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GENERATION AND CONFEqM[ENT OF MOBELE CHARGES IN BURIED OXEDE OF SOI
SUBSTRATES

O.Gruber, S.Krawiec, O.Musseau. Ph. Paillet, A.Courtot-Descharles
CEA -DAM/DIF, France

Abstract: investigate the possible precursor defects in the
oxide.

We analyze the mechanisms of generation and
confinment of mobile protons resulting from H GENERATION AND CONFINMENT OF
hydrogen annealing of SOI buried oxides. MOBUX CHARGES
Experimental data and atomic scale modeling
emphasize the importance of Si-SiO2 interface. A Experimental conditions

I INTRODUCTION The top silicon film of Unibondd) wafers is
patterned and etched to create islands W m2)

Recent experiments have demonstrated that which can be probed either as capacitors or as
thermal annealing of buried oxides of SOI pseudo-MOS (TMOS) transistors 6 The
technologies in an hydrogen atmosphere leads to devices are annealed at tperature between
the generation of a mobile charge in the oxide I- 4001C and 650'C in a RTA fimiace in a forming
3]. gas atmosphere. Figure I show a typical I(V)
Standard microelectronic processes use forming curve of the MOS structure before and after
gas (N2 95 - 2 5%) anneal to passivate annealing. One can notice both a permanent shift
dangling bonds at the Si-SiO2 interface of the of the characteristic (measured as a threshold
gate of MOS transistors 4 Due to aluminum voltage shift Vt = tO-VtH) due to fixed
metallization this post-metal anneal is always positive charges and a switchable shift due to
performed below 450'C. mobile charges (measured by a voltage hysteresis
In fact the previously reported effect in SOI AVH = VtH-VtL). One can see that the relative
materials has been observed at temperatures amplitude of both charges is on the same order of
above 500'C. In these experimental conditions magnitude.
one can observe both a fixed and a mobile S., Pre anmal
positive charge in the oxide. The positive charge . ---e- pre4ges W

has been identified as protons, which can move - - PmAgn +40v

from one Si-SiO2 interface to the other under an 4. Peamnest
applied electric field [5]. It has been also
demonstrated that the mobile charge is confined WA 3-.
in the oxide layer of the Si-capped structure (i.e. 2- Vol
Si-SiO2-Si structure of SOI substrates).
Depending on its location (top or bottom

01interface) the mobile charge induces a depletion
or an accumulation of the top silicon film. This 40 40 4k1 40 20 4'0 6 1 20
phenomenon has been proposed to design a new Vs M 0
type of single transistor non-volatile memory [I].

0 X=
E a

In this paper we first discuss the mechanisms of Figure I IV) characteristics of MOS transisto-
generation and confinment of mobile charges in before and after annealing.
the buried oxide. In a second step we present the
behavior of these devices under iadiation, and B Fixed vs mobile chUge
discuss the effects of poling (bias during
irradiation) which results in a pinning of the As both the fixed F) and the mobile charge
mobile charge at the bottom Si-SiO2 interface. (QM) result from H+ interaction with the Si-
The discussion introduces a comparison between SiO2 interface, it is of major concer to
radiation effects and hydrogen annealing, and
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determine the relationship between the fixed and through the oxide. From the experimental data
the mobile charge. Figure 2 presents the we determine an effective diffusivity DH+ = 33
correlation between QM and QF determined 10-6 CM2/s at 5501C.
from a large set of experimental data. This The difference with values from the litterature
cunies show two regimes (DH+ = 23 -5 c2/s given in [8]) may be due

- For low values of the fixed threshold to the (< trapping )> and (< confiriment )) processes,
voltage shift, QM is proportional to the fixed not taken into account in diffusion in bulk SiO2.
charge QF.

- As the threshold voltage shift goes On figure 3A, one can notice that a larger
above 10 V, we observe an excess of mobile concentration of mobile charges is observed
charges, with the approximate relation close to the edges of the device. As both

1.5 omobile)� and ((fixed>> protons have the same
QA,.( OC QF

diffusivity (their final behavior is only
determined by the site)) they will reach), the
difference in concentration of both species is
related to the nature of the Si-SiO2 interface at
the edge of the device.

a Q.

0 These results are in agreement with 7 (which
used a more complex experimental method),

10 with a less pronounced variation of the mobile

charge between the edges and the center of the
sample.

Q. a Q.,
4.6

4

10 1QD A
FcKed charges [Defta V V]

Figure 2 Correlation between the mobile QM 0 4.2

and the fixed charge QF

.U 
C Lateral homogeneity of fixed and mobile
charges 7

3.8 Alt-+ j j

00 0.4 0.8 12 1 
Due to the MOS structure we have been able to
probe the distribution of both fixed and mobile 65 B

charge across the device width. Figure 3 presents JS
the variation of the mobile charge (3B) and the 60

variation of the ratio Q/QF (3A) as a function of 6L
the distance from the edge of the silicon island. L

50
LOn figure 313 we compare the actual distribution

45
with a diffusion model. The Fick's laws are 0.0 04 0.8 1.2 16 2

solved in a one-dimension approximation of the Datance [MM]

ox'de, assuming a constant concentration of the Figure 3 Distribution of mobile charge across the
diffusing species at both edge (surface) of the device width. A) Ratio Q/QF. 13) Comparison with a
ox],'de. The net profile of the diff-using species is diff-usion law (erfc fit).
then given by the summ of two erfc functions (as H2 Silicon island
the diffusion is symmetrical from both sides of
the sample).
The experimental data are in fair agreement with Buried oxide
the simplified model for the diffusion of H Cs

Silicon substrate
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asymmetry is mostly due to te ature of ib S-
Figur 4 Schematic iterpretation of mobile charge SiO2 interface, with a possible influence of the
generation in the oxide. strains 7].

Figure 4 smmarizes the mhanisms for the U.
generation of charges in the oxide during E4
hydrogen annealing. The Outcorning H2
molecules react with cracking sites (CS, located 4"

at the iO2-Si interface, according to 9]), and
the liberated protons (H+) then diffuse in the Si

El S4
oxide. Si
The comparison of the experimental data with
the diffusivity of molecular hydrogen in SiO2, 0 10 M M -M M M

DH2 94 17 CM2/s [8] smaller than the m" 0-0
diffusivity of H+, supports this interpretation of a Figure 5 Evolution of the voltage hysteresis under
two steps mechanism controlled by diffusion of total dose irradiation.

H+. B Pinning of the mobile 9-ha-Me-

III INFLUENCE OF CUMULATED DOSE As the mobile charge disappears one can
question if it is trapping (i.e. stable, with a

A Influence of poling (biasing conditions) u tmnsformation >> of mobile protons o fixed

The previous devices have been irradiated in protons, resulting in a single type of potons in
various biasing conditions. In any case a pre-rad the oxide) or pinning (i.e. unstable, with still two
poling was performed to move all the mobile different types of protons in the oxide).

charges near the top or the bottom interface. The A first series of experiments revealed that the
same bias was maintained during iadiation and pinned protons were liberated when annealed
the subsequent IV) loops started from this value. above I 500C. Neverthtless the pinning sites

When the device is grounded the hysteresis remain still actives (i.e. they were not annealed at
remains unaltered beyond I Mad. Figure this temperature) and after 2 I(V) cycles the
pre,sents, the bavior of the evice hen an mobile charge was completely pinned.

electric field is applied during irradiation. In both Figure 6 shows the result of a second experiment.
cases the voltage hysteresis has been normalized After the pinning of the mobile charge (at 0
to its pre-rad value. krad) the electric field is switched and the

When a negative voltage is applied on the silicon irradiation goes on (up to 80 krad). We then
film the protons are located near the top Si-SiO2 observe that the hysteresis recovers, which
interface and a large shift of both VtL and VtH means that the pinning sites located at the bottom
occurs (due to large hole trapping in the buried Si-SiO2 interface have been (ancelledo by the
oxide) but the hysteresis remains constant. irradiation.
On the other hand, when a positive voltage is
applied on the silicon film the protons are located E t

near the bottom Si-SiO2 interface and both VtL -20- Si

and VtH remain nearly constant but the
hysteresis disappears. This behavior is in E
agreement with previous observations [5]. >� 40. E4

40.
Due to the electric field the holes generated by
the iadiation are trapped near the mobile 40 -4

protons in both cases. The strong effect of the i 4 26 30 40 50 00 70 00

applied electric field suggests that the observed Dose (krad)
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Shaney-felt, P.S. Winokur, Z.J. Lemnios, "Non-volatile
Figure 6 Evolution of the voltage hysteresis under memory device based on mobile protons in SiO, thin
total dose irradiation. Recovery of the pinned protons films", Nature (London) Vol. 3 86, p. 587, 1997)'
by switching of the electric field during irradiation. [21 K. Vanheusden, W.L. Warren, R.A.B.

Devine, "H' and D' associated charge buildup during
IV DISCUSSION annealing of Si/SiO�Si structures", J. Non-Cryst.

Solids, Vol. 216, p. II 6 1997).

A Comparison with irradiation [31 R.E. Stahlbush, R.K. Lawrence, H.L.
Hughes, "H' motion in SiO, : incompatible results
from hydrogen-annealing and radiation models", IE1EE

Significant differences are observed between the Trans. Nucl. Sci., Vol. 45, No. 6 p. 2398, 1998).
irradiation and the hydrogen annea) of SO] (41 S.M. Sze, in "Physics of Semiconductor
buried oxides. In both cases positive charges are Devices", ch.8, Ed. Wiley, New-York, 1981).
generated in the buried oxide holes (h+) and [5] K. Vanheusden, W.L. Warren, R.A.B.
protons (H+). Irradiation of 1-12-annealed devices Devine, DM. Fleetwood, J.R_ Schwank, PS.
shows that both charges can interact, which Winokur, Z.J. Lemnios, "Direct observation of mobile
suggest that comparable precursor structures are protons in SiO, thin films potential application in a
involved. novel memory device", in Amorphous and Crystalline

Insulating Thin Films, Vol. 446, edited by WL.

B I nvestijzation of precursor defects Warren, R.A.B. Devine, M. Matsamura, S.
Cristoloveanu, Y. Homma, J. Kanicki, (Material
Research Society, Pittsburgh, PA, p. 187, 1997)

We have investigated proton creation and [61 S. Cristoloveanu, S. Williams, IEEE Electron
blocking by atomic scale simulation using an ab- Device Lett. vol. 3 p 102, 1992
initio approach [10]. An interfacial reactive site [7 K Vanheusden, D.M. Fleetwood, R.A.B. Devine,
has been found, which could be involved in the W-L. Warren, "Reactions and diffusion during
creation and blocking steps. The bridging oxygen annealing-induced H generation in SOI buried
of a Si-O-Si structure at the Si-SiO2 interface oxides", presented at INFOS'99, Erlangen, Germany
can be involved in both the cracking reaction and (1999).
the proton motion in the oxide and blocking at [8] SWolf, R.N.Tauber, o Diffusion in Silicon)), in
the interface. Silicon Processing for the VLSI era, Vol.1, Lattice

Press, 1995.
[9] K. Vanheusden, W.L. Warren, D.M. Fleetwood,

Further simulations will be required to J.R. Schwank, M.R. Shaneyfelt, B.L. Draper, P.S.
investigate the exact mechanisms and quantify Winokur, R.A.B. Devine, L.B. Archer, G.A. Brown,
the energies involved. R.M. Wallace, Appl. Phys. Lett. vol.73, n5, 674,

1998
V CONCLUSION [IO) A Courtot-Descharles, P. Paillet, .L. Leray, 0.

Musseau, "First principles calculations of hydrogen

Thi's study of the mechanisms of generation and annealed amorphous SiO2 structures and S/S'02
confinment of mobile protons in the buried oxide interface for non volatile memories", presented at
of SOI wafers emphasizes the importance of H EMRS 99 (Strasbourg) 1999).

diffusion in the oxide in the formation of a
mobile charge.
Under specific electric field conditions the
WradiatJon of these devices resuJis in a pinning f
this mobile charge at the bottom Si-SiO2
interface. Ab initio calculations are in progress to
investigate the possible precursor defects in the
oxide and detail the mechanism for mobile
proton generation and confinment.
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