IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 48, NO. 6, JUNE 2001 1275

Briefs

A Trap Generation Closed-Form Statistical Model for 20 ‘ ‘
Intrinsic Oxide Breakdown Trap Radius
° 045
Huan-Tsung Huang, Ming-Jer Chen, Chi-Wen Su, Jyh-Huei Chen, 15. o 0.5:1;n MC i
Chin-Shan Hou, and Mong-Song Liang D 0.55mm | Gimulatio

5 (0.6nm
E oL ° 0.65nm ]

Abstract—A trap generation statistical model with the trap sphere ra- — (2)

dius » as parameter has been newly formulated in closed-form for intrinsic

breakdown of ultrathin oxides and, by incorporating the trap filling frac-

tion p as the secondary parameter, can be practically useful in a manufac- 5
turing process. Experimental reproduction for different oxide thicknesses
and areas has been achieved through the model. A certain criterion has
readily been drawn from the model, with which the ultimate thickness limit ‘ ]
for breakdown can be set. 0 5 10 15 20 25

|. INTRODUCTION (tox

The oxide wearout can essentially be regarded as a process of thi
neutral electron trap generation during high field stressing, eventually

leading to a breakdown event. Thus, the intrinsic oxide breakdown can 20X1020 ‘ ‘

be defined at the critical density of neutral electron traps via which a x10 % 12
conductive path is formed from one interface to the other. To get the e o™ Trap Radius {10 _O)
critical electron trap density as well as its statistics, Degratad [1] 15[ |2 0550m 8

= (0.6 nm

have introduced a Monte Carlo (MC) percolation simulation experi-
ment in which these traps randomly generated are treated sphere-lik
with a radiusr. Percolation simulation, in combination of the trap
filling fraction p such as to set up a linkage to another experiment of
hot-electron filling the generated traps [1], has created the remarkable
ability of consistently reproducing the thickness and area dependen-
cies [1]. The similar MC percolation simulation but treating the traps
lattice-like has further been proposed by DiMaria and Stathis [2], from
which a phenomenon of the ultimate thickness limit for breakdown has
been satisfactorily explained.

The goal of our paper is to present a model in such a way to advance [(t _2.5)/1.]1/3 r-2
the work of [1] and [2]: the three physically-based controlling factors ()¢
constitute explicitly model formulation. The potential of the resultant (b)
model in experimental reproduction as well as prediction of ultimate
thickness limit will be highlighted. Fig. 1. (a) Extractedn versustox — 2t/r. Also plotted is the line from (2).

(b) ExtractedC,, versustox — 2.5/7]*/% - r—2. Detailed comparison of MC
percolation simulation and the deduced model on the modal vajueersus
Il. PERCOLATION SIMULATION AND NEW MODEL tox — 2t for different trap radii is shown in the inset. Also plotted is the line

A three-dimensional MC percolation simulation program [3] usinggrrg (3). The ultimate oxide thickness limit can be derived by sethgto

the breakdown algorithm described in [1] has been thoroughly per-

formed for different combinations of the oxide thicknéss, the oxide

area A, and the electron trap sphere radiuBhe practica| oxide thick- The simulated critical neutral electron trap dengﬂy distributions
ness for simulation it;x — 2t wheret (:[)5 nm throughout the Work) [3] for the cumulative percentage of intrinsic breakdown dendted
features the transition layer in both interfaces of oxide, where the chefah be adequately expressed by

ical composition is not of stoichiometry and the bonds are strained. Foel— exp|— NeN™ (A 1)
Such a defect-rich region is thus conductive in nature and its thickness ' ’ Co Ao )|
depends significantly on the processes used. Here, the slope: is a measure of the spread of the distribution and the

(Y is the modal value fod = Ay The extractedr andC, were found

to be independent of the area [4], as expected by Poisson area scalin
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for breakdown tends to saturate, a phenomenon discovered earlier [2].

2 Oxi]de Thickness Th_us, the criterioi’y = 0 can _setthe limitof 2.53 nmfor= 0.45 nm,
1 4 quite close to 2.7 nm in citation [2].
" 5nm For a series of oxides subjected to high-field stress and then followed
or ¢ 7nm | Exp. E by hot-electron filling scheme, a systematic analysis [1] produced a
ab 4 12nm E power law relation between the occupied trap denaify,, and the
—® hole fluencel,: ANy = - Q%° with 3 = 3.3 x 10° cm™"*. Ny,

. the generated trap density, can be relatefd 4, by AN, = p- Nr.

By further incorporating the anode hole injection model [8] and letting
the charge-to-breakdowsp = @;,/«, whereQ;, is the hole fluence

] at the onset of breakdown andis quantum yield, we get an explicit
statistical model with- andp as fitting parameters

In[—In(l-F)l=m {().6 “In(a-@Qpp) + ln <p ./300 )}

3L

In(-In(1-F))

5L

6 L
10 A
Q + In <Ao) . (4)

BD (a) Bothr andp are essentially dependent on the manufacturing processes,
and can be extracted based@gp statistical data. Evidently, the in-
trinsic Weibull slope depends upon onlyfor a fixed¢ox according
to (2) and (4); and the role gf is to adjust the shift of the distribution

2 * ' lines.

. [ Oxide Area

I1l. EXPERIMENT AND COMPARISONS
® 6.25x10% cm®
oF Exp.

o~ © 1.0x10™ cm? In our work, a variety of capacitors having different oxide thick-
B 1 —@ ] nesses and areas were fabricated in a @@5€EMOS process. Also

- fabricated on chip were the NMOSFETS for measuring the hole gener-
E/ 2t ] ation coefficient by means of a carrier separation technique. Our test
- st 3 samples were dry oxygen grown as in [1]. The stress current was 0.4
\a/ Alcm?. Fig. 2 plots the corresponding measured TDDB data in terms of
— 4l : the charge-to-breakdow@sp distributions, showing that the Weibull

5 x> om 7 nm slope decreases with decreasing oxide thickness. With the kabwn

andtox and the measured into (4), a fitting to experimental data
% K was performed to extractandp. The measured were4.8 x 107,
10" 100 9.6 x 107*, and8 x 107, leading top of 6%, 5.5%, and 5.9%, and
-2 r of 0.42, 0.45, and 0.42 nm for oxide thicknesses of 5, 7, and 12 nm,
QBD (Cm ) respectively. This indicates that, relative to a large change in measured
(b) « for differenttox, the extracted andp values are only slightly dif-
ferent. They are also quite reasonable when compariag0.45 nm

i ] ) ) ] andp = 3% in [1] as well as the capture cross sectigenr?) of
Fig. 2. Reproduction of the experimentakp in Weibull scale for (a) three 10715 ~ 107 cnt in [9]. Thus, the intrinsic breakdown portion can

different oxide thicknesses with = 6.25 x 10—* cm? and (b) two distinct . - . .
thicknesses each with different areas. The trap radiasd the trap filing P€ located as fitted in Fig. 2(a). Note that as oxide thickness decreases,

fractionp were 0.42 nm and 6%, 0.45 nm and 5.5%, and 0.42 nm and 5.9%decreases or equivalently the amount of generated traps decreases
for oxide thicknesses of 5, 7, and 12 nm, respectively. for a given electron fluence; however, the critical trap density for per-
colation path decreases more dramatically, and, as a réauilt,de-

. . . creases. Another evidence is presented in terms of the area effect as
qu_,latlons (2) and (3) hold fo_r any arﬂawlth Ao = 900 nnv* as ex- illustrated in Fig. 2(b) for two distinct thicknesses, where the proposed
plained abov_eé A,lthOUQh emplrlcally derived, factors |Gk§x _Qf)/rj model again reproduces experiment well using the same parameters in
2.5nm, and ", in formulating (2) and (3) do have physical meaningsri, 5(a) A significant deviation at oy, is found with larger area

For example, the first factor is directly related to the possible minimu ftox = 5 nm. Since statistically the Weibull slopes of the intrinsic
trap number(=(tox — 2t)/2r) [6]; the second factor is close to the gistributions have to be unchanged for different areas (i.e., Poisson area

ulimate thickness _Iimit O_f _2'7 nm [2]; and the third f_actor is diremlyscaling [5]), this deviation can be reasonably attributed to “local oxide
related to the possible minimum area of the conductive path (or equfMinning" induced extrinsic breakdown [10]

alently cell area in Sune’s model [7]) such as to match the trap with
sphere radiug. In other words, the smaller the trap radius, the more
traps required to form the conducting path and thus more chances for
the traps to be overlapped (in the vertical direction, relativeto— 2t) The presented model comprising physically-based controlling fac-
and spreading (in the horizontal direction, relativertd). The created tors has adequately reproduced percolation simulation results and thus
model has successfully reproduced all the simulé¥eddistributions can find promising applications of offering flexibility in real manufac-

for different combinations ofox, 4, andr [4]. It is interesting to no- turing processes. Experimental intrinsic breakdown statistics regarding
tice the presence of the ultimate thickness limitin the inset of Fig. 1(kdjiickness and area effects has been properly reproduced. The ultimate
that is, for thickness below this limit, the critical neutral trap densitthickness limit for breakdown has also been set based on the model.

IV. CONCLUSION
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Impact of N2O Activation Treatment on Junction
Characteristics of pt /n Junctions Formed by a Solid
Diffusion Source
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Abstract—P1 /N junctions formed by a solid-boron-source under dif-
ferent activation ambient gases have been investigated. It was found that

Boron Enncemratinntamms!{:mﬁ}

the junction depth strongly depends on the activation ambient gas and the E . .
corresponding flow rate. Especially in the N O ambient, the diffusion of E P o5 o+ 3
boron is enormously enhanced. Futhermore, the thermal stability of CoSi I — i i L .
is profoundly improved by the N,O treatment during activation. |- | | 1
]
Index Terms—Activation, junction, solid-diffusion-source. 0 : ' 5 :
i 0. 03 =] i 0.5
. INTRODUCTION Depth{um)

Shallow junction is needed to suppress short-channel effects for file of ) L . i hei
CMOS technologies. Meanwhile, CMOS circuits are susceptible F#J 2. SIMS profile of boron in S06. in-situ-doped SiGe-epilayer. The inset
shows the boron profiles in 508 Si-epilayer.
latch-up because of the presence of a four-layer p-n-p-n structure.

Several methods have been proposed to minimize the risks of latch-up
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