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1571 ABSTRACT 
An optically driven interactive Q-switch, i.e., a Q- 
switch that responds to a short pulse of light, for exam- 
ple, from external light-emitting diodes (LEDs) or 
diode lasers, is provided for producing an output laser 
pulse from electronic energy stored in a laser medium. 
Q-switching is thus achieved on demand by electrically 
pulsing the light source to produce a pulse of light di- 
rected onto a Q-switch medium in the laser cavity. 
Electronic control of the light pulse from the external 
source will thus provide not only efficient Q-switching 
frequency but also independent control of output laser 
pulse width with a fast rise time for each output laser 
pulse. 

4 Claims, 1 Drawing Sheet 
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LASER WITH OPTICALLY DRIVEN Q-SWITCH 

ORIGIN OF INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 USC 
202) in which the contractor has elected not to retain 
title. 

TECHNICAL FIELD 
The invention relates to an optically driven laser 

Q-switch, and more particularly to a laser having a 
Q-switch that is driven by an external optical radiation 
to control the generation of output light from a pumped 
lasing medium. 

BACKGROUNDART 

10 

In practice, Q-switches are used with lasers to gener- 
ate output laser pulses of short pulse-width and high 2o 
peak power. Q-switching is a process of first setting the 
cavity loss in a laser cavity to a high level in order to 
allow the lasing medium in the cavity to increase popu- 
lation inversion and then momentarily switching the 
cavity loss to a low level, causing the laser to oscillate, 25 
thus producing a higher population inversion level 
which is then released in the form of a short, high- 
power laser output pulse. A Q-switch may thus be 
viewed as an intracavity shutter for the laser. The pri- 
mary objective of a Q-switch is therefore to create a 30 
high-cavity loss by, in essence, blocking one of the 
cavity mirrors and then to momentarily switch to a 
low-cavity loss by unblocking the mirror. Many tech- 
niques have been developed to achieve this objective. 

nique is rotating a mirror attached to a highspeed motor 
shaft. The laser oscillates while the revolving mirror is 
facing the other mirror of the laser cavity, i.e., while the 
rotating mirror is in a position to create a low cavity 
loss condition. A high cavity loss is created at all other 40 

The simplest and most primitive Q-switching tech- 35 

times. 
An electro-optic Q-switch uses an electro-optic crys- 

tal which becomes birefringent when subjected to high 
electric voltage to create a cavity loss. Although this 
Q-switching technique is fast and precise, thus provid- 
ing control over the peak output pulse width indepen- 
dent of output pulse frequency, it has some disadvan- 
tages. The electro-optic crystal is subject to optical 
damage at high intensities, and requires a very fast ris- 
ing, high voltage pulse driver which tends to be very 
power consuming, particularly at high (> 10 kHz) pulse 
repetition rates. 

Acousto-optic Q-switching techniques use an acous- 
to-optic modulator to produce an rf acoustic wave in 
order to Bragg-diffract the light out of the cavity. This 
technique is simple and operates well at a kilohertz 
repetition rate, but like the revolving mirror Q-switch, 
it has a very slow opening time and does not work well 
with high-gain lasers. 

A passive Q-switch, such as saturable-absorber Q- 
switch (also known as dye-cell Q-switch) uses some 
form of light absorbing material that saturates when the 
gain inside the cavity exceeds a certain level, at which 
time the laser begins oscillating.. The dye then quickly 
drops below its saturation level and oscillation stops. 
The process automatically repeats to produce succes- 
sive laser output pulses without the need for any exter- 
nal energy or control. Passive Q-switches are widely 
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2 
used because they are simple, but they have significant 
limitations, such as pulse-by-pulse amplitude fluctuation 
and no control over frequency of Q-switching or output 
pulse width. 

Although there have been many advances in the field 
of Q-switching, there is still a need for a fast, efficient, 
and stable Q-switching technique that operates at con- 
trolled output pulse widths independent of output pulse 
frequency. 

STATEMENT OF THE INVENTION 
The present invention provides an optically driven 

interactive Q-switch, i.e., a Q-switch that responds to a 
short pulse of light, for example, from external light- 
emitting diodes (LEDs), or diode lasers for producing 
an output laser pulse from electronic energy stored in a 
laser medium. Q-switching is thus achieved on demand 
by electrically pulsing the light source to produce a 
pulse of light directed to a Q-switch medium in the laser 
cavity. Electronic control of the light pulse from the 
external source will thus provide not only efficient 
Q-switching frequency but also independent control of 
output laser pulse width with a fast rise time for each 
output laser pulse. The application of optical Q-switch- 
ing through electronic control of light-emitting diodes 
(LEDs) and laser diodes for effecting Q-switching re- 
quires less power than conventional electro-optic, 
acousto-optic and magneto-optic Q-switches. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic drawing of a conventional laser 

Q-switch. 
FIG. 2 is a schematic diagram of the present inven- 

tion employing an optically driven Q-switch for a solid- 
state laser. 

DETAILED DESCRIPTION O F  THE 
INVENTION 

Prior-art lasers 10 illustrated in FIG. 1 have conven- 
tional active Q-switches 12 that are externally driven by 
a high-power switch control driver 14. They include 
acousto-optic (A-0), electro-optic (E-0) and magneto- 
optic (M-0) switching devices. These Q-switches are 
active and require external high-power drivers. 

A dye-cell Q-switch (not shown), also known in the 
prior art, is passive, i.e., does not require any external 
driver, but even though passive and simple in structure, 
it is operationally complex and operates only at an un- 
controlled repetition frequency, as noted hereinbefore. 
It is therefore not useful in many applications that re- 
quire controlled switching. 

In accordance with the present invention, a new class 
of active Q-switches is provided where a low-power 
external optical pulse is used to alter the Q of the laser 
cavity, thereby to manipulate a high-power output light 
source with a low-power light source. The external 
optical pulse may be produced by a variety of devices. 
However, for simplicity, all of the Q-switches contem- 
plated are driven by only one or more LEDs or diode 
lasers. The output pulses of these sources are easily 
controlled by direct modulation of low-level input con- 
trol current. 

Since diode lasers have very high electrical-to-optical 
conversion efficiencies (> 30%), the efficiency of the 
Q-switched laser is increased accordingly, and the need 
for complicated high-power switching devices as those 
used in conventional active Q-switches is avoided. De- 
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pending on the material used for the Q-switches, an tics may be used. However, molecular-medium Q-swit- 
increase of between 50% and 90% in electrical effi- ches will be subject to chemical reaction and photo- 
ciency may be achieved for the Q-switch. This is partic- chemical degradation in use over a period of time. 
ularly attractive for space-borne Q-switched lasers Quartz crystal Shutter 
where high efficiency is sought. Although applicable to 5 In this case, the Q-switch 23 is implemented by a 
all lasers, the present invention of Q-switches that are crystal that is driven at its resonant frequency by use of 
externally driven by low-power LEDs or diode lasers externally applied photons. For example, a quartz crys- 
will be most suited to diode-pumped solid-state lasers. tal doped with a heavy element ion (such as Nd ion) can 

FIG. 2 illustrates schematically a solid-state laser 20 be driven at its resonant frequency upon irradiation 
comprising an Nd:host crystal 21 pumped by a source 10 with light, such as light from a semiconductor laser 
22 comprising LEDs or diode lasers and an optically operating in the 450 nm to 2000 nm wavelength range. 
driven Q-switch 23 inside a typical laser cavity defined Specific light source (diode laser or LED) wavelengths 
by mirrors 24 and 25. The external optical pulse may be will be required depending on the absorption band of 
applied to the Q-switch 23 either laterally or longitudi- the dopant in the crystal oscillator. 
nally. The Q-switch medium may be a solid, liquid, or 15 The quartz crystal oscillator (shutter) operates in the 
gas. double-ended tuning fork mode. With the quartz oscil- 

T o  maintain the efficiency of the laser 20 as high as lator, one may take advantage of: effect of polarization 
possible, one of the requirements on the medium of the changes on a polarized intracavity beam; or deflection 
Q-switch 23 is that it be highly transparent (>99%) at of the intracavity beam for Q-switching applications. A 
the wavelength of the laser 20. The rate of switching 20 limitation of this type of Q-switch medium is that the 
the Q-switch 23 is determined only by the modulation switching frequency is fixed and cannot be varied for a 
rate of an external diode laser 26, which is in turn con- given switching medium. The resonant frequency of the 
trolled by modulation of a low-power current from a unstressed quartz crystal oscillator can be arranged to 
source 27. Several possible schemes for such an opti- vary, for example, in the 1 kHz to 100 kHz range de- 
cally driven Q-switch 23 will now be described. 
Photo-Induced Absorption Although particular embodiments of the invention 

In this scheme, an external diode laser matched in have been described and illustrated herein, it is recog- 
wavelength to the absorption band of the Q-switch nized that modifications and variations may readily 
medium creates an excited state such that the wave- occur to those skilled in the art. For example, the 
length of one of its transitions to another upper state 30 switching light may be delivered to the Q-switch 
corresponds to the laser wavelength. When periodically through a guiding medium, such as fiber optics. Conse- 
pumped by the external optical source, it acts as a pen- quently, it is intended that the claims be interpreted to 
odic laser beam absorber and therefore a periodic in- cover such modifications and equivalents. The inven- 
tracavity shutter. tion may result in a 50% to 90% increase in efficiency 

Upon illumination of an optically driven Q-switch 35 over conventional electro-optic, acousto-optic and 
medium located inside the laser cavity with an external magneto-optic Q-switches that are externally driven, 
light source, the laser’s intracavity beam may be ab- depending on the Q-switch material. 

25 pending on the crystal dimensions. 

sorbed by the otherwise transparent medium through an 
atomic or a molecular transition. Abruptly terminating 
the external light beam immediately restores the trans- 40 
parency of the medium. Q-switches based on this ap- 
proach can be ultrafast and suitable for high-power 
lasers. Specific examples given below are based on 
known atomic and molecular transitions and do not 
represent the full potential or range of materials for this 45 
technique. Many other materials may be found that are 
satisfactory. 

Example 

at 1057.2 nm when irradiated at the 330.2 nm atomic 
resonance line (ground state of the atom to an allowed 
upper level). The 1057.2 wavelength coincides with the 
Nd:CaMo04 laser line. Therefore, a medium based on 
sodium atoms may be used to optically Q-switch a 55 
Nd:CaMo04 laser. 

Neutral sodium (Na) vapor becomes highly absorbing 50 

Example 
Dye solutions, such as certain coumarin, rhodamine, 

and other dyes are commonly transparent in the 1 mi- 60 
cron region (lasing wavelength of many solid-state laser 
materials). Upon excitation at specific wavelengths in 
the 450 to 950 nm region (emitting wavelength of semi- 
conductor lasers and LEDs) excited-state absorption in 
the one micron (1 pm) region becomes sufficiently large 65 
to induce a loss in the laser causing the medium to act as 
a Q-switcher if it is illuminated with a modulated light 
beam. Instead of dye solutions, dyes embedded in plas- 

I claim: 
1. A Q-switch laser comprising 
a laser cavity, 
lasing medium within said cavity, 
means for pumping said lasing medium to achieve 

population inversion for producing intracavity 
optical radiation of a specified wavelength, 

an interactive, optically driven Q-switch comprising 
a medium having a known absorption band, 

an extracavity source of optical radiation of a wave- 
length significantly different from said specified 
wavelength, said Q-switch medium comprising 
atoms or molecules selected to be highly absorbing 
to said intracavity optical radiation from said lasing 
medium when driven by said extracavity optical 
radiation optically coupled thereto, said Q-switch 
medium being positioned in said laser cavity to so 
provide high cavity loss as to block a laser beam 
from being produced in said laser cavity by absorb- 
ing optical radiation at said specified wavelength 
while atoms or molecules of said Q-switch medium 
are being driven by said extracavity source of opti- 
cal radiation matched in wavelength to said ab- 
sorption band of said Q-switch medium to create a 
transition from a ground state to an excited state of 
said Q-switch medium, said Q-switch medium 
being transparent to said intracavity radiation 
when said source of extracavity optical radiation is 
terminated, and 

electronically controlled means for initiating and 
terminating said optical radiation from said ex- 
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tracavity source, thereby to allow said lasing me- 
dium in said cavity to accumulate a high degree of 
inversion until said optical radiation from said ex- 
tracavity source to said interactive, optically a laser cavity, 
driven Q-switch medium is terminated, whereupon 5 
a high power laser beam pulse is produced by 
ing in said laser cavity. 

one light-emitting element, and means for electri- 
cally controlling said light-emitting element. 

4. A @witched laser comprising 

lasing medium within said cavity, 
means for pumping said lasing medium to achieve 

population inversion for producing intracavity 
optical radiation of a specified wavelength, 2. A Q-switch laser as defined in claim 1 wherein said an extracavity source of optical radiation of a wave- 
length significantly different from said specified electronically controlled means for initiating and termi- 

nating said optical radiation from said extracavity wavelength, 
source coupled to said interactive, optically driven for initiating and 
Q-switch medium comprises at least one light-emitting terminating optical radiation of extracavity optical 
element, and means for electrically controlling said source comprising at least one light-emitting ele- 
light-emitting element. 15 ment, and means for electrically controlling said 

3. A Q-switched laser comprising light emitting element, 
a laser cavity, an interactive, optically driven Q-switch coupled to 
lasing medium within said cavity, said source of extracavity optical radiation and 
means for pumping said lasing medium to achieve positioned in said laser cavity to block said in- 

population inversions, 20 tracavity optical radiation at said specified wave- 
an interactive, optically driven Q-switch positioned length from producing a laser beam only while 

in said laser cavity to provide high cavity loss, being driven by said extracavity optical radiation, 
except while irradiated by light, thereby to allow said interactive, optically driven Q-switch being 
said lasing medium in said cavity to increase the transparent to said intracavity optical radiation at 

said specified wavelength while not being driven 
loss is switched to a low level by a pulse of light by said extracavity optical radiation, and 
coupled to interactive, optically driven Q- said interactive, optically driven Q-switch comprises 

a crystal oscillator having a resonant frequency switch, 
selected to be opaque to said optical radiation from an electronically controlled means for producing said said lasing medium when driven at said resonant 
frequency by said extracavity optical radiation and pulse of light coupled to said interactive, optically 

transparent to said intracavity optical radiation driven Q-switch, 
wherein said interactive, optically driven Q-switch while not being driven by said extracavity optical 

positioned in said laser cavity comprises a crystal radiation, thereby creating a laser beam shutter in 
oscillator driven at its resonant frequency by exter- 35 said laser cavity for blocking intracavity optical 
nal optical radiation from an electronically con- radiation while said interactive, optically driven 
trolled light-emitting element to operate said crys- Q-switch is being driven by said extracavity optical 
tal oscillator in a double-ended tuning fork mode at radiation to operate in a double-ended tuning fork 
a fmed shutter rate for a given crystal switching mode at a fmed shutter rate to accumulate a high 
medium, said electronically controlled means for 40 degree of population inversion during each shutter 
producing said pulse of light coupled to said inter- cycle. 

10 

electronically controlled 

of population inversion until said cavity 25 

30 

active, optically driven Q-switch comprises at least * * * * *  

45 

50 

55 

60 

65 


