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High Reliability Polyoxide Fabricated by Using
TEOS Oxide Deposited on Disilane Polysilicon Film

Jam Wem Lee, Chung-Len LeSenior Member, IEEETan Fu Lei, and Chao Sung Lai

Abstract—This paper reports the TEOS oxide deposited on the TABLE |
polysilicon film which was prepared by using the disilane chem- DETAILED PROCESSSTEPS FOREACH SAMPLE
ical vapor deposition. Compared to the thermally grown oxide or
TEOS (tetra-ethyl-ortho-silicate) oxide deposited on the conven-

X \ . ) X X N sample Silane |Disilane |Thermal {Thermal [TEQS |TEOS + |TEOS + |[TEOS +
tional silane polysilicon film, it had symmetrical J—E characteris- Poly-1 _|Poly-I |0, N,0 RTN,0 RTO; [RTN,
tics that had lower leakage currents but much higher breakdown  D-TH-02 A A
field, a lower electron trapping rate, and a much larger charge to ‘;‘TfH'NZO A A
breakdown. These good properties are attributed to the smoother D'T RTNZO : A
surface of the deposited disilane poly-I film and the more incor-  §3gTo2 2 2
poration of nitrogen during the rapid thermal annealing (RTA) in D-T-RT-N2 A A
N- O ambient. It is suitable to be as the inter-polyoxide of the elec-  s-TH-N20 [a A
trically-erasable programmable read only memory (EEPROM). S-T-RT-N20 |A A

. INTRODUCTION

N ORDER to have good data retention characteristics for thas a very high),4, a low electron trapping rate, and a high
deep submicron electrically-erasable programmable read odfdy:. The polyoxide, when used in EEPROM applications, can
memory (EEPROM), a thin polyoxide with a low leakage curimprove performance and reliability of the EEPROM device.
rent, a high breakdown field®,;), a large charge to breakdown
(Qu4) and a low electron trapping rate is required [1]-[4]. Re- Il. EXPERIMENTS
cently, TEOS vapor deposited polyoxide with rapid-thermal-an- ) . _ -
nealing (RTA) in NO has been reported to have a higher re- In this study, rr-polysilicon/polyoxide/r-polysilicon ca-
liability due to its smoother interface after oxidation [5], [G]pacitors were fabricated and used in the measurement. At first,
The quality of the TEOS (tetra-ethy1-ortho-silicate) polyoxidg-type wafers were thermally oxidized in dry,@t 950°C
is strongly related to the surface roughness and the doping cBhlave a 100 A oxide. Then a 200 nm disilane polysilicon
centration of polyl. Unfortunately, for the conventional polysilfilm (poly-I) was deposited at 460C. The poly-I film was
icon film, the surface roughness increases as the doping condé phosphorous-implanted at an energy of 30 keV of a
tration of polyl decreases [7], reducing the advantage obtair@@se of5 x 10> cm?. After rapid-thermal (RT) annealed at
by the TEOS polyoxide. 950°C for 30 s in an N ambient to obtain a sheet r(_asistar}ce

Disilane polysilicon film was widely used in fabrication ofof 70 Qlch. for poly-1, the wafers were then deposited with
the low-temperature thin-film transistor (TFT) for its lower@ TEOS oxide of a thickness of 130 A at 700. The oxide
deposition temperature and larger grain [8], [9]. It was also usé@s then RT annealed in an,® ambient at 950C for 30 s.
as HSG (hemispherical grain) poly-Si films in dynamicallyOf comparison, the same oxide but RT annealed ino®
random accessible memories (DRAM's) for its wide transitiol2 @ambient at 950 C for 30 s were also prepared. A second
temperature [10]. It has a much smoother surface in the IG¥ane polysilicon (poly-Il) of a thickness of 300 nm was
doping concentration regime. However, little study was dorl@en deposited again. The poly-Il was doped by PO&Hd
on growing oxides on it, especially, on depositing TEOS oxiddiven-in at 850°C for 1 hin an N ambient to obtain a sheet
on it. This paper reports, for the first time, the results on invefgsistance of 4@cn. It was then patterned and grown a
tigation on low pressure chemical vapor deposition (LPCV[9)00 nm passivation oxide. After contact hole opening, Al film
TEOS oxide deposited on the disilane polysilicon followeWas deposited, patterned, and sintered at 35For 40 min
with RTA in N,O. It is found that the fabricated polyoxideln an N ambient to be gates and contacts of the capacitors.

In the above, also for comparison, similar capacitors but with
their poly-lI grown with silane at 620C, of a sheet resistance
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Fig. 1. AFM images of polyl surface of (a) D-THQ(b) D-TH-N>O; (c) D-T-RT-N;O; and (d) S-T-RT-NO, (e) D-T, and (f) D-T-RT-Q samples with their
poly-Il and polyoxide removed. The surface roughnessis 44 A, 31 A, 3 A, 49 A, 12 A, and 34 A, respectively.

Ill. RESULTS AND DISCUSSION

with RTO, annealing, respectively. In the above, all images
are the surface images of poly-Is of the capacitors with their

Fig. 1 shows the atomic force microscope (AFM) images @oly-II's and polyoxides removed. The roughness obtained

the poly-1 surfaces of the following samples: (a) D-TH:Ghe
O, thermal oxide grown on the disilane poly-I; (b) D-TH,®:

from the AFM measurement for each sample are D-TH-O
44 A, D-TH-N,O: 31 A, D-T-RT-N,O: 3 A, S-T-RT-N,O: 49

the N,O thermal oxide grown on the disilane poly-I; (c)A_1 D-T: 12 A, and D-T-RT-Q: 34 A, respectively. From these
D-T-RT-N,O: the TEOS oxide deposited on the disilane polyictures and data, it can be found that

with RTN,O annealing; (d) S-T-RT-ND: the TEOS oxide
deposited on the silane poly-l with RE® annealing; (e)

1) the TEOS with the RTMNO sample had the smoothest sur-
face;

D-T: the TEOS oxide deposited on the disilane poly-I; and (f) 2) the disilane samples had smoother surface than that of the

D-T-RT-Os: the TEOS oxide deposited on the disilane poly-I

silane samples;
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Fig. 2. TEM images of the (a) D-T-RT-MD and (b) S-T-RT-NO sample. The poly-I thickness is 2000 A, polyoxide thickness is 150 A.

3) the polyoxides treated in JO ambient improved the 1x10'
poly-l/oxide interface roughness.

In addition, for disilane samples, the thermally grown polyoxid
had a rougher interface than that of the TEOS oxide. This i 1x10° B
dicates that thermal oxidation enhanced interface roughne Ix10?
Also, the oxides grown or annealed in thg@®lambient had
a smoother interface than those treated in the@bient. This
was probably caused by the fact thatoxidation or annealing
provided nitrogen which passivated grain boundaries of the ¢
posited poly-I layer and reduced the grain boundary enhant
ment effect [1].

Fig. 2 shows the cross section TEM images of th
D-T-RT-N,O and S-T-RT-NO samples. These pictures
show that the D-T-RT-BO sample had a smoother interface 11048
than that of the S-T-RT-NO sample. Two samples had a simila
grain size on the poly-I film. However, it is noticed that, for the
D-T-RT-N,O sample, both its poysilicon-1l/oxide/polysilicon-I 1x10°®
interfaces had similar smoothness. In addition, from the TE *
picture of the D-T-RT-NO sample, the oxide thickness can b
estimated to be 150 A, which is the same as the value deri 0t

D-TH-02
D-T
D-T-RT-N20
S-T-RT-N20
D-TH-N20O
S-TH-N20

Jox (Alem?)

>
il
A’t'r_l’\lu_', d

i1 Y2 ¥ iy &
e

from the C'V characteristic of the sample. The dielectric o ;P B
constant of the polyoxide was 3.9. II0'E" Negative biased L '
Fig. 3 shows the (a) positive and (b) negativeF char- o~ & D02 ', W/@@,A','Z
acteristics of the six samples. The D-T-RE® sample, i.e., -9 pr /’ffv’@,"‘,m
the TEOS oxide deposited on the disilane polysilicon filr MOE- B~ paRrrNo ﬁdfﬁf‘ﬁ,m
with RTN2O annealing, had the lowest leakage current and t m’~ A~ ST-RT-N20 #’/;,, /m
highest breakdown field. This could be attributed to the muc [~ %~ pauno //“‘@s ;5
smoother poly-I of this sample. In the figure, the D-T sample _ i S-TH-N20 /;/ ;)7/ ;
i.e., the D-T-RT-NO sample without the RT ND annealing, "E 1x10° Jigr B
had a poorer characteristics than that of the D-T-RDN < - /;}’;)/A' /
sample, although it had a relatively smooth poly-l/oxid % £, z
interface. Hence, the RT annealing in® is an important S e ! o
- X . X @A
step in improving the quality of the oxide. It annealed th ok g
deposited oxide, created an additional 20 A thermal oxic et
at the poly-l/oxide interface, and introduced nitrogen int lxw NPT (o ‘ﬁ@m&h
the oxide. The latter will be addressed further next by tr B .- 4B AR (N | . l
support of SIMS data. In addition, it is seen that besides t 0.0 20 4.0 6.0 80 100 120 140
D-T-RT-N,O sample, all other samples had asymmetritak EO){(%V’cm)

characteristics. That the D-T-RT.® sample had the sym-
metrical J—E characteristics is believed due to the fact that Hig. 3. j-E characteristics of the D-TH-D D-TH-N,O, S-TH-N:O,
had a symmetrical smoothness on its both polysilicon-1l/oxid&T-RT-N:O, S-T-RT-N.O, and D-T six samples with (a) poly-Il positive
and oxide/polysilicon-I interfaces, as revealed by the previofigsed and (b) poly-Ii negative biased.
TEM pictures.

Comparing the/—FE characteristics of the D-T sample withpoly-I, i.e., D-TH-N,O and S-TH-NO, we find that the D-T
those of the thermally grown polyoxides grown on either theample, even though it had relatively smooth poly-1l/oxide and
disilane poly-1, i.e., D-TH-@ and D-TH-N, O, or on the silane oxide/poly-Il interfaces, had a higher leakage current at the low



746 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 48, NO. 4, APRIL 2001

1x10¢ T ] T T T T 4.0 T T T T T
o positive lnlA stress ! L I
1x10° Positive biased o
i D-T-RT-N2 o ~—@— D-TH-02
D-T e ¢ D-T
1x102 D-T-RT-N20 =Vs 30 ——.— D-T-RT-N20O n
.{g 1x10° D-T-RT-02 78 S | —&— S-TR-T-N20 i
S, .
3 110+l g —¥— D-TH-N20
w = 20 {=t— D-T-RT: —
< 1108 b
&
1x10% = L
S
>
1x107 &
=
80
1x10%
1x10°)=
1x10" o : l
0.0 2.0 6.0 8.0 10.0 12.0 14.0
EOX(MV/cm)
(@
1x10' g T ] T I T T
? 'l 1 l‘:I
110 Negative biased :, B
w10t b-~ X=  D-T-RT-N2 %( o —&—  D-TH-O2
-o- pT 2 B —&— DT T
1x107 o
“E-El- prrTN20 g 2 —F— D-T-RT-N20
o - - -T-}
ix16* g-- H~ D-T-RT-02 @; ,'m S oo —2&— ST-RT-N20 _|
1x10" ks i/ ] ; D-TH-N20O
P #
g 1x10 @ ¢ e
3 1x10% ke i/ ! S
©
5 ¥ p g
- 1x10” P / 2
WO &
1x10* ’@ !
:If I'Z]I
rd
1x10”? '%,’ ,a
4 l’vrtl
Ix10% g SN N | N 1
0.0 2.0 4.0 6.0 8.0 100 12.0 14.0
EOX(MV/cm)
®) 00 02 04 06 08 1.0
Charge (C/cm?)
(b)

Fig. 4. J-E characteristics of the D-T-RT-ND, D-T, D-T-N., and
D-T-RT-O; four samples with (a) poly-ll positive biased and (b) poly-II
negative biased. Fig. 5. Electron trapping characteristics of the D-TH;OD-TH-N.O,
D-T-RT-N;O, S-T-RT-N: O, D-T-RT-G;, and D-T six samples with (a) poly-II
L . . . . positive biased and (b) poly-Il negative biased.
electric field regime. It is because, the TEOS oxide, deposited

at a low temperature (70CC), had a porous structure before RT

annealing. This led a high trap density existing in the oxide, prt3 the additional thermal oxide grown during the annealing

viding conduction paths for injected electrons under the applipdocess. However, this process also enhanced the roughness

field. of the polyoxide/polysilicon-I interface, consequently, that
Fig. 4 shows the (a) positivé—F characteristics and (b) theof the polysilicon-ll/polyoxide interface. This might be the

negative/—FE characteristics of the TEOS oxide deposited oreason that the RTOsample had the worsé-£ characteristic

the disilane films with rapid thermal annealing at 980 30 than that of the as-deposited TEOS sample in the negative

s in Np, Os, and NO ambients, respectively. We can see thditias. Hence, in one word, owing to the smoothest interface

the RTN,O annealed sample had the lowest leakage curreahd an additional oxide grown during annealing, the TEOS

This can be simply explained by the fact that it had a relaxide deposited on the disilane polysilicon film with RIT®

tively smoother interface than those of other samples. The,RThEInnealing is the best way to fabricate low leakage current

sample did not have any improvement as compared with thelyoxides in our experiment.

as-deposited TEOS sample. In addition, we see that the;RTO Fig. 5 shows electron trapping characteristics of both polar-

improved the/—F characteristics of the TEOS oxide only in théties for the six samples under the 1 mA/&ronstant current

positive bias. The improvement could be due stress. The electron trapping characteristics under stress are



LEE et al: HIGH RELIABILITY POLYOXIDE FABRICATED BY USING TEOS OXIDE 747

20 BRI TRNLELARLLL S A MR L1 e Rl R 5x10
| oxide
T | Polyll | ' Polyl
10 |- : — 4x10°
4 | ] -
~ o HN T
[ 4 =2 ]
o0 g3 b4 5 ] | 3xt0
.g' : > E positive biased - |
® ] 5
§ o [ 4 H =—.—— D-TH-02 - S N count
é Lo ¢ bT Z 2x109 —ll— D-T-RT-N20
= N —M— D-T-RT-N20 L —&— S-T-RT-N20
S’
5 ; —A— S-T-RT-N20] —%— D-TH-N20
—%— D-TH-N20 tao” —@— D-THO2
2.0 - — —&L— S-TH-N20
—— S-TH-N20
—H— D-T-RT-02 4
0 x10
3000 3200 3400 3600 3800
3.0 Depth (&
0.0 0.1 1.0 19.0 100.0 1000.0 epth ()
Qbd(C/em”)
(a). Fig. 7. SIMS profiles of Nitrogen count of the D-TH>Q D-TH-N-O,

S-T-RT-N; O, D-T-RT-N; O, and S-T-RT-NO samples, respectively.
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% 1 it had asymmetric trapping characteristics, and for the positive
10— - polarity stress, it had a net hole trapping characteristic at the
beginning stage of the stress. This might be due to the more
B . nitrogen incorporation within the oxide since similar phe-
ool | nomenon were observed for the reported nitrogen-rich oxides
A ) nagetive biased prepared by BNO or NO oxidation [11], [12]. Comparing the
_.‘°~ | i positive stress electron trapping characteristics of the variously
=t T —5— DIHO? prepared oxide samples on the disilane poly-I, ta©Nreated
:;«-l.o — & 5 g —— DT - samples had smaller electron trapping rates than those of
= A 0 —5— bp-T-RT-N20 samples without the MD treatment. This indicates that N
i —A—  S-T-RT-N20| incorporation suppresses electron trapping [1]. For the negative
20 —&— D-TH-N20_ stress electron trapping characteristics, however, since they are
—f— S-TH-N20 less relevant to the interface roughness of the polyoxide/poly-I,
B —— Db-TRT-02 7] the N incorporation and the oxide intrinsic quality are the
30 L Lo il QOmina.nt. fact.ors in determining the characteristics. In the
0.01 0.10 ""(‘de « clx.#,g 100.00 w0000 Tigure, it is still seen that the D-T'-RT{(D sample had the
smallest electron trapping rate, which reflected fact that it had
®) the smoothest polysilicon-1l/oxide injecting interface and the

Fig. 6. Weibull plots o0fQsq of the D-TH-Oy, D-TH-N;O, D-T-RT-N,O best oxide quality.
ig. 6. Weibull plots ofQ,4 of the D-TH-Q;, D-TH-N,O, D-T-RT-N,O, . : -
S-T-RT-N, O, D-T-RT-Q;, and D-T six samples with (a) poly-Il positive biased Fig. 6 shows Weibull plots of,4; of our experimental

and (b) poly-Il negative biased where the oxide thickness of the D-FH-OSamples in both polarities, respectively. Also, it is seen that the
D-TH-N, O, and D-T is 130 A and 150 A of D-T-RT}, D-T-RT-C;, and  D-T-RT-N,O sample had the begd,, distributions for both
S-T-RT-N, O, respectively. .

polarities. Also, the D-T-RT-@ sample had the next better

(2,4 distributions and the D-T was the third one. That is, for
determined by a combination of factors such as the injectitige @,, distribution consideration, the TEOS deposited on
surface roughness, the intrinsic quality of the oxide, and tlagsilane film is a superior process then the thermal or the silane
nitrogen incorporation at the interface. In general, a rougher ipely-l processes. Furthermore, among all the distributions, the
jecting surface leads to a nonuniform electric field distributio)-T-RT-N,O sample had the most symmetrical distributions.
consequently, nonuniform injected electron distribution both &his is also believed to be due to the fact that the D-T-RIGN
the injection interface and in the bulk of the polyoxide, leadingad symmetrically smooth surfaces at both poly-I and poly-II
to a higher trapping rate. In the figure, for the positive stressiterfaces. In addition, the N incorporation might also con-
where the poly-l was the injecting surface, the S-T-RJGN tribute to the result.
sample had the highest trapping rate, reflecting its interfaceFig. 7 shows the SIMS nitrogen profiles of D-T-RTx@,
roughness. While the D-T-RT-O sample had the lowestS-T-RT-N,O, D-TH-O,, D-TH-N,O, and S-TH-NO samples,
trapping rate, which is consistent with the fact that it had threspectively. The profiles show that the D-T-REM samples
smoothest interface. In addition, for the D-T-RT,®l sample, had the highest nitrogen distribution among all the samples.
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microstructure difference will affect the surface energy of the
polysilicon, was also proposed. From the SIMS and XRD data,
it may be deduced that the disilane polysilicon surface may have
a lower barrier in forming Si—N bonds. In our experiment, we
also found that the resistivity of the disilane poly-I film was two
times lower than that of the silane film. It may also due to this
microstructure difference between these two polysilicon films.

In conclusion, with the smoothest interface and the highest
nitrogen incorporation, the D-T-RT-JO had the smallest elec-
tron trapping rate characteristics and also the lar@ggtdistri-

IV. CONCLUSION

In this work, the TEOS oxide deposited on the disilane

polysilicon and then RT annealed in® had been investigated
along with other oxides such as those deposited on the silane
polysilicon or directly thermally oxidized on polysilicon films.

. It was found that, due to the smoother surface of the disilane
poly-1 polysilicon and the higher nitrogen incorporation during
the RT N,O annealing process, the TEOS oxide had symmet-
rical positive and negativd—E characteristics, a much lower
electron trapping rate, and a high, than all other oxides. The
oxide is very suitable for the application as the inter-polyoxide
for EEPROM.
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