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Enhancement of Integrity of Polysilicon
Oxide by Using a Combination of
NoO Nitridation and CMP Process

Tan Fu Lei, Jiann Heng Chen, Ming Fang Wang, and Tien Sheng Chao

Abstract—This work prepares and demonstrates, for the first doped by POGI (with a sheet resistance of 50-29J). Some
time, a high-quality polysilicon oxide, by combining NO nitri-  of the Poly-Si films were polished by CMP technique [8],
dation and Chemical Mechanical Polishing (CMP) process. OUr 5| 15wed by cleaning in a scrubber and ultrasonic oscillator
results demonstrate that capacitors with this process have an . . ; o .
improved Q4 (charge-to-breakdown) due to the planar surface with NH_4OH tH0,: HQQ = 1'1_'10)_ solution to remove
and more concentrated nitrogen at the interface of polysilicon the particles and metallic contamination. Next, an additional
oxide. RCA clean process was performed. Polysilicon oxides were

then grown in two oxidants, in dilute drysCambient (N : Os
I. INTRODUCTION = 6:1), 7,x = 13.6 nm, at 900°C, and in pure NO
. L _ ambient, 7., = 13.8 nm, at 900°C. The samples having
T O obtain adequate data retention in nonvolatile MeMB: jerwent NO/O, oxidation but without CMP process are

ries, basic requirements of polysilicon oxides are oW tarred to as Non-CMP-M0/Non-CMP-G: whereas with
leakage current, high dielectric strength, and high charge-m—e CMP process, they are referred to a{s CMBICMP-

breakdown [1]-[3]. However, the integrity of polysilicon q>§id ,. Subsequently, poly-2 was deposited and doped to a
heavily depends on the surface morphology of polysﬂworgheet resistance of 25-38/0] by POC. After defining

oxide/polysilicon interface and the oxidants that were us% ly-2 to form the capacitors, all samples were thermally

for growth or post-oxidation annealing [4]-[6]. Previous inbxidized to grow a 100G-thick oxide using wet oxidation.

vestigations have attempted to improve electric pmpert,i%%ntact holes were opened, and then Al was deposited and

of ponsiIiF:on oxides grown or _post-_oxidation anr}ealed IBatterned to form contacts to the poly-2 electrodes. The
N2O ambient [4]._[6]' Incorporating hitrogen by gsmgﬂ& area of the capacitor is 6« 10~* cm?. The polysilicon

h lied d | led Chemical Mech '‘Yxide thicknesses were determined by using Keithley C-V
ave applied an adequately controfle emical Mechanieah asurement. Finally, electrical characteristics and constant

Polishing_ (CMP) process to improve the surface morpholo%yarrem stress were performed using a HP4156 semiconductor
of polysilicon [7], [8]. The planar surface morphology, afte

the CMP process, has been shown to result in an imprmﬁ%%rameter analyzer.
integrity of polysilicon oxide.
This work demonstrates, for the first time, growth of
the polysilicon oxide combining M nitridation and CMP IIl. RESULTS AND DISCUSSION
process. According to our results, a higher and moreThe surface morphology images of polysilcon-
concentrated nitrogen profile is found at the polysilicooxide/polysilicon interface before and after oxidation
oxide interface. In addition, the surface morphology and theere investigated by AFM (atomic force microscope) and
charge-to-breakdown are also significantly improved. depicted in Fig. 1(a)—(e). To reveal the real surface of the
lower polysilicon layers, dilute HF solution was used to strip
the oxides after the thermal oxidation. The original surface
without CMP before oxidation was shown in Fig. 1(a).
Samples were fabricated on p-type (100) silicon wafefsor the Non-CMP polysilicon after oxidation, rougher and
which were oxidized to grow 2008 silicon dioxide films. nonuniform interfaces were observed and shown in Fig. 1(b)
A 3000 A PO'y-SI film, PO'y-l, was deposited at 62C and and (d) for Non-CMP-@ and Non-CMP-NO Samp|es,
respectively. According to these figures, the roughness,
Manuscript received September 24, 1998; revised January 20, 1999. Tt@®t-mean-squareft,, after oxidation in dilute @ ambient
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Fig. 1. Surface image measured by AFM for (a) without CMP before oxidation (b) Non-CMRepPCMP-G;, (d) Non-CMP-NO, (e) CMP-NO.

Fig. 2 displays the SIMS depth profiles of nitrogen for
these four samples. It indicates that nitrogen was indeed
incorporated into the polysilicon oxides after oxidation
in N>O ambient. Moreover, the nitrogen profile of the
CMP-N;O sample exhibits the narrowest and largest peak
distribution among these four samples. It is suggested that
during the high-temperature thermal oxidation, the oxidant
may diffuse deeper through the grain boundary in the
rougher (or nonuniform) surface and has broader and lower
nitrogen distribution.

Fig. 3(a) and (b) present the charge-to-breakdown (Qbd)
characteristics of these four samples undd0 mA (+V,)
and—10 mA (—V,) gate injection. According to Fig. 3(a), the
Non-CMP-N,O under+V,, gate injection was only slightly

better than that of the ODsample while nearly the samerig.
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Fig. 3. (a) Charge-to-breakdown of polysilicon oxide for sample
Non-CMP-N,O and Non-CMP-@. (b) Charge-to-breakdown of polysilicon
oxide for samples CMP-ND and CMP-Q.

using CMP process, th@,, of oxide grown in NO ambient,
both under+V, and —V, gate injections, were markedly
higher than those of © samples, as shown in Fig. 3(b).
Also, this figure obviously reveals that th@,, of CMP-
N, O/CMP-0; samples unde#-V, injection was significantly

improved over the corresponding samples shown in Fig. 3(a)
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due to the planar surface morphology and reduced interface
roughness. Hence, the above results, indicate that adding
an adequately controlled CMP process not only improved
the surface roughness of the Poly-1 but also increased the
concentration of the incorporated nitrogen in ambient.

We believe that although incorporating nitrogen can improve
the Q4 Of oxide, the rough surface reduces this effect for the
Non-CMP samples under bothV, and —V; gate injection.

By adding the CMP process, the “bumps” on the Poly-
1 surface [1] are removed and a smooth surface can be
obtained. Moreover, this planar surface increases the con-
centration of the incorporated nitrogen at the interface in
N>O ambient. Consequently, combining® nitridation and
CMP process allows us to achieve an optimized polysilicon
oxide.

IV. CONCLUSIONS

This work demonstrates, for the first time, that the integrity
of the polysilicon oxide can be improved by using a com-
bination of N,O nitridation and CMP process. The surface
of polysilicon becomes smoother by using the CMP process,
resulting in a concentrated and increased nitrogen profile at
the interface after NO nitridation.
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