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Abstract

INVESTIGATION OF THE CAUSES OF SILICON MOS — TRANSISTOR
PARAMETERS CATASTROPHIC DEGRADATION

O. Kulinich, M. Glauberman, G. Chemeresuk, |. Yatsunsky

The paper is aimed at finding out the causes ot#tastrophic degradation of parameters of silld@S-transistors,
formed by the ordinary planar technology. The baaigses of degradation have been found to be:

- thermal compression contacts rupture, which careXqgained by formation of intermetallic compoundsthe
contact area, resulting in brittleness of the ccista

- breaking of the metallic interconnections and cointpads integrity, resulting from inobservance ok t
photolithography technological conditions as wallfaom presence of a developed defect structurthemsilicon surface
and formation of silicide compounds.

Key words: catastrophic degradation, MOS — transistor, silicosorauis

JOCJIKEHHSA ITIPUYNH KATACTPO®IYHOI JIETPA TALIIT TAPAMETPIB
KPEMHIEBUX MOH — TPAH3UCTOPIB

O. A. Kyniniu, M. A. I'nayéepman, I'. I'. Yemepeciok, 1. P. Auyynckuit

PoboTa npucBsueHa BUABICHHIO MPUYUH KaTacTpodiuHOi Aerpanauii aerpagauii napamerpiB kpemHieBux MOH-
TpaH3UCTOPIB, AKi OyM chopMOBaHi 3a 3BUYAKHOIO MJIAHAPHOIO TEXHOJIOTiE0. BeTaHOBNIEHO, 1110 OCHOBHUMY NPUYMHAMU
Jerpajawii €:

- 00pMB TEPMOKOMIPECIHHUX KOHTAKTIB, SIKMH MOXHA MOSCHUTU BUHUKHEHHAM B PailoHi KOHTAKTy iHTepMeTalleBHX
3'elHaHb, IO MPUBOAUTB 0 OXPYMUyBaHHSA KOHTaKTiB;

- TOpYIUEHHS LiJbHOCTI MeTaneBOi PO3BOAKM i KOHTAKTHUX IUIOLIMH, BHMHMKAIOYMX B HACTiJOK MOpPYLIEHHA
TEXHOJIOTIYHUX peXUMiB GoTomitorpadii, a TakoK MPUCYTHOCTI PO3BUHEHOT Ie()eKTHOT CTPYKTYPH Ha TIOBEPXHi KPEMHit0
| BUHUKHEHHS CiTILIMIHUX CTIOJYK.

Krouosi ciioBa: xatactpogivna aerpagauiss, MOH — TpaH3UCTOp, KPEMHI.
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AHHOTaUHUA

UCCJIEIOBAHUE ITPHYUH KATACTPO®UYECKOM JIET'PAJIAIINA TAPAMETPOB
KPEMHUEBBIX MOII- TPAH3UCTOPOB
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O. A. Kynunuu, M. A. I'nayoepman, I'. I'. Yemepeciok, H. P. Ayynckui

Pabora nocpsiueHa BbIABICHUIO PUUNH KaTacTpoduueckoii Aerpafauny napaMeTpoB KpeMHHEBBIX TPAH3UCTOPOB,
KOTOpbIe ObUTH COPMHUPOBAHBI 1O OOBIYHON MIAHAPHOI TEXHOJOTUU. Y CTAaHOBJIEHO, YTO OCHOBHBIMU MPUYNHAMU
Jerpagaliy sBIsIOTCA:

- 0OpBIB TEPMOKOMIIPECCHOHHBIX KOHTAKTOB, KOTOpPbIE MOXKHO OOBSACHUTH 00pa3oBaHUEM B pailoHe KOHTaKTa
MHTEPMETAIIMYECKUX COEIUHEHUM, MPUBOAAILMX K OXPYMUMBAHHUIO KOHTAKTOB,;

- HapylleHWe LEJbHOCTH MEeTAJJIMYeCKOH pa3BONKM M KOHTAKTHBIX IUIOLIAJOK, BO3HUKAIOLIME BCIEICTBHE
HapyLIeHHs TEXHOJOTMYECKUX PeXKUMOB (oToauTorpaduu, a TaKKe MpUCYTCTBUS pa3BUTOM Ae(eKTHON CTPYKTYphI
Ha TIOBEPXHOCTH KpeMHUA 1 00pa30BaHus CHIIMLIUMAHBIX COSANHEHUIA.

KunroueBsble cioBa: karactpopuyeckas aerpaganus, MOIT — TpaH3ucTOp, KpEMHHUIA.

Introduction Investigation of the causes of catastrophic silicon

Variation, instability and catastrophic degradatimn MOS-transistor parameters degradation was caruéthy
silicon MOS-transistor parameters are largely deiteed scanning electron microscopy methods on a "Cam-*Scan
by several causes, viz.: by the structural pemdecti scanning electron microscope with a "Link-860" XyRa
condition of the initial material, and by the camahh of microanalyser. The quantitative X-Ray microanalysas
their production process. performed using the ZAF-4/F2S program. The MOS-

Effect of structural and point defects in silicomfer transistor structures underwent argon and cheragat-
as — delivered, and of those, formed after oxidedod by-layer etching [3,4]. The metal was removed NaDH
metallization, detected by means of chemical treats alkaline solution, Si@was etched off in hydrofluoric acid
on MOS-transistor parameters are well investigatad followed by washing in deionized water. Argon etthi
described (see, for instance [1,2]). was carried out under the voltage of 1. 5 kV, tearb

Complexities of technological processes, consisting current being 35 mA; the angle between the sampte a
tens of various operations and transitions, imptidas the argon beam was 90°, and the etching time veas fr
and instabilities of some technological operation®5 to 43 minutes. The |-V characteristics were mess
employment of manual work in performing a largén the following modes: the gate voltage(2-4) V; the
number of operations result in deviation fromdrain-source voltage*=(6-10) V, the drain curren#(5-
technological parameters and, as a consequence, 10) mA. From the MOS-transistor lot of 2000 pcs,
appearance of device manufacturing process deféctsthose transistors were selected, which failed iniately,
quality control system should be implemented ineord  and those, which had worked for 20000 hours in the
detect the defects and to remove the defectivetsies above-mentioned modes before the failure. Aftet, ttiee
from the further production cycle as well as toahbow transistor cases were carefully opened and inat&tios
the manufactured MOS-transistors meet the techiezlbg were carried out by the above-said methods.
conditions requirements.

The object and the subject of the research

The object and subject of the research consist in
investigation of the causes of catastrophic pararset
degradation of encased MOS-transistors, manufatiome
p-Si (10(100)) silicon wafers by the usual planarcess,
and whose parameters have cata-strophically degrade
By "catastrophic degradation”, a complete failure o
MOS-transistors immediately after manufacture ¢erah
long operation of the devices (over 20000 hours) is
understood.

Methods of investigations
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Discussion of the scientific results and conclusisn

Figs. 1 (a,b) show the pictures of the disclosaenia
defects, breaking of integrity of the metallizedipto the
gate, and mechanical damage of the pad for thermal
compression, which come out after ionic etching 26r
minutes. Survey of this area in the reverse-biased
electrons and absorbed current mode has showihirat
are sections of lower conduction and break areaicko-
X-Ray spectrum analysis of the current conductiathp
has revealed the presence of both aluminum and
molybdenum, and Al Si and Mo Si silicides in it.

Intermetallic com-
X 2 X 2

pounds of Al Au and Al Au Mo types have been foumd

the area of thermal compression contacts
(Figs. 2).

...: 100p L —

Fig. 1,a Image of the metallization integrity brizak
defect.

Fig. 1,b. Image of the metallization integrity bciey
defect (photolayer etching).

Fig. 2. Image of the thermal compression contact
break picture (general view).

Let us consider the basic mechanisms, causing $reak
of thermal compression contacts. When connectireg th
metallized pads on a MOS-transistor with the optes of
the casing, gold wire is used, which is connectedhe
source, drain and gate contact pads by way of term
compression welding.

The revealed intermetallic compounds led to brit-
tleness and, as a consequence, to ruptures ohénenal
compression gold-aluminum contacts.

These compounds have a complex composition,
depending on the conditions of their formation gehd
aluminum concentrations, temperature and pressutigei
thermal compression process, free silicon presence,
ambient temperature and service time of the rea@sM
transistor). Due to the difference in the latti@nstants,
formation of these compounds gives rise to meclnic
stresses at the interface. It is well known that yield
point of crystalline substances depends on temperat
[5]. The contacts are heated by the current flavd as a
consequence, in destruction of the contact. A etai
analysis of the failure mechanism has made it ptesso
find out, that interaction and interdiffusion of ldoand
aluminum occur in the process of thermal compressio
welding at the temperature of about 300° C, th&usiibn
rate of gold into aluminum being higher due to tiigher
value of gold diffusivity (Fig. 3). This diffusiocauses
formation at the Au-Al interface of intermetallic
compounds, whose lattice constants parameters and
thermal expansion coefficients differ from the dani
lattice parameters of Au and Al, which gives rige t
mechanical stresses. Metallization discontinuitles/e
been found to be localized in areas of maximum
dislocation clusters (Figs. 4) or lamellar nonunificy
defects clusters (Figs. 5), when the metallizaisopickled
off and the silicon
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surface is treated with Secco (100) or Sirtl (1§3¥] under the edge of the photoresist film. The uniftyrof
selective etchant. Despite the good metal-to-silicothe resist layer depends on the metal plating ptigse A
adhesion, mechanical stresses arose in these adgigh, minutest unevenness in the metal film caused reptdr
caused destruction of the metal. Some cases okihgea the photoresistive layer and, as a consequendgingtof
the metallization uniformity could be associatedthwi metal in the further operations. Besides, it isessary to
metal etching under a photoresist. The experimbate strictly maintain the temperature conditions of the

shown the metallization breaking to be largely awefgmt Photolithography process. Inobservance of the dryin
on the device formation technology. conditions led to incomplete removal of the solyent

which caused, in its turn, shielding of the resist'
photosensitive properties under exposure. If dryivas
performed at low temperatures, then poor adhesidheo
photolayer to the substrate was observed and aohesi
predominated; as a result of it, the photoresisiqik off
under development, causing the pattern damage.

OR 14 Au

Fig. 3. Electronic image of the gold to alumin
diffusion process.

Fig. 5. Electronic image of the lamellar nonuniféym
defect, revealed on the silicon surface after reahof/the
faulty metallization and treatment with the Secelestive

etchant.

It has also been found, that even a minor deviation
from the norm of at least one of the developmentess
factors (developer concentration, time, temperatate.)
involved either distortion of the margin edge aogtor a
partial photolayer daniage, which subsequentlyltedun
defects of the current-conducting paths and copads.

A large lot of the devices, which had failed aftdong
operation time, consisted of those ones, whoseewtirr

i conducting paths and thermal compression contaats'h
revealed on the silicon surface after removal efftulty gp P

metallization and treatment with the Secco selectiy Suffered any visible changes. Their detailed amzlas
etchant. shown, that the catastrophic parameters degradatsn

occurred because of an abrupt rise of the curfientjng
Particular difficulties arise in the process of fho through the gate. An X-Ray analysis of the oxidgeta
lithography. The thickness and quality of the rigs quality has shown the presence of a large amount of
layer are known to be dependent on the photoresisietallic impurities in the oxide, their density cbing the
viscosity, manner of its application, temperatumed a maximum value at the silicon-oxide and metal-oxide
humidity of the ambient, and the substrate surfagaterfaces (see the Table). It was observed, timnietal
properties. It has been found out, that the hydtioplty  impurities density was maximum in more porous oside

of the substrate surface contributes to etching toff Besides the metal impurities, the X-Ray analysis ha
pattern, by facilitating the penetration of the hetot

Fig. 4. Electronic image of the dislocation clusiezas,
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revealed a high concentration of free (uncombinedicreasing due to the presence of a high concéntraf

oxygen in the oxides. It is obvious, that diffusio

states at the oxidesilicon interface[6]. All thefsetors

impurities towards the metal-oxide and silicon-@xid resulted in an abrupt rise of the current flowihgotigh
interfaces took place in the device operation pgsce the gate, and as a consequence, in an abrupt device
causing changes in the potential barriers heighte parameters degradation.

probability of tunneling and drain currents rise swa

An X- Ray analysis of the oxide layers qualityle bxide-silicon interface

ELMT % ELMT ATOM.%
Si 46.064 32,786
Cl 0.201 0.125
Al 0.238 0.221
0 52.633 66.067
Na 0.360 0.300
K 0.52( 0.50(
Table
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