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Investigation of Interlayer Dielectric Material Influence
on DRAM Retention Time

M.Ohishi, K.Matsui, and K.Koyama
ULSI Device Development Loboratories, NEC Corporation

1 120 Shimokuzowa, Sagamihara, Kanagawa2Z9, lapan

In order to investigate the rclationship between DRAM data rctention time and interlayer dielectric materials, the C-
T relaxation time r is measurcd using a MOS capacitor test structure covered with various interlayer materials. The
relaxation time t is affected by the interlayer material and annealing conditions. The relaxation time t for a TEOS-BPSG
sample is shorter than that for other BPSG-type samples. The stress in TEOS-BPSG is also larger than other BPSG-type
films. These results imply that the C-R(generation and recombination) centers induced by stress of interlayer dielectric
material degrade DRAM retention time.

1. Introduction
Improvement of data retention characteristics is

one of the most important issues for future high density
DRAMs. In order to reduce leakage current through the
storage node p-n jtrnction, precise control of the Si surface
around the junction will become more important. It has been

reported that the interlayer affects the Si surface of the field
isolation region [l ], but the influence of the interlayer on the
retention characteristics has not been reported yet.

Table I shows the retention time which was
measured in l6Mbit test DRAM chips fabricated using
various interlayer dielectric materials, namely TEOS
(Tetraethyl orthosilicate)-BPSG, Or-TEOS BPSG, and
BPSG. 'Ihe retention time of the test chip using a TEOS-
BPSG interlayer is shorter than that of the case of BPSG.
Figure I shows the junction leakage current data for the
various interlayer materials. The junction region used for
measurements has an area of l04pm2 and a LOCOS
isolation edge length of l04pm. The junction leakage
current data correspond to the retention time data. In this
study, the influence of interlayer dielectric material on
DRAM data retention time is investigated by using the C-T
and stress measurements.
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Fig.1 Junction Leakage Current Dependence
on lnterlayer Dielectric Material Type

Tablel DRAM Data Retention Time Dependence
on Interlayer Material Type

Interlayer Material 0.01V" FailTime

TEOS-BPSG 55sec

O3-TEOS BPSG 65sec

BPSG 70sec

2. Experimental Results
2.1. C-T characteristics of MOS capacitors

It is difficult to evaluate the interlayer influence on
the Si surface conditions of the areas not covered with gate

electrodes using a normal MOS capacitor. Therefore we
evaluated the C-T relaxation time for the MOS capacitor
structure shown in Fig.2. The cross-sectional structure is

shown in Fig.3. Test samples were fabricated with 4 types
of interlayer materials, namely undoped SiOz, BPSG, Or-
TEOS BPSG, and TEOS-BPSG. This structure without
guard-ring boron is very sensitive to the snrface conditions
of the area between the gate electrodes. This is because the
depletion layer expands toward the surfaces which are not

covered by the gate electrode.
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Fig.2 Test Measurement Pattern
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Figure 4 shows the gate electrode size dependence

of C-T relaxation tirne t. The t becomes shorter as the gate

area becornes smaller. These data indicate that t is strongly

influenced by the uncovered region conditions.

Figures 5 and 6 show the t vs. process conditions

for various interlayer materials. The t for capacitors with

guard-ring boron in Fig.6 mainly reflects the condition of
the area under the gate electrodes. The t for the BPSG-type

interlayer samples increase with 850oC Nz annealing or

low temperature H: annealing, however the t for the

TEOS-BPSG is shorter than that for the BPSG-type film.
On the other hand, the t for the SiOz interlayer sample

doesn't increase with 850oC NZ annealing but increases

with Hz annealing in the case of Fig.3(a) structure as shown

in Fig.5. The effect of annealing conditions is summarized

in Table2.

Fig. 3 Comparison of the Depletion Layer Expansion in
Two Structures (a) without B l/l (b) with B l/l
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2.2. Stress nleasurements
The stress in 300 nm-thick interlayer material was

determined by measuring the change in wafer curvature

before and after interlayer deposition and is shown in Fig.

7. The stresses in BPSG-type interlayers are reduced by

long thermal annealing but the stress in the undoped SiOz

interlayer increases. Strain analysis of the Si surface

between the gate electrodes in OI-TEOS BPSG MOS

capacitor samples was performed by Raman microscope

and the stress dependence on distance from the gate edge is

shown in Fig.8. For an 850oC 10 minute anneal, the

compressive stress is 0.9x108 dyn/cm2 at 0.5pm distance

from the gate edge and decreases to the measurement limit
(0.3x10s dyn/cmz) at l.5pm. On the other hand for an

850"C 80 minute anneal the compressive stress is 0.9 xl08

dyn/cm2 at 0.5pm and l.5pm distance from the gate edge

and decreases to the measurement limit at 30pm.
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Fig.4 C-TCharacteristicsDependence
on Measurement Pattern
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3. Discussion
For the MOS capacitor without guard-ring boron in

Fig.3(a) the depletion layer is spread out under ,the

interlayer, so the influence of the interlayer on relaxation
time is larger than in Fig.3(b). In Fig.5 the relaxation time t
after the 850"C l0 minute Nzanneal for all interlayers
except TEOS-BPSG increase substantially with Hz

annealing. It is speculated that the influence of carbon in
TEOS-BPSG can't be completely removed with this
anneal. The stress in TEOS-BPSG is larger than other
BPSG-type films as shown in Fig.7. It has been reported

that carbon impurities affect Si-SiOz interface statesfi].
This is supported by Fig.6 where t of TEOS-BPSG with
850"C l0 minute and with Hz annealing is almost the same

as other interlayers. In Fig.5 t of the undoped SiOz
interlayer without Hz annealing doesn't change and t of
SiOz with H: annealing decreases as 850oC Nz annealing

'time becomes long. In Fig.7 the change of stress with
850"C Nz annealing for SiOz is different from the change

for another BPSG-type interlayer and the stress influence of
SiOz can't be reduced as effectively by Hz annealing as

BPSG-type interlayer. Therefore we think the t of SiOz
correlates with stress under the interlayer. This is supported

by Fig.6 where t of SiOz is almost the same as other BPSG
-type interlayers. It has been reported that stress affects
junction leakage current [2]. The stress in Fig.8 with Or-
TEOS BPSG is concentrated near the gate edge. The stress

distribution spreads out with 850"C Nz annealing. It is

considered that the local stress near the gate edge increases

G-R centers, but the broad stress distribution lowers the G-

R centers due to interlayer film reflow with long annealing

tirne. We think this is probably an important problem of
future DRAM processes in which the annealing
temperature becomes lower and annealing time becomes
shorter.

4. Conclusion
The C-T relaxation time t has been evaluated in

detail to investigate the relationship between DRAM data

retention time and interlayer dielectric materials. The
relaxation time t for the TEOS-BPSG sample is shorter

than that for other BPSC-type samples, which can be

attributed to the higher overall stress. On the other hand,

the relaxation time t is affected by the local stress near the
gate edge. These results indicate that the G-R centers
induced by the stress of the interlayer dielectric material
degrade DRAM retention time.
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Table2 Effect of Annealing Method on
Reduction of G-R Centers

Interlayer Material H2 Anneal N2 Anneal
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TEOS.BPSG
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Small

Very Small

Small

O3-TEOS BPSG Large Large

BPSG Large Large
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Fig.7 Dependence of Stress in Interlayer
on Annealing Method
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Fio.8 Deoendence of Stress in Si Substrate on Distance- from Gate Edge with O3-TEOS BPSG
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