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LOGIC MODULE REFRIGERATION
SYSTEM WITH CONDENSATION CONTROL

BACKGROUND

2

and accompanying drawings, wherein like elements are
numbered alike, and 1n which:

FIG. 1 1s a schematic representation of an exemplary
embodiment of the hardware components of a refrigeration

The present mvention relates to a cooling system and 5 gystem;
condensation control system. In particular, the present FIG. 2 is a schematic representation of an exemplary
invention relates to a cooling system and condensation refrigeration unit and evaporator block:
control system for computer logic modules. FIG. 3 i t' _ " ’ lary installed
One of the factors that limit processing speed 1n computer evapor‘a torlsachrlijes;t-:ﬁc 100 VIEW 0L dll excplaty 1nstalie
systems 1s the generation of excessive heat at higher clock 10 _ ’ _ ‘
speeds. Significant gains of speed and reliability have been FIG. 4 1s a front perspective view of the evaporator of
achieved by cooling computer logic modules down to tem- FIG. 3
peratures below ambient. Unfortunately, cooling a logic FIG. 5 1s a rear perspective view of the evaporator of FIG.
module to below ambient temperatures can result 1n the 3;
formation of condensation, which 1s undesirable 1n a com- 15 FIG. 6 1s a schematic diagram depicting air flow man-
puter system. agement scheme 1n a processor cage;
Prior attempts at providing a cooling system for a com- FIG. 7 1s a perspective view of an exemplary processor
puter module have not been satisfactory for higher-end cage;
computing applications. For example, one approach has FIG. 8 schematically represents certain components of a
been to remove moisture from incoming air cooled to 5° C. 2V refrigeration unit controller; and
This appgozch requires handlin% a tremendous amtlj.unt. of FIGS. 9, 10, and 11 show flow charts representing certain
walter, and does not prevent condensation 1n an application - : -
wheré refrigerant mal; be operating as cold as —4OEpCelsius. tei};imsl;];gnl.nethods for operating or controlling a relrigera-
Another approach has been to simply apply a fixed high-
power heater around an evaporator unit which surrounds the 2° DETAILED DESCRIPTION
logic module. In this way, the surface temperature of the FIG. 1 is a schematic diagram providing an overview of
logic module housing remains above the dew point. Another the harﬁware components of exemplary refrigeration system
approach relies on enclosing the logic module 1n a vacuum . TP : praLy S HSYSE
enclosure as a means of providing effective insulation. 10'. Reéfl(')lgerauon SYS'E?II] 10 11;]cludes redup clllant ref‘rlgera't 1on
Unfortunately, these approaches cannot adequately ensure =Y units q (m{O taie shown) tt ats(?eq.uenufa. y o tull. 11111520611
that there will be no condensation 1n the evaporator housing %?El v CODTAIE T LYAPORATOr ST Ml JEGEIAn LS &9
_ .. . ough the cooling system will be described with refer-
an;iri htheref(;rle not Suflcllen;lg rellflble't . , ence to two refrigeration units 20, i1t will be understood that
Other problem unresolved Dy prior art coolng SySIems — the jpyvention can be adapted for use with one or more such
relates to condensation formed on the opposite side of the ' * - . ‘
circuit board. This problem has limited tfl)lg temperatures to 32 zirélglcf;agg I;nl(ljnf}f;fﬁiioéo;Omﬁniiﬁggzefh ;Zifi&lo%;i
which the logic module can be cooled to avoid condensation. cooling logic module 50 to temperatures below ambient.
SUMMARY Heat from logic module 50 1s absorbed by coolant 1n
The above discussed and other drawbacks and deficien- cvaporator 30. .Ciaolant 1s then passed back to refrigeratiqn
cies of the prior art are overcome or alleviated by a refrig- 49 umtsk20 wherefq 5 compressmid, condensed, and expanded 1n
eration system including an evaporator housing sealed to a Ay RHOWH I r1gerz%t10n cyee. o
first side of a circuit board containing a logic module, the Logic module 50 1s preferably a multi-chip module, as are
evaporator housing including an evaporator block in thermal ~ &¢nerally known in the art, but cooling system 10 1is appli-
communication with the logic module. The evaporator hous- cable to other concc?ntrf:lted heat generating devices that are
ing further includes at least a humidity sensor for detecting 45 advantageously maintained at below ambient temperatures.
a humidity within the evaporator housing. In another aspect Logic module 50 1s electrically and mechanically attached to
of the invention, the refrigeration system includes a heater a first side 38 of circuit board 53. Both logic module 50 and
on a second side of the circuit board opposite the evaporator ~ Clreult board 55 are relatively flat structures having heights
housing, the heater being in thermal communication with that are sul?stantlally ‘less than thelr u‘fldthsior lengths, and
plated through-holes of the circuit board to maintain the 50 ar¢ shown in FIG. 1 in profile view (i.e., disposed perpen-
circuit board above local ambient temperature. In another ~ dicular to the page). To prevent condensation on a second
aspect of the invention, a source of dry pressurized air is side 59 of circuit board 35 from forming, a heater 40 1s
provided into the sealed evaporator housing through a Fhsposed on second side 39 of circuit board 55. HeE}ter.40
though-hole drilled directly under the logic module. In mizlude:s a.heat spreader plate 41 1n thermal communication
another aspect of the invention, a portion of the warm air 55 With circuit board 55. Thermal pads 52 (FIG. 3) enhance
exiting the processor cage is recirculated and caused to pass ~ hermal coupling between heat spreader plate 41 and plated
over the evaporator housing, thereby ensuring that the thfough-hole connections (not shown) of circuit board 585,
exterior surface of the evaporator housing is warming to ~ ¢Hectively warming circuit board 55. Heater 40 further
above local dew point. In another aspect of the invention two ~ n¢ludes redundant heat cartridges 44 to provide heat to heat
or more modular, interchangeable refrigeration units are 60 spreader plate 41. Each heat cartridge 4fl 1nclude§ a resistive
concurrently connected to the evaporator and are controlled heat element (not shown) for converting electrical energy
independently, providing backup capability to ensure the  0t0 heat energy. In a preferred a embodiment, cach heat
reliability of the system. cartridge 1s rated at 300 W. In addition o heat cartridges,
other heat source types, such as flat resistive heaters, are
BRIEF DESCRIPTION OF THE DRAWINGS 65 contemplated.

The above-discussed and other features and advantages
will be made known from the following detailed description

Each refrigeration unit 20 includes a respective controller
24 1n communication with a primary cage controller 60 and

AXA Exhibit 2016
Page 9 of 15
IPR2025-00408



US 6,446,447 B1

3

secondary cage controller 65, the latter being available 1n
case of failure of primary cage controller 60, via two-way
communication lines 64. Controller 24 operates 1n response
to 1nstructions from primary cage controller 60 or secondary
cage controller 65 to cool logic module 50 to a desired

4

Upon absorbing heat from logic module 50 (FIG. 1) the
refrigerant vaporizes and 1s passed back to refrigeration unit
20 via refrigerant return line 27. This gaseous refrigerant 1s
passed to compressor 70 via line 63, compressed therein,

_ _ Mo {5 and then passed to condenser 71 via line 67, wheremn it is
temperature. In a_ld of this ob]e(;tlve, controller 24 1S condensed back into a liquid or mixed phase fluid. a Blower
equrpped “‘flth various outputs aqd inputs to control refrig- 72 is driven by a variable A.C. motor or D.C. motor and pulls
cration equipment 22 and'tf) monitor the aCtll{.:ll lemperature air through electronic controller 24 and condenser 71 1n a
of the evaporator. In add}tlon to cooling }0g1c module .50’ path generally represented by arrow 88 for absorbing the
controller 24 1s responsible for preventing condensation heat from the refricerant
within evaporator 30 and on circuit board 55. monitoring the 10 hea _ S o ‘
temperature and relative humidity in the evaporator cavity After b:emg cond!ensed 1n COﬂ_deﬂ_S‘?f 71, the coolant is
(to be described in more detail below) and the temperature received 1n filter/drier tank 78 via line 76, then passed to
of heater 40, to ensure that it is greater than the dew point ~ eXpansion valve 85 where a portion of the coolant is
within the processor cage (FIGS. 6, 7). vaporized and its temperature 1s reduced. The coolant 1s then

Controller 24 controls refrigeration equipment 22 within !> once again made available to evaporator 30 via line 87. A
refrigeration unit 20 via signal lines 23, and controls heat ~ bypass line 79 1s provided between lines 67 and 87 for
cartridge 44 via lines 29. Evaporator plate temperature 1s bypassing the condenser and expansion valve 1n order to
provided via lines 36 and evaporator cavity temperature and moderate the coolant’s temperature. Bypass line 79 includes
relative humidity are provided via lines 33 and 34, respec- hot gas bypass valve 80, actuated by solenoid 82.
tively. l?inally, lines. 42 provide heater temperature feedback. 20 gntroller 24 incluides a processor and memory, as will be
~ Refrigeration units 20 are modular in nature, 1.¢., they are further described, for executing machine code to control the
mterchangeable and provide redundancy or backup capa- operation of refrigeration unit 20. Control unit 24 includes
bilities to evaporator 30. Refrigerant 111}65 2(i and rqfrlgerarlt various inputs for temperature and humidity sensors in
return !mes 2.7 are connected to rn::fngeratmn unit 20. vid evaporator 30, to be described 1n more detail below, and
respective quick-disconnect couplings 25 so that either 25 uts to control compressor 70, bvnass valve 80. and
refrigeration unit 20 may be quickly swapped out for main- Eil pt - P > DYPa o
tenance or replacement once another refrigeration unit 1s on ower 72 via lines 66, 83, and 73’1 respectively. Apy ot lines
line. Refrigeration units 20 each include a condenser and 66, 83, and 73 may carry control Slgqals for. actuating a relayﬂ
compressor, as is known in the refrigeration art, and passes or motor controller (nf;)t shown) which switches on and off
pressurized refrigerant, which may exist as a liquid, gas, or 37 POVt to the respective component, or such relay/ motor
mixed-phase fluid to evaporator 30 via refrigerant lines 26. conftroller may be internal to control}er 24, and lines 6.6, 73,
In a preferred embodiment, the compressor 1s a Maneurop and 83 carry power to the respective components, 1n the
L1-22 compressor, but any rotary, reciprocating, or scroll lfnown manner. The pOWeT supply and power lines are not
compressor of sutficient cooling capacity could be used. The lustrated for sake of clarity.
precise refrigeration cycle and working fluid is determined ;s  Additionally, refrigeration unit 20 includes outputs for
based on a number of factors, such as the desired resultant controlling heat cartridge 44 (FIGS. 1, 3) and an input for
temperature, environmental/regulatory considerations, receving electrical power for supplying energy to controller
desired coefficient of performance, desired size of 24, as well as compressor 51, blower 61, and solenoid 82.
condenser, cost, etc. FIG. 3 shows a cross section view of an exemplary

Referring now to FIG. 2, an exemplary cooling cycle 49 Implementation of an evaporator 30 and heater 40 assembled
using R507 (AZSO) refrigerant provides temperatures as with a lOgiC module 50 and circuit board 55. Circuit board
cold as =40° C. and colder. As would be appreciated by those 55 1s pI‘OVided with stiffeners 97 on either side to aid 1n
skilled in the art, the target temperature may vary with the supporting and attaching evaporator 30 and heater 40 to
compression ratio and other factors, including various con- circuit board 55. Evaporator 30 1s attached to a first side 58
trol measures as will be hereinafter described. 45 of circuit board 55 and heater 40 1s attached to a second side

In the exemplary arrangement shown, a mixture of gas of circuit board 55 by screws 43 connected to stifftener 97 as
and liquid refrigerant are passed to evaporator block 31 via ~ shown. Refrigerant line 26 and refrigerant return line 27
refrigerant line 26. Evaporator block 31 comprises copper, supplies one of two serpentine paths 61 and 62 (FIG. 2). A
aluminum, or other heat conductive material and includes second pair of refrigerant and refrigerant return lines lie
independent serpentine paths 61 and 62 formed therein. so directly b‘_‘?l}iﬂd linesi26 aﬂ_d 27 SPOWH:J allowing connection
Serpentine paths 61 and 62 are circuitous pathways that may to an additional refrigeration unit 20, as described above.
be formed by any known method, such as by cutting paths Refrigerant line 26 and refrigerant return line 27 are
into a center layer that 1s then sealed between upper and connected to evaporator block 31 which 1s 1n thermal
lower layers of the material. Exemplary evaporator block communication with logic module 50. Evaporator block and
structures are shown and described 1n commonly assigned 55 logic module 50 are sealed 1n an evaporator housing 32 by
U.S. Pat. 5,970,731 to Hare et al, 1ssued Oct. 26, 1999 and cgasket 94. After assembly, Evaporator cavity 35 1s filled with
U.S. Pat. No. 6,035,655 also to Hare et al., 1ssued Mar. 14, insulation, such as an 1njected polymer foam insulation, to
2000, both of which are herein incorporated by reference. reduce the amount of heat absorbed from evaporator housing
Evaporator block 31 includes an additional serpentine path 32, thus preventing the temperature of evaporator housing
62 for connection with a second refrigeration unit 20. 60 32 from dropping below dew point. Grommet 48 1s formed
Serpentine paths 61 and 62 are separated and are not 1n fluid of msulating material and includes holes for passing refrig-
communication with each other so that one refrigeration unit erant lines 26 and refrigerant return lines 27 1nto evaporator
20 may be disconnected while the other continues to operate. housing 32. Also extending into housing 32 1s evaporator
Evaporator block 31 1s disposed 1n thermal communication block temperature probe 39, which includes a sensor extend-
with logic module 50 within evaporator 30 (FIGS. 1, 3) so 65 ing into evaporator block 31 for detecting the temperature of

that heat from logic module 50 is readily absorbed by
refrigerant 1n serpentine paths 61 and 62.

the evaporator block, and providing feedback information to
refrigeration units 20 as previously described. Evaporator
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block temperature probe 39 preferably comprises dual ther-
mistors for providing independent temperature detection for
cach of two refrigeration units 20. Evaporator housing 32 1s
attached to circuit board 55 1n the known manner, with

6

ing heat from the power supply (not shown), memory books
105, 106, blowers 110, and heater 40. This warmed air
passes heat energy to evaporator housing 32, thereby
increasing 1ts surface temperature to above dew point,

evaporator block 31 being biased against logic module 50 s ensuring that no condensat%on “_"ﬂl form thereon.
using biasing elements 49, which may comprise metal FIG. 7 shows a perspective view of cage controller 100.
springs or elastomeric blocks. Asource of presgurized air supplies ai'r through ai}' hose.113
: : to desiccant canister 45 (FIG. 1) which resides in canister
Heater 40 comprises heat spreader plate 41 which : . : : :
. . . housing 115. A view-window 116 1s provided so that an
includes accommodations for two heat cartridges 44 and : L
. operator can see when the desiccant changes color, indicat-
dual temperature sensors 46 for detecting the temperature of 10 . . . . .
L : ing saturation. Canister housing 115 outputs dry air to
heat spreader plate 41 and providing feedback to respective : L . .
. . . capillary tube 104 which 1s sufficiently long to restrict the air
refrigeration units 20. . . . .
_ _ flow as previously described. Capillary tube 104 feeds into
The 1internal atmosphere of evaporator 30 will be heat spreader plate 41 as shown. Cavity 101 receives modu-
described with reference now to FIGS. 1 and 3. Desiccant 15 lar redundant power supplies which provide power to logic
canister 45 1s connected at 1ts inlet to a source of pressurized module 50 (FIG. 1).
alr. 'l[l)ry al{) ﬂj’?fs Ollllt of desiiccani Caljﬁtel{l 45 throu dgh Referring to FIG. 8, each refrigeration unit controller 24
captllary tube &7 10 heal spreader plale &1. Heal spreader .1y des a processor 120, an analog-to-digital converter 122,
plate 41 and circuit board 85 include an aligned through- random access memory 124, non-volatile memory 126
hole 95 for conducting dry air from said capillary tube to the g communication port 128, and (;utput 132. Controller 24 also
first 5146 S8 (_)f circuit board 5. Loglc modulie S0 COHIPLISES includes other necessary ancillary components such as
a zero-1nsertion force connector as 1s known 1n the art which power supply, clock, etc., which are not shown for sake of
includes a Smf’:lll air space 57 (FIG. 3) between lqglc modulte clarity. Non-volatile memory 126 may be any type of
50 and circuit board 55. This arrangement raises the air machine readable media such as ROM. PROM. EPROM
pressure 1n evaporator housing 32 to Slight.lz ab:ove ambient. .« EEPROM, Flash, magnetic media, opti:':al medi;, or othe;
Thu?’* _‘mﬁ smz.lllialf]:llloun‘t ofileakage or di Esmn_ w%lzonly known type of non-volatile memory. Communications port
result n dry air in tr;&tmg o eva:porator DUSHIS 92 128 is preferably a standard serial port, as are generally
Evaporator 30 315‘3: includes a desiccant _Sl‘f)t 37 h(:_)usmg‘a known 1n the industry, such as the RS422 serial port. Each
desiccant bag 92 which absorbs., any remaining moisture in of these components are 1n communication with processor
evaporgtqr cavity 35, such.ag might occur upon replacement 30 120 via one or more data busses 130 (only one shown).
or servicing of dual humidity and temperature sensor 38. During operation of controller 24, software stored in
Arrows 96 shows free movement of air between evaporator  pop_yolatile memory 126 causes processor 120 to perform
cavity 35 and desiccant slot 37. Desiccant slot 37 also various operations on input and to generate outputs accord-
houses dual humidity and temperature sensor 38, which  jno1y A shown in FIG. 1, controllers 24 are in communi-
includes redundapt hllIIlldl’[y- apd temperatures sensors. In.a 35 cation with primary and secondary cage controllers 60 and
preferred embodiment, humidity and temperature sensor is g5 Additionally, cage controllers 60 and 65, which are also
or 1s similar to one available from Honeywell, part number — jnieljjgent devices, are in communication with other con-
HIH-3602-C and includes two independent humidity sen-  qjjers and sensors via Ethernet (see line 68 in FIG. 1) as
SOIS a.nd two independent therqnstors. Capﬂl.ary tube 47 15 generally known and understood in the art. Cage controllers
sufficiently long or otherwise includes an :.:urz_:low resISor, 60 and 65 are responsible for monitoring and regulating the
sucl} as an 0r1ﬁ§e, to prevent excessive air :iow thrgugh power supply, cooling fans, internal processor cage
capillary tube 47 1n the case _Of 4 !eak Ot Vj’hﬂe dual humidity temperature, and other environmental aspects of the proces-
and temperature sensor 38 1s being serviced or replaced. sor cage to ensure proper functioning of the system and the
FIGS. 4 and 5 show front and rear perspective views of various internal components.
evaporator 30, respectively. Refrigerant lines 26 and retrig- 45 The use of an intelligent refrigeration unit controller
erant return lines 27 are surrounded with thermal insulation allows the refrigeration unit to cooperate with the cage
to preveﬂt COIldeIlSEltiOIl aIld IOSS‘Of efiCiency. DGSiCCElI]t SlOt Controller and larger System 18] maximize the performance Of
cover 28 (FIG. 4) 311‘31_05@5 desiccant slot 37_ Efﬂd SUpports the logic module without sacrificing reliability. In this regard
“D” connectors 98 which connect dualihumlidlty aﬂ_d tem- the controller can, 1n response to instructions from cage
perature sensor 38 to respective refrigeration units 20. 5o controller 60, precisely control the temperature of the evapo-
S1q111&rly, D” connectors 99 are provided to connect evapo- ration block by controlling the speed of compressor 70 and
ration block temperature sensor 39 to respective refrigera- by actuating hot gas bypass valve 80 (FIG. 2) in response to
tion units 20. temperature readings from evaporator block temperature
FIG. 6 shows a schematic representation of airflow man- probe 39. The temperature to which the evaporator block 1s
agement within processor cage 100. Air 1s drawn 1nto 55 controlled may vary according to the current condition or
rocessor cage 100 at air mlet 102. Air flows past memor operation of the logic module operating mode or power
P g P y P g P g P
books 105 and redundant power supplies (not shown) along consumption, as well as the expected condition or operation
ath 103. Air 1s then forced though one of a plurality of of the logic module. In addition, the refrigeration unit
P g P y g g
blowers 110 (only one shown). Blower 110 includes louvers controller 1s capable of reacting to component failures and
11 which operate as check valves to prevent back flow 60 notifying the cage controller of such failures. This provides
through blower 110 when fewer than all blowers are oper- improved reliability by allowing the cage controller to then
ating. Air flows generally along path 107 by memory books switch to a second refrigeration unit and alert system admin-
106 and along path 108 by heater 40. A majority of this air istrators of the failure for repair or replacement of the
exits at exit 119, however some air flows through orifice 112 defective component and/or refrigeration unit. Furthermore,
and then past evaporator 30 and then recirculates through 65 by integrating the refrigeration unit with the cage controller,

one or more of blowers 110. In this manner, evaporator
housing 32 1s warmed by air previously warmed by absorb-

smooth transitions from one refrigeration unit to another can
be easily achieved.
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temperature of evaporator block, and 1s dependent on the

TABIE 1 requirements of the logic module and the mode of operation
and power draw of the logic module. For example, during,
SYSTEM RU 1 RU 2 start up operation, the set point 1s 1nitially set to a high
N mode On Off s temperature of, e.g., 0° C. which may be c}esignated a
Deactivated standby temperature. During self-test or periods of low
N+1 mode On Fnabled current draw, the set point 1s set to an intermediate tempera-
Switchover mode Switchover from Switchover-to ture to avoid condenstaion, e.g., —10° C. During normal
operation, the set point is set to a low temperature, e.g., —20°
The system and the individual refrigeration units are 10 C. It may be necessary to ‘raise the set point during periods
capable of entering several different modes of operation to of low power dissipation in the logic module to ensure the
accomplish this task as summarized by Table 1. These  Surface temperature of the portion of the circuit board
modes will now be described with reference to an exemplary 011?51(:16 the sealed environment does not rise above the dew
system capable of being connected to only two refrigeration point.
units at any one time, though 1t should be understood that the s  FIG. 9 provides a flow chart diagram describing an
system may be adapted to accommodate any number of exemplary start-up sequence. This represents code 1n refrig-
refrigeration A units. In the “N-mode,” one refrigeration unit eration unit controller 24 and 1s particularly directed towards
1s on while the other refrigeration unit 1s either off or starting up the compressor without drawing excessive cur-
deactivated. When 1n the off-mode, the refrigeration unit 1s rent from the power supply. The procedure begins at start
not operating to cool the logic module, but it 1s actively 55 block 152 and proceeds immediately to block 154 which
communicating with cage controller 60. When 1n the instructs the hot gas bypass valve 80 (FIG. 2) to open to
deactivated-mode, the refrigeration unit 1s off-line or dis- unload the compressor. Compressor 70 (FIG. 2) is driven to
connected. In the N+1 mode, the first refrigeration unit 1s on, a relatively slow speed of about 2700 r.p.m. The hot gas
while the second 1s “enabled”. In the enabled mode, a bypass valve 80 1s then pulsed by opening, closing, then
refrigeration unit 1s not functioning to cool the logic module, ,s opening again, to ensure that it 1s functioning properly. By
and 1t 1s 1n communication with cage controller 60. What employing pulse width modulation, the hot gas bypass valve
distinguishes “enabled” from “off” 1s that when enabled, the 1s ramped to 100% closed at block 162. At about 81 seconds
refrigeration unit 1s ready to step in and turn on, by itself and from start-up, the compressor speed 1s advanced to 50 Hz,
without instruction from the cage controller, 1f necessary. which 1s equivalent to 3000 rpm at block 164. In block 166
The conditions under which an enabled refrigeration unit 35 PID (proportional, integral, derivative) control of the evapo-
may turn on by itsellf include sensing evaporator over- rator block temperature then begins at about 86 seconds after
temperature and the cage controller didn’t turn 1t on. A third startup and the heater is powered to 60% on (e.g., using
mode of the system 1s the “switchover” mode. In a switcho- pulse width modulation with about 2 second cycle time).
ver mode, one refrigeration unit 1s designated the Block 168 begins thermal regulation and at block 170, the
“switchover-from™ unit, indicating that it 1s 1n a shut-down s logic thread terminates.
sequence, and one refrigeration unit 18 1 a “switchover-to” The cage controller prepares for changes 1mn logic state and
mode, indicating that it 1s 1 a start-up sequence. The sets the set point prior to the change, but not for so long as
shutdown and startup sequences vary depending on whether to create condensation. For example, in order for the logic
the switchover-from unit 1s experiencing a fatal error or  module to function at optimum cycle time, it should already
whether the switchover-from unit 1s running normally or 45 be chilled to its planned temperature condition. Therefore,
experiencing only a minor error. A minor error 1s one that the logic code must first request a low temperature state,
can be compensated, an example of which will be described  then wait for the cage controller and refrigeration unit to
below with reference to FIG. 11. provide that state, e.g., by changing the set point. Once the
Each controller 24 makes status data available to the cage set point 1s achieved, the refrigeration unit sets a status bit
controller 60, and the cage controller 60 periodically trans- 45 for the cage controller to read, thus indicating that it has
mits status data and instructions to the refrigeration unit achieved status. The status bit may be indicative of an
controllers 24. This periodic data transmission 1s called evaporator block temperature being within a selected range,
“stuffage” and allows the refrigeration units to react to e.g.,2° C.or 5° C., of the set point. Once the cage controller
failures of the cage controllers, while the cage controllers’ notices that the status bit 1s set, 1t gives permission to the
monitoring of refrigeration unit data allows them to react to sg logic code to operate at the faster cycle time. If the cage
failures of the refrigeration units 1n a logical manner. In the controller or refrigeration unit notices that the logic module
exemplary embodiment, refrigeration unit controller 24 failed to increase 1ts cycle time within a selected time frame,
sends posts the value of all the sensors of the refrigeration ¢.g., anywhere from 20 seconds to 2 minutes, 1t will reset the
unit, particularly the evaporator and heater block set point to the high or medium temperature, to avoid
temperatures, flags indicating the mode the refrigeration unit 55 condensation.
1s currently in, and fault data, such as evaporator cavity FIG. 10 represents code in cage controller 60 that is
over-humidity, heater block over-temperature, etc. This executed prior to “clocks-on” mode, 1.e., prior to mnning
information 1s available to the cage controller to read. Every logic module at its optimum speed. This procedure begins
'/ seconds or so, the cage controller 60 stufls the refrigeration with block 172 and proceeds immediately to block 174
unit with data including the current power of the logic 60 wherein one of refrigeration units 20 is turned on. The unit
module, ambient temperature, control commands such as to be turned on may be selected at random, or otherwise. At
turn on/oft, prepare for power on, prepare for self test, enter  block 176, the set point temperature T is initially set to high,
enable mode, enter/exit switch-over-to mode, enter/exit  which may correspond to 0° C. At block 178, cage controller
switch-over-from mode, fault flags control commands to set 60 then waits for the status bit in refrigeration unit 20 as
or clear fault flags m the refrigeration unit controller. 65 described above. If all is well, cage controller 60 sets the set

During operation, cage controller 60 determines the set
point for the refrigeration units. The set point 1s the desired

point to a medium value, e.g., —10° C. as block 180 provides.
At block 182, cage controller 60 then waits once again for
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the status bit 1n refrigeration unit 20. At block 184, with the
logic module cooled to its mntermediate value, cage control-
ler 60 signals higher-level code to commence its self test.
This step may be skipped at the user’s option. If all 1s well,
cage controller continues to block 186 where the set point 1s

10

valve and actuating mechanism, to allow increased air flow
while the humidity sensor 1s being serviced.

While dual humidity and temperature sensor 38 1s being
replaced, the internal desiccant bag 1s also replaced so that

finally set to the low temperature, €.g., —20° C. At block 188, > any HéOiSmre that egtegs evz;porlaltlor c??"'ity 3; during this
cage controller 60 again waits for the status bit. Then, at PrOCEtiEy 5 TEIMOVEL. 7 n.ceﬁ L A ity and temperature
block 190, cage controller gives the higher-level code the sensor 38 1s replaced, 1t 1s actwa?ed an d the 'heaters are
go-ahead for clocks-on, and the procedure terminates at returned  to normali POWEL. Refrlgefatmn unit 20 the:n
block 192 Tf clocks-on fails to commence within a selected resumes norma} monitoring of the relative humidity levels 1n
fime-frame, ¢.g., 2 minutes, then the set point 1s returned to 1 evaporator cavity 35.
the intermediate value to prevent over-cooling of the circuit Temperature sensors 46 are monitored for sanity in a
board. manner similar to the way the humidity sensors are moni-
Each refrigeration unit controller 24 monitors its indi-  tored. For example, if the heaters are more than 10” C. apart
vidual humidity sensor or its independent output of dual . 10 their temperature measurements, a miscompare fault flag
humidity and temperature sensor 38 to ensure that it remains is set, and one or both sensors are replaced.
within normal limits. If the sensor output 1s outside the Outputs of temperature sensors 46 are also compared with
normal limits of the sensor probe, controller 24 sets an error over and under temperature limits. These limits are a func-
flag indicating that the sensor is “insane”. Higher level tion of other system states or environmental conditions. A
system code monitors the error flags from refrlgerator unit ,, temperature outside the range defined by the over and under
20. Upon detecting the error, the higher level system code limits, could indicate a faulty heater, connection, or drive
will message a system operator that the humidity sensor circuit. A defect 1n the running refrigeration unit triggers a
needs to be replaced, as described below. switchover to the other (good) refrigeration unit. The defec-
Sometimes, a humidity sensor will slowly drift from the tive heat cartridge and thermistor 1s concurrently replaced by
correct reading, rather than returning an insane value. To ,. first deactivating the heater, causing the good running refrig-
detect a faulty sensor that is merely inaccurate, rather than eration unit to thermostatically control the heater to a lower,
insane, cage controller 60 compares the actual sensor values touchable temperature. As with the humidity sensor, a timer
together when one of refrigeration units 20 indicates an over 18 set as a result of the heater deactivating command.
humidity condition. If the difference between the readings 1s Sufficient time 1s allotted for replacing heat cartridge 44 and
beyond a miscompare limit, e¢.g., 5% relative humidity, the ;, thermistor 46, but not so much time as to permit moisture to
higher-reading humidity sensor is flagged as defective and form on critical surfaces. For example, the timer may be set
the operator 1s requested to replace the dual humidity and for 10 minutes, after which an alarm sounds.
temperature sensor 38. 1f the difference between the readings Each refrigeration unit 20 controls 1ts own heat cartridge
1s within the miscompare limait, then a dry air breach warning 44, and the heat value 1s controlled from no heat to full heat,
1s surfaced and a repair 1s requested of this condition. In an 35 up to 300 W, 1f heat cartridge 44 1s a 300 W heater. Heat
alternate embodiment, dual humidity and temperature sensor cartridge 44 1s controlled by pulse width modulation at a
38 1s replaced with a pressure sensor. This would protect frequency fast enough compared to the thermal mass of heat
against failures of the seal around evaporator cavity 35, but cartridge 44 that prevents temperature cycling and related
would not insure against moisture diffusion through the heater failure, e€.g., 2 Hz has been found to be a sufliciently
various elastomeric membranes. 49 fast frequency. Unique heat values are used for particular
It should be noted that the output of the thermistors in dual ~ power and environmental states. In a method described by
humidity and temperature sensor 38 are used to correct the FIG. 11, the heater power 1s reduced for high ambient air
sensed relative humidity value for evaporator cavity 35 in temperature conditions. Ambient temperature 1s measured
accordance with the manufacturer’s specifications. It is this within the refrigeration unit enclosure at the inlet to con-
temperature-corrected relative humidity value that is used 45 denser 71 (FIG. 2) using a thermistor. This thermistor is
for fault detection and 1solation. The correction 1s required tested for sanity in the same manner as temperature sensor
since the local air temperature around dual humidity and 46 described above. Starting with block 194 refrigeration
temperature sensor 38 varies with ambient as well as with unit controller 24 proceeds 1immediately to block 196 and
the temperature set point in evaporator 30. determines whether the thermistor at the inlet of condenser
Concurrent maintenance, 1.€., maintenance during contin- 50 71 1s 1nsane. If not, controller 24 proceeds to block 198
ued operation of the logic module, of the dual humidity and wherein the condenser imlet temperature is taken as the
temperature sensor 38 (humidity sensor) is accomplished by ambient temperature, and controller 24 proceeds to block
deactivating the humidity sensor. In this case, “deactivating” 202. If the thermaistor 1s insane, then the ambient temperature
the humidity sensor means causing heat cartndge 44 to 1s set to the ambient temperature from a thermistor mounted
thermostatically control the board temperature to a higher 55 onthe system frame, which 1s provided in stuffage from cage
than normal value to prevent moisture from forming thereon controller 60. A compensation value 1s added to this value
when evaporator cavity 35 is opened for the short time since the frame temperature will typically be several degrees
needed to replace humidity sensor 38. Refrigeration unit cooler than the air entering condenser 71, due to the envi-
controller 24 sets a timer when the humidity sensor is ronment 1n refrigeration unit 20. Controller 24 then proceeds
deactivated and gives a warning signal if the repair proce- 60 IO block 202.
dure takes too long. For example, if the evaporator cavity 1s At block 202, controller 24 tests whether the ambient
opened for more than 10 minutes, an audible alarm 1is temperature 1s less than 30° C. If so, heat cartridge 44 is set
produced, or a warning message 1s sent to cage controller 60. to 60% of maximum and blower 72 (FIG. 2) is set to 2,000
If the amount of dry air supplied from desiccant canister 45 rpm. Then, the procedure terminates at block 208. If the
is increased while evaporator cavity 35 is opened, then this 65 ambient temperature is greater than 30° C., the heat cartridge

fime may be increased. For example, capillary tube 47 may
be replaced with a pair of differently-sized orifices, with a

1s set to only 30% of maximum and the blower 1s set to 2,800
rpm, to compensate for warmer ambient air.
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Switchover from one refrigeration unit 20 to another
refrigeration unit 20 can occur on a scheduled basis, for
example, every 160 hours. In addition, switchover can be for
reCOvery purposes, 1.€., when one refrigeration unit 1s faulty.
In particular, a recovery switchover may be 1n response to

12

a humidity sensor disposed within said evaporator hous-
ing for detecting a relative humidity of air 1nside said
evaporator housing.

2. The refrigeration system of claim 1, wherein:

, i 5 said evaporator housing further comprising a refrigeration
such failures as double communications fault to the on unit supplying expanded refrigerant to the evaporator
eligeraton un, emperaure sensor 46 inan, 0¥t plock through 2 wal n the evaporator housing via &
temperature sensor 1nsane or over humidity. A double com- 3 f[?l;frlgefr ant hf[l.e and ? refr}fgeirgnt 2retur.1(11 111%6.' ¢ and
munication fault occurs when both cage controller 60 and  HHC TCHISCTALON SYSICH O1 CLalihl £, Sald relligerant 4
secondary cage controller 65 lose communication with the 10 refrigerant return lines including quick-disconnect
on refrigeration unit. connections, allowing the refrigeration unit to be ecasily

In a switch-over mode, cage controller 60 posts dlsconnected.fromisald cvaporator housmg. o
switching-from and switching-to bits in stuffage to respec- 4. The refrigeration system of claim 2 further comprising
five refrigeration units 20, then posts a “switchover” func- an additional refrigeration unit, the evaporator block having,
tion bit. The switching-from refrigeration unit compressor 1s . a distinct path for each refrigeration unit.
set to maximum speed and 1ts hot gas bypass valve 1s closed 5. The refrigeration system of claim 1 further comprising
(O%)Eﬁpreparﬁa f(t)r turnmtghon th_e{ S;Y 1tcl:1ng-%0. refrltg_erauo;: a heater on a second side of the circuit board opposite the
unit. After a short pause, the switching-to refrigeration uni - . .
1s turned on, CallSiI]ijg significant heat t% be pass%d to evapo- IO%LC T?dglfﬁ the 1? el,lati—:: ' befu:l% 111‘the‘rtn:Lal cgmmumcatlon
rator block 31 during startup. The switching-to unit set point Wi 6 ph& © ¢ HOUT OIS O E Cllr?ul Of]ir " he h
is then set a small amount lower (e.g., 1° C.) than the set 20 - Ihe refrigeration system of claim S wherein the heater
point of the switching-from refrigeration unit, causing the comprises a heat spreader plate in thermal communication
switching-to unit to be taxed to a greater extent as the with the plated through holes of the circuit board, a heat
switching-from unit dumps heat through its hot gas bypass source 1n thermal communication with the heat spreader
valye In an efiort to br1‘ng t‘he temperature up to 1its set point. plate, and a temperature sensor sensing the temperature of
Switching-to and switching-from refrigeration units are ,s the heat plate.
designed to be capable of maintaining this “switch-over” 7. The refrigeration system of claim 6 wherein the heat
mode 11_1d‘?ﬁ111<1t61y' H‘EWW@I? lthe SdWHCh_”zig'f?m refrigera- source comprises a heat cartridge disposed in a recess of the
thn 1t1111t 11511 ept 0:1 hpr af S€ ectef ‘perlot‘ 0 tlmte,.e.gtﬁ 4 heat spreader plate.

HURTLES. LHe SWILCHILE-LIOM - TelHgelallon il 15 - tIek 8. The refrigeration system of claim 6 wherein the heater
turned off only after the switching-to unit exhibits no fault - cludes S q dy ¢ heat h ble of
or warning conditions. After good status, the cage controller 3Y mr(;;li d?[sl ;(Eﬁé?egfﬁga tetI; th;;f;?ﬁt;:; desfch fliﬂanoe ;r t
shuts down the switching-from refrigeration unit, and places P S S . P

i enabled mode. then clears the switchover mode and of the circuit board that extends outside the evaporator
Function bit. ’ housing 1s permitted to cool to a temperature below the local

In the case of a recovery switchover, there 1s no pause in de;v %imt. o _ £ claim € wherein the h
bringing the switching-to refrigeration unit to the set point 35 7 +he¢ relrigeration system ol claim 6 wherein the heater
temperature, and once achieved, the switching from refrig- includes a through-hole perpendicular to a plane in which
eration unit is immediately shut down. the circuit board 1s disposed, the through-hole being aligned

When a system is powered off after the logic module has \rx{ith a through-hole ip the circuit board and positioned
been chilled to below zero, there is a danger that conden- d11:ef:tly under the logic module, the system further com-
sation will form when the evaporator 1s removed to service 4o PIISINE.
the logic module. To prevent such condensation from a source of dry pressurized air; and
fOI'II]iI]g, cage controller 60 sends the I'llIlI]iIlg refrigeration an air line extending from said source of dry pressurized
unit 29 a “prepare-for-power-oil” comm‘and, §ausing 1t to air to said through-hole.
open its hot gas bypass valve 80, causing high enthalpy 10. The refrigeration system of claim 9 wherein said
refrigerant to pass directly imto the evaporator and thus o source of dry pressurized air includes a source of pressurized
rapidly heating the evaporator, as well as the logic module air providing pressurized air to a desiccant canister, the
1l 18 attach.ed to. o ﬁ}rthc—:-:r accelerate the heatmg C_’f the desiccant canister containing desiccant for absorbing mois-
chilled logic unit and circuit board, heat cartridge 44 1s left fure in the air
on. These steps enable logic module 50 to be serviced 1n an iy : : : :

. . . . 11. The refrigeration system of claim 9 wherein the air
acceptable timeframe without danger of condensation being : . .
formed on the vulnerable areas >0 lmizcomﬁ) rlsesf a capillary tube. o 1 wh h
. . . ' . . . T lgeratl t ' In t

While the invention has been described with reference to VAo toi ;fog{gi;illl?ge;};s :;2652 tijlia oz tjrreflllllrthei
specific embodiments thereof, 1t 1s intended that all matter porar > HIY CVAD
contained in the above description and shown 1n the accom- comprising a temperature probe extending into the recess of
panying drawings be interpreted as illustrative and not the evaporator I?IOCk‘_ _ _
limiting in nature. Various modifications of the disclosed 55 13. The refr1gerat10n system Cff claim 1 wherein the
embodiments. as well as other embodiments of the evaporator housing further comprises a desiccant slot for
invention, will be apparent to those skilled in the art upon recelving a desiccant bag thereql,.the housing further 11}‘3111(1'
reference to this description, or may be made without Ing a df-::Slccant slot cover providing access to‘the desiccant
departing from the spirit and scope of the invention as slot without removing the evaporator housing from the
defined 1n the appended claims. 60 circuit board to allow for the replacement of the desiccant

We claim: bag during operation of the refrigeration system.

1. A refrigeration system for cooling a logic module 14. The refrigeration system of claim 1 further compris-
mounted to a circuit board, the system comprising: Ing:

an e¢vaporator housing enclosing said logic module and a refrigeration unit supplying expanded refrigerant to the

sealed to said circuit board; 65 evaporator block through a wall in the evaporator

an evaporator block inside said evaporator housing in
thermal communication with the logic module; and

housing via a refrigerant line and a refrigerant return
line, the refrigeration unit includes regulating means
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for regulating the temperature of the refrigerant being
passed to the evaporator block;

a temperature probe extending mnto a recess of the evapo-
rator block; and

14

a controller regulating the heat source in response to the
temperature sensed by the temperature sensor.

26. A refrigeration and condensation control system for

cooling a logic module mounted to a circuit board, the

a controller for regulating the refrigeration unit in ° System comprising;
response to the temperature sensed by the temperature an evaporator housing enclosing said logic module and
probe. sealed to said circuit board;

15. The refrigeration system of claim 14 wheremn the block inside said evaporator housine in
regulating means includes at least one of a variable speed an evaporator L. . Pt _ 5
compressor and a hot gas bypass valve, the hot gas bypass 1" thermal communication with the logic module;
valve allowing gas exiting the compressor to bypass a said circuit board having a through-hole directly under the
condenser within the refrigeration unit. logic module for admitting dry pressurized air.

16. The refrigeration system of claim 14 wherein said 27. The system ot claim 26 further comprising a source ot
controller employs a PID control algorithm. dry pressurized air, and a air line connecting said source of

17. The refrigeration system of claim 14 further compris- 1° dry pressurized air to said through-hole in the circuit board.
Ing: 28. The system of claam 27 wherein said air line com-

a heater on a second side of the circuit board opposite the ~ prises a capillary tube of suthicient length as to greatly

logic module, the heater comprising a heat spreader restrict the flow of air through said air line even when a seal

plate 1n thermal communication with the plated through of the evaporator housing 1s broken.

holes of the circuit board, a heat source in thermal =  29. A refrigeration and condensation control system for

communication with the heat spreader plate, and a cooling a logic module mounted to a first side of a circuit

temperature sensor sensing the temperature of the heat board, the system comprising:

platfa, _ _ an evaporator block in thermal communication with the
wherein the controller also regulating the heat source 1n )5 logic module, the evaporator block having two serpen-

response to the temperature sensed by the temperatures tine paths that are separate and distinct;

SENSOL. _ _ _

18. A refrigeration and condensation control system for a a temyc?:rature p?ob‘e having two mdepe.ndent thermistors
computer system logic module, the logic module being positioned within a recess formed in the evaporator
mounted to a first side of a circuit board, the system block;
comprising: a first refrigeration unit 1in fluid communication with a first

a heater on a second side of the circuit board opposite the of said two serpentine paths,;

logic module, the heater being in thermal communica- a second refrigeration unit in fluid communication with a
tion via solid-to-solid conduction with plated through second of said two serpentine paths, wherein either the
holes of the circuit board. | 35 first refrigeration unit or the second refrigeration unit

19. The system of claim 18 wherein the heater comprises are capable of sufficiently cooling the logic module to
a heat spreader plate 1n therﬁmali communication with the maintain its temperature below ambient;
plated through holes of the circuit board and a heat source _ _ _
in thermal communication with the heat spreader plate. an evaporalor .housmg enclosing said evapora.tor bl(?ck

20. The system of claim 19 wherein the heat source ,, and the logic _moc?“l% the evaporator housing being
comprises a heat cartridge disposed in a recess of the heat scaled to the circuit board;
spreader plate. a heater mounted to a second side of a circuit board, the

21. The system of claim 19 wherein the heater includes heater comprising a heat plate 1n thermal communica-
two independent heat sources, each capable of providing tion with plated through-holes of the circuit board, two
sufficient heat to the circuit board such that no part of the heat sources in thermal communication with the heat
circuit board exposed to ambient air 1s permitted to cool to plate, and two temperature sensors measuring the tem-
a temperature below the. local dew point. N perature of the heat plate;

22 The.system of.clrﬂm. 19 fu.rther COMIPHISIIE afl tVapo- A first controller and a second controller, each of first
rator housing enclosing said logic module and sealed to the ..
first side of said cireuit board: c‘ontr.oller and the SﬁCOI}d controlﬁler receiving respec-

. . ’ . 50 tive inputs from respective thermistors of the tempera-

whereln the heater includes a through-hole perpendicular ) .

to a plane 1n which the circuit board 1s disposed, the :ure probe and from respective tempel:a‘ture sensors of
through-hole being aligned with a through-hole 1n the he heatfar, cach contl:oller also COMPHSIIS ouitputs f.()r
circuit board and positioned directly under the logic controlling a‘respectlve one of the refrlgerfltlon units
module, the system further comprising: o and a respective one of thfa hcaiat sources,.salc.i ﬁrst-and

a source of dry pressurized air; and second controllers .also being in communication w1th a

an air line extending from said source of dry pressurized cage controller, said first and second controllers being

air to said through-hole. progralinmed to contro% a temperature of the evaporator

23. The system of claim 22 wherein said source of dry block 1n response to instructions from the cage con-
pressurized air includes a source of pressurized air providing 60 troller. _ _ _ _
pressurized air to a desiccant canister, the desiccant canister 30. The system ot claim 29 wherein each ot said refrig-
containing desiccant for absorbing moisture in the air. eration units are interchangeable and provide redundancy

24. The system of claim 22 wherein the air line comprises backup capabilities for ensuring that the logic module
a capillary tube. remains at a desired temperature in case one of the first and

25. The system of claim 19 wherein the heater further 65 second refrigeration units fail.

comprises a temperature sensor sensing the temperature of
the heat spreader plate, the system further comprising;:
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