
US 20030025156A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0025156 A1 

Yamazaki et al. (43) Pub. Date: Feb. 6, 2003 

(54) 

(75) 

(73) 

(21) 

(22) 

(62) 

LASER PROCESSING METHOD, METHOD 
FOR FORMING A FLASH MEMORY, 
INSULATED GATE SEMICONDUCTOR 
DEVICE AND METHOD FOR FORMING 
THE SAME 

Inventors: Shunpei Yamazaki, Setagaya-ku (JP); 
Yasuhiko Takemura, Atsugi-shi (JP) 

Correspondence Address: 
ERIC ROBINSON 
PMB 955 
21010 SOUTHBANK ST. 
POTOMAC FALLS, VA 20165 (US) 

Assignee: Semiconductor Energy 
Co., Ltd., Atsugi-shi (JP) 

Laboratory 

Appl. No.: 10/199,514 

Filed: Jul. 22, 2002 

Related US. Application Data 

Division of application No. 09/239,948, ?led on Jan. 
29, 1999, noW Pat. No. 6,424,008, Which is a division 
of application No. 08/847,314, ?led on Apr. 23, 1997, 
noW Pat. No. 5,965,915, Which is a division of 

application No. 08/692,227, ?led on Aug. 7, 1996, 
noW Pat. No. 5,789,292, Which is a division of 
application No. 08/355,652, ?led on Dec. 14, 1994, 
noW Pat. No. 5,569,615, Which is a division of 
application No. 08/142,048, ?led on Oct. 28, 1993, 
noW Pat. No. 5,541,138. 

(30) Foreign Application Priority Data 

Oct. 30, 1992 (JP) ........................................... .. 4-316138 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..H01L 29/76 
(52) Us. 01. ............................................................ ..257/346 

(57) ABSTRACT 

A laser doping process comprising: irradiating a laser beam 
operated in a pulsed mode to a single crystal semiconductor 
substrate of a ?rst conductive type in an atmosphere of an 
impurity gas Which imparts the semiconductor substrate a 
conductive type opposite to said ?rst conductive type and 
incorporating the impurity contained in said impurity gas 
into the surface of said semiconductor substrate, thereby 
modifying the type and/or the intensity of the conductive 
type thereof. Provides devices having a channel length of 0.5 
pm or less and impurity regions 0.1 pm or less in depth. 
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LASER PROCESSING METHOD, METHOD FOR 
FORMING A FLASH MEMORY, INSULATED GATE 
SEMICONDUCTOR DEVICE AND METHOD FOR 

FORMING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a technique for 
fabricating a semiconductor device such as a semiconductor 
integrated circuit in Which a doping process is incorporated, 
and it relates also to a semiconductor device (element) 
fabricated by the same technique. 

[0003] 2. Prior Art 

[0004] Diffusion and ion implantation processes are the 
conventionally knoWn processes practiced in the art for 
doping impurities. Diffusion process comprises heating the 
semiconductor under an atmosphere of high temperature in 
the range of from 500 to 1,200° C. to alloW impurities to 
diffuse inside the semiconductor. Ion implantation com 
prises accelerating ioniZed impurities in an electric ?eld, and 
bombarding the desired portions of the semiconductor With 
the thus accelerated ions. HoWever, the ion implantation 
process causes considerable damage to the crystal structure 
due to the high energy ions bombarded to the semiconductor, 
and leaves the semiconductor in an amorphous state or a 
state similar thereto. Accordingly, the above diffusion pro 
cess or a thermal treatment equivalent thereto is necessary to 
recover the crystal from the considerably impaired electrical 
properties. The ion implantation process is indispensable in 
fabricating VLSI (very large scale integration) and ULSI 
(ultra large scale integration), because the impurity concen 
tration can be more easily controlled by this process as 
compared With the diffusion process. 

[0005] The ion implantation process, hoWever, is not com 
pletely free of problems. The problem to be considered ?rst 
is hoW to control the diffusion of the implanted ions. This 
problem is particularly serious in the so-called quarter 
micron devices, in Which the design requires a rule of 0.5 pm 
or less in Width. Recently, the formation of a shalloW 
impurity-diffused domain (diffusion region) is further 
required. HoWever, it is dif?cult to form a shalloW diffusion 
region of 0.1 pm or less in depth With suf?cient reproduc 
ibility. The above problems are discussed in further detail 
beloW referring to FIG. 2. 

[0006] The ?rst problem above occurs because the ions 
implanted into the semiconductor by ion implantation dif 
fuse along the sides due to secondary scattering, and because 
the ions eXtend thermally around the bombarded portion 
during the thermal treatment. These effects Were of no 
problem in the conventional processes in Which the design 
rule (typically the Width of a gate contact of a MOSFET) 
Was still in the range of 1.0 pm or more. HoWever, With a 
rule beloW 1.0 pm, the diffusion portion Which forms due to 
the above effect then accounts for a larger area as compared 
With the Width of the gate contact. Referring to FIG. 2(A), 
a gate contact 205 then geometrically overlaps diffusion 
regions (source and drain) 202 and 203. Such an overlap 
may form a parasitic capacitance for the gate contact and the 
source and drain, to result in loWering of the operation 
speed. 
[0007] The second problem occurs due to roughly classi 
?ed tWo reasons. One is attributed to the thermal diffusion 
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similar to the case pointed in the above ?rst problem. This 
makes it dif?cult to reduce the diffusion region to a thickness 
of 0.1 pm or less. The other is due to the channeling effect 
Which accompanies the ion implantation, and is particularly 
distinct When a crystalline semiconductor is used. That is, 
the ions incident vertical to the crystal plane pass Without 
being scattered as to reach a deep portion inside the sub 
strate. 

[0008] To circumvent the channeling effect, the ion 
implantation in the conventional processes Was performed 
by taking an incident angle of several degrees With respect 
to the crystal plane. HoWever, there had been cases in Which 
the orbit of the ions Was bent inside the semiconductor to 
incidentally match With the channeling condition. Then, the 
ions penetrate deep into the substrate as shoWn in FIG. 2(B). 
When ion implantation is performed on a polycrystalline 
semiconductor, on the other hand, the ions then accommo 
date themselves at various depth levels because the crystal 
planes are randomly distributed in a polycrystalline semi 
conductor. 

[0009] Furthermore, other problems are encountered When 
a polycrystalline semiconductor is used. In a polycrystalline 
semiconductor, the doped impurities tend to undergo ther 
mal diffusion along the grain boundaries betWeen the crys 
tals. Accordingly, as shoWn in FIG. 2(C), a uniform doping 
is not feasible for a polycrystalline semiconductor. These 
problems remains unsolved as long as a conventional pro 
cess of ion implantation With recrystalliZation by heat treat 
ment is taken. As a matter of course, a diffusion process is 
far from being a solution to the problem. 

[0010] Aproblem to be solved by the present invention is 
to prevent impurities from being diffused along the lateral 
sides. Another problem to be solved by the present invention 
is to control the diffusion of the impurities Within a depth of 
0.1 pm, and preferably Within 50 nm. An object of the 
present invention is to provide a solution for either or both 
of the problems above, using a single crystal or a polycrys 
talline semiconductor, or any semiconductor material simi 
lar thereto. As a result, the present invention enables stable 
fabrication of a MOS device having a channel length of 1.0 
pm or shorter, and typically, such having a channel length in 
the range of from 0.1 to 0.3 pm. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a laser doping pro 
cess for incorporating impurities into a semiconductor sub 
strate, Which comprises irradiating a laser operated in a 
pulsed mode to the surface of a semiconductor substrate in 
an atmosphere containing a high purity reactive gas (impu 
rity gas) for imparting a conductive type to the semicon 
ductor substrate and a relatively stable gas such as hydrogen, 
?uorine, helium, and argon as a diluent. This process alloWs 
the substrate to be impurity-doped only in an extremely thin 
portion of the surface, because the impurities at the vicinity 
of the surface of the semiconductor react With the surface of 
the semiconductor or are decomposed When the substrate is 
heated instantaneously. The thickness of the doped portion 
can be made as thin as 0.1 pm or less, though depending on 
the temperature at Which the surface of the substrate is 
maintained. 

[0012] In the reaction above of the impurity gases With the 
surface of the semiconductor substrate, the thermal diffusion 
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of the impurities can be substantially prevented by irradiat 
ing laser in pulses 1 psec or less in pulse Width, and 
preferably, in pulses 100 nsec or less in Width. Unlike the 
conventional ion implantation processes, no channeling nor 
secondary scattering occurs in the process according to the 
present invention. Accordingly, an extremely ideal diffusion 
region can be formed as shoWn in FIG. 1(A) With a depth 
pro?le of impurity distribution shoWn in FIG. 1(B). It can be 
seen that the impurities are concentrated only in the desired 
depth. The impurities are distributed also in the lateral 
direction in a strict sense, hoWever, the extent of distribution 
is typically in a practically negligible siZe of smaller than 50 
nm. 

[0013] Furthermore, as shoWn in FIG. 1(C), the diffusion 
region can be kept free from the in?uence of grain bound 
aries, because no thermal effect is cast on any semiconductor 
material having grain boundaries. In addition, impurities can 
be diffused in a never realiZed high concentration because 
heating in the process according to the present invention is 
effected in a thermal disequilibrium state using laser in a 
pulsed operation mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1(A) to 1(C) are explanatory draWings 
Which shoW schematically an effect of the present invention; 

[0015] FIGS. 2(A) to 2(C) are explanatory draWings 
Which shoW schematically the problems of prior art tech 
niques; 
[0016] FIG. 3 shoWs schematically an apparatus for treat 
ing semiconductors (impurity doping) according to an 
embodiment of the present invention; 

[0017] FIG. 4 shoWs schematically another apparatus for 
treating semiconductors (impurity doping) according to 
another embodiment of the present invention; 

[0018] FIG. 5 shoWs schematically further another appa 
ratus for treating semiconductors (impurity doping) accord 
ing to further another embodiment of the present invention; 

[0019] FIGS. 6(A) and 6(B) shoW schematically still 
another apparatus for treating semiconductors (impurity 
doping) according to still another embodiment of the present 
invention; 
[0020] FIG. 7 shoWs a laser irradiation process according 
to an embodiment of the present invention; 

[0021] FIGS. 8(A) to 8(D) shoW a process of fabricating 
a semiconductor device according to an embodiment of the 

present invention; 

[0022] FIGS. 9(A) to 9(E) shoW another process of fab 
ricating a semiconductor device according to another 
embodiment of the present invention; and 

[0023] FIGS. 10(A) to 10(D) shoW further another process 
of fabricating a semiconductor device according to further 
another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] In the process according to the present invention, 
the impurity concentration can be controlled by varying, for 
instance, the energy of the laser, the concentration of the 
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impurity gas in the atmosphere, and the surface temperature 
of the semiconductor. The surface of the semiconductor in 
Which the impurity is diffused may be either exposed or 
covered With another coating. The coating of another mate 
rial blocks the impurities depending on the chemical and 
physical properties of the coating, thereby controlling the 
concentration and the depth of the diffusion in the semicon 
ductor. 

[0025] The impurities for use in the present invention 
include a trivalent impurity, representatively boron (B), etc., 
to render, for example, a silicon semiconductor P-conduc 
tive. To impart N-type conductivity to the silicon semicon 
ductor, for example, a pentavelent impurity, representatively 
phosphorus (P) and arsenic may be used. The reactive 
gases containing those impurities include AsH3, PH3, BF3, 
BCl3, and B(CH3)3. 
[0026] The semiconductor for use generally in the present 
invention includes, not only the conventional Wafers of 
single crystal silicon semiconductor, but also amorphous 
silicon semiconductor thin ?lms deposited by vapor phase 
groWth processes, sputtering, etc if a TFT is to be fabricated. 
The present invention is also applicable to a polycrystalline 
or single crystal silicon semiconductor fabricated by a liquid 
phase groWth process on an insulator substrate. As a matter 
of course, the present invention is not only limited on silicon 
semiconductor, and other semiconductors can be employed 
as Well. 

[0027] The use of an excimer laser apparatus operated in 
a pulsed mode as the laser source is preferred in the present 
invention. A laser operating in a pulsed mode can instanta 
neously heat an area of a sample con?ned on the surface 
Without in?uencing the substrate. A laser operating in a 
continuous Wave (cW) mode cannot realiZe such a state of 
thermal disequilibrium. Moreover, such an intense local 
heating Which results from a cW-mode laser may cause 
peeling off of the heated portion due to, for example, 
considerable difference in thermal expansion betWeen the 
heated portion and the substrate. In contrast With the case of 
the cW-mode laser above, heating using a pulsed laser causes 
no mechanical damage to the sample and the substrate, 
because the thermal relaxation time of a pulsed laser is 
negligibly small as compared With the reaction time of a 
mechanical stress such as thermal expansion. 

[0028] In particular, an excimer laser emits an ultraviolet 
(UV) light Which can be absorbed ef?ciently by semicon 
ductors such as silicon, and the duration of a pulse is as short 
as 10 nsec. Furthermore, excimer lasers have already gained 
reputation in fabricating a thin ?lm of polycrystalline silicon 
of high crystallinity by irradiating laser and crystalliZing a 
thin ?lm of amorphous silicon. Speci?cally mentioned as 
lasers suited for use in the present invention are an ArF 
excimer laser emitting light at a Wavelength of 193 am, a 
XeCl excimer laser (308 nm in Wavelength), a XeF excimer 
laser (351 nm in Wavelength), and a KrF excimer laser (248 
nm in Wavelength). 

[0029] The surface of the semiconductor may be either 
heated or cooled in the process according to the present 
invention. The diffusion of the impurities may be either 
accelerated or suppressed by controlling the surface tem 
perature. Thus, it is recommended to the operator to control 
the surface temperature to obtain the desired impurity con 
centration and diffusion depth pro?le of the impurity. 



US 2003/0025156 A1 

[0030] The use of a DC or an AC electric energy for 
producing a plasma of the impurity gas is also effective for 
accelerating the decomposition of the impurity gas. In 
general, a 13.56-MHZ high frequency Wave energy is 
applied as an electromagnetic energy to implement this. 
Accordingly, even When a doping gas Which cannot be 
decomposed directly using the laser beam alone is used, an 
ef?cient doping can be effected by decomposing the gas 
using the electromagnetic energy. The electromagnetic 
energy need not necessarily be a 13.56-MHZ high frequency 
Wave, and, for eXample, the use of a 2.45-GHZ microWave 
further improves the activation ratio. OtherWise, an ECR 
condition using the interaction betWeen a 2.45-GHZ micro 
Wave and a 875-Gauss magnetic ?eld may be realiZed. It is 
also effective to use an optical energy capable of directly 
decomposing the doping gas. 

[0031] FIGS. 3 and 4 each shoW schematically the appa 
ratuses according to the present invention. FIG. 3 shoWs an 
apparatus equipped With a device for heating the substrate, 
and FIG. 4 shoWs one further equipped With an additional 
electromagnetic device for generating a plasma. It should be 
noted that these ?gures are schematic draWings, and a 
practical apparatus may naturally include other components 
depending on needs. The mode of operating the apparatuses 
is described beloW. 

[0032] Referring to FIG. 3, a sample 304 is set on a 
sample holder 305 placed inside a main chamber 301 Which 
is initially evacuated through an evacuation system 307 
connected to an evacuation apparatus. The initial state is 
preferably evacuated to a vacuum degree as high as possible, 
because the atmospheric components carbon, nitrogen, and 
oXygen are generally unfavorable for the semiconductor. 
The above elements are generally taken into the semicon 
ductor, and tend to loWer the activity of the impurities doped 
at the same time. Moreover, foreign substance thus incor 
porated into the semiconductor impairs the crystallinity of 
the semiconductor to provide a cause for forming dangling 
bonds at the grain boundaries. Accordingly, the main cham 
ber should be evacuated to a vacuum of 10'6 Torr or loWer, 
and preferably, to a vacuum of 10'8 Torr or loWer. 

[0033] It is also favorable to operate a heater 306 just 
before or after operating the evacuation system to thereby 
drive the adsorbed atmospheric components out of the main 
chamber. Preferred also is to construct a structure similar to 
the present vacuum devices; a pre-chamber is provided 
outside the main chamber to prevent the main chamber from 
being brought into direct contact With the atmosphere. As a 
matter of course, the use of a turbo molecular pump or a cryo 

pump having no fear of contamination, such as of carbon, is 
preferred to a rotary pump or an oil diffusion pump. 

[0034] After the main chamber is sufficiently evacuated, a 
reactive gas is introduced into the chamber via a gas system 
308. The reactive gas may be a single gas or may be diluted 
With hydrogen, argon, helium, neon, etc. The gas may be 
introduced at an atmospheric pressure or at a reduced 
pressure. Those conditions are selected considering, for 
eXample, the type of the semiconductor, the concentration of 
the impurities, the depth of the impurity region, and the 
temperature of the substrate. 

[0035] Then, a laser beam 303 is irradiated through a 
WindoW 302 to the sample. The sample at this stage is heated 
and maintained at a predetermined temperature. The laser 
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beam is irradiated, in general, for about 1 to 50 pulses per 
point. If the pulse repetition times should be too feW for a 
greatly ?uctuating laser energy output, a high probability of 
failure Would result. HoWever, too many pulses irradiated 
per point is not preferred from the vieW point of realiZing 
mass production (high throughput). The present inventors 
have found the above range to be favorable from the 
vieWpoints of both throughput and product yield. 

[0036] For instance, a pulsed laser beam having a speci 
?ed rectangular shape 10 mm (X-direction)><30 mm (y-di 
rection) in siZe may be irradiated to a same portion for a 
duration of 10 pulses and then moved to the neXt portion. 
OtherWise, the laser may be sequentially moved 1 mm each 
time a laser pulse is irradiated. 

[0037] After the laser irradiation step is completed, the 
main chamber is evacuated to vacuum, and the sample is 
taken out of the chamber after cooling it to room tempera 
ture. It can be seen that the doping process according to the 
present invention can be implemented rapidly and simply. 
For comparison, a conventional ion implantation process 
consisting of the folloWing three steps: 

[0038] (1) forming a doping pattern (coating the sub 
strate With a resist, exposing, and developing); 

[0039] (2) implanting ions (or ion doping); and 

[0040] (3) recrystalliZing; 
[0041] may be contrasted to the tWo-step process 

according to the present invention comprising the 
folloWing: 
[0042] (1) forming a doping pattern (coating the 

substrate With a resist, eXposing, and developing); 
and 

[0043] (2) irradiating a laser. 

[0044] Referring to FIG. 4, the basic structure of the 
apparatus is approximately the same as that shoWn in FIG. 

[0045] A main chamber 401 is evacuated ?rst through an 
evacuation system 407 connected to an evacuation appara 
tus, and a reactive gas is introduced therein via a gas system 
408. Then, laser beam is irradiated via a WindoW 402 to a 
sample 404 mounted on a sample holder 405. At the same 
time, electric poWer is applied to an electrode 409 from a 
high frequency Wave or AC (or DC) poWer source 410 to 
thereby generate a plasma and the like inside the chamber to 
activate the reactive gas. The electrode is in a capacitive 
coupling in the ?gure, but it may be coupled to an induc 
tance. Furthermore, the sample holder may be used as the 
other electrode even When the electrode is coupled With a 
capacitance. In addition, the sample may be heated With a 
heater 406 While irradiating a laser. 

[0046] Referring to FIG. 5, another apparatus for use in 
the doping process is described. A slit-like WindoW 502 
made of anhydrous quartZ glass is provided in the chamber 
501. The laser beam is shaped into a slim rectangle accord 
ing to the WindoW. For instance, a laser beam may have a 
cross section of 10 mm><300 mm in siZe, and it is ?Xed to a 
predetermined position. The chamber is equipped With an 
evacuation system 507 and a gas system 508 for introducing 
a reactive gas. A sample 504 is mounted on a sample holder 
505 placed inside the chamber, and an infrared lamp 506 
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Which functions as a heater is provided under the sample 
holder. The sample holder is set movable so that the sample 
may be moved in accordance With the laser shots. 

[0047] In an apparatus of this con?guration, the tempera 
ture control should be made as careful as possible because 
the mechanism for moving the sample is assembled inside 
the chamber and is therefore subject to thermal eXpansion 
Which may cause mal-alignment. The maintenance inside 
the chamber is rather complicated, because the sample 
transport mechanism is a source of dust. 

[0048] Referring to FIG. 6(A), another apparatus for use 
in doping process is described beloW. A chamber 601 is 
provided With a WindoW 602 made of an anhydrous quartZ 
glass. In contrast to the case above, the WindoW provided to 
this chamber is so large as to cover the entire surface of a 

sample 604. An evacuation system 607 and a gas system 608 
for introducing a reactive gas are connected to the chamber. 
A sample 605 is mounted on a sample holder 605 having a 
built-in heater, and are altogether provided inside the cham 
ber. The sample holder is ?xed inside the chamber. A 
chamber foundation 601a is provided under the chamber so 
that the entire chamber may be moved sequentially in 
accordance With the laser pulses. The laser beam used herein 
has a slim shape similar to the one used in the apparatus 
shoWn in FIG. 5. For instance, a laser beam having a 
rectangular cross section 5 mm><100 mm in siZe is used. 
Similar to the case shoWn in FIG. 5, the position of the laser 
beam is ?xed. HoWever, the present apparatus differs from 
that shoWn in FIG. 5 in that a mechanism for moving the 
entire chamber is used. Accordingly, the maintenance of the 
apparatus is made far facile because no mechanically mov 
able mechanism Which generates dust, etc., is incorporated 
inside the chamber. Moreover, there is no fear of damaging 
the transportation mechanism due to the heat generated from 
the heater. 

[0049] The apparatus shoWn in FIG. 6 is superior to the 
one shoWn in FIG. 5 not only in the points enumerated 
above, but also in the folloWing points. The type of the 
apparatus shoWn in FIG. 5 requires some time before 
irradiating a laser beam because the chamber had to be 
evacuated until a suf?ciently high vacuum degree is 
achieved. In other Words, the process time in the case using 
the apparatus of FIG. 5 includes a considerable dead time. 
In the case using the apparatus shoWn in FIG. 6, on the other 
hand, a plurality of chambers as illustrated in FIG. 6(A) may 
be prepared and rotated to sequentially undergo each of the 
steps of mounting the sample, vacuum evacuation, laser 
irradiation, and dismounting the sample. In this manner, the 
dead time can be cut off. The entire system is shoWn in FIG. 

6(B). 
[0050] Referring to FIG. 6(B), the chambers 617 and 616 
charged With untreated samples are transported While evacu 
ating the chamber, on a continuous transportation mecha 
nism 618 to the foundation 619 equipped With a stage for 
precision movement. MeanWhile, laser beam is emitted from 
a laser apparatus 611, processed in proper optical appara 
tuses 612 and 613, and irradiated to a sample charged in a 
chamber 615 mounted on the stage. A chamber 614 sub 
jected to a complete laser irradiation after suf?ciently mov 
ing the stage is again transported on a continuous transpor 
tation mechanism to the neXt step. During this transportation 
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step, the heater is turned off and the chamber is evacuated, 
so that the sample may be dismounted after a suf?ciently loW 
temperature is achieved. 

[0051] It can be seen that the present embodiment alloWs 
the process to advance in continuous steps. Accordingly, the 
time Waiting for the evacuation of the chamber can be cut off 
to thereby increase the throughput. As a matter of course, it 
should be taken into consideration that the embodiment 
referred to FIG. 6 provides a higher throughput at the 
eXpense of involving more chambers as compared With the 
embodiment referred to FIG. 5. Thus, in the practical 
implementation of the process, the scale of mass production 
and the quantity of investment must be taken into consid 
eration. 

[0052] In the above embodiments illustrated in FIGS. 5 
and 6, laser beams having a slit-like cross section Were used. 
HoWever, the laser beam may have a square or a rectangular 
cross section. In such a case referring to FIG. 7, the substrate 
made from a semiconductor Wafer and the like may be 
separated into a plurality of sections (32 sections in the case 
shoWn in FIG. 7), and a laser beam may be irradiated 
sequentially to each of the sections. For eXample, if the laser 
is operated at a repetition frequency of 200 HZ, the process 
time per portion of the Wafer is 0.1 second. Then, a single 
Wafer is processed Within 10 seconds (the time loss for 
moving the Wafer up and doWn or right and left inclusive). 
By automating the transportation of the Wafers, 200 Wafers 
can be processed per hour. Then, the process yields a 
productivity Well comparable to any of the conventional 
processes. 

[0053] Similar apparatuses for use in laser doping pro 
cesses are disclosed in Japanese patent application No. 
Hei-3-383981 (?led Oct. 4, 1991), No. Hei-3-290719 (?led 
Oct. 8, 1991), and No. Hei-4-100479 (?led Mar. 26, 1991). 
The present invention enables fabrication of, for eXample, 
devices having a channel length of 0.5 pm or less With 
eXcellent reproducibility. Furthermore, it also enables for 
mation of diffusion domains (impurity regions) 0.1 pm or 
less in depth. Accordingly, the present invention is particu 
larly suited for use in the fabrication of such devices. 

[0054] The present invention is illustrated in greater detail 
referring to non-limiting examples beloW. It should be 
understood, hoWever, that the present invention is not to be 
construed as being limited thereto. 

EXAMPLE 1 

[0055] Referring to FIG. 8, a process for forming a 
CMOS circuit on a single crystal silicon substrate according 
to the present invention is described. 

[0056] A ?eld insulator 702 Was formed on a (100) plane 
of a single crystal silicon substrate 701 by a so-called 
LOCOS process. A P-type Well 703 Was formed by ther 
mally diffusing boron inside a part of the portion of the 
substrate Which remained uncovered by the ?eld insulator. 
The area eXcept for the P-type Well Was covered With a 
masking material 704, and laser Was irradiated in an atmo 
sphere containing 2% by volume of diborane (BZHG) to the 
entire surface of the substrate to alloW boron to diffuse inside 
the P-type Well in an area ranging from the surface to a depth 
of 50 nm. Thus Was obtained a P+ region 705 (see FIG. 
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[0057] The masking material 704 for use in the present 
example preferably has excellent resistance against laser 
irradiation, however, it need not be opaque to a laser light. 
For example, silicon nitride and silicon oxide suffices the 
above conditions. Carbon ?lm can be used as Well. 

[0058] Laser doping Was performed using the apparatus 
shoWn in FIG. 5. More speci?cally, boron (B) Was incor 
porated into the sample by subjecting the sample to laser 
irradiation under a mixed gas atmosphere of PH3/Ar using 
the apparatus illustrated in FIG. 5, but Without heating the 
sample. A KrF excimer laser operating at a Wavelength of 
248 nm and at a pulsed mode With a pulse Width of 20 nsec 
Was used. The laser beam Was irradiated 2 to 20 shots per 
point at an energy density in the range of from 150 to 350 
mJ/cm2. By loWering the sample temperature to room tem 
perature or loWer, and preferably to —50° C., the diffusion of 
the impurities can be suppressed to provide a shalloWer 
impurity-doped P+ region 705. It is not preferred, hoWever, 
to loWer the temperature of the sample to a congealing point 
or a boiling point of diborane or loWer. 

[0059] An N+ region 706 Was formed on the surface of the 
silicon substrate by a process similar to above, except for 
doping phosphorus using phosphine. Then, a gate dielectric 
707 as Well as gate contacts 708 and 709 Were formed in the 
same manner as in the conventional process (see FIG. 8(B)). 

[0060] Then, the region of P-channel TFT (corresponding 
to the right side of the ?gure) Was covered With a masking 
material 710, and the entire structure Was subjected again to 
doping process using the laser doping apparatus illustrated 
in FIG. 5. Phosphine Was used as the impurity gas in this 
case, and the substrate Was heated to a temperature in the 
range of from 200 to 450° C. The laser Was operated under 
the same energy and the number of shots as those used in the 
previous step. Because the sample Was heated in this case, 
more diffusion occurred as compared to the previous doping 
step and the source and drain regions 711 Were more deeply 
doped With phosphorus to provide an N-type conductive 
region. In contrast to the source and drain regions 711, the 
region under the gate contact remains unirradiated by the 
laser and thereby undoped, because the gate insulator and 
the gate contact serve as the mask. Thus, the region under the 
gate contact maintains the initial N+-type conductivity (FIG. 
8(C)). The doping process is effected typically under an 
atmosphere diluted With H2 and containing PH3 at a con 
centration of 5% While maintaining the sample at a tem 
perature of 350° C. under a pressure of from 0.02 to 1.00 
Torr, and operating a KrF excimer laser at a Wavelength of 
248 nm, an energy density of from 150 to 350 mJ/cm2, and 
at a number of pulses of 10 shots. 

[0061] Similarly, a P-type region Was formed in the region 
of the P-channel TFT (shoWn in the right side of the ?gure) 
by effecting laser doping under a diborane atmosphere. Thus 
Was obtained a P-channel TFT. 

[0062] Then, an interlayer insulator 712 Was formed fol 
loWing a conventional process, and a contact hole Was 
provided to form a contact With connection 713. The contact 
and connection may be made of a single ?lm of a metal, a 
semiconductor ?lm, or a multilayered ?lm such as a lami 
nate of titanium nitride and aluminum. 

[0063] The transistor according to the present example is 
of a so-called buried channel type, in Which the surface of 
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the channel forming region remains un-inverted even When 
a signal is applied to the gate, but in Which a deeper region 
provides the channel. Thus, a highly reliable transistor Was 
realiZed because the gate insulator remain undestroyed by 
hot electrons and the like. 

[0064] Laser doping process Was employed in the present 
example to form the buried channel. It can be understood 
from the foregoing description, hoWever, that the process 
according to the present invention can be used as Well for the 
purpose of controlling the threshold voltage. 

EXAMPLE 2 

[0065] Referring to FIG. 9, a process for fabricating a 
MOS device having a ?oating gate, e.g., an EPROM, an 
EEPROM, and a ?ash memory, is described. 

[0066] A?eld insulator 751 Was selectively formed on the 
surface of a (100) plane of a single crystal silicon substrate, 
and gate contact portions 752 and 753 Were then formed also 
on the substrate. The detailed structure of the gate contact 
portion is shoWn in FIG. Referring to FIG. 9(E), the 
gate contact portion 0.5 pm in Width comprises a gate 
dielectric 761, a phosphorus-doped polysilicon ?oating gate 
762, a phosphorus-doped polysilicon control gate 763, and 
an insulating ?lm 764 covering the entire portion. Prefer 
ably, the insulating ?lm 764 is made from the same oxide 
constituting the control gate and the ?oating gate. Those can 
be oxidiZed by anodic oxidation or thermal oxidation. The 
anodic oxidation may be effected either in a Wet process or 
in a dry process, and the same process described in Japanese 
patent application No. Hei-3-278705 (?led Sep. 30, 1991) 
can be folloWed. In a case thermal oxidation is used, the 
process described in Japanese patent application No. Hei 
3-278706 (?led Sep. 30, 1991) can be employed. 

[0067] Then, a masking material 754 Was formed selec 
tively, and phosphorus Was incorporated into the silicon 
substrate by ion implantation using the masking material and 
the gate contact portion as the mask. Thus, an N-type region 
about 0.2 pm in depth Was formed by heating and thereby 
alloWing phosphorus thus introduced into the substrate to 
diffuse. It can be seen from FIG. 9(A) that the impurity 
region formed at this point extends under the gate contact 
portion. 
[0068] Referring to FIG. 9(B), a phosphorus-doped poly 
silicon connection 756 Was formed to provide a Word line. 
When an impurity region 755 having a sufficiently loW 
resistance is provided, hoWever, no additional polysilicon is 
necessary and the impurity region 755 itself can be used as 
the Word line. 

[0069] A laser doping process according to the present 
invention Was performed thereafter to introduce phosphorus 
and to form shalloW impurity regions 757 and 758 each 
Within a depth of 50 nm. As shoWn in FIG. 6(B), a plurality 
of chambers 614 to 615 each charged With single Wafer Were 
transferred continuously for laser doping. A typical doping 
process Was effected under an atmosphere diluted With H2 
and containing PH3 at a concentration of 5% While main 
taining the sample at room temperature under a pressure of 
from 0.02 to 1.00 Torr, and operating a KrF excimer laser at 
a Wavelength of 248 nm, an energy density of from 150 to 
350 mJ/cm2, and at a number of pulses of 10 shots. 

[0070] Thus Were formed shalloW impurity regions. Then, 
an interlayer insulator 759 Was deposited according to a 
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conventional process, and a contact hole Was provided to 
form metallic contacts With connection 760 and 761. Thus 
Were obtained tWo complete EEPROM devices as shoWn in 
FIG. 9(D). The connection 760 and 761 each provide the bit 
line for the respective devices. 

[0071] In the device obtained in the present example, the 
impurity regions provided on the right and the left sides of 
the gate contact portion differ from each other in shape. 
More speci?cally, one is a deep impurity region 755 pen 
etrating farther into the portion under the gate contact, and 
the other is a shalloW impurity region 757 having no 
overlaps, but rather, in Which an offset region is formed 
therein by the oXide of the gate contact portion. Practically, 
the penetrating portion is 50 nm or less. As a result, the 
carrier is injected into the ?oating gate from the deep 
impurity region as indicated With an arroW in FIG. 

EXAMPLE 3 

[0072] Referring to FIG. 10, a process for fabricating a 
MOSFET having a lightly doped drain (LDD) structure 
according to the present invention is described. 

[0073] According to a conventional process, a ?eld insu 
lator 802 Was formed on a single crystal silicon substrate 
801, and a gate dielectric 803 as Well as a gate contact 
portion 804 Were formed subsequently on the same sub 
strate. Then, phosphorus Was introduced into the substrate 
according to the laser doping process according to the 
present invention to form a shalloW lightly doped N_-type 
impurity region 805 to a depth of 50 nm (see FIG. 10(A)). 

[0074] Then, a silicon oXide ?lm 806 Was deposited as 
shoWn in FIG. 10(B), and anisotropically etched to leave out 
a side Wall portion 807 for the gate contact. Then, ion 
implantation Was effected to heavily dope phosphorus ions 
to form an N+ region 808. Thus, the previous N“ region 805 
remained only in the portion underlying the side Wall to 
provide an LDD region 809 (see FIG. 10(C)). 

[0075] Finally, an interlayer insulator 810 and a metal 
contact With connection 811 Was formed to obtain a com 
plete device. In this example, a combination of a conven 
tional process and the doping process according to the 
present invention Was employed to form an LDD. HoWever, 
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other processes as described, for eXample, in the inventions 
of the present applicants, i.e., Japanese patent application 
No. Hei-3-238710 (?led Aug. 28, 1991), No. Hei-3-238711 
(?led Aug. 26, 1991), and No. Hei-3-238712 (?led Aug. 26, 
1991), can be employed as Well. 

[0076] The present invention enables stable fabrication of 
MOS devices having a channel length of 1.0 pm or less, 
typically from 0.1 to 0.3 pm, and a shalloW impurity region 
0.1 pm or less in depth. The above eXamples Were con?ned 
to those using single crystal silicon as the semiconductor 
substrate, hoWever, it can be readily understood that the 
above processes are also applicable to semiconductor 
devices using polycrystalline silicon. It can be seen therefore 
that the present invention is industrially valuable. 

[0077] While the invention has been described in detail 
and With reference to speci?c embodiments thereof, it Will 
be apparent to one skilled in the art that various changes and 
modi?cations can be made therein Without departing from 
the spirit and scope thereof. 

What is claimed is: 
1. A memory device comprising: 

a gate member over a semiconductor; 

a source region in the semiconductor; 

a drain region in the semiconductor, said drain region 
having a depth shalloWer than said source region and 
not deeper than 0.1 pm; 

a channel region being interposed betWeen said source 
and drain regions and being adjacent to said gate 
member, and 

Wherein said source and drain regions eXtend from a 
surface of said semiconductor to said depth not longer 
than a thickness of said semiconductor, 

Wherein said source region overlaps With said gate mem 
ber, 

Wherein said channel region has a length not longer than 
0.3 pm. 


