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is certainly true for a pulse after propagétion through fiber, but before Compression/

/ (10.6.35)
/

se emerging from the fiber cay’be estimated by:

o

or Aw = 29;,/ (10.6.36)

/
if it is assumed that B >> t%, that is/that the chirp is large compared to the initial bandwidth of

the pulse divided by initial Eulse ration. It now remains t¢ be shown, how a quadratic phase
distortion of cdrrect sign can be oHftained in a dispersive elethent. .NH 2

10.7 Theory of Compression by Dispersive Elements- Gratings

LP The compression of pulses with spectra broadened by SPM was first accomplished by Treacy
using the grating pair, which has since seen broad application in the optical signal processing area.
The anomalous dispersion characteristics arises from a combination of a spectrally dependent path
delay and phase shift due to the grating momentum component. It is anomalous because the
spectral rate of change of the phase is negative as we will show. The general grating arrangement is
illustrated in fig.(9), taken from the initial development given by Tracey [19]. Phase delay arising
from different optical paths traveled by the different frequencies is given by: :

B(w) = %P e Qﬂ%tcmﬁr (10.7.1)
The second term accounts for a 27 phase shift per ruling in the first order diffraction. This term
can be deduced by referring to ??. The incident angle on the first grating is 6; =« and the reflected
angle is 6, = 0 — -y for wavelength A. For a wavelength shift of d) the reflection angle is shifted by
df, = df. The path length between the gratings is G/cos(f,). The distance between the reflection
points on the second grating at A and A + d\ is then dl = (G/cos(6,)df)/cos(f,). The phase shift
d¢ is thus —dIZ. Thus

2md
de/df, = -——g—/(cos(f??.)g) (10.7.2)
[ntegrating this gives the required extra phase term above. The optical path P can be expressed as,
; (- o IE\;\”_‘__,, d (:_—-__ J = -G
e P =AD+ DE = (cos(6, + 6:) + 1) 9 . (10.7.3)
cost, &= &-%

The grating formula reveals that 6, and 6; are related through the following equation:

A
sinb, = sinf; + RT (10.7.4)
where n is the order of the grating reflection and A js thespatial grating period, but here n = —1.
Since we are interested in dispersion pammeter{_/; = —%,} taking second derivative of ®(w) in
eq.(2.2.1) yields: oo SR
8% P waP d o P
L i ot iang == 10.7.5
Bw ¢ cOw TAAw & ( )
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Figure 10.7.1: The Treacy Grating Pair

T TR A 96,
N e e e 10.7.6
ow? clw ¢ (cosgﬂrﬁ) Ow (0rh)
taking the derivative of the grating equation ( eq.(2.2.2)),
' o8 A
—_ = —— 6 T
Sw whcost, (1 )

plugging the above result into eq.(2.2.4), yields an expression for the parameter a: A - peyit dret =

— i P

i 1
dX? dn’de X AN g o=

a = 3 — ZAQ (1 o (sénﬂ,; + K) ) ] (35 %
awh? (00326)2 g i P ".t.?- A PR S N R S

A similar expression for the compression parameter a in a prism pair is developed next [20], [21]. A
desired prism pair arrangement is shown in fig.(10). Ajgain, the equivalent optical path P is given
by an equation similar to the one for a grating pair, /

1

|
|
!

P =02 = nyleosd (10.7.9)
[ 4

There is no need for a term accounting for a _phase shift unlike the previous case. Parameter a is
obtained in a usual manner, by taking the second derivative of the phase:

Do N PP

= = .7.10
a/f, Bw?  2med @X° e )
Some further manipulation yields a fo_lléwing expression for %%-fv:
(i B % vl e !“_ ':&l'r‘- s !';'\' < UL_I_I".J._‘\. ....... = _'r Iz ..._“.{H_.
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