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Study of tunable infrared light beat generator by
laser frequency splitting method

Han Yanmei, Zhang Shulian, Li Kelan
(Dept. of Precision Instruments, Tsinghua University, Beijing, 100084 )

Abstract: In this paper, the experimentalstudy on 1150nm tunable infrared light beat generator by
He-Ne laser longitudinal mode splitting is reported. The results show that the range of beat frequency of
the generator is from 40M Hz to hundreds of megahertz. M eanw hile some other characters, for example
the mode competition, are studied.
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iv. Introduction

In some fields, such as the semiconductor device studying and manufacturing, optical fiber
communication and etc. , a continuous infrared light beat generator is needed to check the fre-
quency response of the opte-electrical detectors and amplifiers whose acceptable wave-length is
near to 1Hm. At the present time, the sine electric signal is used to modulate the lasers supply
current to get a modulated light signal, by this method it’ s very diffcult to produce high frequen-
cy light beat signal with ne-distortion, such as tens of megahertz to hundreds of megahertz. In
this paper we present a new method to produce asine infrared light beat signal and the beat fre-
quency can get up to hundreds of megahertz.

Ref. [ 1] [2] have studied the frequency split of 632. 8nm He-Ne laser, the method is to ro-
tate an intracavity crystal quartz plate around the axis which 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 frequency split and the tunable infrared
light generator. Although the birefringent effect of the quartz exists, whatever the wavelength is,
we don’ t know the magnitude of the birefringence corresponding the any angle between the crys-
talline axis and the laser beam in the 1150nm wavelength. In order to make the infrared light beat

generator, the principal experiments on the laser mode split phenomenon which is caused by the
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crystal quartz in 1150nm wavelength laser have to be done.

Experiments and results

T he experimental device is shown in Fig. 1. T is a He-Ne laser discharge tube. The left end
of the tube is the ant+reflecting window, M2 is afully reflective cancave mirror. Q is the quartz
plate, its thickness is 2. 55mm. T he right end of the tube is sealed by M| which is the output
mirror. D is a scanning interferometer connected with the oscilloscope S. The variance of the
mode split is detected, displayed and measured by D and S.
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1. Observation of mode splitting F%ﬁ%\___ []
n

In this experiment the cavity length is 290mm, then the

longitudinal mode spacing is about 517MHz. The lasing v
bandwidth of the laser with 1150nm wavelength is about Fig. 1~ The experimental setup
700MHz, so there shoud be two modes in operation. It is easy to understand that the longitudinal

mode spacing is the largest frequency splitting magnitude.

1 The curve of results is shown in Fig. 2 ( Af is
0.8 the magnitude of the longitudinal mode spacing,
5 0.6r AV is the magnitude of the splitting) , it indicates:
2 0.4t From 0= 0° to 0= 3°, no mode splitting is ob-
0'5‘ Lt o . served. The minimum splitting is about 40MHz.
02 4 6 8 10 12 14 16 From 3 to 9.5, the splitting increases with 0.

0 (degree)
But from 9. 5 to 13. &, the splitting decreases
Fig: 2 The curve for AV versus § with 0 until AVis zero. From 13. 8, the splitting
increases with 0, and when 0 is 16°, the output of the laser dies out, we can’t go on observing
the phenomenon. Because the transmissivity of the crystal quartz palte is the most when the inci-
dent angle is zero, if when the incident angle is 9° to 10°, the transmissivity is the most, we can
continue the ex periment until 0 up to 25°.

Because the cavity length is 290mm, there are two modes working even in the case of no
mode split. When making the beat generator, the cavity length must be less than 180mm, the
maximal beat frequency can get up to 800MH z.

2. Observation of mode competition

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, we focus our attention on one mode
and its two split mode frequencies. When the magnitude of the mode split is about 40MHz, the
DC voltage applied on the PZT (piezoelectric ceramic) is varied for moving the mirror M to vary
the cavity length, the pattern of mode competition is observed on S.

T he result is shown in Fig. 3. The pattern of mode competition for the tube of He Ne= 7. 1
and Ne20: Ne22= 1: 0. 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.

From Fig. 3, we see: 7
(1) There are two frequencies from Vi to V2. As the two fre- /

quencies moving towards the right, the intensity of the left mode

decreases and finally disppears at V2, at the same time, the intensity v, v, V3 Vi ¥ ¥,
of the right one increases quickly. T he bandwidth in which the two |‘00| 150 100} 150 IIOOI
frequencies exist together is about 100M Hz.

(2) Within the follow ing bandwidth of 150MHz, Voto W, on-

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

Fig. 3

(3) After the one mode crossing 150MHz tow ards the right side at V3, a new frequency ap-
pears at the left side of the mode which exists from ¥ to V3, which means that mode split begins.
As the two frequencies continue to move toward the right side, the intensity of both frequencies
begins to increase. But that of the left one increases quicker than that of the right one. Assoon as
the two frequencies have almost the same intensity, the intensity of the right frequency will be-
come smaller and then finally disppears at V4, at the same time the intensity of the left frequency
continues to increase. The bandwidth in which the two frequencies exist together is about
100MH z.

(4) Within the following bandwidth of 150MHz, Vito V5, only one frequency works. In
other words, no mode split happens again.

(5) Hence, there is a range of 100MH z in w hich the right frequency comes again. It means
that the mode split happens again.

(6) Finally, at Vsthe two frequencies get to the right edge of lasing bandwidth. They disap-
pear one after another.

3. Conclusions

(1) The 1150nm wavelength 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) The generator can’ t output the beat signal which is less than 40MHz, because the
strong mode competition arises. At the range of 100MH z distributed symmetrically about the cen-
tral frequency of lasing bandwidth, the two frequencies with 4OMHz frequency difference can
work at the same time, but at the range of 150MH z near the edge of lasing bandwidth, the strong
mode competition exists, one of the two frequencies dies out. This fact proved that the generator
can output sine light beat signal of more than 40MHz.

T he authors wish to thank professor Huo Yujing for his help with experiments. This work is
supported by National Natural Science Foundation of China.
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Theoretical and experimental investigation of characteristics
of pulsed Ti sapphire laser

Zhao Changming Chen An Yao Jianquan
(Beijing Institute of Technology) ( Chongqing U niversity) (Tianjing University)

Abstract: According laser rate equations, the dynamic characteristics of pulsed Ti sapphire laser
has been comprehensively studied. The theoretical study and experimental results prove, if duration of
pumping pulse is much less the life of up-energylevel, (1) the width and waveform of the output pulse
B independent of the pumping pulse, (2) the only factor of determining the output pulsewidth is the ra-
tio of pumping energy to threshold pumping energy, (3) the time delay of output pulse is dependent of
the pumping pulsewidth and the ratio of pumping energy to threshold pumping energy.
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