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Thesis Title Design and Construction of a three electrode

power regulated laser

Student Mr. Sophon Leelayuthto
Thesis Advisor Assoc. Prof.Dr. Somkiat Supadech
Thesis Co-advisor Dr. Danial Breen
Level of Study Master of Engineering in Electrical Engin;ering
Academic Year 1983
ABSTRACT

This thesis concerns the design and construction of
a COz laser for use as. a laser scalpel. The.design involves
use of a three electrode discharge tube and a regulated poﬁer
supply allowing accurate  control of output power. Several
critical factors must be considered. The design must be simple
and rugged providing stable use over a long period. Output
power should be in the fundamental mode and reach a level of
50 watts. Choice of design parameters is based on ﬁublished
work and adaptation to the specification required. Details of
construction are given and the results of measurements carried
out on the completed design. It is concluded that the laser is

suitable for medical use in surgical operation.
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J “4 - -
nar nANUT/nBdnsnuny iy isotropic

= 4.dBs = 1 da. (3.4)
gtz ,dz  B-dz
UWRE LSIHUAN
/3+p— = Const. = . U (3.5)

ﬁauaﬂqﬂuguﬁ 3.2-1 SzHINif z ﬁ%qags:nﬁﬁquaﬂanaqﬁdnawq

tatﬁafﬁgﬁwa{n ?qgnnﬁnuﬂnauLnﬂﬁﬂuﬁﬁnﬁsﬂ:ﬁauﬁﬁwa ( effective
reflectance )

ri = 1 - 11 - Ta

1 - 12 - T2

SL oS

Uxe ra

d - - - 1 .
nuzf 11 , l2 (DU dissipative losses Ut Ti , T2 tHud1n19836nu
-~ [ o P al o~ v o
1DINSEINATNRITULAINTADET Lanvs Tl L afss nndiscauFannad  Sautenauian

R . & -
(boundary condition) faiuilitduaia

(,54 //31 >ra = 1 ..., (3.7)

(B2 /Bs ) rz2

INANNSTA (3.5) 131981

sy
H
™
>
n
s
N
>
@
n
@]
@
@



|
BTy § | | § B=2T2
- | '~ LASER MEDIUM ] —
| ] rp
P
~ ]p++p+
—— =
Pa
.\/3_
P2
Bo—"
PR3
JEXi
O L4
Z —>
guﬁ 3.2%7 1ﬂa:unﬁuﬁﬂﬁaa€ﬁaﬁuaﬂqs:ﬁuﬁgnUfuﬂﬁﬂnﬁnaqﬂﬁﬂu

a [ & -
lUHNQNﬂ WUWQQBJWﬁWquUlatﬁa{aﬂﬁiﬂlﬂﬂﬂﬁ{“uu

v -~ « -
1NANNIAS (asymmatic) ua:ﬁmmanumﬁgnﬂiﬂuuwu

a = ~ o o o -
MANSAUNLASVRNNISEASIBENY (3.3) fMTUNIRINTURTUNANIIUIN

1 odpe 9o (3.10)
pr 42 Lep, + O,

31



QLU gLla= in(/ﬁﬁ/el)*'pz—p; ~C(4, - /b, ) (3D

138 (AEa Ul M UARS 1D H HAURANN IRUSE 1R
9,la = 1“(,@4/3)*,64“/53’“‘404‘ ‘/63) c...(3.12)

TANRUAST (3.11) uat (3.12) URE RN 57 (3.7) urr (3.8) 1€dan1u

nﬂﬁiﬂEUanﬁ

2 7
B2 = (r,) [glyelnCrr) ] . ... (3.13)

[(r) sy 01 - (1, )]

du By AN RNNISA (3.8)
o (o > ) . . =
AN LTINS I®RSIn9a8n (output radiation intensity)nunu

nscniAacdunanuis Liu

I = PBas Ta T Iz = P2 T2
Ia Is

A1NTEINm13 Ta Hunssnuuudsvaunduuun wdanssannie To
o o o & o .
QzlﬂunﬁzQﬂtﬂﬁﬁﬂwEULﬂHQ AruuAIINLTNSIRRSan9aan ( 1) HAunsEan

lﬂﬁﬁﬁﬂﬂﬂﬂNﬁQtlﬁu

. .
Io = (r1> TZ[ 9oLA + ln(l’,rz)'z ]
Ila [(ri )‘/24' (rz)‘/z] [ 1 -(yn )i/z J

' & o ¢ e
WAUAT riz= 1-1 URY rz= 1-1-T (WMnsznnadaall loss (W1Au li=z12=1)

AL

Va 1/2}
I, (1-1) T{QoLwlnf(i*l)(i*I'T)] ... (3.14)
I, [G-DPG-1D%I-Ta-1)a-1-1)1%)
32

1




'Y & g ' 'Y 2 [y
AMNTEAINNI|/D ﬂ'\&]"l‘iﬂ'lm’ﬂ’\llﬂ\?ﬂ"Iu\lﬂllq\'la']u FTIARATULTNATINIIBEN tﬂu

Is +I2 = BTa +fL e (3.15).
Is Ila

ol -l . o ' -

180 loss NagTanuaAxtauininu

aun1sh (3.15) ranad tiu

Ya 1/
Ta + Iz = _4-1-(nK) [olg+Incre”?] (3.16)
IS i_(rlrl)1/z
AWMTUT T LU LADTULURNNARIATH
rirz = -~ MVTEPAANANIN. 4 ——————— 1o BETH | TR (3.17)
r = Tl 2T ARAARAAAN ¢ WY P ~ 101----- (3.18)
?qazﬁﬂnﬁutﬁunSJWWJaanﬁns:QnuﬁazﬁuLﬁu 18
A = [(i-l-r )/(1~r)][ goLA+1nr] ..... (3.19)
I,
= [T/ goka + InCa-1-T)] ... (3.20)

daduide 11 = 12 tvrmwmasounudtziutaasuunlieuNAAs A g Lu ey
uuuauuﬁﬂsﬁgnﬂﬁnwuaunﬁsﬁ (3.17) FafinruduRusIsnitandaniIaanna
VNALRE AR S 1D EAHA AN ZgoLn)tMﬁauﬁu upnan Liansean duniiawifinasg
AIHUURE T loss @A Ti = 0 URE ri = 1 ANITNATINIIBBNRT

ARTY LU

L -850, -_T [goLA+ln(r2)1/2] ..... (3.21)
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c SELENIDE | ZnSe

I

emical vapor deposited ZnSe is an infrared material Because of its broad transmission range and spectifically its
transmits from .5 microns 1n the visible to 22 microns low absorption ang scatter in the 8 to 14 micron region,
infrared. ZnSe s a standard material tor use in FLIR and other inirared
e to ils low absorplvity at several laser wavelengths (as instrument or imaging systems. 1-VI offers a targe selection
. 0005 cm-' at 10.6 microns) ZnSe s excellentinmany of AR. reflecuve and beamsplitter coaungs which can be
systems for lenses. windows. output couplers and tailored 1o specific applicauion needs. Several representative
splitters. For high power applicauons, 1t 1s crntical that examples follow in this catalog. .
aterial bulk absorption and internal defect structure be ZnSe opucs are routinely polished atdiametersof 101015
ity controlied. that mimimum-damage polishing cm. and sizes in excess of 30 cm diameter and 2.5 cm thick
ology be employed in fabnicaung the optics, ang that have been manufactiured 10 customer reguirements.

ighest quahity optical thinfilm coatings optimized 10 ZnSe 1s non-hygroscopic. chemically stableunless treated
pe of application be utilized. 11-VI employs a CO: with strong acids. and safe 10 use in industrial and field
vacuum calonmeter capable of resolving fractional applications as well as in laboratory enviconments.

ption into the 10-% range 1o monitor its production
ssing and to constantly improve fimished product
rmance. Qur Quality Assurance department wili provide
g and certification of specific opuics.

MATERIAL PROPERTIES

Bulk Absorptivity <.0015 Temperature Change

{cm-' @ 10.6 pm) of Refractive Index 64.
{(10-5/C?)

Thermal Conductivity .18

(W/cm-C°) Refractive Index 2.40
@ 10.6 pm

. Thermat Expansion

Coetficient 7.6 Haraness (Knoop) 130.

(10-6/C°) )
Rupture Modulus 8000.

. {psi)

TRANSMISSION OF UNCOATED ZnSe

80 T T T 17171 I RANS T 2 11 T l
Sample thickness = 1207
: ]
60 |- ) a
40 |- —
= ) —
20 . - ) i
o L1 ! SRS SO O O O | _ 1 IS N N DU B O 1 1
25 75 1.0 10.0
—
Q1R LUV
T VISIBLE LIGHT WAVELENGTH IN MICRONS
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LLLIUM ARSENIDE

GalAs

mi-insuiating opuical GaAs provides an alternative to
in medum and high power CW COz laser systems for
s and oeamsphtters. GaAs 1s particularly useful n
cauons where toughness and durabiiity are important
rdness and strength make GaAs a good choice where
or abrasive partucles from a waorkpiece tend to buidup
r bombard ar opuical surface. Softer substrates aliow
les to embed in the oplic even when the best ol
ngs 1s used. Often in cases where frequent cleaning by
g 1s required. use of GaAs will extend optic lifeume.

CW CO: laser output coupler apphcations. where the
2 surface Fresnel reflecion of GaAs (R = 28%) can bt
a tough coupler with minimum coating absorpuon (ntu
bating) 1s produced which can operate 1n1o the muli-

xilowatt range. The residual aosorption due to the substrate
and AR coating is effectively conducted out of the optic by
the good thermai conductivity oi GaAs (2.67 umes that of |
ZnSe).

in these and other GaAs CQ:2 laser apphcauons, reliable
control of‘substrate qualhity 1s crucial. At H-Vi we utilize our
laser vacuum calorimetry capabihty and othér inspection
technigues to screen out maternial with voids. inclusions or
other defects which cause inferior GaAs pertormance.

GaAs optics are limited by crystal growth technology to
dimensions in the 5 to 7 ¢m range. The material is non-
hygroscopic, safe to use in laboratory and field applications
and it is chemically stable exceptwhen contacted with strong

acids.

MATERIAL PROFPERTIES

Bulk Absorptivity <.010
{(cm-' @ 10.8 pm)

Thermal Conductivity .48
(W/cm-C®) -

Thermal Expansion

Coefficient 5.7

{10-8/C°)

80

Temperature Change

oi Retractive Index 148.
{10-8/C9)

Retractive Index 3.27

@ 10.6 um .
Hardness (Knoop) 750.
Rupture Modulus 20000.

{psi)

TRANSMISSIONH OF UNCOATED GaAs

[ ] f T TTT I ! I T T TT1T1 1 I |
Sumple thickness = .120"
60 — -
40 - -
20 — -
0 ! | l i | | L1 ! 1 | | {1 I A | l ]
25 35 s 1.0 10.0

“~~ "
*  VISIBLE LIGHT

WAVEL_Z=~

STH IN MICRONS



=RNVIANIUM

rmanium s aversatile intrared materigl used commonty
aging systems and instruments 10 tne 2 10 12 mucron
ral- region 1t 1s uthzed as a substrate for lenses.
ows and outpul coupiers for low power CW as well as
d TEA CQ:z lasers. The lowest absorbing Ge opucs are
d 1o a throughput power range of 50 to 100 watts
e the onset of sigmficant thermal lensing or
nal runaway. These problems can be affected by the
taken to heatsink the optic and the maintenance ol
ntaminated optical sugtaces.

2 15 NON-hygroscoptc and non-1oxic and has good thermal
uctivity. excelient suriace hardness and good strength
carefully monitors the 10.6 micron absorpuvity of Ge

used in laser apphications to assure that thermal lensing or
thermal runaway and fracture will be minimized.

One ideal laser applicauon for Ge 1s a 99+ percent reflecuna
back mirror for COz tasers with built~in power meters. A’
89.0 10 99.5 percent reflecting low absorpuon dielectric
coating 1s put on one side and an AR coauing on theother. The
laser operates on the 99+ percent feedback and the power
that leaks through the Ge opuic 1s monitored by a power
meter. H-V! supplies these optics for a number of commercial
laser models.

Ge 1s also a popular choice as a substrate ior a variety of
infrared filters.

MATERIAL PROPERTIES

Bulk Absorpuivity

£.030 @ 25C=°

{gm-' @ 10.6 pm)

Thermal Conductivity .59
(W/cm-C®)

Thermal Expansion

Coefficient 8 [/
(10-6/C°)

Temperature Change

of Refractive index 277,
{10-8/C°)
Refractive index 4.00

. @ 10.6 um
Hardness (Knoop) 692.
Rupture Modulus 13500. .

(pss)

TRANSMISSION OF UNCOATED Ge

0 T 1T 1T T 711 T | T T T 1711 T
Sampie thickness = 120"
0 |- .
r~
o B
- -
0 |- .
ol i ! S ERO W U 1 | ! | SO S U N S| {
25 5 75 1.0 10.0
. v
hd . 9
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OMIUM TELLURIDSE

CdTe

admium tellunide nas an inirared transmission range which
1ds from one micron in ine near IR to greater than 25
ons in the mid-1R The apsorpuivity of H1-VI elecirocplc
e CdTe at 10 6 microns :s low at < 002 cm-' however.
0 115 thermal conductivity (approximately a third that of
2} CdTe 1s imited 10 use 1n CO» taser systems with CW
or levels up 1o 3 few hundrea watts

MATE=ERIAL

Bulk Absorptivity <.0018

CdTe 1s used successiully as an output coupler in some
commercial COz lasers.

CdTe s anideal choice for hilter substrates in the 1210 2¢
micron region where many materials nave lowered anc
vanable transmission due 10 the presence of absorptor
bands

PROPERTIES

Temperature Change

{cm-"@ 10.6 ym) of Refractive Index 107
(10-6/C°)
Thermal Conductvity .06
(W/cm-C°) Refractive Index 2.67
@ 10.6 pm
Thermal Expansion
Coetficient 3.9 Hardness (Knoop) 45.
{(10-8/C°) .
Rupiure Moduius
{pst) 3200.
TRANSMISSION OF UNCOATED CdTe
I I [ T 71 T 1 l T T T 1711 1 |
Sample thicxness = 160"
] { ] { | 1 1 i 1 i { 1 | I L I

VISIBLE LIGHT
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Ase . .
Product Type 0° Phase Shift Mirror
Customer LA (22 Li 2 é;ﬁ'O o
Purchase Order é "X 2- 74
g -2
H1-VI Sales Order gl 7 '-3 14
Description L‘ML et xerso  (Sm-)
d TEST PARAMETERS
All tests are performed at 10.6. at
45 degrees angle of incidence
— A witness sample from eacn coating run
1S tlested for percent absorption at
10 61 45 degrees AQ!
is
zed
\g i
" M\ 5. /
The refiected beam s Absorption (e A on WS =45 A0I
circularly polarnzed
SERIAL NUMBER % REFLECTIVITY PHASE RETARDATION
3
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