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In this study, ray-tracing software was used to calculate the

optical path length of an optical system. Using the optical path

length, the optical phase, group delay (GD), group delay dispersion (GDD), and third-order dispersion (TOD) of the optical system
were obtained. Pulse compressors using a prism pair or grating pair were designed to compensate the GDD of a real optical
system for a femtosecond fiber laser. Also, a pulse stretcher using a grating pair with lenses or mirrors was designed. The results
of this study can be used to calculate the dispersion of an optical system and optimize the performance of an ultrashort pulse

laser optical system.
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Color versions of one or more of the figures in this paper are available online.
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Fig. 1. Schematic and optical path of (a) slab, (b) prism pair and (c) grating pair.
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Table 1. Analytical expressions
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of optical path length (P), GD, GDD and TOD for slab, prism pair and grating pair

Derivative Slab Prism pair Grating pair
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Fig. 2. (a) Positive GDD of a 10 mm-thick fused silica calculated
by analytical (rectangular) formula in Table 1 and ZEMAX (circular),
respectively. Results from the two methods are in good agreement.

Table 2. Positive GDD of a 10 mm-thick fused silica calculated
by analytical formula in Table 1 and ZEMAX, respectively.
Results from the two methods are in good agreement

GDD by analytical GDD by ZEMAX

Wavelength [nm] . ) )
calculation [£s7] [757]

500 715 714.0135

600 559.27 558.5061

700 449.29 448.6804

800 361.63 361.1205

900 284.63 284.2388




4 =333 A] A29¢ A1, 20184 29

-104 —a— Analytical
—e—ZEMAX
- 204
N
£
o  -304
o
Q)
-404
-50 T T T T T T
0 5 10 15 20 25 30 35
prism separation (mm)
(@
2500
2000+ H—\y—\
1500 4
— = 10mm
£ 1000
a
8 500 -
0 =it o s s o) s i g |
-500 4
-1000 T T T T T
9 10 11 12 13 14 15
Length of prism separation (mm)
(b)

Fig. 3. (a) Negative GDD of a prism pair calculated by analytical
(rectangular) formula in Table 1 and ZEMAX (circular), respectively.
Results from the two methods are in good agreement. (b) GDD
compensation of a slab using two prism pairs.
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Fig. 4. (a) Negative GDD of a grating pair calculated by
analytical (rectangular) formula in Table 1 and ZEMAX (circular),
respectively. Results from the two methods are in good agreement.
(b) GDD compensation of a slab using two grating pairs.
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Fig. 5. A grating pair for GDD compensation of a femtosecond
optical system. Positive GDD of a real femtosecond optical system
(rectangular), negative GDD of a grating pair using ZEMAX
(circular) and total GDD after compensation (triangular).
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Fig. 6. (a) Schematic of standard pulse stretcher using a prism
pair and a lens pair. (b) GDD of standard pulse stretcher as a
function of Az’ calculated by ZEMAX and analytical formula in
Table 1, respectively.
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Fig. 7. (a) Oeffner pulse stretcher using a grating pair and a

mirror pair. (b) GDD of Oeffner stretcher as a function of Az’
calculated by ZEMAX.
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