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INTRODUCTION

At the present time, we are able to produce RF excited 2 to 3W CW CO2 wave-
guide lasers with lifetiwes of the order of 104 to 2.104 hours. These results have
been achieved with CO and N2 bearing gas mixtures and with internal as well as exter-
nal discharge electrodes. It should be carefully noted that these tests have been
conducted with unstabilized lasers which drift around in their signatures. For this
reason, the average power output was reduced to about one-half of the highest peak
power output in the signature.

A very important contribution is the fact that one of the lasers, #1.1, still
shows 60 percent of its original output power after it was cycled on and off every
ten minutes for more than 50,0C0 :imes.

We have also begun to measure the starting voltage and driving point impedar--~
of the RF excited gas discharge structure for different gas pressures and mixtures.
This type of data will later serve as a basis for the matching and starting network
optimization. Work on the ceramic local oscillator laser structure is progressing
slowly. The second laser body was successfully frit- and indium-sealed. To our
dismay, we later found a vacuum leak between the bore and electrode holes. The leak

seens to be due to a defect or crack in the BeO body.

LIFE TEST RESULTS

Life test results are shown in figures 1 to 8, and the design parameters of
the lasers involved are shown in table 1. Failure analysis results of some of the

lasers, such as laser #8, which could not be restarted, will follow in our next

Feport.

We have come to the conclusion that a proper failure analysis requires
complete gas analysis results and should cover all of the original mixture consti-
tuents as well as possible impurities, such as H20. This analysis has to be per-

formed in suitable intervals as the laser ages. Proposals for purchasing the

1



required equipment to accomplish this task have been submitted.

RF IMPEDANCE MEASUREM:iNTS

These measurements are intended to furnish data that will serve as a basisfor

the matching and starting network calculatiors.

TEST PROCEDURES

The actual laser discharge is firs” matched with a helical auto-trareformer
and m-network to the 50 ohm line. Matching is achieved by adjusting the m-network
until the apparent SWR on the slotted line is betier than 1.01 for each given input
power level. Figure 9 shows the equipment used for this measurement. The auto-
transformer is then removed from the laser and attached to a test fixture that closely
duplicates the laser structure an¢ brings the driving point connection out through
the HP 11566A 10 cm prec.sion air.ine as shown in figure 10. Pictures of the coupling
networks, text fixture, and laser witi' observation window are shown in the appendix.

Both the m-network and 10 cm #irline have APC-7 precision connectors that
serve as the two reference planes for the S-parameter measurements. These measure-
ments are performed on HP 8409 or HP 8510 network analyzers.,

The four S-parameters allow one to calculate the etficiency, driving point
voltage, and impedance of the network at the input power level the network was tuned
for. Figures 11 and 12 show preliminary curves of the input conductance for two
different gas mixtures.

The calculated voltage is then used to calibrate the voltage measured with the
probe of an HP 8405A vector voltmeter. This probe is coupled through stray capaci-
tance to the driving point of the laser as indicated in figure 10. This calibrated
probe can now be used to measure the voltage required for starting the discharge.
Figures 13 and 14 show this starting voltage and the minimum power required to spread

the discharge over the full bore length for different pressures and gas compositions.



MEASUREMENT ACCURACY

We have varied eacl: one of the amplitudes and phases individually in order to
determine how much S-parameter amplitude and phase errors affect the calculated load
impedance and network efficiency. Data for variations around a set of four typical
S-parameters is presented in table 2, These results chow that the 821 parameter
amplitude precision is extremely important. Our variation of 0.1 db is realistic and
perhaps even optimistic in view of the fact that tne National Bureau of Standards is
capable of measuring S12 and 821 parareters with 0.03 db and Sll and 822 parameters
with 0.05 db precision. The network aralyzers source mismatch and a network that has
to be measured under almcst totally reflecting conditions are the main causes for
this error.

It can be shown that errors caused by the remaining SWR after tuning the net-
works are less important.

We have also measured the current waveform through a test discharge tube. The
tube was designed with two parallel, 20 mm long, 1.5 mm nickel wire electrodes, with

3.5 mm center-to-center spacing. Its gas filling consisted of 125 torr He:C0,:CO:Xe

2
in the ratios 3:1:1:0.25. A parallel inductance tuned out the capacitive current
through the 2 pf electrode capacitance.

The 70 MHz discharge current waveform is shown in figure 15 and clearly indi-
cates some distortion in the peaks. Figure 15 also shows that this mostly odd order
harmonic distortion is not present in the transmitter output. Because of this

distortion, it does not make sense to spend a great deal of effort to further reduce

the network analyzer errors.

NETWORK EFFICIENCY

Lack of impedance data forced us to design our network empirically. Our
choice of reasonably good components generally resulted in network efficiencies of

the order of 80 percent to 90 percent. We have also found that we sometimes had



large circulating currents that lowered the efficiency to 70 percent or less. This
result was not siup'y due to network analyzer error as there was a substantial tem-
perature rise of some of the network components. To substantiate this statement, we
show in the appendix a picture of the discolcored, oxidized, tin-plated copper coil in
the n-network. The input power used was only 30 watts at 140 MHz. This result
should serve as a warning that an improperly designed network, placed inside the
laser and surrounded by the gas mixture, can actually reduce the laser life by con-
suming oxygen for its oxidatiomn.

We have found that minor design changes, such as varying the tap of the auto-
transformer by a fraction of a turn, can improve the efficiency to an acceptavle

value.

CERAMIC BeO STRUCTURE

Work on the ceramic BeO local oscillator structure is slowly progressing. The
first attempt .o frit- and indium-seal the structure left leaks in the indium seals
of the end plates.

The second attempt was successful as far as *he seals are concerned. However,
a leak between the main bore and the electrode holes was discovered, indicating a
flaw or crack in the very thin walls between these holes. With this possibility
in mind, we are now forced to frit-seal the electrode feeder holes instead of the

electrode hole ends. This will be a considerably harder task to accomplish.



(440 "utuw m.ZO.C._E G) wm_u.\AU +C # SA 49MOoO4 #DQPJO. ~m_h*

@1 s3] 249 L, 01 01 .01

(M)

W 40 ALIS™3IAINN

[ " [#43se7




Bwl| sA Jamod jnding ¢ 270! 4
(uyauwt) 01 01 L1
! ] i T 4
_ i
_ _
w !
|
—t :
Teo - N i T o 2
g QJZ p
qjq
| (M}
! S L | A LS J 4
UW 40 ALISIAINN i v =
" | m




3Wti] sSA Juamod i3ndyng ‘ g6
@I (Y4ryawi) a1 a1 81
1
4
4
v (M)
- d
W 40 ALISA3AINN -
G#4ase

SNt MBI e Ll Sl b




dwi] SA J4amodq 3nding

(Y;dwr)

,a1

4

b b

T -

_

W 4C ALIS¥3AINN

(M)

g#Jasen



3wt] sa uamog 1nding

) (4)Pwiy @1 @1 2!
m 1 1 ‘— L4 — “ .1 1 | (%]
_ | | "
!
_ i
L
| i
‘.Ll i w )
B _ B i I mE
| . |
!
| : |
_ !
o
j:L« 4 — 15
<
_ (M)
d
| OW 30 ALISY3IAINN _ | £
J#J43ase




Swi] sa Jamcg inding ‘' g6y

(Yyaw | 81 a1 .01
1 T Y
| HIREE | T ’
! [ | !
i e
| ns |
| |
_ i
_ _ . |
W - = - a.lllv-!).l.l.!l 1
. ! _
| ] "
!
| |« "
.
_
—1 +— . llJT ln»;t L 1+ - ——1 2
| » =
i
_ .
| ! b
_ L (M)
i | | |
i | : ! i
W 40 ALISMIAING [ ]| | _ <
i 1! 1 _ F e —_ m
B#¥43SHN

A ol WL o e bl T A L dly



01

awltl| saA

(Y)awr)

1

Jamcy 3nding

‘ N.m_b.

@1

— ——— —

——

_

OW 40 ALIS¥3AINN

(M)

E#43S®R



3wl | sA Jamoy 3inding

(Yyawi |

,01

g bty

01

dW 40 ALIS™3AINN

(M)

Pl#JaSeT



JJoi @i 84nssaysd‘napgpg] swnjoA sey

(I2-II1) 43|0no2 3ndino aguz DPs3e03'(5 UG JO3I3| 434 {R30% 214333|31p'wwgg; Buiseds JosJiw [RuJajU]
p3319%x3 wuwyz]'buoy wwp zgy‘ybry wwgg [ ‘opim wwgt] :asoq Jase"

ZHW gkl 3% M BE :UOIRILOXT Yy

ALIXIW~-SHS

-W0Ll106

T O O -
“ | n9T@l e bEBT (S2° I 8§ 1 . E | 43| 03g C3E _ SS EQE a1 ¢
—— ol St S Vot 0 S S | M
ng'gl ve GE6 162" 3 ig | E 1d %6 | SSEBE | B & |
wlin.(ll. e e e e e e 5 4... e e — .Yl..i o) o e i e _m = ..lL
vn | NGl ® bEST 627 @ | 1 . ! | E., SSEBE . 0% | SSEBE . B
.| — E R TN SIS S-S, rn e i e el . o
i ; ! i _ | : ._ ! H
] ng@i e @26 S| 1 is i 1| e ! ses gog . ce !l mypawidny | g4
e S ; S e e e e iy S S 01 Semaices the skaaassiend | “ = .,l R — q e o G i s e 8 BB
i T : " T ! i )
. I ng'gl 3® 6" 162°: @ | 1 i 1 | E | 309 ; 0% @ myeaedny - 9§
N ST T N L L B i S e e
H } ! i i ! | ' . : ..
. IRCICIR LR T BB S O +d 0% rypaeldny i S§ |
[ t |¢;.+szaﬂl b —t— = B S
. H . _“ i ! )
MF | . S R S | R
. : i i 1 T P
“ ng'c i v6 Izl 8 i 1 | v | E, noue'ld | 0% | ny R T
L. - ! N - b SIS
. 21943 340-No w0 .. gv lesol g 1 ¢ | ! | . !
i ' 9'6 3 v5" (G2°: @ | ! | ! | € id ! o nJ SR I T
undJ ) 9, : H
m LIS Sl S S S —t i S
! | nesaees s e |11 e e | ow | a3 Le |
w - | A Rl i . | _ ]
h lﬁl T + 1 i T
* . ¥OMNIW 18X N 03 Y02 M | 300812373 | JUONLIINI | HINILYM _
| SHIUWIN w v n ! | ¥IsyT |
! . -indino -0l | W
i |u

m ! ! ONISNCH

M RS- =




lusuainsesaw yYms I04 uotiexnbyiuod juswdinba ‘ & 8ainbtr4

PeaH giv
Uligm
13318 Iamogd
YZEV dH

l 9UTT P33L0TS 9vWIBTIZ adAL PIOITV |——edIOMmiIaN Butysien aouepadur o)

133134 311EM J3jjtwsuex)
en
£v Tapou 131174 d1 S8T4-v/8 89 S84 04
1 ZHW 0OvT
pItTg P8TT0I3U0D TEeax

i, 20l I . A R .2 560 . 8 b o8

= e




dnles TejuawtIads3 ‘o1 8anb 4

I3j2WiTon J0103A YSOvE dH

O O O
;] )
ﬁ / _ Vo
auBTH mu:mummwmlL e - Alvmcmﬁa 30u31843y
128 H 11s
Ll
Bl
=l .
i~ I3WINJsSuUeI]
R s o 01Ny AICOMIEN T4
) [
12587 . ﬁ
/ 4
B VAR TA
SUTT Ity Nr.. N~..»
1338WT1UA) 0T A ; A
\ SR IVER A R UV Ve 1y
e e e e bt
“\ fl
| I -

I0IBTNUWTS

i
jusuwaInseay aosuepadu] ewseld



JONELONANOD—48 ¥3LINID ‘“11°B1 4
BGE Mead A PoE pse

./
[/
{

¥NOL G¢ .l:llllllllllllllﬂ::; \\\\ \\AW\ \\\\\\\\
— . <Q I\&T\\\\\\\n
¥¥0L1 2@l \\\Ap A\\\
]
I
/ \
MNOL 521 /////// b\\_\v
= (WA/H)
¥40L @St /llllllllll\\\\M\\\&W

DR % %1%R

G-

A*D+H+A/H=9:114

1 1 | 1 | 1 1 1 1 1 AL 1 | 1 1 | 1 1 | | L

S2° 1
ZHW @P1 3® P3a31oxa-Jajuad wwyp]'Buo| wwp gy ybuy WwGg [ 'apim wwg[:aJoq J4a3seq

Ce "+ 1:1+€E * 8X:02:20D:3H

e o SBRR e Ga i BAY  5 L e~



BSE

JdONHLIONAONOD -4y 83LN3D

BoE

“ 21°b14

dNOL S¢ ///////

&¥0L @@t

d¥¥OL s21 ///////

e

~

e

¥¥0L @sI

A*D+H+A/H=D:114

1 | 1 1 | | 1 | 1

-

ZHW @b1 3B Pa31axa-Ja3uad ww/p(‘Buo| wwp 261 ybry wwgg:|‘apm wwg*]:aJoq Jaseq

SZ2 1+ 1++g =

SX+EZN:20D: 3H

5~

(WA/H)

O%xPBAI

G2l



JdNSS53dd S~ uilud ONB 39H1TI0A SNIL&HLS ‘€1°B 4

asi Rl Sél vo1 ¢
S T I T 1 H .. . .,

a1 | e e

@ m o \

— e 1 eae

- —| o201

si13eM .
Utwy 3.og [[t4 0} Jamogruly

BE v e QaE
2 — l\\\\l.\ll\\; , ~ 20 b
abey|op Buijueyg MM.MM)

L /

g | ,
PE e S { e : | —— g@s

ZHW @91 3® palloxa-Jajuad wwyg|‘Buo| wup 2g)'yb:y wwgg [ ‘apim wwg'j:iasog Jaseq

S2 P11 E + 8X:0D:20D0:9H

A e RN o+ M i B e N R ey i 1



ddfS5Hc SA UlWdg ONB 53HLTIOA 9ONILNSLS ‘b1 614

QQMH ..J.:!-..._ .h:mvu_.f.-,ila ;mmﬁ Bgal S¢
__.|l 1 i T T - !..m..::i..,..ﬂ. T T T T Tty TTUTTYTTTT—y I.“ Mw
| | |
: |
!
m
) 4 201
_
m
|
__. 5] % et
_
i
gace
_
_
L i
.T = “.I T T e e Qe
_ i :
“ abeyjop Buiiieig _ b
c L S
as = T e = _ = . .lll_ BB¢S

ZHW @bl 3® P331axa-u3juas wwyz|'buo| wwy'2g)'ybry wugg [ 'apim Lwg':aJdeq Jaseq

S2 1 1iE ¢+ 3XIUN:20D: aH



S1034dd NOILVIVVA YILIWVIVI-S

-ll-ll-—""--—-l'l-.]--llll—llllll-'-llll—l'lll'—Il'l---l'l-l'—llllll—

1SE°06 105°0T 10°L6TEI6°9F 1L°69T 1L°69T 1S°ZyT 163°0- 100°5= 100°6= 1L0°1~ |

oeemce|acmema|mcsmee|omceen e mem === | mmmcec|maccac|emcecn|mcmmns|omeann]

162°06 180°TT 18°06FT16°LT 1£°89T 1L°691 1S°2ZbT 153°0= 100°5~- 100°6~ 1L0°I~= |

M—- --l--l—l.ll--—-l--"—-""-—--l'---

I€1°06 IGO°TT I1L°€S5TL16°LT 1L°890 1L°89T 1S°ZbT 1S3°0=- 100°5= 100°6~ 1LO" I~ |
--ll---—"l---.--lll-—l--ll-—llll-lI '-'ll'—.lll--—lll-'-.l-'l-l—-'-"-—
162°06 180°T[ 18°06TT16°LT 1L°69F 1L°8391 1S°Zb1 153°0=- 100°5~ 100°6~ 1LO"I~ |
—l---l'—--'l--—'--.-'—--'-ll—"l-'l—-l-'l'[ --'-'-—"-l'----"ll—"-'-l.
1SE°06 IGT°TT 16°98IL16°LT 1L°631 1L°691 1G°1pl 153°0=- 100°5= 100°6~ 1Lo°T= |
—---'l----lll-—--l-l-—'lllll—-----l—--'-".--'Il'[ -l-l'l—ll'-l-—-'-ll-—
1I8Z°9L 1ZI°11 16°Z6ETIGE"LY 1L°691 1L°691 16°ZbT IGL*D2= 100°5= 100°6= (1L0°1~- |
-ll'-'-—'l'll-—-lll-l—llll|'—--------l-ll-—-l'--’.—'l-l"ll-"'-—'--"'.

1L1°38 1Z1°T1 18°GSIZTI6°LT 1L°69T 1L°69T 16°Zk1 163°0= 101°5= 100%6~ 1L0°1= |
[ - -"-----

|emecee|ecacme|ccecne|cccccc|ccccce|ccnnce|ccccca|ccncca |- -l

1€0°88 1ZT°TT 10°bbZTI6°LT IL°691 1L°69T 16°ZbT 153°0= 101°6= 1016~ 1L0°1~ |
=eccec|emmmce|acmces|acemcc|uacane|mmmmmalacecce|onncan|onnnnn p———eeee |
122°05 1Z1°T1 18°SIZTI6°LT 1L°69T 1L°69T1 1S°ZbT 163°0- 100°5= 100°6= 1L0°1~ |

|ememem]eecace]|usecas|ecccsc|eccman|ecmmmn|amamac|oaccoc|omeman]|onn oo ——

1Z0°06 I1TT T 1E€E°ZITT16°LT 1L°69T 1L°691 1S°ZbT 163°0- 100°56= 100°6~ 1LT°1= |

ommm=m|=mm==a|-cmcse|ecccec|eccacn|mammme|amccnac|acccen]|mmmman|oocccn|ocenan]
I€E€°06 I1TE°Tr 1S°8BTI16°LT 1L°639T 1L°69T1 16°2pT 163°0= 100°5= 106°6= 1L0"1~ |
|eeemee|mcmmma]acesas|ecccea|ecasac|mcmcnma|emcacn|occcac|omemcn]mcmccn]anncan]
§ 333 | dd | dy | zzs | 1zs |1 zZis | [is | z7zs | 1zZs 1 Z1s t -t1s |
|eeemme|mcmmce|ececcc|accacc|emcnacc]|enmmma|acmcca]occcca]|meacen]mmmacn|ocannn|

i SANTYA | 3SVHd | 3AN1INDVUN !
| ai1ndwod | d3L3AWyHId=-S | MILIWYHYA=-S |

-l-ll-lllllllllllllll.lllllllllll-llillllllllllil_'lllllllllll-llllllllllllll-

¢ 27T4VL



WUOAIAVM LNTHHUND ucx/u:umH:.W\mL:m_L

adoog s 2
. N
- — AR
Indut VW«.»\@UO»
ZHW 0L %, %0
(0}
*atp 12d qpo1 *aTp J2d QPO

wnijoadg juaian) :a31BYISI( wiojaaem juaiin) :231BYISI( unijoads Inding :I1333TWSUBRI] ZHW O/




	GeneralDisclaimer.pdf
	0007A02.pdf
	0007A03.pdf
	0007A04.pdf
	0007A05.pdf
	0007A06.pdf
	0007A07.pdf
	0007A08.pdf
	0007A09.pdf
	0007A10.pdf
	0007A11.pdf
	0007A12.pdf
	0007A13.pdf
	0007A14.pdf
	0007B01.pdf
	0007B02.pdf
	0007B03.pdf
	0007B04.pdf
	0007B05.pdf
	0007B06.pdf
	0007B07.pdf
	0007B08.pdf
	0007B09.pdf
	0007B10.pdf

