377-369 yoye (11 ojleuis (16 0,93 1395 (yate ()30 Sl (g dlxo

kg3 rale dsliale =

= —

OV Jw Sl  wiigo = 5
Yany

mme.modares.ac.ir Wt

238 o il Sl 50 o de0 (IS 9y Sl p AFM Ol yoil S i

$9555 o2y aann 35 ol (ane Zauly 98 9IS s (el < aal ) 95 0I5 s 8 2

OIS oyl Catio 5 ple olSihy (Sl cwsige il =1
O oyl Catio g ple olRuily (Sl wige )l (wlid )8 gomeiils =2

Old Olpl o g ple oKl (Sl wdige d Sy (gomeiily -3
hkorayem@iust.ac.ir 16846-13114 ., sosio s *

oS Wlio eyl

oS oz, Alie

1395 315, 03 'l s
1395 15,08 28 1 s
1395 -1 24 culu 5 4,

el () g (Sbiy ple )3 38 5 9l 5)Se ulide )3 ilises sl CElo Car s ar g8 3)90 i3l 5)See (el 0ol
Wl o )33l 5 S cpdidgpriogil (> 5 sl Sog8 slal liio )3 38> alraly (ol @) sl ol G958 5y Ko gy
2 Bgb bl ol gy 385 RS L kel 290 50 sl (S8 058 Seo l oalisal b (oYL Sl <0 L 2l osllas (sl &

sl J Cgn lrals ol sornlio g gy 550 5l il SRS @ gy ol 4 el gliS (63555 cuslie ol b i ) Ol k5
b (loasdly 5 U1 ) cilise ol slalamo 05l poled 53 g3 b ojlsad 0,35 5,50 c ol plSR )3 b el o5 sl hallE B 550 ]S
s 290 JS jl oalatl b el 3 ogde sl 0ud 485 IS & adlllas ol Cur ) e g (el sl il )39l S Oddgegly
U5 Gy p5Y oo 45 am3 e (bt odelawndy glis a0 03zl lawdly g JSI el (slalaimo 13 (oo3l (6555 Suss Sers o ol o gy S

Giles clalaee

Al oo JSI Lamo 1 268 O baes )3 jLisjg0 o e (ol O oo 51 yieS Loawody oo )3 Cilises <l 353l g S0

Control of AFM nano-robot based on sliding mode control method in different
biological environments
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ARTICLE INFORMATION ABSTRACT

Nowadays, movement of micro/nano particles has been attracted considerable attention to
manufacturing different devices in micro/nano scale and medical and biological applications. Atomic
Force Microscope Probe is widely being used for precise small scale movements. During nano-
manipulation, micro/nano particles can be moved to a desired destination with high accuracy using
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Atomic Force Microscope while in contact mode with precise probe control. In this article, by selecting
a proper amount of torque applied to the probe tip, deviation from the center and movement of probe
have been investigated to ensure the contact between the probe and micro/nano particle. Different liquid
environments (water, alcohol, and plasma) with different micro/nano particles including biological and
non-biological have been used for this investigation. In addition, using sliding mode control, Atomic
Force Microscope Probe was used in different environments such as water, alcohol, and plasma.
Obtained results showed that the time needed to control different micro/nano particles in plasma was
shorter than that of in water; also the time needed in water was shorter than that of in alcohol.
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Fig. 5 Controlling of probe from it center while trying to move platelet
nanoparticles in air (a) probe angle, (b) derivative of the probe angle,
(c) probe displacement, (d) derivative of the probe displacement, (e)
sliding surface
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Fig. 3 Controlling of probe from it center while trying to move gold
nanoparticles by applying saturation functions (a) probe angle, (b)
derivative of the probe angle, (c) probe displacement, (d) derivative of
the probe displacement
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Fig. 4 Controlling of probe from it center while trying to move yeast
nanoparticles in air (a) probe angle, (b) derivative of the probe angle,
(c) probe displacement, (d) derivative of the probe displacement, (e)
sliding surface
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Fig. 7 Controlling probe from it center while trying to move gold, yeast
and platelet nanoparticles in alcohol (a) probe angle control, (b) probe
displacement control
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Fig. 8 Controlling of probe from it center while trying to move gold,
yeast and platelet nanoparticles in plasma (a) probe angle control, (b)
probe displacement control
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Fig. 6 Controlling of probe from it center while trying to move gold,
yeast and platelet nanoparticles in water (a) probe angle control, (b)
probe displacement control
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