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A Novel Spectral Analysis of Ultrashort Laser Pulses Apply to
Ultra-high Speed Transmission

Jin-sung Jun* - Hyung-rae Cho* - Yong-sun Oh**

ABSTRACT

In this paper, we analyze transmission characteristics of ultrashort laser pulses
using the prbperty of Raised-cosine pulse which are systematically obtained
following Class-2 PRS model. The high-order pulses are easily derived from a
modified PRS system model as Class-1 PRS model. This may be based on the fact
that the spectra and bandwidths of the high-order pulses are beautifully related to
their orders. And we make clear they are very useful to cover wider area and
more accurate transmission characteristics of ultrashort pulses than Gaussian or
Sech pulse approximations used conventionally. First modifying the generalized
PRS system model, we propose a new model for deriving any type of high-order
pulse. And we offer a novel analysis method of ultrashort pulse transmission which
has any shape and FWHM, using the proposed model.

In addition, by fixing the pulse range ¢ =1(ps) and varying the order of the pulse
from n=1 to n=100, we obtain spectra of ultrashort pulses with 1(ps)"100(fs)
FWHM’s, and width of FWHM in the Class-2 PRS model 50~100(fs) smaller
than Class-1 PRS model. As a one-step further, we derive PSD’s of their pulse

« gEFUS T THE AFee
o EQAUEE AREAST



86 BEEERCRR BHCAEHEN axk S8

g whE T8 l Fourier 72 Zd% 4 it}
u(t) = Vﬁlw C, exp(—jrw,t) 2)
WeF w(f)7h F3A7E Nel| izt

To/2
T = [ w(2)Suz~ b dz 3)

Tv/2

sin{(N+%)w0(z—t)}
sin{% (z — t)}

SMz—=0= 4

L
R
o
S,
flo

AYY Fourier e & & ok

ud = rgNC, exp(—jrwyd 5)

H1
ol

S
< 4 Y3 n-x }J :H*«] SHELS fshe 848 97 935ty 1%114
EdS A4 mde AAHoE A4 F BEog TEAY stu= Aud}
T KOZ FAY #9957 (transversal filter) 24, 2N7K2] A4 24 (delay element)
ok 2N+170) Al F A7) (coefficient multiplier) 2 ©]5& ANH o2 Eist= B
7)(summer)§ 2.2 o]Fo]Z o]&n} xjAHW 57 (tapped delay line summen)E 7}l
Ao OE e, 238 G2 EAE YR8 5}7) (bandlimiting filter) 24,
1o FaegEe] wE oA A4 (n-1)Atol tiE A AYE<(transfer function)
FTUSHA FoAE g2 Q7|8 THT) o] T Auprle Y YoM As A
2 dZsogi




%2314 Ao thF Ultrashort Laser Pulse2] 22 AHEY A 87

Half)

3y

321 BA AHEYE RIS e =8y 29

pa(D= A{ ﬁ: C exp(—/rwot)} H( 21) ©)
for n—l 2,3,
om 1YY £BY 2L o|Fae) e AR ARAAE AN Fol 29EY
2 g 4 Ak
P,(H=2A ﬁ )51nc(21f+—2771(; sgrs)’ 0
for n=1,2,3

AN $Ele tded 22 g5y dold & Agde M2 FIHE °f
‘3

(¢ )"{f(t ) ®

ﬁ: C IﬁNC,]f(t,rl,rz,---,r,,)

(£.c)ren=1 Fn=0 ©

aeh AMe Ngtol AijHez Aopdetn 829 A% nol ¥ AAE YE
Aol 2 7EG. ol2f@ o2l FRa) A ¥ FEHYS BAA A0
S AAE + Aok No| FolAY 285 w(d7h ABDE BF & W & 7



88 BEEFARR BRBERRN mXE £18

9 look-up tableZ A& F 3= IAZJHHEZ o|FoZ A& A & & ATHTL

P,(H = ZAZ'Z,b,,‘,- sinc2zf+ d, ;) (10
o714
t, = 2nN v
by = “ Crn-xba-r,i-Nv-2 (12)
744 slA
{ boo=1 (13)
b, ,=0, when ¢g<0 or ¢>2pN

d,,_l-zzT(z—nN) for i=0,1,2,- (14)

& 2% "2o A% nel W M A% 46N p,(09) FWHME @A 3
OEA "} e Haro) APE= A5E sl Bro Zg 2AH & 4
Aot SxGEL TAE ARE AE 1‘%“?& F H103 H1D~149)E ol
.
)

g olgaie 5hol 33e Agaa an o Gax

2
B,
=
P
QQL‘
4
L
H
B
I
2
&
H
e
Lo
4 !
N
=2
2
Ml o
2
ofo
mﬂ
;g
i)

M. ZAYYLE o] §3 Fagdre) 2a=g 24

S Aol AP B2 A NdE o] &3t uxdHx E olo] i AHE
de SxeE2Y AL 71285 wW(hE
ud) =1+ cos 2 (15)
A 3 D9 FEX2UE BE3EE Fourier 952 A3

WD =1+ %{ exp Ggd) + exp(— jwyd)} (16)

°o]a oA

r[o



Z214 4o ti Ultrashort Laser Pulsed] M2 ~HEY £4 89

A7) 718 F7] T,=4r7 °lT w,=22/T, °lth

old] 1¥2E 1¥1S 7HeRstAl E&8F Aolx Class-2 PRS A|l29S FA3A of

g 2 2ol 28 & + o

kJ
v}
riu

4714 N=1,Co=C-,=C,=1/2 ©]

Fourier A+ &5 0olth 4(16)& A

(10)~(14)E ol&a|A A@E)d tiysta de3 Zo] detvgd % FHAES F &
& 4 At

t,=2n 17

bn,i: %bn—l =2 + bn—l i—1 + Lbn—l.i (18)
7} 8loll A

by =

{ b‘,),:?,—=—0, when ¢<0 or ¢>2p (19)

dy = —%—(i— n), for i=0,1,2, -, 2n. (20)

olg|3t Az} ue} FolA= FHHEEL Ao wal Hstd A AEE W

gty A2¥9EY 2 Ao FYE £ F Us FEF AS IE 5 UH
t\" 3
pa(1) =A{1+cos(%)} H(E) &
PPH = z‘ﬁlfl IZ;(';) sinc(2zf + d)) (21)

-m_as aAA s —na ee A _mma

. Aad A - a

A W SN &

-



v e w owe c -

90 BREFARR BICBEFRAN mXE F18

TH3NM UehbRol Ak gelA] B ALyt $71E o) 3 17E(maximum
amplitude)°] 713} +420.2(23816.) F715tx B9 FW-HMEZL dAsA 7H4s
= 5A4E 7T AQDE ol &5t A 4 Ao Ageof diated ©xA| sleld
B diddezd ARAE 48 5 U3 old oig AHEHS FEF F o
Table 12 Aol W& WZo] W3} gt o|WAF, sinc¥g9 AdLAE T3l o]
£ JgdHE 349 look-up tabel2 A A B TH5]

AAFJHXAE o] 83t GaussianolU Sech BAAHFH FxgHE A ZAlee d¢d

A

AE A 9L F YYth oAREE thdd FWHMel et
< %: _%

Mo
),
;L
&%
‘..
(o
4
o
r
o
%
[72]
2,
=
fob]
o
T
w
. 8
-
g
\
E
|
(2
N

Q)

SN} ok B Ao AGE olgael oig S Bt 4 % ool Y

HeEg 24 8+ ok 293 2919 ZRANAG oy o of

SAE 72858 AYAN 28T + AT ol WA AFE A 0,49 FEED
R

Pulse Amplitude
-~
—
W

- ~N
\\ _
N,
\
/l“
-~ /1 g

L AN
T 0B 08 04 02 0 02 04 06 08 1
Time(ps) X107

I3, DAY 4S0EEAL Aol ChE eist

1. 4508 Ao AnEo it mi2loiE

n |Constants Coefficients Delay-Factors

0 2At 1 0

1 Ar 1121 -1: 0 i1

2 Ar/2 |14 41 -2i-1:10141

3 Ar/22 |116115120{15/6 1 -3i-2{-1i0i11i{21i3

4 Ar/23 |1 :8i28i{56/70i56i28! 81| -4i-3{-21-110:1i2i3i4




234 A4l ti Ultrashort Laser Pulse] M2¢ AHEY £4 91

B L 38 30N r=1(p)E F 29 AFE n=lodAEEH BH F
R NEAQ A Fejo] MY glo] ¥A A9 A4E o] §dte] FWHM
o S & 9tk 29 4% FWHMe @e digZo] Wglele= Ae &

Spectral Density(dB)

o 05 1 15 2 25 3 35 4
Frequency(THz) x10?

84, BA RS NS 018 AHE

V. FagEsd A% 54

ZxgR 20 ASYYES BAetusl oz 2o HHAQ AF WA Unipolar
AAE A3t Power Spectral Density(PSD)E 73tx HAZHA(Th)e] ¥ste] W&
e Zo} W3Fs 7

Baseband A4Alzo]Ae] durx2l PSDE Holg 9] AHMEH 2 Line Coding®l w
2 H23geo 2MEYY JP& Peohe AMEZHFH Unipolar cosine 229 A%
EAQE 74

ek
4
0
= 5
&

qEe Wx 274 T,9 S8 Bael Zo| wepy nEY 5
17 =

e A S AN & 5 I

P = 2= 1P 1+ Lo (22)




92 BREFARE BREEHANR mXE B8

AFHED 410),2Dd FET F AE 2] B2
AR @2 Unipolar AFA A M FojxE o]t

) Y Ha AF A g deHo 92 714
g PSDO 28§ BAFI ok o] aRelA A(22)9] deF2 o ol Fag
Zo| g FA gonZ AFHUL

2859 262 CosineB 29} Raised-CosineZ 29 A4t Zo] ojgt 248 3
Aok AFENFZolt S i Aol o)k F B2 BT H29 5Tt EobA
A H2o) Zol A FEFTE H2 HFo] Uy g
RAE & F Aok 2gdA Edstn e HA 1HF

Aede Yz sl

I r\r

Tb Intervat 0.1(ps)

Spectral Density(dB)
Spectral Density(dB)

i
5 6 7 9 10

Frequency(THz)

12

X 10 Frequency(THz) x10°

335, Cosinel29 A4 n=10¥ wj E I36. Raised-Cosine®AQ| A% n=10
AZHo| & PSDe| s} o o HAZEAo| e PSD2| W

V.Ee] AY o Ax 32

= AL 2937 YA Matlabs o) &3}
o AFY Ageolde FHsiarh. 94 F28P2e) FWHME n-%} Raised-Cosine

AQ.



%34 A4 g Ultrashort Laser Pulse®] NJ2& A EY

1

93

He

o] S3A XA A PEd HE 20 HAEANAM AFUIEFS A
Ao

Table 2& a0 wWal Cosine®2 9 Raised-Cosine22¢) FWHMS v 3.
FWHMZo| t2ez gddzd tig dgFe AsE Bxd ga 22xa o

3 A4 dgZe g2 2 5 Ao

H2. As0i8 Ao offFAS FWHMLlHS 0| cist Bl

n CosinePulse FWHM(107"%) Raised-Cosine Pulse FWHM(10™%)
1 1.3333 1.0000
10 0.4686 0.3335
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0.3 291 3.35
04 2.66 3.01
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