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ii
Abstract

The absorbtion -characteristic of flesh tissue at infra-red
wavelenght of 10.6 microns makes the output of carbon dioxide lasers
ideal for surgical application. The present thesis is concerned with
the reguirements, design, construction, and testing of a cabon dioxiﬁe
laser for use as a laser scalpel. The basic requirements are a)
output power in the 30 watts range b) focusing to minimum spot size
with implication for mode selection c¢) construction design with
delivery of the power output to the required target area.

After a theoretical calculation of design parameters,
construction details are given. Mode selection techniques and test are

described. Finally, scalpel test were made on a pork sample which

= -

approximates closely to human flesh.

While the characteristics of the laser constructed were
adequate for surgical use the mechanical of power delivery were
explored rather than solved. -Construction of a suitable mechanical
delivery arm requires workshop skills and budgetry expenses beyond the

scope of the present thesis.
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- Saturation intensity
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IIMN1SWANTENINY  Hemispherical WA% Large radius %vazﬂﬁtaﬁuﬁnwwﬁluﬂau
Hemispherical uazﬂunwavnﬁﬂaanaeuuu Large radius n151ﬁni~ana~Mauuuuuaunﬁﬂu
muwaauuaqa1ua@uﬂu1ﬁtnwnuuuwaaunannsvnunsuqnﬁ~mau1ua7uwtuu Plane #bA T

&
U IBIAMA VL L YU TURNRNANS

Woh = (x /1T)2Lc (R - Lc) : (3.10)
tﬁa Wo = Mﬁ1ﬁguuavaﬁuavu%au§1Qmﬂaaamﬂavaﬁuae (Beam waist)

A = a11unwoa§unaqaﬁuaw

Le = FLHEMINTENINNNTE AN E VDY

Seia1 N TAYIAYNTEANNENDY

=]
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UAZIABLAWIE Dr Lﬁuﬁvaﬁﬁqﬁaznﬁuuaﬁﬁxanﬂa%az§w§@Qﬁuaanu1Lﬁ1ﬂﬂ LR ARy
Suifonen R (iAW TAYEDINTEINAENDY) JUNA 2 A1 RO R = 5 LNAT WA R = 10
LW9% AW Dr HuiBanBuk 3 A0 4D 9 HAAINAS 10 SARINGT UAT 12 NaSIuAT 1hoWIeNR
LN EANTAIN T THARD YR UAS Y
3.3.1 BumduNIIDRNLLL

1. w181 g-factor AINANNITH 3.6

g =1-1Lc/R
[ v
(8D Le = 130 1TURINAT UAT.R = 5 t8aS Gl g = .74
] v
1§ Lc = 130 (TuRiuAT Uaz R = 10 (8RS Gy g = .87

2. #1071 Fresnel number N = DT2 /4 A Lc

p 4 | 4

Ly X\ = ﬂ?ﬂ“ﬂﬁlﬂauﬂaﬂlﬂlﬂﬂ%uuu@qéﬂﬂu1ﬂﬂﬂﬂ1ﬁa (10.6 X 10 1u6a3)

#  Dr= 9 X 10° 153 N = 1.47 )
Dr= 10 X 10° 1589 N = 1.88

-3
D= 12 X 10 (a6 N = 2.6
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3. ﬂﬂéﬂﬁﬂiﬁnﬂﬁémlaﬂﬂae TEMoo W@t TEM10 awnguﬁ 3.1 uat 3.2 Tapanduen g

o v
uag N wula

No. | Feaflarrwissnizan g N 5n31n17§m135 5as1nﬁs§mtﬁﬂ
(1409) TEMoo (%) TEM10 (%)

1 5 T4 | 1.47 2 8

2 5 .74 1.8 1 4.5

3 5 .74 2.6 <.1 .7

4 10 .87 | 1.47 4.5 ; 15

5 10 .87 1.8 3 10

6 10 .87 | 2.6 4 2.5

& o c‘dud & & '3 0 -y
MANTIAIINGT WUTTHA No.4 NIEaniilFiiaIWTAY 10 1AT LFURIEUBNAT WhBN' Tia
- ) é‘l ..3
9 X 102 143 qzﬁa971n11§Qt§uuae TEMIO 0% 15 % ﬂthua1§qgaﬂuﬁ171w§1v§u Aty

ow uc.v‘
wunugliadvadeaniau duus shagay

4. w81 Single Pass Gain
INFNNTH 3.7 MBI Go = 0.012 - 0.0025 Dr c;1 RAEINNS
{ADN Dr = 9 X 10 AT HviiL Go = 9.75 X 10 cm | Bt 1 AHATUAIWIIIEWMADALHIA
W 98at58 La = 100 cm. Byii Single Pass Gain (Gola) = 0.975
5. WIAIAIW M EANTD Y L Ua S FuAnaREiauTnInTEan Taun 15 AR RN Tha nFunauf
WhIAe AN TH 3.3 uﬁ)mﬁn17ay%u§aunwsﬁ 3.3 1weuhy 0
A T e = 15%
6. WIAINIRININDAN awnaunwsﬁ 3.9 %q P=14.4 (Io/Is)

A1 P Wi1A = 30 watts
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Percent P.;ﬂeclance of Freshly Evaporated Mirror

Coatings (Normal-Incidence)
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Aum) Al Ag Au Cu Rh
0.220 91.5 28.0 275 40.4 51.8
0.240 91.9 29.5 L6 39.0 63.2
0.260 92.2 29.2 35.6 35.5 61.7
0.280 92.3 25.2 37.8 3.0 70.7
0.300 . 923 17.6 3.7 7 336 73.4
0.315 92.4 5.5 373 35.5 75.0
0.320 92.4 8.9 kYR 36.3 75.5
0.340 92.5 72.9 36.1 385 76.9
0.360 91.5 88.2 36.3 415 78.0
0.380 92.5 92.8 3738 4.5 78.1
0.400 92.4 95.6 38.7 41.5 77.4
0.450 92.2 97.1 38.7 55.2 76.0
0.500 91.8 97.9 47.7 60.0 76.6
0.550 91.5 98.3 81.7 66.9 78.2
0.600 91.1 98.6 91.9 93.2 79.7
0.650 90.5 95.8 95.5 96.6 81.1
0.700 §9.7 98.9 97.0 97.5 - 820
0.750 88.6 99.1 97.4 97.9 §2.6
0.800 86.7 99.2 98.0 98.1 83.1
0.850 86.7 99.2 98.2 98.3 83.4
0.900 89.1 99.3 98.4 98.4 83.6
0.950 92.4 99.3 98.5 98.4 83.9
1.0 94.0 99.4 98.6 98.5 84.2
1.5 " 974 99.4 99.0 98.5 87.7 .
2.0 97.8 99.4 99.1 98.6 91.4
30 98.0 99.4 99.3 95.6 95.0
4.0 98.2 99.4 99.4 98.7 95.8
5.0 98.4 99.5 99.4 98.7 96.4
6.0 98.5 99.5 99.4 98.7 96.8
7.0 98.6 99.5 99.4 98.7 97.0
8.0 98.7 99.5 99.4 98.8 97.2
9.0 98.7 99.5 99.4 98.8 97.4
10.0 98.7 99.5 99.4 98.9 97.6
15.0 98.9 99.6 99.4 99.0 98.1
20.0 99.0 99.6 99.4

30.0 99.2 99.6 99.4
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ar power measurements should be quick and easy.
¢ should not involve time consuming set-up and align-
t problems. Ideally, the measurements should also be
to be made at any point in an optical system where
es are likely to occur. -

rtunately, most laser power meters have sacrificed
: of use to gain continuous power readings. However,
ost laboratory and production situations, the usual re-
ament is for a quick spot check of power with a
mum of disruption. Even when tuning up a laser,
archers have found that it is best to tune for a
rable mode pattern using Thermal Image Plates*, then
‘ly check the laser power.

Power Probes are calorimeter-type power meters
‘h measure laser power using a timed exposure. They
lay average power absorbed on a calibrated readout

e, and can be used with continuous or repetitively

ed lasers ranging from small 2 watt YAG lasers to
2 10,000 watt CO, lasers.

nalImage Plates and Beam Probes are viewing devices for COp, CO, HF, and YAG
Data sheets are avallable from Optical Engineering.

ect Features

1e absorbing head of a Power Probe is conveniently
1. Therefore, unlike a bulky conventional meter, it can
1serted between optical components to measure the
r power without disturbing a set-up, or it can be used
easure the transmission losses of optics.

e hand-held meter requires only about ¥z minute to
8 a power measurement.

‘he absorbent coating is very tough,

resisting
1anical abrasion and water immersion. B

rero adjustment mechanism has been incorporated in-

e design to expedite and simplify the power measure-

process. M

1 accurate and ‘durable all-metal construction has
used to insure a long life.

*

o 'Vea ves

L &

Taking Measurements

Each Power Probe is a self-contained unit consisting of an
absorbing head, a temperature measuring mechanism, a
zeroing knob and a readout dial. In operation, the dial is
zeroed then the absorbing head on the end of the Power
Probe is exposed to the laser beam for a specified time in-
terval. After the Power Probe has been removed from the
laser beam, the average laser power can be read out on the
dial. The process takes about ¥ minute. If it is neccessary
to make several power measurements in succession, the
absorbing head can be rapidly cooled by immersing in a
beaker of ‘water. This permits successive power
measurements to be made at about one-minute intervals.

The Laser Power Probes have proven to be so popular that
Optical Engineering now offers 14 models. The models in-
clude 8 different power ranges and 2 different absorbing
coatings. The “Y” series Power Probes have a broad spec-
tral absorbtion coating which can be used from .4 to 11, .
This coating has a damage threshold of 2000 w/cmz2. These
Power Probesare designed for use with YAG or CO, lasers.
The “C” series Power Probe can only be used with CO,
laser wavelengths. The “C” series is recommended for use
with CO, lasers because the coating generally has a higher
damage limit than the “Y" series. However, this difference
shows up primarily in being able to better tolerate hot
spots which exceed the quoted 2000 w/cm2 damage limit.
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ECTANGULAR WINDOWS -

se rectangular. uncoated windows are primarily used
trol the polanization of a laser by relying on the fact that
P-Polanzation respond difierently to the same inclined
e. (Polarization s discussed under Beam-sphtters). A_
rnzed beam stnking at Brewster's Angle (Og) 1s
ally transmitied while any S-Polanzed energy is
ed strongly. The major optical characterisuic to be
lted 1s the parallehsm of tne surfaces. The part

efficiency increases as the angle between the surfaces
decreases. Again, if needed. the standard < 3 arc minutes
tolerance can be tignianed to arc seconds.

In general. small vaniations in the wavelength of operauon
or tn thé angle at which the beam strikes the part do not
significantly change the performance of these windows. This
1s due fo the high index of these matenals which varies only
shghtly over large useful wavelength ranges.

.\ '}D

D

NMIRRORS

A murror or total reflector is employed when the user
wishes to reflect all of the incident light. Since no energy is
transmitted through these parts, the substrates for murfors
are selected ior their thermal conductivity. These optics are
specified like output couplers with 1wo difierences: the back
surtace s fine ground (FG). and the parallelism is £ 3 arc
minutes.

Several coatings for the reflective surface are available.
Because silver is one of the highest reflecting metals in the
infrared {2 98.9%) it is our primary choice over gold
{ = 98.0%). With our Protected Silver (PS) Coating a very thin
dielectric overcoat protects the silver from tarnishing and
increases the coating durability. As a rule this type of mirroris
used in applications external 10 a laser cavity. If the mirror is
to be used inside a laser cavily, the mirror reflectivity can be
improved by .5% to 2 99.4% by using a dielectrically
Enhanced Silver (ES) Coating. This coating has multiple
dielectric layers on top of the silver layer which not only
protect the silver but boost the reflectivity at the laser
wavelength. If the enhanced coating is used on a beam
bender the vLser must stale the wavelength, angle. of
incidence and polarization when ordering. Silicon always
requires a reflective coaung. Copper and Molybdenum are
used coated or uncoated depending on the application.

29
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ZnsSe

L

emical vapor deposited ZnSe is an infrared material
i traasmits from .5 microns in the visible 10 22 microns
infrared. .

e {0 its low absorplivity a1 several laser wavelengths {as
5.0005 cm-' at 10.6 microns) ZnSe s excellentin many
systems for lenses, windows. output couplers and
splivters. For high power applications. it.1s crniucal that
atenial bulk absorption and internal defect structuse be
sily controlled, that minimum-damage polishing
oloyy be employed in fabricating the opucs, and that
ighest quality optical thinfilm coaungs optimized 10
rpe of application be utilized. -Vl employs a CO2
vacuum calorimeter capable of resolving fractional
pucn into the 10-% range 10 monitor its production
'ssing and 10 constantly improve finished product
rmance. Our Quality Assurance department will provide
g and certification of specific opucs.

Because of its broad transmission range and spectfically its
low absorption and scatter in the 8 to 14 micron region.
ZnSe is a standurd matenal for use in FLIR and other infrared
instrument or imaging systems. il-VI offers a large seleclion
of AR, reflective and beamsplitter coatings which can be
tailored to specific application needs. Several representative

‘examples follow in this catalog.

ZnSe opucs are routinely polished at diameters of 101015
cm, and sizes in excess of 30 cm diameter and 2.5 ¢m thick
have been manufactured to customer requirements.

ZnSe is non-hygroscopic, chemically stable unless treated
with suwrong acids, and safe 10 use in indystrial and field
applications as well as in laboratory enviconments.

- WVIATERIAL PROPERTIES

‘Bulk Absorptivity <.0015 Temperature Change
{cm-' @ 10.6 pm) of .Refractive Index 64.
(10-8/C*®)
Thermal Conductivity 18 P
(W/cm-C?) Refractive Index 2.40
@ 10.6 pm S| '
-Thermal Expansion . : :
Coetficient 7.6 Hardness {Knoap} 130.
(10-5/C°)
Rupture Modulus 8000.
{psi) - i
' TRANSMISSION OF UNCOATED ZnSe
O T T T T 71771 T IS T AR T T T
Sample thicknuss = 1207 .
60 o o
40 |- 1
20 - ) ~
- hh.d ~ . T

VISIBLE LIGHT

WAVELENGTH IN MICRONS
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GRAPH 1: ZnSe AR coating at 10.6 microns.
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GRAPH 3: GaAs AR coating at 10.6 microns.
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APH S: Typical ZnSe PR coatings at 10.6 microns.
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GRAPH 2: CdTe AR coating at 10.6 microns.
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GRAPH 4: Ge AR coating at 10.6 microns.
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GRAPH 6: Typical Ge PR coatings at 10.6 microns.
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GRAPH 7: Spectrophotometric Broadband AR for ZnSe.
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GRAPH 10: Instrument-grade Dichroic Broadband AR for Ge.
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i

EFL -

o convex lenses are the most economical focusing
s available. They are ideally suited for laser heat
3. welding. cutting and inirared radiauon collection
spotsize and spherical aberrauons are not crijical.
re the economical choice where the lens design is
1on limited. See the Opuics Guide section tor further
auon on plano convex lenses.

es are listed only for stock plano convex lenses in -

r stanaard focal lengths. If-Vi maintains an exiensive
ry of test plates and tooling that enabies fabrication

of many non-stanoard {ocal lengths. In addition 10 cylinder
lenses. page 24 depicts some of the other types of lenses
available. Our Sales Department will be pleased 10 provide

quotations for vour specific requirements.

Listed below are the optical specifications for standard
stock optics. <You may specify tighter requirements to the
limit of those listed in the far right column below. which are
state-of-the-art  specifications for crystalline nfrared -
materials.

SPECIFICATIONS " STANDARD , AVAILABLE "

ffecuve Focal Length (EFL) 1olerance
urface Figure Irregularity

@ .63 pm
lear Aperture
urface Quality: Scratch-Dig
dge Thickness Vanation (ETV)
imansional tolerances

Diameter

Tnickness
R Coating Reflectivity
@ 10.6 pm per surface

(at add'l cost)

* 2% Inquire
1 fringe . . Inquire
90% 100%
20-10 5-2
<.002" <.0001"

© + .000" + .000°
- 005" - .001"
+.010" + .0005°
< 0.5% < 01%
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aADVIIUM TELLURIDE CdTe
! - . ,

l : . :

b

aanuum tellurnide Nas ananfrared transmusw:on range whuch - CdTe 1s used successfully as an output coupler in some
30s i-OmM ONE MiCron 1N the near 14 10 greater than 25 commercial COz lasers.

ons in the mid-IR The absorptivity of II-Vi eigctrooptic CdTe s an 1deai choice for filter substrates inthe 121025
eld e at TO.6 microns is low al < .002 cm-t. however. micron region whare many materials have lowered and
10 s thermal conductivity (approximately a third that of vanable transmission due to the presence of absorpuon
z} CdTe 1s hmuted to use in CO=» t3ser systems with CW bands. . :

ar levels up 1o 3 lew hundred walls

. ®
WIATERIAL PRDPERTIES
Bulk Absorptivity <.0018 : Temperature Change
{cm-' @10.6 ym) of Relractive index 107.
(10-4/C*)
Thermal Conductivity .06
{(W/cm-C°} A Refractive Index 2.67
- @ 10.6 pm
Thermal Expansion .
Coeffictent 5.9 Hardness (Knoop} 495,
{10-8/C?°)
Rupture Modulus
(ps;)' 3200.
TRANSMISSION OF UNCOATED CdTe
T 1 | T T [ I i T T 711 { |
Lamptue Hucanwas = 1607 -
L -
T S N B B W NS 1 R R N N S IS B 1 1
'5 as ) 75 [Xs] 10.0

VISIBLE LIGHT ' WAVELENGTH IN MICRONS.





