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INFLUENCE OF GETTERING ON ALUMINUM OHMIC
CONTACT FORMATION

The study considers the reasons and mechanisms of degradation of reverse characteristics of varicaps with aluminum-
based ohmic contacts. The authors present and analyze the experimental results on how gettering affects the reverse
current of varicaps, as well as possible mechanisms of such effect. Gettering was performed with a getter site created
on the back side of the substrate before the epitaxial layer is deposited on the working side of the substrate. The article
demonstrates that the proposed technology using gettering is rather effective in reducing the level of reverse currents

and in increasing the yield of devices.
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Varicaps are widely used in radio electronics as a
variable capacitance, the value of which is controlled
by voltage [1—4]. The weak point in the production
process of varicaps is formation of ohmic contacts, which
are usually made of nickel or aluminum. The diffusion
coefficient of nickel atoms in silicon is several orders
higher than that of dopant atoms, such as boron and
phosphorus. That is why if structural defects are con-
tained in silicon then nickel easily penetrates the space
charge area of the p—n junction during annealing of a
nickel film after its deposition on the surface of a varicap
structure during the ohmic contact formation. This results
in increasing of the level of reverse varicap current [5].
Aluminum has high electrical conductivity, it is cheap
and plastic (i.e. it tolerates thermal cycling well). This
metal is easily sputtered, well etched and provides high
resolution at photolithography. Moreover, aluminum is
suitable for use in radiation-resistant devices. However,
as practice has shown, when an aluminum-based ohmic
contact is used, the reverse branch of the current-voltage
characteristic (CVC) of the varicap may degrade.
It was found [6, 7] that the cause of frequent failures
of semiconductor devices with aluminum metallization
is the aluminum spikes, which shunt p—» junctions.
These spikes appear during heat treatment stage after
deposition of the aluminum film. Selective removal
of the aluminum film from the substrate surface in the
contact window area after heat treatment at 470°C for
30 minutes reveals that the morphological perfection

A short version of this article was presented at the 10t
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of the Al-Si interface boundary deteriorates catastrophi-
cally due to the appearance of deep voids in silicon. The
authors of [7] assert that the appearance of spikes in
p-n junctions is connected with these voids, which are
formed as a result of inhomogeneous dissolution of
silicon in aluminum (Fig. 1). The voids are filled up by
aluminum with dissolved silicon and can short-circuit
p—n junctions.

The penetration depth of aluminum spikes into the
silicon, which is estimated by the depth of the voids
in the local places of the contact area, practically does
not change in the range of 300—500°C and is about
40—90 nm [6]. In the temperature range of 500—577°C
there is a sharp increase in the penetration depth up to
1.25—1.45 pym.

In [6] an assumption was made that the inhomoge-
neous dissolution of silicon and the filling of the voids by
aluminum, as well as the drastic increase in the depth of
penetration of aluminum into the silicon in the tempera-
ture range of 500—577°C were caused by the appearance
of a liquid phase, which «melts» silicon, although the
heat treatment temperature was lower than the melting
point of the eutectic. The authors of [6] proposed to
prevent the active interaction of aluminum with silicon

Fig. 1. Schematic drawing of aluminum film dissolving
silicon [7]
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in the process of heat treatment by rapid annealing of
the aluminum film after its deposition on the surface of
the varicap structure. At such annealing, the temperature
is high enough to form a liquid phase, but the duration
is too small to cause intensive dissolution of silicon in
aluminum and void formation. The disadvantage of such
approach is pointed out by the authors [6] themselves. It
is caused by the heat treatments required at subsequent
process operations, which are not connected with met-
allization and can result in melting. For example, some
operations of assembling crystals into housings can be
performed at the temperatures over 510°C.

Another approach to the solution of the problem of
Al-Si interaction was considered in [6, 7]. Its idea lies in
the additional doping of the aluminum film with silicon to
concentrations within the range of existence of the solid
solution (0.5—1.0 mass %). This method can slightly
reduce the intensity of the Al-Si interaction without
eliminating the interaction itself. As a result, increasing
the temperature at subsequent stages of technological
process can cause nonequilibrium mass transfer and in-
crease the depth of penetration of aluminum into silicon.
Moreover, this method cannot provide equilibrium with
local peculiarities of the crystal, such as defects, and
thus cannot eliminate aluminum migration along them.

Thus, the cause of the inhomogeneous dissolution
of silicon in aluminum is not completely identified.
The ways to prevent deep penetration of aluminum into
silicon during annealing of aluminum metallization pro-
posed in [6, 7] are not optimal for solving this problem.

The aim of this work is to investigate the cause of
local deep penetration of aluminum into the p—» junction
area of the varicap during the annealing of aluminum
metallization and to develop an effective technological
method preventing this phenomenon, which, when used,
will allow increasing the device yield.

Test samples

The structures of the investigated varicaps were
produced using the standard planar-epitaxial technology
[8, 9]. The epitaxial process was performed using the
silicon substrates doped with antimony with specific re-
sistance 0of 0.01 Q-cm and oriented along the (111) plane.
Epitaxial layers were grown by the chloride epitaxy.
The temperature of the epitaxial process was 1150°C.
Obtained epitaxial structures had a specific resistance
of 1.3 Q-cm and a thickness of 7 um. The following
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Fig. 2. Schematic drawing of varicap structure

operations with varicap structures were carried out in
accordance with the standard technological process [8,
9]. The ohmic contacts on the working side of the varicap
structures were formed thus: first, an aluminum film was
deposited in vacuum, followed by photolithography on
the aluminum layer and annealing of the contact in an
inert medium at 560°C for 14 minutes.

Implementing the above operations resulted in obtain-
ing the varicap structure shown in Fig. 2.

Studying structural defects

In order to discover what causes the degradation of
the reverse characteristics of varicaps during heat treat-
ment of varicap structures with metallic film formed by
photolithography, metallographic studies were conducted
on the varicap structures rejected during the control of
their reverse current level.

The Sirtl etch was used to detect structural defects.
The duration of selective etching was in the range from
10 seconds to 20 minutes. The types of structural de-
fects were determined and their density assessed using
a METAM -1 metallographic microscope.

The density of defects was determined by the formula

N =n/S,

where N is the defect density;
n is the average value of the number of defects in
five areas;
S is the area of the field of view in the eyepiece of
the microscope.

Initial epitaxial structures before the first high-tem-
perature operation (thermal oxidation) were investigated
for defects. Selective treatment with Sirtl etch showed
(Fig. 3) the presence of epitaxial stacking faults with the

a)

Fig. 3. Surface of silicon epitaxial structure with stacking
faults (a) and dislocations (b) revealed after treatment in
Sirtl etch
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Fig. 4. A micrograph of the surface of the epitaxial structure
after thermal oxidation and selective etching

density of 104—103 cm™2 (etching time 1.5 minutes) and
dislocations with the density of 103—10* cm™ (etching
time 2 min).

After thermal oxidation and removal of the SiO, layer,
the structures were treated with Sirtl etch for 20 seconds,
which revealed oxidation stacking faults with the density
of up to 103 cm™ (Fig. 4).

The authors believe that the revealed structural
defects cause an increase in the boundary solubility of
aluminum at the temperature of aluminum film annealing
(carried out after film deposition on the varicap structure
surface followed by photolithography) and an increase
in the aluminum diffusion coefficient in silicon along
the defects. These two effects lead to a local penetration
of aluminum into the p—» junction region of the varicap,
which may cause degradation of the reverse characteris-
tics of the varicap.

This assumption is confirmed by the authors of [10],
who studied the processes of formation and directed
migration of molten metal-semiconductor zones in single
crystalline silicon at the presence of a dislocation density
gradient field. It was ascertained that the molten zones in
the matrix volume appear during annealing due to forma-
tion of alloys of impurities of a metal film (i.e. aluminum)
with a single crystal at the metal-semiconductor interface
boundary. According to the authors of [ 10], the impurity
motion in the volume of a semiconductor was realized
in the form of molten inclusions due to the difference of
chemical potentials of atoms at the “back” and “frontal”
boundaries of inclusion.

Gettering technology

In order to prevent the formation of structural defects,
it was necessary to choose an effective method of getter-
ing [11—17]. Since structural defects start to form from
the epitaxy process, it is obvious that the getter site has
to be created in the substrates before depositing the epi-
taxial layers. Studies have shown that the most effective
way to prevent the formation of structural defects in the
epitaxial layers is to create a getter site on the back side of
the substrate by implanting it with phosphorus ions. The
getter site was formed on the back side of the substrate
by implantation of phosphorus ions with an energy of

100 keV and a dose of 8-10'> cm™ using an industrial
ion doping system “Besypuii-5 (Vesuvius-5). Next, the
epitaxial layer was deposited on the working side of the
substrate at 7= 1150°C by the chloride method using
a “YHOC-2I1-KA” (UNES-2P-KA) system. Epitaxial
structures were produced according to the technological
process given above.

Testing the effectiveness of the developed
technology

For the research, two experimental batches of varicap
structures were formed, each of them divided into two
equal parts. One half of the structures in each batch were
manufactured using basic technology (no. 1-b, no. 2-b),
the other half had a gettering stage (no. 1-g, no. 2-g). The
efficiency of the developed technology was evaluated by
the yield of varicap structures. The quality of structures
was defined based on the results of metallographic studies
and by the value of the reverse current /7, .

The validity criterion was set at /,,, < 0.5 pA for
30 V reverse voltage. Results of the control over the re-
verse current validity criterion of the varicap structures
manufactured by the basic and developed technologies
are given in Table. Comparison shows that the use of
gettering increases the varicap structures yield by an aver-
age of 10.7%. The reverse current levels of the structures
manufactured using gettering were 4 to 5 times lower than
the ones manufactured by basic technology.

The metallographic studies of the varicap structures
manufactured with gettering were carried out after boron
redistribution and showed the surfaces to be free of the
structural defects that affect the interdiffusion of alumi-
num and silicon (Fig. 5).

Yield of varicap structures produced by the basic and the
newly-developed technologies based on reverse current

control
Manufacturing Batch Structures
technology number yield, %
. 1-b 84.8
Basic
2-b 82.9
) ) 1-g 93.8
Using gettering
2-g 953

Fig. 5. Surface of the varicap structure manufactured using
gettering after boron redistribution
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Fig. 6. Reverse CVC of varicap structures:

1 — varicap structure manufactured by the basic technology;
2 — varicap structure manufactured using gettering

Fig. 6 shows the averaged reverse branches of the
CVC of varicap structures manufactured by basic tech-
nology and using gettering. As can be seen from Fig. 6,
the varicap structure manufactured with gettering has a
CVC (curve 2), which is typical for a silicon diode at the
absence of structural defects and undesirable impurities
in its active regions. The varicap structure manufactured
by basic technology, on the other hand, has a so-called
“soft” CVC (curve /), which indicates the presence of
structural defects (stacking faults, dislocations) and metal
impurities in the active areas of the varicap or the pres-
ence of an aluminum spike, penetrating deeply into area
of space charge of p™—n junction.

Comparison of curves / and 2 shows that the vari-
cap structure manufactured by the basic technology
(curve 7) has a much higher level of reverse currents
compared to the varicap structure manufactured using
gettering (curve 2).

The influence of the getter site, which was created
on the back side of the substrate before the epitaxial
layer was deposited on its working side, on the varicap
parameters can be explained as follows. During epitaxy,
which is carried out at the temperature of 1150°C, dis-
locations of high density are formed on the back side of
the substrate. These disruptions of crystal structure lead
to diffusion of the defects nuclei, such as substitutional
impurities, interstitial atoms, and vacancies in the field
of elastic stresses to the broken layer, which absorbs
them. This makes it possible to prevent the formation of
stacking faults and dislocations in the epitaxial layer dur-
ing its growth. Apart from that, at the high-temperature
operations, such as thermal oxidation and boron injection
and redistribution, the getter site created on the back side
of the plate, absorbs both uncontrolled impurities and
nucleation centers of stacking faults from the volume and
surface region of the substrate, preventing formation of
defects. Elimination of structural defects in active varicap

regions excludes local penetration of aluminum into the
p—n junction due to both increasing of the aluminum
solubility in silicon at the temperature of aluminum film
annealing and absence of structural defects, which ac-
celerate a diffusion of aluminum into silicon.

Conclusion

Thus, the low yield of varicap structures, which is
associated with the local penetration of aluminum into
the p—n junction region, is connected with structural
defects (epitaxial and oxidative stacking faults and dis-
locations), which are formed during high-temperature
technology operations. Application of the developed
technology for the manufacturing of varicap structures
using gettering with a getter site created on the back side
of the plate before depositing the epitaxial layer on its
working side, allows removing the nucleation centers of
defects and unwanted impurities from the active regions
of the varicaps. It prevents the formation of structural
defects in them and occurrence of the phenomenon of
local aluminum penetration into the p—» junction region,
which significantly decreases the reverse currents of the
varicaps and increases yield of devices.
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BIUIMB I'ETEPYBAHHSA HA ITPOLIEC ®OPMYBAHHAA
AJIIOMIHIEBOI'O OMIYHOI'O KOHTAKTY

Bapuxanu wupoxo suxopucmogyromucs @ padioenekmpoHiyi AK 3MIHHA EMHICMb, 8enUYUNA AKOT Kepyembes Hanpyeoto. Oonax
CIO 3a3HAYUMU, WO 6APMICMb 6APUKANIE 3ANUUAEMbCA NOPIGHAHO 8UCOKOI0. Lle BUKIUKAHO HUZLKUM 8UXOOOM NPUOATMHUX
npuIadie 6HACIIOOK BUCOKO2O PIGHS 360POMHUX CIMPYMIE | HUZLKUX NPOOUBHUX HANPY2 8APUKANIB, W0 NOB'SI3AHO 3 ICMOMHOK
3ANEHCHICMIO IXHIX 360POMHUX XAPAKMEPUCTIUK 610 WITbHOCMI CIMPYKMYPHUX OeheKmie i CMOPOHHIX OOMIUOK Y CIMPYKNTY-
pax eapuxanie.

Pobomy npucesueno 3’scysannio npuiun ma Mexamismie oespaoayii 360pOMHUX XAPAKMEPUCUK GaPUKANIE 3 OMIYHUM KOH-
MAKMOM HA OCHOGI AIOMIHIIO 8 NPoYeci 8IONALY NAIBKU AIOMIHIIO N0 Y4acC GOPMYBaHHS OMIUHO20 KOHMAKMY, A MAKONC GU-
3HAYEHHIO MOJICTUBOCTI 3ACHOCYBAHHA Onepayiil cemepy8anus O0na 3anobicanus 0ecpadayii 360PpOMHUX XAPAKMEPUCTUK
6apuKania i NiogueHHs 8UX0O0Y NPUOAMHUX NPUNAJIE.

Bemanosneno, wo npuuunor 0ecpadayii 360pOmMHUX XAPAKMEPUCMUK 8APUKANIE 3 OMIYHUM KOHMAKMOM HA OCHOGI ANIOMIHIIO
€ cmpykmypui 0egpexmu, o ymeopioromsCs @ AKMUGHUX 00IACMAX 8apUKAnie y npoyeci npogedeHHs GUCOKOMEeMNepamypHux
MexXHONO2ITYHUX Onepayill.

Loxnaono pozenanymo 3anpononoeany mexHonozilo GUeOMoGNeHHs CIMPYKMyp 6apuKanié 3 OMiYHUM KOHMAKMOM HA OCHOGI
QNIOMIHIIO 13 3ACMOCYBAHHAM 2emepy8anHs 00IACMIO 2emepa, CIMEOPEHOI0 HA 360POMHILL CMOPOHT NIACIUNU Neped 0CA0NCEH-
HAM Ha iT pobouy cmopoHy enimakcitinozo wapy. Posensanymo npuyuru ma mexanizmu 0e2padayii 360pOmHUX Xapakmepucmux
B8APUKANIE 3 OMIYHUM KOHMAKMOM HA OCHOSI AIOMIHII0 8 npoyeci 8I0NAny NiieKku anoOMiHilo nio 4ac opmysanHs OMiuHO20
KOHMAaKmY.

Toxasano, wjo po3podnena mexnonoz2is 6U20MOGIEHHA CIMPYKIYP 6aPUKANIG 13 3ACMOCYBAHHAM 2emepy8ants 00360IA€E 04U~
CIUmMu akmugHi 0b1acmi 8apuxanie 8i0 3apooxie deghexkmie ma HebANCAHUX OOMIULOK | 3an0Hiemu YmeopeHHIO 6 HUX CIpPYK-
MYPHUX 0eeKmis, o YHEMOICTUBNIOE TOKATbHE NPOHUKHEHHS ANIOMIHII0 8 001acmb p—n-nepexody ma 3abesneuye cymmeee
SHUNCEHHS PIBHS 360POMHUX CIMPYMI6 8APUKANIS | NIOBUUEHHS 8UX00Y NPUOAMHUX NPUNLAOIE.

Kntouogi cnosa: antominiv, oMiuHuil KOWMAaxm, 2emepyeanisl, Gapuxan, oegexmu, 360pOomHuLl CMpym.
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BJIMAHUE 'ETTEPUPOBAHIA HA TTPOLIECC ®OPMHNPOBAHUA
AJIIOMUHUEBOI'O OMHNYECKOI'O KOHTAKTA

Bapukansi wupoko ucnonv3yiomes 6 paouoieKmpoHuKe 8 Kauecmee nepemMeHHOU eMKOCMU, 8eIUYUHA KOMOPOU ynpasisiem-
cs nanpsiicenuem. OOHAKO cedyem Ommemum, Ymo CmouMOCms 8aPUKAN08 0CMAEmcs CPAGHUMENbHO BbICOKOU, UMO C651-
3AHO ¢ HUBKUM 8bIXOOOM 200HBIX NPUOOPOS. DMO 00BACHAEMCSL 8bICOKUM YDOBHEM 0OPAMHBIX MOKO8 U HUSKUMU NPOOUSHBIMU
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HAnpAdNCeHUAMU 8aAPUKANOS, YMO CEA3AHO C CYWeCHEEHHOU 3A8UCUMOCBIO UX 0OPAMHBIX XAPAKMEPUCUK OM NIOMHOCIU
CMPYKMypHbIX 0edeKmos 1 nOCIMOpOHHUX npuMecell 8 CMPYKmypax 6apuxkanos.

Paboma nocesujena 6visICHeHUI NPUYUH U MEXAHUIMOE 0e2padayui O6PAMHbBIX XAPAKMEPUCTIUK 8APUKANOE C OMUYECKUM
KOHMAKMOM HA OCHO8€ QIIOMUHUSL 8 Npoyecce OMiCUea NieHKU ATIOMUHUS NPU QOPMUPOBAHUY OMUYECKO20 KOHMAKMA, a4
makoice onpeoesienus 603MONCHOCMU NPUMEHEHUS ONepayull 2emmepuposanis 01 npedomspauyeHus 0ecpadayu 0OpamHvLx
Xapakxmepucmux u nogvlieHue 8bixo0d 00HbIX NPUbOPOs.

Yemanosneno, umo npuuunoii decpadayuu 0Opamuvix Xapakmepucmux 8apuKanog ¢ OMU4ecKUM KOHMAaKmom Ha 0CHO8e anio-
MUHUSL ABTAIOMCA CMPYKMYpHble 0edeKkmbl, 00pazyrouuecss 8 akmueHulx 0O1acmsax apukanos 8 npoyecce NPoeeoeHuUst 8biCo-
KOmeMnepamypHvix mexHon02u4eckux onepayuil.

TloopobHo paccmompena npeonodiceHHass MexXHON02Us U320MOBNEHUsSL CIPYKIYP BAPUKANO8 C NPUMEHEHUEM 2emmepuposanus
¢ noMowjbIo obracmu 2emepa, CO30AHHO20 HA OOPAMHOL CIMOPOHE NAACTUNBL NEePed 0CANCOeHUeM HA ee pabdouy0 CIOpoHy
INUMAKCUANLHOO CNI0A. Paccmompenst nputunbl u Mexanuzmul 0eepadayuu 00pamHuix Xapakmepucmux apukanos ¢ omude-
CKUM KOHMAKMOM Ha OCHOBE ATIOMUHUA 8 NPpoYyecce Omaicuea nieHKu anoMutus npu GopmMuposanuy OMu4ecko20 KOHMaKkma.

Toxasano, umo paspabomannas mexHonNO2Us U320MOBIEHUS CIMPYKIYP 8APUKANOS C NPUMEHeHUeM 2emmepuposanus no3eo-
Jislem OuUCmums aKmueHsle 061acmu 6apuKkanog om 3apoobiieli OegheKkmoes u HexceramelbHulX npumecell i npedomspamuns
obpaszosanue 6 HUX CIPYKIMYpPHbIX 0epexmos, Ymo Oeaemm He03MONICHbIM sA6leHle IOKANbHO20 NPOHUKHOBEHUA ANIOMUHUA 6
obracme p—n-nepexoda u obecneuusaem CyujeCmeeHHoe CHUICEHUe YPOBHs 00PAMHbIX MOK08 6aPUKANOE U HOBbIULEHUE Bbl-
X00a 200HbIX NPUOOPOE.

Kntouesvie cnosa: amomunuil, omudeckuti KOHMAKm, 2emmepuposanue, 6apuxan, 0egexmol, 0Opamubviil Mox.
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