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Turbomolecular pumps

Fore vacuum

— Electrical conection

Cooling water

~ nge’bus
— v £ @:L;ﬁ‘o /? Qﬁﬂ’jz
- Getter pumps or others required
for optimal end pressure (BEC...)

+ Handles high gas loads

+ end pressure sufficient for many

applications

Works in pressure regime of molecular (ballistic)
flow, particles hit fast spinning rotors, which
transfer momentum to them. Over several rotors
no particles will move back.

The principle requires the rotors to spin at a speed
comparable to the thermal velocity of the gas.
f..r = 600 — 1500 Hz

That also means that the pump will be more
efficient for heavier gases.

Do LH.;.”L - ouk k)l—d/a opefm?[/a//
Reqwrements and specs:

- Fore vacuum: typically 102 mbar

* final pressure: 5*10° mbar by Pfeiffer, less
possible

* pumps available from 10s to 1000s |/s

e pump rate proportional to rotor speed and
area: Soc4d-v

* End pressure depends on rotor speed and gas

species
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¢ FIEHEN Titanium Sublimation Pump

0

m

a1
l ‘ * supplement the pumping action the UHV lon pumps:
[ ]

more effective at pumping gettable gases.

Controller

* simple, low cost, and can give a high pumping speed.

Chamber

Working Principle

Pumping Speed vs Time at Different Pressures

* A high current (supplied by the controller) passes through

100 . .

ol TN LN a Ti/Mo filament
3 SN \NIIRN = —> Titanium is sublimated and coats the walls
N A \ \| mEie= |\ of the chamber. 4
§§ % \‘ \\ [0 mbar] \ "‘9 J\L Ol ( (T /O Lo ‘\)(’( [ 7C
n_‘g [1E-9 mbar . . . . .
5% :2 \ N \ Nl \ \ * The clean Titanium film reacts with the active gas
£8 » A\ FEgel AN |
2 = R NN NN molecules to form low vapor pressure compounds.
= 10 = ™ g Y
s [BE-7 mbar)y \h— \_-\%: . .

" i T * Once the film has reacted it must be replaced by re-

Time (minutes) evaporation from the sublimation pump.

Tip: To enhance the pumping speed, the condensing walls can be cooled to liquid nitrogen temperatures.

Gas Species H, [ N, o, CO | CO, | H,O [ CH, | Inerts

Pumping Speed +20°C 3 |4 9 9 8 3 0 0
in Is”'cm?2 - 196°C 10 |10 |12 [12 |9 |14 [0 |o




lon Getter Pump

functionality:

Magnet

- high electric field (3-7 kV) accelerates electrons

=Rt

|

- electrons ionize remaining gas in vacuum Control Unit
- electric field accelerates ions towards cathode

- highly reactive gettermaterial (often Ti) bonds ions

- impact of ions releases more electrons etc. Anode
http://www.chem.elte.hu/departments/altkem/vakuumtechnika/ CERNO3.pdf

- magnetic field to extend electron-trajectory
~ ho b~ oW e ,Dcf—w/g

(.’
requirements: achievement:
- high vacuum (~10- mbar) - UHV down to 10" mbar
- No rare gases - low-maintenance

- only voltage supply
TS

_ Q(@T«(yfca{f g@eJ“Mymdd
S'-ame+ INeS legles =) fe ST



o For high and ultra-high
vacuum (1073 — 10~ ?mbar)

@ measure particle density

o

@ depend on gas type (varying
ionization)

o limited by x-rays

@ Hot Chathode Gauge
@ Cold Cathode Gauge

u]
@
1
n
it

A
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Vacuum Windows

Pressure Resistance Optical Properties

2
r= Ap
« modulus of rupture >> stress  § « > * transmission range
t .
- bending > lens effect g’;‘;‘i;{!ga (2002”"‘ )‘ 1.5 um)
nm—2 um
Temperature CaF, (0.15 um — 9 um)
» deformation of glas, flanges Diamond (0.2 um — 100 um)
Sealing
« 0ring (up to 1012 bar) « coatings (anti-reflection)
* copper (below 10-2 bar)
* indium (LHe temperature) //—H—a %Eh
Le v

- q/&’a//g Uk WIX 3}"07 Vlhef 1
0

— e ouly @>JG<¢(/WH

_use S?fw‘ opp Seals
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Diode laser

1) Direct semiconductor : Optical transitions

between the valance band and the
conduction band.

Transitions not between 2 states but between

bands.
CB

absorption emission

2) pn-junction (diode)
p++ n++

3) Population inversion achieved by applying
a voltage to the diode

active region

4) Add cavity:

* Facet coating

* Anti-reflection coating plus
external cavity

Typical Semiconductors:

» AlGaAs 750-880 nm

* InGaAs 880-1080 nm

* InAIGaP : 1300-1550 nm
« GaN : 400 nm

aVLffVZ ol Uﬁ‘/J“
< OO b W r FV |
P 2 sP ,L@fr Gﬁﬂ
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Erstelltgit einer Lestversio Annotator notator.de transparent plates with a defined
6 |cai (chave-wA'D Tes: amount of birefringence, used
for changing the polarization of light

Uniaxial minerals N, n, An Ol ¢ P/g e - g? 3@}5/\&2
Calcite CaCO, | 1.658 | 1.486 | -0.172 | STFvon| wavd \ea\&#\
_ Aepey des o€ N
Quartz SIO, | 1.544 | 1.553 | +0.009 ;
P
Magnesium ] 2N
fluoride MgF, 1.380 | 1.385 | +0.006 L
' n Optical axis

Phase change:
AD = 2ndAn/\

l) e ve s < as>0 ﬁ/é’(.‘é’>

¢ 3075 ~30Z &S A

Se G L m O @i/fﬁuf)‘w

Half-Wave Plate =¥ | Quarter-Wave Plate @
AD =T gt gl AD = 71/2 gt gl

*Rotates the polarization state of
linearly polarized light

« Changes the rotational direction
of circularly polarized light

« Turns plane-polarized light into
circularly polarized light (6 = 45°)
«and vice versa :)




Electro-Optic Device

General Informations:

*Effect can be used to build:
*A Lens with controllable focus length.
*A prism which can be used as a scanning device.
*A plate which modulates the phase.

*An anisotropic crystal which changes the polarization properties of light.

*Electro-Optic Effect: Change of the refractive index due to an external
electric field.
*An intensity modulator.

*Change proportional to the applied electric field: Pockels effect
*Used crystals for Pockels cells: NH,H,PO,, KH,PQO,,

CdTe.
°r (Pockels coefficient) in the range of 10-"2to 10-"° V/m
1
”( E) =n— EI'H?}E

*Change proportional to the square of the electric field: Kerr effect
*Material must be centrosymmetric.
S (Kerr coefficient) in the range of 10-'® to 10-'* VV2/m? (for crystals)

n(E) = n - 38n°E’

Phase and Amplitude Modulators from ThorLabs

EO-PM-NR-C1

EO-AM-NR-C2
With EO-GTH5M

S

Laser

LiNbO,, LiTaO,,

DE-LRE = B\ Ey)

Output Beam Splitter

: Beam Combiner
Mirror | ‘,{f )
il
- | 1/] Electre-Optical
] Crystal \
! A
/ o
irror
|I‘||ZILI1I. Beam V,+ V.
Splitter
EO-Amplitude Modulator
Specification Lithium Niobate (LiNbO,)

Wavelength Range

C1 600-900 nm
Cc2 900-1250 nm
C3 1250-1650 nm
C4 400-600 nm
Clear Aperture @2 mm
Input Connector SMA Female

Max Optical Power Density

2 W/mm2 @ 532 nm
4 W/mm2 @ 1064 nm

Capacitance

14 pF

Half Wave Voltage, V_

Max Modulation Rate

100 MHz
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Acousto-optic Modulator Reto Fiolka and Shankar Kumar Jha

«  Principle: Acousto-optic effect - change of a material's
permittivity due to a mechanical strain

o  Source of strain: acoustic waves produced by a piezo-electric
transducer

o  Periodic strain produced by the acoustic wave leads to the
formation of a refractive index (phase) grating (diffraction
efficiency > 85%)

o Depending on the frequency of the sound wave (f) and the
interaction length (1) one can observe Raman-Nath (~10Mhz)
diffraction or Bragg (~100Mhz) diffraction from the phase
gratings leading to multiple or single order diffraction.

|
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| —
| ——
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| —
| ——
| ——
| e—
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| e—
| e—
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| e—
| —
| —
| ——
|
|
|

o  Most acousto-optic devices operate in the Bragg regime, the 4. [Z 1 ) =N+ COS[ 2T[ﬂ - Kz )
common exception being acousto-optic mode lockers and Q- ) - -
switches. n= is the undisturbed index of

refraction,
f= frequency of acoustic wave
K = propagation constant of the
acoustic wave,

An= amplitude variation of the
refractive index

o  The frequency of the light is shifted (Doppler effect) by the
propagating sound wave.

o  No frequency shift for AOMs with counter propagating sound
waves producing a standing wave.

» Applications: Q-switching, mode-locking, beam shaping, Zh o sic z4
phase shifting, fast switching, beam steering, Wavelength wave
selection, phase shifting, frequency shifting
S5/ PN >
. R
e Materials used: Quartz, Lithium Niobate, Gallium Sigci - ! giffmcied ™ 0 \‘3 x
Arsenide, Galium Phosphide, Germanium, Lead Molybdenate, ;. light A

Tellurium dioxide

_ (@) (b)
q{ N 50 o SOO /M f./\z Fig.1. Diffraction of Raman-Nath (a) axdBragg (b)

rg v o] W Ct\g(ﬁ? Jey 67 - &7/9 -——-ﬂy — Ddﬂ ()zé
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Fiber Coupling

Maximum coupling efficiency: Mode matching!

FIBER

/

)

X
r—t= | | =——

d=w

f l FIBER

b
]
m
o |
-
o= || =1
—

daw

4\ LewC LENS

D: beam diameter
w: mode waist (single mode, e.g. 3.5um @ 515nm)
d: core diameter (~20-30% smaller)

Good coupling efficiencies in the lab:

single mode: >60%, multi mode: >70%
A St UCrSe Sowrct ay g)( ot Leat,
Hadi Eghlidi and Martin Pototschnig

FZ40APC-A

250CHF

1200CHF

5.7 1800CHF
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OPTICAL FIBERS

Low

cylindrical dielectric

loss materials such as
silica glass

waveguide made of low-

transmission

Fiber-optic Yo

—* communication
systems

/ N\

Large capacity

Cladding

of information
transmission

however limited by

l

DISPERSION:

single mode fibers)
» material dispersion

* waveguide dispersion

* mode dispersion (solution: use of graded index multimode-fibers or

J

J

Solution: use of fibers with specific refractive
index profiles (dispersion-shifted or dispersion
flattened fibers) or adoption of appropriate
compensation schemes

. + 0

' . _/ Y AN /A e
Pg(q—v\ S\ﬂc{iﬁow . g L]*f{qib;% f STY €353 ;'LC/[U{(LVL DW/LJV\ Ln()’{{ﬁt_é
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Neore —

core

cladding n

[core diameter d
core n

cladding

single-mode

d > 10 um

multi-mode

cIaddlng

= nairsin (6,) v

SN

ncore > ncladding

1=0, m=1

o. 1) e

1=1, m=1 1=1, m=2 1=1, m=3

1=0, m=2 1=0, m=3




BTH e Fiber connectors (example: FC-connector)

Swiss Federal Institute of Technology Zurich

General construction

strain relief Versions: MM: Multi Mode | SM: Single Mode | PM: Polarization Maintaining
jeirtie Typ. Insertion loss: 0.15 dB 0.2dB 0.2 dB
Ferrule: 2.5 mm diameter, metal/ceramics
Operating temp. -40° - 70°C
key Locking-mech. screw

Versions: PC: Physical Contact | UPC: UltraPC | APC: Angular PC
Main return loss: 245 dB 250 dB 260 dB

IMPORTANT: APC-connectors are usually marked by a green strain relief
PC- and UPC-connectors have black or white strain reliefs
NEVER CONNECT APC-CONNECTORS TO PC- OR UPC-ONES!
ALWAYS CLEAN FIBER-TIPS BEFORE EACH CONNECTION!

FC/UPC

Key of FC-connectors:
key

* Only Important for PM-fibers and APC-connectors

fast axis » Two different key-widths: wide: 2.13 mm - more precise angular orientation
small: 2.02 mm

* PM-fiber: key is aligned along slow-axis
slow axis

Experimental techniques in quantum optics and laser spectroscopy SS 2009



ETH

Fiber connectors

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

FC/PC LC SMA

picture
Name Ferrule Connector Straight Tip Siemon Connector Lucent Connector | Sub Miniature A
Locking Screw-on Bayonet Push-puli Push-puli Screw-on
mechanism
Ferrule 2.5 mm 2.5 mm 2.5 mm 1.25 mm 3.14 mm

metal/ceramic metal/ceramic metal/ceramic metal/ceramic metal
Insertion loss
MM/SM 0.15/0.2 dB 0.2/0.15dB 0.2/0.2dB 0.2/0.12dB 2
Versions MM/SM/PC/APC MM/SM/PC/APC MM/SM/PC/APC MM/SM/PC/APC MM
Rotational key key coded coded No alignment
alignment

SS 2009

Experimental techniques in quantum optics and laser spectroscopy
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Beam Splitter -7 /07 7o

o f{(/@ Ao ]
Types: - Beam splitter cubes =) pold4 o\ 7@

- Partially reflecting mirrors (
Purpose: -split beams for several
applications, i.e. attenuation of signal,
interferometry, autocorrelation,
laser systems,cameras
T e o et -combining beams
> -split beams into s and p poiarised light
" (polarising beam splitter,PBS)

> Transmitted beam

\

Principle of function: Fresnel laws of reflection on a surface I*(mi e, i)
»Beam cubes: two prisms (e.g.BK7) seperated by a layer of et
a different refractive index (e.g. cement)
» Partially reflecting mirror: plate with a thin silver layer or dielectric mirror (alternating
layers of different material)

Important features: — B
>psp|it ra{io _ *Thickness and refractive index
> Angle of incidence determm.ed by of intermediate layer (Beam cube)
» Polarization dependence - bea-m splitter — *Thickness of silver layer or
>Wavelength dependence design _ number of alternating layers
> Antireflection coating and material (miriLo,r)@/ ) 0, 100 W W
Adun L es v p-ta 2
6« 7 o, [ /hoS 7( { X W 4 L‘ﬂ
g0 4 2 EF
C C
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Glan-Thompson Polarizing Prisms

7> simplest form of calcite (birefringent crystal) polarizer
2 versatile general purpose polarizer
2> consists of two calcite prisms cemented together

optical axes parallel to the hypotenuse plane

H

unpolarized

cement
Nextraord. < Ncement < Nord. .
ordinary

extraordinary

.

o . up to about/10 for extraord. beam, ord. beam not ,
extinction ratio P Qﬂ)o cannot be used as a beam splitter
very well poiarized
wavelength range 320 - 2300 nm I
transmittance about 90% I
beam deviation almost no beam deviation for extraord. beam I
. only usable for low power applications
maximum power level |about | W/cm? cw Y , P PP
because prisms are cemented together

angular field of view about 15° (symmetrical) l

same family: Glan-Foucault prism (air-spaced => more power)
Glan-Taylor and Glan-laser (air-spaced, different orientation of optical axes => asymmetrical and smaller angular field of
view, but better transmission)
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Narrow optical bandpass filter

substrate

filtered light out

& principle
@ thinnest possible Fabry-Pérot cavity (FSR = c/A)
@ additional blocking filters for longer wavelengths

# characteristics g ol
@ FWHM down to ~0.5 nm éL’L7 j’vd’“ a ‘

# gdvantages
@ custom pass band (center, width, steepness)
@ high damage threshold (reflective filter) -01

unfiltered light in slest perin Y/ stacks
. ! . A/2 spacer (H)
7
bandpass | LA
section 1
| multilayer-dielectric bandpass filter { )| /|
f epoxy A A/2 r(L
x I metal-dielectric multilayer blocking filter T\ >pace ( )
" ™
blocker /1 substrate :
section
/ f 50 FWHM =
U optional colored glass |:I k
____________ A
T
Laluminum l 10 / \
ring L=|:| 1 cavity 47// lt\\ \\-—1 cavity

Vi

== N

SRS

7 5 3 1 1 3 5 7
@ somewhat tunable: A = A, cos(3) DEVIATION FROM CENTER WAVELENGTH IN FWHM UNITS

—

)/

— 2 cavities

un
%
A

PERCENT NORMALIZED TRANSMITTANCE
= W
— Y

%
g
3 |
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@ APDs

" (Avalanche Photo Diodes)

ELECTRIC FIELD STRENGTH E

ELECTRIC

Photodiode (pn junction) devices [ FIELD N N JNGTION T
working at reverse bias. R °°° ?%AVQEQ.NSNHE

A photon incident creates a electron- |~ /e [ M

hole pair in the depletion region P N

The reverse bias accelerates the created carriers enough to generate more
carriers when collide with the lattice (like a chain reaction).

Used for low optical power measurements and as single photon detectors
when operated at high reverse bias.

Quantum efficiency up to 80% timing accuracies below 200 ps.

v /4 (13 Lt pome pthes wite destrped



