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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 requirements, design, construction, and testing of a cabon dioxige
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,
construqtion details are given. Mode selection techniques and test are
described. Finally, scalpel test were made on a pork sample whicp
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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1lm = Scattering UA¢ Absorbtion loss

1pq = Diffraction loss

m,n = order #d¥ mode
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WENNHIDY Mode Wil Order #9111 11U TEMol WANIWTIANSE 38R0
\HND JUIANANINTHAY (Spot Size) wﬁedﬂutauﬁqzﬂmﬁﬁu SN THERE
LUSBULHEUNANS T @ jﬂiwﬁaﬁiiain TEMoo U TEMol TABEVUAY AL TaTHIY
LAUAMIAT M TR (FOCAL LENGTH) (M1AY 3% LHUAIISIANATNY 16 TR L AN

A1540 2.1

19780 2.1

MODE  @27W812INNd uuwanaejﬂﬁwﬁﬁ AN LB NTDY WA AU LT LAUR

ar ﬂl o o o
waqkungniﬂnﬁ winn“\InINann

TEMoo 400 mm. 3. 1900w/cr 10 a0
. 2 -
TEMol 400 mm. 95m. 1900w/em 60 g

qwnn1s14n 2.1 W91 A1 mode order aqﬁuuuwnnaeqniﬂnﬂ (spot
size) Q“%umﬂu ﬂ?ﬂﬂiﬂﬂ?ﬁiﬁulﬁNﬂDiWﬂvﬂﬁuH?ﬂTﬂnﬂlwﬁnu ADYUN RN
DANMY 60 A umE# TEMoo #WAINMN N e0an L iiny 10 Aadii dot
lun1-aanuuusﬂtﬁﬁﬁﬂWﬂﬁnﬂnavnﬂﬁﬂu1ﬁWRqe1uﬂ«ﬂmaﬂnﬂeﬂﬁqm mode Su 3
i order ﬂqnu ﬂ?ﬂﬂﬂﬁﬂanuuuanumuin:qazweﬂaq Laser head 8874 WY
AudaE F9aznanuumiaty
2.3 WNATHBIERIBANAMAY (Beam divergence)
NHNYTBINBAIYANAWANUTD Beam divergence 1A HANNUS ARG
U mode RADANIIINUMAYN TR EWTIE TAOUTARA WA 1A1T9T ¥ mode @NfY
azﬁgunwﬁnUWHEWﬁaiuﬂeﬁé1qﬁu%v order #)v mode gwﬁuqunwiﬂﬂﬂnﬁ1ﬂaquﬂv
A9 B BENND U T AN TRRHBADY NN TR MAS MBDANADE TN D ANTaD 8D
09A MDY 39 mode ﬁ:uu1:ﬂuﬁnﬂiuuwuﬁ1éﬁﬁqaﬁﬁa TEMoo mode éequnww

a € H
G007 LU TIRTNARN TS 2.2



o TEMoo = X /W Wo (2.2)
X TEMoo = 9unw1uuﬁnﬁanaqaﬁuawﬁ mode order m,n=0
A = ﬁ11u8ﬁ1nguuaqaﬂuﬂq
Wo = FAiUS 1 0ADADAYD YA B ILUANNY L Tin

aﬁluﬁﬁlﬂlﬁa%ﬁﬁﬁﬂqun1¢n11uﬂﬂaaﬂ00119"0ﬁ13ﬂ1ﬂﬁ1!8#ﬂﬁuﬂiﬁﬁﬁldﬂi
ANLUIKA 2 U205 AD

1. AN TMBUNATE YA MAAUAT BN DNINANE BN L ADY LI L BN Tasii
URIEMINDDNABYL 1L AURITEBEMNUSENNE 2 LNAT  BNATTATIIN TR TDYAT

a ' v & v
UANMURIENINDDNNDUL 81 L AURFAINITOUIAINNANNIS

WZ(X) = W02 (1 + [X. /ngj) ety ————( 243
dia W (X) = Yalmpsatudviisess x

X = FEHEN TV WILALIDT  AUAIEMINDDN (2 14A9)

| = AIWEIAGUIBNAAY (10.6 x 10™° 1ua)

Wo = Safvoeanuaviiuudenn fin (4.5 NARIUAT)

(Hanwmuad L I I wENnA finiainoausiiaeny x = 4,5000101 w.
AR TEMoo MIEBEMIY 2 1HAT ANUUAILTIRARYAE | v uuanan
uwAvniiaLHEY 0000101 FAAINAT (Mt Ftiuirliasan

2. ADINITIMAIINL BN IIAY ﬁ3ﬂ1wﬁa§nﬁﬁqi1u§vﬁ§a TIURE L DBAAL TR
N W TaAD 1Y

2.4 3n1ﬂﬁﬂua=w5qqquﬁ3a1ﬂﬁﬁ
Lﬂaeqnnuﬁa1§an1uﬂuiquwﬂnav§vﬁ§%n iiaauAdNAT A BIANAY YL
NAEBAE L ABITUNSNRANRRYN TR SouateNNan  Betiu (oA
AL gas ﬁqaanuﬁQﬁnuuéunﬁxﬂﬂazﬂ|3uﬁ1guﬁnawu1auﬁi 9 WiwhuLdEy
ﬁwguﬁnawqaaquuéenﬁtﬁn et tﬁa?ﬁﬁnuﬁatﬁnaquﬁnﬁ?nﬁnuazﬁnﬁﬁqgvuwn#
3060 390090 W L AU EEe o vy e wie e Tienana WY

4ugnw " u(.-x-;a! 7 o
LAUALAIN AANAY YU TUUN DN IRAADULIBNUN TN IR NANNTIIN 2.4 [2]

- 2
Power Density = watt x 100 /T A = watts/cm ———-(2.4)

00N A

1/2 #9vuuA3aINIA (Spot Size)

@ € w ¢
Uae watt NIy LALDINDUL L AUF
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%4 3 :
4wnuﬁn§muu1nuaqia1ﬂnﬂ (Spot Size) 3t iUuMdusaviaud  ArwB12

" a o " & o "
INNd URE mode umzlﬂn1nuau1nnae3a1ﬂnﬂ (Spot Size) NILUNRTABATIAD
a11ul§unﬂquﬁvﬁaa1ﬂﬁh WREAITNANTUNTAA NIRTMIANBUIANDN A0 THAN

AT IANANNITH 2.5 [15]

S = 2FA' /rr’ (2.5)
J N § w
in S = tﬁhuﬁguunawwuaijainnﬂ
A = AINEIIARUD DY URY
v a ' v 'Y
r’ = JANEDNAWAYADUL AV IRUR
W &
F = ATWHN IHNAT DY L ARUH

o 'u & o ki o : o “
ua:?anu1nnaﬁuﬁitﬁnﬂwulauauﬁﬁqs11an7nuﬁ1a1Wna URE Iz R WU WD
[ ‘-J a W [ §
tluszseny 2\ z ABURIEUIUAIDDNTUANEAE BBYNITUNLRIRLL L AYE L SauTE B

mv ANz wilaansuniin 2.6 (5]

As =T s74n —~(2.6)
; %

' L3 w
lﬁhn1guﬂna1qnnwja1wna

X ATNEIARUTDI U

i

a = a v & a ™
AU NN TIMY 3 uﬂnaﬂ1a1(n11u|uunﬁiﬂaiw1un3a1ﬂma,nu1ﬁua¢3a
W : [ 1': u(l ‘
1Nnﬁnﬂzaﬁuu1uﬁqaiﬂﬁh) WHLIINY .3 #NNTS ﬁa11udhnunaan11u111uﬂ=ﬂ1wu
a &V P oI fa_w €d_ ve
RNUDINTITRAADH NN TNHWITOLARIDE NN tatﬁa1nﬂﬂﬁun11unnunﬂunungﬂu

TIINER (4]

a ¢ ¢ P a -6
lﬂ‘iﬂ\'ﬂ'ﬁﬂﬂu‘lﬁﬂﬂﬂ‘lﬁﬁlﬂl'ﬁﬂ""ﬂ'l’l“ﬂ']')ﬂﬂu = 10.6 x 10 1uRAS

PUNRBDVUNRY AL UANTIRNSANI DR WA (r' )= .45 (YU iuRS

N*IRYNINBBA (Power Output) Watts = 5 - 25 8@
U L AUANAI BN THAR (F) = 95.25, 63.5 WAL 50 NANINAT

w § [ . ar o
asﬁﬁuwsnuﬂa4ﬁ11uﬁuwuﬁun¢ﬂ11unﬁﬁiﬂnﬂ nu1ﬂnn¢?niﬂna uﬂswﬂiqunjﬂ

TWNATAIINATIS NN 2.2
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AW 2.2

A TNEN Y THN (F=95.25) (F=63.5) (F=50) mm
uuqaqaﬁwﬁa (S) .14 mm. 0.095 mm. 0.075 mm.
N\z 1.45 mm. .668 mm. .416 mm.
(7] (] & 2 2 2
WA IUADY LB LR Watts/cm Watts/cm Watts/cm
25 162403 352698 . 565884
20 129922 282158 452707
10 64961 149079 226354
5 32480 70539 113174

AT 2.2 asé&nnatﬁui1tﬂudﬁﬁqa1nﬁh (Spot Size) BUA  0.075
URRINAT WNRINIEDN L HYY 5 a0 ﬂ=1ﬂwaiq1unaa1wnﬂln1nu:ﬂuanuqa1ﬂna
1WA .14 NARINRY unﬁavn1iﬂnn 20 a8 uﬂnmstnuvnunwiﬂftauﬁhuuuﬂﬁ
I 075 fnd i f Sy Ryt eann URENIDITNAAD Dyl
ﬂ?1uu§1ﬁqumznﬁnwsﬁalﬁatﬁn lwﬁﬁcaﬁuﬁquﬁaﬁmuwu ( A\ z) foultazuugia
aannﬂuuﬂntwuq .416 uaﬂtuailnﬂuu n1ﬁavn11ﬂuuaﬁﬂu1uﬂaqaﬂiwnﬂ (zflz)
nuiuﬂuﬂ11§uﬁavnwﬁutﬁhuﬁﬁuﬂnaﬁquqa1ﬂnﬂ (S) 1uunuﬂa1ﬂnu1uuﬁnuu1§u
iﬂutUﬂuutﬂuﬂnuﬁznaiﬂnﬁu11§u %uagnunuﬁﬂuﬂzﬁku|uunsﬁuﬁﬁﬂﬂnw3ﬂ§

pEY 150R nWﬁﬁﬁhqﬂutgdqq 9 ﬂzﬁuaﬁﬁdatgaﬂﬂﬁaiwﬁhdﬁuuﬁﬁtﬁn i
a=1ﬁnﬁﬁve1u§1u1nﬂ3niwﬁﬂ nmztﬁuaﬁuﬁﬁﬁa|§ﬂuﬂvn1ﬁ1§nu1n3a1wﬁﬂﬁt%nuwn
AD

%3 nwsﬂuaq1utﬁaaqﬁaqn17ﬂ11uﬁﬁquuauusuﬂun11mu1nﬂun1su1ﬁa wn
aut7u1{tnﬂiuiaUﬁwuuﬂun11N1ﬂﬁﬁav?sua?u1«lﬂuwlﬁu

v, nu1RQQTWnﬁnnﬂn auuuanﬁﬂma*mﬂq o aaiwnadh AvABYTENATE 9

l?ﬂiﬂW?lﬂﬂﬂﬂ“ﬂﬂﬂ?ﬂﬂﬂﬁﬂ"ﬂ!HQSNWHﬂ
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uni 3

o €
NSDDNUUUNILAL YD

3.1 unun

nﬁiaanuUUka;ua%uuuan%uau1aaan1ﬁanﬁﬁeéﬁ ADYANINANAIWRUHUS 3D VR ANy 9
ﬂaquuauﬂ11uaﬁauaaﬂnunvﬁu 1au|an1sa11uﬂqlﬁﬂnlnﬂgun1nﬁuuuavnﬁtuaaatﬂuﬁ1nﬁnuﬁ
Mode Mlﬂﬁiu TAUSTINENAUAY Mode nlnn%unwﬂ1un1na1wunﬂqnﬁluﬂq~uuaﬁn Mode uaaﬂ
U1°ﬁwﬂaavlatﬂaiﬂuaunnvn1$ﬂutnﬂ%utwue Mode (@87 (Fundamental Mode TEMoo) du
Mode B 9 naﬂ1uauﬂumﬂ¢n1ﬂaavuqnu1utnauu1auaﬂnaa 1w11~tUunnﬁﬁua11nﬁaqn1ﬂaan
naq:alﬂaﬁn Fundamental Mode un1ﬁu1auuﬂ=1WUt13uMaa
3.2 WM WNIRANTINEWMTUNT SeDNLLY

nwiaanuuu1uuuﬁtﬁulan1zﬁ0uaﬁﬁquaeﬁ1ta1ﬁa§tﬁ1&u 1auﬂvauun§1u11aniﬁ
dWNANTAIANT A2y tinu1un11aaﬁﬂ1ﬂluuqzauua1 aquuﬁﬂan ) nnﬁﬂnlnnnﬁain1q
pan  (P) na#tatﬂa1a=§uagnuan1ﬂn11§q158 uas an1ﬁan1untﬁaguﬁeuuﬁn1u1uﬁanﬁtﬁn
(13] 18u ;

- §Single pass gain (Gola U‘;ﬂGo AD Unsaturated gs:in 'uaz La tﬁu
JEBEARIN TagR N1 i)

- Saturation Intensity (Is)

- tUa%t§u3n11uanuéauuazﬂzﬁaunﬁusa41waau ﬁnszannﬂeaanﬂﬂnaun11§11uuaq

“w ' ﬂ o i 7] . . ﬂ'a 4! I T
MMAININDDNIDY L AL EDS elunu?uagﬂugunaQﬂ1aeuﬂ1uueas1a11

NavnIvaan (P) = BAY Io & (MW VM £3:1)
d' xduu LI 7]
¥1h) At = WUNKUNAA YD INDAINAT Y
Io = AL TN AUIDINTAINNYDAN
> ST R G ¢ A ' .
K = AANAMEN TV BURUANALTENALUATY 9 | Hy AUAUYDY

AT TATIATIINN L TEAEATDINTEANFE HDULAE AN

MARDYNUAY K HAVIRY 0.8 [13]
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v , [ 3 v ') al B
LRI TAMIAN 188 I9ASNANNG TaBRRBENNTTT 3.1 1697

2
P = 0.2 T Dr (Io/Is) Is  ————mmeee——_ 5.2
-; 174 (] ( 1 O
LuD Dr = Lﬂuwwguunﬂﬂcuaqnanﬁ:ua
Is = Saturation Intensity

o s ) o v o § a8 & v
REV b 2 qzﬂﬁuﬂinﬂﬁuvmiéﬁanawﬁuaﬂ1uﬂuwuﬁua¢ To/Is Witluriduans GoLa

(Single Pass Gain) lUB:lﬂUﬁﬂW?ﬂuﬂﬂUﬁﬂﬂﬂ?uiﬂ (T) ume am$1n13ﬂwtﬂu (1) niu
stuu Tanf

To {1—1)%1160La + In ((1-1) (1—1—T)#}

Is ((1—1)% ¥

+ (1-1-T) ° ) (1-((1-1) (1-1-T)) %-_*-(3.3)

L3

1
o

4 a w ¥ T v o
ANANNITN 3.3 WIENIEAWIUKIN RN IS DOATDY LR L DDS HAE LUDI L FURANITAEVAUNRY
§ d. s L3 " o
HONATEINNINDDNADY LR L EDS uazLuaﬂﬁu1mu1ﬂaﬁﬁnﬂ7§qzﬁu UREDRATIBENE AelunanILuA
Ve Prae ™ ‘o PN ¥ o e v va oy
1N /A IWITAUNAL Mode AL LNAINA LABSAUAIHADBY AT IRDNAYE

3.2.1 M IdgiAEMAY WMWY X ,

ANRNNUSIDN NI MINDBNTDY 1AL TR LAY Mode ‘e tneTagaseun v e
A0y 5ﬂﬁwnﬁ1§ut§u (1) uREAIMAY Single pass gain (GoLa) MuluMsn“uiia Jeiasn
nﬁsﬂqtﬁﬂ (3} ﬁvuuanﬂnﬂuﬁdnaw¢5ﬂ$znnu§1ﬂ
12 n1$ﬂq:ﬁUtua«awnn15nsusaeuavuaq HAZ N1SAANRUBAVUAY (1m)

23 ﬂ??ﬁﬂlaﬂlNBQ?WHHW?U?NQ?USQHNQ (1pq) H?ﬂlﬂﬂulﬂuﬁuﬂ??ﬂ»Tﬁ??

G = lm + lpg - —_— -(3.4)
WURtR  AdavinesEn U EReR L atunisands naulise us g IAUUIENIE 5-10 % WiD
dpsniatiy BONIEBE N TENI NN T IR DS G IR 1 QM%UDUHUJQRUGEHBUWWQ 9
naen**anazﬁaunﬁwﬁh 19U AIINAEDIAYDNNTEIN AUANTATUA TR MO UL DN NT2an T
AR89 38 184 A U@ ﬂﬂaﬁﬂW?ﬂQlﬂUlHﬂﬂﬂﬁﬂﬂWlUWUﬂTﬂﬂiuﬂﬁ (1pa) ILW11AAIH

lulﬁﬂiﬁﬂ ﬂ?zﬂﬁﬂ?ﬂi?ﬂidﬂﬁ¢ﬂluiJﬂﬁﬂmﬁﬂﬂﬂﬁ1ﬂﬂ1ﬂﬁﬁﬂqﬂﬁiﬂﬁﬂ1ﬁqqﬂ Fresnel number

1mnw1nuu1ﬁuﬂ1uaUUavﬂunWa

(N)
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N- g R R & (3.5)

TR ANEIIARUIDIUF YN Y

~ i
" " o v
Lc = Tgﬂﬁﬂﬂ033M11#ﬂ73qnﬁ8MQUﬁiﬂﬂiﬂﬂu

n1saﬁu1m5a11n1$§q13utdaeaﬂnn17Uﬁuﬁ1ua¢uﬂv (lpa) WAWANAQNIWNNTIADN  Mode
1091A110T WA INEY Mode 1887 TABIamE Fundamental Mode TEMoo SN#WA90ATMAM
1hanavalsEnauEIdy 3 U5En1S ap

1. uuﬂnnaq1ﬁuﬁ1gu§naﬂenavﬁanﬁtﬁa

2. Sdiimavnszanasiouiviovgu

3. TEBLRINTEMINNNTEINAE MBI SAD G
AN T03ADVAUTENDUN AT L N SIS BTN T AaDy TEMoo qvﬁauﬁaa I LAY
iy Mode nuauaqnﬁw L84 TEM10 ﬂzuanﬁﬁn1ﬁaqtaﬂnﬁﬂﬂuuanﬁxuﬁaquﬂn LUADUR TEMoo
tnﬁuunuﬂuannuﬂia

aﬂniuﬁ 3.1 uat 3.2 1audns W iudvaWiauS 10y Single pass diffraction
loss il Fresnel number (N) ﬂvaa11ﬁ1unavnqanquua=Lﬂutnwﬂnnuaunu g - factor
ﬂilﬂutiﬂu1ﬂﬂﬂilﬂnﬂ1n1ﬂﬁﬂiﬂilﬂnﬂ nau (Qﬁn1un 3.1 uaz 3.2) ;i; éhrve 1y g -
factor RINAIINMUABMANANNAT

g = 1 - Le/R (3.6)

b
1sﬂzuw@1=n51¢n1=anﬁzﬁauuvﬁaeﬁwu

a
LD Le

R =  SduawTavnenssandshau
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100 Lo e R s = 100 ELERLLY P AR B PR | T TTTT 3
“f 1 e A
i ] o | i s 9
af » e np- 2
s |
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z — (== - SR = -
- & ! - - -
".B A e MRS P =
8 i 0.5 1 g i s =
éB 2 a6 ‘ o ée 2~ () -
oo =
Lo : RBJ“ N Loj= L m 1l =
s ge1-p 0N = 0el- T A =
- (¥ =) - o -
i ot : 04— a0 I ol
B s e (X3 g 3
02l ::m i 0z _ o 11 -
0l IO 1 5 1 H“\Hl\nm IJ\JL.I_II ol I W, V) 1
0l G2 0406 LO 2 4 6 10 @ 0 © €1 oz od as Lo 2 4610 ® @« 1o
FRESNEL NUMBER, N+ O 4AL, _ FRESNEL MUMBER, - 0] 142 L,
Average single-pass TEMoo mode loss for u half-symmet- Average single-pass TEM;o mode loss for a half-symmet-
ric cavity. ; v et
: L o ﬂ' a
guﬁ 3.1 UFAVIATIN YL FEIDY TEMoo Ui 3.2 uanean11n11§q159uae TEM10
R o a
LUFBu1 MUy Fresnel Number 1UFBUIMNBURY Fresnel Number

3.2.2 AT IEENEMT LY
- Small signal gain coefficient (Go) 1ﬁ1ﬁ§un§ﬁun11uauﬁﬁuuazﬂaﬂuﬁu
BONAIINAL BRI ALY WAENIURUAN TIHAEDY Y UMD UAZNYTARINTABNAIY fihanng
MagpvnIY DUND NTARINTA AINRLLALASHANRNT RIS Go Satt Sufieduns st by

' '3 ¥ a " ' "
uwguunaﬁqnavnanﬁlununsﬁuanuﬂu1551 §1a1u11nnﬁuuaﬁﬂuaﬁ Go 15a1naun1ﬁ

Go = _0.012 - 0.0025 Dr cm " ard (3.7)

w ' & w ' v o ' & sl F
azﬁatn9151ﬁ Go zUuan1ﬂﬂ1unaunu15uuﬁ§uunaﬂquawwauu uuwuﬁe1ﬁuwuuﬂnnaqtﬁu
. ¢ P A B P Pl A o T TR O | o
u1§unna11ﬂnquuaas1ﬁu1ﬂ (Go) NATAAAY UANIUANNITUILVIEIAAAD N IUAL L YDUTENAA Dr
ADVITUIATIEINAN 0.4 TN, wALlIAY 3.4 Ta, (13]

- Saturation intensity
[ . o a
Saturation intensity (IS) NifutABINY Small signal Gain (Go) Mo

[} . z x . . . o as . B o ©r -
a:ﬁawanwﬁauunuagnum33u1uua1uﬂ1=n17tﬂutﬂﬂinu HADINMUAIUN T IURTDNNY Qmugu
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NRAEER A wdunasn RaRAY e dudn Saturation intensity (Is) nagiiju

o o v, ¢ ' & o ' a w : '
ﬂ‘@fruﬂﬂﬂﬁuqﬂ1“““1““3”3]‘3ﬂ§)’1“ﬂnﬁiuauﬁ“‘m\fﬂﬂ’}\llﬂﬂ?lﬂunu 3\15111']7"”&7““5]915@4 Is
U

1A INANNYT :
2 2 _
Is = (T = ) Wicar. o el O (3.8)
3.2.3 NMIAMIBNIRASNIDDATY LR L Ta
OWENNITH 3.8 WAUAYIURNNTSR 3.2 udn A IARIBDINRIHIVDEN (P) B
P = WA Ia/lg) 52 o shdeeheCudgell (3.9)
% o © ‘e ) CE 8 o
HAETABATABRNNTITN 3.3 NAYNIDDANDY LR LTDTARINITANMUATAIINLUDS L SuRnITe fou

d ar i v 'i.'-
BONATEINNINDDN anﬁwnﬂﬁﬂuﬁﬂ7zuuuﬂsaﬂﬁwnw$§mlﬁunaeﬁzuuﬁn11nﬂ1nﬂunﬁsﬁinna11n1
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MIRROR TRANSMISSION, T (%)

Output power vs mirror transmission for several values s
gain and loss. |
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ANAUNITAIN 9 nu1uu1 unau1ﬂ11nﬂn11 nwlnun1aa11n11aqlauﬂuaenu a1ﬂlwanannae
M WMUL13138 1h Fundamental mode annu1iwﬂﬂ mode lnﬂ1uu uthuﬂﬁaﬁ1wnw1aq1an
aquﬁngutawﬂn aaiﬁuﬂﬁﬂnataaae1ua1u ﬂquuuauuﬂaznﬁ1unﬁaqnwuaﬂnaﬂao ueuﬁungnuuﬂ
uaanuuunaon1$3ﬁm1uuﬁ.ﬂuﬂunﬂ1ﬂﬂ¢ﬂuau1q11

ﬁaun11ﬂn1Taanuuunszqnasuaunaﬂ1zuu AMABANNNE LBY  Large radius,
Confocal, Hemisphrical Ua% Plane parallel uéﬂuqwu%ﬁuﬁuﬁnﬁ=qnﬁ=ﬁaunaeﬁzuuﬁﬂ§
(UM IWANTENINY  Hemispherical  uat large radius  #9381NiaRBIN NG L uilay
Hemispherical nag ﬂunﬁaenﬁqaanaﬂuuu Large radius n11ﬂﬂn1~ﬂna~nauuuuua~nﬂﬁu

MUW\RUHE}\JHmﬁ\luﬂu’lﬂll’l'lﬂll“ll’]ﬂﬂﬂ“ﬂﬂﬁ‘i”ﬂﬂﬂ‘i"ﬂﬂﬂoldi]u‘luﬂ’llmHILI Plane Wdf 1ﬂﬂlf|

nuﬂﬂuaoaﬁuﬂqqe1uu1uaﬂuﬂunﬁﬁ

4 2 :
Wo = (A/T) Lc (R - Le) - (3.10)
WD Wo = WIAAMIDNATMANMIDUS | 1MADADAE YA (Beam waist)
i
A = AMNENIRAUIDIATUEY
Lc =  SeHsmINTswInTrandshau
R =  SduAwIResaenTeandshau

o
Co
i’"‘"
20
|
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Percent Reflectance of Freshly Evaporated Mirror

Costings (Normal-Incidence)

Mum) Al Ag Au Cu Rh
0.220 91.5 2.0 27.5 40.4 57.8
0.240 91.9 29.5 i 19.0 63.2
0260 92.2 29.2 35.6 5.5 61.7
0.280 92.3 150 37.8 13.0 70.7
0.300 . 922 17.6 37.7 136 73.4
0.315 92.4 5.5 37.3 35.5 75.0
0.320 92.4 8.9 it 36.3 75.5
0.340 92.5 729 36.1 8.5 76.9
0.360 925 §8.2 36.1 41.5 78.0
0.380 925 92.8 37.8 445 78.1
0.400 92.4 95.6 38.7 47,5 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 9.5 958 95.5 96.6 81.1
0.700 8§97 98.9 97.0 97.5 2.0
0.750 88 6 99.] 97.4 97.9 £2.6
0.800 6.7 99.2 98.0 98.1 8.1
0.850 86.7 99.2 98.2 98.3 81.4
0 900 89.1 99.3 98.4 98.4 81.6
0.950 92.4 99.3 98.5 98.4 83.9
1.0 94.0 99.4 98.6 98.5 84.2
P eroner (2 99 .4 99.0 98.5 87.7
20 97.8 99 .4 99.1 98.6 91.4
30 98.0 99.4 99.1 95.6 95.0

A0 98.2 . 99.4 99.4 98.7 95.8
) 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

0.0 99.2 99.6 99 .4
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Optical Englneering A Divison of Lasercraft Inc.

Laser power measurements should be quick and easy.

hey should not involve time consuming set-up and align-
ment problems. Ideally, the measurements should also be
able to be made at any point in an optical system where
losses are likely to occur.

Unfortunately, most laser power meters have sacrificed
ease of use to gain continuous power readings. However,
In most laboratory and production situations, the usual re-
quirement is for a quick spot check of power with a
minimum of disruption. Even when tuning up a laser,
researchers have found that it is best to tune for a
desirable mode pattern using Thermal Image Plates®, then
briefly check the laser power.

The Power Probes are calorimeter-type power meters
which measure laser power using a timed exposure. They
display average power absorbed on a calibrated readout
scale, and can be used with continuous or repetitively
pulsed lasers ranging from small 2 watt YAG lasers to
large 10,000 watt CO, lasers.

“Thermal Image Plates and Beam Probes are viewlng devices for COp, CO, HF, and YAG
lasers. Data sheets arg avallable from Optical Englneering.

Select Features

1. The absorbing head of a Power Probe Is conveniently
sized. Therefore, unlike a bulky conventional meter, it can
be Inserted between optical components to measure the
laser power without disturbing a set-up, or It can be used
to measure the transmission losses of optlcs.

E
2. The hand-held meter requires only about ¥z minute to
make a power measurement.

- 3. The absorbent coating is very tough,

resisting
mechanical abrasion and water immersion. 1

4. A zero adjustment mechanism has been Incorporated in-

“ to the design to expedite and simplify the power measure-
ment process. .

5. An accurage and durable all-metal construction has
been used to insure a long life.

ol

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 ¥z 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 Probes are 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/cm?2 damage limit.



RECTANGULAR WINDOWS i

These rectangular, uncoated windows are primarily used
w control the polanization of a laser by relying on the fact that
S- and P-Polarization respond difierently 1o the same inclined
surface. (Polarization 1s discussed under Beam-splitters). A
P-Folarized beam sinking a1 Brewster's Angle (Og) 1s
rhaximally transmitted wnile any S-Polarized energy Is
rellecied sirongly. The major aptical characlerisiic to be
conirolled 1s the parallehism of tne surfaces. The part

efficiency increases as the angle beiween the surfaces
decreases. Again. if needed, the standard < 3 arc minutes
lolerance can be tigniened to arc seconds.

In general. small variauions in the wavelength of operauon
or in thé angle at which the beam strikes the part do not
significantly change the performance of these windows. This
is due 1o the high index of these materials which varies only
slightly over large useful wavelength ranges.

-

.

LI

MIRRORS

A murror or total reflector is employed when the user
wishes 1o reflect all of the incident light. Since no energy is
transmitted through these parts. the subsirates for mirfors
are selected ior their thermal conductivity. These optics are
specified like outputl couplers with two difierences: the back
surface 1s fine ground (FG). and the parallelism i1s < 3 arc
minutes.

Several coatings for the reflective surface are available.
Because silver is one of the highest reflecung 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 mirror is
used in applications external 10 a laser cavity. |f the mirror is
10 be used inside a laser cavity, 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
prolect the silver but boost the reflectivity at the laser
wavelength. If the enhanced coaung 1s used on a beam
bender the vser must stale the wavelength, angle. of
incidence and polarization when ordering. Silicon always
requires a reflective coating. Copper and Molybdenum are
used coated or uncoated depending on the application.

29




ZINC SELENIDE

zZnsSe

i
.

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

Due 10 its low absorpuvily al several laser wavelengths (as
low as .0005 cm-' at 10.6 microns) ZnSe s excellent inmany
luser systems for lenses, windows. outpul couplers and
peamsglicters. Fer high power applications. 1L1s crincal that
ine matenal bulk absorption and internal defect structure be
carelully controlled, that mimmum-damage polishing
rechnology be employed in fabricaung the opucs, and that
ine highest quality opucal thinfilm coatings optimized 10
the type of applicauon be utilized. II-VI employs a COz
laser vacuum calorimeter capable of resolving fractional
apsorpucn into the 10-% range 10 manitar its production
processing and 1o constantly improve finished praduct
performance. Our Quality Assurance department will provide
tesung and certification of specific opucs.

Because of its broad transmission range and specifically its
low absorption and scatter in the 8 to 14 micron region,
ZnSe is a standaurd material for use in FLIR and other infrared
instrument or imaging systems. ll-VI offers a large selection
of AR, reflective and beamsplitter coatings which can be
(ailored 1o specific application needs. Several representative
examples follow in this catalog.

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

ZnSe is non-hygroscopic, chemically stable unlesstreated
with strong acids, and safe 10 use In industrial and field
applications as well as in laboratory enviconments.

- WMIATERIAL PROPERTIES

Bulk Absorptivity < .0015 Temperature Change
(cm-' @ 10.6 pm) of Refractive Index 64.
(10-8/C%)
Thermal Conductivity .18 .
(W/cm-C*®) Refractive Index 2.40
@ 10.6 pm : i~
Thermal Expansion : ' :
Coetficient 7.6 Hardness (Knoop) 130.
(10-8/C?)
Rupture Modulus 8000.
(psi) - )
TRANSMISSION OF UNCOATED ZnSe
eI, LLEAN | F A d T L1 J | T
Sample ticknuss = .120° 7
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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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GRAPH 5: Typical ZnSe PR coatings at 10.6 microns.
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GRAPH 6: Typical Ge PR coatings at 10.6 microns.
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EFL -

Plano convex lenses are the most economical focusing
Jlements available. They are ideally sunted for laser heat
treating. welding. cutting and infrared radiation collection
where spatsize and spnencal aberrauions are not crijical.
They are the economical choice where the lens design 1S
difiraction hmited. See the Opuics Guide section for further
informauon on plano convex lenses. .

Prices are listed only for stock plano convex lenses in

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

quoitations for yvour specific requirements.

Listed below are the optical specifications for standard
stock optics. “You may specify tighter requirements to the
himit of those listed in the far right column below. which are

state-of-the-art  specifications for crystalline infrared - |

popular sianoard focal lengths. II-Vi maintains an exiensive materials.
inventory of test piates and tooling that enables fabrication
*
SPECIFICATIONS STANDARD AVAILABLE
{at add’l cost)
Efiecuve Focal Length (EFL) 1olerance * 2% Inquire
Suriface Figure Irregulanity
@ .63 pm L fcinge = . Inquire
Clear Aperture 90% 100%
Surface Quality: Scraich-Dig 20-10 5-2
Edge Thickness Variation (ETV) S.002% <.0001" 2
Dimznsional tolerances :
> Diameter * +.000" +.000"
- .005"° - .001°
j Tnickness +.010° +.0005"
. AR Coating Reflectvity < 0.5% < 0.1%

@ 10.6 pm per surface
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‘CADMIUM TELLURIDE

CdTe

- Cacnuum tellunde nas an infrared 1renNsmisyuion range which
ex{enas I-om ONE MICron 1N (he near 14 10 greater than 25
ricrons in the mid-1K 1 he absorpuivity o: II-Vi eiactrooplic
Qrage Cd e at 10.0 microns s low 31 < 002 cm-*. however.
due to s thermal conductuvity (approximately a third that of

" ZnSe) CdTe 1s imited 10 use in CO> 13ser sysiems with CW

9% TRANSMISSION

power levels up 10 3 tew hundred watls

CdTe i1s used successiully as an outpul coupler in some
commercial COz lasers.

CdTe s an ideal choice for filter substrates in the 121025
micron region where many matenals have lowered and
variable transmission due 10 1the presence of absorpuon

bands.

' VMIATERIAL PROPERTIES
Bulk Absorptivity =.0018 Temperature Change
(cm-' @10.6 pym) o! Refracuve Index 107.
(10-£/C*)
Thermal Conductivily .06
(W7Zcm-C*?) Refractive Index 2.67
" @ 10.6 pm
Thermal Expansion -
Coetlicient /7 3%.8 Hardness (Knoop) 45,
(10-8/C°)
Rupture Modulus
(pS‘i]' 3200.
TRANSMISSION OF UNCOATED CdTe
T B - il 5, I T EARN LI 1 T
Lample Hucanuss < 1607 ;
60 [~ -
40 —
- .‘—1
20 = o
o L b 1 e WO
25 15 10.0

s ey 'WAVELENGTH IN MICRONS.





