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.Abatraet 

Ath由Teü也1 p:rediction on 也e perf缸mance of the pu1Bed dye laser pum PE地 bya ∞pper vapor 

la配r was. given. A high power effici四t Rh的 àye laser pum萨rl by a ∞PpE!I τapor laser w闺

develo萨戒 with 10吨itudinal1y p田丑萨戒 geometry and jet strea.m on 由e basis of 也旭 th田ry. Average 

ontpnt power of 0.86 W for the Rh创 dye w扭曲也ined. Its e理d由巴:yw臼 31%.

Introduction 

The copper va por laser 田8. pump source of the dye laser ins如ad of argon laser w础

attractive becanse i归 high efficiency of 1 %. The total e由ciency of dye laser pumped. by 

a Cu laser can be 0.2 %. This dye laser is a powerful 臼01 for 1础。r 臼otope 勘paration，

photoche皿istry and pico-sωond sp∞tro配opy[1J.

There are some trou bles in using the Cu laser 回 pu皿p 田urce. 1 t is very difficul古

印 f∞回北he On laser beam because of its larger wameter and larger a丑gle divergence. 

Besides，也he leng曲。f 古he dye laser cavi古y must be 昭 sho时甜 possible t.o increa.se the 

ronnd -tri p n n皿ber in order to have higher outpl1t power and be协er bea.m qnality. To 

overcome 也hese difficul古i8S} an unstable ca圳市 W甜 used for the On 1aser 也o decre剧。 the

angle divergence[2J. On 也he 的her hand~ the longitudinally pumped~S"";;] or transversely 

pumped 。因illator-amp且直er geometries[6J were used to increase 曲。 outp时 power and 

efficiency and 切 i皿prove the beam quality. 

In th坦 paper we report the experimen"tal Iesul也 of the Rh6G dye laser wi古h

longitudinally pumped geometry and 如时r铀皿 pumped by a COPI旧r vapor 1础er[1]. The 

rωn1古国∞mpared wi由也he analytic 也heory.

Thω巧

There were a lot of papers dev的。d to the discussion of dye la幽E 古heoryL6，因.

In 也is P也per we developed equations which are adeque阳也o our purpose based on 

referenc四 [6~ 8J. The charaωeristics of longi古udìnal1y pumped geometry were discussed. 

曾 This paper was presen始d at 出e FizBt 工.aser Conferen西 of .Japan i且March 1981. 
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It was ind.icated 也hat ihe longitudinally pumped geo皿etry can prod.uce high average 

output power and efficiency. 

Fig. 1 坦白。 level 时ructure and kine古ic pr∞e晤。S of 尬。 dye used in 也he rate 

equa古ion 皿odel. The relevant rate eqnation.s for 由。E 
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laser medium are: 

坐王 =σ'01 (λ9) 叫-Ip - nl厅的(川 -n1 0 [1， (1) dt - V'" ,- 'JU - -v - p 

1 ô1.. , ðI 
一一」十 v;" = _ [.σ01 (Àp) -饰。十σu(λp) 'n1J -[p, (2) 
c θtθz 
1 ôL , ôJ, 
一 Vil 十二止 =σ!!(川 onloI1，c θt . ôx 

(3) 

where '110 and rt1 are tho ground and first excited 

singlet state dye popula古íon densities， σ01 ， σ班， and σ， 

are ground siate absorptionJ excited state absorp古ion

and stimulated emission optical cross section.τ，坦在he

spontaneous decay lifeiimes, I9 and 1, are 恼。 pump

laser and the dye laser intensities expressed in 

pho也ons/sec-cm;t.

Several e旺'ects ha ve been omi协ed[6J in eqS. (1) ~ (韵 J becanse 也hey are not 

important for the copper vapor laser pu皿ped dye laser. Fir的y 古he tripl的 absorp也ion

effects have been omiited because the pumping laser dura也ion (20 丑的 is considerably 

shorter than the singlet to triplot intersys也ern crossing ti皿e cons恼，nt K;ç1 (10-7 S回.) . 

8∞ond，古he population nJ was takon to be zero becausa the radiationless decay ti皿 θ

(τla "， 10-国 S盹) is much smaller 也han T.(10-9 sec.). Finally, since 也I凹的imul叫od

emission CroS.9 S回也ionσe(λρ 时也he pumping laser wa.velength and 也he a bsorption 

cr回s sectionσo工 (λ1) at the laser w町elength are small, b。他 have been taken as zero. 

Thes也eady-state solution is utilized because the dye spontaneous lifetime is 皿uch shorter 

than the pumping laser pulse width, and this is a very good approximation for 古he dye 

laser pum ped by Ou laser. 

The saturation gain of the dye laser, from (1) and (码 J can be expressed as follows 

for a homogeneous laser transítion: 

1 dII α。
丁7 丁F

二

l十 It， '1s 。

w here the small signal gainαo and 也he eff，因也ive saturation flu主 15 ara 

αo=fzσøLs{]"Ol (λρ Ip 
1 十 σ01 \λplτ31p ; 

1, = 1. ÷σ01 (λ世)τSI!..
σe"τs 

(4) 

(5) 

(6) 

and 何 is the dye number density ('11。十 n1). Excep也 for the omission of σ01 0,,/) J 也e.3e
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expressions are 也e same as in reference[6]. In addition~ from eq. (2) 也hepumpin臼nsity

坦 obtained:

lfl(æ) = 1,(0) oexp [一σlJ(Î..，，)n+ (u12(λ，，)一 σ01(λ，，))noJ oæ. (7) 

In generalJ 古he :first term of eq. (7) 坦 grea古er than 也he Bωond term. In order 旬出阳.in

a c10sed form solution, i古 is a回nmed 古hat 古he pump intensity has 也he approxi皿的e form: 

1p但:) =1,, (0) oexp[一σ1J(Ä.，，) onæJ. (8) 

This as四皿ption is exact 迁0"12 (λ，，) =σω(λ，，) or n:>>no. 

In order 句 obtain the expre田ion of output power from the dye 1aser, we must 

integrate 吨. (4) along the 也hickness of 也e dye jetJ and a8S1lme that the dye laser beam 

and the pnmping laser beam are collinearJ though there i.s a small a卫gle betwoon them 

in prac古ice.

'rhe integratio卫 of 吨. (4) along the dye oscilla也οr axis a:;坦 jU8t single pass 

saturation gain. It should be equal to the single pass loss in the 的eady state: 

f: 向 d白x叫Z
o 1十 11 18 

where f iB the total1osses including 曲。 sca拙。ring l08s by 也e mirror~ 也he j的 and 1088 

of output coupling of the 皿irror.

With abovc approxi皿ationJ the integral of 也he 1eft hand of the eq. (9) 坦 straight

forward as follows: 

~In. 1+σeτ81， +σ01 (λ，，)τ81，(0)(10) 
σu 1+σeτ山+σ。1(λ，)τ，1， (0) oexp (一σ咀叫) • 

Af也er 80me simple manipula也ion， we obtained the dye laser intensity: 

1 I Taσ以λ，，) 1 Jl (0) .[1 - exp (芒主f一σ12 00 ) 1 1 
1，=专~ L \ "8 =!.-lr. (11) 

叭 l 呵( ::' 1)-1 
This expression of dye 1aser intensi可 is essentially the same 础 the expression (44) of 

reference [8J. The output power of the dye laser is: 

1o=T AI
" 

(12) 

where T 臼 iransmission of the output mirror, A is the cross s四古ion of 也he beam waist 

of dye la.ser on 也he jet str饵，m.

For 古he Rh6G dye and our particular dye laser ap归，ra阳s ， the parame抽rs in (11) 

and (12) are as follows: 

σe (J.., = 575 n皿) = 1.5 X 10-~Gcml， σ01 队JI=510.6nm) =σ:tSI (λJI) = 1.3 X 10-16 C皿虫，

τ， =5x10→ sec' J n = (6.......18) X 1Q17jcm3 J [for (1 rOOJ 3) x 10-3MjL concentra也ionJ. d= 

10-'cm (古hej刨出ckn喇J T =0.5 J A=3.14 X 10-4 cml . 

With th酬 parame帕目，也e 吨uation(12) 协com倒:

Io=2 .86 x 10-3 [σ'Ip (0)-1]J (13) 

Where 也he Io and I p (0) 町e 也he average output !旧wer of the dye laser (575 nm) and 
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theωpper vapor laser (510.6nm) e:xpre晦d in Wa拙， respectively. The constant 0 

depends on 也he 1099 j， 也he dye je也也hickness d and 古he dye concentration n. 

In Fig. 2 Io is shown ωfunction of 1" (O) for different valnes of l099f. The output 

10 I d-0 .01 cm 
(WA凹')1 T~O .õ 

1.5~ 帽 -3x 10- 3MjL 

1~0 . %5 

1 .0 

0 .3 

0 .35 

0.4 

0.5 

。 2 3 
Ip(WAτ'T) 

Fig. 2 Theoreti臼1 dependen佣 of

Rh6G dyela国r average output power 
10 on the Cu laser pnmp power I p 

power incre~刷 linearly with pump power. For 

也he smallloss, the efficiency 国 greater 也han 50%. 

Theou古put power will be seriously dωr侃岛dwi也

increase of the loss. This fact shows 也hat the 

dωrease of the 1佣s is important even in high 

gain laser. 

In Fig. 3 the dye laser ou也put power is shown 

as a fun的ion of 也hickness d of 蚀。 jet. The dye 

power does not incre础。 when 白。也hickness d is 

grea也er 也han 1 皿皿. It shows 也hat the increase of 

the 古hickness does not iDcrease the ou tpu t power 

in longitudinally pumped geometry. 

In Fig. 4 Io 国 shown as a function of 也he

dye concentration n. 10 slowly increases with 

increase of 古he concentration for d=O.Olcm, but 

when d>O.lcm, 10 is independent of the concentration. 

Thethωry shows that the longitudinally pumped geometry whioh has 9mall dye 

thickness and large focused pump intensi忖 can also produce high output power as in 

transversely pum防d goom的ry w hich has s皿all pump intensity and large dye gain 

古hickne拥[6]

几
(W:\TT) n ~ 3 x 10-~L 

1=0.25 
2.0~ T-O.5 

~一一
15 
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Fig. 3 Theoreti也1 dependence of Rh6G 
àye la臼r average output power 10 00 the 

thickne困 d of the dye jet 
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。 2 3 
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Eíg. 4 Theoreti也l depelldence of Rh6G 
dye [aser aγerage output power Io on 

the dye concentration rJ 
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Experimental apparatus 

The experimental ap醉:ratus nsed to investig刷 the longi阳dinal pump dye laser is 

shown in Fig. 5. The ∞ppe:r v 8opor 1aser 1 is u踊d

for pump sour伺. In order 阳 d创r铀se 也he angle 

di vergenoo, a pla.nar die1回国c 皿irror 80nd a glass 

pla回 are used for the resonator. The window9 町e

lJerpenmcul80r to 也e discharge tu be axis. rrhey 

are accura也ely aligned 阳 ac也 as a Fabry-Perot 

et801on. With this arr8ongement, the angle diver

gence of the Cu la.ser is 1 .....,2 mrad. The beam 

diameter is about 25 m皿. The pu1se repetition 

rate 臼 5 kHz. The average power used is about 

z 

Fig.5 m 
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5W in maximum (8011 line). The dye laser is 

excited on1y with λ=510.6nm grωn line defl. ec协d by two prisms 2. The pump 

radia也ion 坦 f∞used. by a Canon camera. lens 3 (F = 55皿皿， 1: 1. 2) into a planar jet of 

Rh6G dye di田olved in 的hylene gly∞1 4. The jet stream h剧 0.1 x 4.3 mm dimension. 

The fl. ow veloci也Y of dye in 也he je也阻卫 be varied wi由in the range 0 ,...., 13皿也00.

The ÍIωused pu皿P 8pot on the jet 坦 about 0.2 mm. A short leng古hr倒ona也or 坦 used

in 也he dye laser. It cons姐姐 of a spherical mirror wi也h radius of curv剖，ure 30 cm and 

refl四tivity 99.8% and an ou也put mirror wi古h radius of curvature 38 c皿 or in直ni古yand

reflec古ivi古y 50 %. The 1ength of resonator 臼 about 3........4 cm. It can be varied to match 

也he beam spot size on 古he je古 stream. The concentration of Rh6G 国 (1 "，3) X 10-3 M/L. 

Experim.ental results 

Wede古ermined 古he dependence of the 80verage output power Io and the efficiency 

of 也he dye laser on the average pump power I Jl of the Ou laser (Fig. 6, 7). 

The average outp时 power of the dye 1aser increased. 1ine町ly to 0.86 W when 也he

pum.p power (510.6n皿) increased 阳 2.8W. There is no any 国.turation 阳ndency. This 

坦 consistent wi也 the 也heory. The slope of the curve 臼 smaller than the corresponding 

也ω，retical va1ue. This is perha阳 because of the large 1088 of the jet due to the 配attering

and the un-∞Uinear of the pumping bea皿 and 也he dye 1a臼，r beam. 

The efficiency of the dye laser fìr的 increases wi白白e incre甜e of pump power. But 

when the pump power 坦 grea也er 古han 2 W J the efficiency b回QIDeS ∞'llS缸.nt. The 

maximu.皿 efficiency in our expe且ment is 31%. 

The dependence of the ou古put 归wer Io on the conoentration of Rh6G dye is shown 

ín Fig. 8. T\he experi皿ental curve re田皿bles 古he 也ωretical curve. Io increa困8 with 

increase of the concentration at first , then i:here is a saturation tendency when 曲。
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concen tration ís grea ter than 3 x 10-3 MjL. 

The dependence of 在he output power Io on 古he flow vel∞ity of the dye solution is 

Bhow丑 in Fig. 9. Fig. 10 坦 the dye 1副抱r waveform. 

Oonclusion 

O盯 experimental resul抽血d 也ω，ry show th抽出e dye laaer pumped by copper 

vapor 1础，r with longìtudinally pum.ped gωmetry ca.n produce high average power and 

high efficìency. The linear relation between the dye laser output power and pump 

power shows tha也 high outpu也 power of dye laser can be obtained with increase of 也he

pump power. 
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铜蒸气激光泵浦的高效脉冲若丹明 6G 染料激光器骨
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提要

本文给出了铜蒸气激光泵捕的脉冲染料激光器性能的理论预测。根据这个理论，设计

了一台用铜蒸气激光泵捕的、具有纵向泵浦结构和喷流的高功率高效率若丹明6G染料激光

器。对若丹明6G染料，得到了 O.86W 的平均输出功率，效率为 31%0
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