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1. Intnoduction
In response to the requirement to denser packing of LSI's,

shallow trench isolation has been developed along with active
device shrinkage. The trench isolation has already been ap-
plied to products however, its SiOrfilling requires very critical
control in processing to avoid anomalous recess and void caus-
ing well-known "hump current" in IsV, characteristics Il].
Besides, a big difference in thermal expansion coefficients of
Si and SiOr, the SiOrfilling also needs critical control to avoid
crystal defects [2] which may cause fatal leakage current.

In this presentation, a novel fabrication technique is pro-
posed providing polysilicon-filling trench isolation with
"humpless" I4-Vr, potential low-stress, and low-parasitic ca-
pacitance. Although the structure itself was already proposed
[3], this study introduces a novel self-aligned formation of iso-
lation oxide. This structure provides adequate isolation char-
acteristics with low electric-field penetration [4] and low
punchthrough current due to the polysilicon field shield.

2. Device Fabrication
Trench and LOCOS structures are fabricated on a same wa-

fer. Afundamental process sequence for the trench is shown in
Fig. 1. After trench etching, the trench surface is oxidized to
be l0 nm in thickness and filled with polysilicon. Then, the
polysilicon is heavily doped with phosphorus. The thickness
of SirNo sidewall spacer and the residual thickness of the
polysilicon shown in Fig. I (5) should be controlled precisely
to achieve desirable structures. An obtained isolation cross-
section is shown in Fig. 2.

As heavily doped impurities significantly enhance wet oxi-
dation rate [5], this impurity-enhanced oxidation (IEO) is uti-
lized to obtain relatively thicker oxide on the isolation region
compared to thinner oxide on active region. Figure 3 shows a
part of experimental results of IEO obtained in this study. The
enhancement ratio increases with the increase in impurity con-
centration and the decrease in oxidation temperature tsl. TEM
micrographs of the obtained structure are shown in Fig. 4.

3. Device Characteristics
1 ) Transistor characteristic s

The I6Vr subthreshold characteristics for n-MOS transis-
tors, as shown in Fig. 5, give rise to no "hump current" sug-
gesting that trench edges are covered with thick oxide. Only in
case of 0.l-pm channel width slight hump can be observed.

Gate leakage current characteristics are measured for striped
patterns as shown in Fig. 6. The fact that the circumference
Iength of gate region has no adverse effect may suggest that
trench edges are fully covered with thick oxide avoiding elec-
tric-field concentration on the edges.
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2 ) I solatian p edormance
Leakage currents between two adjacent n*-junctions

across the trench and LOCOS are shown in Fig. 7. Since the
filled polysilicon works as a field shield with V,* potential,
the ffench is far superior to LOCOS.

Capacitances of striped junctions are measured and
shown in Fig. 8 for both structures. It is obvious that ob-
servedcapacitances of the trench are smaller than those of
LOCOS. It is speculated that elevated channel stopper by
about 0.6 pm below the LOCOS oxide may increase fringe
capacitance, Crleading to total capacitance increase, while
the junction-to-shield overlap capacitance is relatively smaller
than the fringe capacitance.
3) Thermal budget robustness

It is widely known that generation of detrimental
dilocation along field oxide edges is very susceptible to stress
arisen from big difference of thermal expansion coefficients
of Si and filled SiO2. Thus, thermal budget together with
structure itself should be carefully designed. An SiO, filling
trench isolation is not realized yet in this study however, it is
observed that LOCOS with 200-nm thick SiO2 and the
polysilicon field shield with 100-nm thick SiO2 are almost
equivalent in terms of wafer warpage in a preliminary ex-
periment. Further investigation should be required.

4. Conclusion
A novel fabrication technique for sub-pm trench isolation

is proposed featuring polysilicon field shield and thick iso-
lation oxide formed with impurity-enhanced oxidation. De-
vice performance is satisfactory in terms of hump current
reduction, gate leakage current suppression, and reduced
junction parasitic capacitance. In addition, less susceptibil-
ity to crystal defect generation can be expected due to low
stress inherent to polysilicon filling.
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(1) Etching Mask Formation

(2) Trench Etching

(3) SisNa Removal, Oxidation, &

Phosphorus-Doped Poly-Si

tOzo tfl

Fig. 1 A process sequence for proposed plolysilicon-shield trench
isolation utilizing impurity-enhanced oxidation.

Fig.Z SEM micro-
graph of obtained
0.1-pm wide poly-
silicon shield trench
isolation of which
shoulders arecovered
with thick oxide.

(5) Controlled Poly-Si Thinning
& SiOa Removal

(6) lmpurity-Enhanced Wet
Oxidation at 850"C

Fig. 3 Impurity En-
hanced Oxidation
(IEO) for I hour at
850"C in wet oxygen
(4O7o H"O).
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Fig. 6 Gate leakage
currents of striped
active regions for
trench and conven-
tional LOCOS isola-
tion structures.
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Fig.4 TEM micrographs show conformal oxide formation along
trench edges. Broken lines indicate oxidized polysilicon surfaces.
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(a) ChannelWidth Dependence (b) Substrate Bias Dependence

Fig.5 Dependences of channel width (a) and substrate bias (b) on

I;V ocharacteristics of active transistors with the field-shield trench.

A small "hump current" is only observed for 0.1-pm Wg.
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Fig. 7 Leakage currents between two adjacent n+-junctions across

isolation regions.
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Fig. 8 Observed capacitances of multi-striped n*-junctions for the

trench and LOCOS. Boron was implanted at 85 keV with a dose of
9xl012cm-2 after LOCOS formation and before trench etching.
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