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ENHANCING PARAMETERS OF SILICON VARACTORS

USING LASER GETTERING

The authors investigate how and why defects influence the inverse characteristics of varactors. The paper
presents experimental results on the effect laser gettering has on the electrical parameters of varactors.
The mechanisms of the laser gettering effect on the parameters of varactors are analyzed.
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Varactors are widely used in radio electronics
as variable capacitor diodes, the capacitance value
of which is controlled by voltage [1 —3]. The main
parameters of the varactor are its Q-factor, nominal
capacitance, reverse current and capacitance
overlap ratio. The latter determines the frequency
range of the varactor [1]. The development of
varactors with a reverse gradient of the impurity
concentration in the base makes it possible to
significantly increase the capacitance overlap
ratio. At the same time, another problem arises:
such varactors have a low yield due to variance in
nominal capacitance in the structures over the area
of the plate, and to a high level of reverse currents.
As studies have shown, this is mainly caused by
structural defects and uncontrolled impurities in
the active regions of the diodes [4—6].

Various gettering methods are used to reduce
the density of structural defects in silicon [7 —10].
Despite the variety of gettering methods of
structural-impurity defects, many of them (e.g.,
mechanical introduction of defects into the back
of the plate using abrasive treatment) are not
technologically efficient, which makes it difficult
to apply them in production. Therefore, a very
topical issue is the development of effective
technological methods for gettering structural
defects and impurities in silicon.

This work is devoted to the study of how
structural defects effect the parameters of the
silicon varactor with the inverse gradient of
impurity concentration in the base, and to the
possibility of using laser gettering to improve the
parameters and the yield of varactors.

Test samples

The investigated varactors were produced using
the standard planar-epitaxial technology [11] and
based on n-type silicon epitaxial structures with a
specific resistance of 12 Q-cm and a thickness of
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8 um, grown on silicon substrates oriented along
the (111) plane.

Varactor structures were manufactured according
to the following main technological operations:

— thermal oxidation of silicon wafers in water
vapor at a temperature T = 1050°C for 100 minutes,
followed by annealing in argon for 30 minutes at
the oxidation temperature;

— 1st photolithography for opening windows
in silicon dioxide;

— phosphorus ion implantation at a doping
dose of 35 pC,/cm?2 and phosphorus diffusion at
a temperature of 950°C for 55 minutes to create a
reverse concentration gradient;

— 2nd photolithography for opening windows
for boron diffusion;

— boron doping in argon and oxygen at
T =980°C for 25 minutes to form a p —n junction;

— 3rd photolithography for opening windows
in a borosilicate glass film;

— formation of the ohmic contact on the working
side of the plate by depositing an aluminum film
in vacuum, and the 4th photolithography on an
aluminum film followed by annealing the contact
in an inert medium at T = 500°C;

— polishing the back side of the plate and
forming an ohmic contact on it by successive
deposition of titanium and nickel layers using
the vacuum thermal evaporation method, and
deposition of gold using galvanic precipitation.

Investigation of structural defects

Tests of the faulty (according to the reverse
current parameter) varactor structures showed a
high density of oxidative stacking faults (OSF) in
their active regions. After each high-temperature
operation, metallographic tests of the crystal
structure were performed. To reveal structural
defects, selective etching was carried out using the
Sirtl etch during 10 to 180 s. The type of structural
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Fig. 1. Surface of

the varactor structure
with revealed OSFs

defects and their density were determined using
an MMY-3 (MMU-3) optical microscope.

Immediately after thermal oxidation of silicon,
OSFs with a density of up to 102—103 cm~2 were
found in the varactor structures, and after the last
high-temperature operation (boron doping), the
density reached 105—106 cm—2.

Fig. 1 shows a microphotography of the surface
of one of the tested structures after selective
etching in a Sirtl etch for 20 s.

Gettering technology

To select an effective gettering method, which
would seamlessly fit into the manufacturing route
for the varactor, several gettering methods were
tested. It is worth noting, that gettering should
be done at the very beginning of the varactor
manufacturing route [9, 12], i.e., before thermal
oxidation, during which, as indicated above, OSFs
already begin to form. The obtained experimental
data have shown that an effective method of
suppressing OSFs would be to use laser gettering
in order to create a gettering area with an inverse
concentration gradient of the impurity in the base
on the back of the plate [13].

The getter region was formed by processing
the back of the plate with a laser at a radiation
density of 12 J/cm? followed by annealing in
argon (140 L/h) and oxygen (10 L/h) at 1050°C
for 40 min. Silicon wafers were processed by an
LTN-102 type Nd laser [7, 14] with a radiation
wavelength of A = 1.06 um. The surface scanning
speed of the laser beam was 0.5 m/s. The wafers
were processed with continuous laser radiation in
the heat flux regime, which ensured the melting
of silicon without evaporation.

Laser processing causes tensile stresses to appear
in the silicon wafer [7]. Subsequent heat treatment
in argon and oxygen leads to recrystallization of
the back surface of the plate, where a dislocation
network is formed in the region processed by
laser radiation. The regions of the crystal lattice
disturbance on the non-working side of the plate
serve as a drain for point vacancy defects and
atoms of rapidly diffusing metal impurities [9,
12]. Since the diffusion coefficients of these defects
are several orders of magnitude higher than those
of such dopant impurities as boron, phosphorus
or antimony, during heat treatment they migrate
through the semiconductor wafer and are deposited
on structural defects in the layer with a broken
crystal lattice.

Testing the effectiveness
of the developed technology

To test the approach, four batches of varactors
were produced using the basic technology (without
gettering) and four more batches were made
according to the developed technology (using
laser gettering). The efficiency of the technology
was evaluated by the varactor structures yield
according to two parameters:

— reverse current [, (validity criterion: I,.,=
= 0,2 pA at 16 V reverse voltage);

— nominal capacity C,,, (validity criterion:
Chom = 510—608 pF at 1 V reverse voltage).

It is obvious that the yield percentage is
inversely proportional to the variance of the C,,,
values over the area of the plate.

The analysis of the data from the table shows
that using the developed varactor manufacturing
technology makes it possible to increase the
structures yield by an average of 7.5% according
to the reverse current parameter, and by 7.3%
according to the nominal capacity parameter. At
the same time, the level of reverse currents in the
structures made by the developed technology is
2—>5 times lower than for the ones manufactured
using the basic technology. The variance of the
Ciom Values over the area of the plate is also lower.
Dependence of the structures yield on their
manufacturing technology according to the reverse

current and the nominal capacitance values

Manufacturing Batch Yield,
technology number %
I, control
1 91
Basic
2 89
3 97
Developed
4 98
Cpom control
S 421
Basic
6 43,8
7 48,5
Developed
8 51,9

Metallographic studies performed before the
formation of ohmic contacts on the working side of
the plates showed that the structures manufactured
using the developed technology contain no OSFs .

Fig. 2 shows reverse branches of the current-
voltage characteristics of the varactors. It can be seen
from the figure, that gettering substantially reduces
the level of the reverse currents in the diodes.

The effect of the laser-created getter layer on
the parameters of the varactor structure can be
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Fig. 2. Current-voltage characteristics of the varicap
structures made using laser gettering (7) and the basic
technology (2)

explained as follows. During high-temperature
operations (thermal oxidation, phosphorus
diffusion, boron diffusion), an effective gettering
of metal impurities is carried out by the getter
layer created on the back of the plate. The nuclei
of structural defects that were formed during ingot
growth and during epitaxy are removed, which
to a great extent prevents forming new defects
and helps removing the OSFs already formed in
silicon. The interstitial silicon atoms that form
OSFs diffuse to the created getter region and are
captured by it.

As a result, the previously formed OSFs
decrease in size or disappear completely. Effective
gettering of metal impurities and structural defects
provides a significant reduction in the variance
of the nominal capacitance of varactor structures
over the area of the plate (due to a more uniform
diffusion of phosphorus over the plate area
during the formation of an inverse concentration
gradient of the impurity in the base of the varactor
structure and a more planar boron diffusion front
when creating the p—n junction), as well as a
significant decrease in the level of reverse currents
in varactors, the increase of which was caused by
defects.

Conclusion

Thus, oxidative packing defects formed in the
active regions of the structures are the reason for
the low yield of varactors with an inverse gradient
of the impurity concentration in the base according
to the reverse current and the nominal capacity
parameters. The use of the developed technology
for manufacturing varactor structures with laser
gettering allows preventing or significantly
decreasing the OSF density in the active regions
of the structures. This makes it possible to reduce
the level of reverse currents and to decrease the
variance of the nominal capacitance of varactors
over the area of the plate and, thus, to improve
the devices yield.
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ITOJIIIINEHHA ITAPAMETPIB KPEMHIEBIX BAPUKAIIIB
TPV BUKOPNCTAHHI JIASEPHOI'O TETEPYBAHHA

Bapuxanu wupoxo suxopucmosyomscs 6 padioeieKxmporiui K IMIHHA EMHICMY, 8eJUYUHA AKOT YNPABASEMbCsL
Hanpyzorw. OCHOBHUMU naApaAMempamu Gapuxanda € tozo 000POMHICMY, HOMIHALLHA EMHICIb, 360POMHUL
cmpym i Koehiyienm nepekpumms no EMHOCMI, AKUU SUSHAYAE UACTNOMHUL 0IANA30H BUKOPUCTIAHHS 8APUKA-
na. Pospobxa eapuxanie 3i 360pomuum zpadi€nmom Konyenmpauii domiwxu 6 0a3i 0aia MOKAUGICNG 3HAUHO
36invwumu Koegiyienm nepexpumms no emuocmi. Ilpu yvomy, 00HAK, GUHUKAA NPOOAEMd, NO6'A3AHA 3 HU3L-
Kum 8UX000M Npuoamuux npuradie uepes po3xud 3nauenb HOMIHAILHOL EMHOCIT CIMPYKMYP NO NAOULE NAACTU-
HU, 4 MAKOK 6UCOKOZ0 Pi6HS IX 360POMHUX CIMPYMIE.

Poboma npucesuena docidxennio BNAUGY CIMPYKMYPHUX Oehexmis na napamempu KpemHi€gozo 6ApuKand 3i
360pomuuM zpaazenmom KOHUEHMPayii domMiwku 6 6a3i i MOKAUBOCNT 3ACMOCYBANNS A3EPHOZO 2eMeEPYEANHSL
0151 NOATNUWEHHSL 1I020 NAPAMEMPIB6 i NIOSUWEHHSL 8UX00Y NPUOAMHUX NPUIADIE.

Bcemanoeaeno, wo 201061010 RPUMUHOIO HU3LKO20 6I0COMKA 6UX00Y NPUOAMHUX OOCHI0KYBANUX 6APUKANIE €
oxucaosavni depexmu ynaxyeanns (OAY ), wo ymeopiolomvcs 6 akmueHux 061dcmsx Cmpyxmyp 6 npouecax
npoeedenHs 6UCOKOMeMNepaAMypHUX onepayiti. /lemanvro po3zianyma 3anponoHo8ana mexHoa02is 6Uz0MOBAeH-
HSL CIMPYKMYP 6APUKANIE 3 LAIEPHUM 2eMEPYBAHHSM, d MAKOK 0COOIUBOCME CMBOpeHHs 00.1acmi zemepd Hd 360-
pomnomy 6oui naacmun. IIpueedeno exchepumenmarvii pe3yivmamu 0OCAI0KeHb 6NAUCY NAEPHOZO zemepy-
eanms na erexmpuuni napamempu eapuxanie. Iloxaszano, wo 3acmocysanus po3pobienoi mexnonozii 0036015€
3anoGizmu abo icmomuo 3menwumu wirvrnicmo O/Y 6 akmuenux 0O0LACMAX CMPYKMYP, Wo 0AE MOKIUBICMY
SHUBUMU PIBEHb 360POMHUX CIMPYMI6 | 3MEHWUMU PO3KUO 3HAUEHb HOMIHAALHOI EMHOCII 6APUKANIE NO NAOW
nAACMUHY 1, K HACAI00K, NidsuwuUmMuU 6uUxi0 NPUOAMHUX NPULADi6

Kniouosi crosa: zemepysanis,, 360pomuuti Cmpym, Kkpemuit, domiwku, eapuxan.
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YVIAVUIHNEHUNE ITAPAMETPOB KPEMHUMEBOI'O BAPUKAITA
I[P NCITIOJIbSOBAHNUN JIASEPHOTO 'ETTEPPOBAHUMA

Paboma nocedauiena UCCNe008ANUI0 BAUAHUSL CMPYKMYpHvlx aeqbexmoe HA napamempuvl Kpemnuesozo sapuxrana ¢
06pdeblM zpa@ueHmOM KOHUEeHmpayuu npumecu 6 6ase u 603MONHOCTIU npumMenenus 1a3epnozo zemmepupoead-
Hus 015 YAYyuuwenus ezo napamempos u nosblileHus 661X00d 200HbLY npuéopoe.

Yemanosaeno, 4mo 21aenol npuvuHoOl HU3K020 NPOUEHMA BbIX00d 200HBIX UCCACOYEMbIX BAPUKANOE SAGNTIOM-
cs oxucaumenvhole degpexmor ynaxosxu (O/Y ), obpasyiouuecs 6 axmuenoix 064ACMX CMPYKMYP 8 NPoyec-
cax npogedenus evicokomemnepamypuuix onepauutl. I1o0po6Ho paccmompena npeodioKenHds MexHoi0zus u3-
20MOGIEHUS CIMPYKMYDP GAPUKANOG C JAICPHOIM 2CTNIMEPUPOSANUEM, A MAKKE 0COOEHHOCU o30anus 00aacmu
eemmepa na obpammoti cmopone naacmun. IIpusedenvt IKCREPUMEHMATLHBIE PEIYTLMAMbL UCCAE08AHUT 6IUSL-
HUSL IA3EPHO20 2eMMEPUPOBANUS HA INEKMPUYECKUe napamempsl sapuxanos. Ilokaszano, umo npumenenue pas-
PadOMAnHOl MeXHOI02UU NO3GOASCM NPEOOMBPAMUML UL CYWECMBEHHO YyMenbuwums niomuocms OAY ¢ ax-
MUGHVIX 0CLACAX CIMPYKIYD, 0dem 603MOKHOCID CHUSUTNG YPOBEHD OODAMHBLY MOKOG U YMEHLULUMD PA36POC
3HAUEHUT] HOMUNHATLHOU eMKOCTRU 6APUKANOE NO NAOWAOU NAACTAUHBL U, KAK CAedcmeue, Nosvlcums 6vix00 200-
HbLX npubopos

Katouesvie crosa: zemmepuposanue, o6pamuvlii mox, KpemMuull, npumecs, 6apuKan.
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