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K 1. 2nd order Frequency-summing process.
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K 2. I3 output under undepleted pumping approximation.
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Bl 3. (a): Typical refractive index n(w) for transparent medium (here close to silica). (b): A more broader view of

the index as a function of wavelength (frequency), from Powers Book.

KLY, B L12 i Krammer-Kronig < &7 %1, FE AR VA%<, B
R BIRMCH FE SR A, PRI AE v DL B3 S 3R BB K OB ) R4 Wi an ] (3)a, A& Bl A2 HLf 128
BE. BRI ng 2 ny o K, ESCREA(T).

e — —

A W, W, w3 ' k3 = nzw3 = nz(w, + ;)
k

/ k; =njw; ky; = ny0,

n
— e

Npr@q + Ngaws = Nz (B)ws

n
€

refractive index

Type-ll
Ny @ + Nea (B)w, = n3(0)ws

Y

frequency,

K 4. Phase-matching in a negative (n. < n, birefringent crystal). The plot on the left is from Boyd Book.
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Bl 5. A sketch of Bloch Sphere (***Please add a K vector).
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K 11. Framework of nonlinear optics
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17



THEECRTT I, FTEEE LT A

1) —w+ 3w =01 (n+1)! EHFIXRT (n 4 1)! A AR, aE— SR R 2 B
A PSR A

2) ERFHEME S, HEEAATEERE (207K WASFERIDIHRERE, RIEL, K
NEEFE. B, M@K, ” @k “Ig, FEfEE LA T EE RS EEm S E.

3) PREATRERMAERE, XA, HEEEMAXA W RRIES K. IO LA
PR

3a) fATHRCHI: SUUR IO, LBRATTER — k>l
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B, BETMHEAERELEMILETR, v kERGMAIERRN “CWESHE” , “Bim”,
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(b)

E3 strong

q

o g;\gy

n,w; +nN,w; = N,w;3
k'l + k2 - k3 =0

K 12. Optical parametric amplification, illustrated with a type-I phase-matching example. (a) is from online

resource (see text on subtle details).

AP A (1) ARH I FATMESABA R A2 B A

Ay = B2, g — By /R Rae S, 4s)
Hrp r? ,
Wy 5 dwi =
K, = _KczdeffE& Ky = _F;defng (49)

R, XHON T RETTE, ATERE SO FARMEESE, JFHAT dog TILE Ko BT . EX K =

VE K, WAE 47, 15
A ~Ak K\ (A
zi o _1 o (50)
dz \ A3 2\ -K Ak) \4;

A 15) WA R, XEADREREARTER, TR RJEE . 3 (50) K RMEEA D P imd
HL B B AR R 2 AN EAEAEOT R, SREAILFE B AR AL R B AT AEARL, B 1A R AL AR A A
%

~Ak—\ K
det 0 (51)
~K  Ak—\

BN =+VAR?2 — K2, JFRIEANA(B2)HAR. Bima MR, R K > Ak, IARHEE 2 EEL
BHRI, B A Ay B 2— R RIEBUICR SRR

1. A ARm®

AN EAMEZE Ak = 0, MIMZUILEEHITE DL, & g = |K| A RE, IAREAME

fh(z) = fh(O)cosh(gz) + A;(O)sinh(gz)%,
e (52)
A3(2) = A5(0)cosh(gz) + A1 (0)sinh(g2) |§2|
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Fas 53
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A
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amplitude

k-
v

z

K 13. Parametric optical amplification of "signal”. From Boyd book.
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L (14) . FEAEES: XPEBEKREOLH (8 BOCUAuE e dE 26 BRI E . Ak, "TULH
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FOR TS, R 224 10T DU A DAR o R & BRI B4R, IHEE K Waterloo K% [] Donna
Strickland % A € H Z Y4 K220 Gerard Mourou 3£15 2018 Fi# VU /R, [E 3R LG
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Grating pair:
Pulse stretcher
Short pulse
‘ k Amplifier
»

- ‘ .)
Amplified Stretched pulse
Stretched pulse

Amplified
Short pulse
Grating pair:
(‘ Pulse compressor

14. Chirped pulse amplification technique, from online.
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)
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2. SPDC #y%#F # 8%
PATHEH 2 3 (54) A HIBK ARG 0 A, o W NEIK(52), RIAT AR I

</~1172(L)> =0
JAL(L)]?) = (g + %)Coshz(gL) + (72 + %)sinhz(gL)

<
(As(L)) = (o + S)eosh?(gL) + (s + 3)sink?(gL) )

(A1(L)Ay(L)) = (2y + g + 1)cosh(gL)sinh(gL)|§j|

ERIEATRY, ERZAARSE MGRN “F57 88 “WE” Im (FLE, BRKE, BTk
AfESEA, XM CEBCaEMX A, Hia b iRigrHEL%E.
ESHEE = =47, AR S, i RS DR AR K (e290)
BRI DUAT 2 BT BB, A& U H OB IR MR 7S A7 AL S8 SR S BE AR R 5CGIG, BARRUE, B UUBE L
() Avo(L) i, FCIRBERKEOCES, RIS ORI FRRLIIAEAL AT YL By tR5E -

3. R SPDC #9=T 2R LA

(a)

E; strong
ﬁ

2n,w; = N,ws3

e 0 O

Ak <0 Ak=0

Ak >0

K 15. (a): Type-I SPDC and typical output, here Ak = 2k; — k2 (From Boyd book). (a): Type-II SPDC and
typical output (From Boyd book).
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VII.

22iK% OPO

Fabry-Perot =898 X 547

OPO #3% &4+

WX H A LR

LR A E IR OPO

THz FEF&M

Fa4z o B 54

Biop SR E AR

Jeffery New book Chap 7.9, 7.10

A.

By B AEK N E

F045 IC AL A 5

B. tENE

C. BXBEENE

- R R : ATy (w; wi, we) ~ const within e.g., 0 ~ 2w, B x ) (81, t5) ~ 6(t—11)5(t—t5)
. s AR UL RC:



D. FROG

E. SPIDER

Spectral Phase Interferometry for Direct Electric-field Reconstruction (SPIDER):

F. JEZit&ik

Jeffery New book Chap 4.5, 4.6

Property LBO (LiB30s) BBO (5-BaB:0,) [ KBBF
(KBe;BO;F5)

Transparency Range (um) 0.15 - 2.6 0.19 - 3.3 0.147 - 3.66

Nonlinear Optical Coefficients (pm/V)|ds2 = 1.04 doe =1.6 di1 = 0.49

Damage Threshold (GW /cm?)

~18 (1064 nm, 10 ns)

~10 (1064 nm, 10 ns)

~5 (248 nm, 20 ns)

Phase Matching Type Type I and Type II |Type I and Type II |Deep-UV phase
matching
Unique Features High damage thresh-|High nonlinearity, | High nonlinearity,
old, wide trans-|wide transparency |capable of generating
parency range range deep UV light

#* 1. Summary of Key Nonlinear Optical Properties of LBO, BBO, and KBBF
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