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(57) ABSTRACT 

The present invention discloses structure and manufacturing 
method of binary nitride-oxide (NO) dielectric node for deep 
trench based DRAM devices. In the present invention, a thin 
strained SiGe layer is deposited prior to poly deposition to 
modulate the chemical potential unbalance caused by Work 
function differences betWeen buried plate and poly. 
The thin strained SiGe layer Will loWer the differences by its 
loWer band-gap characteristics at the same doping level, 
thereby balancing the chemical potential despite of a differ 
ent doping. The modulation of the chemical potential can be 
achieved by a proper control of a stochimetric X value. The 
optimized chemical potential Will assure the reliability and 
robustness of the dielectric node, especially the binary NO 
dielectric node by suppressing asymmetric charging trap 
ping and charge injection nature. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] (A) Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and method for manufacturing the same, and par 
ticularly to a deep trench based dynamic random access 
memory (DRAM) and method for manufacturing the same. 

[0003] (B) Description of Related Art 

[0004] As DRAM cell siZes continuously shrink, the 
design rules get strict. Therefore, a higher doping for a 
buried plate is needed to minimiZe a capacitance loss by 
junction depletion. Gas phase doping (GPD) or plasma 
doping (PLAD) has been used to increase the doping con 
centration (>1E20 As/cm3) to suppress the depletion capaci 
tance of the buried plate. HoWever, the doping concentration 
of a poly is someWhat limited to SE19 As (or P)/cm3. This 
unbalance of dopants results in asymmetric C-V character 
istics, appearing as an asymmetric pro?le. The asymmetric 
pro?le is due to a chemical potential mismatch caused by a 
Work-function difference, or equivalently a Fermi level shift. 
This means that a node is stressed by a voltage shift AV even 
at a UV bias or the node is biased by AV+VO at a V0 bias, thus 
causing more leaking than normally eXpected. This situation 
becomes even more severe for the case of a binary nitride 
oXide (NO) dielectric system than that of a convention 
ternary oXidenitride-oXide (ONO) system due to its asym 
metric charge trapping in a nitride layer (see “Thickness and 
Polarity Dependence of Intrinsic BreakdoWn of Ultra-Thin 
ReoXidiZed-Nitride for DRAM Technology Application,” by 
E. Wu et. al.). The charge trapping in the nitride layer Will 
aggravate the voltage shift, thus adding electric stress accel 
erating intrinsic breakdoWn of the node. Nevertheless, the 
binary NO is a preferred option for an advanced DRAM due 
to its scalability. 

[0005] In vieW of the above, there is a need to provide a 
static voltage for compensation by employing a loW band 
gap layer in a poly and node dielectric layer, Which Will 
loWer the static voltage, even With a different doping level 
betWeen the buried plate and the poly. The balance of the 
static potential (or surface chemical potential) can be con 
trolled by selecting a proper stochimetric constant. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a 
semiconductor device and a method for manufacturing the 
semiconductor device, Wherein a thin SiGe layer is depos 
ited prior to poly deposition so as to provide a symmetric 
C-V pro?le by overcoming unbalanced chemical potential 
Without jeopardizing depletion capacitance. 

[0007] Another object of the present invention is to pro 
vide a semiconductor device and a method for manufactur 
ing the semiconductor device, Wherein the semiconductor 
device can be operated at a higher voltage than that of the 
conventional scheme by operating at a node-high bias con 
dition. 

[0008] Another object of the present invention is to pro 
vide a semiconductor device and a method for manufactur 
ing the semiconductor device, Wherein a more robust pro 
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cess WindoW With a nominal dielectric thickness variation 
and/or thickness modulation betWeen the nitride and oXide 
can be achieved. 

[0009] To achieve the above objects, the present invention 
provides a semiconductor device and a method for manu 
facturing the semiconductor device. The method comprises 
the steps of forming a trench in a substrate; forming an 
arsenic silicate glass (ASG) in the trench; recessing the ASG 
layer, depositing an oXide layer covering the ASG recess in 
the trench; forming a buried plate in the substrate; removing 
the oXide layer and the ASG recess in the trench; forming a 
dielectric layer in the trench; depositing a thin strained layer 
in the trench; and ?ltering a poly ?ller in the trench. The 
semiconductor device of the present invention includes a 
substrate; a trench in the substrate; a buried plate in the 
substrate adjacent the trench; a dielectric layer overlaying 
the trench; a thin strained layer overlaying the dielectric 
layer; and a poly ?ller in the trench. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention is described beloW by Way of 
eXamples With reference to the accompanying draWings 
Which Will make readers easier to understand the objects, 
technical contents, characteristics and effects of the present 
invention, Wherein 

[0011] FIGS. 1-9 illustrate cross-sectional vieWs of an 
embodiment of a semiconductor device structure at various 
stages of a process according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] FIGS. 1-9 illustrate cross-sectional vieWs of an 
embodiment of a semiconductor device structure (such as a 
DRAM) at various stages of a process according to the 
present invention. Referring to FIG. 1, a trench 11 is ?rst 
formed in a substrate 10 (such as a silicon substrate). 

[0013] Referring to FIGS. 2 and 3, after formation of the 
trench 11, an arsenic silicate glass (ASG) recess 14 is formed 
in the trench 11. The formation of the ASG recess 14 
comprises the steps of (1) depositing an ASG layer 12 in the 
trench 11; and (2) recessing the ASG layer 12 in the trench 
11. 

[0014] Referring to FIG. 4, an oXide layer 15 is formed in 
the trench 11 to cover the ASG recess 14. 

[0015] Referring to FIG. 5, the semi-?nished structure is 
annealed to diffuse dopants into the substrate 10 to form a 
buried plate 16. 

[0016] Referring to FIG. 6, after the buried plate 16 is 
formed, the oXide layer 15 and the ASG recess 14 in the 
trench 11 are removed by etching. 

[0017] Referring to FIG. 7, a dielectric layer 17 (such as 
a NO layer) is formed in the trench 11. The formation of the 
dielectric layer 17 comprises the steps of depositing a nitride 
layer and re-oXidiZing the nitride layer, Wherein the step of 
depositing the nitride layer is performed by LPCVD. 

[0018] Referring to FIG. 8, a thin strained layer 18 is 
formed in the trench 11 to cover the dielectric layer 17. The 
thin strained layer is a SiGe layer of a thickness less than 50 
angstroms. In addition, the SiGe layer is of a formula 
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SiXGe1_X and has an energy gap (Eg) of 0.67 eV When X=1 
and an energy gap (Eg) of 1.1 eV When X=0. 

[0019] Referring to FIG. 9, a poly ?ller 19 (such as an As 
poly ?ller) is ?lled in the trench 11. 

[0020] Finally, other essential steps for forming other 
elements in the semiconductor device may be additionally 
performed. 
[0021] The present invention also includes a semiconduc 
tor device formed by a process as described above. The 
semiconductor device of the present invention includes a 
substrate; a trench in the substrate; a buried plate in the 
substrate adjacent the trench; a dielectric layer overlaying 
the trench; a thin strained layer overlaying the dielectric 
layer; and a poly ?ller in the trench. Alternatively, other 
processes may be utiliZed to form a semiconductor device 
according to the present invention. 

[0022] According to the present invention, a thin strained 
SiGe layer is deposited prior to the poly deposition to 
modulate the chemical potential unbalance caused by Work 
function differences betWeen the buried plate and the 
poly. The thin strained SiGe layer Will loWer the differences 
by its loWer band-gap characteristics at the same doping 
level, thereby balancing the chemical potential despite of a 
different doping. The modulation of the chemical potential 
can be achieved by a proper control of a stochimetric X 
value. The optimiZed chemical potential Will assure the 
reliability and robustness of the dielectric node, especially 
the binary NO dielectric node by suppressing asymmetric 
charging trapping and charge injection nature. In addition, 
the present invention can be used for a high voltage opera 
tion of the node yet With the same node thickness and 
composition by suppressing the node breakdoWn mecha 
nism by static voltage compensation. 

[0023] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alternations can be made 
herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 

1. A method for manufacturing a semiconductor device, 
comprising the steps of: 

(a) forming a trench in a substrate; 

(b) forming a recessed arsenic silicate glass (ASG) in the 
trench; 

(c) depositing an oXide layer covering the ASG recess in 
the trench; 

(d) forming a buried plate in the substrate; 

(e) removing the oXide layer and the ASG in the trench; 

(f) forming a dielectric layer in the trench; 

(g) depositing a thin strained layer in the trench; and 

(h) ?lling a poly ?ller in the trench. 
2. The method for manufacturing a semiconductor device 

as claimed in claim 1, Wherein the semiconductor device is 
a DRAM. 
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3. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein the substrate is a silicon 
substrate. 

4. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein step (b) comprises the steps 
of depositing an ASG layer in the trench and recessing the 
ASG layer in the trench. 

5. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein the buried plate is formed by 
an annealling process. 

6. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein the oXide layer and the ASG 
recess in the trench are removed by etching. 

7. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein the dielectric layer is a NO 
layer. 

8. The method for manufacturing a semiconductor device 
as claimed in claim 1, Wherein step comprises the steps 
of depositing a nitride layer and re-oXidiZing the nitride 
layer. 

9. The method for manufacturing a semiconductor device 
as claimed in claim 8, Wherein the step of depositing the 
nitride layer is performed by LPCVD. 

10. The method for manufacturing a semiconductor 
device as claimed in claim 1, Wherein the thin strained layer 
is a SiGe layer of a thickness less than 50 angstroms. 

11. The method for manufacturing a semiconductor 
device as claimed in claim 10, Wherein the SiGe layer is of 
a formula SiXGe1_X and has an energy gap (Eg) of 0.67 eV 
When X=1 and an energy gap (Eg) of 1.1 eV When X=0. 

12. The method for manufacturing a semiconductor 
device as claimed in claim 1, Wherein the poly ?ller is an As 
poly ?ller. 

13. A semiconductor device, comprising 

a substrate; 

a trench in the substrate; 

a buried plate in the substrate adjacent the trench; 

a dielectric layer overlaying the trench; 

a thin strained layer overlaying the dielectric layer; and 

a poly ?ller in the trench. 
14. The semiconductor device as claimed in claim 13, 

Wherein the semiconductor device is a DRAM. 
15. The semiconductor device as claimed in claim 13, 

Wherein the dielectric layer is a NO layer. 
16. The semiconductor device as claimed in claim 15, 

Wherein the NO layer is formed by depositing a nitride layer 
and re-oXidiZing the nitride layer. 

17. The semiconductor device as claimed in claim 13, 
Wherein the thin strained layer is a SiGe layer of a thickness 
less than 50 angstroms. 

18. The semiconductor device as claimed in claim 17, 
Wherein the SiGe layer is of a formula SiXGe1_X and has an 
energy gap (Eg) of 0.67 eV When X=1. 

19. The semiconductor device as claimed in claim 13, 
Wherein the poly ?ller is an As poly ?ller. 

* * * * * 


