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®OPMUPOBAHUE MAAHAPHOM MOBEPXHOCTU MAACTUH
AAS MPOBEAEHUA TEXHOAOTUYECKUX OMEPALIMMA
KOHTAKTHOM AUTOTPA®UN U BOHAUHTA
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Anpo6upoeaHa Memoouka U3MepeHusl MexaHu4ecKux Hanpﬂo;cenuﬁ no u3eu6y nAACMUHbL. H3M€p€Hbl mexanu4ecKue Hanps-
HCEHUA 6 HepaGHOMepHOlZ no moawuHe naeHKe n1asmoxumu4ecKoco S102 Ha erMHlleBOlZ naacmune 6 10KAAbHOU obaacmu. Hpea-
N0XCEHbL CNOCOObL NOO20MOBKU noeepxHocmu naacmuH, no3604An0uLue yMeHbuums npoeu6 o6pa3l4a ons nome@y;omux MEexHOoA0-

2U4eCcKUx onepayuil.

Karoueevie caoea: mexarnuueckue HANpAMNCEeHUA, KPpUeU3Ha nNO0BepxXHocmu, npoeu6 naacmuHbl, npod)uﬂOMemp, anauncomemp

BBenenune

B HacTosiiiee Bpemst TEXHOJIOTUM MUKPOMEXaHUKU
WIN MUKpO3JIeKTpoMexaHnueckux cucteM (MOMC) u
uHTerpanbHbix cxeM (MC) OwicTpo pasBuBarotcs [1].
MexaHuuyeckre HaNpsKeHWs, BOZHUKAIOIINE TIPU U3-
roroBieHuun UC u MOMC-yctpoiicTB Ha Si miacTu-
HaxX, OKa3bIBaIOT CHJIbHOE BIMSHUE HA UX HAIEKHOCTD
U JMHAMUWYECKUE XapaKTepucTuku [2].

CylliecTByOlIM€ METOAUKHW OTNPEAECTICHUS MEXaHU -
YeCKMX HalpsKeHU OCHOBaHbI Ha AedopMaliuu Tiiac-
TUHBI (TpoduaoMeTpust [2]) Uau cBI3aHBI C U3MEpe-
HUEM TapaMeTPOB pelleTKU (peHTreHoBcKasi Audpak-
TOMETpHUS, MPOCBEUMBAIOIIAsl DJIEKTPOHHASI MUKPO-
cKormus).

Panee aBTOopamu Obuia pa3paboTaHa MeETOAMKA
U3MEPEHUST MEXaHUUYECKUX HaIpsiKeHUH Mo u3ruby
IUIACTUHBI, KOTOpasi MOApOOHO omucaHa B pabote [3].
MeToauKa BKJIIOYAeT B ceOs1 MporpaMmy, peaan3yro-
1IYI0 JITOPUTM aHaIu3a pesibeca 1151 BIUMCIeHUS pa-
JIyca KPUBU3HBI TIOBEPXHOCTU B JIOKAJIBHOI 00JaCcTH
[4]. 3HaueHus1 paaMycOB KPUBM3HBI ITOBEPXHOCTH
roAcTaBiIsAoTcsd B ¢popmyny CTOHM IS BBIYMCICHUS
MeXaHUYEeCKUX HampskeHUi. B naHHO# paboTe aBTO-
pBI anpoOUPYIOT pa3pabOTaHHBIN CIIOCOO.

DKcnepuMeHT

HccnenoBanach mjiacTMiHa MOHOKPUCTAUTUYECKO-
ro xpemuust nuamerpoMm 150 MM TommmHOMi 600 MKM
¢ nuasnekrpuueckoii enkoit PECVD SiO,, HepaBHO-
MepHOI 1o TojuHe. O61acTh u3MepeHus Oblia pas3-
JeneHa Ha 15 uHTepBanoB o 10 MM Kaxapiii. Kak ns-
BECTHO, 3HAUEHME TOCTOSTHHON ABYXOCHOTO MOJIYJISI
BapbUpyeTCsl B 3aBUCMMOCTU OT KpUcTajiorpaduyec-
Kol opueHTauuu. [ToaTomy omnpeznesneHue peiabeda 0o-
pasia MpoBOAWIOCH B HaNpaBJCHUM, TapaieJbHOM
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0a30BOMY Cpe3y 10 JIMLIEBOI CTOPOHE, YTO ITO3BOJIUIO
WCIIOJIb30BaTh B ITOC/ICAYIONIMX pacyeTax OaHO (hUK-
CUPOBaHHOE 3HAYCHME BYXOCHOTO MOJYJIS.

[anee Obula MpoBeJeHa onepauusi peakTuBHO-NOH-
Horo TpaBieHus (PUT) okcuna KpeMHUS B OTKPHITYIO
MOBEPXHOCTH Ha 2,5 MKM. B pe3ynbTaTe nuamepeHuii ¢
MOMOIIBIO 3JUIMIICOMETPA IOCE TpaBJIEeHUS ObLIO
Moay4YeHo 15 3HauyeHuWi TOJILMMHBI OKCUAA KPEMHMUSI.
[Ipenmnonaraercs, 4To B polecce MPOBEACHUS orepa-
uuu PUT okcun ynansiercs paBHOMEPHO Ha BCEX WMH-
TepBajiaXx Ha 2,5 MKM, CJIeI0BaTeIbHO, XapaKTep pac-
npeaesieHus TOJIIMHBI OKCHUIAa KPEMHUs Ha oOpaslie
JI0 TpaBJE€HUsI aHAJIOTUYEH pe3y/bTaTy Mocje TpapJie-
Hus (puc. 1).

Mocne PUT
After RIE

; :
50 100 150

Koopnunara ocu abeumce, MM
Coordinate axis of absciss, mm

Puc. 1. Pacnpenenenne TOMHBI OKCHAA KPEMHHS HA 00pasue
Fig. 1. Distribution of thickness of silicon oxide on the sample
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Puc. 2. Pe3yabtaTsl u3Mepenus pesibedha mMoBepXHOCTH
Fig. 2. Measurement of the relief of the surface
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Puc. 3. Pacnpeneenne KpUBU3HbI MOBEPXHOCTH
Fig. 3. Distribution of a surface curvature

M3 puc. 1 MOXHO 3aKJII0YUTh, YTO UMEETCS OOJIb-
II0I pa3dpocC TONIMWHEI TUIEHKW Ha UCCIIEAyeMOM 00-
pasue. IlocpencTBoM OECKOHTAKTHOIO OIITMYECKOTO
mpoduiioMeTpa IMPOBEACHO N3MepeHNe N3rnbda Irac-
TUHBI 110 OCH, TTapaJljieIbHOI 6a30BOMY Cpe3y Ha Jiu-
1IEBOU CTOpOHE. 3aTeM MpoBeleHa TepMooOpaboTKa
IacTuHbl B TeueHue 30 muH nipu tremmeparype 400 °C
B aTMOc(epe a30Ta U cAeIaHbl TOBTOPHBIE U3MEPEHMS
penaveda. Ha puc. 2 npeacraBieHbl pe3yabTaThl W3-
MEpEHUM.

M3 rpacduka puc. 2 BUAHO, YTO MOCJE MTPOBEACHMUS
onepauun PUT okcunma kpeMHMs cTpejia nporuba
yMeHbImIach Ha 260 MkM. Takke MOXHO 3aMETUTh,

YTO oIlepalus TepMOooOpaObOTKM YMEHbIIAeT MpOruod
obpasua. TakuM oOpa3om, mocie MPOBEACHUST TEXHO-
JIOTUYECKMX OIlepalnii IIporud odpasia yMeHbIIUIICS
B 4 paza u cocrapiusier 103 MKMm.

Ha puc. 3 mokaszaH pe3ynbTaT BBIYMCIEHMST KpU-
BU3HbBI MOBEPXHOCTH.

M3 puc. 3 BUAHO, YTO MOBEPXHOCTh CTaja Oosiee
POBHOI1 TIOCIIE TIPOBEICHMS TEXHOJIOTUUYECKUX OIepa-
uuii PUT u orxwura.

Pacuer MexaHMYecKMX HANPSKEHUI B 3aBUCUMOC-
TH OT TOJLIMHBI JUNIEKTPUIYECKOM TIJIEHKU Ha KaXI0M
u3 15 uHTEpBaNoOB MpeacTaBieH Ha puc. 4. Beiuucie-
HUE MEeXaHWYECKUX HaMpsDKeHUU B UCClIenyeMoM 00-
paslie BhIMOIHSUIUCH 1Mo MeToay CtoHu (popmyna (1)):

Ed; 1

or= : ; )]

e Gy — MEXaHMYECKHE HAIpPSLKeHMUSI; E — Monynb
IOnra mMaTepuana NoanoXKu; d; — TOJNLIMHA IIACTH-
Hbl; p — KoadduuueHT IlyaccoHa moaIoXKu; dﬁ,m —
TOJIIIMHA TIJICHKU Ha ITOIJIOXKE; Rﬁ,m — paguyc Kpu-
BU3HbI MMOBEPXHOCTH.

Ha puc. 4 npeacraBiaeHbl pe3ybTaThl pacyeTa Me-
XaHUYECKUX HAIpsSKeHUH, re MOCTOSIHHAS JABYXOC-
Horo monyist (E/(1 — u)) B Kpuctamiorpaduieckom
miockocTu obpasia (100) cocrapnsier 180,5 I'Tla [5].

M3 puc. 4 MOXHO 3aKJIIOUUTh, YTO pacrpeneyeHre
MEXaHMYECKUX HAIPSKEHW M3MEHUIOCh HE3HAuM-
TeJbHO nocJie onepanu PUT u ymeHbIIMAIaCh O MO-
JIYIIIO TI0C/e IpoBeaeHus TepMooOpaboTku. CpenHee
3HaYeHUEe HaIPSKEHUM Mo Bcell u3MepsieMoil 001acT
n3MeHuIoch ¢ —518 na —356 MIla.
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Puc. 4. Pe3yabraT pacuera MexaHMIeCKINX HANPSIKEHU
Fig. 4. Calculation of the mechanical stresses
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3akioueHue

IIpoBenenue texHoyorndyeckux omnepauuii PUT u
TepMOOOpPaOOTKM IO3BOJISIET MU3MEHUTb MOBEPXHOCTh
IJIaCTHHBI, cAenaB ee 6osiee poBHOU. CienoBaTeabHO,
YBEJUYMBAETCS TUIOLIAAb KOHTAKTUPOBAHUS MEXIY
IUTACTUHAMM, YTO TMOBBIILIAET BEPOSITHOCTb UX YCIEl-
HOIO CpalllMBaHUS IpU ollepauuu O0oHauHra. B mpo-
liecce MpoBeNeHUsI KOHTAKTHOM JUTOrpadvu yBeIu-
YUBAETCS IUIOIIAAbL COITPUKOCHOBEHUS MEXIY MacKOM
U MOBEPXHOCTHIO TJIACTUHBI, a 3HAYUT, TTOBBIIIAETCS
BEpOSITHOCTh (DOPMUPOBAHUS SJIIEMEHTOB ¢ MUHUMAJIb-
HBIMU TOMOJIOTUYECKUMU pa3MepaMu. Y MEHbIIEHUE Me-
XaHUYECKMX HaIpsDKEHUM B OKCHIE KPEMHUSI YMEHb-
1IaeT BEPOSITHOCTh PACTPECKMBaHUS OU3JEKTpUYeC-
KOH IJIEHKH, YTO TMO3BOJSET (POPMUPOBATH TOJICTHIC
cion SiO, g MOMC-ycTpoiicTs.

Paboma evinoanena na obopyoosanuu IIKIT "MCT u
BDKbB" npu noddepxcke Munobpuayxu PD, coerauienue
Ne 14.578.21.0001 (RFMEFI57814X0001).
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Formation of the Plates’ Planar Surfaces for Carrying out of the Technological
Operations of Contact Lithography and Bonding
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The method of measurement of the mechanical stresses by the bending of a plate was approved. The mechanical stresses in
PECVD SiO, film with a non-uniform thickness on a silicon wafer in a local area were measured. In this work the authors changed
the wafer surface, making it planar, for conducting of RIE processes and thermal treatment operations. In this case, the deflection was
decreased 4 times. Consequently, for operation of bonding it increased the area of contact between the plates, and, hence, the probability
of a successful matching. The process of contact lithography increases the contact area between a mask and a plate and thus the prob-
ability of formation of the topological elements with minimal dimensions is also increased. Reduction of the mechanical stresses in the
silicon oxide (518 MPa — before the operations, and 356 MPa — after the operations) reduces the likelihood of cracking of a dielectric
Jilm, which makes it possible to create thick layers of SiO, for MEMS devices.
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ing during manufacturing of IC and MEMS devices on
Si plates have a strong impact on their reliability and

Introduction

Technologies of micromechanics or microelectro-
mechanical systems (MEMS) and integrated circuits
(IC) develop quickly [1]. The mechanical stresses aris-

32 HAHO- 1 MUKPOCUCTEMHAS TEXHUKA, Tom 19, Ne 1, 2017

dynamic characteristics [2].
The existing techniques for determination of the
mechanical stresses are based on plate deformation




(profilometry [2]) or connected with measurement of
the lattice parameters (x-ray diffractometry, transmis-
sion electron microscopy).

The authors developed a technique for measurement
of the mechanical stresses by bending of a plate, which
is described in detail in [3]. It includes a program re-
alizing the algorithm for the relief analysis for calcula-
tion of the curvature radius of the surface in a local area
[4]. They are used in Stoney formula for calculation of
the mechanical stresses. In the given work the authors
test the developed method.

Experiment

The authors investigated a plate of single-crystal sil-
icon (diameter of 150 mm and thickness of 600 um)
with PECVD 8SiO, dielectric film nonuniform by thick-
ness. The area of measurement was divided into 15 in-
tervals, 10 mm each. As is known, the constant of the
biaxial module varies, depending on the crystallo-
graphic orientation. Therefore, determination of the
relief of the sample was done in the direction, parallel
to the base cut on the face side, which made it possible
to use in calculations one fixed value of the biaxial
module.

Operation of the reactive ion etching (RIE) of sili-
con oxide was done on the open surface of 2.5 um. As
a result of measurements by means of ellipsometer after
etching 15 values of thickness of silicon oxide were re-
ceived. It was expected, that due to RIE the oxide is re-
moved evenly in all the intervals by 2.5 um, hence, the
character of distribution of thickness of silicon oxide on
a sample before the etching was similar to the result af-
ter the etching (fig. 1).

From fig. 1 it is possible to conclude, that there is a
wide spread of the film thickness on the sample. By
means of a contactless optical profilometer a measure-
ment was done of the plate’s bend along the axis, par-
allel to the base cut on the face side. Then the plate was
subjected to a heat treatment during 30 min. at 400 °C
in the atmosphere of nitrogen, and the repeated meas-
urements were done of the relief. Fig. 2 presents the re-
sults of the measurements.

It is visible that after carrying out of operation RIE of
silicon oxide the deflection arrow decreased by 260 pm.
Also it is possible to see, that heat treatment reduces the
size of the arrow of deflection. Thus, after the techno-
logical operations, the deflection of the sample de-
creased 4 times and was equal to 103 pm.

Fig. 3 presents the result of calculation of the surface
curvature. It is visible that after the technological op-
erations of RIE and annealing the surface became more
even.

Calculation of the mechanical stresses, depending
on the thickness of the dielectric film, on each of 15 in-
tervals is presented in fig. 4. The calculation of the me-

chanical stresses in the investigated sample was done by
the method of Stoney (formula (1)):

2
o= .1 (1)

where o, — mechanical stresses; £ — Young modulus
of the substrate material; d; — thickness of the plate;
pn — Poisson’s ratio of the substrate; dy;,, — thickness of
the film on the substrate; Ry, — curvature radius of the
surface.

Fig. 4 presents the results of calculation of the me-
chanical stresses, where the constant of the biaxial
module (E/(1 — p)) in the crystallographic plane of the
sample (100) equals to 180,5 GPa [5].

From fig. 4 it is possible to conclude that, the dis-
tribution of the mechanical stresses changed slightly af-
ter RIE and decreased by the modulus after the heat
treatment. The average value of the stresses in all the
measured area changed from —518 to —356 MPa.

Conclusion

RIE technological operations and heat treatment
make it possible to change the plate’s surface, making
it more even. Hence, the contact area between the
plates is increased, which raises the probability of their
successful merging during bonding. The contact lithog-
raphy increases the contact area between a mask and
the surface of a plate, and that raises the probability of
formation of the elements with the minimal topological
sizes. Reduction of the mechanical stresses in silicon
oxide diminishes the probability of alligatoring of the
dielectric film, which makes it possible to form thick
layers of SiO, for MEMS devices.

The work was done on the equipment from MST &
EKB with support of the Ministry of Education and
Science of Russia, agreement No 14.578.21.0001
(RFMEFI57814X0001).
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