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ABSTRACT

A novel technique for building disk lasers is described
which offers considerable simplification of their design. The
" laser disk is bonded into a glass holding ring with Teflon FEP
cf i lmee T apering the mat1ng surfaces of the disk and disk holder
not only makes assembly possible but also minimizes the effects
of different thermal expansion coefficients of the two pieces.
Calculations of the maximum fabrication errors and bonding
pressures indicated that the technique was, indeed,feasible.

A H03+:L1'YF4 disk was bonded into a glass slide, verifying
these preliminary calculations. Measurements of the trans-
mittance of the bonded surfaces indicate that a very low loss

interface is formed due to the nearly equal indicies of re-

fraction of the Teflon film and glass or LiYF4.
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TECHNICAL REPORT SUMMARY

A summary of the work performed on the "Disk Design for
Segmented High Average Power Ho3+:YLF Laser" program Contract
| No. N0O0O014-72-c-0137 is presented below. The goal of this part
of the program is the demonstration of the use of FEP Teflon as
a bonding agent between the disks of a segmented Ho3*:YLF laser
and the individual disk holders. A disk laser will be built
under this contract employing the above technology to verify
the expected operational improvements of such a laser using
the disk-holder assembly building blocks. It is expected that
this approach will lead to the elimination of stress induced
polarization rotation and "edge" effects from radial heat
transfer to the circumference of the disk and result in an un-
distorted beam for high average power crystalline lasers. In
addition, this technique will permit the laser designer more
latitude in selecting different material properties for the
disk holder since he is not required to match the coefficient

of expansion of the laser disk and laser disk holder materials.



Initial bonding experiments were simulated utilizing glass
disks in glass rings as a preliminary to bonding a Ho3+:YLF
disk in a glass disk holder. By tapering both the disk and disk
holder slightly on their mating circumference it was determined
that the effects of the difference in the coefficient of expansion
of the materials in the disk and disk holder can be minimized.
" These tests have been quite successful resulting in a bond which
is stronger than the glass/glass assembly. Furthermore, the
transmission through the two bonded surfaces has been measured

to be greater than 90% and limited by the reflection losses.

Further bonding experiments with YLF have been equally
successful. The YLF crystal withstood the heating and cooling
cycle required for the bonding process with no signs of damage

and residual stress whatever.
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The two aspects of this program which have been essentially

completed are:

1) The design of the disk laser, and

2) The development of a technique for bonding
the disks into the disk holder.

Calculations leading to the design of the Ho3+:YLF laser

are being performed in regard to the following items:

1) Pump lamps and expected pumping rates
2) Disk dimensions

3) Cooling and related problems

4) Pump cavity design

5) Gain and output power density

6) Ho:YLF disk amplifier design

Due to the complicated interaction of Erbium, Thulium and
Holmium in this laser material, only the maximum and minimum
values of the optimum doping concentration are being calculated.
Therefore the above design parameters are being calculated on the
basis of a doping concentration which fell between these two

limits.
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1.0 INTRODUCTION

One of the important problems of this program was to
~find a techn1que to bond the disk to the inside of the disk
.holder using Teflon as the adhesive. A solution to th1s problem

ﬂ1s the tOpJC-of this report.

- We shall begin by discussing the technique for bonding with
Teflon ffP film. The particular technique for bonding the YLF
disks Wwill then be. presented. Calculations of the required
disk shape“and ring material'par&meters are given as weli as
| fhe re§u]tsnof an experiment where a YLF disk is bonded into

glass slide.




2.0 BONDING WITH TEFLON FEP FILM

Bonding with Teflon is actually a straightforward process
for flat surfaces. A piece of Teflon film is simply placed
between the two-surfades (Figure 2.1). The two plates are
heated and pressed tdgether. The temperature of the plates
must be high enough tomlt the Teflon (550°F) and the pressuve
high enough (- 100 PSI) to force the melted Teflon into the
surface of the plates. Once this combination has been achieved,

the plates can be cooled and the bond is complete.

"Bonding pf a YLF disk into a holding ring requires pro-
vision for estabTishmént of a diametral pressure between the
two components. Normal "shrink-fit" techniques, that use the
thermal expansion of the materials by differential heating or
because of different values of thermal expansion, is inappro-
priate forI;his appljcation because of the small gap that could
be provided; A small taper on the mating surfaces, however,
will permit assembly of the disk by axial loading during heating

~ (see Figure 2.2). This permits the bonding pressure (normal to



BOND1.. TEFLON FEP FIiM

HEAT & PRESSURE

b

<¢— PLATE
< TEFLON FILM
+—PLATE

HEAT & PRESSURE

Figure 2.1

-3—



TECHNIQUE FOR BONDING THE YLF DISK INTO A HOLDINé RING

Ho:YLF pisk.
?- TEFLON FEP FILM

-
Q \:\\\ A \q\\.-q'nsx HOLDER

WEIGHT

Ho:YLF pisk

FILM =

7]
[ o

lk~--|=LA1:-' SURFACE

//j

\\\\ \\\ AFTER HEATING

Figure 2.2



the surface of the disk) to be Produced by merely Pushing the

disk into the holding ring. As will be shown below, a weight

of under five Pounds is sufficient to produce the required bonding
Pressures normal to the conical surfaces. The radii of the disk

. and riag should allow some room for the two to settle together

as they are heated.
The advantages of this technique are:

1) Problems associated with thermal expansion are
eliminated, since the Teflon is soft and will

deform and flow under pressure;

2) An easily controllabje bonding pressure can be

applied during heating and cooling of the assembly;

3) The tolerances of the radii and cone angle of
the disk and ring are not too stringent, as the
Teflon film will flow when melted and wilj fin
in places where the disk and ring do not conform

well to each other. '

The disadvantages are limited only to fabrication of the

two matching conical surfaces.



3.0 FABRICATION TOLERANCES AND PROCEDURES

Fabrication tolerances for the ring and disk are estimated

" below. Three tolerances are discussed:

1) The mismatch of the cone angles of the hoiding

and the disk;

2) The maximum error in the radii and their effect

on the final assembly;

3) The maximum thermal expansion which the teflon
can accommodate before undue stress or breakage

of either the disk or ring occurs.

Finally, suagestions for fabrication of a disk/rina assembly

are presented which should assure a good fit.



3.1 MAXIMUM ANGULAR MISMATCH OF CONES

Assuming the radii at one end of the disk/ring assembly
are cut properly, the maximum angular mismatch can be es-
timated by setting the thickness change (due to thermal ex-

pansion) of the Teflon during the heat bording process, §,
| equal to the gap created at the other side of the disk (see
Figure 3.1).

Thus

Ap = -Q.COs B 8

h sec o h sec o

If t is the thickness of the film, then, since the total
Tineal expansion of the film upon heating from 50°F to 550°F

is about 10% (see Figure 3.2).

§ = 0.1¢
For small angles,
0.1 t
U

A ten mil thick film will be able to accommodate an angular

mismatch of



ANGULAR MISMATCH OF THE CONE AMGLES

Figure 3.1



SHRINKAGE Vs. TEMPERATURE
500 “TEFLON" A

12
10

% SHRINKAGE
[}

6

4
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60 100 140 180 220 260
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12
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% LINEAL EXPANSION
o

!

50 100 150 200 250 300 °C
122 212 302 392 482 572 °F
TEMPERATURE

Figure 3.2
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Since the cone angles can be lapped together to an angle
closer than 0.6°, the Teflon will certainly be able to take

up any mismatch which should occur.

3.2 MAXIMUM ERROR IN RADIUS

Assuming now that the cone angles are equal, th2 maximum

error in the radii of the disk and ring is simply (Figure 3.3)
Ar = Ah tan 6.

Presumably a maximum tolerable value for Ah can be determined
from cooling considerations where an edge might cause a stagnant
pocket of coolant over the disk. It should be noted that the

radii must be made fairly accurately since tan 8 << 1 and Ah
is small. If, Ah = 0.0lcm, then

Ar = 10'4cm

It might be easier to repolish the YLF disk/ring assembly after

bonding to assure a small Ah.

-10-



MAXIMUM ERROR IN THE RADII OF THE DISK AND HOLDING RING

RADIUS TOO LARGE]

\ /

\ ‘f '-—_-L—-—M'I

—"/'I./‘___J_-T
RADIUS TOO SMALL

Figure 3.3
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3.3 THERMAL EXPANSION CONSIDERATIONS

Thermal expansion Poses a potential problem sincé the
YLF disk/glass ring assembly hust be heated to around 550°F
to melt the Teflon film. The film, however, can act as a
buffer between the disk and the ring which will prevent break-
age of either element. The change in radius of the YLF disk
and the glass holding ring is computed below for a temperature

excursion of 550°F,

The gap between the disk and‘the ring (which is filled
‘With Teflon) has a width (see Figure 3.4)

= T - | J
94 Rr] rqz t sec ¢
at room temperature. At elevated temperatures

9 = (Rpop, = rgqaqglaT + g

-12-



DEFINITION OF DISK PARAMETERS USED IN THE CALCULATIONS

{wexeur. F (LBS.) °

INAL THICKNESS t'

j\.

PRESSURE., P*}
(LBS./INz)

Figure 3.4

©-13.



where aTris the thermal expansion cpefficient fon the ring
("r") and arq is the thermal exnansion coefficient fonlthe
disk ("d"). Since |

Ry = ra1 * 9,
at room temperature.
Then

9 = rqylap, - apg)aT + g (1 + aq AT)

at elevated temperatufes. The change in”the gap width with

temperature is, therefore,
A _ g - go o -'- .
oif = = - Farlory = ag) * ggar,.

The Teflon fi]m has even more pronounced therma] expans1on
characteristics than either the ring or. the disk. At 550°F it
will have expanded to about 111% of its room temperature thick-

ness. Such thermal expansion can only bé'obserVed after the

*See Figure 3.2

-14-



res1dua] shr1nkage of the materia] has been removed when
Tef]on film is heated and cooled for the first time res1dua]

shr1nkage occurs. This shrinkage happens because stresses,

'*'estab]1shed 1ns1de the film during ts manufacture. are re-

moved. Once res1dua] shrinkage has been removed, the normal
sftherma] expans1on propert1es of the film a]]ow its expan51on

“and contraction W1th temperature to be computed

!
e

When the Tef]on film has 1ts res1dua] shrlnkage removed,

its thermal expans1on coeff1c1ent. Orrs is, approx1mate]y,
apr = 330 x-10‘6/°c
T 0. .

3.4 RESIDUAL STRE§Sf6N,hoog;jguguhArugg BONDED DISK

The tensi]e stress on the disk is. readi]y eva]uated from

the therma] expansion coefflcients for the ring, the Teflon and

‘the d1sk when the tensile stress is known as a function of per-

cent e]ongat1on The tens1]e stress is qiven in F1gure 3.5

as a function of percent e]ongation,

'The percent elongation is easily ca1cu]ated“from

-15-



Figure 3.5

*

TENSILE PROPERTIES VS, ELONGATION
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e = [RR(300°C) o RR(25°C)] o [Rd(300°C) - Rd(25°C)]

- [g(300°C) - q(25°C)]
] -

Since

RR(300°C) - RR(25°C) = RR“TRAT = ,00309 RR (window

Rd(300°C) - Rd(25°C) = RdquAT

g(300°C) - g(25°C) = 0.11g,
and
RR = Rd + g (at 300°C)

then

25
" 25 Rd (1 + utgiT) + 1.11¢q

R

-17-
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= .00267Rd
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Thus

Rp - R, - g
N R d
g
Rd(l + aTdAT) + 1.11¢g “R - g
(1 + aTRAT) d
e =
g

Rd(aTd - aTR)AT + g(.11 - arpAT)
(1 + aTRAT)g

Since arp AT << 1 and letting g = 0.01cm, aT = 300°C,

Rg = 1/2cm and ary = 0.3 x 10°8/°¢, then
e I (2643 - 150 a.y) x 1072
_ R

allows the tensile stress to be estimated. Both e and the

tensile stress are plotted in Figure 3.6.

-18-



TENSILE STRESS AND ELONGATION AS A FUNCTION OF THE
THERMAL EXPANSION COEFFICIENT OF THE HOLDING RING

el
=
=

J.4
0.3
b = 0.0%m B 1
= =6 s 4y
a4 10.3 x 10°°/°C s
0.2 ATl = 300°k g__:nn
2100 psi

Tengile Stress

0.1

arl = 17.6  107%°¢C

Expgnsion 'TJ" lﬂhﬁf‘ti i

ElnngatinJ 23
3

Tansile 5t

L 12 I 2 !F
Comgression |
¥
u“
e| = (2603 ] 150a7,) p 1074 =]
0.2
0.3

Figure 3.6
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For window glass

arg = 8.9 x 1078/°¢
and so
e = 0.14.

The tensile stress for this case is 2100 PSI.

The tensile stress can be made equal to zero by choosing

R and g.so that
e = 0.

The relationship between agp and g is (see Figure 3.7)

11
a4 * %; (F71) - aqp

]

apg * 16 + 734g

for AT = 300°C and arg = 16/°C (x 10J6). (see Appendix A).
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The film thickness g = 0.0lcm wused in Figure 3.6 is a
typical value for an initial thickness (before melting) of
about 10 mil (.025cm). The tensile stress indicated in
Figure 3.6 does, however, seem unreasonably large for a disk/
ring assembly. Glass/glass assemblies have been successfully
bonded. The elongation in this case is e = 0.11 corresponding
to a tensile stress of 2100 psi. The bond did not release when
the assembly was cooled to room temperature. Whereas the yield
point of the teflon/glass bond is unknown, it is doubtful whether
it is anything like 2100 psi. The yield point at elevated temper-
atures has a much lower value (see Figure 3.8). Most likely the
amount of elongation per unit temperature drop is small enough
to maintain a yield point 1ow enough to prevent separation of
the teflon/glass bond.

The pump bands of Ho:YLF require that the ring be trans-
parent out to about 1.6u. It is more important to satisfy this
requirement rather than to match thermal expansion coefficients,
especially, since Teflon is quite easily deformed under pressure,

even at room temperature.

-22-



TENSILE PROPERTIES Vs. TEMPERATURE®

1,000,000

100,000

10,000 L —

15000

100
=200-150-100 =50 0 50 100 150 200 250 300
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FROM REF, (1)

Figure 3.8
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4.0 FABRICATION TECHNIQUE

There really should be no special problem involved in

' making a matched disk/ring set. They could be lapped together

(see Figure 4.1) (1ike the glass stoppers in BOD bottles)
to match the cone angles. If the disk is then polished off to

the correct thickness we will then have the desired matched pai

4.1 MWEIGHT REQUIRED TO PRODUCE A BONDING PRESSURE P

If the required bonding pressure is P (lb./inz), the
smallér radii of the YLF disk and ring are r42 and er res-
pectively, the film thickness after bonding is t', the disk

thickness is h and the cone semi angle is 6, then the weight

required (see Figure 3.4) to produce the bonding pressure is

F = (P sin o) [A]

-24-



FABRICATION OF A MATCHED YLF/RING PAIR

YLF pisk

GRINDING
COMPOUND

Figure 4.1
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where A is the surface area of the disk:

= 2 2
A = ‘n’("d-' + "dz) Jh + ("d] - rdz)

-

A w(2rd2h sec 6)

Therefore,

F = n(Zrdz)(h sec 0) P ;in'e

Typical values are:

P = 200 1b./in.2
i = 0.25cm
rd2 = 0.5cm
0 = _3°
sin & = 0.0523

Thus

F = 1.61 1bs.
For a final film thickness t' = lo.mil.
er i P + t' sec o

er = 0.503cm.

-26-



4.2 PRELIMINARY EXPERIMENTS

~ An experiment has been conducted to evaluate this tech-
nique. The neck of a glass reagent bottle and its glass stopper
were used in place of the glass ring and YLF disk, respective]y.
The diﬁensions of the stopper are given in Figure 4.2, The
weight, several pieces of steel, totaled 4.39 1bs. A thermo-
couple placed at the top of the neck of the bottle indicafed

"~ the temperatures.

The bonding pressure, P, for this experiment, where

h = 0.788 in.
rq] ° 0.394 in.
F = 5.0 1bs.
sine = 0.1
is ' '
P = 28.4 1bs./in?,

-27-



STOPPER DIMENSIONS

L——ﬂ.?ﬂﬂ“*—-!-i

I B

0.788"

[+ —~n.sauﬂu——1

rgy = 0.394 in.

rd2 = 0.315 in.

h = 0.788 in.

A = 1.75 in.2
Figure 4.2
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considerably lower than the one or two .hundred PSI recommended
by -the manufacturer. Still a s;}ong bond was aéhieved,.most

1ike1x,due"to“the rough glass surfaces.

4.3 QUIAL.ITY‘QF BOND

The above experiment securely bonded the stopper into the -
- neck of the bottle. Other notable results are: |
1) The seam where the Teflon film was butted together -
was not'yjsib1e ihdicafiﬁg that the film had melted:

and flowed together;

2) The Teflon was heated to too high a temperature.
As a result it became very flui& and was pushed

- out both the bottom and the top of the stopper;

-3)~ The'f11m used was too thick as evidenced by the
| excess mentioned in 2). Probably a one or two mil
“thick film will suffice if the two surfaces have

good contact everywhere;

4) A'slight coloration of the stopper was noticeable

where it had been bonded. It is not clear wiether
this colorationﬁis natural (the Teflon does have a
slight color) or whether it was induced by over-

“"heating.
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4.4 STRENGTH OF. BOND

| { ThéVbonﬁ\cou1d'not be broken by pushing or pulling on the
stopper by hand. No quantitative measurements have been made
“of -the breaklng point of the bond as it was falt that if it
«wouldn t release when manual Pressure was exerted, the bond

WOu]d'he strong enough for the disk laser.
; ThlS was further tested by boiling it in water for 30 or

40 m1nutes while pu!llnq it apart with a force of about two

wpounds - Aga1n-no sign of weakening occurred.
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5.0 OPTICAL PROPERTIES OF TEFLON/GLASS BOND

The transmission of the Teflon bond ﬁas measured on the
Cary 14 from 0.4u to 2.5u. The bond, in this case was formed
by two microscope slides with the Teflon between them. The
transmission curve is shown in Figure 5.1. $qr comparison,
the trangmission through two slides with an air gap was also
measured (Figure 5.2). The'bonded slides show a higher trans-
mission than the two slides alone as would be expected since
the Teflon has an index of refraction of about 1.36. Scatter-
ing causes a reduction in the indicated transmission in the
visible region (see Figure 5.3). Such scattering is in no way
detrimental to the pumping efficiency as, it should be remem-
bered, most laser rods are fine ground on their surface anyway.
The magnitude of the scattering is less in the IR as might be

expected. The important thing to note is the lack of absorption.

These transmission curves are in agreement with calcula-
tions of the transmission coefficients for the unbonded slides

and bonded slides if one takes n- = 1.36 and n

Teflon slide
Transmission curves of the Teflon film frem 0.2y to 154 are

= 1.50.

given in Figures 5.4 and 5.5 (Ref. 1).
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RATIO OF TRANSMISSION THROUGH BONDED SLIDES
AND TWO SLIDES SEPARATED WITH AN AIR GAP

. 0.5 1.0 1.5 2.5
mﬁmns [ ‘
T =—
LA — L8 - i ——

] ' !

"EFFECT OF SC I

i !

| | K

' !

|
'%l___m_L.“.J - “__M-Lr.__m_.-x L J pe——
INSTRUMENT Cary 14

DATE_3/14/72 OPERATOR___ROB
TEMP, __69°F HUMIDITY___40%
PROJ. NO,YPSFT CALIBRATION______
FULL SCALE_S0% - 150% Trans.

SAMPLE_2-1.0mm slides with
Q.lmm spacer in ref. beam
2-1.0mm slides with 2 mi)
Teflon in sample beam.

Figure 5.3
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Figure 5.4

ABSORPTION SPECTRUM FOR “TEFLON” FEP FILM =

TEELON
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LIGHT TRANSMISSION Vs. THICKNESS - "TEFLON“ FEP FILM

100 T
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v]
E 'ﬁﬂ as .' f
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i : =k JI
E 20 —l- .
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MEASURED ON A
CAREY MODEL 14
SPECTROPHOTOMETER

*
FROM- REF, (1)
Figure 5.5
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6.0 BONDING A Ho>*:YLF pISK

Although bonding glass to glass may provide a useful tech-
nique for the fabrication of glass lasers, it in no way in-
dicates whether or not a YLF disk can be bonded into a glass
disk holder in this manner. A tapered disk and disk holder
have been fabricated and successfully bonded together. The
results of this first experiment with YLF are described briefly

below.

6.1 FABRICATION OF THE DIS« AND DISK HGLDER

Ine disk and disk holder (see Figures 6.1 and 6.2) were
Tabricated by Valpey Corp., Mass. The tapered surfaces were
left fine ground as it was felt that polishing would change
the dimensions more than the tolerances allow. A photo of the
finished pieces is given in Figure 6.3. Also shown in this
photo are a rough boule slice and the Teflon FEP f11m used for

bonding.
6.2 BONDING

Bonding the disk to the disk holder was performed easily
and routinely. The disk, disk holder and 10 mil thick Teflon
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L; YFy DISK

THERMAL EXPANSION COEFFICIENT

THERMAL COLDUCTIVITY

DENSITY

SPECIFIC HEAT

INDEX OF REFRACTION

TENSILE STRENGTH
YOUNG'S MODULUS

HARDNESS

DIAMETER
1 Omm 4
£ 0.1mm
l/amm + 0.1mm
\ 5° + 1°
10.5 6,0

- GT = . x'lO /C
- R = 0.032 watts/cm'oc
- p = 4.0 gm/cm3

- C = 0.8 joules/gm™ ©
- n = 1.47

- o, = 15 x 10 psI

7
- E =~ 10 PSI
- B 5-1/2 MOH
Figure 6.1
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DISK-RETAINER ASSEMBLY

DISK RETAINER\ 51 DISK2 {1 VIEW

L}

6 2
DISK LAPPED & POLISHED
FLUSH WITH RETAINER

(BOTH SIDES)

33 _

A

=)

s
i
|
|
|
!

.r"'-L2
S Ea
Fabrication: LiYF4 disk and plate glass retainer to be lTapped

together until the maximum gap at any point is
less than 0.0005 in.

Polish: Surfaces 1, 2, 3, 4 must have commercial polish,
no flatness tolerance. Surfaces 5 & 6 (LiYF4 disk)
must be flat to A/2, parallel to 10 arc sec.

Figure 6.2

-39-



COMPONENTS FOR
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¢ L et
e

e 61 ASS- SLIDE ROUGH BOULE SLIDE

Figure 6.3
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FEP film were throughly cleaned Prior to assembly. A special

Jig was used to hold the disk holder and the we1ght which would
allow the disk and we1ght to settle freely when the Teflon melted.
The entire assemb]y was heated to about 650°F and allow to cool

overnight.
6.3 RESULTS
The disk and holder were securely bonded (see Figure 6.4).

No stra1ns could be seen in the disk when it was viewed through

crossed polarizers. The disk did not fracture.

-41-



BONDED DISK

Reproaﬁced from A
best available copy.

Figure 6.4
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APPENDIX A

MATERIAL PROPERTIES OF Ho:YLF

The material prpperties of Ho:YLF required for the calcula-

tions in ‘3.3 ‘are given in Table I.
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TABLE 1

:YLF MATERIAL PROPERTIES

= 3.2x1072 Wem - °¢ (2)
[.2] (3)
15 x 103 ps1 (2)

L g

1]

n

12.3 x 1078/°¢  (15)

= 107 ps1 (2)

= [.05/cm] (4)
= 1.2 x 107 19¢p? (5)
= 20 x 1073 sec (5)

a

12 x 10'3,sec (5)

= 9.65 x 10720 Joutes
= 7 x 10 Thz (5)

= 1.47 (3)

= [-107%/°¢] (6)

= 7.07 x 10V

.483 x 10”17
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[OTAL PERCENT ELONGATION Vs. THERMAL EXPANSION COEFFICIENT Vs.

WPERATURE FOR Ho:YLF (A-AXIS). TEMPERATURE FOR Ho:YLF (A-AXIS)
TABLE I1 - TABLE 111
T(°C) AL T(°C) ap(°c™h)
0
. -196° 0- 174 3.41 x 1076
-150 1.5 x 10°° 2125 6.60
-100 4.8 -75 9.40
-50 9.5 -25 11.60
0 15.3 25 13.00
50 21.8 75 14.6
100 29.1 125 17.4
150 37.8 175 18.6
200 47.1 225 19.8
250 57.0 275 21.0
300 67.5 325 21.0
350 78.0 375 21.0
400 88.5

*reF. (15)
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APPENDIX B

PROPERTIES OF THE FREON COOLANT

TABLE IV

FREON E-3 properties (8)

o = - -497 x 1073/°¢ (1)

1.01 d/gm™¢ (12)

(o]
"

1.75 gm/cm3

°
(2]
]
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