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This no|k deals \rith the desigll and construction of
'.: :l:ss oscillator and one stage amplifier slstern, Parameters,

-rh effect the svstem operation like mode of operation art,
.:jriid in free rururing mode, this operation help to obtain \ride
- :-se durafion of the output Iaser pulse.

The outpuf ener.g from the oscillatoi found to be (565 mJ)
':rh pulse dulation of (80ns). The slope efficiencl of the
. .cil lator tas (0.71 %) and (0.606%) or,elall efficieno.

The output energi from the arirplifieL rvas - 900nrJ and the
.relall efficiencl of the oscillatol.- amplifier equal to (1.18%),

':;rplification ratio of (1.6),
i good ag'eement behr,ecn the theoletical and exprcrinental

:..-.i.r.lts \r as :rchiered fot. troth oscillator and amplifiel outputs.
fhe srabilif.\' of the of rhe s]-sfem rras srudied during fhe
,:pelntion rhen the inpuf ener.gi was fr-red at suitable r.alue.
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Introduction:

The fir'st denronsh ation oflaser action ir.r \d-C,p<.1 :les. L.

snilzer $as in 1961U]. Solid srnte host m:rteriirl n:1 i: ir ',.rr-i:,

giouped into crvstalli-ne solids and gl.asses. The ho-:t nu.; i-:,.,

good opfical, mechanical and thernirl pr.operfies i,i s;..::.

oper:rfing condifion of pr.rcfical laser.

blafelial f(,t lasel opet.afion tnust posses shar.p fluol,escen:

lines, sh ong absorption bands, these char.acter.istics are genelirll.,

shorm b] solids (cll:tal or glass), n'hich incol.pot.ate in snrlli

amounfs elenents in x'hich opfical transitions can occut. berrr eer

st.Jte of incontplete element shells.

The energi' buildup in a laser.pulse propagating th,r.ough a

laser amplifiel has been studied br l nuurbet. of norks in the field.

Pefirrs et al [2] inlestigated fhe erponential nnplification ofr

"non - Q - s\ritched " laser prdsc through an anrpliliel., Geusic

reporteel erpelinents in laser pulse amplilication b1. amplifier

l ods dri]en bt both non,Q-s$itched and Q, siiitched oscillator.

But agtrin all of these experinrents considet.ecl on} the erponenri:,

antplificatiun reginle. Frontz& \odyik [3] in(l others theor.erii::l

considered the pulse p|opitgation problem through :r ;u:-..

rmplil iel bl solring the time - dependent photon rr i.ni. r.

equation fol valions t\ pes of input pulse shapes.

Stt.elc & Daris [4] r'epolted a set ofe\perinrnrs r',hr'r r r-:

al:plificl qrrir nas ueasurt-rl. thrir. crperirnents prtfi,t nrtti i:: ::
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' '-. inr-i $ regime. Ijaris & Sool [-<] solr ed a set of amplifier

.--r:a,,.ns rrjth and rlithout r.egenetation. antl theil solutiorls

:+. rie-J energl ranges fi om snrall signal gain to sitturation.

The possibiJitl of light pulse amplificafion in I laser

:;iplit)er' $as f 'st d€monstrated bY Ar.cchi & Schulz [6] rhus the

:.;rerrtion of high - porer light, pulses is based on the

.',.mbinarion of master oscillator. and multisfage amplifier.

In (1995) \I.Rlsmaeel [7] obtained (140 mJ) fronr nr.o

:rages \d:\'AG ampliliel.. lYith rod dimensions (5cm) lengh and

diameter' (0.4cm).

In (1999) N.N.Nassir [8] obrained a e-s*itched \rl:\'_\G

oscillator, (136m,I) outpuf ener.gi'nifh (35ns) pulse dur.rrtion,

pumping one - stage Nd:YAG ampli{ier n.irh the same dimension

of the rod used by Ismaeel [7], giring an output energ (318mJ)

$jth total efficiencl' of osc- amp 0,J5%, In our. work we used Nd:

elass lod (7.-icm) length and (0.6cm) diameter as an oscillator.and

one stage Nd:glnss amplifier ryith the same dimensions.

The outout eners of the oscillator and the slope efficienc,t':

B.\.SEE 19] dedled an espr.ession fol. the output ener.g fi.orn
puLsr punrped lasel r\ its

. , . (1)

\\herc: I.", :is the snfur.ttion intensitv
r,/ : the fluol.escent deca!.time
.-\: is the rod ar.ea

ry : Ener$'couplng term
r: Inler.sion ratio

The coupling rerm r7 equrrl to [10]
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\ihele; R, :Reflecfil-itv of outpuf
Ts : tofal n ansnrission of the lasel. calih

Koechner [1] considered :

-ln(T,;2-1 Optical loss

Therefole lre can rervrite eq. (2) into :
2( r  R1)

n,l i(r_nn,)

\\?ren the lamp input ener.gi. Ex, for thresholtl oper.ation has betn
Ieplaced by Ei", the input enelgr.- abo\.e thr.esholtl eouals:
E. "  =  o , 'E "  E - '  . . . r j r

Ex,: the lamp - input energr r.equired achiering thresholtl fron,

the folio*'ing equ. :

Es, : (L- ln \ ) \2k
o" : Slope efficiencr of the laser output \.al.ies lanrp-inpui

cul te.
K: Pumping factor..

Thereiore ,

Ri''. (- h{.:n,

. , ,  t  6 .

I

Hence, the slope efficiencl is simpll the pr.orlucr of aL ri.e
indiridunl efnciencies of the s-\sten1, the output coupllns efi:iin.i
(7) can be optinrized b1 proper. selection of the ouipui i::1i.: l

reflectiriqr'.

Laser.4nDbfier:
In an oscillttol-irmplifier s).stenl, the puis!- \ridi:i I .-..--

divergence & tlte specful wielth rrl'e prinrar.il,r deter nrined I,r :h-.

oscill irtol [10] lhele :rs pulse ener.!5 & po\\'o ilra (itlr-rntiniil ],_,

thc lnrplifier, thr:r'efor.t fi,orrr an oscillator.-arnplil ir-r.conrlrjnari,.,

I
I
I
I
I
I
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-: -j. rbrain either a higher encrg.\ thirn can bc achicred ft onr

--: j---l: i iol. r lonc. also to incl ease the bl ightness ofthe output

:  : :  : : .

, :-. design of a laser amplifier. the follou ing espects nrust be

-  . : . :e fed:

- ,:-n end ener.gJl ertl action.

: i. 11e flont and pulse shape.

-i ::r.r$ and poxer densities :rt the optical elements of the

.:mpLifier slstem.

- Feedback in the amplifier', n.hich ma1'lead to superladiance or'

Prelasing of plimalv intelest in the design of amplifier! is the

eain. r-hich can be achieled, and fhe enelg', nhich can be

€\fi acted fi'om the amplifier'.

Itie rod length in an amplifiel is detelndned plirnarily by the desiled

, rele are trvo regines oflight amplification. Short pulse and steldl'

:r:ie or long pulse.

.' e *ill see, hou'ever, that in the case of pulses, rlhich ale short

: lFal ed to the fluol escent lifetilne of the naterial, the alnplilication

:.9tnds on the enerp. densitl,, v.hereas in the case oflong pulses or'

a \\ mode ofoperatiorl the glrin depends on po$'€r d€nsiti [11].
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Pulse Amplifrcttion:
ffl"'."-ptft*,ton process is based on the energ' stored in th'

upper laser priol to the arrir.al of the input signal -{sthe inpui

pulses passes thlough the rotl, the atonls nre stinlulatecl to release the

store enel s,

Ifre take for the input to the arnplilter rr squate pulse dut'ation (tp)'

anrl inifial photon densit]', therefot'e the input energt perumt a|ea

can be erpressed as:

E,,, --C$"t 
ohu "'(-)

C: Liglrt velocif
.\ saturation fluence E. can be dehned b1

-  h t  E . . . (6 )
' fo ;9 .

o : ,{bsorPtion cross-section'
g" : small-signal gain coefhcient'
Y = 7 - */Et is the degenerac-Y parametel'

In a four levei system /:1, and the total stored enerqi per urut

volume in the amPlifier is:

E,r =&E, ' (9)

The gain of the amPlifier

C=:  t r  t - ie ip ,J  -
F, .  L  L  L '

. . .  t1  [ ' )

Go :stnaU - sisrrl single Px\s g.rirt

G"=e-tp(g.l)
. . . r i i :

For ir lorr input signirl Ei! such thilt Ei"/E'<<]

Then eq.(10) becomes
G-G"=ery1*" l)

n form, rrhich makes it conr ement to

c \ t r rcdon c l i i c ienc l  Io l  s tnq l (  Jnc

I
I
I
I
I
I
I
I

t l
1 l/_: I,^ t - ' '1

Equation (10) can be recast into

rnotlel the enelg,' outPut 'and

nurltiple stage.
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i- r is thc irrput cntr'[t.-, tg the irrnplif icl and (E") is

:rlplif iel thcrcfolc {10] :

-  ,  _  r ' <

tht' orrtput ironr

. . . (12)

the ertlaction efficiencl

. . .  (13)

:-roerimental ourt:

L Design ond construction of pov,er supply,

-,\ (?K\) D.C pol'el suppll (0.5 Amp) uas designed and shonn

i-n fig (1) beciruse of the limitation of the flash lamp characteristics

lnrarimum operating r oltage 2K\).

The output loltage of porrer supply is connected to hro charging

cilcuits Gulse forming nehr.'ork PFN) in parallel, one for the

oscillalol and the second for the amDlifier..

l-1 Pulse fonning nen+,ork

The PF\ used is a single - mesh (LC) nefiror.k rrith C = 50 pF

rnd IF 20 ltH , the nef$ork stoles the discharge enet.g|, and

dclir ers it to the flash l;rrnp in fhe desiled cullent pulsc shape .

I  -  t  Tt ioonrino r ivrr t i t '

The f$ o most corllrnon methods of tr iggering flash lamps at c

.rternal and intelnal tliggedng. In our \I'or.k erternal trigget.ing

1\:rs used b€cnuse cooling technique was not used,
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Thc trigger circuit consish of trvo nrain parts, the,first one rs
used to rise the loltage betrreen (20 _ 30 krJ using trigger.
transfor.nrer (l: I00), the srcond cir.cuit is us.d to .ont-ol rh.
process ofthe th1-r.istor. OV OFF as shonrr in Fig (2)-

rne li.ncdon of rhe triggel siqnal is to create nn ionized spark
stt'eilmel. befn.een the two eler
can occur.. 

ch,odes so fhtt the m:rin discharge

rn erternar trigge. derice a..i'e is *.rapped a round the {lash
lamp between the electrodes antl
trisger. tr.ansfor.m",, - **, J;*T::"::,Til::ffi
capircito. though fhe pl'imar-r'of th€ r.ansformet.. The s$rtching
elemenf l}as a f\r.istor (f1pe BTX, gA, 400\.).

2. Drsim .of the optical resonator:
I he optical 

"""on"to" of rh!l-
as shoim in Fig (3r. 

'"t"afol consists offour main parb

2-1 Optical resonutor:
.{ plane _ par:rllel optical r.esonatot. rrls used \_ith trr.o mirr.ot s

the rire rnir.r'or. of reflectiritl- ( & = 100% for )_ = 1.06 {m ) . and
the output  coupler . r r i th part ia l r .e0ect iv in(  Rr = 659i ,  1fo.  t t . "o_.
travelength . The fivo rnirrot.wel.e firetl outsicle the las€r.carjfi rrith a
disfancs 1l  = 1g crrr )  brhveen thern.

I
t
I
I
I
I
I
r
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a

)

2-2 The Active mediun:

The acdle mediun used i
rorl (7.5 cnr) lengrh antt ,r., ":rr'T-l,r",,*T"i:T..:;::\r'ith f$o clanlps inside flle cnijF



alE Reflector:
\\ e used a cilcullr. crlintL.icai r.ellc'ctor. consists of t1r o parts, the

ir si is fired in rhe co\tr. of the carin rrhich holds the linear llash

l:;rp entl the sccond phr.tis siturte{l umler. the llso. r.od rrhen theis

in.d ?bove the c'Jrit] 'Ihe retlector.fi.om cir.cular c]lindrical shape.

The caritS dimeniion are (15 x 3.5 x 3.5 cn) made frorn

-duminunl ntetal which had high thermal diffusidr.!- ro dissipate rhe

heat generafed from fhe flash lamp.

2-4 Fktsh lsmp:
-.\ xenon flash lamp rvas used nith pressure (P - 450 torr), total

length (13.5 cm) and the actile length (8 cm) ie. the disttnce befir.e€n

the electrodes, the erternal tliameter @ = 0.61 crr).

This tlpe of car.ity con{iguration is called close - coupled cavitl.

The lamp and the rod are placed as close together as possible [1].
surlourds closell bl the r.ellector.

.j. Fla.sh lanp characteristics:
Calculation of the lamp impedance pararneter. ( }lo ) rr-hich

describes the impedance charactedsfics of the particrilar lnmp .

The voltage - cun.enf r.elafionship is described b1.. [12].

, -  I ,

!1
. . . (11)

Flom Fig (-l), the intersection of cut l.ent and lolta ge pulse ai.e

shorl on an oscilloscope using current and loltage probe,

The resistance ofculrent probe equnls to (10 m C)) and the lalue

of r oltage = 11 \'olt therefore the lalue of the cur.rent.
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l1
= llt))Anp .

10.r10 -r

r  ne  \ .a tue  o t  U) i  \  u l fag \  d {  r l rc  in te l . .ec r iun  po in t  __  I  000 I  o l t .

Ilence ft'om et1. (1{), K = 50.15 O. ( t1p )0.

To determine the lalue of h" theoreticallr ne use the
fxctor  equals  v  = 0.8.  Har ing;

And

7 -

K,

From

(.+)"
the PFI{ :

K = 28.39 O. (.{t',p )o'

L =19.9pH

C = 50ttF

z. = 0.63
Using equ (1Q
-Artd from equ. (15) ,

. . . (17) L =16ptn

To measur.e experimentallr from Iig ( i ) the curr.ent prdse
duration is equals to t,, = 8-l pLs using the current probe .

Fronr PFf C = 50 lrf , therefol.the inductance L etlulls to :

I - .

FIom eq. ( 16 ) I Z" = 0.565 O

-{rrd fiom eq. ( 15 ) and rrhen Ko = 30.15 the damping fecror.
a = 0.89 llence the r.ise tirre t,. equal to

damping

. . . (15)

...(16)

I
I
I
I
I
I
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r_ = (r. ):

:28..i,22s

,{nd the current pulse duration

t ,  =3{LC)l ' ;

. . . (18)

. . .(1e)

The peak current Ip rhen the applieal r.oltage Yo = 2 Kv is equal
to:

i--05rr.- i'  
\ , 2 .  j

i  p =7769.9,1nry " ' (20)

Conparing the exper.imented n.ith the theoretical results n,e carr
norified that the dillerence in the tablc (1)

rretical 91.4 J l . : 1s87.3 i 0.63 76 28.3
rrimenral 28.3 7769.9 19.9 i

l
30.1

Trble (1) the chal'acteristics of the flash lantr

K"

a.(AmP)jl
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{. Measurements :rn d Results:

.l-1 Nleasurements of the outrrut energl gf the oscillittor .

The fheoretical value of O/P
can be fountl fiom eq. (l) ,

L 
",,, 

= I 
",",, , ,1r1, -t1

t -
o:17.i

energr of the oscillatol

ht ,  = l .9xla t )  . l

r., = 300pr

o-r - - i .  ).r1(, - '  crr -

.l = 0.2816c;;;:

I  , . . ,  =t l l t t  ZII' c l l t -

Fromeq.(2):
t7:0 '343

The inversion over threshold ( r - 1 ) = 1.3
Substifuting these value in eq, ( 1 ) 'rr-e get :

E"u1=657mJ

The erperinrental lalue of the oscillator output ener.gi.usng

joulerneter (Genetic ED - 200) equals 565 m.I.

This result sholn a good agleement betn'een theor.etical and

erpelimental value fo| ttte ortput energf' ofthe oscillator. and the

diffelence bet$€en fhen is r.elated to tlte losses in the input punrpurg

enei'gi fo the S-\'-ste l,

J-2 Measurement of output energl of the amplifier .

The small signal gain coefficient is gilen b1' [ 10
.9. = ll' x rrtr

I
I
I
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lo = | | . t t ] cn ' l

l i  c , r r  t i 1 .  (  11  )  :

G.= 2.37

Frcur eq.  (8 )and 7 =1 for ' .1-  Ie le l  systenr:

E.=5'31J/cm'?

l rout cq. (12) \l 'e ha\.e E: = 90.25 J the punlping il lput enel gS'

. r i  l  on. . ' , t t t  erFect  t -1p ica l l . \  (  0 .5  )  qo (o , l \e ls ion of  punlp inpt t t

flre! !l toenels stoled in the rod' [6,10]

Therefole Ei =0..15 J and the output enclgi'fi om the amplificr'

. ' i lu r l l s :

E""r :5.31 In {1- [exp(0.45/5.31)-1]2.37]

E_, =1013 mJ = (1.013 J)

\\:hen a lorr'input signal Ei such that E1E. << 1 then

(FG"=erP(e;l)

erpelirnentalll' $'e got the value of the outpul gnsl$ fi om the

anrplifiel equat to (900 nlJ) by using joule meter.

Fig (6) sho*s shot' the variation of the input rnd oltPut ener'€l

frrl both oscillafol and anlplifier'. The orelall ellciencl ofthe

c'scillator equals to (0.606%), and fiotn fig (7) tire slope

efiiciencl equals to (t1.71%). Tht totrl efliciencl ot the osc-lmp

: l  s t tn  equals  to  ( l .18 %).

Iionr equ(13) the ertrr.ction efficiencl tir =12.12i Fig(?')

shots the pulse shapc of the oscillatot lith pulse dut atiolr

equals to (E07ls ) using silicon - Pin photo diode qpc (SGD-100)

l  - l l
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rrith rise timc (Jns)' an IR filter is used lith tLunsnrission

alound 90?; fot l.D6 lttt '

Fol opfitnal operation. the flash lamp lbr the anrplifier strge h:rs

ro be sJnchl onized \1ith rhat of the oscilllltor' Thi\ nlust be

firnerl so that thei e is maxlrrlum population inversion in the

anpliJier lYhen the beam fi'om the oscillatol' inters it' the filing

of the llash l:rmp for the oscillrtor'' then is usualll delal-ed

relation to the ampli{ier flash lanip' The amonnt ol this delal'

depenrl on the cct used and the palticular flash lamp' but

ordinar-v ir is of the oldel'of [50 - 100 l/s lU3l'

ln our rvork the delay time behYeen the osc- amp ltns .tr ithin

[70ps], which gave a good amplification for the oscillator pulse

as shonn in Fig(9), Fig(10), antl the amplification factor arornd

flrice as mucll

The stabilitl of the systern was shorvn in Fig(11) rrhich gir es a

high stabilitl of ihe slstem iluring the operation for different

pulses rvhen the input energi rras firetl at suitable lalue'
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F,3 t rf ) Photograph for both voltage and cunent discharge pu.lses.
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