Lecture 40: Wed, 9 Apr 2008
Reading quizzes: no talking, no looking in your books/notes

Q1. Who developed the “A and B” coefficients?
a. Avogadro and Boltzmann

b. Bohr
</ Einstein
d. Planck

Q2. Which of these processes is not one considered in the A and B
coefficient analysis?

spontaneous absorption

stimulated absorption

spontaneous emission

stimulated emission

a o o)

Q3. What is the relationship between B, and B,;?
a. B}g < B,

2221

@ B2 =By

C. B12 > B21



From Saleh and Teich, Fundamentals of Photonics (2007)

Table 15.3-1 Typical characteristics and parameters for a number of well-known lasers made of
different forms of matter,® in order of increasing wavelength.

Single Mode Approximate
Transition (S) or Cw Overall Output  Energy-
Wavelength  Multimode or Efficiency Poweror Level

Laser Medium i (M) Pulsed” 1.(%)°  Energy? Diagram
Ag"* (p) 13.9 nm M Pulsed  0.0002 25 uJ ‘
C (p) 18.2 nm M Pulsed  0.0005 2mJ  Fig. 13.1-]
ArF Excimer (g) 193 nm M Pulsed 1 200 mJ '

bs‘ # KrF Excimer (g) 248 nm M Pulsed L 500 mJ

N

,,,q,’ ~pHe-Cd (g) 442nm ] /M CW 0.1 100 mW
Art (g) 5150m |, S/M CW 0.05 10 W :
Rhodamine-6G (1) 560-640 nm [/ S/M CW 0.005 100 mW Fig. 13.15
He-Ne (g) 633 nm 4# S/M CW 0.05  10mW Fig 13.12
Kr' (g) 647 nm e S/M CW 0.01 1w
Ruby (s) 694 nm M CW 0.1 5W  Fig. 1431
Alexandrite (s) 700-820 nm § M CwW 0.1 I W Fig. 13.1-8
Ti:Sapphire (s) 700-1050 nm S/M Cw 0.01 5SW Fig. 1534
Yb**:YAG (s) 1030 nm S/M CW . 3 100 W Fig. 1533
Nd**:Glass (s) 1053 nm M Pulsed 1. 50J  Fig. 1433
Nd**:YAG (s) 1064 nm S/M CW 5. 50 W Fig. 13.19
Nd**:Yvo, (s) 1064 nm S/M CW 10. 30W Fig. 1531
Yb**:Silica fiber (s) 1075 nm S/M CW 20. 1500 W :
Er**:Silica fiber (s) 1550 nm S/M CW 10. 100 W Fig. 1436
Tm®*:Fluoride fiber (s)  1.8-2.1 um S/M CW ) 150 W |
He-Ne (g) 3.39 um S/M CW 0.05 20mW Fig, 1312
CO; (g) 10.6 pum S/M CW 10. 500 W Fig. 13.14
H,O (g) 28 pm S/M CwW 0.02 100 mW
FEL at UCSB 60 pm-2.5 mm M Pulsed 05 . 5mJ
H,0 (g) 118.7 um S/M CW 0.01 50 mW
CH30H (g) 118.9 ym S/M CwW 0.02 100 mW
HCN (g) 336.8 pum S/M CW 0.01 20 mW

“Gas (g), solid (s), liquid (1), plasma (p).
®Lasers designated “CW” can, of course, be operated in a pulsed mode; lasers designated “pulsed” are usuall
operated in that mode.
“The power-conversion efficiency n . (also called the overall efficiency and wall-plug efficiency) is the ratio of
output light power to input electrical power (for pulsed lasers, the ratio of output fight energy to input electrical
energy). Values reported have substantial uncertainty since in some cases they include the electrical power
consumed for overhead functions such as cooling and monitoring. Laser diodes exhibit the highest efficiencies,
readily exceeding 50%, as discussed in Sec. 17.4C.
“The output power (for CW systems) and output energy per pulse (for pulsed systems) vary over a substantial

range, in part because of the wide range of pulse durations; representative values are provided.
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From http://www.tf.uni-kiel.de/matwis/amat/semi en/kap 5/backbone/rS 1 4.html
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From http://www.tf.uni-kiel.de/matwis/amat/semi en/kap 5/backbone/r5 1 4.html

There is a tremendous amount of information in this diagram (note that "X-gap" and L-gap" both denote
indirect band gaps a the respective positions in the band diagram):

® Most III-V compounds radiate at wavelengths above the visible region, i.e. in the infrared. However,
adding some Al to GaAs producing AlxGal-xAs, will shift the wavelength into the red region of the
spectrum - here are our red luminescence diodes and Lasers!

e Very fortunate: GaAs and AlAs have almost the same lattice constant; we can thus combine any
combinations of these materials without encountering mechanical stress.

® Very unfortunate: There are no III-V compounds in the diagram that emit blue light - this is a severe
problem for many potential applications. While SiC could be used to some extent, it was only with the
recent advent of GaN that this problem was solved. SiC and GaN crystals, however, are not of the "zinc-
blende" type common to all the III-Vs in the diagram but have a hexagonal unit cell. They therefore do
not easily mix with the others!

* If we want to radiate at 1.3 pm or 1.5 pm - infrared wavelength of prime importance for optical
communications - we should work with combinations of InAs, GaAs, and AlSb.

® Most interesting: The II-VI compounds are all direct semiconductors and span a much larger range of
wavelengths than the III-V's. The fact that they are not much used for products tells us that there must be
big problems in utilizing these compounds for mass products.



T

UL,‘/-AWV’/, D 'Q)/T) gl

M lase req e NG &

<C”"‘> mirtis gy at dscugs o .’)
> _
(-fva ety for %

= cau'-'fp (

"ﬂ,\kvy\, o Canys e, } (o- )\\d" (L_L(QL’)'EY '
Shm, Qmisson PE (\ka—\; lee b b

: ; ‘ Q,«t“’ Se @ (q'\-
Sy o bt sl oy

- exove ot

S = A
o " rea d a?h‘”! L 2
2

lelsu\'
/\ =

(v }\/’ { ,_(;( $’ P V\ jf, ’[;/ ey f<,/

L
"

lt‘r} ‘:\\W,,_-,N ke KA}J;\G& Co\v'.*?( (‘J1 Wv% = )\Vl(.

f{lN,, h/dmt(
MV(«J"( WM“

—D (\ M/!’U ,)(\jh{f ) gtj_;"\/ 5’. /LW#"";‘ /7355:‘~L(A

\l«\(ttv(l) [ z"‘sc/ ; ek gu o 4 Hen,

DY o Ottt i 9—(\‘“3"3 L(U"-\—;V
— tikz g
—D LI/\W‘j\ ‘;'{\‘ -L/L?/'L\ / Cu\/)z,’ 5// c//ﬁ.d./\ F,\\SM

FP onidrsdevedure o s Yf otptA

very brosd  rakral apssa

Toasble Jascrs

") + L Jl&/{/*fx, vl e

U
€20

~ \\)(;\w\y\:)ﬂ,\ 5;.\14&\\:{ ML Q\IL(_/ agm\ fo ?n.k 5@;07( P
— oL /Y‘ww\tk l\u_ L\n‘v‘)( Cov 7(0\)}41\ ,h (,M(,f.,wt X

I\ AN (; Q \\.U»\\ \\)\\i“ Q\ —y "“’\M“‘. eSS

‘\ ‘“MD‘&L \N\)gls 2 (}\\(Q«Vk“) é\‘s L“S‘?Q}a (-Ml \Q'X \Vl\ Y,b ]V\ 30 %3\)83\0’\ (\g\ N\V\\\»\ %t‘&a(‘f A} g)\




