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of said substrate 1s spaced from said cool
substance on the top surface of said subs

1ing block surface by a gap; a gas 1n said gap; and means for depositing said

rate.
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ABSTRACT OF THE DISCLOSURE

A method for depositing a substance on a surface
of a substrate, comprises the steps of providing a
cooling block having a surface that is cooled by heat
exchange; supporting said substrate from said cooling
block so that the bottom surface of said substrate is
spaced from said cooling block surface by a gap;
providing a gas in said gap; and depositing said
substance on the top surface of said substrate. Also
disclosed is an apparatus for depositing a substance on
a surface of a substrate, comprising a deposition
chamber; a cooling block having a surface in said
deposition chamber that is cooled by heat exchange;
means for supporting said substrate from said cooling
block so that the bottom surface of said substrate is
spaced from said cooling block surface by a gap; a gas
in said gap; and means for depositing said substance on

the top surface of said substrate.
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APPARATUS AND METHOD FOR DEPOSITING A SUBSTANCE
WITH TEMPERATURE CONTROL

FIELD OF THE INVENTION

This invention relates to temperature control
during material deposition and, more particularly, to
obtaining uniform and repeatable temperature conditions
when depositing a substance on a substrate. The

invention is especially applicable to deposition of

diamond by plasma jet.

BACKGROUND OF THE INVENTION

Techniques have long been known for depositing
substances, such as layers of semiconductor material,
using a plasma that is formed into a jet. For example,
U.S5. Patent Numbers 4,471,003 and 4,487,162 disclose
arc jet plasma deposition equipments which utilize a
plasma for deposition of semiconductors and other
materials. Ions and electrons are obtained by
injecting an appropriate compound, such as a silicon
compound, 1nto an arc region, and a jet (or beam) is
formed by utilizing magnetic fields to control the
plasma. Recently, equipment of this type has been used
to deposit synthetic diamond. Superior physical and
chemical properties make diamond desirable for many
mechanical, thermal, optical and electronic

applications, and the ability to deposit synthetic
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diamond by plasma jet deposition holds great promise,
particularly if plasma jet techniques can be improved
for this and other purposes. A plasma of a hydrocarbon
and hydrogen can be obtained using electrical arcing,
and the resultant plasma directed toward a substrate,
so that polycrystalline diamond film is deposited on
the substrate. Reference can be made, for example, to
U.S. Patent No. 5,204,144 for description of an example
of a type of plasma jet deposition that can be utilized
to deposit synthetic diamond on a substrate.

In various commercial applications it is desirable
to have relatively large size diamond films. In plasma
jet deposition techniques there are various factors
which limit the practical size of the deposition area
that 1s active on a substrate at a particular moment.
For example, when an arc is employed to generate the
heated gas mixture 1n an arc jet plasma deposition
system, the diameter of the beam can be limited by a
number of factors. Since the cross-section of the
plasma beam i1s generally limited in practical
applications, the area on which it is desired to
deposit a diamond film may be larger than the
deposition beam. This means that it may be desirable
Lo move the beam and the target substrate with respect
to each other during the deposition process. This has
been achieved by spinning the substrate during
deposition, which helps to promote temperature and
diamond quality uniformity over the substrate, as well
as to attain larger area substrate coverage (see e.g.
the referenced U.S. Patent No. 5,204,144).

In plasma jet deposition of the type described, it
1s generally necessary to cool the substrate (or
mandrel) upon which the diamond is being deposited, to

prevent the hot plasma from overheating the deposition



10

15

20

25

30

2177645

3

surface, and to provide an optimum deposition
temperature for the particular product characteristics
desired. A coolant can be circulated in the mandrel to
provide cooling. In a rotating mandrel type of
deposition equipment, as described in U.S. Patent No.
5,204,144, cooling fluid can be circulated through a
rotating union. In U.S. Patent 5,486,380 of 23 January
1996, assigned to the same assignee as the present
Application, there is disclosed a cooling arrangement
for a rotating mandrel assembly in which the mandrel
has extending radiator fins that interleave with
stationary receptor fins which are water cooled. In an
embodiment of U.S. Patent 5,486,380, heat transfer
between the radiator and receptor fins can be modified
by changing the gas between radiator and receptor fins
to change the thermal conductivity therebetween.

In U.S. Patent 5,204,125 there is disclosed CVD
plasma torch diamond deposition on rotating substrates
in an environment of hydrogen and inert gas. Cooling
plates, which do not rotate, are provided, and each
cooling plate can be brought closer or further from a
substrate to maintain the substrate at a set
temperature.

In plasma CVD deposition of diamond film on the
surface of a substrate disc, it is typical to employ a
spacer between the underside of the substrate and a
cooling block (or cooled mandrel) that is used to cool
the substrate which receives a high heat flux from the
hot plasma beam. The spacer, which may be, for
example, a graphite disc, facilitates the temperature
transition between the bottom of the substrate (which
may be, for example, at a temperature in the range 500

to 1100 degrees C) and the top surface of the cooling
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block (which may be, for example, at a temperature in
the range 10 to 500 degrees C). Typically, the
substrate, spacer, and cooling block are held together
by bolting or clamping, and the composite thermal
conductivity through these components is quite
sensitive to the relative surface contours of the
components and to the pressure with which the surfaces
are pressed together. Non-uniformity of contact and/or
pressure can lead to substantial temperature
differences at the deposition surface which, in turn,
can degrade the uniformity and quality of the diamond
film being deposited. Also, if contact and/or pressure
changes when a new substrate is put in place, the
substrate temperature will be different during
deposition. The resultant lack of repeatable
deposition conditions can also tend to degrade the
overall quality of the diamond film being produced.

One of the disadvantages of requiring a relatively
uniform pressure on the substrate/spacer/mandrel
sandwich is that each time a new substrate is mounted,
1t 1s necessary to adjust the bolting or clamping to
obtain the desired pressure uniformity. The deposition
chamber operates at low pressure, and it takes
considerable time for the vacuum pumping system to
reestablish the appropriate pressure before deposition
can be initiated on the newly mounted substrate. It
would be advantageous to be able to change substrates
within the deposition chamber without breaking vacuum
(such as by using a robot arm), but the need for
securing the substrate and the spacer to the cooling
block with precision renders the task more difficult.

It 1s among the objects of the present invention

to provide an improved apparatus and technique for

temperature control of a substrate in a deposition
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system, such as for deposition of diamond film by CVD

plasma jet.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the method of
the invention, there is disclosed a technique for
depositing a substance on a surface of a substrate,
including the following steps: providing a cooling
block having a surface that is cooled by heat exchange;
supporting the substrate from the cooling block so that
the bottom surface of the substrate is spaced from the
cooling block surface by a gap; providing a gas in the
gap; and '
depositing said substance on the top surface of the
substrate. [Reference to deposition on the top surface
of the substrate includes deposition on the substrate
itself, as well as deposition on any layers over the
substrate.]

In an embodiment of the invention, at least 30
percent of the gas in the gap is hydrogen, and the size
of the gap 1s in the range .01 centimeters to .30
centimeters. Preferably, at least 80 percent of the
bottom surface of the substrate is spaced from and
opposes the cooling block by the gap standoff.

The technique hereof is particularly advantageous
for deposition of diamond film by CVD plasma deposition
in a deposition chamber containing at least 30 percent
hydrogen. Typically, although not necessarily, the
deposition chamber environment will be mostly hydrogen
gas.

The majority of the heat flowing from the
substrate passes by thermal conduction across the gas

gap. By providing a fixed and repeatable gas gap,
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which can be utilized for a succession of substrates,
uniform and repeatable temperature conditions at the
substrate deposition surface are more easily
attailnable, since there is no longer reliance on
providing uniform and repeatable surface contact and
pressure between a substrate, a solid spacer, and a
cooling block. The technique hereof also greatly
facilitates operation with a mechanical (or robot) arm
within the chamber without the need for breaking vacuum
LO secure a new substrate in place, since the substrate
can be positioned without the requirement for precise
clamping or bolting pressure. In some configurations,
no bolting or clamping is even necessary.

Further features and advantages of the invention
will become more readily apparent from the following

detalled description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram, partially in
block form, of a prior art apparatus in which the

improvements of the invention can be utilized.

Figure 2 is a simplified cross-sectional diagram
which i1llustrates a prior art rotating mandrel assembly
with heat exchange.

Figure 3 is a cross-section of a model of a

substrate and a cooling block separated by a gap.

Figure 4 shows graphs of thermal conductivity as a

function of temperature for hydrogen, helium, oxygen,
carbon dioxide, and air.

Figure 5 shows a cross-section of an arrangement

of cooling block, substrate, and gas gap in accordance

with an embodiment of the invention.

S SRR REMEASIE AN OO TR &2 e DA R 0T A IS B R I SN A UCTRCWA I R b O P A 711 A e b TN RPN P 1ok g e b AN r SO0 T S S MO

T N A WA LD ST Alle ok PN s -



10

15

20

25

30

Figures 6 and 7 show a further embodiment of the
invention wherein a substrate holder is employed in

spaced relation to the cooling block, and the Cross-

Figure 8 is top view of a further embodiment of
the invention.

Figure 9 is a cross-sectional partially broken
away view which illustrates a further feature of the
invention.

Figure 10 is a cross-sectional view of a further
embodiment of the invention.

Figure 11 is a cross-sectional view of a further
embodiment of the invention.

Figures 12 and 13 show a further embodiment of the
invention wherein a substrate holder is employed in
space relation to a cooling block, and the cross-
section of Figure 12 is a section taken through a plane
represented by the arrows 12-12 in Figure 13.

Figure 14 is a cross-sectional view of a further
feature wherein injected gas is utilized.

Figure 15 is a simplified diagram which shows the

use of a robot arm in a deposition chamber.
DETATILED DESCRIPTION

Referring to Figure 1, there is shown a prior art
chemical vapor deposition ("CvVD") apparatus of a type

in which the improvements of the invention can be

utilized. A deposition chamber 100 is the lower

section of a plasma jet CVD deposition system 200,

evacuated by one or more vacuum pumping systems (not

shown) .

The system 200 is contained within a vacuum
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housing 211 and includes an arc-forming section 215
which comprises a cylindrical holder 294, a rod-like
cathode 292, and an injector 295 mounted adjacent to
the cathode so as to permit injected fluid to pass over
5 the cathode. A cylindrical anode is provided at 2091.
In the i1llustrated system, where synthetic diamond is
to be deposited, the input fluid may be, for example, a
mixture of hydrogen and methane. The methane could
alternatively be fed in downstream. The anode 291 and
10 cathode 292 are energized by a source of electrical
power (not shown), for example a DC potential.
Cylindrical magnets, designated by reference numeral
217, are utilized to help control the plasma
generation. A nozzle, represented at 115, can be used
15 Lo control beam size, within limitations. Optional
cooling coils 234, in which a coolant can be
circulated, can be located within the magnets.
In an example of operation, a mixture of hydrogen
and methane is fed into the injector 295, and a plasma
20 1s obtained in front of the arc forming section and
directed toward the deposition region at which a
substrate is located. As is known in the art,
synthetic polycrystalline diamond can be formed from
the described plasma, as the carbon in the methane is
25 selectively deposited as diamond, and the graphite
which forms is dissipated by combination with the
hydrogen facilitating gas. For further description of
plasma jet deposition systems, reference can be made to
U.S5. Patent No.s 4,471,003, 4,487,162, and 5,204,144,
30 It will be understood that other suitable types of
deposition equipment, including, for example, other
types of CVD deposition equipment, or physical vapor
deposition equipment, can be used in conjunction with

the features of the invention to be described.
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In the prior art arrangement of Figure 1, a
mandrel 110 i1s rotatable on a shaft 111, and has a
spacer 120 and a substrate 170 mounted thereon (by
means not shown, bolting or clamping being typical).
The mandrel 110 is a cooling block that can be cooled
by any suitable means, for example by using a heat
exchange fluid (e.g. water) that is circulated through
the block or through another component in thermal
contact with the block. A prior art arrangement is
shown in Figure 2, where a rotatable cooling block 110,
coupled with a rotary union 115, is rotated, such as by
a belt or gear drive (not shown), and coolant fluid can
be circulated through the cooling block, in the
direction indicated by the arrows, or in the opposite
direction. The cooling block can be tilted with
respect to the direction of the plasma jet, as
disclosed in U.S. Patent No. 5,342,660, and a suitable
motor (not shown) can be used for rotating the shaft,
as 18 also disclosed in U.S. Patent No. 5,342,660. The
rotational drive will conventionally be above the
rotary union. The disclosed embodiments hereof can
operate on a cooling block which is rotatable, as
shown, or which is stationary.

Consider the arrangement shown in Figure 3 which
shows a substrate 310 having its bottom surface 310B
spaced from the top surface 320T of the cooling block
320 by a hydrogen gas containing gap 350. The
conductlion across the gap can be modeled by the one

dimensional heat transfer equation

Q/A = k (9T/3dx) (1)
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where Q 1s the heat flux into the substrate, in Watts,
A is the area in cm?, k is the thermal conductivity of
the gap, in Watts/cm/°C, T is temperature in degrees C,
and X 1s the dimension across the gap, in cm. Equation
(1) 1ndicates that the heat flow proceeds by
conduction, rather than radiation or convention.
Assuming that temperature varies approximately linearly

across the gap, equation (1) can be written as

Q/A = k (AT/Ax) (2)

where AT 1s the temperature differential across the
gap, and Ax 1s the gap width (i.e., the distance
between surfaces 320T and 310B). Thus, for a
particular heat flux per unit area of substrate, a
particular operating temperature differential across
the gap, and a particular thermal conductivity for the
substance 1n the gap, equation (2) can be used to
compute the gap width that will handle the heat flux at
the specified operating temperature differential.
Figure 4 shows the thermal conductivity of hydrogen
helium, oxygen, carbon dioxide, and air as a function
of temperature. The curve values are approximately
applicable over a range of operating pressures between
.05 atmospheres and 10 atmospheres. Assume that for
one example of CVD arc jet plasma deposition the
substrate back surface temperature is 700 degrees C and
the cooling block surface temperature is 100 degrees C.

The average temperature in the gap is about 400 degrees
C and, at this temperature, Figure 4 shows that the

thermal conductivity of hydrogen is about .0033

'Watts/cm~°C. If the heat flux from the plasma beam is
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approximately 30 Watts/cm®, the required gap dimension
can be computed from equation (2) as:

30 = .0033 (600/Ax)

AX = .07 Cm
In a further example, the CVD arc jet plasma deposition
operates with a heat flux of 50 Watts/cm?, a substrate
back surface temperature at 1000 degrees C, and a
cooling block surface temperature of 125 degrees C. 1In
this example the average temperature 1n the gap is
about 560 degrees and, at this temperature, Figure 4
shows that the thermal conductivity of hydrogen 1is
about .0039 Watts/cm-°C so we have from equation (2):

50 = .0039 (875/Ax)

Ax = .07 cCcm
Accordingly, it i1s seen that a hydrogen containing gap
of about .07 cm is suitable for the conditions of these
examples. In general, a gap range of .01 cm to .30 cm
1s preferred in covering a range of operating
conditions with at least 30 percent hydrogen in the gas
gap. If the gap is too small, there can be difficulty
in maintaining the correct standoff over the entire
substrate area. For most of the embodiments hereof,
the gas 1n the gap will be substantially the same as
the gas environment in the deposition chamber although

a gas may be injected into and/or confined in the gap.

In the embodiment of Figure 5, the cooling block
520 has a two-tiered annular shoulder 521 for
supporting a disc-shaped substrate 510 above the
cooling block top surface 525. The substrate can be
any sultable material, for example, silicon.
The structure 521 can be integral with the cooling
block, or a separate unit as in some of the embodiments

below.
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In the embodiment of Figure 6, the cooling block
520 and 1its two-tlered annular support is similar to
that of Figure 5. However, in this embodiment, instead
of providing a disc-shaped substrate across the gap
from the cooling block top surface, a disc-shaped
substrate holder 610 1s utilized. The substrate holder
can be formed of any suitable material, for example,
molybdenum. The substrate holder can hold substrates
of any desired shape. 1In the present example, the
substrate holder has recesses that receive and hold
cutting tool inserts 611, which are shown in a top view
in Figure 7. Operation is similar to that previously
described, with the gas gap providing the desired heat
conduction path between the substrate holder and the
cooling block at the desired operating temperatures to
handle the heat flux into the substrates and substrate
holder. 1In the various embodiments hereof, it will be
understood that a suitable substrate holder may be
substituted for an illustrated substrate, or vice
versa.

Figure 8 shows, in a top view, that only three
small sections of the two-tiered annular ridge 521 of
the Figure 5 or Figure 6 embodiment need be utilized to
hold the substrate. The three annular ridge sections,
521A, 521B, and 521C act as a frame that contacts the
substrate or substrate holder over less area, to
minimize thermal conduction from the substrate to the
cooling block through the solid structure. As
illustrated in the variation of Figure 9, the shoulder
of each ridge can be provided with a pin 528 and pad
529, formed, for example, of a thermally insulating
material such as a ceramic. The length of the pins

528, which are seated in receiving holes, can be used

to adjust the gap standoff.

' L - S#8etta ie -‘-N-'wwmm-m L T e e SR ‘d%-ﬁwwmwm-ﬂ““.-v‘».n.--/.\..nw". 1A a7 T e T e D80 AL VA o me.mw.}liw.\q)‘ AL . A e 8NN MY, dem AMIBees PRLL . .

ST et e AP T et i R Y -



10

15

20

25

30

W bl st GHENCRE ALOMORRNICLIOMIAINE P L0001 D01 NREARMEIAMIET Sty Fr: “alanm o o0t Twa e SN St AL A AL STV L TN GO NI AIPINR A i s vl

13

In the embodiments of Figures 4 through 9 the
ridge for supporting the substrate or substrate holder
1s shown as part of the cooling block. As illustrated
in Figures 10 and 11, the ridge or frame can be a
separate pliece or pieces. In Figure 10, the ridge (or
ridge sections) 1s on a ring 1021 that fits on the
matching surface of cylindrical cooling block 1020.
Various other configurations are possible. For
example, as shown 1n Figure 11, the ring or frame can
be a two piece construction that holds and secures the
substrate with screws 1140. The frame again fits on

the cooling block 1020, as shown.

Figures 12 and 13 illustrate a further embodiment

wherein the cooling block 1220 has three holes
equidistant from the center thereof which receive
respective pins 1201, 1202 and 1203. The distance of
each pin from the center of the cylindrical cooling
block corresponds to the radius of an annular groove
1214 1n the bottom of a substrate holder 1210, so that
when the substrate holder is placed over the cooling
block, the pins engage the groove and define the offset
of gap 1250. Different pin sizes can be used to obtain
different gaps, and the pins can be formed of an
insulating material to minimize thermal conduction
through the pins. The annular rim shown at 1211
facilitates gripping of the substrate holder with a
mechanical arm. If necessary or desirable, the
substrate holder can be bolted or clamped in place by
means not shown.

One or more gases can be 1njected in the gap to
modify the thermal conductivity of the gap temporally
and/or spatially. As shown in Figure 14, the cooling
block 1420 (or an attachment thereto, which is

considered part of the cooling block for purposes
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hereof) can include inlet passages such as 1431 and
1432, and outlet passages 1435. A substrate or
substrate holder 1410 1s mounted as before. A gas can
be i1njected i1nto the inlet passages 1431 and 1432 and
5 exhausted through the outlet passages 1435. 1If
desired, for example, a first gas, such as hydrogen,
can be injected through the relatively large central
passage 1431, and argon, which has a much lower
conductivity than hydrogen, can be i1njected in a
10 controlled manner into passages 1432 to control thermal
conductivity of the gap 1410 as a function of radial
position. A spatial variation of the gap thermal
conductivity may also be established by varying the
thickness of the gap as a function of radial position.
15 (In this regard, see also U.S. Patent Patent No.
5,551,983 of 3 Spetember 1996, assigned to one of the
assignees of the present application.]
Figure 15 generally represents a CVD plasma
deposition chamber 1560 which may be of the type
20 previously described, and which employs the gas gap
feature hereof. The deposition chamber also includes a
mechanical arm 1565 (sometimes called a robot arm) that
can be controlled from outside the deposition chamber
manually, automatically, or semi-automatically, to
25 change substrates or substrate holders without the need
for opening the chamber, so that appropriate pressure
conditions need not be reestablished from scratch each
time a new substrate 1s put in place. The chamber can
be initially provided with a supply of substrates or
30 substrate holders (represented at 1510A) and, after
deposition on a substrate (or substrates in a substrate
holder) on the cooling block 1220, the robot arm 1565
can be operated to remove the substrate (or substrate

holder) from the cooling block 1220, place it aside in

3 . Lc‘r.!
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the chamber (e.g. at 1510B), take another substrate (or
substrate holder with substrates in place), and place
1t on the cooling block 1220. Deposition can then be
implemented, and the substrate moving procedure
repeated. If desired, each substrate in the supply can
be pre-mounted in a ring structure as 1n Figure 11, soO
that the robot arm will handle the ring structure
rather than the substrate i1tself. The robot arm 1565
can be of known type, which is articulated with an
elbow 1566 and wrist 1567, and which engages and
releases workpieces with a fork 1568. As 1s known 1in
the art, the robot arm, the supply of substrates,
and/or other items can be in one or more auxiliary
chambers, which can be considered as part of the main
chamber for purposes hereof. Also, a so-called "load
lock" and/or any suitable valving arrangement can be
used, as is known 1in the robotics art.

The invention has been described with reference to
particular preferred embodiments, but variations within
the spirit and scope of the invention will occur to
those skilled in the art. For example, the invention
is applicable to various other type of deposition
equipment. Also, while circular and disc shaped
configurations, and planar surfaces are most typical,
the invention can be applied in configurations and

contours.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined
as follows:

1. A method for depositing a substance on a

5 surface of a substrate, comprising the steps of:
providing a cooling block having a surface
that 1s cooled by heat exchange;
supporting said substrate from said cooling
block so that the bottom surface of said substrate is
10 spaced from said cooling block surface by a gap, the
size of said gap being in the range of 0.01 centimeters
to 0.30 centimeters;
providing a gas in said gap; and
depositing said substance on the top surface
15 of said substrate, whereby heat, resulting from said
depositing of said substance, flows by conduction

across sald gap from said substrate to said cooling

block.
2. The method as defined by claim 1, wherein at
20 least 30 percent of said gas is hydrogen.
3. The method as defined by claim 1, wherein

sald substance is diamond film, and said depositing
step comprises depositing diamond film.

4 . The method as defined by claim 1, wherein

25 salid method is performed within a deposition chamber
containing at least 30 percent hydrogen.

5. The method as defined by claim 3, wherein,
during said deposition, the temperature of the bottom
surface of said substrate is in the range of 500 to

30 1100 degrees C. and the temperature of the top surface
of said cooling block is in the range of 10 to 500
degrees C.

6. The method as defined by claim 1, wherein at

least 80 percent of the bottom surface of said
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substrate is spaced from and opposes said cooling
block.

7. The method as defined by claim 1, wherein
salid step of supporting said substrate from said
cooling block comprises providing support for said
substrate between said cooling block and the periphery
of said substrate.

8 . The method as defined by claim 3, wherein
sald step of supporting said substrate from said
cooling block comprises providing support for said
substrate between said cooling block and the periphery
of said substrate.

9. The method as defined by claim 1, wherein
said step of supporting said substrate from said
cooling block comprises supporting said substrate on a
plurality of pins seated in said cooling block.

10. The method as defined by claim 1, wherein
salid step of supporting said substrate from said
cooling block comprises mounting said substrate in a
frame that is removably mountable on said cooling
block.

11. The method as defined by claim 1, further
comprising modifying the gas 1n said gap during said
deposition to control the thermal conductivity of said
gap.

12. The method as defined by claim 1, further
comprising providing a further substrate in said
chamber, and performing the steps of removing the
first-mentioned substrate from its original position,
and moving said further substrate to said original
position, said removing and moving steps being
performed within said chamber without exposing said
chamber to the outside environment.

13. The method as defined by claim 3, further
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chamber, and performing the steps of removing the
first-mentioned substrate from its original position,
and moving said further substrate to said original
position, said removing and moving steps being
performed within said chamber without exposing said
chamber to the outside environment.

14. The method as defined by claim 2, wherein
sald substance is diamond film, and said depositing
step comprises depositing diamond film.

15. The method as defined in claim 14, wherein,
during said deposition, the temperature of the bottom
surface of said substrate is in the range of 500 to
1100 degrees C. and the temperature of the top surface
of said cooling block is in the range of 10 to 500
degrees C.

16. A method for depositing a substance on a
surface of a substrate in the top surface of a
substrate holder, comprising the steps of:

providing a cooling block having a surface
that is cooled by heat exchange;

supporting said substrate holder from said
cooling block so that the bottom surface of said
substrate holder is spaced from said cooling block

surface by a gap, the size of said gap being in the

- range of 0.01 centimeters to 0.30 centimeters:

providing a gas in said gap; and
depositing said substance on the substrate in

the top surface of said substrate holder, whereby
heat, resulting from said depositing of said substance
flows by conduction across said gap from said substrate
holder to said cooling block.
17. The method as defined by claim 16, wherein at
least 30 percent of said gas is hydrogen.
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18. The method as defined by claim 16, wherein
sald substance is diamond film, and said depositing
step comprises depositing diamond film.

19. The method as defined by claim 16, wherein at
least 80 percent of the bottom surface of said
substrate holder is spaced from and opposes said
cooling block.

20. The method as defined by claim 16, wherein
said step of supporting said substrate from said
cooling block comprises providing support for said
substrate between said cooling block and the periphery
of said substrate.

21. The method as defined by claim 16, wherein
sald step of supporting said substrate holder from said
cooling block comprises supporting said substrate

holder on a plurality of pins seated in said cooling

block.
22. The method as defined by claim 16, wherein

sald step of supporting said substrate holder from said
cooling block comprises mounting said substrate holder
in a frame that is removably mountable on said cooling
block.

23. The method as defined by claim 16, further
comprising modifying the gas in said gap during said
deposition to control the thermal conductivity of said

gap .
24. The method as defined by claim 16, further

comprising providing a further substrate holder in said

chamber, and performing the steps of removing the
first-mentioned substrate holder from its original
position, and moving said further substrate holder to
sald original position, said removing and moving steps
being performed within said chamber without exposing

sald chamber to the outside environment .
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25. The method as defined by claim 17, wherein
sald substance is diamond film, and said depositing
step comprises depositing diamond film.

26. Apparatus for depositing a substance on a
surface of a substrate, comprising:

a deposition chamber;

a cooling block having a surface in said
deposition chamber that is cooled by heat exchange;

means for supporting said substrate from said
cooling block so that the bottom surface of said
substrate 1s spaced from said cooling block surface by
a Jgap;

a gas 1n said gap; and

means for depositing said substance on the
top surface of said substrate.

27. Apparatus as defined by claim 26, wherein
said deposition chamber contains at least 30 percent
hydrogen gas, and wherein the size of said gap is in
the range .01 centimeters to .30 centimeters.

28. The method as defined by claim 27, wherein
sald substance is diamond film, and said means for
depositing comprises means for depositing diamond film.

29. Apparatus as defined by claim 26, wherein at
least 90 percent of the botﬁom surface of said
substrate 1s spaced from and opposes said cooling
block.

30. Apparatus as defined by claim 26, wherein
sald step for supporting said substrate from said
cooling block comprises means for supporting said
substrate between said cooling block and the periphery
of said substrate.

31. Apparatus as defined by claim 26, wherein
said means for supporting said substrate from said

cooling block comprises on a plurality of pins seated
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in said cooling block.
32. The method as defined by claim 26, wherein
sald means for supporting said substrate from said

cooling block comprises a frame that is removably

mountable on said cooling block.

33. Apparatus for depositing a substance on a
substrate 1n the top surface of a substrate holder,
comprising:

a deposition chamber;

a cooling block having a surface in said
deposition chamber that is cooled by heat exchange;

means for supporting said substrate holder
from said cooling block so that the bottom surface of
sald substrate holder is spaced from said cooling block
surface by a gap;

a gas 1in said gap; and

means for depositing said substance on the
substrate in the top surface of said substrate holder.

34. Apparatus as defined by claim 33, wherein

sald deposition chamber contains at least 30 percent

hydrogen gas, and wherein the size of said gap is in

the range .01 centimeters to .30 centimeters.
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