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l. Abstract
TDSE -(the_rmal Desorption Silicon Etching) process

is introduced before Si channel-epi growth usilng'IJIIV-
SEG. (Selective Epitaxial Growth) teEhnique to -improve
transistor performance in DRAM device. Compared'with
the conventional channel-epi which shows the degradation
of transistor characteristics due to the raiseii active
profile TDSE _structwe with channel-epi presents superior
{ansistor. performance in terms oi tiansistor hump
characteristics and inverse narrow width effect ([NWE).

2. Introduction
Silicon SEG (Selective Epita"rial Growtlr) has been

widely investigated in terms ol device integrations and
trqnsistj,I_performanc_e [l{]. Channel-epi -engineering

ping S.!$ is oqe 9f the key technologies- for iirprovin!
the 

^mobility 
and short channel effect of nAOSpBfs t6IDRAM cell transistor with channel-epi, howwer, has 

-n6t

been studied in dehils. Raised 
-acrive profile from

channel-epi growth at small bar-type cell shows fiansistor
hump at- the edge of cell, wt[ibtr decreases threshold
voltage (v.) of cell transistor and eventuallv resurts in
degradation of dynamic refresh characteristics in DRAM.To improve DRAM cell ransistor, TDSE (Thermal
Desorption Silicon -Etc$ng) technique has been diveloped
qqd integrated with channet-epi li,r the first time. 

- 
In

thls peper, the improved transistor characteristics with
TDSE and channel-epi processes are described.

3. Experimental
DRAM FIOL (Front End Of Line) process flow is

illustrated in Table l. An srl process was performed
for isolation. After wet cleaning, TDSE pto'ces was
carried out using Cl, gas at- 700-T in UfiV chanrber.
lhe process pressure was 10" torr. Following the TDSE
process, In-situ Si channel-epi is grown aI the sarne
chamber. The selectively gr6wn Si-channel was doped
b.V^ ioq implantation 

_ thrbugh a sacrificial oxide luio.
After the removal of sacrificial oxide layer, 5.5 nm- of
nitrided oxide was grown as a gate dieietric. For the
forytr-o: of gate electrode, phospihorus doped polysilicon
and WSi. are sequentially goo* on gaG oxiae. The
l^ightly- dgped drain (LDD) and deep -source/drain were
formed. b-y phosphorus and arsenii ion implantations,
respectively.

4. Results and Discussion
Figure I shows the cross sectional SEM images of

DRAM cell with conventional channel-epi and TffSBl
channel-epi. A,9- shoyn in Figrne l, msgl channel-epi
,Thoiqu" can -align S! epi surface with STI top surface,
while conventional channel-epi results in raiied active
n1ofile .*ith strong Si (111t tuce". Figrne Z is the
distribution of v,r for three different del fiansistors.
TDSE/channel-epi transistor exhibits hieher V" of cell
transistor compared to conventional -channel-epi 

and
reference (no channel-epi) cell transistors. The hilher V*

for TDSE/channel-epi transistor may be attributed to
active corner rounding formed by TDSE and SEG
processes V}. Shown in Figure 3 are the t-Vu
characteristics for different back biases. Using TDSE/
channel-epi technique, the L-V, characteristics for
different back biases are significantly improved while
conventional channel-epi tansistor shows severe hump
characteristics as back bias increases. Figure 4 is the V,n
of core nMOSFETs for different gate lengths and active
widths. As shown in Figure 4, less inverse nuurow
width eftqt (INI[E) is identified for TDSE/ channel-epi
transistor than for reference fansistor (no channel epi).
It can be also suggested that the improved INWE- is
ascribed to active corner rounding for core nMOSFETs.
The N-lP-well junction leakage and Q* characteristics are
{epic!_ed in Figure 5 and Figure 6, respectively. From
the Figure 5 and 6, it is identified th* both junction
l=Lgp- and A. characteristics are degraded by
TDSE/channel-_epi process. TEM image in Figure i
suggsts drat the degradations of jrmction leakage and Qu.
characteristics may be related to the defects at channel
epilSi-substrate interface, which is originated from rough
Si surface after TDSE process. Therefore, it is expecteO
tlrat the degradations of junction leakage anii a"
charac'teristics can be improved by minimizing initial 3i
roughness before channel epi growttr via tlz added TDSE
or IL annealing after TDSE process (Figure S).

5. Conclusion
T?SE -(Thermal Desorption Silicon Etching) process

is inhoduced before Si channel-epi growth usfiig- UHV-
SEG- (Selective Epitar{al Grovth) technique to lmprove
transistor performance in DRAM device. Compared- with
the conventional channel-epi which shows the degradation
of transistor characteristics due to the raiseil active
profilA TDSE structure with channel-epr presents superior
transistor. performance in terms of transistor h*op
characteristics and inverse narow width efu (INWE) .

F addition, it is suggested ttrr the degradatibns oi
junction-leakage and Q* characteristics can-be improved
by minimizing initi{ Si roughness before chanirel-epi
growth via I{' added TDSE or H, annealing after TDSE
process.
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O Shallow trench isolation (STI)
O S; 40nm etching hy TDSE
O ,St channel epi 40nm
C Channel ion implantation
O Removing surface oxide
O Gate oxidation (5.5 nm)
O Gate Electrode formation
O LDD formation
O SiN spacer formation
O Deep source/drain formation
O Activation annealing
O Uetallization

Table l. Process flow for DRAM fabrication.
Fig. 1 SEM images of (a) conventional channel-epi, and (b) TDSE/channel
-epi transistors.
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Fig. 2 Characteristics of threshold
voltage of cell transistor. Reference
indicates no channel-epi hansistor.
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Fig. 3 Ia-Vn characteristics of (a) conventional channel-epi, and (b) TDSE/channel-
epl ffinslstors.
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Fig. 5 N-/P-well junction leakage
current.

Fig. 8 Atomic force microscopic (AFM) view of Sr
surface (a) after TDSE (CL)ichannel-epi growth (RMS:
0.460nm), and (b) after TDSE (CL+Hz/channel-epi
growth (RMS :0.356nm).
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Fig. 7 TEM image of
TDSE/channel-epi layer.
The image shows defects
at Si-subshate and epi-Si
interface.
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