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- PREFACE

Ez~imer lasers operating with halogen based gain media pose peculiar

material problems. Not only do their UV lasing wavelengths reach into the

A AN O A DT g

absorption adge tails of many optical materials, but their applications fre-

quently demand design features which bring the optical components into airect

».

feon TR

contact with thc excited gain medium and thereby subject the optical compc-

neit sutfaces to ciemiczl attack by laser-fuel constituents. It is the pur-

>
o7

pose of this study to shed 1light onto this chemical attack which usuaily

\J
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happens +hile lasing occcurs, i.e., while intense x-ray aad UV phoron fluxes

*

g

are present. Ixperienca shows that thece effects greatly linmit the optical

AT S
!

comzoneats' usziul life before failure and thus render the total excimer

ron
)

laser system less than desirable.
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Tnis report covers all activities aimed at an understanding of syner-
gistic effects during the first year of ccntract NOC014-~-80-C-798.

Synergic¢stic offects are defined here as combired effects by two or

DA

pore re2ctien participants such 3s excimer gas constitueants together with ¥V

photons, x-rays, low energy electrons, or ioans. It is the ultizmate goal of

s st
KL ety AP 7 S peTrs IR

this effc-t to elucidate the relative effectiveness of such synergistic

optical canponent decompositicn mechznisws on different UV mirror coatings.

P

o4

The first eaginearing oriented phase of the program will be descrilied here.
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UV laser mirrors are pregentl;y being fnveztigated for several reasons.

"

n.‘
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Aside from the chemical problems to be described here, large scale XeF lasers

; introduce demands on mirrors which are particularly strirgent in terms of
1 j‘ . ’ thermal dfscorcion, surface: finishing and light scattering properties among
. o, other features. Tae most prominent characteristics of cheaical interest are
; . i the dielectric nature of mirror ccatings and their respective microtopography.
., Currently a variery of cowpound: are under investization vhich wiil result in
N “ the emergence of an optimal mircor coating material which can live up to all
, g chemical, as well as other, befors mencioned, demands. Among the most pro-
’ A mising such materials one presently finds SiC,, }!gl-‘z, and cryolite.
F .. H

All chemical survival studies under this contract up-to-date have

L9 focused on $10,. This choice was mandated by the simple fact that Si0, per-

.g forss well in many other regards and has therefore become the prime candidate

5
+

- for haif-wave block (the top half-wave layer on many multi-stack dielectric

i =
: ;; UV coatings}. Being the uppermost layer the half-wave block will be the

first surface to face chemical radicals impinging irom the laser excitation

, region. Nowever, improved deposition procedures seem to develop other materials

into viable compatitors fer Si(}?'s role in the half-wave tlock. 3uch materials

Bits
il

wiil be investigated as soon as studies on SiO2 are reasonably ccaplete and

J s

acthodologically of sufficient confidence level.

it
?

ek Aty

Prior to the start-up of 5102 experiments the relevant components of

XeF excitation gas mixtures were identified. These are based on XeF laser

N ehitecrtant Y.
Ay

operatisn at 3 amagat with Xe and NFS as primary fuels and a light rare gas

as buffer, A bdrief reportl on Kr¥ discharge components finds, at least for

smali scale unirs, chemical lasing by-products of the type Nl-‘z, NF, and F.

Additional comporents such as XeF, can be formed under favorable conditioms,

|
|
|
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such as at =levated temperatures and pressures,2 conditions typically found in
advanced, large scale XeF systems. It wa2s therefore the first program task to

develop equipment systems for generating these discharge components individeally.

Mon 'toring of chemical activity by these individual ~omponents on 510, surfaces

3
3.

is achieved by several quantitative and qualitative methods: during exposure

T

)

of 5102 filws by a quartz microbalance technigue ia conjunction with visible

‘B optical microscopy, and after exposure by indepeandent scanning electric

v

N e &

microsccpy. One can envision a wide variety of situvations where interaction

LERC L

of lasing gases with solid dieiectric surfaces would require more sophisti-

cated surface analyticai techniques. A significant effyrt wvas therefore direc-

DI

. = ted towards establishing a SIMS (secondary ion mass spectrcmetry) facility

vhich will, during the second phase of the program, be employed together with

Ky \’-'“

already existing surface analytical tcols, i.e., Auger spectroscopy, gjuadruple
mass spectrometry, etc. With the equipaent in place, SWC supplied 1000 i
8102 coatings were analyzed in the presence of 2 mclecular beun of Xel-‘z and
of an atomic beam of F. The details of these measurements wili be described

later. First we will describe the experimental facilities which were built ard

g 4 by 20 3t S bt A

tested during the 1980-1981 contract period, ther che experimental data will

TR YN P QI £ 03 Y1 R PR
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be presented arnd, in the end, future work will be cutlined.
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EXPERIMENTAL FACILITIES

The first year program instrumentation objective was two-fold: build
F and Ng: sources for exposure of SiO2 and use commercially availabie Xer on
Sio2 for quick data gathering during that build-up phase. All data were taken
by quartz crystal microbalance mass loss measurements.

The 1000 X $10, filzs were evaporated by NWC cuto vendor supplied
silver coated resonator crystais. From an initial batch of 100 crystale,
specimens were selected according to certain fregquency shift-temperature chax-
acteristics and supplied to NXC for fila deposition. This selection process
proved useful in eliminating frequency shifts during expesure to XeFé from
being attributed to exothermic effects rather than to mass variation. By
keeping the rescnator crystal temperature constant by water cooling, the
SLOAN crystal mount mases removal sensitivities of the order of less than a
monolayer car ¢oniidently be maintained. This sensitivity requirement was
routinely tested by low energy Af+ sputtering of beth Si and Sioz films for
vhich such sputlering yields are Jdocumented. The SLOAN crystal mount was
vositioned inside a stainless-steel UHV system so that the test sample could
simultanecusly be exposed to an electron beam, an Ar+ ioa beam and the molecu-
lar Xer bean. This setup permits further irradiation of the sa=ple with ULV
light under grazing incidence through an 8" sapphire window. In addition to
the »ass loss measurement an UHV systea port positioned 120° relative to the
solccular bean direction aliows for attachment of a UTI or FINNIGAN quadru-
pole mass spectrometer and thus for coastant residuzl gas analysis and measuce-
ment of surface etch products entering tha gas phase. Oa the basis of tests
with pure $i films we are justified in believing that the two independent
measurements, wass loss and quadrupole miss spectroscopy, agree to withia 50%.

For a detailed explanation of this rather unsatisfactory agreement see the

section "Results and Data Analysis.”
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Anzlysis of 51o§ film impurity contents was performed by a cylindrical
airror Auger analyzer (VARIAN), which was positioned such that the sample had
to be removed from the quartz crystal nmount and transferred to 2 separate
carousel manipulator. Auger analysis was therefore done either ahead of or
after exposure to XeFé.
Xefh supplied by PCR is a small grained, white powder with a vapor
pressure of about 3 Torr at room temperature. The substance was transferred
from its shipping vessel to a stainless-steel reservoir within an Ar atmosphere
glove box. As a consequence, large amounts cf Ar as well as of Xe had to be
pumped during exposure measuresments with the undesirable result that often,
even for D.I. fon pumps, the pumping efficiency became degraded to the point
vhere uncontrolled pressure fluctuations ("burping”) rendered measurements
meaningless. The rare gases are now, however, effortlessly pumped by the
cryogenic back-up pump which for that purpose had especially been designed
in-house by scavanging a 5W closed-cycle refrigeration cryostat from a spectrios-
copy setup and mating it with a commercially obtained 37 Chevron array (VARIAN}).
The tandem operation of the 400 £/sec D.I. ion pump with the 5W cryopump pro-
duced a pressure differential of about 180:1 botween the end of the 1/32"
stainless~-steel tudbe which introduced the Xefk into the systeqn and the back-
ground pressure. The background pressure was always maintained low enough for
the quadrvpole mass spectrcesmeter to be able to detect the ainute partial pres-
sures of reaction products, such as Sifs.
During the course of the experiment it unsnfonnd that "as suppiied”
XeF, contains unidentified impurities which irnitially inhibit etching of both

2

Si and 8102 films by building up a surface laver. This build-up manifests

itself by a characteristic, steady decline in resonance frequency of the micro-

balance as well as by a coenspicuous absence of detectable trzces of etch

T N
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products in mass spectroscopy. The rate of buildup was found to be different
for dielectric films as opposed to pure Si films and is presently not well
understood. Further investigation of this phenouenQn will resume with the
coming on-line of the SIMS apparatus. One earlier explanation for this
phenomenon, viz., the chemisorption of reaction products stemming from the
gas feed system's wali interacting with the Xefé, could be discarded after

thorough passivation of all walls by F2 gas did not affect the apparent

deposition.

A practical remedy against the cbscure film deposition was found in
long term crycdistillation of Xer. By pumping on the Xer reservoir while it
was cycled through sequences of constant temperature baths (methyl
cyclopenthane slush -~ 3142.4°C, ethanol slush -~ 117.3°C, chloroform slush - 64°C,
CClk siush -~ 24°C) for many hours, buiid-up ncriadr, £or the unknown films
could be dramatically reduced. WNote that the ﬁe%z lexk~in system was not
differentially pumped after all forepump oils, including fluorimated compounds
1ike Fomblin, showed a significant tendency to polymerize on copper and
st?iniess~staal surfaces when brcught into extended contact with XeFZ. As

standavy oriactice, the cooled reservoir was attached to a Granville-Phillips

wrecigsion leak-valve whizkh cs zhe high pressure side was also connected to a

L]

TR A

thermoccuple gaugz. Tha Ee?é molecular flow through the valve was controlled

by setting the leak-vilvy once and thereafter by changing the temperature of

the reserveir. <{rysz-iigzillation of Xe?z before use and direct attackment of

the reservoir to the chomber led to satisfactory etciiing behavior. Therefore,

? m;m.{’y Ttaln ‘# ;Jn; “*7,'1%;‘.""-

&

there is little reasoa to believe that the before-mentioned f£ilm depositica
was.due to quantities of gaseous impurities which were produced during wall
zrcactions of Ier with the stainless-steel chamber.

In oxder to study the effects which low energy iens or low energy

TRV P AL A0 28 Bt A
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electrons may cause in conjunction with Ke?z and other iasing comporents,
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care had to be taken - ', introduce additional intangibles by using clean
designs for the respective uevices. It is, for imstance, widely accepted that
hot~-filament electron guns severely contaminate tearby samples. We therefore
decided to develop an electron source which uses a channeltron eliectron
rultiplier array (spiraltron array) in reverse. By operating the device in
the upper range of its recommended operating voltage interval the inherent
noise of the device results in current densities of 3 x 10.7 Alcuz without

any further input into the device. The ion gun is a commercial model obtained

" G v o i "
PRLIERY IR LN LA e

from VARIAN.

L

i

A. Atcaic F Source

e i

While useful information was gained from the interaction studies of

5102 with XeF,, an apparatus for production of F atoms was developed. It is

RIS el

based on the dissociation of Fh molecules in an RF discharge which is a very

evapnty

popular and highly efficient method.3 Most other homonuclear diatonmic

o

e

.

molecules are known not to completely dissociate in RF ischarges. Fé con~

stitutes a notable exception because of its large dissociative attachment

b

A

cxoses section for thermal electrons.a Dissociaticn is further emhanced by the

1’

F atoms slow rate of homogeneous recombinatiocn. However, in spite of reports

Vbt e
3 'sl',m)’ 1"‘“':‘;;*Y~,‘|\/.s' VU Ay g e

in the literature claiming 100X dissociation in microwave discharges, produc-

o

tion of F atoms by RF or microwave discharges is not without drawbacks when

);‘\"f{

ARG RN
¥

applied to surface reaction studfes on substances such as Si%z.

Due to the extremely reactive nature of atomic fluorine, great caution

-y
LN

iy Abdwybe

is mandated in the choice of materials which will contact the atoms. Two

severe problemr arcas were identified during the course of these studies and

M, W sa et

solutions were found.

s
Sy N ) s{tjut{ﬂf,ﬁ;;

The first problem area was contaminztion from electrode materiais.

B TR A LANe

This problen lends itself to a simple ssluticn by applying the RF power to

electrodes iocated cutside the reaction vessel.
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The second problem area is cwore imtrinsic in that atomic F very

readily attacks Pyrex, a desirable material for the discharge vessel wall
since it permits easy visual observation and control of the discharge. Not

only does that reaction lead to copious amounts of Sirb, the same substance

being used as marker for reactions taking place or the optical coating

specimens, it also renders the vessel walls opaque after only brief periods

syt pokoy

of operation. Strong air cooling of the vessel walls to reduce the temperature

VTR

and thereby the reaction role was not found successful in sufficiently reducing

o

Yy

contamination. However, by sacrificing visibility of the discharge, alumina
tubes can be used which we believe to form nonvolatile alumiaum fluoride.S

Whether a higher pcwer (above 100W) RS discharge will render this species

)izt pL,
BRI "Q.’Mf!! NS

unstable we cannot decide, but aside from some atomic oxygen no other reaction

i Ao Sl is S22 . re S Lat e e e e, L v
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T

products were found mass spectroscopically when the alumina tube discharge

vessel was operated at 100W. No air cooling was provided in that instance.

SN

Unfortunately, the attractive features of high purity Al.,o3 (Coors 995) are

lost in the difficulty of forming a temperature compatible, chemically ctable

Ldt 28

ceramic to metal transition. This very intricate joining work was done by

Eftvrtr et it fnbmitsifinimil sty

r

A
. .
AR Ay v o
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T
Dr. Ben Rosenblum of the Kansas City Division of the Bendix Corporation at no

;’,.

cost to the contract. The materials and metnods used in that effort are con-

[N
v

sidered prcprietary. The manufactured joint links the 1" 0.D. alumina vessel

et s
-

to the all stainless-steel vacuum chamber. Fluorine atoms, end possibly ions,

emanate frem the discharge region through a 0.006" 2lumina orifice into an

4

b .

E-field region provided to remove any charged components emanating from the

15 FY0 bt e,

a\Y " 1D !
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source.

The composition of the atoaic beam was analyzed by an ©XTRANUCLEAK

Model #061-1 quadrupole mass analyzer. After moderately icng periods of

oy A A o i oo

operation, this and z substitite mass spectrometer inhibited data taking in &
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continuous fashion. The high background problem is presently being solved é
s by pulsing the RF discharge and by employing phase-sensitive detection. ?
25 Since the RF oscillator is usually run at plate voltages between §
§: 600 and 1600 V, a high voltage switch with power-handling capabilities of §
%: 100W had tos be designed. The circuit for that purpose shown in Fig. 1 com- §
5: bines bdoth simplicity and speed with logic elemert interfacibility. The key §
; elements of the circuit are three cascaded high voltage pcwer transistors g
i {DTS 80i) which are simuitaneously switched by respective optically isolated ;
i trigger circuits. Sections (b} and {c) of Fig. 1 show one isoclated trigger E

£IARY

284

n;‘u" gyae

stage.
Curreuntly there are several types of transistors offered which ail

A ‘ can withatand a collector-emitter voltage of 1000 V at reasonable switching

VL

speeds. Note, however, that the advantage in circuit simplicity, i.e., a

single switch instead of three stages, is in all cases traded off against a

A I g

power limit which in turn limits the safe collector curreat to values that

are insufficient to drive the RF plasma. We consider our design a proper

TRLINE A

balance between these requirements.

An external trigger source activates the parailel switched opto-

3
LR g

couplerg. Jitter 2nd differences in risetimes among the three optocouplers

N a
MARALLIES, AO
-

are trimmed by 250! potentiometers. The strimg of driver stages is statically

protected by a2 voltage-sharing network of 35 k& resistors which insure that :

S,
Vel

&

-~
G

no single stage is overvoltaged because of unequal leakage currents.

With careful trimming and drivep by TTL pulses the circuit delivers
Since

Slisonsete

pulses with risetimes of less than 5 usec into nonfnductive loads.

5%) vq’:\»"

the.oscillator, a commercial umit ORTEC Model 307, operates at a fixed fre-

i(',": 3

queacy of 13.6 mHz switching of the plate voltage a2t a rate of less than 400 iz

s
(LB

woknu Ao 2w

A nt 1900, .»,'&,"K-.t

'..’de‘ [oh
%

b4
o}
*
<
ki

ik

s
{
I
4
3




I

e e T AR i ESL TR N A N N Ty . L i T AR W ol
Doz N s R = B v T R g e o venr et borg Eardar—ma vy T e e e iy W ea T
. —— s - - — - B - R ke - - - <

ki
'
| -4
i
[
t

TSR N0 -,

i0

_—
RN

is entirely sufficient for full power to be delivered to the discharge angd

N

fie!

for a standard lock-in amplifier to lock on to.
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The experimental chamber housing the quadrupole analyzer is kept in the

Oralamp el g
v ey

low 10'-6 Torr range by a 600 L/sec BALZERS oil diffusion pump while the ion

gt
N
R acidis

]

source vessel is at a few full operating pressure (~ 0.5 Torr). irn this mode

z’«.:" YN }’Q"i’f

no differential pumping was required on the discharge vessel itself and

T e T S 0]

X

pressure regulation by simpie stainless-steel needle valve controls on the

gas inlet post was found entirely sufficient.

A

s L N K
ety g/ ot el AR i J

Unanticipated delays in bringing the F source to full operation during

the first year are mainly due to the difficulty in switching from a Pyrex

{4
S

)

discharge vessel tc an aluminz one and to the corresponding problem of

ji2
Ty

SASH

e . 3 developing a high temperature, vacuum tight, chemically compatible alumina

to stainless-steel seal. This thorny problem was ultimately solved by falling

EECMYAL A

back or extramural ezpertise.

B. SIMS Facility

¥
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The quadrupole based secondary ions mass spectrometer is presently in

e

its final stages of assembly. Its design was governed by the icterest of

b }:’1!‘ 1 e
(W1}

having a facility which is both portable in terms of its primary beaa scurce, 4

Fradiar
.

and dedicated to be used only in conjunction with reacting optical thin film

dud

= 2 sanples in terms of the secondary jon quadrupole analyzer. That is to say,

Ay

the primary ion source is to be easiiy decoupled and used on cther experi-

1004

L ¢

wents, if such need arises, and the overall design did not have to take

n
deer,

3 g account of spatial requirements by a2uy other surface analytical instrumeats,
= i.e., Auger analyzer, LEED system, which frequently are used as 3 combinatioa

of techniques in surface studies. Such s modular design bringa about another

:> advantage: with the sample placed iz a differeal chanber thar the rrinary
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ion source differential pumpirg of the two separate chambers will permit
analyzing the sample under UHV conditions.

The primary ion gun column is a commercial coloutron fon gun
(Coloutron Corp., Boulder, CO) pumped by a 1400 £/sec BALZERS horizontal
turbomolecular pump and cooled by a closed Frezon-1l cvcle.

This pump an? its mechanical forepunp are mcunted together as an
independent station with only a bellows coupling connecting the sample
chamber with the gun body. A special central unit was developed iu~house

which operates both pumps and associated valves in such a manner that power

}'“ 'f’ Ron e R

)
v

outages will trigger a2 prescribed shut—down of the system without haraful

contamination of the chanbers by backstreamingz forepump ofl. Such precautions

"f«x'.‘ SERE

1Y

have on several occasions proved to be of fundamental importance. An outline

Srdatant
e

of the control circuits is shown in Figs. 3

YR
,

Two months after teceipt of the ALCATZL forepump & mechanical dys-

e Y

function in the vane section of the pump required lengthy warranty procedures

NRLLEN IR

\}
"

which appreciably slowed progreas of the SIMS development. Presently a iow

pumping speed mechanical pump substitutes in a make-shift arrangement.

D

The seccondary icn optics is based on a quadrupole mass filtex which

RN O
VTR

£
b
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provides good mass separation and high transmission between sample surfacze

243

= and detertor. However, to fully functicn as true mass ©ilter in SIMS, where
secondary ionz are spread over a wide range of energies, the cuadrupcle f£il-
ter has to be equipped with 2 prefilter cnergy analyzer to monochromatize

jons for the mags filter. We presently test just ;uch a setup in an indepen-

. dent experizmant.

Therz the ion source cf a3 UTI 100C quadrupole syscca is heing replaced

by 2 home-made, modified BALZERS ion optics in cylindrical mirror configur-~

ation. An alterrate encrgy analgzer is baing tested for comparicom with this

3

unit. It iIs baszd on a design commcaly referved te as "Bessal Box"” aad is




s ccamercially available from Extranuclear Laborateries. Both analyzers pro-~

s\5yY
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i

vide a lice-of-sight srop which effectively removes high-energy particles

and photons from reaching the detector. The band-pass widtk for both

1

APt

analyzers were determiisied to be less than 1 eV by measuring thermally

A
W

released impurity z2lkali ions from a heated tungsten filanent.9 Prring these

.
Y

. " " .
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tests both analyzers wer> found to exhibit some unwanted pecuiiarities:

.

depending on specific energy transmission settings spuricus ion signals are

. “~

ceused by, most likely, secondary ions descrbed frem device walls. Such

-

effects can be eliminated by choosing a more opportune energy window where
such secondary effects do not exist. However, such a selection may necessi-

tate 2 sacrifice of collection efficiency and correspending lcss in sensitivity.

AN Ut ptrary

These preliminary tests have enablzd us ts develcep an acute awareness of

these trade-offs and wiil iead to a final solution once a real life test of

LR

the analyzers in coniunction with the Colcutron gun gets under way.

norits

C. NFx Source

The family of :.itrogen based Cluoride species identified by Ref. 1 as
parts of transient laser discharzes can nsst efficiently be derived from

“ZFZ' tetrafluycrohydrazine. At room temperature this gaseous compound is in

equilibirun with relatively high conceatrations of the difluoramino radical,

NFZ.IO This equilibrium can easily te forced in favor of NFZ production by

either multiphoton dissociation using IR laserll around 944 cn-l, or by ther- kS

A

ety
t

mal disscciation cf NZFQ through a heated nozzle. At nozzlc temperatures of

€

S00°K and pressures of 10.6 Torr total dissociation of NZFA into NFZ has been 4

raported.lz Since the highest dissociation yield for IR amultiphoton dissccia-~ ]

@ S .
AT Redan Y DAY A su cardi e,
. Yy . k ;

tion is 2 mere 20211 thernal dissociation appears far more attractive.

‘
\ ot

z Our design facorporates a passivated Ni nozzle which is resistively g
o heated. Gas is fed inte the nozsle by a needle-valve coutrclled foreline :
2 8
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wvhich can be passivated, evacuiated and purged independentiy from the sample

»

T
AR SRR A L A S

chaaber. This first design provad cuclessful in disso-ciating xZFA’ however,

at an unacceptable price. The high temparatare Ni rileases significant
amounts of impurities, from mass speccremetric date assumed to be S, which

readily react with KFé thereby forming a kigely undesirable form of molecular

3
L
i
i
5
3
kd
i

be=am epitaxy on the sample surfaces which are to be studied in their reacticms
with NFZ. Presently, an alternative is being explored of replacing the Ni
nozzle with a sapphire nozzle. ¥o results are available froa that source yet.

The radical NF which is expected to be more reactive than N?z nas in

the past more effectively bern geuerated by scavaginz one F atom from NF, with

the aid of hydrogen or deuterium. Such a process proceeds via formation of a

letastable HNFZ (DN?&) species18 whizh then eliminates HF leaving the NF

radical behind. For tais process to occur a sinple reactive flow systen13 has

< aid gy

ol

e

teer: shown vo entirely suffice. Note, however, that for each NF one HF is

geaerated and that H or D atoms are supplied in the £liow system by the well-

%

known reaction H2(32)+P -+ HF(DF)H. On balance one therefore ends up with

w v

1% SRy s e tE el e
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two HF's for each XF produced. Since it wouid be impossible to distirzuish

HF froa NF caused effa2cts by this method, the risk of observing minimal NF

£rert

contributions agains: the well known wet etchant BF maxe a different approach

1
aandatory. Collias and Husain’4 have photolyzed XNF, by illuminating the strong

TR TP gty s

absorption band at \ = 2537 i, theredby receiving F and NF in an excited state:
By passing the zhermal moleculars beam of RFZ :hrou;h the ceanter of a double
elliptical cavity, formerly used tc pump a rudby laser, the photolysis method
ient itself to easy adaption. The mzjor problem in this appreazh turnad out
to be Insufficient flux of 2537 i photons from the laser flashlamps. Tha

requirements posed by pumping a solid state laser differ from the present

requiremeat in the low repetition rate sad the spectral sutput which for ruby

X
3
:
b3
i
R
2
Z
E3
3
3
.

s e r . T o2 - - T
T : e o »,, o gt e W N -._".Wv O I N S S T Y
A = b x —t s — S



N~ WET AR ST e Bt e e R e R N N e e I,

SR

14

and YAG lasers can be totally void of UV. 3Similarly to flash lamp pumped dye
lasers, here a very fast risetime discharge is asked for. While the fast
risetime prevents the laser dye from duilding up a significanc pertion of non-
lasing triplet state population it also delivers a greater portion of the
lamp's output in the UV part of the spectrum. The more rapid heating of the

discharge plasma leads tc higher instantaneous plasma temperature and there-

. )
2

IR
e xS s

fore to a distirct blue shift overall. It was thus in our interest to modify

BAE (REALR 13

the laser lamp control unit for higher repetition rate and faster pulse rise-

{1 L

time. In the end, a whole new unit ahd to be built. This eifor: was a ore

SIRTE
N il

semester project for one undergraduate studeat who was awarded the "1981

.
TN e

Hewlett-Packard Undergraduate Student Award" for his successful completion cf

e

the project. His paper showing the detailed circuitry is attached as Appendix

A. The discharge lamzp body which, especially for operation at higher pulse

AN

T Tyresev iy YT m—— e gy
At

repetition rate (> 10C pps), has to be wa'.er~cooled is presently adapted to be

-
WAVIPH A

used with a vacuum beam line instead of a laser rod.
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RESULTS AND DATA INALYSIS

gy YK

Our etching studies on S:lo2 vere preceded by eguipmeat calibraticn

- experiments involving pure Si films on substrates identical with those that

;\!r‘:J'

LA

2 were later usec for Sioz. The 1090 3 filzs were evaporated by NWC and used
in our experiments as received. All etching experiments ware perfoimed with
the sample at room temperature with the exccption of a few heat pulse experi-

acnts intended to reveal intermediate reaction products through thermal desorp-

.
‘!
!

Ii, ticn. In these cases the sample was rapidly brough: up to 100°C by forcing
3 boiling water through the quartz crystal mount.

The kinetics of the XcF§151 systen is by now well anderstood.s Xel-‘2

~; disscciates upon arrival of the Si surface wherecby Xe desorbs instantly and
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the adsorbed F underzoes different types of chemical interactions with Si

b
o
A
b
«
I
g
1

ultimately forming SiFZ-like gpecies. At room tesperature these species arte

assumed to undergo a phase transizion ts Sifk at sufficient =ample coverage.

12 .2 e

e

SiFk then desorbs into the gas phase and is being monitored mass—spectrometrically.

ORI N

3 2 e s 5
G q\_{..jy_t“\ V‘ .? (S

On smooth Si fiims or Si single crystalline planes Sin formation occurs there- 3
fore at room temperature oace the F coverage exceeds a certain magnitude,

perhaps about a ncnclayer.s Note, however, that comparison of such single

W IR EATT ; ';‘ &

crystal observations with optical ceoatings have to be attempted with great

g éhe -

i

caution. Si films evaporated on silver-coated micrcbalance crystals by elec- 5

¥
-8
>
o

tron bear evaporation show unot only polishing irregularities of the underlying
substrate but a distinct morthology of their cwn. Figure 7 shews, for
instance, a typical, "as-received" micron sized fila structure of Si. It is
only with reluctance that cue would venture to extrapolate from single crystal
Xer etch yields, te explanations for the etch yield obtaired from a sample
as shoun above. The quantitative features of our XeFZISi experiments hive to
therefore stand on their own and mereiy form the basis for comparison with
approximately similarly structured silica films which were etched by the szme
method later on. We wiil return to a discussion of structural aspects after
quantitative measurements have been presented. As described in the previous
section “Experimental Facilities" geantitative etch measuremeants were per-
formed by simultarecus microbalance and mass spectrometric observations.

The agreement between the two observations was determined tc be not
better than 50Z. Suck poor agreerent is the tesuig of several hard-to-guess
quantitiea which enter the estimation of the mass spectroscopically found
etch vield. First, there is a small yet significant permanent background of
Sin with or without a sample present in the chamber. Whatever the source of

this backgrcund, passivation attempts as weil as atteapis to bake it away were

- B - cow .
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not successful. Since that background fluctuates, we were never gquite able
to identify whether or nmot tha background scales linearly with ambfent Xer
pressure. Secondly, the QMS source is located entirely out of sight of the
reacting sample surface. Volatile Sin molecules can reach its position only
after one or, for the majority of desorption angles. multiple collisions with
regidual gas molecules or with the chacber walls. It is not known to what
extent Xefz collisions with Sifz will reduce SiFa to Sil-‘3 and make it there-
fore appear as SIF; in the mass spectrometer. Nor is the pumping speed for
these species known for either ion or cryopumps. Furtherrcore, SiP3 may be
governed by entirely different sticking probabilities than the volatile SiF4
and may therefore get trapped at available surfaces without reaching th. Q¥S
jonizer. A censervative guess for all these intangibles leads to the above
menitioned factor of discrepancy whereby the mass spectrometer aiways indicated
the smaller reading. Next we will present iLe microbalance etch rate dats

for Si, SiO2 batch I and SiO2 Batch 1I. All films were e-beam deposited cn
sinilar vendor-supplied (DETEC) silver coated quartz substrates. The etch
rafe data are those monitored by the microbalance while the XePz flax is
determined by summing the Xe?++, xeF+, and XeF; nass spectrometer signals and
thereby finding the Xer partial pressure on an arbitrary scale. Note that

tke above mentioned discrepancies make an absolute calibration of the flow rate
in terms cf mcleculss per second, deduced frem the -iass specirometer readings,
somewhat questionable. We therefore plot in Fig. 5 the etch rate on Si

against an arbitrary-units limear scale of XeF2 partial pressure. We find a
well reproducible linear relationship between Xch anbinet pressure and etch

- 8
rate, in gcod agreement with previous measurements. Bowever, our measuvements

consistently indicate a slope of less than 1 impiring a slightiy higher reac-

e 3 s 48 o
tion probability for an otherwise identical first crder process. Whether
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this disagreement is based on fila structural aspects has not been clarified
yet. In Fig. 6 we display the diffarence in etch rate between Si etched by
Xerz alone and Si etched by ion-assisted Xer, i.e., without system backfill

the fon gun was operated cn the ambient residual gas at 400V anode voltage

while Xer was continuously reacting with the film. Due to the fixed spatial !

crientaticn of our system componeats it was impossible to carry cut in situ

an analysis of the true ifon beam composition incident orn the sample. Takiug

the fractionation ratios from our quadrupole mass analyzer ion source as

e +
a guideline, one has to expect the ion heam to cozprise mostly XeF , XeF ,

[XE 2TV IN 2 ) 3 R P,
reakmen w% ot ‘4""“"“7\««-},4;,. Ye ’

ard less than 15 Xe?;. With the composition cf the bomtarding beam loosely

defined we fiad the etch rate increasing by about an order of magnitude from

[E AL 00 Py By,

its value without the ion Leam present. This increase is again somevwhat

larger than praviously observed by Coburn and S'intetsl5

.
ARRHEEFEA T e

who observed an

P

increase by a factor of 6 to 7 under Ar+ ifon tombardment. The small discre-

AN PNEEYN Qi

pancy may be attributed te the mass difference of the incident ions in our

it g
re A Y

+
experiment and the reactive nature of XeF versus the inert becam of Ar used
<

in Ref. 15.

5102 experiments with Batch I sampie opened with a stunning surprise.

Contrary to earlier claims

a5y

1516 hae $i0, remains unaffected by XeF, without

PSSR L RS S I

st i) V"""‘.‘f
.

additional stimulation by incident ions, photoms or electroms, the Batch 1

that for the first ccuple of samples instru-

AN

films reacted s readily with XeFZ

reat malfunctioning was blzned for the unexpected "etch" behavior. However,

A ST e
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Auger analysis of ore unexposed saxzple and of several exposed Batch I samples

Such

e

1
B

showed relatively large C conceatrations in the films or film residues.

Structurally, fiim

iarge C conceatrations were not found in Batch Il saaples.
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ity

residues of the C contazinated samples resemble a speckled surface with spots

-
A )

of silver shining bluish where the polycrvstalline film had been reszoved.
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The remaining crystals of Batch I were checked for consistency wicth the rest

of Batch I without any intent of detailing the role which carbon plays as aa

impurity during the etching process. Sinée areas of the etched films a2ppeared

_—
DA Ae L

seemingly unetched under examination by optical microscopy local carbon

TR (AL VLN
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aggregation, if carbon is irndeed faciiitsting etching, must have occurred

s

¥
Py
bt

during evaporation or handling and transport and would have made the issue

) not only one of bondinn-state chemistry but also one of bonding site. Without

SR,

preeaptying our discuscion on surface microscopy it should be noted here that

(i P
22

A ML

future studies of optical film etching will have o concentrite on structural

.
HAARLE

aspects with greater dedicatior than was considered prudent vp to now. This

72 BV s

is true also for films without major impurities.

R Ry

E z Batch 1 Sio2 films were immadiately upon arrival Auger analyzed for

evidence of ixmpurities. Xone were found. Subsequent exposure to XeF2 led to

R TR vy S

H : initial £i{ln building, as ciscussed for pure Si films, and ns etching. This

lack of chemaical activity waz confirmed by both the microbalance technique

AL

g

and the absence of above-ncise signals for Si?x {x = 2,3,4) in the residual

gas spectrun.

re y
F,
-

: . A trial with fluorine atom etching (as opposed tc XePz) did not show

N3/3 L
AT

any measurable mass removal froz= the microtalance crystal and no visible
chemiluminescence was observed. This is in countrast to recent published

results of Si "gasification" by atomic fluotine.17 Whether only th. dif-

(AR
3

- ference in F flux, the dissociation apparatus of Ref. 17 is operated at 1 Torr

AL .

while the WSU device produces--without the added pulsc-mode feature descrides

AT 5 IR e <18 38, Arrav~s g od o eilwq. oy
,
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i
in Section II “Experimental Faciiities"--about 108 F atoms/c™ sec, or
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whether other differences are cause for this discrepancy is presently still
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under investigaticn.
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ved without the ion beam. It is remarkable that etching proceeds at 2 rather :

) 13 é
.%h When the Xer flow rate is kept fixed so that the total system pres- é
;‘ sure is maintained at 5 x 106 Torr and the ion gun is turred on without any é
.? further system backfill by Ar a very smail fon curreat can be produced and §
;: made incideat on the 5102 sample. Even at ion current levels of tens of %
,;: nanoamps, i.e., well below the 0 - 1 uA dynamic range of the measuring instru- %
i - :
Ev ment, etching of Si0., Batch II samples takes place while none had been obser- ;

LD

rapid rate under that condition. At 400V ion energy the rate fs 2 x 10.8 g/mia, é

AT A

as deternined by microbalance mass loss measurement, and is comparable with

:;(5; ur_\‘h"

the etch rate fovnd for pure Si films under similar conditions. A few data

R

points exist showing a weak dependence of etch rate on incident fon energy

Al ¢

but more data cver a wid~~ -z __gy range will be required to firm up that

conclusion. The etch rate enhancement can easily be documented by misdirec-

iR\t

ting the ion bear to cover omly part of the sample surface and thereby crea-

ting an imbalance in film removal which can be noticed by bare eye after

prprr Tttt Neet
v

removal of the sample from the chamber {see discussion regarding Fig. 11).

A7 10%
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Turning now to the structural features cof filn etching we note that

RpETIE RN

3

our previous discussion had suffered from the probiem of comparing single

X0 L

crystal or homogeneous film etching with results from highly structured £iims.

sEy

We will acw attempt to speculate con a3 relationship betrween that structure and

o i 1 g p ARy e

"&

observeu etching. Since the program was initially not specifically aimed at

B ot

this problem area the investigative tools were naturally limited in scope. We

used optical microscopy during etching and, after gold coating (~150 3) ali
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dielectric films, scanning electron microscopy for conparison of etciied and
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£ 3 as-received samples. There is one major concern with high energy electrons é

3

of 20 keV interacting with dielectrics such as Siez. It is well known that ﬁ

I,

Auger analysis usitg far lower energy electrons changes surface stoichiometry
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in §30, and that, in spite of a thin gold cover-film, alkali halide films }‘
32
structurally disintegrate under scanning electron beam bexbardment. We have 0

NRTEIET

not Iinvestigated to what extent the present samples are subject to sicilar

)

in

structaral modifications during analysis. We are, however, convinced that

:
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st a3

any such effect cannot satisfactorily explain sobserved differences between

,g"\

etched and unetched surfaces. We presently attespt to eliminate any uncer-

i

sl oy

¥

tainty in this regard by carboa replicating sample surfaces without losing
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essential resolution. All pictures shown in the following were taken of

9
oYy

s #
R

original, unreplicated surfsces.
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In Fig. 7 we present a 2000X magnified, as-received Si fiim that g

tlearly shows the wide variety of features and characteristic scale leagth

dess iy, #y \qu)w i
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structures which make apparent the aforemeanticned problem of assuming single
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crystal behavior. We have not investigated a film-frea guartz crystal sur-
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face for comparison but presume thai a film of not more than 1000 i thickness

.'“‘

will generally follow the underlying substrate structure even if nucleation

v
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droceeds unevenly across the surface (and may thus accouat for some of the

s o A AD AR g3
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observed structure}. For ccmparison we next show a Si0, Batch 1 film in its

evt 4
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unetched (Fig. 83) and etched (Fig. 8b) topography. The unetched £ilns show
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no signficant change in morphology frcm the one observed in pure Si filne and

o
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e are mostly following the underlying substrate structure zs above. After
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etching, however, the original average micron size scale structure is found

e
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to have turned into globular features which consist overshelmingly of Si02

vith C as only major impurity (as measured by Auger analysis). A larger

Keo o hottigr d
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surface area than in Fig. 8b is shown in Fig. 9 waere the wide sprezd in
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globular size distribution becomes more apparent. We have nst yer investi-
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: gated the possible mechanisms for the formation of spherical globules under
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- the influence of an etchant. One suggested hypothesis speculates that the
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silicon-oxygen stoichiometry changes frem SiO2 to Si()x around the edges of

WS s tow it ons

scales similarly to grain boundary chemistry effects of polycrystalline bulk

{

materials. 7The change in stoichiometry is accompanied by the appearaace of

Aty vt

unsaturated bonds or dangling honds which offer readily available adsorption

o A sk

Furthermore, defect states associated

wyen
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states for the etchant to latch on to.

i
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with dislocations or edges will act similarly, dirzcting the etch process to
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proceed frox the scale edges inwardly. Why the spherical glcbules attain

viihs

their sigrificant shape as their final, energetically preferable form is not

R
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known, nor is it certain that they naintain long range srder throughout.

A

n

is conceivabie that they become glassy, i not throughout, then at least

around their surface. We have refrained frca analyzing this problen so far

for two reasons.

-

Although similar etching topographies were found in Batch Il sampies

v

and cannot be disregarded mrely as impurity caused aberraticas, ne resilts

are available for etch topographies by agents other than Xer- The globules

P osvmena e ok Wa e gt ¥

are not vet a comeon feature of $iJ, films etched by any other fiuorinated

-

agent.
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Second, glcbules are found to extend over a size range from 0.1 ro
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1.0 microns. Crystallegraphic analysis of dielectric particles of that size
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requires tools of formidable complexity which none of the iavestigators cn
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There was a great deal of reluctance

e

this contract has preseatly available.

Wiowclaiees
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about entering into difficult exreriments which later may prove to de cf

AL,
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only marginal importance, if no gloduids are found fer other etchants.
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tch 11 Sisz filns diéd not contain C

Y A

As was pointed out before,
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Nevertheiess, globular etch
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impurities cr zny other noticeable impurities.
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: . morphology was also found there. Ia Flg. 103 an unetched surface is compared ‘?
% P, with an etched surface (Fig. 19b) exposed to XeF, only ard an etched surface %
it & ~
p !
oL UL I - : R
— - — —— . e e "“i: ;t“




P Ny - . g - ‘o = - tA . ;- "
Parars - - — - ~ SR e - - N e e e s . '
N Ser - o A B OCI-e D) 3 IS e o MRt e o e e e ANy
- Y ha T R R
M

S

the picture we note the lack of striztion in the underlying silver film

i, “:tl‘ .

(Fig. 10c) which was simultaneously treated by ion bombardment and Xer.

2 The ion energy was 400Y. The images of Fig. 10 represent eacg a difﬁgtent

% crystal surface. While Batch I sampies turned into densely covered glcbule ;

:% fields Fig. 10b clearly shows a mere onset of globule formation in Batch Il :

éﬁ samples under similar conditions. With additionai ion impact the combined Lf
3 E? effect of physical and chemical sputtering lead to formation of globular ;'
;) } clustars of smaller sized globules. The average globule size is reduced to Z
?f 2 greatly less than 1 ym. Again, the detailed mechanism for this effect is ;i
E? é; presently mot understood. %
j ' Finally, in Fig. 11 we present the case of a Batch II Si0, film vhick
,; %é was only parcially covered by the ion beam. Aside from the clearly noticeabls %?
; %; demarcation line between ion expcsed and unexposed areas down the middle of !:
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P
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structure which was a dominant feature in Fig. 10c. 1In this case also the
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globules aggregate iess and are of larger average size than in the compsrison

e
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case. On the other hand, the unexposed areas in Fig. 11, left of the demarc-
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ation line, and in Fig. 10b resembly cicsely identical conditicus. We are

i,
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not yet prepared to identify the reasons for the obvious differences in morph-
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ology in the ion bombarded zones. All experimental parameters governing

-
F
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A

exposure iIn Fig. 1Gc ancd Fig. 11 were kept constant.

n

At this point in the experiment we can summarize our findings as
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1) E-bean evaparated SiO2 filps become much more susceptible

to lasing medium erosion with impurities present in the

|1 ALY [

file, as substantiated for C.

S0 s Tk g i, ‘L o i

1i) Impurity-free SiO, films, prapared as for poirt i), etch

barely when exposad to ¥et, only and etch not at all when

A s v

interacting with atomic F. Tie latter £fitding is, however,

highly tentative at this ti=me.
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i11) Acdditional ion bombardament at relatively low fon energies

(<100 1:A) greatly cahances the etch rate cn ciean Sii)2
films.
2w} Temperature effects due to substrate temperature between

roosm temperature and 109°C are insignificant.
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In addition to the continruation of SiO2 studies, quantitative studies

will get under way involving Mng and possibly cryolite and A1203. These

films will again be analyzed by the crystal microbalance technique and Auger

spectroscopy. However, more work will have to be done on determining the

structural properties of films and relating these to the survival of films
under X<F., F, and NFx attack. It has become evident during the first phase

of this work that the maximum pay-off for this program will not be achieved

To that end, optical-quality

without a thorough analysis of this relation.

surface quartz crystals will be employed as microbalance deposition substrates.

8102 film surface roughness features which so far had to be attributed to the
Different deposition techniques

ARy T

underlying substrate will thus be eliminated.

are presently under discussion and will be tried as far as the financial and

1 S de i R,

manpower framework of this program permit.

Certain steps in the reaction kinetics of XeFZ with Si0, which have so
&

5
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far remained without explanation, i.e. the eariy phase mass deposition problem

Completion of this experimental

i it Al

¥ ey

discussed above, will be approached by SIMS.

TR

facility has therefore acquired top priority.
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Eventually, multiiayver structures and the importance of certain film
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impurities will have to be iavestigated--multilayer structures for their

o

g 1044

obvious practical significance and impurities for providing chemical stability

e

P10

criteria which permit establishment of purity standards for coating materials.

Studies of synergistic effects will continue to play a crucial roie.
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Ztch rates by Xer, F, and SFY will bte determined as function of current
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density of concurrent incident electron or ion currents. Similarly, effects
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of 354 nm trinled §d3+:YAG tadiation on etch rates will be analyzed.
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Figure 1 a) Block diagram of the discharge RF oscillator pulsér. The
switching stages are floating and are actuated by optocoupler

elerents.

b) aud c) Circuit diagram of one isola:ed'optical switch with
£loating supply.

Figure 2 Circuit dizagram of fon source filament current interrupt device.
To iso0late the control transistors from ground their base bias is

adjusted by a T1L 112 optocoupler.

ryrae

Figure 3 Schewatic of the turbopump coatrol circuit.

1 = ALCATEL mechanical forepump
2 = Forepump conrtrol ralay

3 = Common circuit breaker for forepump and turbopump
4 = Turbopump circuit breaker (8A)

5 = Turbopump motor

¢ = Turbopump contucl relay

7 = Valve control

8 =» Cooling water flow switch

9 = Hegter control relay

15 = Heater

11 = 110V to isolation transformer

12 = Manual heater switch
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Cross sectional drawing through 2lunina RF discharge vessel. The
Macor ceramic iumsert originally used has since been replaced by
an alunina piece with a 1/16" channel terminating iatc a 0.006"

orifica.

Figure &
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Typical XeF; caused etch rate from SiOp versus XeFp partial pressure.
The etch rate is measured by a guartz crystal microbalance. For
compariscn etch rate data froa Ref. 8 following 2 slope ¢f 1 are

added.
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Figure 5
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Comparison of jon enhanced and pure XeF, etch rates on 1839 Asi

Figure 6
fijms versus XeF, partial pressure.

Figure 7 Morphology of 1080 i e-bean evaporated Si film (magnification 20660 ).

Fatch I film at 3000 X magnification.

R TR ikt A

Figure 8 a) As-received 1630 b Sio2

§on

b) Batch 1 Si0, film after =xposure to pure KeFZ. Note spread in
size distribution armrng SiO2 globules.

Figure 9 Same surface as in Fig. 8b at 5000 X magnification.

2>
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Figure 10 a) 1000 & Si0, Batch II fijm as-received. No signficant structural
proparties difforent froa Batch 1 films as shown in Fig. 8a.
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b) 2000 X magnificarion o? IiC
1

]
Xe?z. A mere onse: of globuie I

Batch I1 {ilm afrer exposure to
crznation is observable.
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=4 c) Similar Batch II 5i0 £1lm as in Fig. 10b but after concurrent
E: etching by Xel-‘2 and iow energy {400 eV) ion beam.

4 Figure 11 2000 X magnified Batch II Si0, film surface after full surface

= exposure to XeF, and partial (right half of picture) exposure to

£ jon beam cf 400 eV.
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Introduction:

Efficient operation of flashlamps is crucial in many scien-
tific and technological efforts., Currently, the must prominent
applicaticns of flasﬁlamps are in flashlamp pumped, pulsed solid
and liquid lasers, in photochemical technology such as the curing
of resins and in pulsed warning beacons for narigation. Cbviously,
different applications require different flashlamps and different
cperating conditions for optimum performance irn such devices.

In the case of vhotolytic dissociation of molecules or
pumping of solid state or liguid lasers, the flashlamp functions
to provide sufficient cthoton flux in that part of the spectrum
which is most réadily absorted by the molecule of interest or
lasing ion, The corresponding absorption bands or lines are usuvally
fairly narro¥, making the flashlamp with its broadband placke-
body output a pooriy tuned scurce. In order to erhance fiashlaxp
emission into respective fixed absorpticn kands, one may choose
a proper flashlamp gas which, when suitably ignicted, will emit
a strong characteristic spectrum in addition to the smcoth black-
body output. Choice of the gas will te dictated by the match be-
tween characteristic emission iines and the tes% moecule's absoryp-
tion bands.

Very often flashlamp pulses are also required to provide fast
risetimes. Cormmonly these risetimes are of the order of 10'63.

If shorter risetimes are mandated by the particular application,
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a well designed discharge circuit for the lamp must minimize
the inductance in all circuit components. In the ultirmate de-
sign, the flashlanmp itself is the principle inductive eierent,
The purpose of the effort described here is dev::lopment
of a fast discharge circuit for photodisscciation of halogen
bearing rnolecules and investigation of effects caused by the
chemical radicals resulting from the éissociations The overall

effort is still in progress and this repcrt focusses only on

“‘.

!

the hardware developzent.

o

AR

Suggested Solution:

s

During a regular discharge the sszlf-inductance of the
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lamp is initially high because of a small current fiiament

(also referred to as a streamer) alcng the tore of the lamp

wnichk develors first, This large initial inductance czan be re=-
duced by contihually simmering the lamp and slowly prepulsing
before the larger portion of déischarge energy is applied. The
effect of the prepulse is to facilitate a cortrolled reducticn
in lamp self-inductance, AS long as the pulse repitition rate

on the lamp is icw, the minimum in self-inductance will be

T T

achieved at a certain, experimentaily determined {(Ior each par-

s

ticular lamp), enhanced simmer or prepulse current level, If the

ey o cong Ay g0

main discharge is initizted at precisely the time this minimum

—r
2 egasne g,

ia self-inductance is reached, the risestize on the main discharge

R T

will steepen. In additiorn, the light cutput of the lamp will ine-

créase not ornly in total, but primarily in the characteristic

by STay e res b
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portion of the spectrum. The latter will predominantly act as
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stimulus in the desired photodisscciation,

Experimental Approach:

Thne flashlacp employed in the Washington State University

i preg et

apparatus are commercially available, Xenoa filled, water-
cooled lamps of three inch arc length and 4 =m bore diaceter,
Sirce the lamp drive circuit has to provide three functionse=
continuous simnmer, enhanced sizmer, and main discharge--the

circvit parts responsible for these functions will be described

gy, AR U ORI IR DI AY

separately, Two lam=ps will ultimately be operated in series at

a maximun energy dissipation of 1C J per pulse per lamp. 411

RV xﬂ\'ﬂ\\ &

t

circult pairts have therefo.e been chosen with this specifi-

AT

4
AL oL

cation in mind.

ol e

A further, economical constraint on the design limited the

DC power supplies for execution of the three previcusly =en-

RO AR

tioned functions tc only one supply. This supply has a current=-

TONPHICLES

rpeiie

stabilized continuously variable vcltage output of C~20CC V

NS 1

with currents up to 1500 mA over the whole voltage rangee.

haRt )

A generzlized block diagram in Fig. 1 shows the separate

e W

po¥er switching modules connected to the singie powsr supsly.

Kph) o

1) Continucus Sirnmer:

ARG

A gas discharge is a non-ohmic load. The voltage drop

across one of the lamps in the %SU circuit was found to be iess

. ]
et A

= than 250 V at 100 m& curreat and around 300 V at 50 =&, with

both measurcrments done in the same ignite-squeich cycle. it

- was also found taat below 350 md2 the icnization in the laxv re-

o heesares o aa o uin oy
-~y

" rains nonself-sustaining. In deternining the optimum Z{ simzmer
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- current, one has to decide between the trade-offs cf high

encugh current to mairtain continuous simmer operation and

low current to reduce electrode sputterirng and increase lamp

N

lifetire, A current of 50 mA was chosen, It is provided by

Yt

the 2 kV power supply thrcugh a pair of wire-wound bailast

YRS

resistors totalling 25 xf . A high voltage diode (MR 250-5)

PRYAINNY:

(3

is used to suppress high voltage ringing from reaching the

. N VOO
SRR S AN

B

power supply if improper discharge should cccur.

CASASE L RS RO,

. Before any continuous simmer current can be e¢stablished

R TR
o

Y
Al

through the lamp, an initial ionizing event must be generated.

Usually a three inch bore length Xe lamp does not break down

AORIZL T
V3

if a =ere 2000 V is applied across the electrodes, 4 field-

Yy m\'«\s,"‘

ionizing pulse of several times higher voltage has become the

customary procedure ian initiating discharge in suck lamps
under these conditions. Such a pulse is usually (and in the
device described here) generated through a low inductance,
high voltage trigger transforzesr. in accordance wiih lamp mane

-

ufacturert's specifications, a so-called series-injectior trig-

E T ST wa VTN Ky g b i f UL ey et s Rt b py e a2 it

ger configuration was cnosen, In this mode the trigger trans-
former secondary side is an integrai part of the discharge

circuit as skown in Fig. 2, The mezin advantage of this trigserirg

-
=3

atAegysu, ik Erd B W

mode lies in the lower trigger voltages reguired and thus in

.

the diminished danger c¢f spurious high voltage pulses lezking

LI ALY

into and cdestroying components in other discharge unit modules,

iR tafraTe T A e (R e Al S

T e L P f e i A

o= . The trigger transforrmer primary side is fired ranuvally froxm

the flash unit front panel control.

.
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2) Simmer Current Enhancerment:

In Fige 3 the control of the simmer current enhancement by

AT G

a SCR (50 RAI 120) circuit is shown, Since high forward vol- -

R BN

tage, fast risetize, economical SCR's are just beconring avail-

RGO 14T R

able, a design could be foliowed which uses two 1000 V SCR's

in series., Both SCR's are being triggered with negligible jit-
ter by the same external source, To isolate the trigger source
from the high voltage section a double secondary 1:1:1 trigger

transfermer is employed: & simple resistive voltage devider as-

TAR IR 100 P R £ ATE ) RERY O 40

pe

sures a voltage balance across each SCR 25 a protective measure.

yrg
2

In the same vein, a group of fast turn-on Zener diodes (IF 5113)

¢

together with (IN 4249) rectifier diodes protect each SCR gating

WA T

Arpras

circuit from overvoltage and reverse bias pulses. Unfortunately,
the benefit of protection by the transformer comes at the experse
of an additicnal power supply required to provide sufficient
pulse power for the transformer primary side. in operating vol-

tage of 60 V in that current was found sufficient for reliable

2
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trigger operation. is an additional rrotection, the external trige-
ger source is entirely decoupled frox= the whole discharge con-
trol unit by a TIL 112 optocoupler. Prototype testing ciearly
indicates that such protective measures are reconmended.
3) Main Discharge Circuit:

After the enhanced-sizmer SCR's turﬁ onsthe current in the
flashlarmp increases from 50 mA to 3 A& in slightly less than
1004 s, At the high sirmer current, the current filarment is

assumed to fill the entire bere of the lamp. The siow risetire

5=

e e ——
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is set by the presence of the inductor. It not only allows for
a steady reduction in lamp self-incductance but for sufficient
switching time in all componerts of the main discharge trigger
circuit.

As main discharge switching elerent a fast risetire,
hydrogen filled thyratron (EEV CX 1571) is employe?. The tube
bias circuit is show=n in Fig.h. Since the on-state resistance
of the tube is significantly smaller than that of the sericse-
pair SCR*s, the tube, ornce it is turned on, essentially shkunts
the enhanced simmer,

The enhanced simmer current is driven thrcugh a 18, 25 ¥V
sensing resistor, the voltage drop across wshich is probed by
a 1% Zener diode. As soon as the enhanced simmer current ex-
ceeds 2.8 A the Zemer diode turns on, thus bringing the photoe
coupler TIL 112 to the on state., As showr in Tig. 5, this se-
quernce results in discharging the RC network through the trig-
ger transformer TR131 which, irn turn, applies a gating pulse to
the thyratron.

Present Project Status:

The project is presently stiil incompiete, However, al
hardware elements have been built and modified in acccrdance
with inmprovements mandated by breadboard tests. The entire con-
tinuous simmer module, the sirmer initiation module, and the
simmer enhance module are operating reliably. Debugging efforts
presently concentrate on the thyratron trigger module where low

voltage leakage and high voltage flashover problems have been en-

counterad. Further improverents in tnis module will be forthsominge.
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FIGURE CAPTIONS:

12 Schematic discharge block diagram of modular

approach
to problenm,

Fig. 2: Circuit diagra= of initial continuous simmer initiation
rodule,

3: Circuit diagram of SCR controlled enhanced sizrmer moduie.
Fig., 4: Circuit diagram of thyratron bias network,

Fig. 5: Circuit diagranm of thy

ratron gate trigger circuit in
main discharge module,
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