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Plasma Damage Immunity of Thin Gate Oxide
Grown on Very Lightly N© Implanted Silicon

K. P. Cheung, D. Misra, J. I. Colonell, C. T. Liu, Y. Ma, C. P. Chang, W. Y. C. Lai, R. Liu, and C. S. Pai

Abstract—Plasma damage immunity of gate oxide grown on

very low dose ¢ x 10"*/cm?) N* implanted silicon is found to be -8.032 -7.735
improved comparing to regular gate oxide of similar thickness. IETS: refers to the
Both hole trapping and electron trapping are suppressed by -8.037 \ & slope of these lines | : -7-74
the incorporation of nitrogen into the gate oxide. Hole trapping | ~ # _
behavior was determined from the relationship between initial & -8.042 ’: 7.745) 2
electron trapping slope (IETS) and threshold voltage shifts due &, | &
to current stress. This method is believed to be far more reliable S 8047 10 - 775 8
than the typical method of initial gate voltage lowering during § 2 sl N §;
current stress. L g|8052  my 6 7785 Ty
= 20 &
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[. INTRODUCTION z 2
. . . -8.062 Y . -7.765
ERY THIN GATE oxides are required for continue 0 ] 5 3 4
device scaling into the deep submicron regime. The Stress Time (seconds)

reliability of these very thin gate oxides is naturally a very im-
portant concern. One of the stress modes that do not scale \fith sl) \é'T _ththe?N%) 400 Q“Ag” i%ﬂsst;‘”;zcmin.t stress :’f °Xtidehs with

. . . : . and withou OW 00SEZ2 X C Implant. Insert snows
the OXId_e thl(_:kness _IS plasma_Chargmg_ damage. Im_provmg average initial electron-trapping slope (IETS) of 42 devices for each type
gate oxide’s immunity to plasma-charging damage is therefajeoxide.
a high priority issue. There has been much work centering on
the effect of incorporated nitrogen in improving gate oxide . . .
reliability [1]. A recently introduced method of incorporating J\fcj-ghatr;]r}el ttre:jns,ls:lt_?]rs vr\:ltlhd antlttann; ratio d?‘?n 1 wc(ajre
nitrogen into the gate oxide is to implanttNinto the substrate use 'g |sbsfu y.t reshold voltag ?f) an ransct?]n uc;
before gate oxide growth [2]. In this paper, we like to repo c&(Grm) before stress were very uniform across the wafer.

a study of plasma damage immunity improvement using thi ch transistor was subjected to a 400 mA/a@uonstant cur-

method of nitrogen incorporation. In order to see how sensiti\r/gnt stress for 4.5 s using gate injection mode. Initial electron

is the improvement on Nimplant, we concentrate our presen{ralolomg slopes (IETS) [3] were extracted from the voltage
report on very light dose of x 1(’)13/Cmg case only. At this curve during stress. Post stress transistor measurements were

dose level, the gate oxide growth rate was not affected (Witha‘?ne at fixed delay of 10 §; andG,, shifts (AV; and AG,,,)

the 3% measurement uncertainty) by the nitrogen [2] and th 'éle to ?tresstr\]/v er(:ctobtatlned frolm Subtracting the before stress
allows a very close comparison study. values from the after stress values.

Il. EXPERIMENTAL Ill. RESULTS AND DISCUSSION

Wafers were processed to metal 1 using a 8CMOS  Fig. 1 shows the typical voltage curves for the two types
technology. The N split was accomplished by introducingof oxide. Both are dominated by hole trapping at first (gate
an additional blanket implant step. Otherwise, the contrgpltage(V,) become less negative) and then electron trapping
(thermal oxide) and split (N oxide) are exactly the sametakes over (hole trapping saturated). The noise in the curves
and processed together through out. Gate oxide thickness Jpague to instrument (HP4145A). The electron trapping rate
52 A for both types as measured by multi-angle ellipsometfyETS—slope of the dotted lines in Fig. 1) is clearly lower
and TEM. NF was implanted through a 208sacrificial oxide in the Nt oxide, which implies lower electron trap density.
using 25 keV energy. The sacrificial oxide was removed befof&€e small difference iri/; is an indication of the N oxide
gate oxide was grown (dryat 800°C, 25 min). Wafers were is actually thinner than nonimplanted oxide by about 3% (
anneal in forming gas (400 C, 30 mm) before measuremen-[s very sensitive to oxide thickness). The average IETS of 42

. . . devices is shown in the insert. These wafers were processed in
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rapidly at first and then turn around when the voltage change

0.08 due to hole trapping is larger than due to capacitance charging.
0.07 -~ " . Most measurements (including this one) are unable to resolve
s 0.06 = TR . Y this part of the curve. Clearly, the first point in the voltage
S 005 " v :-‘:'3\: . curve is not the real starting, at all. Even with better time
£ 0.04 .o LR resolution, the early behavior of the€, curve would depend
é 0.03 | 4 ot ., - on the_ capacitance of the system, the rate of hole trapping and
S YL «No the oxide thickness. The measurggdlowering that commonly
0.02 | ,27% Ly interpreted as hole trapping level thus is completely arbitrary.
0.01 : - TeS The degree of uncertainty is less but not eliminated when using
6 8 10 12 the same measurement system to do qualitative comparison

IETS@400mA/cm2 (mV/sec)

between different material types.
Fleetwoodet al. [7] used a thermally stimulated-current

Fig. 2. AV;/V; due to current stress as a function IETS for both with (YES(TSC) method to measure trapped holes and found that hole

and without (NO) N implanted samplesAV; /V; for YES devices does not

follow the same trend as NO devices.

trapping depends strongly on the way nitrogen is introduced
into the gate oxide. When done properly, nitrided oxide can
have lower hole trapping level than thermal oxide. Our result
agrees with their finding indicating thatNmplant into silicon

025 » before gate oxide growth is a good way to introduce nitrogen
g 0.23 . el into the gate oxide.
o . ,,/' Unlike AV,/V,, the AG,,/G,, behavior (Fig. 3) for both
£ 0.21 "u P types of oxide follows the same trend as reported previously
2 019 NLT -2 o - " [3], increases with IETS. Th&\G,,,/G,, for N* oxide is,
s s, AAA;/,A" '._.' g as expected, lower than normal oxide after the same stress.
9,0 17 0, *A;‘:“Af 4 - « No As discussed in [3], IETS is completely insensitive to the
LA 4 s Yes trap states at the SiI5i interface. Yet, IETS is linearly
0.15 proportional theAG,,, /G, a quantity that is most sensitive to
4 6 8 10 12 interface state density. Note that the forming gas anneal should

IETS@400mA/cm2 (mV/sec) passivate the interface states before stressing, and should
normally wipe out the memory of damage. However, interface
States generated by plasma damage may behave differently.
It has been observed that damage induced interface states
reappear more readily upon further stress [8]. If our observed
AG,,/Gy, is indeed dominated by damage-related interface
Fig. 2 plots theAV;/V; versus IETS. For the devices withstates, then these damage-related interface states must linearly
normal oxide, AV;/V; is linearly related to IETS with a proportional to the damage generated bulk electron traps. From
negative slope as expected [3]. For a given oxide, hole trappithg detrapping kinetic study [9], we, however, tend to believe
depends only on the level of current stress while electrdinat our observed\G,,,/G,,, change is due to near interface
trapping increases with damage. The net amount of positigkectron traps. The suppress@d, degradation thus serves as
charge (hencé\V;/V}) in the oxide therefore decreases witfanother evidence that electron trap generation thaXide is
damage [3]. Note that once the IETS is fixed, the amount sfippressed.
trapped electrons is also fixed. If the"Nxide’s hole trapping  In conclusion, we found that even a very low dose of N
behavior is similar to normal oxide, they should follow thémplant before gate oxide growth can improve gate oxide's
same trend. As can be seen from Fig. 2, devices with Nesistance to plasma-charging damage. We found that both
oxide have a low IETS and a lowV;/V; at the same time electron trapping and hole trapping are suppressed effectively.
indicating a lower than expected density of trapped holes.
Most hole trapping studies rely on determining the amount
of V, lowering at the initial stage of the gate voltage curve.
Arakawaet al.[4] found increasing nitrogen content in the gate
oxide increases hole trapping. Yoen al. found higher hole
trapping in NO oxide than pure oxide during current stresst?!
[5]. Crook et al. [6], on the other hand, found no difference
between NO oxide and pure oxide. We believe our result is [
more reliable for the _foIIowing reason. . [3] ElgP %theeur?g’nlg. r\};l.\/?lﬂ‘}l’;ﬂ:)r&o& rln%nitor gate-oxide reliability degra-
All the above studies suffered from the fact that starting = dation,” in Tech. Dig., VLSI Technol. Sym995, p. 83.
V, cannot be determined experimentally. The problem can bé! T. Arakawa, T. Hayashi, M. Ohno, R. Matsumoto, A. Uchiyama, and
. . . h . H. Fukuda, “Relationship between nitrogen profile and reliability of
summarized as follow: The first step in current stress is to

; X heavily oxynitrided tunnel oxide films for flash electrically erasable and
charge up the capacitance of the system. Fheshould rise programmable ROM's,Jpn. J. Appl. Physvol. 34, p. 1007, 1995.

Fig. 3. AG /G due to current stress as a function of IETS for both wit
(YES) and without (NO) N implanted substrates. Th®G ,, /G, value for
both oxides merge into the same trend.
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