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Theprocedureof wetchemicaletching,whichplaysanimportantrolein thefabricationof high-powerSi devicesin standard
commercialequipment,is discussed.Thecharacteristicsof isolationgroovesin Si high-voltagethyristorsanddiodeshavebeen
investigated,with respectto etchantsandwet etchingconditions. It hasbeenfound that the standarddeviation in the depth
valuesof isolationgroovesproducedin theSi waferof 125mm in diameteris reducedto 0.85¹ m usinga proposedmodi�ed
technologicalprocedure.
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1. Intr oduction

Etchingin acidor alkali solutionsis oneof thebasic
proceduresin thefabricationof high-powerSi devices.
Silicon dissolves in �uoric acid and alkali solutions,
whereasinsolubleoxide �lm is formedon Si surface
in reactionswith otheretchingreagents.In thecaseof
etchantcomposedof HF andHNO3, thesolutionof Si
proceedsin severalstages,eachof whichis followedby
changesin chemicalcompositionof bothSi waferand
etchant[1]. The etchingrateandsurfacemorphology
of Si aredependenton the concentrationof acidsand
reactionproductH2SiF6. Silicon acid H2SiF6 formed
in thereactionis consideredto beastrongacidcompa-
rableto sulfurousacid[2]. H2SiF6 is formedin a two-
stepprocess.In the �rst step,Si is oxidizedby HNO3

resultingin formationof SiO2. In the secondstep,Si
oxideSiO2 reactswith HF, formingSiF4 thatgivesrise
to SiF2¡

6 by reactingwith excessHF. Thetotal reaction
is [2]

3Si+ 4HNO3 + 18HF ! 3H2SiF6 + 4NO + 8H2O :
(1)

Recentinvestigationshave shown [3] that the etching
mechanismof siliconis morecomplicatedthanthatde-
scribedby (1). Firstly, theoxidationof Si is causedby

equilibrium reactionbetweennitric acid andnitrogen
oxide[4]:

2HNO3 + 3Ra ! 3RaO + 2NO + H2O ; (2)

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

H+ NO¡
3 + 2NO + H2O ! 3HNO2 ; (3)

2HNO2 + Ra ! RaO + 2NO + H2O : (4)

In theabsenceof HNO2, theSi etchingrateis very low
[4] asthe etchingproceedsonly dueto reactionof Si
with primary nitric acid. Therefore,in order to con-
trol theetchingprocess,thereducingreagentshouldbe
used.

It is known that hydrogenandcarbonareeffective
reducingelements.In etchants,aceticacidCH3COOH
canbeusedasreducingreagent,whichdeterminesfor-
mationof NO andHNO2 anddilutestheconcentrated
acids. CH3COOH is a bettersolvent than water be-
causeof its permittivity (6.15)which is lower thanthat
(81) of water. As a result,a lower dissociationanda
higheroxidationdegreeof HNO3 areachievedduring
the etchingprocess. In addition, a lower polarity of
aceticacid,ascomparedto water, leadsto abetterwet-
ting of apartiallyhydrophobicSi surface[5].
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It shouldbe notedthat the formation of deepiso-
lation grooves in Si wafer with p–n junctionsby wet
etchingdiffers from theetchingprocessof a homoge-
neoussubstrate.During theetchingprocess,hydrogen
atomspenetrateinto Si lattice,hencepassivatingp-type
impuritieslike boronandresultingin a formationof a
higherresistivity layer [6]. This processmodi�es the
etchingrate and the surfacemorphologyof grooves,
in�uencing simultaneouslythe breakdown voltageof
high-power Si devices. Therefore,in orderto improve
the electricalparametersof Si devices, the chemical
compositionof etchingsolutionsis to be carefully se-
lectedandtheoptimaletchingconditionsshouldbede-
termined.

In conventionalmachining,theetchingprocessand
resultingquality of Si devices are also dependenton
thestiffnessof equipmentandmechanicaldisturbances
like vibrationsandthermaldeformationsof the work-
pieceand machine[7]. Therefore,conventionalma-
chiningpropertiesshouldbeoptimizedalongwith the
controlof wetetchingprocess.

In this work the formation processof isolation
groovesby wet etchingprocedurewasanalysed.The
dependenceof structural parametersof isolation
grooves on the mechanismof etchingprocedurehas
beeninvestigatedin the fabricationprocessof thyris-
tors and high-power Si diodesproducedin “Vilniaus
VentosPuslaidininkiai”. Thechemicalcompositionof
acid etchantswas optimizedand the etchingprocess
wasmodi�ed in orderto improve thecharacteristicsof
fabricateddevices.As acriterionof theeffectivenessof
themodi�ed procedure,standarddeviationof thedepth
of isolationgroovesin Si waferswasconsidered.

2. Investigatedstructur es

As substrates,n-type Si wafers of resistivity 60–
120 ­ cm, diameter125 mm, thickness0.37mm, and
(111) crystallographicorientation were used. The
p–n junctions in the diode and thyristor structures
have beenformedby diffusionof boronandphospho-
rus for producingthe p- and n-type regions, respec-
tively. The resultingcarrier concentrationsin p- and
n-type regionswere2¢1018–1¢1014 and6¢1013 cm¡ 3,
respectively. The arrays in wafers were separated
by isolation grooves formed by wet chemical etch-
ing technique. Commonly, the grooves of 100 ¹ m
in depth and 800 ¹ m in width were etched using
HF: HNO3 : CH3COOH[(3–1.7): (2–4): (0.7–2)(v=v)]
mixtures. In a further technologicalprocess, the

Fig. 1. A sketchof apparatusfor etchingtheisolationgrooves.

grooveswere�lled with SiO2-PbO-Al2O3-B2O3 com-
poundwhich wasmeltedinto the glassby heatingat
750–760±C.

3. Experiment

In the fabricationof high-power Si devices,the in-
dustrialapparatusinstalledin “VilniausVentosPuslai-
dininkiai” wasused.Thesketchof wet-etchingequip-
ment is presentedin Fig. 1. The etchingcell with 25
waferswasimmersedin etchingsolution.Thecell was
moving up anddown androtatedalongthe horizontal
axis by meansof the train of gears. The temperature
duringtheetchingprocesswascontrolled.

Thedepthof thegrooveswasmeasuredmakinguse
of acontactstylusof DekTak6M pro�lometer (Veeco).
Thenumericalresultspresentedin this work arebased
on the experimentaldataobtainedin 655 runs of the
measurementsof isolation grooves in 131 Si wafers.
The depthd of isolation grooves was measuredat 5
pointsin eachwafer. Theaveragedepth ¹d, depthrange
R = dmax ¡ dmin , wheredmax anddmin aremaximum
andminimum valuesof depth,respectively, andstan-

dard deviation sd =
q

[§( di ¡ ¹d)2]=(i ¡ 1) (i = 5)
werecalculatedfor eachSi wafer.
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Fig. 2. Dependenceof valuesof the standarddeviation in depth
onthedepthof isolationgroovesformedby wet-etchingtechnique.
Etchingcell rotatedat a speedof 38 rpm. Thecurve is a guideto

aneye.

4. Resultsand discussion

In orderto improve thecharacteristicsof fabricated
high-power Si devices,the main attentionwaspaid to
the etchingprocess. In processingof high-power Si
devices, the quality of etchingis characterizedby the
rangeR of thedepthvaluesandthepro�le of isolation
groovesin wafer. TheR valuesdeterminemechanical
characteristicsof wafer, suchas hardness,which are
importantin furthertechnologicalprocedure.

Experimentaldatashowed that R valuesaswell as
standarddeviationsd (Fig.2) increasedwith increasing
d values.Thesd valuespresentedin Fig. 2 weredeter-
minedfor isolationgroovesformedonSi wafersetched
at a standardspeedof 38 rpm. As seenfrom Fig. 2,
thedepth-dependenceof sd is anon-monotonousfunc-
tion with a particularpoint at d » 70 ¹ m correspond-
ing to the locationof thep–n junction. Thesd values
arealmostindependenton depthin the p-type region
whereasasteepincreaseis noticedin then-typeregion.
This observation is in agreementwith theetchingrate
for p- andn-type Si [6]. A low etchingratein p-type
Si hasled to low valuesof R andsd, whereasin the
n-type region at larger d valuesa higheretchingrate
causedanincreaseof sd values.

The observed regularitiesarewell understoodafter
a moredetailedanalysisof theetchingprocess.As de-
scribedabove,theformationof siliconacidH2SiF6 oc-
cursin two steps[8]:

3Si+ 4HNO3 ! 3SiO2 + 4NO + 2H2O ; (5)

SiO2 + 6HF ! H2SiF6 + 2H2O : (6)

However, in thesereactionsthecrucialandyetunre-
solved stepis oxidation of Si by nitric acid. On the
one hand, recentstudieshave shown [8] that during
theetchingin acidmixtures,theinjectionof holesinto
semiconductorvalencebandoccursdueto reductionof
nitric acid on Si surface. This processindicatesthe
electrochemicalorigin of the reaction. In HF–HNO3

mixturestheelectrochemicalorigin of etchingprocess
is con�rmed by the formationof porousSi layers[9].
On the otherhand,the presenceof several combined
equilibria betweendifferentnitrogenoxideswaspro-
posed[5] to lead to the formation of nitrous acid as
a reactive speciesin the etchingprocess(3), (4). In-
deed,the bestmorphologyof Si surfacewasobtained
in HNO3-rich HF/ HNO3 / CH3COOHsolutions,in an
apparentagreementwith thismechanism[5]. However,
this mechanismdoesnot explain how nitric acid is re-
ducedonSi (111) surfacepassivatedby hydrogen[10].

On the basisof considerationspresentedabove, it
is reasonableto assumethat (i) nitric acid, asoxidiz-
ing agent,generatestwo holesand oxidizes the sur-
faceSi atomsto Si2+ accordingto chemicalreaction
and (ii) �uoric atomsreplacehydrogenatomson H-
passivatedSi surfacein accordancewith electrochemi-
calmechanism[11].

As notedabove (seeFig. 2), experimentaldatahave
shown thatstandarddeviation of thedepthof isolation
groovesis almostconstantin thep-typeSi region indi-
catinga low etchingrate. However, theetchingrateis
stronglydependentoncarrierconcentration[12] which
variesby four ordersof magnitudein thep-typeregion
of high-power Si devicesunderconsideration[13]. It
is reasonableto assumethat hydrogenatoms,which
have originatedasthereactionproducts,penetrateinto

Fig. 3. Dependenceof the standarddeviation of the depthrange
sR on therotationrateof etchingcell vec at a constantdepthd =

100¹ m of isolationgrooves.
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Fig. 4. Dependenceof etchingratever on therotationspeedvec of
etchingcell at a constantdepthd = 100¹ m of isolationgrooves.

Thecurve is aguideto aneye.

Si during etchingprocessandpassivatedopantboron
atomsleadingto a formationof ahigh-resistivity layer.
As a result, the etchingrate is low, leadingto low sd

valuesof the depthof isolationgrooves. An increase
of sd valuesin the n-type region canbe explainedby
increasedetchingratedueto the absenceof hydrogen
passivationeffect.

In order to decreasethe rangeof d valuesover the
wafer, the dependenceof standarddeviation sR (the
standarddeviation of the depthrange)on the rotation
speedof etchingcell vec wasexamined. For this pur-
pose,the mechanismof train gearsin the etchingcell
wasimprovedto increasetherotationspeedof theetch-
ing cell. However, the rotation speedwas limited to
vec < 60rpmbecauseof theconstructionof apparatus.

Experimentaldatahave shown (Fig. 3) that the iso-
lation groovesaremoreuniform in depthat highervec

(a)

(b)

Fig. 5. Pro�le of theisolationgroovesformedat therotationof theetchingcell with aspeedof (a)30 rpmand(b) 52 rpm.
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values. Therefore,it wasproposedto increasethe ro-
tation speedof the etchingcell up to 52 rpm. The in-
creaseof vec from 30to 52rpmresultedin thedecrease
of standarddeviation of thedepthrangesR from 1.74
to 0.85¹ m.

Theincreaseof rotationspeedvec of etchingcell re-
sultedin the increaseof etchingrate,too (Fig. 4). For
example,the etchingratewas increasedfrom 13.6 to
18.6 ¹ m=min at the increaseof rotation speedfrom
30 to 52 rpm. This dependenceis causedby the en-
hancedhomogeneityof theetchantandamoreef�cient
removal of reactionagentsat thelocalwetetchingpro-
cess.As a result,theetchingratewasincreasedandit
wasmorehomogeneousover thewafer.

Theincreaseof vec hasalsoresultedin theimprove-
mentof thepro�le of isolationgrooves. As seenfrom
Fig.5, thebottomof theisolationgrooveis smootherat
higherrotationspeedof theetchingcell. Theimprove-
mentof morphologyis mainlydueto aneasierremoval
of thereactionproducts.

5. Summary

Theformationof isolationgroovesby wet chemical
etchinghasbeeninvestigatedin thecaseof high-power
Si devicesproducedby meansof industrialetchingap-
paratusin order to improve the ef�ciency of this step
in the technologicalprocedure.Two problemsin the
etchingprocesshavebeendiscussed.The�rst problem
wasrelatedto thechemicalcompositionof theetching
solution. It hasbeenshown that usingthe HNO3-rich
HF/ HNO3 / CH3COOHetchantfor Si (111), thecom-
binedelectrochemicalandchemicalreactionunderhy-
drogenevolution is dominant.As a result,theetching
rateis weakly dependenton the dopingratein p-type
Si. The secondproblemunderconsiderationwas the
etchingrateandremoval of reactionproductsfrom the
forming isolationgrooves. The standarddeviation in
the depthof isolation grooves was determinedto de-
creasewith the increaseof rotationspeedof the etch-
ing cell due to a more ef�cient removal of the reac-
tion products. As a result, the pro�le of the isolation
grooveswassmootheratahigherrotationrate.

Studiesof theetchingprocessin fabricationof high-
power Si deviceshave given a new insight into reac-
tion mechanismof isotropicacidic etchingof Si. An
improvementof technologyhasled to lower valuesof
standarddeviation for the depthandsmootherpro�le
of isolationgroovesin Si substrates.
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Santrauka

Nagrin�ejamasizoliaciniogriovelio gyli �u ver�ci �u kitimo intervalo
ir j �u standartinionuokrypioma�inimo metodasdidel�esgalios si-
licio prietaisuose. Nustatyta,kad gil �ejant izoliaciniamsgriove-
liams kartu auga standartinisnuokrypis. Izoliacinio griovelio gy-

li �u ver�ci �u standartinisnuokrypissuma�intasnuo1,74iki 0,85¹ m,
didinant �esdinimo kaset�es sukimosi greit�i �esdiklyje nuo 30 iki
52 aps=min. Nustatyta,kad kartu pakito ir �esdinimogreitis nuo
13,6 iki 18,6 ¹ m=min. Ištirta �esdinimokaset�essukimosigrei�cio
�itakaizoliaciniogriovelio dugnoformai ir morfologijai.


