be
reduced. However, in the conventional nethod, the sem conductor
substrate nmust be heated to a tenpe8ature as high as 400 - 1200 [err]C

when the heatytdAdleiRN!t ahd B fFraBt dfsappeadsodeheRifReNSr Bimitchtliona
tenperature as high as 900 - 1200 [err]C'when the heat treatnent is

performed in s niniposednonr tie dempethtared aised Ahsheattzeatinenteat treat nent
Is perfornmed in a hydrogen atnosphere, the bonding force between the

sem conduct orpradestsest subsdquentr tgebhatlydrdgennptrostssong, and therefore
the dangling bonds can be easily termnated at a tenperature as |ow as 400
[err]C.  However, Measwhidieoqgehighohempeataune apneabing prosagscibrarsubstrat e
t hrough heat treatnent are easily released when the seniéonductor

substrate i s Jnsite@as: sughiaspetapgen ox grgon hap been d dieWsHPL-he heat
the purpose of this high temperature annealing is not to

terminate dangling bonds of a semiconductor with nitrogen
atoms or argon atoms, but to align the crystals of the
semiconductor. Therefore, heat treatment must be performed at
a temperature of 900 T or.more. .HoweQer, heat treatment
performed at a temperature of 900 T or more is not suitable
for micro-devices, which must be subjected to heat treatment
of a lower temperature; otherwise the depth of diffusion

becomes too large.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the above-
described problems of the conventional method of reducing the
density of the interface states of semiconductor devices and
to provide an apparatus and method for manufacturing
semiconductor devices which can reduce the density of the
interface states at the semiconductor/insulating film '
interface without use of hydrogen or high temperature heating.

In order to achieve the above object, the pfésent
invention provides a method of manufacturing a semiconductor
device comprising the steps of: exposing the surface of a

semiconductor substrate of a predetermined conduction type to



3 treatnent, and the effect disappears. Therefore, a limtation is inposed
on"the tenperatures used in heat treatnent processes subsequent to the
hydr ogen process. Meanwhi |l e, a high tenperature annealing process in
an inert gas such as nitrogen or argon has been used. However, the
purpose of this high tenperature anqpaling Is not to term nate dangling
bonds of a sem conductor with nitrogen atons or argon atons, but to align
the crystal s ofanide ismsi € ONducml fofhingfar dnsmdating itlmeon bhst be
performed at a tenperature of 900 [err]C or nore. However, heat treatnent
perforned at sewmibegulustoresubstogieg.err]C or nore is not suitable for

m cr o-devi ces, which nust be subjected to heat treatnent aof % | ower
tenperature; otherThe @resenbcivendion preoidas apethakngthed gfge.

SUMVARY COF THE | NVENTI ON An abj ect of the present inyentjon is.to

sol ve the abo%’-“l’\-%/%fg%‘?ﬂinﬂeﬁ 5%%@#65?%@@%&%?%%9 §&°BF ?etuci ng
the density of the interface states of sem{£o C | C nd to

provi de an apﬁ’ép%ﬂﬁg 3%’& ﬁgfﬁ%%fa B BRIt Eet ‘%%g’g glgﬁe%gga\é{r?d%gt %r devi ces
whi ch can redﬂf&&é&E?ﬂ*ﬂ%ﬁ'EXn&ﬁdéﬂgi type to cyanide ions (CN-); forming

an insulating film on the semiconductor substrate; forming an

electrically conductive film on the insulating film; and
processing the electrically conductive film_to form a
electrode.

The present invention provides still another method of
manufacturiné a semiconductor device comprising the steps of:
exposing the surface of a semiconductor substrate of a
predetermined conduction type to cyanide ions (CN-); forming
a thin insulating f£ilm on the semiconductor substrate; and
forming a transparent electrode on the insulating film.

In the above-described methods, the step of exposing the
surface of a semiconductor substrate of a predetermined
conduction type to cyanide ions‘(CN') may be a step of
dipping the éemiconducﬁor substrate into a cyan compound
solution containing cyanide ions (CN-). Alternatively, the
step of exposing the surface of a semiconductor substrate of
a predetermined conduction type to cyanide ions (CN-) may Ee
a step of exposing the semiconductor substrate to a cyan
compound gas.

In the above-described methods,-the cyan compound is

preferably selected from a éroup consisting of potassium



Interface states at the sem conductor/insulating film interface w thout
usé of hydrogen or high tenperature heating. In order to achieve the
above object, the present invention provides a nethod of nmanufacturing a
sem conductor device conprising the steps of: exposing the surface of a
sem conductor substrate of a predeterm ned conduction type to

4 cyanide ions (CN-) and form ng and nsulating filmon the .seniconductor

substrate.  cyanide (HAROGNEodiNe Hyafider QHHEHS ﬁg@i‘@?én.f@bh%eofﬂcm,
manuf acturing a sem conductor deviCe conprising the steps of: exposing the

surface of a andi epartbriol (ENPEIsate of a predeterm ned conduction type to
cyanide ions (CN-); forming an insulating filmon the sem conductor
substrate; forn nglmrtheehbovet+deddnibednmeitiad,e thel sericarducitnsul ating film
and processing the electrically conductive filmto forma electrode.
The present i substratre fisopraferahly fommed eff anpehetial selected from the
' group consisting of single crystalline silicon, |

polyerystalline silicon, amorphous silicon, gallium arsenide,

and indium phosphide.

In the above-described method, the_insulating film is
preferably formed of a material selected from the group
consisting of silicon dioxide, silicon nitriﬁé, tantalum -
pentoxide (Ta20s5), BST (BaSrTiOs), and STO (SrTiOi).

In the above-described method, when the surface of a
semiconductor substrate is exposed to cyanide ions (CN-),
heat may be applied to the semiconductor substrate and/or
ultraviolet rays may be radiated on the semiconductor
substrate.

The present invention also provides an apparatus for
manufacturing a semiconductor device comprises: a spare
chamber through which a semiconductor wafer is transported to
and from the appafatus; a reaction chamber for carrying out a
cyanide treatment; a post treatment chamber for carrying out a
process subsequent to the cyanide treatment; and a '
transportation chamber through which the semiconductor wafer
is transported between the spare chamber, the reaction
chamber, and the post treatment chamber. The reaction chamber

is formed of a transparent material having corrosion-

resistance, and the semiconductor wafer is held horizontally



manuf acturing a sem conductor device conprising the steps of: exposing the
surface of a sem conductor substrate of a predeterm ned conduction type to
cyanide ions (CN-); forming a thin insulating filmon the sem conduct or
substrate; and formng a transparent electrode on the insulating film

In the above-descri bed nethods, the step of exposing the surface of a

sem conductor substrate of a predetegm ned conduction type to cyanide ions

(CN-) may be gnstiep relactdoRPERSBAE fHRTERY I@'%eri??ééé@éﬁg‘ NIR Bigpan

conpound sol ution containing cyanide ions ternatively, the step

of exposing tseusey ffare rafiiat e vlyidvibdet Sté;&zl Hat ﬂl@?osﬁ Ritednéer m ned
conduction type to cyanide ions (CN-) may be a step of exposing the

sem conduct oruppsastpeattd onoofi thenreadipauchhgsesr:, and a liglithsource for

above-described met hods, the cyan conpound is preferably selected froma

group cons|stra@paﬁlqgouagsanqd rays is disposed at the lower portisncgfani de

(KCN). sodi un%:l(l:yalpela%?u(ouagﬁl)anbgg d r %g%gzaﬁyggégfun(dH?;D 1ntroduced into and
discharged from the chamber in a direction parallel to the
~surface of the semiconductor wafer. The reaction chamber is
further provided with a device for evacuating the reaction
chamber. The post treatment process chamber has a mechanism
for rotating the semiconductor wafer while holding the reverse
surface of the semiconductor wafer and for supplying the
semiconductor wafer with ultra de-ionized water and nitrogen
from a nozzle provided above the wafer.

According to the present invention, the density of the
interface states at the insulator/semiconductor interface can
be reduced at a low temperature within a short time, without
use of hydrogen annealing or high temperature annealing in an

" inert gas atmosphere, and the effect does not disappear
during a subseqpent heatlpreatment process. Therefore, the

performance of MIS devices (particularly MOS devices), pn—

junction photodiodes, and MOS tunnel diodes can be improved.

BRTEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A -1E are cross-sectional views showihg a process
for manufacturing a MOS tunnel diode according to a first
embodiment of the present invention;

FIG. 2 is a graph shdwing the conductance-voltage (G-V)



and cyanogen [(CN)[err]]. In the above-descri bed nethod, the

sem conductor substrate is preferably fornmed of a material selected from
the group consisting of single crystalline silicon, polycrystalline
silicon, anorphous silicon, galliumarsenide, and indium phosphide.

I n the above-described nethod, the |nzulating filmis preferably formed of
a material selected fromthe group nsi sting of silicon dioxide, silicon

nitride, tantghiRctanis®iicdsr (daies tuahel rdlodBEhat Bass tirdaeed] wittand STO

(SrTigerr]). In the above-descri bed nmethod, when the surface of a
sem.conduct orKeNIhigi raicerdanes peistdd the €y ast debodimeittNf) thehpaeserty be
applied to the sem conductor substrate and/or wultraviolet rays may be

radi ated on timvessnicroaddctbe condimteare-voltage TheVprawmmctienistic of al so
provi des an apparatus for nmanufacturing a sem conductor device conprlses

a spare charbe¥os Hiomed dipde thatemasomanefastuxgdebyia qayesbderal to  and
fromthe apparatus; a reaction chanber for CaQﬁélng out a cyanide

treatnent; alﬁ%ghoqlW%ihﬁﬁﬁt the drratmest wath out a process subsequent
to the cyanide tregiments and a transportalion chamber throyghyyhi ch the
characteristic of the MOS tunnel diode that was treated with
KON in accordance with the first embodiment of the present
invention; |

FIG. 4 is a graph showing the current-voltage (I-V)
characteristic of the MOS tunnel diode that was manufactured
by the conventional method without the treatment with KCN;

| FIGS. 5A -5E are cross-sectional views showing a process
for manufacturing a MOS capacitor according to a second
embodiment of the present invention;

FIG. 6 is a view showing the layout of an apparatus for
carrying out a cyanide treatment with a cyan compound gas in
accordance with the second embodiment of the present
invention;

FIG. 7 is a view showing the structure of the reaction
chamber shown in FIG. 6; and

FIG. 8 is a view showing the structure of the post-

treatment chamber shown in FIG. 6.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will now

be described in detail with reference to the drawings.



I's transported between the spare chanber, the reaction chanber, and the
post treatnment chanber. The reaction chanber is formed of a transparent
mat eri al having corrosion- resistance, and the sem conductor wafer is held
hori zontal |y 6 in the reaction chanber for
single wafer processing. A light source for radiating ultraviolet rays is
di sposed at the upper portion of t heBreacti on chanber, and a | i ght source

for radiating infrgised 1RaYSEI Shéh SPPF6Lesd ﬁdiembﬁwﬁcﬁ@ﬁﬁh'goa Mds the
reacti on chanber. A cyan conpound is introduced into and i scharged from

the chanber ituteli dodeoacpordingito @ fhest subbdiment dfh¢heepresmmtuct or
waf er. The reaction chanber is further provided with a device for

evacuat i ng t henveraicitdmn Sbhapberdestiréppben wirldabeegiven eceethoedarfber has a
mechani sm for rotating the sem conductor wafer while holding the reverse
surface of theedugsiing densiky ef &he lnkterfiasel giakes vk thenielrifiaceor

wafer wth ultra de-ionized water and nitrogen froma nozzle pﬁgyided
above the wafleetween the semiconductor substrate and the insulating film

through use of a cyan compound.

Examples of the semiconductor used in the present
embodiment include single crystalline silicon,
polycrystalline silicon, amorphous silicon, gallium arsenide,
and indium phosphide. Examples of materials used for the
jnsulating film include silicon dioxide, silicon nitride,
tantalum pentoxide (TazOs), BST (BaSrTiOs), and STO (SrTiOs).

Examples of the cyan compound include potassium cyanide (KCN)
sodium cyanide (NaCN), hydrogen cyanide (HCN), and cyanogen
[(an2].

First, as shown in FIG. 1A, a semiconductor wafer sliced
from an ingot that had been grown in accordance with the CZ
method was used as a single crystalline silicon substrate 1
(hereinafter simply referred to as the "silicon substrate").
At this time, a native oxide film 2 was formed on the silicon
substrate 1.

Subsequently, as shown in FIG. 1B, the surface of the_
silicon substrate 1 was cleaned through use of a known RCA-
cleaning method (W. Kern, D. A. Plutien: RCA review, Vol. 31,
P- 187; 1970), and was immersed into diluted hydrofluoric acid
(0.5 vol.% aqueous solution) for 5 minutes in order to remove

the native oxide film 2. In order to form a high quality



According to the present invention, the density of the interface states at
the insul ator/sem conductor interface can be reduced at a | ow tenperature
within a short tinme, without use of hydrogen annealing or high tenperature
annealing in an inert gas atnosphere, and the effect does not di sappear
during a subsequent heat treatnent pgocess. Therefore, the performance of
M S devices (particularly MOS deviceS), pn- junction photodi odes, and MOS

tunnel di odesnlagathen 6RIA ef.Im on the silicon s&b¥tateEICRLR N iGonlHE

DRAW NGS FI GS. 1A -1E are cross-sectional views show ng a process
f or manuf act wibskrathOb nusindavei adelemt autifaget o Fhdreafstre , etibmebugint of
the present invention; FIG 2 is a graph show ng the

conduct ance- vismovgd 06 the native oxide film 2 and impurities f#om the
characteristic of a MOS tunnel diode that was treated with KCN in
accor dance wisiHicen shbstratmddisebrpetftarife present invention and the
conduct ance-vol ta G V) characteristic of a MX tunnel diode that was
manuf act ured by a%@ggveﬁ§| in FIG. 1C, after the silicon substrate 1
was cleaned with ultra de-ionized water for 5 minutes, it was
immersed for 1 second into a 0.1 mol potassium cyanide aqueous
solution 3. The silicon was then cleaned with boiling water
for 10 minutes. | _
Subsequently, as shown in FIG. 1D, the silicon substrate
1 was heated at 450 T in the air in order to form a ultrathin
silicon oxide film 4.
| Subsequently, as shown in FIG. 1E, a solution containing
InCls and SnCle in the molar ratio of 10:1 was sprayed onto
the silicon substrate (silicon wafer) 1 heated to 45Q C in an
electrical furnace.. As a result, an indium-tin-oxide (ITO)
film 5 was deposited on the ultrathin silicon oxide fllm 4 as
a transparent electrode. Observatlon of the X-ray
photoelectron spectrum revealed that the thickness of the
silicon oxide film 4 was approximately 2 mm. Lead wires were
" comnnected to the ITO transpafent electrode 5 on the front
surface of the MOS tunnel diode and to the reverse surface‘of
the silicon substrate 1 in order to perform electriqal |
measurement. |
Curve (a) in FIG. 2 shows thg conductance-voltage (G-V)
characteristic of;a MOS tunnel diode that had undergone a

treatment with KCN in accordance with the first embodiment of



met hod wi thout the treatment with KCN; FIG 3 is a graph show ng the
cufrent-voltage (I-V) characteristic of the MOS tunnel diode that was
treated with KCN in accordance with the first embodi ment of the present

i nventi on; FIG 4 is a graph showi ng the current-voltage (I-V)
characteristic of the MOS tunnel diode that was manufactured by the
conventional method mﬁthout the treatlfent with KCN, FIGS. 5A -5E are

Cross-secti f f

accor di % o Bhe iR l“’s BaRERT GPd: Fargs CADnan Ribnt 2 thovs BRe EPa” (O] ¢

a view show n ayout

t;gagnent mﬁ;% ?ﬁ% beﬁgéﬁﬁFgas |n%5§%%%%%§ﬁ%gr&% t@pgsecongnaggae

enmbodi nent o 7 h
reacﬁsgh Eﬁ&ﬁ%% %nﬁoconvenéaééal mbﬁh@dVWfﬁﬁdﬂQoﬂhag the

structure of wn in is a

vi ew show ng Eﬂéﬂﬁkﬁﬁp £f Rbylhe post- treatnent chanber shomn in FIG. 6.
DESCRI PTI ON OF THE PREE%RRED EMBCDI MENTS Preferred enbodi ments of the

present invention ad lils Bpparent from FIG. 2, when the treatment with KCN
was performed, the conductance decreased greatly. This
suggests that the density of the interface states was reduced.

FIG. 3 showé the current-voltage (I-V) characteristic of
the MOS tunnel diode that had undergone a treatment with KON
in accordance with the first embodiment of the present
invention, while FIG. 4 shows the current-voltage (I-V)
characteristic of the MOS tunnel diode that was manufactured
by the conventional method without the treatmént with KCN.

In both graphs, temperature serves as a parameter.

As is apparent from FIGS. 3 and 4, when the treatment
with KON was performed, the current density of leak current
in a low-bias-voltage region of not greater than 250 mV
decreased considerably. This test result also shows that the
density of the interface states decreased due to the cyanide
treatment. |

The same effect was obtained when sodium cyanide,
hydrogen cyanide, or the like was used instead of potassiup
cyanide. The chemical mechanism of the reduction of the
density of the interface states at the oxide/semiconductor
interface due to the cyanide treatment has not been found.
However, it is considered that the above-described phenomenon

occurs because cyanide ions (CN-) having a strong bonding



be described in detail with reference to the draw ngs.

8 - FIGS. 1A -1E show a process for manufacturing a MOS tunnel diode
according to a first enbodi nent of the present invention. Now, a
description will be given a method of reducing the density of the
interface states at thé interface bj&meen t he sem conductor substrate and
the insulating film through use of cyan conpound. Exanpl es of the

sem conduct or fegee bond Mo @aegRihg oddylierEBting il dhessieC bYStie | i ne
silicon, polycrystalline silicon, anorphous silicon, gallium arsenide,
and i ndi um phesphcdedudbamEubstoatowiet ideastireate fuhe diwglimsboadsng film
I ncl ude silicon dioxide, silicon nitride, tantalum pentoxide

(Ta[err] O erredetteBastiiv err]), and STO (SrTigerr]). Exanples of the
cyan conpound i ncl ude potassium cyani de (K sodiun1cganide (NaCN),

hydr ogen cyani de (HeNphe aﬁierS&ymbg@nner[l‘(lghhug)e@m}qept of theipresenks shown in
FG 1A a seTn(‘:’gplgijgﬁ O{s Vgiefs%rri leiicv?idth reference to a single crystalline
silicon substrate. However, the above-described
manufacturing method can be-applied to other semiconductor
substrates made of gallium arsenide, indium phosphide,
amorphous silicon, polycrystalline silicon, or the like.
Alsp, similar effects can be obtained when the above-
described manufacturing method is applied to heterojunction
substrates of SiGe, SiGeC, etc. .

Moreover,. the insulating film can be replaced with other
types of insulating films such as silicon nitride, tantalum
pentoxide, BST, STO, PZT, PLZT, PLT, and Yl.

FIGS. 5A -5E show a process for manufacturing a MOS
capacitor according to a second embodiment of the present

~invention.

First, as shown in FIG. 5A, a p-type semiconductor wafer
sliced from an ingot that had been grown in accordance with
the CZ method and having a (100) orientation and a resistivity
of 10-15 Qcm was used as a silicon substrate 11. A known
LOOOS isolation oxide film 12 of 350 nm was formed as a |
isolation region. Next, the active region where MOS devices
were to be fabricated was cleaned in accordance with the RCA

cleaning method in order to remove metal contamination,

particle contamination, and organic contamination.



froman ingot that had been grown in accordance with the CZ nethod was
uséd as a single crystalline silicon substrate 1 (hereinafter sinply
referred to as the "silicon substrate”).. At this time, a native oxide film
2 was forned on the silicon substrate 1. Subsequently, as shown in
FIG 1B, the surface of the silicon_substrate 1 was cleaned through use of
a known RCA cleaning nethod (W Kert2 D. A Plutien: RCA review, Vol. 31,

P 187, 1970)g s tae )RS SEAENE Aleoel s GleSikfact 4 .ol0. Snvol . 5

aqueous sol uti1on finutes 1 n or to renove the native oxide film

2. I'n order t&-dd¥ WodrBhove Wl Metals from the surface, the surface of
ultrathin oxide filmon the silicon substrate 1, the silicon substrate 1

nust have a alipaidyebacsubstienel 01 ewad ubgegbed reorgaal phdsé d eaatinge oxi de
film2 and inpurities fromthe silicon substrate 1 is inportant.
Next, as showith HE1Ggad Git afdoar teinpermatiureofiosul3tsemords. was cl eaned with

ultra de-ionized water for 5 mnutes, it was
Subsequently, for 30 seconds the surface of the silicon
substrate 11 was subjected to gas phase cleaning with oxygen
gas containing 20 wt.% of ozone in order to remove organic
contaminants and to form a thin oxide film (native oxide
film) 13 on the surface of the silicon substrate 11.

Subsequently, as shown in EiG. 5B, the native oxide film
13 on the silicon substrate 11 was removed by exposing it to
hydrofluoric acid anhydride (AHF) for 10 seconds.

These pre-treatments were performed in a dry atmosphere,
and the silicon substrate 11 was not rinsed with de-ionized
water. However, after the above-described treatments, the
silicon substrate 11 may be rinsed with de-ionized water.

Subsequently, as shown in FIG. 5C, the silicon substrate
11 was exposed to hydrogen cyanide gas at 200 ¢ for 10
seconds. This cyanide treatment was performed in the same
chamber in which the removal of the native oxide film and
heavy metals and the like had been performed. In the present
embodiment, hydrogen cyanide was used for cyanide treatmen#.

However, other cyan compounds that are liquid at room '
temperature may be used. In this case, a liquid'éyan compound
which is stored in a constant-temperature bath and is
maintained at a predetermined temperature is used. Inert gas

such as nitrogen or argon is fed into the liquid cyan



I mersed for 1 second into a 0.1 nol potassium cyani de agueous solution 3.
Thé silicon was then cleaned with boiling water for 10 m nutes.
Subsequently, as shown in FIG 1D, the silicon substrate 1 was heated at
450 [err]Cin the air in order to forma ultrathin silicon oxide film 4.
Subsequently, as shown in FIG 1E, a solution containing InC[err] and
SnCl[err] in the nolar ratio of 10:13was sprayed onto the silicon

bstrat i1l f h : ' | f -.
st Tate, (51 LerBRGHE! S b EALoM AT b LdkBubh BbLIEChA e fur nace
ultrathin silij¢gai@xtfh fddniPolindSis & rtidAaead 8t oCLRE L EIREPer By SNt | on Of

the X-ray photoelectton spéctrumrevealed that the thickness of the

silicon oxideihelrt dadps MuHeoVSE MBidtead BN el ing! Efe WRiIPersbect ed to
the 1TO transparent electrode 5 on the front surface of the MOS tunnel

di ode and to ulitraeieléle iysf aapg Iod radiated | ortan thebsiliadon substeaider to

performelectrical neasurenent. Curve. (a) in FIG 2 shows the

conduct ance- valt dgeiig-the ayhnidettereatmentof AltdpBativeky, appdécation had

HNAergone & e Reat and' radiation of wltraviolet rays msy be perfommed o O
simultaneously.

_Subsequently, as shown in FIG. 5D, the silicon substrate
11 was heated at 1050 T in a dry oxygen atmosphere for 70
seconds through use of an unillustrated rapid thermal |
processing apparatus, in order to form a silicon oxide film
14 of 8 nm thickness. In the present embodiment, rinsing
with de-ionized water was not performed before the oxidation
process. However, rinsing with de-ionized water may be
performed as needed.

Subsequently, as shown in FIG. 5E, a phosphorous-doped
silicon film having a thickness of 200 nm was deposited on the
silicon substrate 11 as an electrode layer at a deposition
temperéture of 540 °C such that the phosphorous concentration
became 5 x 1020 cm- 3 Subsequently, a gate electrode 15 was
formed through use of photolithography in order to complete a
MOS capacitor.

In the second embodiment, a gas was used for cyanide
treatment. However, similar effects can be obtaihed through
use of the method, as shown in the first embodiment, in which

a silicon substrate is immersed into a cyan compound solution.

Needless to say, with regard to the semiconductor -



10 the present invention, and curve (b) in FIG 2 shows the

cohduct ance-voltage (G V) characteristic of a MOS tunnel diode that was
manuf act ured by a conventional nethod without the treatnment with KCN.

As is apparent fromFIG 2, when the treatnment with KCN was perforned, the
conduct ance decreased greatly. This js,suggests that the density of the

I nterface states was reduced *ﬁ(& 3 shows the current- voltage (1-v)

h teristi th I t hat h d h
e "o ot R S Bt ?ﬁ?‘ﬁ%v%{es?m froghgert v
ile FI 4 t
tunnel di ode $%a¥§Mﬁﬂﬁﬁégé¥%%?%¥§ ﬁ%&i r%¥%§ngg %ﬁﬁ&ﬁ .'Lg$%%pﬁout t he

treatment wit . In both graphs, tenperature serves as a paraneter.
As is apparent fromFIGS. 3 and 4, when the treatnment wth KCN was

perforned, the Cur]'fr?%edﬁéébﬁd/ e%ohﬁﬂésn@urarm chpaci iWwalkaFabpl &8 .
regi on of not greater than

However, 31m11ar effects can be obtained when the present

embodiment is applied to other MOS devices such as MOS
transistors. In addition to MOS devices, the present
embodiment may be applied to a process of fabricating
photodiodes used in photographing elements such as CCDs
(charge coupled devices). In this case, the density of the
interface states at the surface of the photodiodes can be
reduced greatly; Especially, when the present embodiment is
applied to a process of fabricéting CCDs, defectives in
relation to images such as a white-dot defective attributed to
the density of the interface states can be greatly decreased.

Since the bonding force of cyanide ions (CN-) with a
semiconductor is very strong,_the interface states reducing
effect is not deteriorated by a subsequent heat treatment,
unlike the case where hydrogen is used. . Moreover, since the
cyanidé-treatment does not require high—temperature heat
treatment, the method of the present invention can be easily
applied to actual manufacture of semiconductor devices.

FIG. 6 shows the layout of an apparatus for carrying out
a cyanide treatment with a cyanide compound gas iﬁ accordance
with the second embodiment of the present invention; FIG. 7
shows the structure of the reaction chamber shown in FIG. 6;

and FIG. 8 shows the structure of the post-treatment chambet



decreased considerably. This test result also shows that the density of
thé interface states decreased due to the cyanide treatnent. The
sane effect was obtai ned when sodi um cyani de, hydrogen cyanide, or the

| i ke was used instead of potassium cyanide. The chem cal nechani sm of the
reduction of the density of the interface states at the

oxi de/ sem conductor interface due ti6the cyanide treatnent has not been
found. However, it is congidered that the above-descri bed phenonenon
occurs becau§§uvyandeIGoﬂé (CN-) having a strong bondi ng

11 force bond to dangling bonds exi ng at, the surface o
seni conduct or subdfYy g?@ aﬁd YN8 )ivi{)g ?Fépt(ﬁ?nﬁl Fﬁ@cMSChaE'ESEtH cal ly.

| he f mbod ,
w th ref 'eiztnaime%aa”ﬁﬁhg@ %%;)?s?a%ﬁ%nﬁ o Rkt Yailebs e
above-descri hed: MRAMtASLY GRGwEY, hgﬁdcmn&%laaeb' Sgn&?eé)tah% aﬁEE%PO”d“Ct or

chamber .

In FIG. 7, numeral 101 denotes a sapphire chamber,
numeral 102 denotes a semiconductor wafer, numeral 103 denotes
ultraviolet-ray arc lamps, numeral 104 denotes a gas
introduction port, numeral 105 denotes an exhaust port,
numeral 106 denotes a vacuum pump, numeral 107 denotes
infrared-ray lamps, numeral 108 denotes HCl, numeral 109
denotes ozone, numeral 110 denotes anhydride HF, numeral 111
denotes a hydrogen cyanide (HCN) line, numeral 112 denotes a
constant-temperature bath, numeral 113 denotes a bubbler,
numeral 114 denotes an inert gas, numerals 115-117 and 112-
123 denote valves, and numerals 118-120, 124 and_125 denote
mass-flow controllers.

As shown in FIG. 7, the reaction chamber 100 is composed
of a sapphire chamber 101. A single semiconductor wafer 102
is pl;ced horizontally in the sapphire chamber 101. At the
upper portion of the sapphire chamber 101 are disposed a
plurality of the ultraviolet arc lamps 103 that radiate |
ultraviolet rays having a wavelength in the range of 150 - 450
nm. The ultraviolet arc lamps 103 enable radiatibn of
ultraviolet rays onto the semiconductor wafer 102.

A gas is introduced from the gas introduction port 104
such that it induces laminar flow parallel to the



substrates nade of gallium arsenide, indium phosphide, anorphous silicon,
polycrystalline silicon, or the like. Also, simlar effects can be
obt ai ned when t he above- described nanufacturing nmethod is applied to

het erojunction substrates of SiCGe, SiGeC, etc. Mor eover,, the
insulating filmcan be replaced with other types of insulating filnms such
as silicon nitride, tantal um pentoxidé§ BST, STO, PZT, PLUI, PLT, and Yl.

= second enbodRRERARSERE YRIBEROZ | ke recharsed EERR LS eBRERE 10 1
FI G 5A - ' : ' ' had b
grown Ln :cgoﬁﬁgﬁbgs§}fﬁﬂg#%%gégggégﬁgh§g;§gﬂ%£#gg%ggy%gg§ﬁ6%?g;ta?ioneggd
a resistivily ef#hc18ndy &f&’eépfl%hﬂéﬁtl{ﬂe a8S €hé VAR PUASIICE 9511, A

knomn LOCCS i so ation” oxi _ I I'm12 of 0 nm was fornmed as a isolation
regi on. Next, dikpoaedli V& tladicxhavber EindS dhetefsre Vahe bappeideabri cat ed

was cleaned in accordance with the RCA cleaning nethod in order to renove
met al cont ani rAdamber 1Qhrddrtbe eoataatethithebughnis@ragfathe cadmanipuipi on.
106. 1In the apparatus of the present embodiment, in order to
enable radiation of short-wavelength ultraviolet rays, the gas
is caused to flow along the surface of the semiconductor
wafer 102 parallel thereto. However, the gas introduction
port 104 may be formed in a shower-head-like shape and may be
disposed above the semiconductor wafer if the gas
introduction port 104 can be formed of a material that is
transparent with respect to ultraviolet rays in the short
wavelength band.

At the lower portion of the sapphire chamber 101 are
disposed a plurality of the infrared-ray lamps 107. The
semiconducfor wafer 102 is heated from its reverse surface by
infrared rays radiated from the in%rared-ray lamps 107. In
the apparatus of the present embodiment, heat treatment can
be performed at a temperature up to approximately 400 C .

For cleaning of the semiconductor, removal of heavy metals,
and removal of native oxide film, there are supplied HCl .
(indicated by 108), ozone (indicated by 109), and anhydride.
HF (indicated by 110). )

The hydrogen cyanide (HCN) iine 111 is used for cyanide
treatment. If such a cyan compound is used, the constant-

temperature bath 112 is usea to store a cyan compound that



12 Subsequently, in order to further clean the surface; i.e., in order to
remove heavy netals fromthe surface, the surface of the silicon substrate
11 was subjected to gas phase cleaning with HC gas at roomtenperature
for 10 seconds.” Subsequently, for 30 seconds the surface of the silicon
substrate 11 was subjected to gas phase cleaning with oxygen gas
containing 20 w. % of ozone in orderlﬂo remove organic ‘contam nants and. to

f h de f

s?{z‘cﬁPthBstxéq%ef'ﬁm&é‘“Ve oot femerint e - Rt aifme el afier v
yar of Luor 1 o R o g B PRESNYY BRI AR, che Bt e fypttniatn © o
pre- treatnentséggaqgfegBL06fm¥h%114% % LSS RSR Cas %E#%etheAélélféyﬁlt

substrate 11 frnsed W ni ze wat er . ver. after the

aboye'qescrkggﬂzﬁﬁﬁﬁﬁFEQ%ﬁ%géhﬁ«)ﬁ'bkCEWESM@EJ&§t§hﬂﬁmﬂﬁﬁdbfnﬁéﬂﬁﬁﬁ wi t h

de-ioni zed sequently, as shown in FIG 5C, the silicon
substrate 1llspashigePenssbéP 101d19J0€Re CHEW &F §he Bbiert0gakel14C for 10

seconds. This cyanide treatnment was perfornmed in the sane

The apparatus of the present invention is also provided
with the spare chambers 200 through which the semiconductor
wafers 102 are transported to the chamber 101, as well as the
post-treatment chamber 300 where rinsing with ultra de-
ionized-water and ozonized water is performed.

As shown in FIG. 8, the semiconductor wafer 102 is
chucked at its peripheral edge by a chuck 131. De-ionized
water or ozonized water is discharged from a nozzle 132
diéposed above the semiconductor wafer 102, and at the same
time, the semiconductor is rotated slowly for rinsing. After
the rinsing, nitrogen is jetted from a nozzle 133 to the

_ surface of the semiconductor wafer 102, and the rotational
speed of the semiconductor wafer 102 is increased to a high
speed. As a result,..the semiconductor waferl102 is dried.

The semiconductor wafer 102 can be freely transported
between the spare chambers 200, the post-treatment chamber
300, and the sapphire chamber 101 via the transfer chamberz400.
Therefore, if a heat treatment unit and a film forming unit
are connected to the transfer chamber 400, the pfocess up to
and including a gate-electrode-formation process can be
carried out successively; |

The present invention is not limited to the above-

R



chanber in which the renoval of the native oxide filmand heavy netals and
the Ii ke had been perfornmed. In the present enbodi nent, hydrogen cyani de
was used for cyanide treatnent. However, other cyan conpounds that are
liquid at room tenperature may be used. In this case, a liquid cyan
conpound which is stored in a const aat -tenperature bath and is naintained
at a predetermned tenperature is used. Inert gas such as nitrogen or

argon is fed éﬁ%é&%ﬁgﬁ Ehﬂ?gﬂm&ﬁﬁﬂ Numer%Pinjﬁ&Fficati%Ps and varia%ﬁéﬁg

conpound so that t iqu cyan conpoun es, and the Iliquid cyan

conmpound i s i &f rl grdsieRt 0i hivehtGlanhes ébbéﬂﬁie ineliglinof WBeesyerit
instead of elevating the tenperature, ultraviolet rays may be radiated

onto the siliecPrtlmipaieseht idvertiiion)gabdetissiaairaentt eadxainidedAft-an rgdie vel y,
application of heat and radiation of ultraviolet rays may be perforned
si mul t aneousl| scope of tRebpeesentt.linveabiathown in FIG 5D, the silicon
substrate 11 was heated at 1050 [err]C in a dry oxygen atnosphere for 70
As described above, in the present invention, the density
of interface states existing at the insulating
film/semiconductor interface is reduced without use of
hydrogen annealing or high-temperature annealing in an inert
gas atmosphere. Moreovef, the effect does not disappear even
during subsequent heat treatment. Accordingly, the
performance of MIS devices, especially, MOS devices, pn-—

Jjunction photodiodes, MOS tunnel diodes is improved.



seconds through use of an unillustrated rapid thermal processing

apparatus, in order to forma silicon oxide film of 8 nmthickness. In
the present enmbodinment, rinsing wth de-ionized water was no d
before the oxidation

process. However, rinsing Witm i my
be perforned as needed. Subsagquently, as sho ”m‘lmﬂ'mm’ _

phosphor ous-doped silicon film having a thickness of” 260 Am thass

on the

silicon substrate 11 as an @I G &ogjesl ayer at a deposition

tenperature of 540 [err] C such that thé phosphorous concentration

x 10['err] cnferr]qSubg | %f BalidtLt0h8 0l 808etcoiuctod ABdidd)
of photolithography in order-to conplete a "MOS capacitor. I'n
second enbodigiahctarias] WS cuapeidivg ahenisdepst6£at ment . However, simlar
ef fects can be obtained through use of the nethod, as shown in the
embodi ment, in WhieRposing ithec sarfatis tofatae sl condustast isubstaatgaof conpound
sol ution. Needl ess to say, wth regard to the sem conductor

predetermined conduction type to cyanide ions (CN-); and

aposited

becane 5
ough use
t he

first

forming an insulating film on the semiconductor substrate.

2. A method of manufacturing a semiconductor device,

characterized by comprising the steps of:

exposing the surface of a semiconductor substrate of a .

predetermined conduction type to cyanide ions (QN-);
forming an insulating film on the semiconductor

substrate;

forming an electrically conductive film on the insulating

film; and
processing the electrically conductive film to form a

electrode.

. 3. A method of manufacturing a semiconductor device,

characterized by comprising the steps of:

exposing the surface of a semiconductor substrate of a

predetermined conduction type to cyanide ions (CN-);
forming a thin insulating film on the semiconductor

substrate; and

forming a transparent electrode on the insulating film.

4. A method of manufacturing a semiconductor device



14 substrate, the insulating film and the cyan conpound, tThe same
materials as those used in the first enbodi rent may be. ' I he -
second enbodi nent, a MOS capacitor was fabricated. kummmmwumm
ef fects can be obtai ned when the present enbodinent is applied td# osher MOS
devices such as MOS transistors. In dition to MOS devices, the present
enbodi nent nmay be applied to a process of fabricating photodiodes used in
phot ogr aphi nga&tadEmgs te usthy ameCabs Clatmarbe T amd 8d dheraias saitnstép s

case, the density of the interface states at the surface of the
phot odi odes cafi dxposindutbe syneadey of Ea psemiddnduchbensubet rates ofit a

enbodi ment is applied to_a process of fabricating CCDs, defectives in
relation to iw&%&ie\méhedsc@ndlmtti@ndblfpﬂet@cqm ienyut @ k s &he density

of the interface states can he greatly _decreased. . Since the bonding
force of cyan$erD idndippipg the ﬁeﬁ‘lc%ﬂ?‘ému%&ﬁtr%ev@??ﬁ FRY, the

I nterface states reduci .effect i,s.not deteriaqrated hy,a subsequent heat
treat ment, uﬁ%ﬂ@ﬂ%héOgﬂE%OW%Peg%@%é’&s ebver, since the
cyani de treatnent does not require high-tenperature heat treatnent, the
met hod of the present invention can be easily applied to actual manufacture

of sem conductor devi geferhod of MafurlcERRRy 'Seh¥BHEuS o2 acRRRRr At US for

carryi ng out
according to any one of Claims 1, 2 and 3, characterized in

that said step of exposing the surface of a semiconductor
substrate of a predetermined conduction type to cyanide ions
(CN-) is a step of exposing the semiconductor substrate to a

cyan compound gas.

6. A method of manufacturing a semiconductor device
according to Claim 4 or 5, characterized in that said cyan
compound is a cyan compound selected from a group consisting
of potassium cyaniﬂe (KCN), sodium cyanide (NaCN), hydrogen
cyanide (HCN), and cyanogen. [(an2].

7. A method of manufacturing a semiconductor device
according to any one of Claims 1, 2 and 3, characterized in
that said semiconductor substréte is formed of a matefial
selected from the group consistiqg of single crystalline
silicon, polycrystalline silicon, amorphous silicon, gallium

arsenide, and indium phosphide.

8. A method of manufacturing a semiconductor device



a cyanide treatnent with a cyani de conpound gas in
second enbodi nent of the present invention; FIG 7 e of
t he reaction chanmber shown in FIG 6; and FIG 8 shoﬂmﬁngﬂBung

t he post-treatment chanber

FIG 6. In FIG 6, nuneral 100 denotegia reaction chanber, nuneral 200
denot es spare chanbers, nuneral 300 denotes a post- treatnent chanber and

nurreral - 400 %@ﬁ%}eigga%m Bhe 6PANRINs 1, 2 ahd §) EhatadlBiPIA) +

denotes a sapphi nuner a otes a sem conductor wa

numeral 103 qgpet Eéldu'ix‘iétﬂ,a%ﬁ FR¥marss |rrmed Bﬂ@r@tel‘iéldsépé&%da gaS
I ntroduction port, nuneral 105 denotes an exhaust port, nuneral 10

denotes a vag@uy BHEPgrouiRictsisBinges®tsd idonf AabRide Asillaepa. niurmaeal 108
denotes HC, nuneral 109 denotes ozone, nuneral 110 denotes anhydride HF,

nunmeral 111 tdenelesn pelbyohiceiTayon) fBIHUBRSETDO: ) nuarel STO1(rTedyit.es a

9. A method of manufacturing a semiconductor device
according to any one of Claims 1, 2 and 3, characterized in
that, when the surface of a semiconductor substrate is exposed
to cyanide ions (CN-), heat is applied to the semiconductor
substrate and/or ultraviolet rays are radiated on the

semiconductor substrate.

10. An apparatus for manufacturing a semiconductor
device including a spare chamber through which a
semiconductor wafer is transported to and from the apparatus,
a reaction chamber for carrying out a cyanide treatment, a
post treatment chamber for carrying out a process subsequent
to the cyanide treatment, and a transportation chamber
through which the semiconductor wafer is transported between
said spare chamber, said reaction chamber, and said post

- treatment chamber, characterized in that said reaction chamber
is formed of a transparent material having corrosion- | |
resistance; the semiconductor wafer is held horizontally in
said reaction chamber for single-wafer processing} a light
source for.radiating ultraviolet rays is disposed at the
upper portion of said reaction chamber, while a light source

for radiating infrared rays is disposed at the lower portion



constant-tenperature bath, numeral 113 denotes a bubbler;—mntureral—314

denotes an inert gas, nunerals 115-117 and 112- 123 de
nurmeral s 118-120, 124 and 125 denote mass-flow control m"ﬂﬂl! m’m@mﬂom
in FIG 7, the reaction chanber 100 is conposed of a sappht +101.
A single sem conductor wafer 102 1is placed horizontally in the sapphire
chanber 101. At the wupper portion of2the sapphire chanber 101 are di sposed
a plurality g -'%Fﬂﬁa 0, ﬂEﬁh radi ayhph et
rays having aeaa%% eﬁgt(ﬁ¥%ﬁk e ré%ﬁé of 1é0§?ﬁ450d7%%1fﬁ$ﬁ?§ﬂﬁ%§a¥?§+et arc
| anps 103 enahh@ Apsiidirged FhomUsdId el ohatiandroihhe Earactasduct or
waf er 102. A gas is introduced fromthe gas introduction port 104
such that it padatbel Itnither shi-taceasflthel stmiddreluctor wafer; said
16 sem conductor wafer 102, and is discharged fromthe exhaust port 105.
| n consi der at reacbiomathambereibafisttiter prdvidéd iwitdnaydeviceflaacenent of
gas, the vacuum punp 106 is

evacuating said reaction chamber; and said post treatment

process chamber has a mechanism for rotating the semiconductor
wafer while holding the reverse surface of the semiconductor
wafer and for supplying the semiconductor wafer with ultra de-

ionized water and nitrogen from a nozzle provided above the

wafer.



di sposed i-n-the ‘exhaust |ine. Therefore, the safiph
evacuat ed through use of the vacuum punp 106. 1n the apparatus of the”
present enbodi ment, in order to. enable radiation of short-wavel ength
ultraviolet rays, the gas is caused to flow along the surface of the

senmi conductor wafer 102 parallel ther& o. However, the gas introduction
port 104 may be forned in a shower-head-1ike shape and nmay be di sposed
above the sem conductor wafer if the gas introduction port 104 can be
formed of a material tABBTRACTtransparent with respect to ultraviolet rays
in the short wavel ength band. At the |lower portion of the sapphire
chanber 101 are disposed a plurality of the infrared-ray |anps 107. The
sem conductor watgHp 1ARD | £p PRRA £l fr O AU SVRIREN S WEMOsONDUCTOK T ar ed
rays radiated fromthe infrared-ray |anps 107. In the apparatus of the

pr esent enbodiHEHEFEﬁeat treatment can be performed at a tenperature up to
approximately 400 [err]C . For cleaning of the sem conductor, renoval of
heavy netals, a renoval ,of patiyve oxide.fil there arg supplied HCG

(i ndi cated by 108)"€§z8H& é%ﬁaf%%?%& S&‘?@S@)%‘n @@Pﬁﬁsﬁig%? HF (i ndi cat ed
by 110). manufacturing semiconductor devices. The surface of each

semiconductor substrate (1, 11) is exposed to cyanide ions
(CN-) in order to reduce the density of interface states at
the insulating film/semiconductor interface. For this purpose,
the semiconductor substrate (1, 11) is immersed into a cyan
_compound solution or is exposed to a cyan compound gas, so
that cyanide ions (CN-) are bonded to dangling bonds at

the surface of the semiconductor substrate (1, 11). As a
result, the interface states at the insulating

film/semiconductor interface can be reduced.

FIGURE 1

ire’ chamber 101 can-Be; 7. .



n conmpound i s used,
€ a cyan conpound that
guid at room tenperature,
to bubble wi thin the bubbler
such as argon. As a result,
i ntroduced into the
The apparatus of the present

t he chanmber 104 As | s
SR ey B is iy Al
shown in FIG 8,
edge by a chuck 131. De-ionized wat

Hhe

FIG1T(b)
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Pot assi um cyani de (KCN) or
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drogén cyanide (HCN) 1ine 111 is used for cyanide treatnent. |If such
t he constant -

tenperature bath 112 is used to

17 becones
the Iike is caused
i ntroduction of the inert gas 114

101 by the flow of the inert gas 114.

invention is also provided wth the spare
chanbers 200 t hrough which the semc
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[-1teal nent chanber
bni-zed water is perfof
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time, the sem conductor is rotated slowy for rinsing. After the rinsing,

nitrogen is jetted froma nozzle 133 to the surface of the sem conductor

waf er 102, and the rotational speed of the sem conductor wafer 102 is

increased to a high speed. As a result,. the sem conductor wafer 102 is

dried. - The sem conductor wafer 102 can be freely transported between

the -spare chanbers 200, the post-trﬁ? ment chanber 300, and the sapphire

3 r 101 via the transfer chanbe Therefore, if a heat treatnent
%nd afilmformng unit are connected to the transfer chanber 400,

t he process up to and including a gate-el ectrode-formati on process can be

carried out successively. The present invention is not limted to
t he above- 18 described enbodi nments.
Nuner ous nDdlflca variations of the present invention are

possi ble in |ight o t e splrlt of the present invention, and they are not
excluded fromthe scope of the present invention.
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‘As ‘déscti bed above, “in’ t'he present i nvention, the density of “i'nter
states existing at the insulating filmsen conductor interface is redxs
wi t hout use of hydrogen annealing or high-tenperature annealing in an

inert gas atnosphere. Mreover, the effect does not disappear even dur
subsequent heat treatnent. Accordingly, the performance of M S devi ces,
especi all.y, MOS devices, pn- junction photodi odes, MOS tunnel diodes is

i nproved. 3/8 CLAI M5 1. A nethod of
manuf acturing a sem conduct or device, characterized by conprising the
steps of: exposing the surface of a sem conductor substrate of a
predeterm ned conduction type to cyanide ions (CN-); and form ng an
i nsul ati ng filn1ogctge£;e l,conduct or substrate. 2. A nethod of
manuf acturing a s&m ¢dokduc¥or device, characterized by conprising the _
steps of: exposing the surface of a sem conductor substrate of a 1
2
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insulating filmon the sem conductor’ substrate; formng an

el ectrically conductive filmon the insulating film and processi ng
the electrically conductive filmto forma el ectrode. 3. A net hod
of manufacturing a sem conductor device, characterized by conprising the
steps of: ‘exposing the surface of a sem conductor substrate of a
predet erm ned conduction type to aymanide ions (CN-); formng a thin
insulating filmon the sem conductor substrate; and formng a
transparent electrode on the insulating film 4. A met hod of

manuf acturing a sem conduct or devi ce 20

according to any 3Ee/pf Clginms 1, 2 and 3, wherein said step
G. 4
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fof expOSLng the surface of ~a- seniconductor ‘substrate: Gmaa“'predetEannedf;-4+ﬁ
cohduction type to cyanide ions (CN) is 'a step of dlpplng the g
sem conductor substrate into a cyan conpound sol ution containing cyani de
ions (CN-). 5. A nethod of manufacturing a sem conductor device
according to any one of Clains 1, 2 and 3, characterized in that said step
of exposing the surface of a sem conductor substrate of a predeterm ned
conduction type to cyani de ions (Eﬁﬂ) is a step of  exposing the

sem conductor substrate to a cyan conpound gas. 6. A nethod of
manuf acturi ng a sem conductor device according to daim4 or 5,
characterized in that said cyan conpound is a cyan conpound sel ected from
a group consisting of potassiumcyanide (KCN), sodium cyani de (NaCN),
hydrogen cyani de (HCN), and cyanogen [(CN)[erld]]. 7. A nethod of
manuf acturing a sem conductor device according to any one of Cains 1, 2
and 3, characterized in that said gem.conductgr subst: te is fornmed of a
mat'erial selected fromthe group cqnsj ' = alline

G.5(a
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SIIlconF pelycfystalline 5|Phc0 . . al:E.um:ar.senide, 5@
i ndi um phosphi de™"" " 8. A'fethod of - nanufactuang~a'seniconduct0r"
devi ce 21 according to any one of
Clains 1, 2 and 3, characterized in that said insulating filmis fornmed of
a material selected fromthe group consisting of silicon dioxide, silicon
nitride, tantalum pentoxide (Ta[err]Jerr]), BST (BaSrTi(Jerr]), and STO
(SrTigerr]). 9. A nethod of manufacturing a sem conductor device
according to any one of Clains 1, €/&nd 3, characterized in that, when the
surface of a sem conductor substrate is exposed to cyanide ions (CN),

heat is applied to the sem conductor substrate and/or ultraviolet rays are
radi ated on the sem conductor substrate. 10. An apparatus for '
manuf acturi ng a sem conductor device ircluding a spare chanber through

whi ch- a '

F1G. 6

300

200




"senlconductor mafpr rs transported to and from t he apparatus

chanber for carrying out a cyanide treatnent,
carrying out a process subsequent

g react1on
a post treatnent chanber for

to the cyanlde treatnment, and a

transportation chanber through which the sem conductor mafer IS

transported between said spare chanber,
post treatnment chanber, characterized/8n that said reaction chanber
formed of a-transparent materi al
sem conductor wafer is held horizgntally in

singl e wafer processing; a |ight <5ource for radlatﬁng ultraviolet rays is

havi ng corrosion-

sai d reaction chanber,

resi st ance;
‘'sai d reaction chanmber for

t he

and said
is

di sposed at the upper portion ofxsald rgacti-on chngeg, while a light

source for radiating infrared ra

22 of said reaction chanber

provided with a device for
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S is dusposed at- &h€3 ower portion

a cyan conpbund i s intfoduced into
di scharged from said reaction chanber[ R di rection
surface of the sem conductor wafer:; @ reaction ¢hanber is further
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evacuating said reaction chanber; and said post treatnent process chanber
has a mechanismfor rotating the sem conductor wafer while holding the
reverse surface of the sem conductor wafer and for supplying the

sem conductor wafer with ultra de- ionized water and nitrogen froma
nozzl e provided above the wafer.

o=
[45]
&-‘
=
=
o
[45]
[
=
<]
1
[£3]
[ ]
-
=
F-
—
e
\
—t
™
o ¥ o
én &N
-— —
- .
) A
S :
v—]
¥
N
N
A
o N |
D
V R \
™ 9
o b
— —

7

FlG.8

NITROGEN




