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Study of tunable infrared light beat generator by

laser frequency splitting method

Han Yanmei , Zhang Shulian, L i K elan

( Dept. of Precision Instruments, T singhua University , Beijing , 100084)

Abstract: In this paper, the exper imental study on 1150nm tunable infrared light beat gener ator by

He- Ne laser longitudinal mode splitting is reported. The results show that the range of beat frequency of

t he generator is fr om 40M Hz to hundreds of megaher tz. M eanw hile some other characters, for ex ample

t he mode competit ion, are studied.

Key words: laser frequency split  infrared light beat method

利用激光频率分裂技术研制可调谐的红外光拍发生器

韩艳梅  张书练  李克兰

(清华大学精密仪器与机械学系,北京, 100084)

摘要: 本文叙述了利用氦氖激光频率分裂技术研制波长为 1150nm 的可调谐的红外光拍发生

器的实验及其结果,结果表明这种红外光拍发生器拍频的大小可以从 40MHz 到几百兆赫兹。同

时,我们也对其它特性, 如模竞争等进行了研究。

关键词: 激光频率分裂  红外光拍发生器

Ñ . Introduction

In some f ields, such as the semiconductor dev ice studying and manufacturing, opt ical f iber

communicat ion and etc. , a cont inuous infrared light beat g enerator is needed to check the fre-

quency response of the opto-elect rical detectors and amplif iers w hose acceptable wave- length is

near to 1Lm . At the present t ime, the sine elect ric signal is used to modulate the lasers supply

current to get a modulated light signal, by this method it. s very dif fcult to produce high frequen-

cy light beat signal w ith no-distort ion, such as tens of megahertz to hundreds of megahertz. In

this paper we present a new method to produce a sine infrared light beat signal and the beat fre-

quency can get up to hundreds of megahertz.

Ref. [ 1] [ 2] have studied the f requency split of 632. 8nm He-Ne laser, the method is to ro-

tate an int racavity crystal quartz plate around the axis w hich is perpendicular to the incident sur-

face of the laser beam in the cavity of a He-Ne laser.

But no literature reports the work on 1150nm laser f requency split and the tunable infrared

light g enerator. Although the birefringent ef fect of the quartz ex ists, whatever the wavelength is,

w e don. t know the magnitude of the birefringence corresponding the any angle between the crys-

talline axis and the laser beam in the 1150nm w avelength. In order to m ake the inf rared light beat

g enerator, the principal experiments on the laser mode split phenomenon w hich is caused by the

第 20 卷  第 4 期

1996 年 8 月

激   光   技   术

LASER T ECH NOLOGY

Vol. 20, No. 4

August , 1996



版权所有 © 《激光技术》编辑部
        http://www.jgjs.net.cn 

激光技术  jgjs@sina.com

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 

版
权

所
有

 ©©
《

激
光

技
术

》
编

辑
部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

《
激

光
技

术
》

编
辑

部

crystal quartz in 1150nm w aveleng th laser have to be done.

Ò . Experiments and results

T he experimental device is show n in Fig. 1. T is a He-Ne laser discharge tube. The lef t end

of the tube is the ant-i ref lect ing w indow , M 2 is a fully ref lect ive cancave m irror. Q is the quartz

plate, its thickness is 2. 55mm. T he right end of the tube is sealed by M1 which is the output

mirror. D is a scanning interferometer connected w ith the oscilloscope S. The variance of the

  

Fig. 1  The experimental setup

mode split is detected, displayed and measured by D and S.

1. Observat ion of mode splitt ing

In this experiment the cav ity leng th is 290mm, then the

long itudinal mode spacing is about 517MH z. The lasing

bandw idth of the laser w ith 1150nm w avelength is about

700MH z, so there shoud be tw o modes in operat ion. It is easy to understand that the long itudinal

mode spacing is the largest frequency split ting magnitude.

Fig. 2  The curve for $Mversus H

The curve of results is show n in Fig. 2 ( $f is

the magnitude of the longitudinal mode spacing ,

$Mis the magnitude of the splitt ing) , it indicates:

From H= 0b to H= 3b, no mode splitt ing is ob-

served. The minimum splitt ing is about 40MHz.

From 3b to 9. 5b, the splitt ing increases w ith H.

But f rom 9. 5b to 13. 8b, the split ting decreases

with Hunt il $Mis zero. From 13. 8b, the split t ing

increases w ith H, and when H is 16b, the output of the laser dies out, w e can. t go on observ ing

the phenomenon. Because the t ransm issivity of the crystal quartz palte is the most w hen the inc-i

dent angle is zero, if w hen the incident angle is 9b to 10b, the t ransmissivity is the most , w e can

cont inue the experiment until Hup to 25b.

Because the cavity length is 290mm, there are two modes w orking even in the case of no

mode split. When m aking the beat generator, the cavity length must be less than 180mm, the

max im al beat f requency can get up to 800MH z.

2. Observat ion of mode compet it ion

When the mode split is less than 40MHz or less, because of the competition of the two split

mode, the beat frequency isn. t stable. In this experiment , w e focus our at tent ion on one mode

and its tw o split mode frequencies. When the magnitude of the mode split is about 40MHz, the

DC voltage applied on the PZT ( piezoelectric ceram ic) is varied for moving the m irror M1 to vary

the cavity length, the pat tern of mode com pet it ion is observed on S.

T he result is show n in Fig. 3. The pat tern of mode competit ion for the tube of HeBNe= 7B1

and Ne20BNe22= 1B0. The band of light is the range of no mode split. T he band of shadow is

the range of mode split. With increasing the voltage on PZT, the two mode split frequencies move

from left side to right side on the screen of the oscilloscope so that the ranges of two modes work-
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ing and one mode can be seen. The curve is the approximate intensity of one mode.

Fig. 3

From Fig. 3, w e see:

( 1) There are tw o f requencies f rom M1 to M2. As the two fre-

quencies moving tow ards the right , the intensity of the left mode

decreases and finally disppears at M2, at the same t ime, the intensity

of the right one increases quickly. T he bandw idth in w hich the two

frequencies ex ist together is about 100MHz.

( 2) Within the follow ing bandw idth of 150MHz, M2 to M3, on-

ly one frequency w orks. That means no mode split happens within this range.

( 3) After the one mode crossing 150MH z tow ards the right side at M3, a new frequency ap-

pears at the left side of the mode w hich ex ists from M2 to M3, w hich means that mode split beg ins.

As the two frequencies continue to move tow ard the right side, the intensity of both frequencies

begins to increase. But that of the lef t one increases quicker than that of the right one. As soon as

the tw o frequencies have almost the same intensity, the intensity of the right f requency w ill be-

come smaller and then f inally disppears at M4, at the same t ime the intensity of the lef t frequency

cont inues to increase. T he bandwidth in w hich the two frequencies ex ist together is about

100MH z.

( 4) Within the follow ing bandwidth of 150MH z, M4 to M5, only one frequency w orks. In

other w ords, no mode split happens again.

( 5) Hence, there is a range of 100MH z in w hich the right frequency comes again. It m eans

that the mode split happens again.

( 6) F inally, at M6 the two frequencies get to the right edge of lasing bandw idth. They disap-

pear one af ter another.

3. Conclusions

( 1) T he 1150nm w avelength tunnable infrared light beat generator has been achieved. The

frequency of light beat can be contralled by tuning the angle between the crystalline axis and the

laser beam. By this method the infrared light beat generator can output the beat frequency of

40MHz to hundreds of megahertz.

( 2) T he generator can. t output the beat signal w hich is less than 40MHz, because the

st rong mode competit ion arises. At the range of 100MH z distributed symmetrically about the cen-

tral frequency of lasing bandw idth, the tw o frequencies w ith 40MH z frequency dif ference can

w ork at the same t ime, but at the range of 150MH z near the edge of lasing bandw idth, the st rong

mode compet ition ex ists, one of the two f requencies dies out . This fact proved that the generator

can output sine light beat signal of more than 40MHz.

T he authors w ish to thank professor H uo Yujing for his help w ith experiments. This w ork is

supported by National Natural Science Foundation of China.
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脉冲钛宝石激光器动力学特性的理论及实验研究

赵长明 陈  安

(北京理工大学光电工程系, 北京, 100081)  (重庆大学应用物理系, 重庆, 630044)

姚建铨

(天津大学精仪系,天津, 300072)

摘要: 本文采用速率方程理论, 比较全面详细地分析计算了脉冲钛宝石激光器的动力学特

性。在实用参数范围内,给出了输出参数与泵浦参数的关系。采用这些结果可以统一解释以往文

献报道的结果并与我们自己的实验数据相一致,证明了该方法的正确性和参数选择及近似处理的

合理性。

关键词: 脉冲钛宝石激光器  动力学特性  激光速率方程

Theoretical and experimental investigation of characteristics

of pulsed TiBsapphire laser

 Zhao Changming  Chen A n Yao Jianquan

( Beijing Institute of Technology )    ( Chongqing Univ ersity)    ( T ianjing Universit y)

Abstract: According laser rate equat ions, the dynamic character istics of pulsed T iBsapphire laser

has been comprehensiv ely studied. The theoretical study and experimental results pr ove, if duration of

pumping pulse is much less the life of up- ener gy- level, ( 1) the w idt h and waveform of the output pulse

is independent of the pumping pulse, ( 2) the only factor of determining the output pulsewidth is the ra-

tio of pumping energ y to threshold pumping energy , ( 3) the time delay of output pulse is dependent of

t he pumping pulsewidth and the r at io of pumping ener gy to threshold pumping energ y.

Key words: pulsed T iBsapphire laser  dynamic characteristics laser r ate equations

一、引    言

动力学特性是脉冲钛宝石激光器研究的一个重要内容。通过分析振荡脉冲发生、发展直

至输出的过程, 可以得到对研究和设计实用化激光器件十分重要的激光输出参数, 如输出脉

宽、延迟时间等,及其与泵浦参数的关系。
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