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Abstract

Reported here are resul ts of  desisn and exper inent ef for ts on an
ent i re ly sol id-state laser osci l lator character ized by conduct ive
cool ing in considerat ion of  use for a spaceborne l idar syster.

The laser has achieved a Q-sr i tched output energy of  nore than
100 nJ at  a pulse f requency of  up to 50 pps and a conversion
eff ic iency in second harnonic generat ion of  48S.

1. Introduction
A lot of proposals have been nade for over two decades on spaceborne

l idar systens aimed at  atnospher ic observat ion.  In Septenber lgg4, an
exPerinent wi th a l idar (LITE) ras conducted fron the Space Shutt le and
yielded useful  observat ion resul ts.  

( r )

A lot  of  research inst i tutes in Japan are also rakins ef for ts for
studying and test- fabr icat ing spaceborne l idars.  

(2)  projects for
spaceborne l idars are beginnins to enter the stage of  ioplenentat ion.

A laser for  spaceborne l idar systens nust fu l f i l l  exact ing requirenents
for restr ict ions on size and weight and rust  stand the vibrat ion and shock
when the space vehic le is launched. Especial ly heat dissipat ion systen is
one of  the nost inportant problens consider ins rel iabi l i ty  and hish ef f ic
i  ency.

l l i th these born in l ind,  we lade ef for ts for  developing a conduct ively
cooled laser diode purpinc (LDP) Nd:yAG laser.

This paper out l ines the laser osci l lator re developed, discusses i ts
heat dissipat ion syster in detai l ,  and reports resul ts of  i ts  evaluat ion.

2. Design of Laser Oscillator for Spaceborne Lidsr
2.1 Optical Configuration

A schenat ic diagrar of  the developed laser osci l lator is shown in
Fig 2.1-1.  l le adopted Nd:YAG as our rediun consider ing that YAG is easi ly
avai lable in the foru of  h ish-qual i ty larse crystals and has track records
about achievenent of  h igh ef f ic iency and high power operat ion.

A total  of  16 LDs are used to achieve sood uni forui ty in Nd:YAG crystal
punping and acconpl ish punping in 8 direct ions.  Fis 2.1-2 shows the

structure for  LD pumping.
For the osci l lator structure,  we used a t rapezoidal  pr isr  to uinir ize

the size and weisht in considerat ion of  the v ibrat ion and shock that
wi l l  be involved dur ing the launch, giv ing the osci l lator a two stage
structure.  Fis 2.  l -3 shows the osci l lator structure;

lTe adopted KTP(type I I )  as second harnonic generator.  Consider ing the
photochenical  ef fect  (sray t rackins),  KTP is placed in an 80C oven.
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Heat Dissirpation System
Hish-power lasers are of ten l iquid-sooled. However,  i f  l iquid cool ins

is used in space environnents,  the punp and other noving components wi l l
be a doninant factor which inf luences the I i fe and rel iabi l i ty  of  the
'ent i re system: In addi t ion,  th is nethod causes the ent i re laser
osci l lator to be large and to consume more power.  To avoid th is
di f f icul ty,  we adopted solely conduct ive cool ing for  the laser head
rather than I  iquid cool  ins.

l lhen desisning a heat dissipat ion systen based solely on conduct ive
cool ing,  we performed thernal  analysis using a nathematical ,nodel  which
sinulates thermal conduct ion that wi  I  I  be actual  Iy involved. This
thermal analysis wi l l  be discussed in Chapter 3.

Fisure 2.2- l  shows the structure of  the cool ing uni t  fo i ' the laser
head.:Copper wi th good thernal  conduet iv i ty is used for al l  of  the LD
heat s inks,  LD'supports,  cool ing s leeves, and laser rod supports i

Fic 2. 2-1 The structure of the cooling unit

for the lbser head

plate

g
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( l )  LD cool  ins
Heat f ron the LD f lows, by thernal  conduct ion,  to the LD support

v ia the heat s ink and into a cold plate.
A conduct ive sheet wi th a good thermal conduct iv i tv (0.28'ClW) is

used for the contact  between the LD and the heat s ink.
(Z) Laser rod cool  ing

The laser rod is cooled by the cool ing s leeves placed around i t .
Therefore,  the heat generated in the laser rod by the punping l isht
f rom the LD f lows fron the cool ing s leeve to the laser rod support ,
then to the cold plate.  The important point  here is that  sood
conduct ion cool ins of  the laser rod requires int inate thernal
contact  between the laser rod and the cool ing s leeve. To ful f i l l
th is requirement,  th in indium sheets are placed between the contact
surfaces of  the laser rod and cool ing s leeve.

(3) Cold plate cool  ing
At present,  a chi l ler  wi th pure water as i ts coolant is used for

cool ing the cold plate.  Heat piping wi l l  be used at  the t ime of
instal lat ion in the satel l i te.

3. Results
3.1 Evaluation of Heat Dissipation System

(l)  Thernal  analysis nodel  
:  l

F igure 3.  l - l  is  a schenat ic i l lustrat ion of  our thernal  analysis
nodel .  Table 3.1- l  g ives the resul ts of  the thernal  analysis. '
As indicated in the table,  the projected tenperature di f ferences

, between the cold plate and the LD and between the cold plate and
the laser rod are 7. lC and 37.7C, respect ively.

FFI Laser rod
O : teasurclenI points

l- l  
'  

dissiparcrt hear(t)

others : therlal adnittance(I/C) r

.  Table 3.  l - l .Besul t  of  ther la l  analysis
rea,surelent telperature
points .  d i f ference'

AT(n)
q) 0.0 cold plate
@ 5.3
@ r.o
@ .37.? .cool inS sleeve
O 0.0 cold plate

' '  '@ 1.1
'o 6.2

@ 7.2 "LD

Fic.3. l- l  Schemtic diagrar of thurlal analysis

'  Q) Tenperature neasurement 
)

Tenperatures at  the necessary points were neasured to study the
heat f low character ist ics of  the'LD and the laser rod cool ing's leeve.
I th i le keepins the cold plate tenperature at  lS 'C usins a theruistor,
the tenperature of  the LD was neasured with a thernistor enbedded

in the heat s ink and the tenperature of  the cool ing s leeve was
neasured at  i ts  center and end with a thernocouple.

COLD PLATE
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Figure 3.  l -3 shows the resul ts of
cool ing s leeve tenperature neasurenent.
As the LD osci l lat ion f requency
increases, the tenper-ature of  the
cool ing s leeve r ises.
At 50 Hz, the teuperature in the state
of thernal  equi  I  ibr iun is 52'C, near ly
natchins the resul ts of  analysis using
the thernal  analysis nodel .

3.2 Evaluation of Basic Performance of the Lascr Oscillator
Fisure g.Z- l  shows the Q-switched

laser output character ist ics of
fundauental  bean. A Q-switched laser
output of  100 nJ or uore is obtained
when the input energy is 800 nJ under
the condi t ion that the osci l lat ion
threshold is 250 rJ and the slope
eff ic iency is 25,7X.

The conversion ef f ic iency is 48S
when the input fundanental bear is
l00uJ.

te also conducted environuental
terperature tests and vibration/shock
tests on the assunption that the laser
osci l lator wi l l  a lso be instal led in
an aircraf t .
Figure 3.2-Z shows the resul ts of
environnental  tenperature tests.
A constant laser output was obtained
independent of the aubient tenperature
(0 to 40c).

Fisure 3.1-2 shows the resul ts
of  heat s ink tenperature leasure-
nent.  The heat s ink teuperature is
kept near ly constant independent
of  the LD osci l lat ion f requency.
In addi t ion,  the f igure indicates
that the tenperature di f ference
between the cold plate and the heat
sink is snal ler  than the projected
di f ference of  7.1 'C.

Table 3.2- l  indicates the condi t ions
for the v ibrat ion/shock tests.
The appl icat ion of  these condi t ions did
not change the laser output.

+hss1 . i t1
'+cold plate

o t .o to to ao lo ac
PRF(Hz)

1-2 Results of heat sink temperature
measurement

.  I  to .  
t t  ta'  Time(min)

FiC3. l-3 Results of cooling: sleeve
temperature measirrement
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FiC a. 2-l Q-switched laser output
char&cteristics of fundamental beam
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Table 3.2-l  The Condit ions tor
the vibret lon/shock tests

+-|dEd

5- 55Hz 0.Z5,hrp-p
55-500H2 t. 5Gp-p

l56X I lrsec
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4. Summary
f le developed the LDP Nd:YAG laser wi th conduct ive cool ins for

spaceborne I  idars
l i lore than l00nJ of  Q-switched output enersy is achieved at  pulse

repet i t ion rate up to 50pps and the conversion ef f ic iency of  second
harnonic generat ion is 48s. The laser osci l lator is achieved to be
conpact on size using conduct ive cool ing.  The thernal  analysis nodel
which wel l  agreed with the resul ts of  actual  reasurenents is useful
in the design stage.

consequent ly,  we conclude that the conduct ive cool ing is a usefur
method for a LDP Nd:YAG laser for  spaceborne l idars.
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D i  mens i  on (mm) l{e ieht  (ke)

Laser Head

0pt ics

Pocke ls Ce I  I

KTP

Connector

246*1 60*l  00

273*1 30xl  30

64* 30x 30

76* 50*1 46

3l  6x 35* 85

4.4

2.5

0.1

0.9

1.3

TOTA L 380*250*l  55 9.2

'0-switched output

'Conversion ef f ic i

'Thermal analys

'  Conduct i  ve coo

ene rsy:  more than 1 00mJ (50H2)

ency of  sHG: 4896

is  model is useful  in the desien stage

I ins is a useful  method for a LDP

l ld:YAG laser for  spaceborne l idars.
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