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e 1 atm = 1,013,250 dyne/cm? = 14.7

1b/in?(psi)

* 1 atm =760 mm Hg = 760 Torr = 1013
mbar

* 1 bar = 10° dyne/cm? = 0.98692 atm = 10°
Pa

* 1 Pa=1 N/mm? (ISO, SI unit) = 133 Torr



e & 2 7 Low (rough) Vacuum:

* Atmosphere down to 1 Torr
* Non-industrial applications

e ¥ B E 7 Medium Vacuum:
* 1 Torrto 1 x 1073 Torr
e CVD, evaporators
% R E % High Vacuum:
* 1x103to 1x 107 Torr
* lon implanters, sputterers

* 42 % E 7% Ultra-high Vacuum:
e Lessthan 1 x 107 Torr
* Molecular beam epitaxy
* Research instruments



» % 18 %_=Gas Laws and Models
e T 13p d j&Mean Free Path
% ¥Conductance



« 3T 18 £ AY L
e PV =nRT

e Maxwell-Boltzmann distribution

* Vmp = (2kT/m)? (most probable
velocity)

* Vrms = (3kT/m)* (average velocity)
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5%x107°

A=z——cm
P(torr)

112

for molecules of
3 A diameter

55 — m
and V—SOOA

P =760 torr
P =1 torr

P =103 torr
P =10° torr

A=700A 1=0.14ns

A =50 um 1 =100 ns
A=5cm T =100 us
A=50m 1=0.1s
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M % 3 (Conductance)

For a typical pump, the amount of gas pumping out is proportional to P, so
pumping speed S is defined as

0 oPV _pg So 1 0 oPV
8 t P 8 { S in liters per second, /s
Throughput e ~N

Q = PS insorrtls

Usually, throughput is conserved. (Steady

state) \_ Pl )
=P.,S,=P,S ump 1
Q=P5,=P5, pump P,
P2 =100 Pl pump 2

51s




(Conductance)

=—+
4 N S C S
1 2 . .
D = diameter, in cm
L = length, in cm
9 r C = conductance, in {/s
IIIII P 1 ’S 1 D3
: . (@ molecular
C | connecting tube, conductance C =12 — fow
P2 """ S ) example 1 example 2
pump D=15cm D=10cm
500 s L=20cm L=20cm
C=20251¥s C =600 s
S,=401 &/s S,=273 8/s




D3

C — 12 ~_ (@ molecular flow, D ~ 5 cm, P < mtorr

A=5cm @ 1 mtorr

D’
C=180—P @ viscous flow, P > mtorr
L av

A @D ~5cm, L= const

viscous

D = diameter, in cm
L = length, in cm molecular
C = conductance, in [/s ‘

P,, = average pressure, 1n torr |
mtorr

7
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(a)

(b)

(U

LE

single stage: down to 10-! torr
two stage: down to 103 torr

Pumping speed: 2 — 1000 m?/hr




M % 3% & i (Scroll pmup)

. Rf i K ¢ 20—40 m¥/hr
B A 1 ~ 102 Torr

Inlet

Compression

pocket Orbiting scraoll Outlet

Suction process
Exhaust process
Fixed scroll Compression process

(a) (Suction completed) (b}

o 'l
(d) {c)




A

HieE A 1 ~ 10 Torr
3 # % 1 ~1800 m/hr

to rotary pump



water cooling coil

103 ~ 10! torr
FeiERA 1 103107 Torr

ﬂ -
4 < %

Highest pumping speeds for the
Lightest gases: 12 — 50000 //s

|

sl

i Ll
."\
4 g

S

/.

heater ~ 200 °C




M % it (Cryopump)

Cryopump

Inlet louvre

Radiation
shield

2nd stage (15K)

2nd stage
cryopanel

water

1st stage cooling

F it ‘\ 34 ) (40-80K)
rozen nitrogen, \ d b
en, ar \ -
3 -

B A

BFEE

: ~10710 Torr
800 — 60000 //s
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There are stators to block bouncing back
(not shown)
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KB4 1 <10 Torr
BEEE A O

——

\ CAIFGDE (V) NG

\ MAGNET

@ 1
I : MULTICELL ANCDE
/

/’/
ANODE (¥ +) [5“9 © ELECTRON A
\ ® IONZED G5
2 GAS MOLECULE
] & {COLLISION POINT)

o | Sl

\

“ - )

T CATHODE (v -)
L



c BIE I E AN F SIS (Ao @K S FEd
ZEF ) BEPIE A Fn



. Bourdon tube
— Quadrant

3
Dial bl Movement

~._Stem with pres-
sure connector

* Pressure entry

‘EjE'J%Ef] : 1 Torr 2 760 Torr



A

* £RIR4 HF 1 Torr 2 1500 Torr
'%%f%~%ﬂ@¥; AOA LA B AT
AR R P L B Ao ok



Chemical
Electrode Structure Getter Purmp
(Metal on Ceramic) (Abzolute Manometers)
Diaphragm Electronics
Baftle [T~ Span Pot
([HTé } \ﬂ Linearity Pot
Measurament (Fx) Side, | Zero Pot(s]
Connected to System -I

Feference (Fr) Side,
High “acuum

B £ qja # . 10> Torr = 1000 Torr
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— B Ao 2R AR 44 42 B 7% P ey X B =46

(1) 8 443 S 4819 1%

(2) ¢ 5 4 2 446 #4698 41 2] B B IR0

(3) o 8 4 T 31 60 LA 2 T 40 SRR 4 A8 A A o L AE T SRR o TR
e R — R ) U P R ) A T AL 0 A8 LR A
SO R & B AR i LR ) §5 ) # 421 Torr]10™ Torrz iy -

-

B 48

o P& 2 e Jik 4y 4k o

C ’ﬁ_ﬂﬁjﬂ HEAER 11?@@@2 Thermocouple

S o O E R N R  Junction

R A e o — AR AT 6 Ao B SRS

44 B 46 B 46 :ﬁ B oo Milliammfler Mlllu:'ollmeler

’ﬂr ‘£M$-———]

Power




g

7’&% F (Pirani) E

L

1l

fePirani gauge & » 48 Ao 2k & 5 50 Ak A 408 07 F) B A% & &Y 8 Pa,
— 8 %A K R A — Shod) B R P 0 5 — R &R ok 5% 2 AR 69
N

Gauge Reference
Pirani gauge#) 415 7 X = Tube Tube

(1) % RIESACH » MBS LM [
6T IR A MRS S R o iy ek [

WK ERBP TR E L EHRS o »
(2) e Tt enmiz |||
WS B R TRAR TG Q3] Meter

2 - mr i
Power

E 2 &4 fUAE 0 te 2 R L AE R B s 0 PR AE R RGO AR B AR F) o b A L
2 LAY RE) AR IE 0 BRIAIFHE AR ER K -

Filament
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Convectron gauge
GRANVILLEPHILLIPS
CONVECTRON®
Vacuum Measurement System
Series 275

Operating pressure : atmosphere to 10-* Torr
Sensor material : gold-plated tungsten

In general, convectron gauge tubes are used to gain a indication of the
vacuum in a system rather than an accurate measurement.

_/lﬁ’;"f{f}’u B ’“;’L*ﬁ o WA },E)/PJ\%F' 4y ;tg B R AT I’%’ﬁmz‘ i 4 & 2 4F 5
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10°11 ~ 1073 torr

linear sensitivity
absolute zero point

species dependent

cylindric grid
| < ion collector
200V
electron
emission
== current
air, N,, O,
He
Ne
H,
CH,

sensitivity OC ionization cross section

1.0
0.15
0.3
0.4
1.4




similar to hot cathode 1on gauge
more robust
less accurate

hard to ignite at low pressure

Filament {+30V) magnet
1 ’ -~ arid
= (+150V) G:ltn-"-l:le
:
| I1'ZI'L'|-"I+|
To vacuum
:’zigm
Puwer
a0y H“‘Inn Ma net Supply
’ + collactor
L]
Hot Cold




5 ¥ A 17 h(RGA)

A small quadrupole mass analyzer with an electron impact ionizer

H.0O

COM,
Hz

0 10 20 an 40

mass number

With electron multiplier, sensitivity ~ 101 torr
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(1) Outgassing(it #.)

(2) Sublimation and evaporation (7 i i 7% 2§)
* it ok AR
e U S

(3) Diffusion and permeability
Ar ghg Ak

N

R\

AN




(1) HHen kLA E % » BM@ILE L LA BAEEAN -
(2) s&2BH $IKEY 2 RUE -

B)FeHEHaAM  AHRMARLRHRA -

(4) =T & & B RARIE AR -

%R 6 AR AR

(2K HEANRHAZLHK  BF LSRN AEEMFEMTRA
RAAE -

(2)#3% RFHEZRBESAAMNBEAR > HBEALWIES -
RES MM BRE 0 HRE > KA EHE

Hiem AP EEZNEIEEE M
8 % (ceramic) - AiE4R & - 4 9h#E(teflon) - Fused Silica - sapphire.....




Flange:d 45 B f 4k 47 & th s 4k 6 7L » 45 % F 0 1F T 45 5 -
Flanges 7 it 4 i /8 % # seal(sgasket) 7 5t B oA ik 2] 4 % &
Fe B K o —Apr M thseals 4 » %3813 (elastomer) s & /8 & A
7 - flange sy 3%t i sealty R F 78 A R B etk ik -

Del-Seal™ CF metal gasket geometry

Del-Seal™ CF elastomer gasket geometry
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straight tube reducer(CF) zero-length reducer (CF)
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CF to QF adaptor

ASA to CF adaptor
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~ Gate valve




ngle valve

Air Cylinder

Spring
114" to 1-1/2"
Air Open / Spring Close

Piston

Bonnet Plate

Bonnet Gasket Air Control

Solenoid Valve
UEFE'FEFH? or Shown 90°
on® Elastomer out of phase " a
Welded Bellows
Actuator Seal
Side Port
Poppet
Port
Connection Poppet Seal
Viton® or Kalrez®
& B Elastomer
Valve I ! l Valve
Body Seat










A

BNC feedthrough



rotation + translation feedthrough precision rotation + translation
feedthrough
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Homework

gas inlet, N,

gas inlet, O,

1x1073 torr ¥/s 1x10* torr /s
Chamer 1 Chamer 2
J \__
Estimate:
pump 1 Iil(l)r(;llgli P(N,) in chamber 1
20 P(N,) in chamber 2

connecting tube
1 cm inner diameter
10 cm length

P(O,) in chamber 1






* 1917: Albert Einstein performs
fundamental studies on the nature of
light, discovering the principles of
spontaneous and stimulated emission.

— —O0—
RPN
R \ VAVAVA.
VAVAVA, AVAVAVA. AVAVAVAS st
J/\I\_;JI \_/I{ Il\_)'rr\lb

_O_
% e fe )% B £ el

)
* 1928: Rudolph W. Landenburg confirms
existence of stimulated emission.



s &

* 1940: V.A Fabrikant suggests method
for producing population inversion in
his PhD thesis.

* 1951: In an experiment using
nuclear magnetic resonance, o
Edward Purcell and Robert
Pound introduce the concept of
negative temperature, to describe —eeee =
the inverted populations of states
usually necessary for maser and

laser action.




MEcE Rk (pumpingsource) :’\ﬁ'rﬁ;ﬁ”;‘/ﬁu s o oa BB M P
T F O FFRESZFAMFTF > w2 RSP N R T kS

S LEEr F o

"HE A F, (gain medium) G akgeE c kI hT I At hchi F o 2
EELE-T RS LY S S A
+ &% | (optical cavity/optical resonator) : &% & 3 4p-T {7 g+
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* May 16, 1960: Theodore
Maiman, C.K. Asawa,
and 1.J. D’Haenens
develop first working
laser at Hughes Research
Labs. Immediately
reproduced by numerous
laboratories.




A

e 1960: Al1 Javan, William Bennett, and
Donald Herriott at Bell Labs develop
first helium neon (HeNe

e




* 1962: Four groups in the US (M. I. Nathan
et al., R. N. Hall et al, T. M. Quist et al, N.
Holonyak and S. F. Bevacqua) nearly
simultaneously make first semiconductor
diode lasers, which operate pulsed at
liquid-nitrogen temperature. Important step
in the development of optical
communication, optical storage, optical
pumping of solid-state lasers and many
other applications.



A

* 1962: F. J. McClung and R. W. Hellwarth
develop laser Q-switching, which gives
lasers short pulses and high peak powers.

N
0.25 III TFIRTET ]
II ; :I
o j| ||
D.15 i
0.1 | ¥
| 1
.08 .'II I'II
,.-". L
1l 0.1 e 0.3 04 0.5 2, 0.7 0 9
& (s}



1963: L. E. Hargrove, R.
L. Fork, and M. A.
Pollack report the first
demonstration of a mode
locked laser, 1.€. a
helium-neon laser, with
an acousto-optic

1s the basis for the

femtosecond pulsed laser.

Fregquency
= Caviry fongiimdinal mode siruciure
£ = |— Av=oi2L

Fregquency

modulator. Mode locking

Laser outipied spectrinm
Freguency




* 1966: Peter Sorokin and John R.
Lankard built the first widely tunable
organic dye laser, now used in ultrafast
science and spectroscopy.

Peter Sorokin with the flash lamp-pumped dye
laser, in 1968. Photo courtesy of IBM




“Nobel Prize

e 1964: Charles H. Townes, Alexander M.
Prokhorov, and Nicolay G. Basov are
awarded the Nobel Prize in Physics "for
fundamental work 1n the field of quantum
electronics, which has led to the
construction of oscillators and amplifiers
based on the maser-laser principle."



“Nobel Prize

- 4
* 1971: Dennis Gabor is awarded the Nobel
Prize in Physics for "his invention and
development of the holographic method."
While he outlined holography in a series of
papers from 1946 to 1951, 1t was not until
the invention of the laser that an effective
hologram could be built.

¢ sgrams Work Basic Setup

A



A

* 1974: E. P. Ippen and C. V. Shank develop the sub-
picosecond mode-locked CW dye laser, establishing
ultrafast optical science.

" Femtosecond Laser

* 1982: P. F. Moulton develops titanium -sapphire
laser. The titantum -sapphire laser replaces the dye
laser for tunable and ultrafast laser applications.




Peak intensity

increased
]
m \
4
= N O Mode-locked Dye and

@ 103 N O Ti:Sapphire lasers; i ~ 0 Chi -ped
a E O HHG pulses g ; Pulse
g \ B Molecular modulation E Amblificdtio

\ : plif
g 10 N 20 1 l
2 - g
= \ R=I
Q P
= 10 N o) ; 0
a, A\ o 2
o (| =
6 o S Mode-locking
£ 10° N SRS =
e \o Q-switching
n LN

A}
196 197 198 199 200 201 1970 1990 201
0 0 0 0 0 0 0

Ultrafast science High field physics



"~ Nobel Prize

P
* 1981: Arthur Schawlow and Nicolaas Bloembergen
are awarded the Nobel Prize in Physics for their
"contribution to the development of laser

spectroscopy.”

* 1985: Steven Chu, Claude Cohen-Tannoud;i, and
William D. Phillips develop methods to cool and

trap atoms with laser light.. They are awarded the
Nobel Prize in Physics in 1997.



"~ Nobel Prize

* 1999: Ahmed Zewail .
Zewail successfully used a rapid laser
technique called femtosecond spectroscopy
to observe how atoms 1n a molecule move
during a chemical reaction. In femtosecond
spectroscopy, a }flump—probe experiment
"photographs" chemical reactions as they
happen, using an ultrafast laser as "flash™.

-

'y
&




"~ Nobel Prize

‘_’,,;3{57

* 2000: John Hall & Theodor Hansch
develop optical frequency comb technique
used 1n research as well as 1n precision
metrology and time measurement. This
work leads to their receiving the 2005
Nobel Prize in Physics.

e 2001: Eric Cornell, Carl Wieman,
Wolfgang Ketterle are awarded the Nobel
Prize in Physics for the “achievement of
Bose-Einstein condensation in dilute gases
of alkali atoms, and for the early
fundamental studies of the properties of the
condensates."




"~ Nobel Prize

§ 4
+2005 k4pF £ 3 WA T SR LH S :
* 2009 -k &2 B G B R B v
« 2012 B W] & F & Soaip| & fodf 56
« 2014 3 P ELLED

* 2017 LIGO (Laser Interferometer Gravitational-
Wave Observatory)

* 2018 CPA > Optical tweezers
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‘Extreme Lasers

Longest laser: 1.3 km (0.8 miles). This is the length of the Linac Coherent Light Source,
a "free-electron" X-ray laser

Shortest laser: Several millionths of a meter in length. This is the length of the
resonator in vertical-cavity surface-emitting lasers, or VCSELs.

(A spaser or plasmonic laser is a type of laser which aims to confine light at

a subwavelength scale far below Rayleigh's diffraction limit of light

Highest-energy laser pulse: 150 thousand joules, in a single 10-nsec pulse. The National
Ignition Facility (NIF) at the Lawrence Livermore National Laboratory in Livermore,
California, achieved this result in 2005.

Highest instantaneous power: University of Michigan focuses 30 fs pulses from
Hercules Ti:Sapphire laser to a record intensity of 2 x 10> W/cm?.

Shortest laser pulse: [lluminating neon gas with an ultrafast laser pulse generates 80
attosecond pulses at Max Planck Institute for Quantum Optics, and is less than the time for
a single oscillation cycle of a visible light wave. In order to make such a short pulse,
researchers have to generate light containing all colors from the visible region well into the
ultraviolet region of the spectrum. Such a pulse of light looks white to the eye. This is very
different from typical lasers, which emit a single color.


https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Subwavelength
https://en.wikipedia.org/wiki/John_William_Strutt,_3rd_Baron_Rayleigh
https://en.wikipedia.org/wiki/Diffraction_limited_beam
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3. retardation

4. electro-optic effect
[ €11(E) €12(E) €3(E) |
Egl(E) EQQ(E) fz‘a(E}
e31(E) e32(E) es3(E)

=
e —

€i;(E) = €;(0) + rijx Ex + piju Ex Ey

[\

Pockels effect  Kerr effect



5. Pockels cell: polarization modulation

optical switch / amplitude modulation

1/2-A

polarizer Pockels Cell waveplate polarizer

tt tttt eeoeall 111t t 1
Vil i M R Vi
polarization

ON

11 ttte I | PPN N .
vV I IR |
polarization ®

OFF ®




6. acousto-optic modulator

PZT1
N .

standing wave I

amplitude modulation

PZT: piezoelectric transducer
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#L3 k ik 0 D, lamp# & © Halogen &% %

, P .
KA FE F RINE

End Clamp
Arc-Tube Mount Structure

Pinch Seal
Platinum Heat Reflector

' Quartz Arc Tube

Nitrogen Vacuum

Rare-Earth-Coated Coiled
Tungsten Main Electrodes

Starting Electrode

starting Resistor

——— Quter Bulb

Nickel-Plated Mogul Base

I-line (365 nm) g-line (436 nm)
\'eL‘.o;w

—_ Lltra olell\imleli Bjde | Green | l:)langn;- Fed
= 400 £ |

IE u M W -1 -

2 EILEN o a

=

- -

E 200 b

=

2 -

by

100 |-

K

E 0 l.hJL“T‘ 'nr—— o som— — |
E 300 400 300 600 700

FIGURE 28 Spectral energy distribution for clear

mercury-arc lamp.

Wavalength (am)




# %k = A LED

Epoxy dome lens

anode —— «— cathode




Luminous Efficacy Im/W)

‘W
100
Key: Epi Material / Substrate Material ]
AlGainP / GaAs
10 . -]
DH AlGaAs / AlGaAs
]
n DH AlGaAs / GaAs
GaP:N / GaP .
SH AlGaAs | GaAs
1 u -1
- GaAsP:N / GaP GaAsP:N / GaP
GaP / GaP
Green Yellow Orange Red
0.1 | ] | | | | ] | ] | | |
540 560 580 600 €620 640 660

Peak Wavelength {nm)




OPTICAL RESONATOR OR CAVITY

e

AMPLIFYING MEDIUM

-

LASER BEAM

>

Lr

FULLY PARTIALLY
REFLECTING TRANSMITTING
MIRROR MIRROR
T | ] I | |
HF Dicde Xo Cl
- =
co Ar
-,
Ruby N,
Ha-Me  KrF
Soft X-Ray
FIR Lasers Nd:YAG He-Cd Lasers
R —
Co, He-Ne Organic Dye
‘ﬁ'AIgO;1 ArF
Far Intrared Infrared Visible  Ultraviolst Soft X-Rays
| 1 | - | | |
30um  10ym  3um ipm  300nm 100nm 30nm 10nm
- A
ENERGY (22) =




STANDARD DIODE PUMPING
Nd:YAG NONLINEAR OUTPUT

HIGH REFLECTOR
DIODE 1.06 pm LASER GRYSTAL COUPLER
v HIGH TRANSMISSION ~ CRYSTAL  (OPTIONAL) 1.06 ym
0.80 ym 0.80 ym
L T LASER
—
PUMP
IMAGING
LENS -
FUMPING
BANDS
I — |
——— 1 % NONRADIATIVE DEGAY
““—*L,\‘ .
— Ry,

Nd YAG
LASER

4.
I.“.-ﬂ

)
PUMP § 1.06 pm
Pl

GROUND STATE [




ENERGY (eV)

Ar'F

— (Ar*F)
STABLE EXCITED STATE

(DECAYS RADIATIVELY)
LASER (193 nm)

REPULSIVE GROUND STATE
Ar+F

XeCl: 308 nm
KrF: 248 nm

ArF: 193 nm

Typical Output:

* Pulse duration: 10 — 50 nsec
* Pulse energy: 0.2 — 1.0 J/pulse
* Repetition rate: several hundred Hz
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100 nm 200 nm 300 nm

1mf1 mw

| Ti:sapphire’

111w (tripled)
235-330 nm
" 360-460 nm

1k1+1kw 360-400 nm Gan

v InGaN 515-520 nm

370-493 nm

¢,

T KR

He-Ne 611.9 nm

s

\“

nm

pm

Ruby 694.3
He-Ne 1523 nm
C0,10.6 pm
ylamine 147.8 pm

Iodine 1315 nm
| fluoride 496

Methanol 37.9, 70.5, 96.5, 118 pm
= Y|
Methanol 571, 699 pm

Meth

He-Ne 1152 nm
Meth

He-Ne 3.391 ym

NEAR-INFRARED
900 nm

700 nm 1pm

InGaAs i
904-1065 nm

InGaAlP
630°685 nim I
DF chemical

nGaAs I

1.27-1.33 pm

9.2-11.4 pm

GaAlAs 1.43-1.57 pm >om0um
Ti:sapphire Fosterite HF chemical
750-850 nm 1.13-1.36 pm 2.6-3.0 pm
AlGaln/AsSh
1.87-2.2 ym

A F #https://commons.wikimedia.org/w/index.php?curid=8187485
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Semiconductor

InGaN 370-493 nm, 405 nm, 445-465 nm
GaN 515-520 nm

Green diode 510-525 nm

InGaAIP 630-685 nm, 635 nm, 650-660 nm,
670 nm, 760 nm

InGaP 635 nm

GaAlAs 750-850 nm, 785 nm, 808 nm,
1064 nm

VCSEL 850-1500 nm

InGaAs 904-1065 nm, 1.27-1.33 um, 1.43-
1.57 uM, 980 nm

InGaAsP 1310, 1480, 1512, 1550, 1625,
1654 nm

InGaAsN 1310 nm

AlGaln/AsSb 1.87-2.2 um

GalnAsSb 1877, 2004, 2330, 2680, 3030,
3330 nm

Ce:LiSAF, Ce:LiCAF 280-316 nm

Ruby 694.3 nm

Alexandrite 700-800 nm

Sm:CaF, 708.5 nm

Cr fluoride 780-850 nm

i 21 5

!
l

)

Ti:sapphire 670-1130 nm
Laser mice 848 nm
Nd:YLF 1047 nm, 1053 nm
Nd:galss 1062 nm, 1054 nm
Yb:galss 1.0 um

Nd:YVO, 1064 nm
Nd:YAG 946 nm, 1064 nm, 1047-
1079 nm, 1319 nm

Yb:YAG 1.03 um

Fosterite 1.13-1.36 pum
Er:glass 1.54 um

Er-Yb:glass 1.53-1.56 um
Tm:glass 1.8-2.1 um
Tm:YAG 2.01 um

Ho:YAG 2.08 um

Cr:ZnSe 2.2-2.8 um

U:CaF, 2.5 um

Er:YSGG 2.79 um

Er:-YAG 2.90 um, 2.94 pm

Pb salts 3.3-27 um
Quantum Cascade Mid-IR Far-IR
Raman fiber 1-2 pm



mAS

F, 157 nm R Rz

ArF 193 nm Iodine 1315 nm

KrCl 222 nm Methanol 37.9 um, 70.5 um, 96.5 um,
He-Ag" 224.3 nm 118 um

KrF248 nm Methylamine 147.8 um
Ne-Cu"248-270 nm Methyl fluoride 496 um

He-Au" 282-292 nm Methanol 571 pm, 699 um
XeCl] 308 nm Dyes (doubled) 0.2-0.4 um
He-Cd 325 nm, 441.6 nm Dyes 0.38-1.0 um

Ne* 332.4 nm Dyes (Raman shifted) 0.9-4.5 um
Nitrogen 337.1 nm

XeF 351 nm

Ar?* 351 nm

Ar" 488 nm, 514.5 nm

Copper vapor 510.5 nm, 578.2 nm
He-Ne 543.5 nm, 594.1 nm, 611.9 nm, 632.8 nm, 1152 nm, 1523 nm, 3.391 um
Xe3t 539.5 nm

Gold vapor 628 nm

Kr* 647.1 nm

Xe-He 2-4 um

HF chemical 2.6-3.0 pm

DF chemical 3.6-4.0 um

CO 5-7 um

€O, 10.6 um, 9.2-11.4 um

Free electron laser 0.1 nm - several mm
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Path difference=d (sinB,+sinB ) d

https://en.wikipedia.org/wiki/Diffraction grating
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% f%+7 & Dispersion

d(sin Om, — sin 91'0) = nly
d(sin 8,,, — sin ;) = ni
0;=0;,— ¢, Om = Omy + @
0i, = Om
d sin ¢ (2 cos 9i0) =nA
d cos ¢ A¢(2 cos 9i0) = nAA

0

AA
10 =dcos¢ (2cosb; )/n
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Ex. n= 1, 1200G/mm, S000A

5000 . o oan
=AML FERRIEAT

5000 5000
A =22
N 30480

=0.164

fI# (f number) = f/D
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A Sk 3z % Efficience

n
E/’l(grating)

* ef ficiency =

A(mirror)
* Blaze angle influence efficiency
* d(sinf,,, —sinf;)) =nl & a=90
* Blaze wavelength
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4 = .
I+ 5% & (sine bar)
y = Lsin ¢

ni =
A _Z(d CoS 9i0) sin ¢
= 2(d cos 6; )X
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x %345 1

= kA S £ R
Ax = f X 2A Q. Sy agagiiat 2

AA .
—— dcos¢ (cos;, )/nf » * &KfFTA

Ex.n=1, 1200G/mm, f=0.5 m, 8, ~ 0°

AA 3
e 107Acos ¢ /(0.5 X 103mm x 1200)

AR 190 16.67 A/mm
Ax 6
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(Gpssgly) Detector

o  Pinholein the

confocal plane
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L
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2 T
P
i )
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S

Laser light source (g—["
.

Collimator

Main dichroic
beamsplitter

/ Scanning mirrors
Beam path of the excitation
and emission light in a confocal
laser scanning microscope. W 4

The confocal pinhole screens A N v/ Spedmen
off fluorescence signals from v
non-focal planes and thus Focal plane <

permits optical sections to
be made.

Objective

http://abrc.sinica.edu.tw/icm/app out/main/theorem.php
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1. Cell culture

Seeding cells ~
\/

Growing cells

70-90% Confluency
v

Trypsinize the cell or Harvest cells

2. Nucleic acid / Protein purification

Cell lysis by homogenizer
v

Centrifugation of cell debris / insoluble components
Collect supernatant

v v

Protein fraction Nucleic acid fraction

Ultracentrifuge for protein pellets

Thermo: model 1375
120V, 50/60Hz
1568(H) x 1300(W) x 800(D) mm

Beckman: XPN-100
200240V, 30 A, 50/60 Hz
1257(H) x 940(W) x 681(D) mm
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3. Protein identification

CD spectrum

(Circular dichroism) [ Jasco: J-715

120V,

MALDI-TOF spectrum
(matrix-assisted laser desorption ionization-time of flight)

4. Nucleic acid quantification

Real-time PCR &= Thermo:
L StepOnePlus
100VA, 50/60 HZ
- 246(W) x 427(D) x

—”  512(H) mm

Absorption / Fluorescence /Luminescence spectrum

5. Fluorescence images

Confocal Microscopy SP8

SRS ]

Bruker: microflex LT/SH
~100 to 230 V/ 3-1.5 A/ 50-60 Hz

Promega: GloMax GM3000
120VA, 50/60 HZ
469(W) x 465(D) x 355(H)

Leica: Confocal SP8X
~100 to 240 V / 50-60 Hz
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SEM & EDX TGA/DSC TPD/TPR/TPO

Raman/AFM
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* The official website of the Nobel Prize
https://www.nobelprize.org/
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