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A Optical Microscopy
A Fast acquisition: Single shot
A Low resolution: Diffraction limited(_ p*‘ &

Detector and
Feedback

Electronics

A Scanning Probe Microscopy (SPM)

A Slow acquisition: Raster scan over the entire surface

A High resolution: Atomic scale ( p¢ &) Photodiode

Laser

A Which physical quantities are measured by SPM?
A Optical field: Scanning near-field microscopy (SNOM)
A Tunneling current: Scanning tunneling microscopy (STM)

A Surface force: Atomic force microscopy (AFM) _ _
A Piezoelectric force: PFM Sample Surface Cantilever & Tip
A Magnetic force: MFM
A Electrostatic force: EFM .
A PZT Scanner
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A Dynamics of samples &

A Temporal evolution of surface

A Transient absorption

Pump and probe
duration =100 fs

A Pump-probe approach
A Pump:to excite the sample
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A Temporal resolution i || T |
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A Tools Pump |
A Femto-second lasers le £
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AFM with Optical Pump-Probe
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A Two sources of electrical pulse trains
A 2-Channel AWG (arbitrary waveform generator)
A Adjustable delay between the two channels

A Modulation on pump or probe
A Modulation feature of AWG L b O ®
A Synchronization of modulation frequency and pulse a n e

repetition rate

_____
_____

A Measurement: Demodulation
A Lock to the modulation frequency
A Dual-phase demodulation: Lock-in amplifier

A Sweepertool
A Automatically sweeping the delay
A Synchronizing the signal generation and detection
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A AWG: Pulse shape is generated sample by sample

AWG Scope X
.
1 Sequence Waveform Viewer 0
Sequence GaussianPul I q . Examples... E UE
1 t nSamp =
e wl = ( amp, amp/ 2, p. ) @ E
w2 = g( Samp, mp/2, nSamp/10) = 400 F
le (1) {
waitDemodOscPhase (1); =
setTrigger(1); £
tTrigger(0) 200
9 playwave(1, wl, 2, w2); 3
10 wait(10000);
Sequencer-> u ->Waveform-> of
|
=7 F
-400 F : ) -
=l M |Wave Channel 1 | \ i/
E I wave Channel 2 N\ i
m Revert Save Auto Upload 2 3 4
Device DEV2072 I APiLog[B] REC  CAL MDS  AwG Device DEV2072 A APILo g. REC CAL| MDS_ AWG ONT AU PID
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A Waveform: (0 s(t) x(f) = s(f) sin(w!)
A Signal: oglo

A Modulation: (©)OET 6
sin{wi)

A Modulation transfers the frequency content of a signal from one spectral
band to another one: Baseband -> Bandpass

[




N A Zurich
Amplitude Modulation 7\ Instruments

AWG memory for a signal of period "Y bandwidth 3j and carrier
A Direct: © Y] o Bt
A Modulation: © "

A Memory gain —

Independent control of waveform and carrier parameters
Carrier frequency ]
Pulse width 15f ‘ ‘

Delay or phase
Pulse train period
Duty-cycle

To T I To Do
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A Lock-in amplifier Rl o \ 2 __,.A
A Amplitude & phase
A Extremely low -noise A MH e h
A : - '
Sweeper EX ,
A Parametric measurement (X LPF ¢




