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On the field enhanced carrier generation in MOS structures
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Using a sine voltage sweep C-V, DLTS, gettering and defect revealing techniques the thermal carrier generation in MOS (Metal - Oxide -
Semiconductor) structures was investigated. The thermal generation from a field dependent becomes as field independent due to the getterin
The activation energy of generation - recombination cenfgfsthe generation lifetimer, , and Poole-Frenkel factas, were determined.
Dislocations with an average density®ok 10°cm 2 were observed in all wafers. In the samples with field enhanced carrier generation a
linear dependence betweéh anda was found, where the Poole-Frenkel factor increases with the increase of the activation energy. On the
other hand®,, , 7, anda were found to be strongly affected by the gettering, thereby suggesting that they depend on the level of decoration
of the dislocations with impurities.

Keywords:MOS,; lifetime; defects; gettering.

En este trabajo se usaron estructuras MOS (Metal-Oxido-Semiconductor) para investigar sobre el proceso dademeiccte portadores
apoyada por campoé&itrico en silicio. Mediante l&tnica C-V (Capacitancia-Voltaje) con barrido de voltaje senoidal, se determinaron los
valores del tiempo de vida de genefatir,, y del factor experimental de Poole-Frenkel.,. Usando laé&cnica DLTS (Deep-Level-
Transient-Spectroscopy) se enconia energa de activadn, E,, de los centros efectivos g-r (genefacirecombinadin). Un revelado
quimico sobre la superficie del silicio, mostia existencia de una densidad promedio de dislocaciongs«E®cm =2 en todas las obleas
usadas. Los resultados obtenidos indican que; cuando a las estructuras MOS se les incluye un proceso de gettering enbay fabricaci
la generadin de portadores es independiente del campoteto. En las muestras sin proceso gettering, la gerieraig portadores es
apoyada por campo@itrico y se obsefvuna dependencia lineal entre, el factor de PF y la éaatg activadin de los centros g-r. A
medida que se incrementa el valord@e los centros g-r se sian mas cerca de la mitad de la banda prohibidag incrementa). Por otro
lado, el proceso gettering realizado a las obleas, influye fuertemente sobre los valores daesrpsf.,, o y 7, medidos de las diferentes
estructuras MOS. Suponemos que los valores de esamptos dependen del nivel de decobaaion impurezas en las dislocaciones.

Descriptores:MOS; tiempo de vida; defectos; gettering.

PACS: 73.40.Ty; 73.25.+1

1. Introduction a non-linearity of this dependence and an enhanced carrier
generation corresponding to large depletion widths has been

observed 1, 2,5-7]. The one-dimensional Poole - Frenkel

The generation processes of minority carriers in the Spacg,ge| was used to explain this enhanced thermal generation
Charge R_egion_ (SCR) of the semiconductor_s have been €X2]. The Poole - Frenkel (P-F) modeR][describes how the
tensively investigated in recent years employing MOS capacignjzation processes of coulombic type centers are affected
itors. Most of the methods used to determine the generasy an applied electric field. It assumes a decrease of the ac-
tion lifetime are _based on the response of a MOS capacitogyation energyAE, , of this type of centers, with respect to

to a deep depleting voltage step, ] or, to a voltage sweep {ne initial valueE, , as a result of a lowering in the potential
[3,4]. In all these methods a linear dependence between the,rier due to an applied electric field. According to the one

carrier generation and the width of the depletion region igjimensional P-F model the electron emission rate is a field
predicted (Zerbst plot, Fig. 1). However, in many cases
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dependent as type of defects, the type of impurities and the level of decora-
tion. The type of defects can be different. They can be point
or extended defects. On the other hand extended defects can
en = en(0)exp(aV/F), (1) be clean or decorated with different type of impurities. That
is why the activation energy of extended defects related deep
centers depends on the level of decoration and the type of
impurities.

wheree,, (0) is the thermal emission rate at zero electric field,
« is the P-F factor and F the electric field.

In this paper a series of experiments performed on MOS
capacitors having gettering process are described. The role of
impurity decoration on the properties of extended defects is
investigated. We determined generation lifetimg,and the
experimental P-F factoky.s,, from MOS structures. Also
the activation energy,, of the deep centers by DLTS tech-
nigue was founded. These parameters were correlated with
posgettering annealing time.
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2. Experimental Details
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€, The experimental procedure was conducted on CZ grown,

FIGURE 1 Tipical Zerbst plot from a MOS capacitor used in our 2.5 - 5 Qcm, (100) oriented, n-type Si wafers, and labeled
experiments (wafer P1). P1 - P6. After a preliminary RCA cleaning, the samples
were oxidized at000 °C' in dry Oy + 2% TCA(C2HsCl3)
When minority carrier generation in the Space Chargeyntil 800 A oxide thickness was obtained. Afterwards they
Region (SCR) is controlled by electron emission from thewere annealed in dryV, for 30 min. at the same temper-
coulombic centers, the generation lifetime, is also field  ature. The final oxide thickness was measured by an ellip-
dependent as inverse of Eq. (1), someter. A phosphorous diffusion #50 °C for 20 min.
on all the wafers, excepPl, as gettering process was car-
ried out. WafersP2, P3, P4, P5 and P6 were annealed in
79 (F) = 74(0)exp(—amV'F), @ dry nitrogen av00 °C for 30, 60, 90, 120 and 150 min. re-
where, 7, (0) is the generation lifetime foF = 0, ay, is spectively. After the PS glags from the backside of the wafers
the theoretical P-F factor (in silicon 800K has a value of WaS remove_d, MOS capacitors were performed by évapora-
0.0085 (cm/V1/2). However, the experimental value of this tion of alummum through a metal mask on the top oxide of
factor, a..,, can be quite different from the theoretical one all wafers. Additionally, aluminum was evaporated onto the
[9-12]. It was suggested9] that the local electric fields near backside of the wafe.rs. Finally, all wafers_ were annealed in
to defects are responsible for such deviatiomofrom its ~ V2/H2 (60 : 40) ambient ati25 °C' for 30 min.

theoretical value. The expression for the local electric fieldis  The sine-voltage sweep C-V method was used to get the

given by [] Zebst plot (see Fig. 1) 4]. Generation lifetime;r,, and
the experimental P-F factot.,, were extracted from such
eap 2 Zerbst plot. The capacitance was measured with a Boonton
Fioe = ( ) Fraz, (3) 72 capacitance meter and a Wavetek 271 function genera-
th tor was used as a voltage source. A Bio-R&d0 DLTS
whereF;,.. is the maximum electric field in the SCR. system was used to characterize the deep levels. The DLTS
Small and Pierretd] assumed that local electric fields de- scan was done with a bias ofl.5V and a filling pulse from
pend on the density of defects. Werner et &] Have found —1.5 to 0. Non-exponential transient was observed for all

a field enhanced carrier generation in samples with low genef the measured devices and their DLTS spectrum shown the

eration lifetime, while local electric fields were assumed inbroad band typical in samples containing dislocations and/or

samples with high density of defects and very lewlusec)  OSFS’s (Oxidation Stacking Fault)1B—16]. After the elec-

generation lifetime. trical measurements were completed the aluminum dots and
However, it has been suggestet)-f12] that the field en-  the oxide of MOS capacitors were removed and the defects

hanced carrier generation and the local electric fields, besidagere revealed by a chemical etching7]. The type and the

on the concentration of defects, depend to great extent on thaensity of defects were determined by an optical microscope.
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3. Experimental Results And Discussion the amount of impurities on the dislocations.
0.55

The plots ofr, and E, as function of annealing time are
shown in Fig. 2. The annealing is an important step in the
processes of gettering. During this step, the impurities are re-
leased from their trapping sites, diffuse towards the sink (the
damage layer at the backside of the wafer) and are trappec
there. According to the behavior of and E,, as a func- .
tion of the annealing time, these plots can be divided in 3 %
regions. o, corresponding to each region is also given in ~
Fig. 2. In the region k., > o , While in the regions Il L‘B
and 1, aezp = 0. In other experiments1p, 19] it has been

found thato.,, decreases slower with the annealing time. 0.50 |-
Evidently, the rate of change of.,,, with the annealing time
depends on the gettering efficiency, i.e., on the annealing con-
ditions, the type of the gettering processes and the type of the

impurities. " I A ! A
2.5 3 3.5 4
Ea(eV) Tg { i s) o exp (cmq.’V)”Z aexp/ath
Region Region Region x 10° F , :
07 ‘ | i Las L4 IGURE 3 Experimental plot o, vs. (ewp/aun). Points mea-
‘ | sured from wafer P1.
- 30 F35
Los L3 Different factors can be responsible for the existence of
Lo Los high electric fields in the vicinity of defects. For instance,
s Lo high electric field exists in the SCR around a dislocation.
The radius of the SCR depends on the doping level and the
ro 1S trapped charge. The latter depends on the number of dangling
5 F bonds and the activation energy of the deep center, which is
D N 0 o a function of the type and amount of impurities on the dis-
40 80 120 160 location. The applied voltage also affects the SCR. On the
tan (min) other hand, it is well known that dislocations act as nuclea-

FIGURE 2 Behavior with respect to the annealing time; activation tion centers for metallic and dielectric pref:lpltates Su_Ch as

energy,E, (o o o), generation lifetimez, (AAA), and experi- 91Oz . Ithas been reported?}, 23], on the existence of high

mental P-F factoly.., (e ® o) i electric fields related t&':O, precipitates which cause pre-
ferential microplasma breakdown in reverse biased junction.

Defects in the Si wafers were determined to be dislocaThe microplasmas appear as small spots of light emission.
tions with an average density Bfx 10cm =2 in each wafer. As the annealing time increases, the level of decoration
The very low generation lifetime, the high activation energydecreases due to the gettering, and the activation energy
andacsp > oy In the region | suggest that the generation of the centers decreases. Therefore, in agreement with the
is controlled by deep coulombic type centers, influenced byShockley - Read statistic24], the generation effectiveness
local electric fields. We suppose that in this region the endecreases and as a consequence the generation lifetime in-
ergy levels are introduced by the dislocations decorated witreases. In the region Il whete,, = 0 (field independent
impurities. generation)r, reaches its maximum arid, reaches its mini-

It has been reported 5] that a field enhanced carrier mum. This means that metallic impurities, at least these ones
generation is likely to occur from bulk centers related to deresponsible for the field enhanced carrier generation and local
fect sites where large electric fields exist. It has been founelectric fields, are gettered away, leaving "clean” dislocations
that the extended defects when decorated with metallic imin the SCR.
purities show drastically enhanced field dependent genera- One can be tempted to associate the minimum activation
tion rate P-12,20] and its energy level moves towards the energy in the region Il with the clean dislocations. Several
midgap [15,21]. authors reported energy levels related to the clean disloca-

In region |, there is a strong correlation between the actions [13, 16, 25], however, it has been reported that these
tivation energy of generation centers on the local electridevels are probably associated with impurities decorating the
field as can be seen from Fig. 3. Taking into account thatlislocations, even though the decoration is inadverten}. [
teqp Decomes equal to O ( regions Il and IIl') due to the an-  In the region Ill, a.,, is also equal to 0, but the gene-
nealing , the linear relationship found betweBn anda.,, ration lifetime decreases with the increase of the annealing
demonstrates thaf, and the local electric field depend on time, while the activation energy increases uft7el is
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was explained by the one-dimensional Poole-Frenkel model.
Kveder et al. [6], have found in Si samples containing A close relation betweel, , 7, , aeqp and the post get-
dislocations, that the EPR signal of theF,; center with an  tering annealing time has been observed. This suggests that
energy atF. - 0.37¢V is slightly increased after an annealing. dislocations introduce deep levels with activation energy de-
We think that for long annealing times (region 1l1), there pending on the level of decoration and the type of impuri-
is an interaction between dislocations and inadvertent imputies. A linear dependence betweély and a.,, has been
rities, other than gettered ones, which result in introducingound. The P-F factor increases with the increase of the ac-
of non-coulombic type centers. It has been showf, 27], tivation energy. This means th#, and the local electric
that the most probable reason for the degradation of generéields are closely related to the amount of impurities on the
tion lifetime in MOS structures for long annealing times is adislocations. We think that local electric fields can be ori-
metallic contamination from the annealing ambient. ginated from extended defects decorated with different inclu-
sions such as metallic impurities or precipitat§sQ), pre-

reached and after that it is a constant.

4.

The influence of gettering on the generation properties of
MOS structures has been investigated. Dislocations with a

Conclusions

average density df x 10°cm =2 has been observed in all the
wafers. It has been found that the thermal carrier generatiopcknowledgements
from a field dependent becomes field independent as result of
the gettering. Assuming the existence of local electric fieldsThe authors want to thanks CONACyYT Mexico, for the finan-
in the vicinity of defects, the field enhanced carrier generatiortial support.

cipitates or complex of oxygen with metallic impurities.

It has been shown that the gettering can be a useful tool in

he investigation the role of impurity decoration in the prop-
frties of extended defects.

1. M. Zerbst,Z. Angew Phys22 (1966) 30. 15. G. R. Labhiji, B. Hamilton and A. R. PeakdElectron. Lett.24

2. P.U. Calzolari, S. Graffi and C. Moran@plid-St. Electronl17 (1988) 1340.
(1974) 1001. 16. V V. Kveder, Yu. A. Oysipian, W. Schroter and G. Zo®hys.

3. R. F. Pierret)EEE Trans. Electron DeyED-19, (1972) 869. St. Solidi (a)72(1982) 701.

4. P. Peykov, T. Diaz, J. Carrilld?hys. Stat. Sol. (a)29 (1992) 17. K. H. Yang,J. Electrochem. S0d.31(1984) 1140.
201.

. 18. P. Peykov, T. Diaz, XIIlI National Congress SMCSV, Sept. 26-

5. D. W. Small, R F. Plerret;App-I.Phys. Letter27 (1975) 148. 29 (1993) Cancun Q. Roo, 84ico,

6. X.Zhang,Solid State Eletronic35(1992) 207. _ ) ) _

7. K. Ding, X. Zhang and R. ZhadSolid State Electronics42 19. ,:-' Juar%z, PPh-bl?. -;:(?S's’lggg' of Sciences, Universidad Au-
(1998) 181. onoma de Puebla, &kico ( ).

8. J. Frenkel, Phys_ReV. C. Werner, A. Eder and H. Be3ot, St. 20. P.PekaV, T. Diaz and H. Juarez, Proc. of IX SBMICRO, Au-
Electron24 (1981) 275. gust 8-12 (1994) pp. 724,iRde Janeiro, Brasil.

9. C. Werner, A. Eder and H. Brerolid St. Electron24 (1981) 21. A. Berg, I. Brough, J. Evans, G. Lorimer, A. R. Peak&emic.

275. Sci. and Tech7 (1992) A263.

10. H. Juarez, MD thesis, CIDS-ICUAP, University of Puebla, 22. W. Shockley:Sol. St. Electronic<2 (1960) 35.
Puebla, Mexico (1994).

11. P.Peykov, T. Diaz, H. Juarez and R. Castanedo, 1st. Confer?3: H-J- Quesser and A. Goetzberdenil. Mag. 8 (1963) 1063.
ence on Materials for Microelectronics, October 17-19 (1994)24. W. Shockley, W. T. Read?hys. Rew87 (1952) 835.
Barcelona Spain. 25. L. C. Kimerli d J. R. PateAppl. Phys. L 84 (1979

12. P.Peykov, T. Diaz, H. Juarez and R. Castan&hys. Stat. Sol. 2 713 - Kimerling and J. R. PateAppl. Phys. Letter84 ( )
(a) 154(1996) 559. '

13. P.Omling, E. R. Weber, L. Montelius, H. Alexander and J. 26- L. Manchada, J. Vasi, A. B. Bhattacharyy#ol. St. Electronics
Michel, Phys. Rev. B32 (1985) 6571. 23(1980) 1015.

14. J. Kaniewski, M. Kaniewska and A. P. Peakiéppl. Phys. Lett.  27. P. Peykov, M. Aceves, M. Linares, W. Calleja, T. Didzev.

60(1992) 359.

Rev. Mex. I5.48(3) (2

Mex. Fis.38 (1992) 262.

002) 235-238



	001: 


