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Abstract

Mica nanolayers (MNL) are a potential dielectric material, which can significantly improve the
electron transport properties of Silicon (Si) micro-nano electronic devices. The adhesion energy
between MNL and the underlying Si substrate plays a critical role on the operation and stability of
the electronic devices, but is not well understood due to the challenges in the experimental testing
and technical difficulties. In this study, the adhesion energy between MNL and Si substrate is de-
termined by a particle-loaded blister test. The measured value of 42.9 + 8.9 m]/m? is close to the
theoretical value of ~30 m]J/m? predicted by van de Waals theory. The validity of the mechanical
models related to the particle-loaded blister test was discussed, based on the comparative test
results in our measurement. This will be of great benefit to improving the accuracy and reliability
of the particle-loaded blister test for determining adhesion energy between thin films and sub-
strates.
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(e LE ) B = BRI P2 A AR R /), B B B H e B B s (ORI ML (2) R Mgl A = BESE IR
Widr, Tk B3RS MNL; 85t ey x4 A gs o7 =0, SRR R Ei) MNL 1R, (3) ¥
KB MNL B M B AR SiO, BUREIK Si A I R a] B LB IRl <0, 1 R s J5 78 Si i B3k
EH SiO, FURL T S K 5761 o S0 7E 1) 2% 1 Hh SRS = IR FE A 15°C , AHXE EE 2 60%. (4) 13 OM (Objectives:
Mitutoyo M Plan APO 500x) M 25y (S Al &, @it AFM (Oxford Instruments Asylum Research,
California, USA)X i B TE 3 FIXS R MNL JE R EAT 3R AL
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W 1 Sy gt R A B 7 VRN, MINIL I Si 25 2 (ARG e A A 1] . b S i B W,
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AT . RGN, MNL AT Si 3R 2 18] (kG B g AT LUB R T 2k A5 5 [28]:

1 _(wY
Vi = E Et (EJ 1)
Hrf E =190 GPa )y MNL (\)#7 F s & [11].

W MNL IS, BBk ) BLAR LR/, AT PR MINL AR, $E S i i A 4l 25 h 72 A8 f 25

o FEIXFEGT, MNL A Si F% 5 2 8] R B e rr LLE T R SOk 5[32] [33]
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Figure 1. Sketch for the particle-loaded blister test for MNL on
Sisubstrate

B 1. Si BERE MNL BOFURL S0 B E

3. BZRE S

2(a)’y MNL 78 55 7E FLAR I/ N 9K BORE - BT TR ) OM B, BoRHBHE S Si Kz i 2
B LT 78 SR MR PR FL I, T RUR AL T R R OAL . BEAh, MNL 558 R A& 7> BA R 35—
B, FRE MNL BAA—MERE, H5RERZREASBEHMAE R . AFM 23878, NML 1)
JEEEt =176 nm, HERMEEAEE TR, WA HIZIRRER, W 2(b). 15 2(c) NEGE MK 3 4E(3D)FEFR
HIGT N 2 AE2D)HI T . sy B4k B I w1 TES, s W =233 nm, 42 R=5459 nm. X
FAARER A TS0 L [RGB B, KR W, t B R EARA T RERQ)FIA, v, =45.0 miim?. 55 —J51,
PRl MINL 35800 Py s P8 A B PO B e, W/t = 1.3, I PR B SR 5, 7™ B AR A R Y
BEo fENXTEL, K BEIER W, t R EARATERQ) T, y, =69 mim?, iz TR A
FIRME. EIe, JATWE T 5 AP MR 7309 185 A1 227 nm, W/t fEH505104 1.2 #1 1.3 HE0M,
R FRR Q)3 I3 By, 43517 50.6 F1 33.0 md/m? e, S BRI KT T 5, IR EIRY 7
{4 6.7 A1 5.0 md/m?, FIELI & ERR L (€ 1),
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Figure 2. (@) OM image of the particle-loaded blisters. The inset shows a very small blister; (b) 3D profile and 2D cross-section
profile of the edge of the MNL; (c) 3D profile and 2D cross-section profile of the relatively large blister

2. (a) BRI TIERRNERNAFRE. HEABELR NSRS IERRN/NER; (b) MNL 5%89 3D AFM &
AN EERZ; (¢) HEXERANSER 3D AFM B /XM AY 2D Sz

Table 1. The morphological parameters and interfacial adhesion energies of blisters

1 BUBMSRS BRI N F EFAMIEE

T (md/m?)
Sample No. t (nm) W (nm) R (nm) Wit
Equation (2) Equation (1)
1 176 233 5459 1.3 45.0 6.9
2 185 227 5434 1.2 50.6 6.7
3 227 297 8060 13 33.0 5.0
4 112 392 7250 3.2 10.6 114

YURL RLAR BRI, Si R H I I BORL S TR R MINL 8036, 7R (e RS N 2L
LR 5 R AR O E R E R 3(a)). MNL SRR BA R — i, RUPiE 26
(e T AR N AR B2 A . 18] 3(b) oy MINL () AFM R, Fr e el DA Y MINL 5258 112 nm. 3
4t AFM B3R, SHRMTIET R RO “HER” MTEF(E 3(c)). MXFRIR 2D HiITmE &, HESRm)
N 392 nm, JEESEARITEE N 7.25 pm. AREAR, X POE I R HIOR B TR K SR I TR R B, S E
BB/ BURL BT SR I S0 BT BT 1 B TR TR AN — R, 3L, M “HER” ESURE, IT KM
WL SCHE R BT A LT I T PR AR B SR T IR R RRAE o o SR & 1) t, WA R AEARA T FE(2),
13y e =10.6 mI/m?, /N FRTHE TR 1), HEEFRFEL TSN mEZ Lz KT MNL ()5
[E, W/t=32, FULFERAAS MR, 7REQ), RirFEESEg R WK, 55—, wFk
Bt WH R EARATREQ), 15y, =114 mIm?, SEARIE IR p,, EAR B, R
THABEN) y (B XRULRR, X T RURL S B0, 0 B T AR A5 X O 4 AR B i [ B E i i i

BeJei, MBATINELS Bk E (7% 1), MNL 5 3EE 2 8 /) FLH W B AEA 42.9 + 8.9 miim?, #ig I, MNL
BRI 2 [R] 1) ST PR R R ok B T AE AR MR, TG AR B e T LA I R AR A 4]

_ AMica—Si (3)

T = o D2
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TR IA 53 9 8 AL R AR UK [29] [30] [31] [38]. (2) W7 vE A N f7 MR ] o AR SCR FH 59251
BERG ST, RIS T Be 2 2 B AR RN, B0 A R R sksh, BT
il HAR BRI, FEUEEERNMI MNL 7ETE st R R ER 2R 5 (5 MNL 1 2T %), M
SRR MU S S b AN B I 200 (AR IS BRI e RH 5. Rk, BE— ORI, KR iR
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Kk, AEEAFIB0]. dhAh, BHEFRRET ) MNL 5 Si 3R A AR TRz T,
BETFICAS S A ZK 28 AR D3 A8 B R KE T P2 vl VI, AT 25 1 RIS PR 3 (RE), PRIl e 45 SR S i ey
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Figure 3. (a) OM image of a large particle-loaded blister; (b) 3D profile and 2D cross-section profile of the edge of the MNL;
(c) 3D profile and 2D cross-section profile of the blister

3. (a) BAKBR R RMNEIERLF R A ; (b) MNL 3%k 3D AFM EIFI3T RIS B Lk ; (c) EUEAY 3D AFM
EAn%T R A 2D HE Rk
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