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Theproceduref wetchemicaletching whichplaysanimportantrolein thefabricationof high-paver Si devicesin standard
commerciakquipmentis discussedThecharacteristicsf isolationgroovesin Si high-wltagethyristorsanddiodeshave been
investicated,with respecto etchantsandwet etchingconditions. It hasbeenfound that the standarddeviation in the depth
valuesof isolationgroovesproducedn the Si waferof 125mm in diameteris reducedo 0.85! m usinga proposednodi ed

technologicaprocedure.
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1. Intr oduction

Etchingin acidor alkali solutionsis oneof thebasic
proceduredn thefabricationof high-paver Si devices.
Silicon dissohesin uoric acid and alkali solutions,
whereasnsolubleoxide Im is formedon Si surface
in reactionswith otheretchingreagentsin the caseof
etchantcomposemf HF andHNO3, the solutionof Si
proceed#n severalstageseachof whichis followedby
changesn chemicalcompositionof both Si waferand
etchant{1]. The etchingrateandsurfacemorphology
of Si aredependenbn the concentratiorof acidsand
reactionproductH,SiFs. Silicon acid H,SiFs formed
in thereactionis consideredo bea strongacidcompa-
rableto sulfurousacid[2]. H,SiFg is formedin atwo-
stepprocess.In the rst step,Siis oxidizedby HNO3
resultingin formationof SiO,. In the secondstep,Si
oxide SiO, reactswith HF, forming SiF4 thatgivesrise
to SiFéi by reactingwith excessHF. Thetotal reaction
is[2]

3Si+ 4HNO3 + 18HF! 3H,SiFg + 4NO + 8H,0:

1)
Recentinvestigationshave shavn [3] that the etching
mechanisnof siliconis morecomplicatedhanthatde-

scribedby (1). Firstly, the oxidationof Siis causedy
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equilibrium reactionbetweennitric acid and nitrogen
oxide[4]:

2HNO3 + 3Ra! 3RaO+ 2NO+ H,0; (2)

where Ra is a reducingagent. Secondly nitrogen
monoxidegeneratesitrousacidthatis adominantox-
idizing reagent:

H*NOj + 2NO + H,O! 3HNO,; 3)

2HNO, + Ra! RaO+ 2NO+ H;O: (4)

In theabsencef HNO,, the Si etchingrateis very low
[4] asthe etchingproceedsonly dueto reactionof Si
with primary nitric acid. Therefore,in orderto con-
trol theetchingprocessthereducingreagenshouldbe
used.

It is known that hydrogenand carbonare effective
reducingelementsln etchantsaceticacid CH3;COOH
canbeusedasreducingreagentwhich determinegor-
mationof NO andHNO-, anddilutesthe concentrated
acids. CH3COOH is a bettersolvent than water be-
causeof its permittivity (6.15)whichis lowerthanthat
(81) of water As aresult,alower dissociationanda
higheroxidationdegreeof HNO3 areachieved during
the etching process. In addition, a lower polarity of
aceticacid,ascomparedo water, leadsto a betterwet-
ting of a partially hydrophobicSi surface[5].
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It shouldbe notedthat the formation of deepiso-
lation groovesin Si waferwith p—n junctionsby wet
etchingdiffers from the etchingprocessof a homoge-
neoussubstrate During the etchingprocesshydrogen
atomspenetraténto Silattice,hencepassiatingp-type
impuritieslike boronandresultingin a formationof a
higherresistvity layer[6]. This procesanodi es the
etchingrate and the surface morphologyof grooves,
in uencing simultaneouslythe breakdevn voltage of
high-paver Si devices. Thereforejn orderto improve
the electrical parameterf Si devices, the chemical
compositionof etchingsolutionsis to be carefully se-
lectedandthe optimaletchingconditionsshouldbede-
termined.

In corventionalmachining,the etchingprocessand
resulting quality of Si devices are also dependenbn
thestiffnessof equipmenandmechanicatlisturbances
like vibrationsandthermaldeformationf the work-
pieceand machine[7]. Therefore,cornventionalma-
chining propertiesshouldbe optimizedalongwith the
controlof wet etchingprocess.

In this work the formation processof isolation
grooves by wet etchingprocedurevasanalysed.The
dependenceof structural parametersof isolation
grooves on the mechanisnof etching procedurehas
beeninvestigatedin the fabricationprocessof thyris-
tors and high-paver Si diodesproducedin “Vilniaus
VentosPuslaidininkiai”. The chemicalcompositionof
acid etchantswas optimized and the etching process
wasmodi ed in orderto improve the characteristicef
fabricateddevices.As acriterionof theeffectivenes®f
themodi ed procedurestandardieviation of thedepth
of isolationgroovesin Siwaferswasconsidered.

2. Investigatedstructures

As substratesn-type Si wafers of resistvity 60—
120- cm, diameterl125mm, thickness0.37 mm, and
(111) crystallographicorientation were used. The
p— junctions in the diode and thyristor structures
have beenformedby diffusion of boronandphospho-
rus for producingthe p- and n-type regions, respec-
tively. The resultingcarrier concentrationsn p- and
n-type regions were 2¢1.0'8-1¢10'4 and 6¢10'3 cm' 3,
respectrely. The arraysin wafers were separated
by isolation grooves formed by wet chemical etch-
ing techniqgue. Commonly the grooves of 100 1 m
in depth and 800 ! m in width were etched using
HF : HNOj3 : CH3COOH[(3-1.7): (2—4): (0.7-2)(v=V)]
mixtures. In a further technological process, the
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Fig. 1. A sketchof apparatugor etchingtheisolationgrooves.

grooveswere lled with SiO,-PbO-ALO3-B,03 com-
poundwhich was meltedinto the glassby heatingat
750-760C.

3. Experiment

In the fabricationof high-paver Si devices, thein-
dustrialapparatusnstalledin “Vilniaus VentosPuslai-
dininkiai” wasused.The sketchof wet-etchingequip-
mentis presentedn Fig. 1. The etchingcell with 25
waferswasimmersedn etchingsolution. Thecell was
maoving up anddown androtatedalongthe horizontal
axis by meansof the train of gears. The temperature
duringthe etchingprocessvascontrolled.

Thedepthof the grooveswasmeasurednakinguse
of acontactstylusof DekTak 6M pro lometer (Veeco).
Thenumericalresultspresentedn this work arebased
on the experimentaldataobtainedin 655 runs of the
measurementsf isolation groovesin 131 Si wafers.
The depthd of isolation grooves was measurecht 5
pointsin eachwafer. Theaveragedepthd, depthrange
R = dmax i dmin, wheredmymax anddmin aremaximum
and minimum values%f depth,respectiely, and stan-
darddeviationsq =  [8(di i d)2]=(i 1) (i = 5)
werecalculatedor eachSi wafer.
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Fig. 2. Dependence®f valuesof the standarddeviation in depth

onthedepthof isolationgroovesformedby wet-etchingechnique.

Etchingcell rotatedat a speedof 38 rpm. The curwe is a guideto
aneye.

4. Resultsand discussion

In orderto improve the characteristicef fabricated
high-paver Si devices,the main attentionwaspaid to
the etchingprocess. In processingof high-paver Si
devices, the quality of etchingis characterizedby the
rangeR of thedepthvaluesandthepro le of isolation
groovesin wafer TheR valuesdeterminemechanical
characteristicof wafer suchas hardnesswhich are
importantin furthertechnologicaprocedure.

Experimentaldatashaved thatR valuesaswell as
standardleviation sy (Fig. 2) increasedvith increasing
d values.The sy valuespresentedn Fig. 2 weredeter
minedfor isolationgroovesformedon Si wafersetched
at a standardspeedof 38 rpm. As seenfrom Fig. 2,
thedepth-dependenad sq is anon-monotonoufunc-
tion with a particularpointatd » 701 m correspond-
ing to thelocationof the p—n junction. The sy values
are almostindependenbn depthin the p-type region
whereas steepncreases noticedin then-typeregion.
This obserationis in agreementith the etchingrate
for p- andn-type Si [6]. A low etchingratein p-type
Si hasled to low valuesof R andsq, whereadn the
n-type region at larger d valuesa higher etchingrate
causedanincreasef sq values.

The obsenred regularitiesare well understoodafter
amoredetailedanalysisof the etchingprocessAs de-
scribedabore, theformationof siliconacidH,SiF oc-
cursin two stepd8]:

3Si+ 4HNO3 ! 3SiO, + 4NO + 2H,0; (5)

SiO, + 6HF ! H5SiFg + 2H,0: (6)

However, in thesereactionghecrucialandyetunre-
solved stepis oxidation of Si by nitric acid. On the
one hand, recentstudieshave shavn [8] that during
the etchingin acid mixtures,theinjectionof holesinto
semiconductovalencebandoccursdueto reductionof
nitric acid on Si surface. This processindicatesthe
electrochemicabrigin of the reaction. In HF-HNG;
mixturesthe electrochemicabrigin of etchingprocess
is con rmed by the formationof porousSi layers[9].
On the other hand,the presenceof seseral combined
equilibria betweendifferent nitrogen oxideswas pro-
posed[5] to leadto the formation of nitrous acid as
a reactve speciesn the etchingprocess(3), (4). In-
deed,the bestmorphologyof Si surfacewasobtained
in HNO3-rich HF/ HNO3 / CH3COOH solutions,in an
apparenagreemenivith thismechanisni5]. However,
this mechanismdoesnot explain how nitric acidis re-
ducedon Si (111) surfacepassvatedby hydrogen[10].

On the basisof considerationgpresentedabove, it
is reasonableéo assumehat (i) nitric acid, as oxidiz-
ing agent,generateswo holes and oxidizesthe sur
faceSi atomsto Si** accordingto chemicalreaction
and (i) uoric atomsreplacehydrogenatomson H-
passvatedSi surfacein accordancevith electrochemi-
cal mechanisnjl1].

As notedaborve (seeFig. 2), experimentaldatahave
shavn thatstandarddeviation of the depthof isolation
groovesis almostconstanin the p-type Si region indi-
catinga low etchingrate. However, the etchingrateis
stronglydependentn carrierconcentratioi12] which
variesby four ordersof magnituden the p-typeregion
of high-paver Si devicesunderconsideratior13]. It
is reasonabldo assumethat hydrogenatoms, which
have originatedasthe reactionproducts penetraténto
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Fig. 3. Dependencef the standarddeviation of the depthrange
sr ontherotationrateof etchingcell vec ataconstandepthd =
100* m of isolationgrooves.
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Fig. 4. Dependencef etchingrateve, ontherotationspeedvec of
etchingcell at a constantdepthd = 100! m of isolationgrooves.
Thecurweis aguideto aneye.
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Si during etchingprocessand passiate dopantboron
atomsleadingto aformationof a high-resiswity layer.
As aresult,the etchingrateis low, leadingto low sq
valuesof the depthof isolationgrooves. An increase
of sq valuesin the n-type region canbe explainedby
increasecetchingrate dueto the absencef hydrogen
passvationeffect.

In orderto decreasehe rangeof d valuesover the
wafer, the dependencef standarddeviation sg (the
standarddeviation of the depthrange)on the rotation
speedof etchingcell vgc wasexamined. For this pur
pose,the mechanisnof train gearsin the etchingcell
wasimprovedto increasdherotationspeedf theetch-
ing cell. However, the rotation speedwas limited to
Vec < 60rpm becaus®f theconstructiorof apparatus.

Experimentadatahave shavn (Fig. 3) thatthe iso-
lation groovesaremoreuniform in depthat higherve

(b)

Fig. 5. Pro le of theisolationgroovesformedat therotationof the etchingcell with a speedf (a) 30 rpmand(b) 52 rpm.
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values. Therefore,it wasproposedo increasethe ro-
tation speedof the etchingcell up to 52 rpm. Thein-

creasf vg. from 30to 52rpmresultedn thedecrease

of standarddeviation of the depthrangesg from 1.74
t0 0.85* m.

Theincreaseof rotationspeedvg. of etchingcell re-
sultedin theincreaseof etchingrate,too (Fig. 4). For
example,the etchingrate wasincreasedrom 13.6to
18.6 1 m=min at the increaseof rotation speedfrom
30to 52 rpm. This dependencés causedy the en-
hancedhomogeneityf theetchantanda moreef cient
removal of reactionagentsatthelocal wetetchingpro-
cess.As aresult,the etchingratewasincreasedndit
wasmorehomogeneousver thewafer.

Theincreasef vgc hasalsoresultedn theimprove-
mentof the pro le of isolationgrooves. As seenfrom
Fig. 5, thebottomof theisolationgroove is smootheat
higherrotationspeedf the etchingcell. Theimprove-
mentof morphologyis mainly dueto aneasieremoval
of thereactionproducts.

5. Summary

Theformationof isolationgroovesby wet chemical
etchinghasbeeninvesticatedin the caseof high-paver
Si devicesproducedoy meansof industrialetchingap-
paratusin orderto improve the ef ciency of this step
in the technologicalprocedure. Two problemsin the
etchingprocessave beendiscussedThe rst problem
wasrelatedto the chemicalcompositionof the etching
solution. It hasbeenshavn thatusingthe HNOs-rich
HF/HNO3/ CH3COOHetchanffor Si(111), thecom-
binedelectrochemicahndchemicalreactionunderhy-
drogenevolution is dominant. As aresult,the etching
rateis weakly dependenbn the dopingratein p-type
Si. The secondproblemunderconsideratiorwasthe
etchingrateandremoval of reactionproductsfrom the
forming isolation grooves. The standarddeviation in
the depthof isolation grooves was determinedio de-
creasewith the increaseof rotation speedof the etch-
ing cell dueto a more efcient removal of the reac-
tion products. As a result,the pro le of the isolation
grooveswassmootheiat a higherrotationrate.

Studiesof theetchingprocessn fabricationof high-
power Si devices have given a new insightinto reac-
tion mechanisnof isotropic acidic etchingof Si. An
improvementof technologyhasled to lower valuesof
standarddeviation for the depthand smootherpro le
of isolationgroovesin Si substrates.
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DIDEL ES GALIOS SILICIO PRIETAISU IZOLIA VIMO GRIOVELI U CHEMINIS ESDINIMAS

D. Saluch&?, I. Simkiere?

& Puslaidininku zik osinstitutas,Milnius, Lietuva
b Akcire bendove ,Vilniaus Ventospuslaidininkiai“, Vilnius, Lietuva

Santrauka

Nagrirejamaszoliaciniogriovelio gyliu verciu kitimo intervalo
ir ju standartinionuokrypio ma inimo metodasdideles galios si-
licio prietaisuose. Nustatyta,kad gilejant izoliaciniams griove-
liams kartu auga standartinisnuokrypis. Izoliacinio griovelio gy-

liu verciu standartinisuokrypissuma intasnuo 1,74iki 0,851 m,
didinant esdinimo kasees sukimosi greit esdiklyje nuo 30 iki
52 apssmin. Nustatyta,kad kartu pakito ir esdinimogreitis nuo
13,6iki 18,61 m=min. IStirta esdinimokasees sukimosigreicio
itakaizoliacinio griovelio dugnoformaiir morfologijai.



