Lect. 7: Diffraction Gratings

Consider isotropic light emission by a point source

E~ %eij (Spherical wave)

1
Why R dependence?

because _[ | Ef R’ sin #d@d ¢ should be constant.

Two point sources separated by d
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Lect. 7: Diffraction Gratings
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Lect. 7: Diffraction Gratings

2A . d .
d e E(R,0)~ —e " cos(k —sin 0)
R 2
. 2 A ) ) d . . . . . .-
| (Intensity) ;‘ E‘ = 4(E) cos”(k 5 sin 6) => There exist max. and min. intensity conditions:
2
For max., kgsiné? =mrz=> | = (%j For min., kgsiné’ =(m +l)7r = =0
2 R 2 2
phase difference =2ms; In Phase Phase difference =(2m+1)7z; Out of Phase
length difference: d sin & = mA length difference: d sin@ = (m+ %)/1
=» Constructive interference =>» Destructive interference
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Lect. 7: Diffraction Gratings

- (1) gexp(—ij)

(2) %exp[—jk(R —ysind)]

y sin &

v y=a/2 A . | A - a/2 -
Etotal (Ra 9) — j Ee—Jk(R—ysm@)dy — E e_JkR J. ejky51n9dy

y = -a/2 y =-a/2

Since interference is determined by phase difference ,
the constant phase term can be ignored without affecting the final resuilt.

Ay=a/2 o
EtotaI(Rﬂe):E j g Jsind gy

y =—-a/2
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Lect. 7: Diffraction Gratings

A a’2 o
Evaluate B (R,0) = | endy

-a/2
Lety'= jkysin@ =>dy'= jksinddy

y'=jk%sin9

A o dy! A 1 ik2sing - jk2sing
E i (R,0) = — e’ = g2 —g 2
wa (R-0) = I jksing R Jksin9[ ]

.oa
'=— jk—sin @
y'=—] 2sm

_A 2
R jksiné

sin(k %sm 0)

5 5 sin(K gsin 0)

R k sin @
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Lect. 7: Diffraction Gratings

sin(k A sin 0)

2A 2 A
E R,0)=
total( ) R k sinH
Etotal (R,g) — r) ©

Etotal (R9 O)

cos(k 2 sin )k 2 cosd
2A 2 2 0 2AQ

EtotaI(Rﬁo): R kCOS@‘Hzo - R 5 sinc function

sin(kgsine) FT relationship

Eyota (0) _ _ siny (l// — Kk Esin (9)
Etotal (O) k E Sin 0 W 2
2
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Lect. 7: Diffraction Gratings

A i sin 1 I jk
Etotal (Ra 9) — E j ejky edy > Etotal (R E J (y)ej yydy

y =-a/2
(ky:ksinH)
Remember f (t) — L F (a))e jff)td W
27

—00

fit)y <=> F(®)

By (Ky ) <=> A(Y)

Far-field diffraction field £(k)is F.T. of A(y)within the constant factor!
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Lect. 7: Diffraction Gratings
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K, P =2cos(K, E)
2
E(k SIN(——
&) =2cos(k, 9) 2
E(0) 27 k,a
2
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Lect. 7: Diffraction Gratings

(Assume infinitely many) ,
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Diffracted light from periodic slits (Grating) => Far—field only at discrete angles

sin @
A

L

b

dsind =mA
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Lect. 7: Diffraction Gratings

Second-order

;"é m=1  First-order
(:—ci m=0  Zero-order
\\\—# m=-1 First-order
\\:\é m=-2 Second-order
\F‘
y dsind=mA
Intensity F

Width for each diffracted beam?
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Lect. 7: Diffraction Gratings

Input with tilted angle
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Lect. 7: Diffraction Gratings

Tilted incidence on grating

First-order
Zero-order

dsind =mA

Incident

light wave \ First-order
\ \

= d(sin@-sin6 )=m-XA
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Lect. 7: Diffraction Gratings

Same diffraction equation applies

d(sin®—sinH,)=m-A

Reflection—type grating

Ipmdent m=1 First-order
light wave

,/ ~< . @ M=0 Zero-order

/, ,, e,l \\\ \ﬁ \\
/7 /7 ~ S
’ o~ Y ™\ .
e it oy N m=-1 First-orde
R=1 g 3

(b) Reflection grating

Grating can be realized as long as reflection surface is periodic

/117771777

Gratings are widely used as A demultiplexer

&) W.-Y. Choi

Si Photonics (2015/2)



Lect. 7: Diffraction Gratings

Determine grating conditions for following two cases.

Out (2)
IN (1) Out

» &
» «

Reflection type grating with period d
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