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REFRI GERATI ON SYSTEM BACKGROUND QF THE I NVENTION 1. Field of the hﬂ%gPELgn
The present invention relates 10 a refrigeration systemand a nmethod for
coel ing objects using the refrigeration system and nore particularly, the
I nvention relates toa refrigeration systemwhich operates with a primry
refrigerant and a secondary refrigerant to provide a nore efficient cooling
system capabl e of cooling to cryogenic tenperatures. 2. Description of the
Rel ated Art The manufacture of sem conductor wafers involves various steps,

'such as plasma et chi ngreFrEEBRAPI G S5 ysHEC AnDEfiBtESD Fot@icRoLRNECEeSSi Ng
.apparatus to be cool ed. DusEPIBREUSPRECESSEFREGERRASTVORI S¥st®m cool ed by
cooling a portion of the wafer processing apparatus called a susceptor

‘which is positioned beneath the wafer. The susceptor is cool ed by
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relétes to a refrigeration system
and a.method for cooling objects using the refrigeration
system, and more particulariy, the invention relates to a
refrigeratipn system which operates with a primary refrigerant
and a secondary refrigerant to provide a more efficient

cooling system capable of cooling to cryogenic temperatures.

2. Description of the Related Art

The manufacture of semiconductor wafers involves wvarious
steps, such as plasma etching of the wafers, which require a

wafer processing apparatus to be cooled. .During wafer
e

o

processing, the wafer is cooled by codling a portion of the
wafer processing apparatus called 'a susceptor which is
positioned beneath the wafef. The-sﬁsceptor is cooled by
passing a cold fluid refrigerant through channels within the
susceptor. The temperature to which the susceptor is cboled
affects the rate of plasma etching or the etch rate of the
wafer. |

Manufacturers of semiconductors have e#pressed interest
in being able to change the etch rate in a step-wise fashion,
for exaﬁple, to use a high etch rate to etch a wide area of
the wafer and then chanqé to a lower etch rate to reduce the
width of the etch. To achieve this step-wise chanée in etch

rate the temperature of the susceptor must be changed quickly.
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passing a cold fluid refrigerant through channel s within the susceptor. The
tenperature to which the susceptor is cooled affects the rate of plasna
etching or the etch rate of the wafer. Manufacturers of seni conductors have
expressed interest in being able to change the etch rate in a step-w se
fashion, for exanple, to use a high etch rate to etch a wide area of the
waf er and then change to a |ower etch rate to reduce the width of the etch
To achieve this step-wi se change in etzh rate the tenperature of the
.susceptor nust be changed quickly. A series of step-w se tenperature

changes can be provi ded by 2 controlllﬁg a cooling systemwith a contro
syst em havi F@"rpréde8 Fe%‘é%"aﬁ%rséfsﬁreﬂ'gf‘”’é BoBPR TP S yYSERE RAVERIa? e known

for use in %ﬂ%s%%”E%RBQPS£9£e £¥§§QG¥ a%%o%@hshs§§{hﬁgjuﬂﬁc% are known

for use in the semiconductor +industry and which can achieve
the cooling required for these step-wise changes in_etch rate
include very large mechénical cooling systems, typically using
freon. However, these mechanical cooling systems suffer from
the drawback that they tend to be too large for use in the
electronics industry where space is at a premium. An
additional disadvantage of freon cooling systems is their poor
.efficiency at low temperatures. The conventional freon
cooling systems also do not accurately produce the desired
temperatures at.the susceptor, especially when a control

system having a preset temperature program is used.

SUMMARY OF THE INVENTION

In accordance with the present invention a refrigeration
system is presented which uses a first refrigerant and a
second refrigerant to provide stable cooling power at
temperatures down to cryogenic. The inventive refrigeration
system provides a large increase in efficiency and a decrease
in size over conventional mechahical refrigeration systems
using freon.

One aspeét of the invention relates to a refrigeration
system comprising a vaguum'jacketed pressure vessel containing .
both.a spray heat exchanger, and a shell and tube heat
exchanger. The spray heat exchanger; which recovers the heat
of vaporization of a liquid, includes at 1eést one nozzlé for
directing a first refrigerant, and a refrigerant conveying

system for conveying a second refrigerant. The at least one



the cool.ing required for these step-wi se changes in etch rate include very
| ar ge mechani cal cooling systens, typically using freon. However, these
mechani cal cooling systens suffer fromthe drawback that they tend to be
'toe large for use in the electronics industry where space is.at a prem um
-An addi tional disadvantage of freon cooling systens is their poor
efficiency at |ow tenperatures. The conventional freon cooling systens al so
.do not accurately produce the desired Benperatures at the susceptor,

‘especially when a control system having a preset tenperature programis
used. SUMVARY OF THE I NVENTION I n accordance with the present invention a

refrigerati GIP%&y&t BATPStHr B3Rt iptwriefl igseant ¥awagd (taer Fgér lrrantd a
ryogeni c. | SHRSETADRnEPTETD cF | GEn N ApEE ch PrAiagE OTEIGH (AN ease I n
ef ficiency anghia dRer gageiylr She CANRY iRGNLEBELRNANdRANRNESS s the
refrigeration systens using freon. _

. secondvrefrigerant flowing within the conveying system. The
shell and tube heat exchanger, which recovers the enthalpy
available in the first refrigerant sprayed from the at least
one nozzle of the spray heat exchanger, includes an inner tube
for conveying the second refrigerant to the refrigerant
conveying system of the spray heat exchanger, and an outer
tube surrounding the inne; tube for conveying the first
refrigerant recovered.from the spray heat exchanger.

In accordancelwith another aspecf of the present
invention, the refrigeration system comprises a vacuum
jacketed pressure vessel, a primary liquid refrigerant
delivery system which includes ét least one spray nozzle
mounted within the vacuum jacketed pfessure vessel, and a
-secondary refrigerant circulation system which circulates a
secondary réfrigerant through the vacuum 5acketed pressure
vessel to an object to be cooled. The at least one spray
nozzle is positioned to spray primary liquid refrigerant at a
portion of the secondary refrigerant circulation system. The
sprayed primary liquid refrigerant evaporates and cools the
secoﬂdary refrigerant within the secondary refrigerant
circulation system. A gas_reéovery system is provided within
the vacuum jacketed pressure vessel for recovering the
evaporated primary refrigerant which is used to precool the

secondary refrigerant.

In accordance with another aspect of the present



One aspect of the invention relates to a refrigeration systemconprising a
vacuum j acket ed pressure vessel containing both a spray heat exchanger,

a shell and tube heat exchanger. The spray heat exchanger, which recovers

t hee heat of vaporization of a liquid, includes at |east one nozzle for
directing a first refrigerant, and a refrigerant conveying systemfor

conveying a second refrigerant. The at |east one 3 nozzle directs the
refrigerant toward the refrigeran conveying systemso that the first

first

and

refrigerant contacts and cools the refrigerant conveying system and thus
cools the second refrigerant flowng within the conveying system The shel
and tube hedinvexthanged, wiihdd rafc opensnghanepb hedpyirepdiveabkbei wse haf fir st

refrigerant spra

exchanger,

ed fromthe at |east gne nozzle of the spray heat
@ngpggégeaﬁt}ﬂﬂeﬁyﬁﬁﬁﬂacomprlslng a combination of a spray

heat exchanger and a counter current heat exchanger contained
within a vacuum jacketed pressure véssel. The method includes
the steps of providing a ﬁrimary refrigerant and a secondary
refrigerant in liquid form, cooling the secondary refrigerant
with the spray heat exchanger by spraying the primary
refrigerant onto a manifold containing the secondary
refrigerant, wherein the evaporation of the priﬁary
refrigerant cools the secondary refrigerant, recovering the
evaporated primary refrigerant in a counter current heat
exchanger, precooling the secondary refrigerant with the
evaporated primary refrigerant in the counter current heat
exchanger, and circulating the secondary refrigérant to cool
the object.

. In accordance with a furthgr aspect of the present
invention, a method is presented for cooling a susceptor in a
semiconductor wafer fabrication process. The method includes
the steps of providing a pfiﬁary refrigerant and a secondary
réfrigerant in liquid form, cooling the secondary refrigerant
with a spfay heat exchanger by spraying the primary
refrigerant onto a manifold containing the secondary
refrigerant, wherein thelevaporation of the primary
refrigeranf cools the secondary refrigerant, recovering the
evaporated primary refrigerant in a shell and tube heat
exchanger, precooling the secondarf refrigerant with the’
evaporated primary refrigerant in the shell and tube heat

exchanger, and controlling the flow of at least one of the



for conveying the second refrigerant to the refrigerant conveying system of
t he spray heat exchanger, and an outer tube surrounding the inner tube for
conveying the first refrigerant recovered fromthe spray heat exchanger. In
aceordance with another aspect of the present invention, the refrigeration
system conpri ses a vacuum j acketed pressure vessel, a primary liquid
refrigerant delivery system which includes at |east one spray nozzle
mounted within the vacuum j acketed preSsure vessel, and a secondary
refrigerant circulation systemwhich circulates a secondary refrigerant

t hrough the vacuum j acket ed sure vessel to an object to be cool ed. The

re
at | east orfF YWYy 3R6z5he F§g3%§1$¥(ﬁﬁﬂfLFSrgﬁFﬁyt?w? PR GUFGEPRIY i gerant
at a porticgbig dqur%gcgggggyagggéjgerant circulation system The sprayed

primary liquid refrigerant -evaporates and cools the secondary refrigerant
within the secondary refrigerant circulation system A gas recovery system
Is provided within the vacuum j acketed pressure vessel for recovering the
BRIEF DESCRIPTION OF THE DRAWING FIGURES
The various aspects of the invention will be described in
greater detail with reférence to the accompanying drawing
figures in which like elements bear like reference numerals,
and wherein:
FIG. 1 is a fluid flow and control system diagram of the
process according to the invention; |
FIG. 2 is a schematic, cross sectional, side view of a
refrigeration system aécording to the present invention with
only one ségmeﬁt of the shell and tube heat exchanger
illustrated;
FIG. 3 is a schematic, cross seétional, side view of the
refrigeration system of FIG. 2, taken at 90° to FIG. 2, with
only one seément of the sheli and tube.heat exchangef
illustraﬁed;
FIG. 4 is a schematic, cross sectional, top view of the

refrigeration system according to FIGS. 2 and 3;

FIG. 5 is a side view of a semiconductor fabrication test
stand; |

FIG. 6 is a side view of a spray heaﬁ exchanger element
according to the present invention;

FIG. 7 is an enldrged, cross sectional, view of the spray
heat exchanger element of FIG. 6;

FIC. 8 is a graph comparing the relative efficiency of a

liquid nitrogen refrigeration system of the invention with a



evaporated primary refrigerant which is used to precool the secondary
refrigerant. In accordance with another aspect of the present 4

i nvention, a nethod of cooling an object involves the use of a
refrigeration system conprising a conbination of a spray heat exchanger and
a counter current heat exchanger contained within a vacuum jacketed
pressure vessel. The nethod includes the steps of providing a primry-
refrigerant and a secondary refrigeranté in liquid form cooling the
secondary refrigerant with the spray heat exchanger by spraying the primry
refrigerantciledtadofBii Eobon COOE A JU G ilhe sgaepRdagyarefri gerant, wherein
the evaporation of the primary refrigerant cools the secondary refrigerant,
recovering the espopatiedapgrapii yoff efenipgpeasntresnat catider logaténhs heat

a susceptor versus tine.

These drawing figures are merely illustrative and are not

intended to be drawn to scale.

DETAILED DESCRIPTION

The refrigeration system according to the present
invention employs a first refrigerant and a second refrigerant
to provide refrigeration which is more efficient at lower
femperatures than a conventional freon refrigeration system
and a systém which is much smaller than conventional systems.
The refrigeration system includes a. combination of a spray
heat exchanger 20, and a shell and tube heat exchanger 30
mounted within a single vacuum jacketed pressure vessel 10.

FIG. 1 illustrates a schematic diagram of fhe fluid flow
and control systems 6f the pfesent invention. The primary
elements of the refrigeration system include vacuum jacketed
pressure vessel 10, spray heat exchanger 20, shell and tube
counter current heat exchanger 30 and a control unit 40. 2
primary refrigerant in liquid form; which is preferably liguid
nitrogen, is delivered from a pressurized refrigerant.source
'12. The heat exchanger according to the present invention is
described herein as employing a primary refrigerant of liquid
nitrogen. Howé@er, it should be understood that other primary
refrigerants may be used, depending on the desired
application, without departing from the scope of the

invention. For example, primary refrigerants such as nitrogen



exchanger, precooling the secondary refrigerant with the evaporated prinary
refrigerant in the counter current heat exchanger, and circulating the
secondary refrigerant to cool the object. In accordance with a further
aspect of the present invention, a nmethod is presented for cooling a
susceptor in a sem conductor wafer fabrication process. The nethod incl udes
the steps of providing a primary refrigerant and a secondary refrigerant in
liquid form cooling the secondary refriggerant with a spray heat exchanger
by spraying the primary refrigerant onto a manifold containing the

secondary refrigerant, wherein the evaporation of the primary refrigﬁrant
cool s the sedﬂﬁgﬁhkuEPFPQeraﬁ??'r%ﬂﬁnﬁ%NtngFhEh%V%%%ﬂ%ﬂ%&mpPFﬁﬁry e

refrigerant i I n t C I 0Ql | t he secondary
refrigerant v%%ib%: eréfgﬁgsgggg ﬁ% r&ﬁ%% p%?%ﬁ&%rgéfgi%§44ﬁ§ SEeII and tube
heat exchangeimp@nicdi@ntrolling the flow of at |east one of the

The 1iquid N, ffom refrigerant source 12, contrp;led by a-
solenoid valve 14, enters spray heat exchanger 20 where the N,
is sprayed through one or more nozzles (not shown in FIG. 1).
The N, is sprayed through the nozzles which cause the N, form a
fine mist which impacts a secondary refrigerant conveying
system. The N, then evaporates and the heat of vaporization
of the N, is used to cool a secondary refrigerant in the
conyeying system. The structure and operation of spray heat
exchanger 20 will be described in more detail below with
reference to FIGS. 2-4.

The N, in gaseous form within vacuum jacketed pressure
vessél 10, which has been evaporated by spraying through the
nozzles of spray heat exchanger 20, is recovered and enters
shell and tuﬁe heat exchanger 30. The gaseous Npentering
shell and tube heat exchanger 30 is still cold after the
evaporation in the spray heattexchanger; The gnthalpy
available in this cold N, gas can be recoirered by précooling
the secondary refrigerant flowing in an opposite direction
through shell and tube heét:exchanger 30. .The structure énd
operation of shell and tube heat exchanger 30 will bé
explained further below. The N, gas éxiﬁing shell and tube

heat exchanger 30 is controlled by a solenoid valve 16 and is

exhausted at M, gas exhaust 28.



5 primary and the secondary refrigerants to cool the susceptor to a desired
t enperature. BRI EF DESCRI PTI ON OF THE DRAW NG FI GURES The vari ous aspects

of the invention will be described in greater detail with reference to the
acconpanying drawing figures in which |ike elenments bear |ike reference

nuneral s, and wherein: FIG 1 is a fluid flow and control system di agram of
the process according to the invention; FIG 2 is a schematic, cross

sectional, side view of a refrigeratiorg systemaccording to the present
invention with only one segment of the shell and tube heat exchanger
illustrated; FIG 3 is a schematic, cross sectional, side view of the
refrigeration syst¢eseding ItG tle pakeanatid@imricn,ta Elése, sevdriary

refrigeration system is provided in which the secondary
refrigerant is circulatéd to cooi an object, such as a
" susceptor used in a semiconductor wafer fabrication process.
The secondary refrigerant may be propane, ethanol, propylene,
methane, ammonia, n-butane, iso—butane; mixtures thereof, or
any other suitable refrigerant. 1In the closed secondary
refrigeration system, the secondary refrigerant!is returned
from the object being cooled by a refrigerant return 32. The
secondary refrigerant is circulated by a pump 18 to sheli and
tube heat exchanger 30 in which it is precooled by the N, gas.
From shell and tube heat exchanger 30 the secondary
refrigerant passes to spray heat exchanger 20 where the final
cooling is performed. The secondary refrigerant is then
delivered to a refrigerant feed 34 where it is ﬁsed to cool an
object such as a susceptor.

| The flow of the secondary refrigerant through the closed
system is preferably controlled by three control valves
located at the exit of spray heat exchangér 20 which include a
by-pass valve 22, a solenoid valve 24, and a small modulating
valve 26. Small modulating valve 26 is used to provide
moderate decreases in temperature and/or mainfenance of
temperature of the susceptor. Solenocid valve 24 is opened to
.provide greater decreases in temperature of the susceptor in a
shorter time than is possible with modulating valve 26.
Finally, by-pass valve 22 allows the secondary refrigerant to
be recirculated through heat exchangers 20 and 30 to achieve -

relatively constant refrigerant flows, thus allowing for more



only one segnent of the shell and tube heat exchanger illustrated; FIG 4
Is"a schematic, cross sectional, top view of the refrigeration system
according to FIGS. 2 and 3; FIG 5 is a side view of a sem conductor
fabrication test stand; FIG 6 is a side view of a spray heat exchanger

el ement according to the present invention;, FIG 7 is an enlarged, cross
sectional, view of the spray heat exchgpger elenent of FIG 6; FIG 8 is a
graph conparing the relative efficiency of a liquid nitrogen refrigeration

system of the invention with a 6 conventional freon refrigeration
system and FIG 9 is a graph of tenperatures at various |ocations on
constant refrigerant temperatures. The use of by-pass valve

22, in combination with either modulating valve 26 or solenoid
valve 24, allows the system to achieve very low temperatures
in a short duration of time.

The refrigeration system according to the present
inQention, using liquid N, as a primary refrigerént, can
achieve sécondary refrigerant temperatures in the range of -
190°C to 20°C. The system of the present invention has a .
large cooling capacity which provides the ability to achieve
cryogenic temberatures while having a small foot print (in
other words, the system does not require as much floor space
as a conventional system).

The heat ekchanger according to the present invention
preferably includes a control system_which incorpora;es a
plurality of pressure sehsors P and temperature sensors T,
each of which is connected to a control unit 40. Control unit
40 controls valves 14, 16, 22, 24, 26 and pump 18 according to
the_information received from pressure sensors P and
tempefature sensors T and information input by the user.
Control unit 40 may also be programmed to carry out a preset'
temperature program to achieve step-wise control of the
temperature of an object.

Schematic side views of the substantially cylindrical
vacuum jacketed.pressure vessel 10 are illustrated in FIGS. 2
and 3. Spray heat exchanger 20 is preferably positiéned in a
center portion of vacuum jacketed pressure vessel 10 while
shell and tube heat exchanger 30 is preferably disposed in a

serpentine manner around the interior perimeter of vacuum



a susceptor versus tine. These drawing figures are nmerely illustrative and .
are not intended to be drawn to scal e. DETAILED DESCRI PTI ON The
refrigeration systemaccording to the present invention enploys a first
refrigerant and a second refrigerant to provide refrigeration which is nore
efficient at |lower tenperatures than a conventional freon refrigeration
system and a systemwhich is nmuch smaller than conventional systens. The
refrigeration systemincludes a. conbi nagi on of a spray heat exchanger 20,
and a shell and tube heat exchanger 30 nounted wi thin a single vacuum

j acket ed pressyre vessel 10. FIG 1 |Ilustrates. schemati c di agram of the

fluid fl ow dRGEERErBYCSEeMESSE L A" pr%%‘én? it £BAR L TR priefafypet
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vessel 10, spray heat exchanger she and tube counter curfent ‘heat
exchanger 3@iagdeavepti¢®l sutirerdQ. .Aopévaar Yag eddri g>@.r aBkni Anl Fogy i form

which is preferably liquid
shell and tube heat exchanger 30 1ncludes a plurality of
vertical segments which are connected by curved end segments.

As illustrated in FIG. 2, the primary refrigerant, which
is preferably pressurized liquid N,, enters the vacuum
jacketed pressure vessel through an inlet pipe 42. The liquid
N, is sprayed from four nozzles 44 which are located on both
sides of a heat exchanger element 46. The liquid N, which is
sprayed in a fine mist onto heat exchanger element 46
evaporates, thereby, cooling heat egchanQer element 46 which
in turn cools the secondary refrigerant which is flowing
through heat exchanger element 46. Nozzles 44 are preferably
arranged to spray a fine mist of droplets over the entire or
substantially entire surface of heat exchanger element 46.
The number of nozzies.44 and the nozzle size may be varied to
tailor the refrigeration qutput'for a particular applipation.
An increased number and size of the nozzles provides for more
rapid cooling of the second refrigerant and an overall high
cooling. capacity for the system.

The cold N, gas within vacuum jacketed pressure vessel 10
is.exhausfed through shell and tube heat exchanger 30 where
the enthalpf of the cold N, gas is recovered. Shell and tube
heat exchanger 30 includes an inner tube 48 and an outer
concentric tube 50 surrounding inner tube 48. The cold N; gas
enters shell and tube heat exchanger 30 through an inlet 64

nezar the hottom of sacuum jacketed pressure vosse) 10, The



nitrogen, is delivered froma pressurized refrigerant source 12. The heat
exchanger according to the present invention is described herein as
enploying a primary refrigerant of liquid nitrogen. However, it should be-
understood that other primary refrigerants may be used, depending on the
desired application, wthout departing fromthe scope of the invention. For
exanple, primary refrigerants such as njtrogen 7 argon, krypton, neon,
and m xtures thereof nmay be used. The p**nary refrigerant may al so include
sonme ampunt of inpurities. The liquid N2 fromrefrigerant source 12,
controlled by a solenoid valve 14, enters spray heat exchanger 20 where the

N2 is spray&3'thfod§R BAESbRI Uz AUEET (RBRCYMIWF itbe &0 EPoLlThe' a2 i s
sprayed thr%%QQnégﬁyr¥¥¥¥f%%é@%kcﬂn§%H5§sté%%é%%qf%Rghﬁgh inner tube 48
of shell and tube heat exchanger 30. The primary refrigerant
is exhausted from shell and tube heat exchanger 30 through a
N. exhaust 52. Exhaust 52 may be configured to exhaust N, gas
at pressures of 30psi to 100psi. This exhausted N, gas may be
used in other applications.
- The secondary refrigerant enters vacuum jacketed pressure
vessel 10 through a pipe %54 which is connected to inner tube
48 of shell and tube heat exchanger 30. The secondary
refrigerant is precooled as it passes through inner tube 48 of
shell and tube heat exchénger before it enters the bottom of
heat exéhanger element 46.
Heat exchanger element 46, as illustrated in FIGS. 6 and
7, includes an upper manifold 56, a lower manifold 58, and a
.piurality of tubes 60 extending between the upper and lower
manifolds.. As illustrated in FIG. 7, tubes 60 are positioned
in a staggered manner on both sides of a plate 62. Plate 62
serves to separate the streams of N, from nozzles 44 provided
g .on either side of heat exchanger element 46. Plate 62 also
increases thé surfacé area of heat exchanger element 46,
improving heat trénsfer. Heat exchanger element 46 and a cold
refrigerant exit pipe 47 form a refrigerant conveying system.
As illustrated in FIG. 4, shell and tube heat exchanger
30 winds up and down around the periphery of the inside of .
vacuum jacketed pressure vessel 10. Shell and tube heat
zzchanger 30 includes a plurality of vertical segments which

are. connectoed e Jeoder curaed segments 20 and upper curt/ed



fine m st which inpacts a secondary refrigerant conveying system The N2
t hen evaporates and the heat of vaporization of the N2 is used to cool a

secondary refrigerant in the conveying system The structure and operation
of spray heat exchanger 20 will be described in nore detail below wth
reference to FIGS. 2-4. The [err] in gaseous formw thin vacuum jacket ed
pressure vessel 10, which has been evaporated by spraying through the
nozzl es of spray heat exchanger 20, is r&2overed and enters shell and tube
heat exchanger 30. The gaseous N2 entering shell and tube heat exchanger 30
Is still cold after the evaporation in the spray heat. exchange The

ent hal py avAid"s8t& £A fﬂf%hciﬁ%iq@?ﬁﬁifdcdﬁtﬂebf e%%ﬂfbby”p?égooTlng the
Sl g Gt o o L hepe bl [
exchanger 3ébngddt mcaﬁabaanssircjélrrtdwerb@IfOWeg}Eaﬁt&dZCQasoeealﬂsbag@helI and
tube heat exchanger 30 is controlled by a solenoid valve 16 and is
within vacuum jacketed pressure vessel 10. The length of
shell and tube heat exchanger 30 may be varied by changing the
number of vertical and curved segments. The appropriate
length of shell and tube heat exchanger 30 will depend on the
amount of énthalpy available'to be recovered from the cold N,
gas. Spray heat exchanger 20 is preferably arranged in the
center of the vacuum jacketed pressure vessel 10 with nozzles
44 positioned perpendicular to and spaced from heat exchanger
element 46. As shown in FIG. 4, nozzles 44 may be positioned
between two of the vertical segments of shell and tube heat
exchanger 30.
FIG. 5 illustrates a test étand used to test the present
invention. The test stand represents an example of an
apparatus which is used for semiconductor fabrication. The
test stand includés an insulator 66, a susceptor 68, and a
wafer suppor£ 70. 'A dummy wafer 72 and a resistance heater 74
were positioned on the test stand for purposes of testing the
present invention. Susceptor 68 is provided with cooling
tubes including an inlet 76 and an outlet 78 through which the
second refrigerant is circulated to cool susceptor 68.
The heat exchangef of the present invéntion was cpnnected
to the test stand illustrated in FIG. 5 to determine the
temperatures which could be achieved on susceptor 2. FIG. 9
illustrates a graph of the temperature of various locations on

susceptor 2 versus time. Susceptor 62 was first heated with



exhausted at [err] gas exhaust 28. 8 According to the present invention,
a ¢l osed secondary refrigeration systemis provided in which the secondary
refrigerant is circulated to.cool an object, such as a susceptor used in a
sem conduct or wafer fabrication process. The secondary refrigerant may be
propane, ethanol, propyl ene, nethane, ammoni a, n-butane, iso-butane,

m xtures thereof, or any other suitable,refrigerant. In the closed
secondary refrigeration system the secondary refrigerant is returned from
t he object being cooled by a refrigerant return 32. The secondary
refrigerant is.circulated by a punB_18 to shell and tube heat exchanger 30
in which it PEPFRRODIRRPIRF t'He NBVYRS. 2 FrUth e FRPARYTY ubk héal ér€hanger
30 the secordapy LeffigesAY MATIEInLE SPLARL eYRhangeL {P where the

final

operation of modulating valve 26 which allowed secondary
refrigerant to circulate through susceptor 68. Susceptor 68
was then further cooled by opening solenoid valve 24 and
'allowing the secondary refrigerant to circulate at a higher
rate through the susceptor. The curves T,, T,, T,, and T
represent the temperature of various locations on the
susceptor over time. As illustrated in FIG. 9, the
temperature of.susceptor 68 dropped 30°C in about 11 seconds?
Due to its high efficiency and quick response time, the
refrigeration system of preéent invention can advantageously
replace conventional refrigeration systems in most
applications where either low temperatﬁres, accurate
temperatures, or quick response times are required. The
system of the present invention:is partiéuiarly advantageous
for use in systems where the use of temperature programs with
preset temperature changes is required. |
As illustrated in FIG. 8, the refrigeration system
according tb the present invention is much more
thermodynamically efficient;than a conventional refrigeration
system using freon.. In particuiar, when cooling from 20°C
to -20°C is required, the conventional refrigeration system
has a relative thermodynamic éfficiency of between 8% and 9%.
Whereas, the system of the present invention, when cooling
from 20°C to —20°C, has a relative thermodynamic efficiency of
about 22%. For applications where cooling to temperatures

of -A0C and lower io redquirced, the conventional mechasnics)



cooling is perfornmed. The secondary refrigerant is then delivered to a
refrigerant feed 34 where it is used to cool an object such as a susceptor.
The flow of the secondary refrigerant through the closed systemis
preferably controlled by three control valves |ocated at the exit of spray
heat exchanger 20 whi ch include a by-pass valve 22, a solenoid val ve 24,
and a smal |l nodul ating valve 26. Small|l nodul ating valve 26 is used to
‘provide noderate decreases in tenperatdfe and/or maintenance of tenperature
‘of the susceptor. Solenoid valve 24 is opened to provide greater decreases
in tenperature of the susceptor in a shorter tine than is possible with
modul at i ng s hems2®avEi gakkgme by -proys thelinpedgnanh ¢ ookt ihensdéesndaky
refrigerant to be recircul ated through heat exchangers, 20 %nd,SO to

aohi eve. 1 AT TooEeareRbf FRGRTAR 1 SRETTONTRASAS RAEHGIEBFY nor e

provided by the present invention, the present invention is up
to approximately one tenth the size of the conventional
refrigeration system which would be necessary to achieve the
sam; amount of cooling.

While the invention has been described in detail with'
reference to a preferred embodiment thereof, it will be
apparent to oné skilled inlthe art that various changes can be

made, and equivalents employed without departing from the

spirit and scope of the invention.



9 constant refrigerant tenperatures. The use of by- pass valve 22, in
conbi nation with either nodul ati ng valve 26 or sol enoid valve 24, allows
the systemto achieve very |ow tenperatures in a shor

The refrigeration systemaccording to the present |n qU|d
[err] as a primary refrigerant, can achieve secondar mmn’mmj’m J!"
tenperatures in the range of - 1900C to 20[err]C he s¥s

present invention has a | arge cooling chpacity mhlch provi des the ability
to achi eve cryogenic tenperatures while having a small foot print (in other

wor ds, the system does_not reqU|re as nmuch fl oor space as a conventi onal
system). Th alSeREATRER IS ccording to the present invention preferably
i ncludes a control system which incorporates a plurality of pressure
sensors P and tenperature sensors T, each of which is connected to a

control unit 40. ;Cont Rohethbd 4O tinhal & vabeestdd,inl@, s2dic8Adu@torand
punp 18 according to

wafer fabrication process comprising the steps of:

providing a primary refrigerant and a secondary
refrigerant in liquid form; |

spraying the primary refrigerant onto a device
located in a pressure'vessel to effect evaporation of the
primary refrigerant;

recovering the evaporated primary refrigerant in a
heat exchanger;

conveying the secondary refrigerant through the heat
exchanger to precooling the secondary refrigerant by use of
the evaporated primary refrigerant;

conveying the precooled éecondary refrigerant to the
device to-further'cool the secondary refrigerant; and

controlling thé flow of at least ohe of the primary
and the secondary refrigerants to cool the susceptor to a

desired tempefature.

2. The method of cooling a susceptor of claim 1,
whefein tﬁe flow of the secondary refrigerant is controlled to

provide cooling in a step-wise pattern.

W

A refrigeration system comprising:
a pressure vessel;
a first heat exchanger which recovers the heat of

vaporization of a first refrigerant, the first heat rzchandgoer



the information received frompressure sensors P and tenperature sensors T
and information i nput by the user. Control unit 40 d

to carry out a preset tenperature programto achieve st

ep- W S I of
‘the tenperature of an object. Schematic side views of Hﬁl Hﬂﬂ eﬂm
.cylindrical vacuum jacketed pressure-vessel 10 are il W8 M 'Gs. 2
and 3. Spray heat exchanger 20 is preferably positioned in a center portion
of vacuum jacketed pressure vessel 10 whéle shell and tube heat exchanger
30 is preferably disposed in a serpentine nmanner around the interior
perimeter of: vacuum 10 jacketed pressure vessel 10. For clarity, shel
and tube heat bekuhargrert i30eds inl Fostpegsthin Esesl 2randnaludiMadtngdilty a
single vertical segnment. However, .as can be seen in FLG. 4 :

one nozzle and a refrigerant conveylng system fér conveying a

second refrigefant, the at least one nozzle directing the
first refrigerant at the refrigerant conveying system to cool
the second refrigerant within the refrigerant conveying
system; and

a second heat exchanger which recovers the enthalpy
available in the first refrigerant directed from the at least
one nozzle of the first heat exchanger, the second heat
exchanger being positioned in the pressure vessel and
including an inner tube for conveying the second refrigerant
to the refrigerant conveying system of the first heat
exchanger, and an outer tube surrounding the inner.tube which
receives first refrigerant recovered from the first heat
exchanger to precool the second refrigerant before the second

refrigerant is conveyed to the refrigerant conveying system.

4. The refrigeration systeﬁ of claim 3, wherein the

second refrigerant is nitrogen.

5. The refrigeration system of claim 3, wherein the
second refrigerant is one of propane, ethanol, propylene,

methane, ammonia, n-butane, iso-butane, and mixtures thereof.

6. The refrideration system of claim 3, wherein the

first heat exchanger is a spray heat exchanger.



shel | and tube heat exchanger 30 includes a plurality of vertical segnents
which are connected by curved end segnents. As illustrated in FIG 2, the
‘primary refrigerant, which is preferably pressurized H-gui-dN-—enters—the
vacuum j acket ed pressure vessel through an inlet pipe 42. The |iguid i's
sprayed from four nozzles 44 which are |ocated on both Hmmmﬂ “&Tﬁ%ﬂlu
-exchanger el enent 46. The liquid [err] which is sprayed | soL »0Nt O
heat exchanger el enment 46 evaporates, tHdreby, cooling heat exchanger

el ement 46 which in turn cools the secondary refrigerant which is flow ng

t hrough heat excghanger el ement 46.. Nozzles 44 ane.preferably arranged to
spray a fine m gt of ther orpﬁigﬁ eg\?grmf‘h%yse%ri‘ rofa% Srlgéﬁbgt aw?(%)%‘%/ ny t(}a%ti re
surface of JiedhaexehangeinflfRENt 46sndbe MMyhRbeOheROZEk &5 aANd t he
nozzl e size may be varied to tailor the refrigeration output for a

particul ar application. An increased nunber and size of the nozzles
provides for nore rapid cooling of the second refrigerant and an overall

hi gh coolihg caﬁacit?h¢o¥eﬁ¢k9%ﬁﬁﬁhﬂm system of claim 3, wherein the

refrigerant conveying system of the first heat exchanger
includes a plurality of tubes connected to a manifold, and
wherein said at least one nozzle includes two nozzles that
direct the first refrigerant at the plurality of tubes from

opposite sides of- the plurality of tubes.

9. The refrigeration system of claim 3, further-
comprising a modulating valve and a solencid valve for
controlling the flow of the second refrigerant to an object to

be cooled.

10. The refrigeration system-of claim 9, further
comprising a by-pass valve for recirculating the second

refrigerant through the first and second heat exchangers.

11. The refrigeration system of claim 10, further
comprising a control system for controlling the modulating,

solenoid, and by-pass valves according to a preset temperature

program.

12. The refrigeration system of claim 3, wherein the

pressure vessel is a vacuum Jjacketed pressure vessel.



The cold [err] gas within vacuum jacketed pressure vessel 10 is exhausted
t hrough shell and tube heat exchanger 30 where the enthal py of the cold N2
gas is recovered. Shell and tube heat exchanger 30 includes an inprer—tube
48 and an outer concentric tube 50 surrounding inner tube 48. The ﬁi\ﬂ“s-

L

gas enters shell and tube heat exchanger 30 through an 3“M|‘ﬂﬂ“l
bott om of vacuum jacketed pressure vessel 10. The cali] H

passi ng through outer concentric tube 50 ce®ls the secondary refrigerant
whi ch is passing through inner tube 48 of shell and tube heat exchanger 30.
The primary refrigerant I s_exhausted fromshell and tube heat exchanger 30

through a [err] etRausf B52IF BEAIHCSSYFEF HE RN T YiH'ed to exhaust [err]

gas at pressures of SOQSErggg%#gnvgsséﬁhis exhausted N2 gas may be used in
ot her applications. The Secondary refri'gerant enters vacuum j acket ed

pressure a primary liquid refrigerant delivery system which

includes at least one spréy nozzle mounted within the pressure
vessel;

a secondary réfrigerant circﬁlation system which
circulates a secondafy refriqeraﬁt through the preséure vessel
to an object to be cooled, the at least one spray nozzle being
positioned to spray the primary liguid refrigerant at a
portion of the secondary refrigerant circulation system, the
sprayed primary liquid refrigeran£ evaporating and cooling the
secondary refrigerant;

a gas recovery system within the pressure vessel to

recover the evaporated primary refrigerant and precool the

" secondary refrigerant.

14. The refrigeration system of claim 13, wherein the
secondary refrigerant circulation system includes at least one
delivery valve for providing energy removal to the object to
be cooled and a by-pass valve for providing greater energy

removal in a shorter duration of tiﬁe than the delivery valve.

15. The refrigeration system of claim I4,_wherein the at
least one delivery valve includes a modulating valve and a
solenoid valve for controlling the flow of the secondary

refrigerant to the object to be cooled.



vessel 10 through a pipe 54 which is connected to inner tube 48 of shel
and tube heat exchanger 30. The secondary refrigerant is precooled as it
passes through i nner tube 48 of shell and tube heat exc

enters the bottom of heat exchanger el enent 46. Heat exchanﬁer elenent 46,

as illustrated in FIGS. 6 and 7, includes an upper manifo lﬁ"u ﬂuﬂﬂﬂlmuﬂ

mani fold 58, and a plurality of tubes 60 extending betmee
| ower manifolds. As illustrated in FI G197, tubes 60 are p05|t|oned 'n‘a
staggered manner on both sides of a plate 62. Plate 62 serves to separate
the streans of N2 from nozzles 44 provided on either side of heat exchanger
element 46. Pl ife 6304 ’é%f‘ilrﬁ?r’-’éés}% Fhetelrtacd admed of YRRER LiestdRanger

el ement 46 E8¥%n9ep)§9%ertanacnc uly@?gn h:arl]rg%q'\c‘i gglsang rﬁ?’lGatan%eaatCOl d

refrlgerant eX| pe 47 10rma Ter erant tonveying

i I'lustrat edzx'c'ﬂ_aﬁl;@r Aavmﬁu @a&atml@? Beaﬁu@@m\%t@@ %-nsismmm@.dom
around the periphery of the inside of vacuum jacketed pressure vessel 10.
Shell_and t ube heat

17. The refrigeration system of claim 13, wherein the

gas recovery system includes a counter current heat exchanger.

18. The refrigeration system of claim 17, wherein the

counter current heat exchanger is a shell and tube heat

exchanger.

19. The refrigeration system as claimed in claim 13,

wherein the primary refrigerant is nitrogen.

20. The refrigeration system as claimed in claim 13,
wherein the secondary refrigerant is one of propane, ethanol,
propylene, methane, ammonia, n-butane, iso-butane, and

mixtures thereof.

21. The refrigeration syétem of claim 13, wherein the

pressure vessel is a vacuum jacketed pressure vessel.

22. A methbd of éobling an object comprising the steps
of:
providing'a primary refrigerant and a secondary
refrigerant in liquid form;
spraying the primdry refrigerant onto 4 device

located in a pressure vesse! to effect evaporation of the




exchanger 30 includes a plurality of vertical segnments which are connected
to-l ower curved segnents 80 and upper curved 12 segnents 82 which are
depicted with broken lines in FIG 4. This arrangene ides a heat

exchanger which is extremely conpact because a |arge nunber of segnents can
be di sposed wi thin vacuum jacketed pressure vessel 10 lwml-m&lmm el |
and tube heat exchanger 30 may be varied by changing t ",”Hﬂ?lca
and curved segnents. The appropriate Ie%%th of shell and fubk Heats +

exchanger 30 will depend on the anmount of enthalpy available to be

recovered fromthe cold [err] gas. Spray heat exchanger 20 is preferably
arranged i nprhesacentefrigfedane ;vacuum j acketed pressure vessel 10 with

nozzl es 44 positioned perpendicular to and ;gaced from heat -exchanger
el ement 46. As shown T$FPRELY, thEz2VRBOBALeAPIHEYIsitEfsA8arant in a

heat exchanger;

conveying the secondary refrigerant through the heat
exchanger to precoocling the secondary refrigerant by use of
the evaporated primary refrigerant;

conveying the precooled secondary refrigerant to the
device to further cool the secondary refrigerant; and

circulating the cooled secondary refrigerant to cool

the'object.

23. The method of cooling of claim 22, wherein the
secondary refrigerant is precooled in a counter current heat

exchanger comprising concentric tubes:.

24. The method of cooling of claim 22, wherein the
object to be cooled is a susceptor in a semiconductor wafer

fabrication process.

25. The method of cooling of claim 22, wherein the

primary refrigerant is nitrogen.

26. The method of. cooling of claim 24, wherein the

primary refrigerant is nitrogen.



between two of the vertical segnments of shell and tube heat exchanger 30.
FIG 5 illustrates a test stand used to test the present invention. The
test stand represents an exanple of an apparatus which is used for

sem conductor fabrication. The test stand includes an i-nsulator 66, a -
susceptor 68, and a wafer support 70. A dummy wafer 731""”"’”@“ Fmﬁ
heater 74 were positioned on the test stand for purposdsi#g: ' l;l
present invention. Susceptor 68 is providgad with cooling fubks 1 ncY udi ng an
inlet 76 and an outlet 78 through which the second refrigerant is

circulated to cool susceptor 68. The heat exchanger of the present

i nvention was cofifect 88t Bt tUSCOSL AR PFITAAa?éd MReFRED Hidh step
determ ne thy r ' I . | &V usceptor 68. FIG 9
1 ustrates & SraREvapd BleREThERY, BBFi Sl Bl T EBE cUceptor 68
versus tinme.exchangept @hcb8a¥@scdriveitinge@h@ds¥éddiary refrigerant through

a heat exchanger located in the pressure vessel.



13 resistance heater 74, having a heating capacity of 2 kW and

t enperatures were nmai ntai ned between 80[err]C and 90[err] C by operation of
nodul ati ng val ve 26 which all owed secondary refrige circulate
through susceptor 68. Susceptor 68 was then further B‘HSI&HEEI;J
sol enoi d valve 24 and allow ng the secondary refri
hi gher rate through the susceptor. The curves [err] regent
t he tenperature of various |ocations on th®susceptor over tine. As
illustrated in F the tenperature of susceptor 68 %%%BOOCin
about 11 secolfER eg%ﬂégﬁ bEERR, P o e RSB R e, |t he
refrigeration sys ese |on can advant ageously repl ace
conventi onal refrlgeratlon systﬁgpbﬂﬂain%§tmﬁ pbi&@ﬂb where either | ow
t enperatures, accurate tenper at‘m‘mrt%‘respxm%’fll mes are required.
The system of the ﬂi@&%ﬁrﬂd’é&%&tﬂoﬂn shStBRr h&sot- &g/ tﬁﬁ\t@'&t 398¢8HEion

includes a vacuum jacketed pressure vessel which contains both

a spray heat exchanger and a shell and tube heat exchanger.
The spray heat exchanger includes one or more nozzles for
directing a first refrigerant at a heat éxchanger element
conveying a second refrigerant. The first refrigerant is
sprayed in a fine mist from the nozzles onto the heat
exchanger element conveying the second refrigerant. The first
refrigerant then evaporates and cools the second refrigerant
within the heat exchanger element. The shell and tube heat
exchanger is a counfer current heat exchanger which includes
an inner tube for conveying the second refrigerant to the
spray heat exchanger, and an outer tube surrounding the inner
tube for conveying the first refrigerant recovered from the
interior of the vacuum jacketed preésure'vessel out of the
pressure vessel. The spray heat exchanger recovers the heat
of vaporization of the primary refrigerant, while the shell
and tube heat exchanger recovers the enthalpy remaining in the

evaporated first refrigerant.

.FIGURE 1

This Sheet Has Been Replaced
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for use in systens where the use of tenperature prograns with preset
tenperature changes is required. As illustrated in FIG ﬁu EET HAS BEEN
refrigeration systen1accord|ng to the present inventioni Qﬁbpgp@gn

thernndynanlcalﬂys ed a conventional refrige
freon. In partlc ing from200C to -20[err]Cis required, the
conventi onal ref em has a relative thernodynam c efficiency

of between 8@6and 9% v%ereas the system of the present invention, when
cooling from200C to -20[err]C, has a rehgsi ve thernodynam c efficiency of
about 88% For applications where cooling to tenperatures of -40[err] C and
| ower is required, the conventional nechani cal 14 systems have extrenely

poor thernodynam c effi cifenmcies I additrortothegreat—tnecregse in
t her rodynam c efficiency
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provi ded by the present invention, the present invention is_up
approxi mat el y one—tenth—the—size—of the conventional'ref‘.ﬁﬁg@#ﬁgﬁy&%§8éﬁm
ol'ing

whi ch woul d be negfsgakWa.dRefgdl64e t he same anount of c¢ RePOACEDL he
I nventi on has been etail with reference toLL_e eterrar
enbodi ment thereofL ﬂﬂf ﬂ 4&

parent to one skilled in the art that
vari ous changes ca equi val ents enpl oyed w t hout departing
fromthe spirit and scope of the invention. 15 WHAT IS CLAIMED IS: 1.
A nmet hod of cooling a susceptor in a s§wrconductor waf er fabrication

process conprising the steps of: provi ﬁb a primary refrigerant and a
secondary refrigerant in liquid form O
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spraying the primary refrigerant onto a device'located in a
to effect evaporation of the primary refrigerant; recov§ ]
ri mary refrigerantrhis Bheat HueBten®epliradiger ; conveyi ng t he s

p
refyigerant through Flmﬂ‘ nger to precooling thd

refrigerant by use 0 ed primary refrigerant; conveying the
precool ed secondary refrigerant to the device to further cool the secondary
refrigerant; and controlling the flow of at | east one of the primry and
the secondary refrigerants to cool the s3gEeptor to a desired tenperature.
2. The met hod of cooling a susceptor of claim1, wherein the flow of the
secondary refrigerant is controlled to prqvide cooling in a step-w se
pattern. 3. A refrigeration system conpriising: a pressure vessel

FleH -

80

Fles o~ .




a first heat exchéﬁﬁEF_ﬁﬁTEﬁ‘Tétbvers_the heat of: vaporization of a first

refrigerant, the fiThstShdteRds BRMGRANG 16 being positioned in the
pressure vessel and east one nozzle and a gefrFgerar

conyeyi ng system for mwm econd refrigerant, thelaHi$ 5§ :
nozzle directing the tirs rant at the refrlgeran ---------

to cool the second refrlgerant Mﬁthlh the refrigerant conveyrﬁg systen1 and
a second heat exchanger which recovers the enthal py available in the first

refrigerant directed fromthe at |east onggnozzie of the first heat
exchanger, the second heat exchanger_bei ng ngltloned in the pressure
v

vessel and including an inner tube f q?n ng the second refrigerant to
the refrigerant conveying system of the heat
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exchanger, and an GHP%L-LUbQ_ggLLQ%EQ%ﬂg the inner tube which receives '
first refrigerant r overed fromthe

I rst heat exchanger

"
oy

. ) Omrs%rp@T iRe BEEN
second refrigerant b lagkdref ri gerant is convey@d to REPLACED
ref¥igerant conveying Em The refrigeration syste ‘ Fa==3
wherein the second re |trogen. 5. The refrigeration system

of claim3, wherein the second rlgerant I's one of propane, ethanol,

propyl ene, nethane, amoni a, n- butang 5i so- but ane, and m xtures thereof. 6.
The refrigeration system of cla|n13 mhereln the first heat exchanger

is a
spray heat exchanger. 17 7. 'rhe refrlgeratlon system of claim 3,
wherei n the second heat exchanger qqx1 and tube heat exchanger. 8.
The refrigeration systemof claims3 n the -

- Rolative Effictancy of LN2 and Convantlanal Refdgeration Systema

f

____—f4———"‘*—'_————————*P___—~—?

]

0.7000

Relativa Efficlency
:

a.4000 -+
03000
62000 [—a—U2
\-—k—Coavertonal
0.1000 |
0.0000 ' ,
20 -0 [} 10 20
’ Temparature, deg C '
m.1 -
. 'TlTnWmma—nv:!'-‘\
- 3.5 q
\ ~,
N k \ (7',
N ~
“\ -
n . \.§. C \'-.\..
30%¢ W, T
l XY N
'\ : '\..'
0 3 \_ N
v y, TS e
.E \]- 'Q.\\ \\s\
el \\\T}_ e e = + ¢ —— ¢ — - —— T S
g(é ...‘. \_'.‘E::-.- -—.--._--_‘__,__...-_..-o-—.--—.--_—....-_-....:
9 .. ! ..._.__‘“"' /
}— - PP L /
n
0 iTe
!
i
m 1
'




refri gerant conveying systemof the first heat exchanger includes_a

plurality of tubes connected to a manifold, and wherein I
nozzl e includes two nozzles that direct the first refri Aaéﬁl*ﬁﬁ%;?ﬁ
ﬁf tubeSEP

plurality of tubes from opposite sides of- the pluralit _
refrigeration systemof claim3, further19§nprising a mydut ating valve an
a solenoid valve for controlling the flow of the second Tefrigerant to an
object to be cooled. 10. The refrigeration systemof claim9, further
conprising a by-pass valve for recirculating the second refrigerant through
the first and second peat exchangers. 11. The refrigeration qgystemof claim
10, further conprising a control systemfor control N t he nodul ati ng,

sol enoi d, and by-pass|val ves according to a preset r;ggerature program 12.
The refrigeration sysifefiol clraim3, wherein regsuyre vegsel is a

vacuum j acket ed presspre vessel. r====-====- HR %
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18 13.° A refrigeration systemconprising: a pressure vessel

liquid refrigerant delivery system which includes at

nounted within the pressure vessel;

system which circul ates a secondary refri

to an object to be cool ed,

t hes at

| east égé

a secondary refrlg
rant throu
spray nozz Sl

a primry

?ﬁ? OHEP&%‘I cl
ene _pé §ggr1998es el |

1t|0nev

BT

to spray the primary liquid réf\rigerant at a portion of the séecondary

refrigerant circulation system\the sprayed primary liquid refrigerant

evaporating and cooling the sec

dary refrigerantéo

as regovery sysgtem -

W thin the pressure vesse Ry retover t he evaporaf% ( rlnary refrlge rrant
and precool the 3 \\ 1 //7¢
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secondary refri

the secondary refrigerant circul ati on systemincludes at

val ve for provi

ger ant .

di ng energy renoval

val ve for providing greater energy renova

than the delivery val ve.

t he at

to the object to be cphdt
in a shorter

15. The refriged#ion system of
| east one delivery valve includes a nodul ating va

14. The refrigeration system of cIain113 mherein

J db[

:urat|

PP m

ve and a solenoid

valve for controlling the flow of the secondary refrigerant to the object
16. The refrigeration systemof claim 13, wherein the

to be cool ed.
secondary refri
havi ng a pl ural
systemof claim
current heat ex

gerant circulation s m_| € pl at e heat exchanger
ity of tubes conn | The refrlﬁsratlon
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18. ‘The refr| geration systemof claim17, wherein th Frent _ngat
exchanger is a shell and tube heat exchanger 19. Th REPtA@EMENT&‘T‘ sflem
as clainmed in claim13, wherein the primry refrigerant 2}55@% 20
The refrigeration systemas clained in claim 13, wherigi tet:’n - oftary
refrigerant is one of propane, ethanol, @fpylene, ——armmoni a,

n- but ane, i1so-butane, and m xtures thereof. 21. The refrigeration system of
claim 13, wherein the pressure vessel is a vacuum jacketed pressure vessel.
22. A met hod of cooling an object conE'i ' gﬁhe steps of: providing a
primary refrigerant and a secondary r /@r in liquid form spraying
the primary refrigerant onto-a device located in a pressure vessel to

ef fect evaporation of the [ 56
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20 pritmary refrigerant; recovering the evaporated primary refrigerant_in.a
heat exchanger; conveying the secondary refrigerant thr e £
exchanger to precooling the secondary refrigerant by usg LAGEME @a?e
primary refrigerant; conveying the precool ed secondary efr_igeg@ﬁ? t he
device to further cool the secondary refrggerant; and clir8# attng pha " |
cool ed secondary refrigerant to cool the ject. 23. Themethod of cooling
of claim 22, wherein the secondary refrigerant is precooled in a counter
current heat exchanger conprising concentric tubes. 24. The nethod of
cooling of claim?22, wherein the object to be cooled is a susceptor in a:
sem conduct or waf er
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fabrication process. 25. The nethod of cooling of cl ai m 22 22, Wherein the——
primary refrigerant is nitrogen. 26. The nethod of cooll'gEﬁe Eﬁw%ﬁEET
wherein the primary refrigerant is nitrogen. 21 27. E ﬁé

cooling of claim?22, wherein said step of conveying the CQnd y ______
refrigerant through a heat exchanger inclgfges conveying i
refrigerant through a heat exchanger l|ocated in the pressure vessel
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’ /W SEARCH REPORT ' Applicgtioﬁ No. 9610566-3

TEXT OF THE ABSTRACT

REFRIGERATION SYSTEM AND METHOD FOR COOLING A SUSCEPTOR USING A
REFRIGERATION SYSTEM

The refrigeration system according to the invention includes a vacuum jacketed pressure

vessel (10) which contains both a spray heat exchanger (20) and a shell and tube heat

exchanger (30). The spray heat exchanger (20) includes one or more nozzles (44) for directing

a first refrigerant at a heat exchanger element (46) conveying a second refrigerant. The first

refrigerant is sprayed in a fine mist from the nozzles (44) onto the heat exchanger element

(46) conveying the second refrigerant. The first refrigerant then evaporates and cools the

second refrigerant within the heat exchanger element (46). The shell and tube heat exchanger .
(30) 1s a counter current heat exchanger which includes an inner tube (48) for conveying the

second refrigerant to the spray heat exchanger (20), and an outer tube (50) surrounding the -
inner tube (48) for conveying the first refrigerant recovered from the interior of the vacuum
jacketed pressure vessel (10) out of the pressure vessel. The spray heat exchanger (20)
recovers the heat of vaporization of the pnmary refrigerant, while the .shell and tube heat,-
exchanger (30) recovers the enthalpy remaining in the evaporated first refrigerant. - :

Fig. 1.
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