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Study of surface morphology and introducing a novel method to
calculate correlation length

Saeed Dayyani, Mohammad Hossein Mahdieh
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Abstract- In this study, morphology of nano-structured surface is measured by image processing of AFM
(atomic force microscopy) images using a developed code (in MATLAB environment). For determination of
surface morphology two parameters ; RMS roughness and correlation length, are important. In this article a
novel method is introduced in which distance distribution function of neighbor peaks around a peak are
considered for calculating the surface parameters. This method works well for estimation of surface
correlation length and can compete with common technique in which autocorrelation function is used.

Keywords: Autocorrelation function, correlation length, morphology, AFM, MATLAB

\An%
Al gy B WWWLOPSIIFN coles jo a8 coul jlael slls 5,50 50 allie oyl


http://opsi.ir/article-1-1776-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

5 o Hlere 5l Bl s adaly 5l eslatll b e
el a5 550 Allie cpl )3 a5 (Ry) gl sl sl

R, = ﬁzylzyl(Z(x,y)—f(N,M))z M)

595 &bl (Siwon Jsb arslre (sl Jslato 5k &
{flag2 o ooliwl (ACF) Sivron

1 N
ACF(T):mZi:lyi XYin M

00 9 o ald m595 el (SNl (Swrod 295 &6
alold Jyoro j5b @ [0]ams o b o jul s o Lo
‘5)‘9'°g5‘.>):’)‘>5 ’/\ QMQ?G[J Q])QAS(S‘
a2 Job lgie 4y i e aiion lase < /YPA &
5% &l ey 5 Al 1#] Sedee 48,5 Ao
g ol plbxl Gwyddion I8l ey ey  Siwaes
Auto  oged 5l 1) e Sves Jsb lgi oo

3,31 s Correlation Function(ACF)
Job daulbre lp uas by, adlas opl o
MATLAB 38l 65 10 gug oS L pho Siwen
)é 09.‘>5.o (SLQ a3 ‘-.\.u‘ ‘L)’dj) Q"‘ )é w‘ 0 43‘)‘
e 9 odd (et (ool (S9p Q9SwgSee gl
Sy 2 40 dE ol wlies Sy alols
2 b S5 boanlp ol sebie 605 ol
2o e ald S 5 a8 Ojpe Al e S
Gl B b alols o3y (nl 4 g 09d 0 alolid oz
Slold Joges plxl s (puiS o0 65 o3l |, aluen
JL’> 09.“:645 ‘J.M.u ).’9.»4.: ).w‘).u.) 5o cu\.n] Cowdo Jaab.’é
Slaye Gele al) drule b o (Stcon Job
dwle oawl Cuvd a4 Jolgd (Root Mean Sguare)

D s

YYA

doddo

9 ple alizee o o) )0 (sope LB v ($59198,90
S ol C.'a.w Coogar yl .A:S‘so Ll g,5ls
Sl il (STl wile ol Jilee 51 6l

LD 58 )8 eslinnd 5,0 ol 5 (oS0
RMS ) Gilize bl elis)) Jlae 5l Slol pues
(correlation length) Siwan Job 4 (roughness
slo oogy 5l o V] ostie asie pha dwais
oolitul b 5,10 ngal imhaw (55515890 anlllae Jole
RIS T I S RSO I PSUUEIIR SIS JONS
o L3 ey oolinul b lgics |y g 4 bgsye
255 ghpel ok a5 polai ) 5D poad A3l
Siran 555 i 5] oolinul b Ygare Sledbl oyl
3 ey 8 b alie cpl o008 oo gl Fl e
Mz sy Ko e s MATLAB 38l o5 slas
O by oMbl (( Ses Jsb aculre lp
laol gy ol 5o el oud zlpseul wlaw (53909350
2 alold g oud glyotul pgal )0 09290 sla alb ples
5 905 oo dslme o (glo dluen 1 3S0035 L als
S9bes ploxl pgal ;5 35290 o aAlS ples sl wil )
IS5l el caws 4y Jolgd dan jLre 51 Bl Ll 4o g
ol b el Cans 4l el Siiced Job pgas
N3l ey ey sael Ccavns polie L elul b,

Jos  Siwwer &b wlol a5 [¥] Gwyddion

ol 00 MLM ‘A.I.SGA

dawlxo (g9

5 oslial b g 5l abi e el aslles ol o
5 o0d 2l 5l MATLAB 153l o5 slab )3 (o ginS

Al gy B WWW.OPSIIE coles jo a8 coul jlael slls 5,50 0 allia o0


http://opsi.ir/article-1-1776-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

Ol Sgigd (5 y9lid g (cmdipe il S a3l g oyl Sgigh g Sl udl A8 Cpaazring o
WAV o M-8 oll Gl ¢l oo

plyp Gwyddion lwgs ouds dewlxe RO jlode (yixen

G [Am?]

Bib rdge sloalh Lol gl Joges ¥ S s
Oyl eals &Il Alas ol jo solpain b,

)97 g ).uoj.al.: o> g el alols ‘593‘ BYE )‘09.0.;

10

] iagis YV L

3
5
0
_IIII|IIII|IIII|IIII|IIII

0.0 0.2 0.4 0.6 0.8 1.0
T [pm]
OV JSE) oy 2 0,590 zlans (51, Gwyddion

Job s ol 1) ald alols olaws goges
O ool 43‘)‘ ui"ﬁ) Ja...uj.s ool Cawd 4 M
50 laen loald was o las al)l pl cwl yiegls

Alols 5305, | gl ¥0 Lusia job & grbas

VIV sl (Vakayly Lisss sdel oty RO paizmads 5,00

0 50 150 200

100
(nm) W 4 Lol
Alie ol o

yya

oad oty by, 0,8bee 2 sl resi crl o
Ryl Sy e olasie glpeul 5 ngar jIUT
L HFO2/CUMHIO2 zhaw I sl (595w oSy S
IKo) canl a8 5 158 o)y 0j50 pm) X um) olal

Dlo

0.50

13.6 nm

100

5.0

0.0

gl 5l ol 9 23Sy oo g i) JSb

'] Hfo,/CuHfO,
peas (CONVOIULION) o Ko ( SKiwwor 39> &b
S8l slialy 5o T ojlail a4 andly JUis! pdaw b pelans
o315 J13 sao pln T o) mb pl dcwlxe sl .ol
Gt (Sod 095 @l Sl (nl )0 oS 09d o
Siod 355 &l lade T b3l Looyls 1) ke
500 Oyl a Vol oo Lrals i i 4 cos
s SIlis | Slas (5l (5 )lons (St 355
Lol
, Gwyddion l53ls 5 bawss ool aculxe ACF ols
Sladie (T ) 88l j9mme Jloges cpl 4o ol oel ¥ S
Kot 395 ke (G )s3g0e jo20 9 mhaw JUis]
Ao oo lid |y glate sla Jlil glsl a e

4 SNaed 395 b a5 lahs o SKes Job

Al gy B WWWLOPSLIT Colus jo a5 ol jliel slls g0 50 allis oy


http://opsi.ir/article-1-1776-en.html

[ Downloaded from opsi.ir on 2026-02-24 ]

[7]

Oyl Sg9d (5558 5 (cwdigs (S ed 3l 5 ) Seigisd 5 Sel Guil S razmiyg Conn
WAV Goge V-4 ‘Ql)'il Gl ol oRails

Ph.  D.  dissertation
Pisa,2005),2005

B. Bhushan, "Surface roughness analysis and
measurement  techniques,” in  Modern
Tribology Handbook, Two Volume Set: CRC
press, 2000, pp. 74-144.

(Universita  di

v¥-

5 Gwyddion 131 a5 g (o) p Sy9e sloyall

el 0as &) o alie oyl o o 1) s,

Rq(nm) (M) Knran Jsbo
Gwyddion YIY 49
@oleiy s, VY 45

NP e 50 ey 05 Lwgs ould acul=e RQ il

sdel Ceway Jlade b (oS e DI MATLAB
Job  eizes o)l Gwyddion 31 65 lawgs
ol g el &l g, lawgs ode] Cawdy  (Siwed
&b 5l el Cass 4 Ko Jgb b (Sogsl FO) allas
adgl Jlade < /¥FA @ 2l aS gl aai o Siwon 59>

[

(2]

(3]

[4]

[5]
(6]

ez wo

M. Ramzan et al., "AFM applications to study
the morphology of HfO2 multilayer thin
films," Superlattices and Microstructures, vol.
82, pp.399-405, 2015.

T. Thomas, "Recent advances in the
measurement and analysis of surface
microgeometry," Wear, vol. 33, no. 2,
pp.205_233, 1975.

D. Necas and P. Klapetek, "Gwyddion: an
open-source software for SPM data analysis,"
Open Physics, vol. 10, no. 1, pp. 181-188,
2012.

M. Raposo, Q. Ferreira, and P. Ribeiro, "A
guide for atomic force microscopy analysis of
soft-condensed matter,” Modern research and
educational topics in microscopy, vol. 1,
pp.758-769, 2007.

J. P. Davim, Tribology for engineers: A
practical guide. Elsevier, 2011.

S. M. O. Tavares, "Analysis of surface
roughness and models of mechanical contacts,"

Al gy B WWW.OPSIIE coles jo a8 coul jlael slls 5,50 0 allia o0



http://opsi.ir/article-1-1776-en.html
http://www.tcpdf.org

