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(57) ABSTRACT 

There is disclosed a method for fabricating a SiGe MODFET 
device using a metal oxide ?lm. The present invention 
provides a SiGe MODFET device With improved operation 
speed and reduced non-linear operation characteristic 
caused in a single channel stricture devices, by increasing 
the mobility of the carriers in the SiGe MODEFT having a 
metal-oxide gate, and method of fabricating the same. In 
order to accomplish the above object, the present invention 
groWs a silicon buffer layer and a SiGe buffer layer on a 
silicon substrate by low-temperature process, so that defects 
caused by the mismatch of the lattice constants being 
applied to the epitaxial layer from the silicon substrate are 
constrained in the buffer layered formed by the loW-tem 
perature process. 
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SIGE MODFET WITH A METAL-OXIDE FILM 
AND METHOD FOR FABRICATING THE SAME 

TECHNICAL FIELD 

[0001] The invention relates generally to a SiGe MOD 
FET With a metal-oxide gate and method fabricating the 
same. More particularly, the present invention relates to a 
technology for improving the operation speed of a SiGe 
MODFET and reducing its nonlinear operation characteris 
tic caused by single channel, by increasing the mobility of 
carriers in the SiGe MODEFT With a metal-oxide ?lm. 

BACKGROUND OF THE INVENTION 

[0002] In recent CMOS technology, the line Width is 
reduced to 130nm and the storage capacity of lG-byte has 
been achieved. With continued development efforts, around 
the year of 2012, the minimum line Width Will be reduced to 
35 nm and the integration level Will reach at 1010 cm_2. At 
the same time, there have been a lot of efforts to implement 
system-on-chip by improving the function of CMOS in 
various Ways in order to commercialiZe BiCMOS including 
a SiGe HBT (Hetero-structure bipolar transistor). Mean 
While, efforts have been actively made to accomplish intra 
chip and inter-chip communication through implementation 
of photoelectric integration circuits incorporating photoelec 
tric devices to silicon integration circuits. As the chip scale 
has reach a degree in Which control using classical physics 
and statistics becomes very dif?cult, it has been found that 
the conventional technology could not control the repeat 
ability and uniformity. Under these circumstances, next 
generation semiconductor technology for overcoming the 
problems has been in need. 

[0003] FIG. 1 is a cross-sectional vieW illustrating the 
device structure of a conventional SiGe MODFET. 

[0004] Referring noW to FIG. 1, a thin silicon buffer ?lm 
120 is groWn on a silicon substrate 110. Then, a SiGe 
channel layer 130 and a silicon cap layer 140 are groWn on 
the thin silicon buffer ?lm 120. Next, after a silicon insu 
lating (or oxide) ?lm 150 is deposited, gate 160 and source 
drain 171 and 172 are sequentially formed. Although this 
type of MODFET can be easily manufactured, there is a 
problem that a channel is also formed in the silicon cap layer 
140 due to an inversion phenomenon When a high gate-drain 
voltage is applied. In addition, as it is dif?cult to adjust the 
thickness of the silicon cap layer 140 remaining after the 
oxide ?lm 150 is formed and to control diffusion of impurity 
through the oxide ?lm 150, there are problems that the 
operational characteristic of the gate is not uniform and 
impurity or Ge is concentrated With high concentration at the 
interface betWeen the oxide ?lm 150 and the SiGe channel 
layer 130, Which causes a leakage current and loWers 
reliability. Further, as a hetero-junction is disturbed by 
high-temperature process, defects tend to generat at the 
interface betWeen the SiGe channel layer 130 and the silicon 
cap layer 140. These problems pose a process constraint that 
the gate oxide ?lm 150 must be formed at a loW temperature. 

[0005] As another example, there is a conventional 
method in Which a base and a collector are self-aligned on 
the single-crystalline silicon substrate by means of SEG 
(selective epitaxial groWth) and S01 (silicon-on-insulator) 
technology, and a hetero-junction structure of SiGe/Si/SiO2 
is formed by implanting Ge and then oxidiZing the silicon. 
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Although there is an advantage that the MODFET having a 
high concentration carrier can be easily manufactured by 
simple method, the method have the problem that defects 
tend to generate betWeen the S01 and the epitaxial layer, and 
the problem caused by the high concentration ion implan 
tation should be solved. Also, this method has limitations in 
fabricating devices because of the high-temperature anneal 
ing process used in the formation of SiGe and an oxide ?lm. 

SUMMARY OF THE INVENTION 

[0006] The present invention is contrived to solve the 
above problems and an object of the present invention is 
therefore to provide a method of fabricating a SiGe MOD 
FET With a metal oxide ?lm gate Which is capable of 
signi?cantly improving the operation characteristics of 
device by preventing the leakage current caused by the 
mismatch of the lattice constant and by the precipitation of 
Ge during the formation of the oxide ?lm. Another object of 
the invention is to eliminate the impurity diffusion problem 
of a high-temperature process by adopting a loW-tempera 
ture process, especially for the eptaxial groWth process. A 
semiconductor device according to the present invention has 
a structure fabricated by utiliZing an epitaxial groWth tech 
nology of atomic layers and by forming a gate oxide ?lm 
having high-speed characteristic and excellent electrical 
characteristics. As the device is fabricated by the process 
compatible With conventional CMOS fabrication technol 
ogy, it has a high reliability. 

[0007] According to one aspect of the present invention, a 
SiGe MODEFT device including a silicon buffer layer, a 
SiGe channel layer and a silicon cap layer sequentially 
formed on a silicon substrate, being characteriZed by further 
comprising a second silicon buffer layer and a SiGe buffer 
layer sequentially formed betWeen said silicon buffer layer 
and said SiGe channel layer a temperature loWer than that is 
used to form said silicon buffer layer is provided. 

[0008] According to another aspect of the invention, a 
method for fabricating a SiGe MODEFT device comprising 
a silicon buffer layer, a SiGe channel layer and a silicon cap 
layer sequentially formed on a silicon substrate, being 
characteriZed by comprising the steps of sequentially groW 
ing a second silicon buffer layer and a SiGe buffer layer 
betWeen said silicon buffer layer and said SiGe channel 
layer, Wherein said second buffer layer and said SiGe buffer 
layer are formed at a temperature loWer than that is used to 
form said silicon buffer layer so that the defects caused by 
the mismatch of the lattice constants of each of said layers 
are constrained Within said second buffer layer and said SiGe 
buffer layer is provided. 

[0009] When a stress due to the difference of lattice 
constant is absent, the energy gaps of Si, Ge or SiC are 1.12 
eV, 0.7 eV, and 2.3 eV, respectively, and their lattice con 
stants are 5.43 A, 5.64 A, and 4.37 A, respectively. When the 
impurity concentration is beloW 1016 cm_3, the mobility of 
electrons in silicon semiconductor is about 1500 cm2 Vs. If 
the doping concentration is increased by 10~100 times, 
hoWever, the mobility of electrons is reduced to about one 
over several hundredth of the above mobility. SiGe, hoW 
ever, has advantages that the electron mobility is high as 
~2000 cm2 cm/V s When the impurity concentration is 1018 
cm_3. In case of pseudo-morphic, as the collision area of 
carriers is reduced by transformation of band-gap, the mobil 
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ity is increased to about 3000~4000 cmZ/Vs. Meanwhile, 
though the mobility of 3C—SiC is high as 4000 cmZ/Vs and 
stable, it should have a thickness smaller than the threshold 
thickness so that defects are not generated due to the 
difference of the lattice constant from silicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The aforementioned aspects and other features of 
the present invention Will be explained in the folloWing 
description, taken in conjunction With the accompanying 
draWings, Wherein: 

[0011] FIG. 1 is a cross-sectional vieW for illustrating a 
device structure of a conventional SiGe MODFET, 

[0012] FIG. 2a is a cross-sectional vieW of a SiGe 
MODFET that is epitaxially groWn according to one 
embodiment of the present invention, 

[0013] FIG. 2b is a schematic vieW illustrating the groWth 
procedure of a gate poly layer and an insulating ?lm that are 
fabricated according to one embodiment of the present 
invention, 
[0014] FIG. 3 is a schematic vieW of the groWth procedure 
of a buffer layer by stress strain, 

[0015] FIG. 4a is a cross-sectional vieW of a structure in 
Which a gate is formed according to one embodiment of the 
present invention, 

[0016] FIG. 4b is a cross-sectional vieW of a LDD ion 
implanted structure after an oxide ?lm is formed at the 
sideWall of a gate fabricated according to one embodiment 
of the present invention, 

[0017] FIG. 4c is a cross-sectional vieW of a device in 
Which a polysilicon layer of SiGe/Si or Si is groWn in 
self-alignment manner for an ohmic contact of source-drain 
according to one embodiment of the present invention, and 

[0018] FIG. 4a' is a schematic vieW of SiGe-MODFET in 
Which a source, a gate and a drain are completed according 
to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] The present invention Will be described in detail by 
Way of a preferred embodiment With reference to accompa 
nying draWings. 
[0020] FIG. 2a is a cross-sectional vieW of a SiGe 
MODFET that is epitaxially groWn according to one 
embodiment of the present invention, FIG. 2b is a schematic 
vieW of illustrating the groWth procedure of a gate poly layer 
and an insulating ?lm that are fabricated according to one 
embodiment of the present invention, and FIG. 3 is a 
schematic vieW of the groWth procedure of a buffer layer by 
stress strain. 

[0021] Referring noW to the above ?gures, the process of 
fabricating a SiGe MODFET begins by cleaning a silicon 
substrate 200 using H2SO4/H2O2 and HZO/HF, RCA 
method, etc. In order to groW silicon and a SiGe epitaxial 
layer 221, various methods such as atmospheric pressure 
chemical vapor deposition method, loW-pressure chemical 
vapor deposition method or ultra high vacuum chemical 
vapor deposition method are employed under complete 
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hydrogen atmosphere. In order to groW the SiGe epitaxial 
layer 221, a oxide ?lm of several atomic layers formed on 
the surface of the Wafer While loading the Wafer into the 
groWth chamber is removed by performing annealing pro 
cess under hydrogen atmosphere at the temperature of 
900~1000° C. for more than 2 minutes. Then, the tempera 
ture and gas atmosphere are adjusted for groWth. The groWth 
apparatus includes rapid thermal process equipment such as 
a halogen lamp or a RF induction heater by Which the SiGe 
epitaxial layer 221 having a complicated structure can be 
continuously groWn. 

[0022] In order to achieve epitaxial groWth of high quality 
by minimiZing the effect of the silicon substrate 200 and also 
increasing the insulating effect, the silicon buffer layer 211 
is ?rst groWn With a thickness greater than 2 pm. At this 
time, silane (SiH4), disilane (Si2H6) or dichlorosilane 
(SiCl2H2) may be used as a source gas of silicon. The silicon 
buffer layer 211 is groWn at the groWth rate greater than 
1000 nm/min at a high temperature Ti (FIG. 3a) Which is 
over 900° C. so that it can have the resistivity greater than 
1000 ohm~cm. Then, the temperature is changed to a loWer 
temperature T2 (FIG. 3a) at Which the silicon buffer layer 
212 is groWn and then the SiGe buffer layer 213 is then 
groWn. In the Si1_XGeX buffer layer 213, the mole fraction 
of Ge is controlled to have an optimiZed value in the range 
of 0.3~0.5 so that defects do not propagate into the SiGe 
conduction layer 240. 

[0023] When groWing the Si1_XGeX buffer layer 213, if the 
mole fraction of Ge is 0.5, mismatch of the lattice constant 
becomes over 2%. Thus, While groWing the SiGe buffer 
layer 213, heavy stress strain or crystalliZation disturbance 
caused by thermal shock occurs during a subsequent pro 
cess. In other Words, if the SiGe buffer layer 213 is groWn 
in a single step, a lot of defects are transferred onto the 
surface of the epitaxial layer When the SiGe layer is thicker 
than a threshold thickness. Thus, the crystal in the surface 
becomes to have a very unstable state and defects propagate 
up to the upper portion Where the device is located. 

[0024] In order to prevent this problem, as shoWn in FIG. 
3, a multi-step groWth method is preferably employed. 
According to the method, When the Si1_XGeX buffer layer 213 
is groWn at T2, the mole fraction of Ge is gradually 
increased so that the stress due to the mismatch of the lattice 
constant can be relaxed. The multi-step groWth method 
alloWs dislocations or defects to propagate only Within the 
SiHGeX buffer layer 213 so that they may not propagate out 
of the surface of the Si1_XGeX buffer layer 213. Thus, a SiGe 
epitaxial layer 221 With a good quality can be groWn on it 
beloW a SiGe conduction layer 240. That is, the method 
includes the steps of increasing the mole fraction of Ge from 
0 to X1 While groWing the crystal, reducing the mol fraction 
of Ge it from X1 to X2 immediately before reaching the 
threshold thickness, continuously groWing SiGe epitaxial 
layer 221 having a thickness of 5~30 nm at X2, performing 
a rapid thermal process at T3 to generate a threading 
dislocation by Which the accumulated stress can be concen 
trated betWeen the silicon buffer layer 212 and the SiGe 
buffer layer 213. The electric potential generated at this time 
is transferred in the direction of the underlying silicon 
substrate. Simultaneously, the pressure stress applied to the 
upper SiGe epitaxial layer is controlled to be relaxed so that 
defects are constrained Within the silicon buffer layer 212 is 
groWn at loW temperature, and the SiGe buffer layer 213. 
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Finally, the interface of the epitaxial layer grown at a loWer 
temperature T4 has the surface smoothness corresponding to 
2~4 atomic layers. 

[0025] As the scattering of the carrier is minimized 
because the interface of the SiGe conduction layer 240 and 
the SiGe:C space layer 250 is sharply de?ned, a good 
conductive characteristic and high frequency operation can 
be obtained. Also, as the non-uniform distribution of the 
carrier concentration is reduced, noise in the loW frequency 
can be minimiZed. Especially, the SiGe epitaxial layer 221 
and the SiGe conduction layer 240 are separated by a GeSi 
isolation layer 222 With a thickness of 5 -12 nm and impurity 
of p-type or n-type is doped into the 2-dimensional carrier 
layer 230. A doping gas includes BZH6 gas or PH3 gas 
diluted in hydrogen carrier gas. The concentration of the 
carrier is (0.6~3)><1013 cm2, and the mobility of electrons is 
controlled to be greater than 2600 cmZ/Vs. The 2-dimen 
sional carrier layer 230 is formed With a distance of 3~10 nm 
from the channel layer so that most of the generated carrier 
can be easily moved to the SiGe conduction layer 240 
according to the voltage variation of the gate. Also, the mole 
fraction of Ge Which controls the non-continuity of the 
energy gap betWeen the conduction layer 240 and the SiGe 
isolation layer 222 to be about 40~100 meV is XGe=0.1~0.2. 
In order to groW the 2-dimensional carrier layer 230, the 
temperature of the substrate is loWered by 100° C. than the 
groWth temperature of the SiGe epitaxial layer 221 and the 
supply of silane and germane gas is suspended. Thus, the 
dopant gas is controlled to maintain the partial pressure of 
several hundred torr along With pure hydrogen, so that the 
concentration of impurity adhering to the surface of the SiGe 
epitaxial layer 221 may be controlled. After the groWth of 
the 2-dimensionatl carrier layer 230, the SiGe isolation layer 
222 is groWn under the same condition as the original SiGe 
epitaxial layer 221, and the Si1_XGeX conduction layer 240 is 
then groWn at the temperature of 400-650° C. At this time, 
the partial pressure of the GeH4 is controlled in the range of 
1~200 mTorr and XGe varies Within the range of 0.5~0. 
Further, When groWing the SiGe conduction layer 240, in 
order to minimiZe the amount of carbon or oxygen that 
enters from the chamber into the epitaxial layer of the SiGe 
conduction layer 240, the partial pressure of hydrogen is 
increased to over one hundred times of the reaction gases. 

[0026] If the groWth of the Si1_XGeX conduction layer 240 
is completed, the How amount of CH4 gas is controlled While 
increasing the temperature of the silicon substrate 200 to 
over 650° C., so that the SiGe:C layer 250 is groWn With a 
thickness of 1-5 nm. At this time, the mole fractions of Ge 
and carbon are controlled to be beloW 0.2 and over 0.3, 
respectively, and their thickness are controlled, so that 
defects do not generate betWeen the SiGe conduction layer 
240 and the SiGe:C layer 250 and the extension stress 
applied by the mismatch of the lattice constant is relaxed. At 
this time, methane gas is dissolved using a plasma gas so that 
it can be groWn at loW temperature. The plasma source has 
a structure in Which a radio Wave induction coil using a radio 
frequency is installed. Methane gas of 1-6 sccm is supplied 
together With hydrogen gas so that the pressure of 40-200 
mTorr can be maintained Within the chamber. Also a voltage 
of 50-300 V is applied to the silicon substrate 200 so that 
ions of hydrogen and carbon generated in the plasma are 
accelerated to facilitate the surface reaction, and the com 
bination of Si—C and Ge—C can be formed at a loW 
temperature. 
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[0027] After the SiGe:C space layer 250 is groWn, hydro 
gen gas of over 20 LPM is injected for more than 5 minutes 
so that GeH4 and CH4 can be suf?ciently removed. Then, 
With the temperature of the substrate reduced loWer than the 
temperature of 560° C., pure silane gas is diluted into 
hydrogen gas, so that the silicon cap layer 260 is groWn at 
the partial pressure of beloW 1 mTorr. At this time, the 
groWth rate is controlled to be beloW 5 nm/min and the 
thickness of the silicon cap layer 260 is precisely controlled 
to 2-5 nm. 

[0028] Next, the silicon substrate 200 on Which the silicon 
cap layer 260 is formed is transferred into a chamber using 
oxygen atmosphere. The silicon substrate 200 is subjected to 
a rapid thermal process in oxygen atmosphere Within the 
chamber, thus forming an oxide ?lm 270 by oxidation 
process folloWed by an atomic layer deposition technique 
for metal-oxides, such as HfO, ZrSiO, Ta2O5, and A1203. 
The oxidation step is to insert a perfect oxide layer formed 
doWn to atomic layer by rapid thermal annealing, Which 
plays a role of loWering the density of interfacial states. The 
advantage of metal-oxide ?lm basically stems from the 
unique ability of creating high quality oxides at loW-tem 
perature in the virtue of atomic layer deposition. Then, a 
poly thin ?lm 280 for a gate and a protection insulating ?lm 
290 are deposited. Details of this process are as folloWs. By 
processing the surface of the oxide ?lm 290 oxidiZed by 
means of a loW-temperature rapid thermal process under 
hydrogen atmosphere at the temperature of 600~700° C., its 
interface is passivated by means of combination of hydro 
gen. Then, the poly thin ?lm 280 for a gate is groWn at the 
temperature of beloW 450° C. If the thickness of the amor 
phous SiGe layer 280 becomes over 50 nm, the temperature 
of the substrate 200 is increased to over 560° C. so that 
crystalliZation can be performed and the groWth mode is 
changed into polycrystalline SiGe. When deposition of the 
gate poly thin ?lm 280 is completed, an insulating ?lm 290 
such as a nitride ?lm is deposited. Then, a loW-temperature 
rapid thermal process is used for forming the oxide ?lm 270 
of single-crystalline silicon, so that the diffusion in the 
hetero-junction of SiGe/Si or segregation of Ge can be 
prevented. In other Words, during the process of forming the 
gate insulating ?lm 290 on the surface of the Wafer at a loW 
temperature, the reaction Which generates Ge or Ge oxide at 
the interface can be substantially reduced since the implan 
tation due to diffusion of oxygen into the thin ?lm of Si, 
SiGe:C or SiGe/Si can be minimiZed. Therefore, as oxygen 
reaction can be prohibited by means of a strong atom 
combination force of Si—C and Ge—C, the thickness of the 
oxidiZation of the silicon cap layer 260 can be completely 
controlled. The content of carbon is adequately controlled to 
be over 1000 ppm so that there is no problem in the threshold 
voltage and the crystal property. These series of process can 
maintain the state obtained by the groWth of epitaxial layer 
Without loWering the mobility of carriers such as electrons or 
holes that move via the channel layer. Therefore, devices 
having high performance characteristics can be manufac 
tured. 

[0029] In the SiGe MODFET structure fabricated by the 
above process, the problem occuring in the SiGe conduction 
layer 240 can be prevented because the defects caused by the 
lattice constant mismatch, diffusion of impurity can be 
prevented due to the high-temperature stability of the 
SiGe:C space layer 250, and the degradation of the perfor 
mance caused by inversion phenomenon can be prevented 
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by controlling the energy gap of the SiGe:C space layer 250. 
Also, the leakage current can be minimized, and the diffu 
sion coef?cient and the concentration of oxygen at the 
interface When forming the insulating ?lm 290 can be 
drastically reduced. Therefore, the end point can be easily 
controlled and the insulating ?lm 290 can be also formed 
With uniform thickness. This technology of forming the 
insulating ?lm 290 can prevent the diffusion of Ge and 
impurity, thus alloWs high gate operation characteristic. 
Also, as the generation of stress due to the lattice constant 
mismatch, crystal defects such as dislocation are not formed 
at the interface betWeen the SiGe conduction layer 240 and 
the layers located upper and loWer sides of the SiGe con 
duction layer 240. Therefore, in vieW of the energy band 
structure obtained When the conduction layer is formed 
betWeen the source and drain by injecting carrier in the SiGe 
conduction layer 240, the conduction characteristic can be 
improved by concentrating the carrier in the SiGe conduc 
tion layer 240. 

[0030] FIG. 4a is a cross sectional vieW of the insulating 
?lm 410 for de?ning a gate and for forming a dual sideWall, 
FIG. 4b is a cross-sectional vieW for forming dual sideWalls 
411 and 412 according to one embodiment of the present 
invention, FIG. 4c is a cross-sectional vieW of the device in 
Which an elevated source layer 451 and an elevated drain 
layer 452 are groWn in self-alignment manner for ohmic 
contact of the source-drain according to one embodiment of 
the present invention, and FIG. 4a' is a construction of a 
SiGe-MODFET in Which the source silicide 461, the gate 
suicide 462 and the drain silicide 463 are completed accord 
ing to one embodiment of the present invention. 

[0031] Referring noW to FIGS. 4a and 4b, a photosensi 
tive ?lm is applied and is then subjected to photolithography 
to de?ne the SiGe gate 400. Then, the insulating ?lm 290 is 
etched and is then dry-etched by plasma using a mixture gas 
of SF6 and oxygen, thus forming the SiGe gate 400. The 
source-drain ion implantation layers 441 and 442 are self 
aligned by LDD (lightly doped drain) ion implantation using 
the SiGe gate 400 as a mask. Next, the insulating ?lm 410 
is deposited With a thickness of 200 nm and is then subjected 
to photolithography process to expose the gate 400 and the 
device portion of the source-drain ion implantation layers 
441 and 442. Then, it is subjected to dry etch to form the 
sideWall insulating ?lms 411 and 412. 

[0032] Referring noW to FIG. 4c, there is shoWn a cross 
sectional vieW of the device in Which the gate sideWall 
insulating ?lms 411 and 412 are formed, the photosensitive 
?lm for protecting the outside of the gate is removed is then 
subjected to cleaning and surface process, and the elevated 
source layer 451 and the elevated-drain layer 452 are groWn 
in self-aligned manner at the temperature of 650° C. for 
ohmic contact of the source-drain 431 and 432. At this time, 
the self-aligned elevated-source layer 451 and the elevated 
drain layer 452 are formed With a thickness of 30~60 nm so 
that silicide can be sufficiently laminated, and an ohmic 
contact having a loW contact resistance is formed in the 
elevated-source layer 451 and the elevated-drain layer 452 
With Ti-silicide Without being related to the source-drain 431 
and 432 of p-type or n-type. 

[0033] Referring noW to FIG. 4d, there is shoWn a cross 
sectional vieW of the device in Which the protection insu 
lating ?lm 290 of the gate poly-silicon is removed by Wet 
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etch process in phosphoric acid solution, and a Ti/TiN metal 
thin ?lm is deposited by sputtering process, then subjected 
to an annealing process to form ohmic contact With titanium 
silicide, thus completing the self-aligned source silicide 461, 
gate silicide 462 and drain silicide 463. When Ti/TiN is 
deposited by sputtering process, the surface of the Wafer is 
subjected to plasma process using an inversed bias, and Ti 
and TiN is deposited With a thickness of 20-40 nm and 30-60 
nm, respectively, at the temperature of 500° C. The anneal 
ing process of the Ti silicide includes a step of performing 
at the temperature of 600~710° C. for 1 minute to form the 
phase C49 and removing metal Ti Which has not formed 
silicide by etching in NH4OH solution, a second step of 
performing annealing process at the temperature of 
780~900° C. to change phase C49 into phase C52, the 
resistivity of Which is about one ?fth of that of C49. Then, 
a device isolation ion implantation layer 470 for electrically 
isolating the surrounding devices is formed by performing 
high energy and high concentration ion implantation or dry 
etching using trench isolation method, and depositing an 
oxide ?lm. 

[0034] A method of fabricating SiGe MODFET using an 
oxide ?lm according to the present invention provides a 
MODFET having a MOS gate using a hetero-junction struc 
ture of SiGe:C and SiGe/Si. Therefore, it can reduce the 
poWer consumption and the delay time of the device to about 
one forth and also can improve the linear characteristic of 
CMOS. Also, as a SiGe Bi-CMOS structure can be easily 
fabricated by combining the MODFET and HBT, the present 
invention can provide a ultra-micro Si semiconductor having 
advantages such as loW driving voltage beloW 2V, exact 
controllability of the threshold voltage, loW consumption 
poWer, etc. Therefore, as the present invention can be 
implemented in RFIC, MMIC, DRAM, Processor, OEIC 
and System-on-Chip using the operating characteristic of 
several tens of Giga-byte ULSI and several tens of Giga-HZ, 
it can be utiliZed to merge various types of semiconductor 
devices. 

[0035] The present invention has been described With 
reference to a particular embodiment in connection With a 
particular application. Those having ordinary skill in the art 
and access to the teachings of the present invention Will 
recogniZe additional modi?cations and applications Within 
the scope thereof. 

[0036] It is therefore intended by the appended claims to 
cover any and all such applications, modi?cations, and 
embodiments Within the scope of the present invention. 

What is claimed: 
1. A SiGe MODEFT device including a silicon buffer 

layer, a SiGe channel layer and a silicon cap layer sequen 
tially formed on a silicon substrate, being characteriZed by 
further comprising: 

a second silicon buffer layer and a SiGe buffer layer 
sequentially formed betWeen said silicon buffer layer 
and said SiGe channel layer, 

Wherein said second buffer layer and said SiGe buffer 
layer are formed at a temperature loWer than that is 
used to form said silicon buffer layer so that the defects 
caused by the mismatch of the lattice constants of each 
of said layers are constrained Within said second buffer 
layer and said SiGe buffer layer. 
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2. The SiGe MODEFT device according to claim 1, 
wherein said defects due to the mismatch of the lattice 
constants are constrained to propagate in the direction of 
said silicon substrate. 

3. The SiGe MODEFT device according to claim 1, 
Wherein a 2dimensional carrier layer through Which carriers 
move and a SiGe conduction layer are sequentially formed 
betWeen said SiGe buffer layer and said silicon cap layer. 

4. The SiGe MODEFT device according to claim 3, 
Wherein a SiGe:C space layer is formed betWeen said SiGe 
conduction layer and said silicon cap layer, and said silicon 
cap layer is oXidiZed using metal deposition and rapid 
thermal annealing to provide a gate oXide layer including 
metal-oxides. 

5. The SiGe MODEFT device according to claim 4, 
Wherein the thickness of said gate oXide layer is controlled 
so that the distance betWeen the source-drain regions in said 
channel layer and said SiGe conduction layer is reduced to 
increase the breakage-doWn voltage and to suppress non 
linear characteristic and leakage current of the device. 

6. The SiGe MODEFT device according to claim 1, 
Wherein the groWth of said SiGe buffer layer is performed by 
using multi-step continuous groWth method in Which the 
mole fraction of Ge is gradually increased. 

7. The SiGe MODEFT device according to claim 4, 
Wherein said SiGe:C space layer is formed by using a plasma 
source gas for dissolving methane gas so that the layer may 
groW at a relatively loW temperature. 

8. The SiGe MODEFT device according to claim 7, 
Wherein a voltage of 50-300 V is applied to said silicon 
substrate to accelerate carbon ions or hydrogen ions gener 
ated by said plasma, so that surface reaction easily occurs 
and the combination of Si—C and Ge—C are formed at a 
relatively loW temperature. 

9. The SiGe MODEFT device according to claim 1, 
Wherein a junction resistance of the device is reduced by the 
formation of elevated source-drain regions and self-aligned 
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silicide, thereby reducing the parasitic component of the 
electrostatic capacity and improving the operating speed. 

10. A method for fabricating a SiGe MODEFT device 
comprising a silicon buffer layer, a SiGe channel layer and 
a silicon cap layer sequentially formed on a silicon substrate, 
being characteriZed by comprising the steps of: 

sequentially groWing a second silicon buffer layer and a 
SiGe buffer layer betWeen said silicon buffer layer and 
said SiGe channel layer, 

Wherein said second buffer layer and said SiGe buffer 
layer are formed at a temperature loWer than that is 
used to form said silicon buffer layer so that the defects 
caused by the mismatch of the lattice constants of each 
of said layers are constrained Within said second buffer 
layer and said SiGe buffer layer. 

11. The method for fabricating a SiGe MODEFT device 
according to claim 10, Wherein: 

said silicon buffer layer is groWn over 2 pm using a source 
gas such as silane, disilane or dichlorosilane at a high 
temperature of over 900° C. to have the resistivity of 
10 ohm-cm; and, 

said SiGe buffer layer is groWn varying the mole fraction 
of Ge in the range of 0.3~0.5, and said method further 
comprising the steps of: 

forming a SiGe conduction layer over said SiGe chan 
nel layer; 

forming a SiGe:C space layer having the thickness of 
1-5 nm over said SiGe conduction layer by increas 
ing the temperature of said silicon substrate to over 
650° C. and introducing methane gas; and 

loWering the temperature of said silicon substrate to 
beloW 560° C. to groW a silicon cap layer on said 
SiGe:C space layer. 

* * * * * 


