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UCRF Self-user System

1. UCRF 3|37ty 8l S&dd
- UCRF homepage : http://ucrf-eng.unist.ac.kr/main/main.php
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2. Log in system (True Café)
- Self-user TestS ks AFZHO| H510f H20jstD{ 1742| of0|C| 2 RE FAZHH|
Login 75, B SA| 2302 =7t
- XIs2 = Login or Logout A|Zt2 &

3. Data Upload & Download System (Core FTP)
- =M PC HSXRIOAM 2E Self-user B! O|Z| Xt AFE (ZA|-usb ALE X)
- Core FTP AX|= IP ID, PW, Port HE QH 2= ALE
- USBGLO| =¢lo| PCOAM Z1t5 HiZ L2 &0 =+ AUS.
- XM XASHH 7|5 > HtEA] 2¢Ql Data 2t2|= EX S| & A.

4. Logbook
- A ZPAKLR
- ME0| £80| ELt= Self-userE 23t 2 7t5
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« FAEA S0|E (SPM)=STM + AFM
» STM (Scanning Tunneling Microscope)

« 1982 : Bining, Rohrer, Gerber, and Weibel at IBM, Zurich Ji &
* 1986 : Received Nobel Prize

» AFM (Atomic Force Microscope)
» 1986 : Binning, Quate, and Gerber, IBM and Standford JiZ
+ 1989 . XI=C % AEE
Tapping Mode™ AFM JH 2
+ 1994 : Fluid Tapping ™ Mode Ji &
» 2001 : Fast Scan i 2
» 2003 : TR-Mode™ H &

» 2006 : Harmonic Image i 2



Si 7x7 surface China word
reconstruction "atom”

Gerd Binnig (left) and Heinrich Rohrer (right) who were awarded the Nobel
Prize for their invention of the scanning tunneling microscope



488 0| H FIELD SEM Conforcal SPM(AFM)
238 plES uz o= o=, 894U, &2
NE o JH o, 2H o, A
X,y § Bolls 1.0pm, 1.04m 5nm, 5nm 170nm 0.1nm
7= 2os 0 0 500nm 0.01nm
i 1~ 2x10°HH 10 ~ 108HH 10 ~ 104HH 25 ~108HH
AE &HH ZHEHEE HH 2 Freeze drying Au—coating, 2 & ZHEHE HHE HeBER
A B & 4 S S0 o8t &4 B S5t &4 gis
A EZH| A2 [ilg=3 AR Cha A8 25
X 22l Hel glE I = O 42 AL g8
ANZE & Xl &I Hol glg I = Ch: 48 Hel gi=2
HEZ A SHEAI
24 ex situ 24 <== == in situ &4}

484




o2 3XE =E
b

»sub nm (Lateral), sub A (Vertical)

Fast, Simple Sample Preparation



(@] Primary Application

= Electronic Materials/Semiconductor
= Polymers

= Life Sciences

= Data Storage

= Opto/Telecom

= Optics

= Nanotechnology

= MEMS

= Electrochemistry

= Materials/Surface Science
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150mm(Max:up to 200mm)

Sample Stage size:
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15mm(Or : up to 50mm)

Sample Stage size:

Small Stage SPM2| Z 2
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)]Scanning the Tip or Sample?

= General rule: keep the scanning
mass as small as possible
= = faster response time = better tip/sample tracking
= = lower inertia = more linear scan motions

= Configurations:
= Scanning the sample in XYZ
= Scanning the tip in XYZ
= Scanning both the tip and sample
= tip XYZ and sample XYZ
“ tip Z, sample XY‘



)] Scanning the Sample

Laser Yoaxis adjust
Photodiode adjust B g

. J
Head X-axis stage adjust Head Y-axis stage adjust

» Laser is always perfectly alighed on
cantilever = highest resolution

» Compact design, where the ‘mechanical
path’ can be very small = most stable setups

* Only good for relatively small samples



)] Scanning the Tip

lamr Spok D cdor 5cmen |dek rad)

* Good for large samples
* Typically results in larger mechanical path = less stabilty — rosen seawe tmers

| SucnCid 0] el 0|

LS [ T 30 SITen B

* Requires mechanism to keep the laser focused & XY Lasaa 20
aligned on the cantilever at all times, this makes the et :: .
scanner assembly more complex -

Configurations: T

1. Move the PD and laser with the tip -

l:-].b'l"-':lﬂ‘"-

* Heavy mass, hence slower 1 -

" Example HJ:’ company Adgminbln f £act| 1T _-;n;g-l_:-"‘-\_ll

2. PD & laser fixed: Use a lens systemfor tracking
* No added mass

* Example: D3100, BiosocpeSZ (Trackscan patent)




®)]SPM Scanner 22
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)]Closed loop & Open loop Scanner

= All SPMs use piezo’s
- Piezo’s are non-linear: hysteresis, creep Closed-loop technology -

- Non-linearitities can be corrected for by: Closed-loop requires -
- Software calibration: ‘Open Loop’ = A position sensor to measure the actual position in

- Works perfectly for imaging applications a certain direction (can be capacitive, interferometric,

i . e - optical, inductive,..)
rl';aI]T:Ei(:hf:;rZaT)%Tng’ Nanopositioning an = Feedback loop: to correct the actual position such

that it corresponds to the desired position
= Hardware sensors: ‘Closed Loop’ P P

: NS = The important criteria are:
= Works fine for all applications P

) . = Speed (sensor & feedback response time)
= The sensor introduces some extra noise: Mass (increased mass, reduces speed)

limits = Resolution (sensor noise)
speed

Closed loop is good, but not always the best!
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Tip Substrate
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Tunneling current
scanning Tunneling Microscopy (STM) probes metallic surfaces with a sharp metallic tip to obtain the

tunneling current. As the tip and the sample are both conductive, a bias between the tip and the sample
generates a tunneling current. The magnitude of the tunneling current is a function of the distance between

the probe and the surface.
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Surface Sensing

An AFM uses a cantilever with a very sharp tip to scan over a sample surface. As the tip approaches the surface, the close-range, attractive

forces between the surface and the tip cause the cantilever to deflect towards the surface, However, as the cantilever is brought even

closer to the surface, such that the tip is in contact with the surface, increasingly repulsive forces take over and cause the cantilever to

deflect away from the surface.



Contact AFM

Repulsive
Inter-atomic Force

4 Deflection

S

4  Topography
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L

Contact AFM

In this method of surface imaging, the cantilever scans across a sample surface. Because the cantilever is in

contact with surface, strong repulsive forces cause the cantilever to deflect as it passes over topographical

features.
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Non-Contact AFM

In this technique, the cantilever oscillates just above the surface as it scans. A precise, high-speed feedback
loop prevents the cantilever tip from crashing into the surface, keeping the tip sharp and leaving the surface
untouched. As the tip approaches the sample surface, the oscillation amplitude of the cantilever decreases.
By using the feedback loop to correct for these amplitude deviations, one can generate an image of the

surface topography.
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