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Abstract—n this letter, a method to grow high quality inter- Al film 5000 &
polysilicon-oxynitride (interpoly-oxynitride) film is proposed.
Samples, nitridized by NH; with additional N O annealing and
CVD TEOS deposited on poly-oxynitride (poly-1) with RTA N,O
oxidation, show excellent electrical properties in terms of very

high electric breakdown field, low leakage current, high charge to Poly-Si-If 3000 A RTAN, orN,O
breakdown, and low electron trapping rate. This novel film is a 1 ‘TFTOS65A
good candidate for an interpoly dielectric of future high density Nitridation (RTA N,0)

EEPROM and flash memory devices. Poly-Si-I 3000 A

Index Terms—N>O, NHs, nitridation, oxidation, oxynitride,
RTA.

I. INTRODUCTION P-type (100)

HE SCALING down of interpoly dielectrics is critical for
next generation nonvolatile memories with a small ce!
size and IOW. programmlng volta_ge. For .EEPROM and ﬂaﬁg . 1. Cross-sectional view of interpolysilicon-oxynitride film nitridized by
memory devices, the inter-polysilicon oxide demands a hig{{, and TEOS.
breakdown field and low leakage current to obtain good data
retention characteristics. Recentlyg(ﬂl grown pOlyOXide film by n|tr|d|z|ng the polysilicon film (p0|y_|) in Nl—é with an
show excellent electrical properties due to its incorporation gfiditional NO treatment, then a CVD TEOS is deposited
nitrogen at the polyoxide/poly-I interface [1]. However, then poly-oxynitride and applied with M0 RTA. Excellent

nonuniform polyoxide film and rough surface morphology ojectrical and reliability characteristics are found for this
polysilicon/polyoxide interface in inter-polysilicon oxide causgnterpoly-oxynitride film.

a lower dielectric breakdown field and higher leakage current.

It is previously reported using a CVD TEOS oxide deposited II. EXPERIMENTAL
on the phosphoruin-situ doped polysilicon and N0 RTA
improves the electrical quality of polyoxide due to smoother

interface morphology and incorporation of nitrogen into th

polyoxide [2]. In addition, the CMP process achieves a plan&P" substrate. The poly-Si-I film of 3000 A thickness was de-

surface polysilicon film for polyoxide with a higher electronDOSited on an oxide in low pressure chemicacl)l vapor dePOSi“O”
barrier height and lower electron trapping rate [3]. ThereforQTPCVD) system and d_op_e_d with POCAL 900°C fqr 30 min,
ch resulted in a resistivity of 30 to 40/1. A SizNy film

how to reduce the roughness of polysilicon/polyoxide interfa(‘.‘léhi

and the density of interface defects in the polyoxide beconi&S first.g_rgw_n by ';th(ﬂOWI rate isl 105 scem, pressure is 500
very important topic. However, the $i./polysilicon interface mtoror) nf't” atr;on ICI) the FIJO y-Si-l layer |n.LP?VD sys][em'at
is not yet as good as the Sifpolysilicon interface and the 800°C for 2 h. All samples were immediately annealed in a

density of interface defects is also relatively high. An addition2© rapid thermal arr:neallng_ (RTA) tlreat_rgerln at 8for ,%\0
N->O treatment can reduce this interface state and bulk tra NO_tr%atmerr:t). TI en,_ ark; Inter-po {IO)I(' ehaye_lr_ of 65 A was
densities [4], [5]. In this paper, an interpoly-oxynitride is growfi€Posited on the poly-Si-I by tetra-ethyl-ortho-silicate (TEOS)
in LPCVD. These samples were rapid annealed in the rapid
thermal reactor (950C, 30 s, in N or NoO ambient). Sub-
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Samples were fabricated on 4-in p-type (100)-oriented silicon
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Fig. 2. TheJ-E characteristics of NEtnitridation poly-Si-1 film without NO treatment then deposited TEOS with RTAMNanneal (control sample), and films
with NO treatment then deposited TEOS with RTA b N. O anneal, with (a) positive bias and (b) negative bias applied to the top gate.

pacitance—voltageQ-V). The electrical properties and relia- "™ o T
bility characteristics of MOS capacitors were measured by usir
the Hewlett—Packard (HP) 4156B semiconductor parameter ¢
alyzer.
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Ill. RESULTS AND DISCUSSION
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Fig. 2(a) shows positivd—FE characteristics of Ngtnitrida-
tion poly-Si-I film for control sample (without NO treatment)
or with NO treatment, and then deposited TEOS with RTAN *{
or NoO annealed at 959C for 30 s. It is found that the sample
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with N-O oxidation after NH-nitridation poly-Si-I film with 0010 10 0 1 e Mo e e e 10 1
NO treatment shows the highest electric breakdown field amor Charge to Breakdown (Clem’) Charge to Breakdown (Clent’)
these samples. This leakage current density for capacitors w (a) (b)

NO treatment is lower than that of control sample. This result
can be attributed to the smoother surface of polysilicon filnfdg: 3. Weibull plots of charge-to-breakdowri{,) of control sample,
S . and samples of Nktnitridation poly-Si-I layer with NO treatment and then
(AFM not shown, the roughness of NHhitridation poly-Si-I deposited TEOS with RTA Nor N, O annealed at 950C. with (a) positive
without NO and with NO treatment are 4.72 nm and 3.98 nm, reias and (b) negative bias applied to the top gate.
spectively). In addition, the effective barrier height of the control
sampleis 2.25 eV and sample with® oxidation after NH-ni- hand, nitrogen atoms are piled-up at the polyoxide/poly-Si-I
tridation poly-Si-I film with NO treatment has an effective barinterface and form a nitrogen-rich layer. Therefore, strained
rier height of 3.08 eV. However, from Fig. 2(b), capacitors witl$i—O bonds are replaced with un-strained Si—N bonds and bring
TEOS deposited and JO oxidation after NO treatment alsoabout a stronger interface. The charge trapping characteristics
exhibit a higher electric breakdown field in the negati¥eE of deposited TEOS oxide with and without NO treatment
curves than the control sample. was investigated. Fig. 4 depicts the curves of gate voltage
Fig. 3(a) and (b) demonstrate Weibull plots of charge tshift versus stress time of the interpoly-oxynitride for both
breakdown ;4) of capacitors for control sample, TEOS destress types of the control sample and deposited TEOS oxide
posited samples under constant current stresslomA/cm?, under a constant1 mA/cn? current stressing, and deposited
and deposited TEOS with Nannealed or DO oxidation TEOS oxide with N or N,O treatment under a constaht 00
under constant current stressi00 mA/cny. The deposited mA/cn? current stressing. All increase in the gate voltage
TEOS with NO oxidation after NO treatment has a largeis examined to be due to electron trapping. In spite of a 100
Weibull distribution than control sample for both polaritiestimes larger stressing current, the NO treatment with RHON
This can be explained by the relative difference of roughnessgidation of oxynitride shows a much small electron trapping
between the bottom and top polyoxide/poly-Si interface. Thate than control sample for both polarities. Moreover, the
rough interface enhances the localized electric field resulticgpacitor with NO treatment and RTA;® oxidation exhibits
in a higher leakage current and a lon@g,. On the other a significantly lower electron trapping rate when electrons are
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IV. CONCLUSION

In this paper, we reported a very promising method to obtain
a thin interpoly-oxynitride film by NH-nitridation and with a
N2O RTA treatment. This interpoly-oxynitride film exhibits ex-
cellent reliability properties in terms of high electric breakdown
field and barrier height, low leakage currents and low trapping
rate. This novel dielectric film appears to be very promising for
future EEPROM and flash memory devices.
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