
Methodsof phase matching

Dispersion .

Most of the materials have normal
dispersion

at visible and near - infned wavelength .

T
.( 2W ) do ( w )

So its
impossible

to
directly satisfy

RCW ) = Naw )

Method 2 : Birefringent crystal
:

I I -
→

←o¥
• TI extra -

ordinary
ordinary wad- wave

.

(
perpendicularly

to the plane

formed by I
'

and
optical lattice )

I is the
optical

axis for the
crystal

material



No

Is d

possible to phase - match : Ro I w ) = ne Czw )

Question mark . The window seems
pretty

small !

Note : how to determine
optical axis ?

from Wikipedia

The direction of light is

optic axis when no double

refraction occurs
.

Or
symmetry argument

.

The optical property
is

symmetric
around the

optical
axis

,

When
light propagate along

the axis
,

both
polarization

are

perpendicular to the axis
,

and
they

have the same refraction index
.



How to phase match ?

÷ ,

= sinned + cosmos ;
tie is the neat a

goo .

I along
the I axis

.

So the
extraordinary refractive index

can be tuned from No 10=0) to The 10=900 )

- t .¥i →

• TI extra -

ordinary
ordinary wad- wave

.

So rotate the
crystal to find the phase matching angle .

Normally ,

vendor will mark the
optical axis for you

.

Note :
why

the rule of ne lo ) is in a square form ?

E
-

Ezra III = o c linear
case , ; Er -

- ni
.

Thisiscakedttnglephasematch.TL-



Drawback : Direction of phase propagation
I

'

is different from

energy propagation
: for extra -

ordinary
wave .

c

"

£

The
angle

between E
'

and E c Poynting
vector ) is :

00 = -

the offs ( Milli radian
range

)

Cause ? extra -

ordinary wave has
components along

E and

perpendicular to I
.

So when calculate 5 ! E'xtT i not
always

back to TI dime 'm
.

Limit the interaction
range

.

phase -

matching can also be
slightly tuned

by temperature
.



Quasi
- phase Matching

→

tH→-

periodically flip
the optical axis

When
you

do that : X "
→ - X

' "

for this
propagation

direction
.

Argument : p
'

-

- no EE
'

;

When flip the axis
, polarization change sign

. I to I

in the
frame

set -

up by optical
axis

.

C
along extraordinary

wave

direction )
So T → I

p→ → . F .

However
,

EE doesn't change sign ,
because C-E) t E) -

- EE?

So → -

Take the result from :

HIFI = 2iMoEfa¥icz=o, eick
- kit



Erez -

- L ) = J2imqf!X Zico , e
" " " " Z
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;

Now : Let

g

X
' "

= d
,

when 2Nas

(214-19)*44+42
X

" '
= - d

,

when (2Nty2c ( data )Z 42N-142 .

why ? Because
previously ,

the
integral from Osa was canceled

by 2-322
.

So if flip
the

sign of 2-322
,

we

get
enhanced result , instead of

cancellation
.

at Hk a C 2K
,
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.
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So :

quasi - phase match

arr



Figure source: Linear electrooptic microscopy : applications to micro and nano-structured materials

Fabrication method :

,

use high
static voltage

to invert the orientation of
ferroelectricat domain

,
and therefore

E axis
.

Voltage around 2okV/mm .


