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TEMPERATURE CONTROL APPARATUS BACKGROUND OF T

| N\VENTI ON The present invention relates to a Mm”, ,m" ” .
tenperature 5 control apparatus, and particularly t ,’”m
a tenperature control apparatus for controlling the *159159%
tenperature of an electronic device at the time of ~Luuous
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electronic device, for example, a semiconductor chip
needs to be carried out at a room temperature or a
higher temperature or a lower temperature. When the
performance test of a semiconductor chip is carried out
at a room temperature under a rated current, heat is
generated inside the semiconductor chip by this current
so that the temperature of the chip is raised more than
the room temperature. Thus, the semiconductor chip
needs to be cooled appropriately to maintain the
temperature at the room temperature. When the
semiconductor chip is heated with a heater or the like
in case of high temperature test, it needs to be cooled
appropriately in order to keep the temperature from
being raised more than a setting temperature. These
cases of cooling are carried out with a temperature
setting head loaded with a semiconductor chip connected
to a predetermined cooling system.

As a conventional temperature control apparatus, a

temperature control apparatus disclosed in, for
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setting head | oaded with a sem conductor chip

connected 25 to a predeterm ned cooling system As a
conventional tenperature control apparatus, a
tenperature control apparatus disclosed in, for 2
exanpl e, USP No. 6,668,570 has been well known. This
conventi onal apparatus, as shown in FIG 1 of this
prior art docunent, executes tenperature control of an
el ectronic device 10 by keeping a thermal head 14

whi ch 5 conbi nes a passage 36 in which refrigerant
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amount of heat generated from the heater increases at
the time of high temperature test, for example, the
quantity of heat absorbed by refrigerant in the thermal
head 14 increases so that the temperature of
refrigerant supplied to a compressor 32 rises. As a
result, the temperature in the compressor 32 is raised
by heat generated when refrigerant is compressed and if
this temperature exceeds a setting maximum temperature
of the compressor 32, a large thermal stress is applied
to components inside the compressor 32, so that the
compressor 32 may be possibly damaged. Therefore, the
quantity of heat generated from the heater 14 needs to
be controlled strictly in order to prevent this serious
phenomenon. This leads to increase in cost of the
entire temperature control apparatus and a temperature
controllable range between the lower limit and upper

limit of the temperature control narrows, thereby




be controlled strictly in order to prevent this
serious phenonenon. This |eads to increase in cost of
the 25 entire tenperature control apparatus and a
tenperature controllable range between the | ower
limt and upper Ilimt of the tenperature contro
narrows, thereby limting an el ectronic device which
can be tested to particular ones BRI EF SUMVARY OF
THE | NVENTI ON An object of the present invention is to
provide a 5 tenperature control apparatus which is
cheeplimi&dsg, anhgdeatwpnéct dppécat iihécboftPobPPalbpeted to
range and,a _conpressor provided therein may not be
appl i BATWLEHIET PAP§e heat stress. According to one
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ead; a refrigerant passage fornmed 15 wthin the

t enpenatukeweant telpbeaduse asnteoluablkhi-augh kRS de
thereof; a conpressor which conpresses refrigerant

com ngompkedborhprbethpedatieeedcaninagl nbeade agplied with a
tenperature sensor which detects a tenperature of

refri gergat heatantovesket si de of the conpressor; a 20
condenser whi ch condenses refrigerant com ng out of ,
the conpr8§§8rdingr EPUPRENGSPSFL 67 WhEc RIESERtnd nvention,

refrigerant_condensgd bg t he condenser to t?e
here is provided temperature control apparatus

comprising: a temperature control head kept in contact
with an electronic device as a testing object
thermally; an electric heater attached to the
temperature control head; a refrigerant passage formed
within the temperature control head so as to run
through inside thereof; a compressor which compresses
refrigerant coming out of the temperature control head;
a temperature sensor which detects a temperature of
refrigerant on an outlet side of the compressor; a
condenser which condenses refrigerant coming out of the
compressor; a returning portion which returns
refrigerant condensed by the condenser to the
temperature control head; and a control portion which
bypasses the condensed refrigerant to an intake side of
the compressor by a predetermined gquantity
corresponding to an output of the temperature sensor.

According to another aspect of the present




tenperature control head; and a control portion which
bypasses the condensed refrigerant to an i ntake side

of 25 the conpressor by a predeterm ned quantity
corresponding to an output of the tenperature sensor.
According to another aspect of the present invention,
there is provided a tenperature control apparatus
conprising: a tenperature contrtol4d head kept in

contact with an electronic device as a testing object
thermally; an electric heater attached to the 5

t enpedavens icont tokrigead; paovétedger rmppassage ftontedl
within the tenperature control head so as to run
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condenser which condenses refrigerant “com ng out

the cqiphessehe BempekHENFBIcBAELLONHWAKCEOr 85UEBS run
refrigerant condensed 15 by the condenser to the

t enpetatovnghcanside bhadeodndaarieent tehppoatiues wBhebr

controls the tenperature of the electronic device by

cont r shiichgdehecgeant teppetatelrectfi theyedappkbedct device; a

the electric heater and the quantity of refrigerant

flowi RE"PRPEGER theéChefPRgERARES20cpASgAgRNE coming out of
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refriggggg% QME@ESSthgtghg EQ&Sé%a%hQS 8% refrigerant on
the outlet side of the compressor; a condenser which
condenses refrigerant coming out of the compressor; a
returning portion which returns refrigerant condensed
by the condenser to the temperature control head; and a
control portion which controls the temperature of the
electronic device by controlling the quantity of
eleqtricity supplied to the electric heater and the
quantity of refrigerant flowing through the refrigerant
passage corresponding to an output of the first
temperature sensor and controls the quantity of the
condensed refrigerant bypassed to the intake side of
the compressor corresponding to an output of the second
temperature sensor.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a diagram schematically showing a

structure of a cooling circuit of a temperature control



the conpressor corresponding to an output of the
second tenperature sensor. 25 BRI EF DESCRI PTI ON OF THE
SEVERAL VIEWS OF THE DRAWNG FIG 1 is a diagram
schematically showing a structure of a cooling
circuit of a tenperature control apparatus of an

el ectronic device including a conpressor protection
section according to an enbodi neént “of the present
invention; FIG 2 is a structure diagram show ng a
concrete 5 structure of the enbodi mrent shown in FIG
1; Flaepp3rptua pFoanchiectroniexprdiapngnecheding a
tenperature control operation of this enmbodi ment; and
FI G 4OMBrasepywWrERREELLBR 8RFLaPRI AGCPREIPPotecENve
operation of the %og#in circuit according 10 to this
enbodPHBRAE TMBRT AP f £ PEBERF BTF OKP BRI RN NVEN TON
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control headgl23wikhawhiielh aRarel gotr eRbtadevingethé as

a testing object such as a sem conductor chip is kept

i n conempérbbersntbytrdb opkeetibn héatkisdembpobmdnt; and
later is attached to this 20 head 12 and a refrigerant
passage 14FiIG.wHi ¢k ar éflpivgehamt foowsxphrdnghg $he

formed within the evaporator 13. The evaporator 13 is
connebrefiecpiye operation of the cooling circuit according

10 to this embodiment.

DETAILED DESCRIPTION OF THE INVENITON
Hereinafter, an embodiment of the present
invention will be described in detail with reference to
the accompanying drawings.

15 Referring to FIG. 1, an evaporator 13 is provided
within a temperature control head 12 with which an
electronic device 11 as a testing object such as a
semiconductor chip is kept in contact thermally. An
electric heater described later is attached to this

20 head 12 and a refrigerant passage 14 in which
refrigerant flows through is formed within the
evaporator 13. The evaporator 13 is connected to a
cooling circuit including a pipe 15 serving as a
passage of refrigerant. An expansion valve 16 is

25 connected to a refrigerant intake side of the

evaporator 13 and an outlet side thereof is connected

to a compressor 18 through an accumulator 17. The
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cooling circuit including a pipe 15 serving as a
passage of refrigerant. An expansion valve 16 is 25
connected to a refrigerant intake side of the
evaporator 13 and an outlet side thereof is connected
to a conpressor 18 through an accumul ator 17. The
pressure of refrigerant on the intake side of the
expansi on valve 16 is hi gh while®hé& pressure of
refrigerant in the downstream of the evaporator 13 on
the outlet is low 5 After passing the tenperature
cont rBrepenye19f rehripgpeas r@nré Pl@@FéhF pide of the
collected in the ccu lato gn? Q n fed to_and
conpr%§§éasFﬂntH€ BnpPedgo l?% WL §?e8§ﬁﬁsure of
refri erant conpress b | S
condeggealgﬁrgggon eﬁggrxfgngﬁrégﬁgéﬁ §?epe%§ % E8r 13 on

fan ZghgnguE?gge?%eg pefrigerant is returned to the
expansi on va ﬁrough t he pi pe 15 and further

returned tarkhe ﬁﬁgHﬁH atae iémpBraddReaBontrol head 12, low
el ectromagnetic valve 21 and a capillary tube 22. The

cool i pgesyatrenrbayiggranehia sblluetued 1h ihel adesmalator 17
first tenperature sensor T1 for detecting the

t enpeaatiutbennfeletbeapdr abnpeesentr oh hbadcoRPpardsox 18
second tenperature sensor T2 for detecting the
tenpeHagerrgﬁSﬁéﬁrFg@raﬁ?réﬁttﬁ@méﬁﬁﬁéﬁdspdetbﬂstﬁ@mpressor

conpr essor It further includes a_systemcontroller
20 (néf éﬁoﬁﬁnfiﬁnﬁﬁ@ byy anfPRACBREE UL &5 OPoP eﬁéﬁpﬁéep using
PID co contro orti ontraollin
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the expansion valve 16 through the pipe 15 and further

returned to the accumulator 17 through an
electromagnetic valve 21 and a capillary tube 22.

The cooling system having such a structure
includes a first temperature sensor Tl for detecting
the temperature in the temperature control head 12 and
a second temperature sensor T2 for detecting the
temperaturé of refrigerant on the outlet side of the
compressor 18. It further inclﬁdes a system controller
(not shown in FIG. 1) which executes for example PID
control as a control portion for controlling the
temperature of the electronic device by controlling the
quantity of current in the electric heater and the
gquantity of refrigerant flowing through the refrigerant
passage corresponding to an output of the first
temperature sensor Tl and controlling the quantity of

bypassing of the condensed refrigerant on the intake



quantity of current in the electric heater and the
guantity of refrigerant flow ng through the
refrigerant 25 passage corresponding to an output of
the first tenperature sensor Tl and controlling the
quantity of Dbypassing of the condensed refrigerant on
the intake side of the conpressor. 18 corresponding to
an out put of the second tenpéTaﬂuré sensor T2. The
cooling systemshown in FIG 1 nay be provided with a
drier , a _hi gh-pressure a high 5 ressure
pressé#@esﬂﬁtE%ePEOmEﬁeéﬁgétﬂgnﬁ@ﬁéﬁﬁEOO rpe 8 ag output of
serV|ce port SP, a ball valve V, a | gw pressure gauge

atPBWSBFEBduFEMBPESLHFE SGIFER B2 and the |ike
Co”espon%ggctcgoﬁa%h QULRGRE. el RAELEr, 1ERGy e provided

concrete st re O e cool 1 ng syst ems
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The sane reference nunera are attached

sconpopestsueer pespandengwtiechhese ah El&ctiomdBfietic valve
tenperature control head 12 is constructed by

conbi 8, ng &brtrhecepapeor appr alBahavivagvpl Upabh low pressure
refrigerant passages 14a and an electric heater 14b.

A senjeogduGloer achpp-piésssrbondedstoet heiboht 8éh fndethe
of the tenperature control head 12 through heat
condutikeecPrraspreRding2b6° eAChHl BRAPPEG-of sol der baI
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0socketY ig tﬁ 858hlph%&850 derTl Be BESCrEBEaNith reference

e
to FIG. 2.

The same reference numerals are attached to
components corresponding to those of FIG. 1. The
temperature control head 12 is constructed by combining
15 the evaporator 13 having plural refrigerant passages
l4a and an electric heater 1l4b. A semiconductor chip
11 is bonded to the bottom face of the temperature
control head 12 through heat conductive films 12a, 12b.
A plurality of solder ball terminals 1lla are formed on
20 the bottom face of the semiconductor chip 11 and the
semiconductor chip is connected to a connecting
terminal provided on a socket 10s through this solder
ball terminal 1lla and further connected to an outside
test unit (not shown) so as to perform a predetermined
25 test. A probe T1P of the temperature sensor Tl is kept
in contact with the semiconductor chip 11 and a

detection output of the temperature sensor Tl is
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ball termnal |la and further connected to an outside
test unit (not shown) so as to performa predeterm ned
25 test. A probe TIP of the tenperature sensor Tl is
kept in contact with the sem conductor chip 11 and a
detection output of the tenperature sensor Tl is
supplied to a systemcontroller 31 for PID control

The el ectric heater 14b provi ded8n the tenperature
control head 12 is driven by a heater driver 14bD
under a control of the systemcontroller 31. 5 The

pl ur aspploedr &pr pgevaheMpasshges 1efa3fofRrEd PIR CRPGLOL
t he evaporator 13 are connected to the E%igera

t
pi pe Tgioﬁl?ﬁérﬁﬁtBﬁét§Fdé4Qn8rPﬂéde ePP{g a Fmﬁgﬁéture
15 t t] et [ . _The. fri t [ 1
NI S O A
traol _h 2 18
ChrougnePRE etoary aRORTE e baL a8 1IERTRIES 00 1,

tenper at ur @ngeR3 Q212 tiyS oirN$kdllige ran ¢t PR sshefesl d@atormed
pi pe 15 on the outlet Side of thi's conpressor 18 so

as towdeheat thbeetrappenabur e 30hrd5coahecgetanb ahet he

outl et side of the.conpressor 18. A detection out put

of thisftégperatupépseddoonT2hies insappl sédet andhéhe
systemcontroller 31. The refrigerant pipe 15
conneceédigerehé papkelld shd&hef ouméetonplessofhes is
coupled with the intake 20 side of the condenser 19.

Thi s &6AA4ASERNEIPILBCalPadPANEFtEAd tReASoPut et side of the

el LAtk LR Bk ed DL DY), B kO co che
compressor 18 through the accumulator 17. A probe TZ2P
of another temperature sensor T2 is installed on the
refrigerant pipe 15 on the outlet side of this
compressor 18 so as to detect the temperature of
refrigerant on the outlet side of the compressor 18. A
detection output of this temperature sensor T2 is
supplied to the system controller 31.

The refrigerant pipe 15 connected to the outlet
side of the compressor 18 is coupled with the intake
side of the condenser 19. This condenser 19 is a
radiator and heat of refrigerant is radiated by blowing
air to the radiator 19 with the fan 20 to condense
gaseous refrigerant to liquid refrigerant. The
refrigerant pipe 15 connected to the outlet side of the
condenser 19 is branched to a first branch pipe 15A and
a second branch pipe 15B in succession. These first

and second branch pipes 15A, 15B communicate with the
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gaseous refrigerant to liquid refrigerant. The

refrigerant pipe 15 connected to the outlet side of

the 25 condenser 19 is branched to a first branch pipe

15A and a second branch pipe 15B in succession. These

first and second branch pi pes 15A, 15B comuni cate

with the refrigerant pipe 15 connected to the intake

side of the accurulator 17 throfigh—el ectromagnetic

val ves 15AV, 15BV. These el ectromagneti c val ves 15AV,

15BV are opened/closed by the systemcontroller 31
underrefchaSranedeiee ni hedoeor@i € ok WaP choWRke pede of the

described later. The refrjgerant pipe 15, connected
t he otEF@pulatee bf Fhéoe%hg%%g%Fr§©§?%eEbﬁn%%f%%st%EgV'
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I's carried out at a predeterm ned

t enper at ur ehchirglies gkkaRtt Bepe0owd tefpecatdr ep aheseutlet

sets up ais lower limt value STL of a setting

t enpegatigr efr ahgecondehbersy8t ém conheotedrt@lthenintake

this case, a tenperature DT of the electronic device

11 i ssédeabft bheheleobmpnienpaspanaienakidlbet epperavifed on

detected by the tenperature sensor Tl through the

pr obetTepPinsakewswienofoevRBOr8kPEr APure control is

started. Thus, a result of detgf ination.turns to YES .
-I-t (%em aving

€SPy *8Ad ¥R
ContrchRrgCg%gﬁcagr%t%Bl?zbeAéegcribed with reference to

FIGS. 3, 4. If the performance test of the electronic
device 11 is carried out at a predetermined temperature
higher than the room temperature, a user sets up a
lower limit value STL of a setting temperature range in
the system controller 31. In this case, a temperature
DT of the electronic device 11 is equal to the room
temperature and a temperature detected by the
temperature sensor Tl through the probe T1P is low when
the temperature control is started. Thus, a result of
determination turns to YES in initial step S1 of FIG. 3
(DT < STL?) and the control proceeds to step S2. As a
consequence, an instruction of “CLOSE” is sent from the
system controller 31 to the electromagnetic expansion
valve 16 so that no refrigerant flows to the evaporator
13 and the valve 15BV turns to “OPEN” to allow

refrigerant to pass through the bypass passage 13B. At



10

15

20

25

consequence, an instruction of "CLOSE" is sent from
the systemcontroller 31 to the el ectromagnetic
expansion 25 valve 16 so that no refrigerant flows to
the evaporator 13 and the valve 15BV turns to "' OPEN'
to allow refrigerant to pass through the bypass
passage 15B. At 10 the sane tine, the heater driver
14bB is driven to supply electri®ity to the electric
heater 14b, so that the electronic device 11 is

heated wi t hout being cooled. 5 Wen the tenperature

DT ofthéiesahectimai ctideviieaten1dekeesds4pRel fodEtven to

setting tenperature STL, a result of,deterninaiion in

step SIPPLY NOLambrifEhy ERetBeneteftrpFoRedber 6% epo that
S3. Here, ether,or not th tenmperatyre,.DI 0 h
devithﬁleﬁg?EE?%ﬂchGYh%e1glt%ﬁgﬁ?%ﬁﬁaewé 88& %i%ng
exceegg igg upper limt value STH of the test
tenpera?ure'range (DT > STH?) is determned. If the

resul t iS_%EEntQﬁecggﬁpekagﬁggeQQSoftQhétgmegﬂrohmc device
which an instruction of "'CLOSE' continues to be

gi venii ockbBec8keEhéONBgsLt 6t €XPaNseApetatuakveTLp a result
fromthe systemcontroller 31 and a condition in

whi chofefletgemanhatios bhosked EtomnsfNOwandg tbenhethe control
evaporator 13 is maintained and the valve 15BV turns

to "©OPENEeds thastepfEBgerHdarecovibenbes eo pagsthe

through the bypass passage 15B. At the sane tine, the

dri vetempesatint e oRT 0Pt t hBCheavéredifveptpghedi By the

rel eased so that the electric h ateﬁ 14b turns tg
non- cbaBperature: gepsor Tl exceeds the upper limit value STH

of the test temperature range (DT > STH?) is
determined. If the result is NO, the control proceeds
to step S4, in which an instruction of “CLOSE”
continues to be given to the electromagnetic expansion
valve 16 from the system controller 31 and a condition
in which refrigérator is blocked from flowing to the
evaporator 13 is maintained and the valve 15BV turns to
“OPEN” so that refrigerant continues to pass through
the bypass passage 15B. At the same time, the drive
condition of the heater driver 14bD is released so that
the electric heater 14b turns to non-conductive state,
thereby stopping heating of the electronic device 11.
On the other hand, if the temperature of the
electronic device 11 rises too much (DT > STH?) in the
condition of step S3 (YES in step S3), the control
proceeds to step S5, in which an instruction of “OPEN”

is supplied from the system controller 31 to the
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t hereby stopping heating of the electronic device 11.
On the other hand, if the tenperature of the

el ectronic device 11 rises too nmuch (DT > STH?) in the
25 condition of step S3 (YES in step S3), the contro
proceeds to step S5, in which an instruction of "OPEN'
is supplied fromthe systemcontroller 31 to the - 11
el ectronmagneti c expansi on valve 15 and refri gerant
flows into the evaporator 13. At the sane tine, the
val ve 15BV turns to "CLOSE" so that refrigerant is

bl ockedefrEsRMPEBSERHE ?H§a6§&9§svﬁé§§aé§ iBB.rﬂﬁrﬂH?§aBt
time, the drive condition of th dr jyer 14b

reISa§é8W§olPF8ttpﬁge¥P88FPF8rhi§te ?uFﬁ@e lWSn the
t g

Gout oge 18, T5Bh ARG 2R, "RaPERY SR, tAErCEERF iRk 1
e'ect5985% Qe¥k8ﬁ géggﬁngoeksdbgéaggsggeggge @%Bheaht this

10 when rer geran owng thr e evapor at or

s e%%ﬂ@faEEQ 69§th%oh@HE§6ﬁtBEetEE EéhdeEvaBel4bD is
| oner “sefting tenperature STL. When DT < STL, the

contreklkssedESoi Ahsteph8lesecthat hbatsane4b turns to non-
tenperature control action is maintained between the

| oner candutapper &Batenpedatuieehsettinggofanyese$ectandic
STH. As for the control of the electric heater 14b and

t he eﬁpaﬁQEoﬁ1vé$v§0mﬁin§@ﬂﬁﬁaréaé§ﬁﬁrolAﬁyaar€§ﬁéﬁteﬁhe
can be executed instead of hardware control .the
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en~refrigerant %gow1ng through the evaporator 13 is
evaporated and the temperature DT falls to the lower
setting temperature STL. When DT < STL, the control is
YES in step S1 so that the same temperature control
action is maintained between the lower and upper
temperature setting ranges STL and STH.

As for the control of the electric heater 14b and
the expansion valve 16, software control by a computer
can be executed instead of hardware control by the
system controller 31 by PID.

Next, the operation of preventing the compressor
18 from being destroyed by overheat will be described
with reference to FIG. 4. When the temperature control
of the electronic device 11 is carried out with
reference to FIG. 3, the refrigerant temperature RT in
the pipe 15 on the outlet side of the compressor 18 is

detected by the probe T2P of the temperature sensor T2

and sent to the system controller 31. A refrigerant
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18 from bei ng destroyed by overheat will be descri bed
wth reference to FIG 4. Wen the tenperature contro
of the electronic device 11 is carried out with
reference to FIG 3, the refrigerant tenperature RT in
25 the pipe 15 on the outlet side of the conpressor 18
is detected by the probe T2P of the tenperature
sensor T2 and sent to the systeh®controller 31. A
refrigerant 12 upper limt tenperature PT is set up
on the system controller 31 in order to protect the
conpr 8eper 18maid tempernsrer PAot St BR§ HBf PRgéRgneYsStem
tenperature RT is_over the set refri%er nt

[

/ upper
|i mi t CPBfpeL&CEr 8 1PFN| SrEedetlr RFREGSN T eﬁoggfgsﬁﬁ§n18 and
th [ Lt t RT | | h h .
ot GOPAAETUBBeRoR FPE ot RferdPLPE P TP RESFEED BT g over
NO h l; ; S [ Leh et B
clect Bemgss, etk aRELYRERS, RURR P ompeRatighent be

bypasgecpassageqlaA gge?e@qan "CLOSE". At this tine,
the el ectronmagnetic valve 15BV on the other

refri ger anfyheby RasS RFsSaee ah3B teapeiatopenadd aks lower than
cl osed corresponding to the tenperature DT of the

el ect tapi cefddyerantl uppededdmilbedempeErGurd. PT5 Whenresult
the refrigerant tenperature RT on the outlet side of

the cosplN@seond iBei sohitghér prkhasctie tappéer Bilgirt in which
tenperature PT, a determnation_result in step ,S1l is

YES afBet Ré SEEHORGINSIdCeddd VEo 19f¥p o081 sheTpgtrigerant

e'eCtEQEE%EGEB%s%%LV?5£5§¥ k%p%p?%eqCE%S%"qon%Eokhgg time,

the electromagnetic valve 15BV on the other refrigerant
bypass passage 15B can be opened or closed
corresponding to the temperature DT of the electronic
device 11 as described in FIG. 3.

When the refrigerant temperature RT on the outlet
side of the compressor 18 is higher than the upper
limit temperature PT, a determination result in step
S11 is YES and the control proceeds to step S13. The
electromagnetic valve 15AV is opened by a control of
the system controller 31 and refrigerant condensed and
cooled by the condenser 19 flows into the accumulator
17 through the bypass passage 15A. As a consequence,
the temperature RT of refrigerant supplied from the
accumulator 17 to the compressor 18 drops thereby
preventing the compressor 18 from being overheated.

Drop of the refrigerant temperature RT on the

outlet side of the compressor 18 by opening of the



20 the systemcontroller 31 and refrigerant condensed
and cooled by the condenser 19 flows into the

accurmul ator 17 through the bypass passage 15A. As a
consequence, the tenperature RT of refrigerant
supplied fromthe accunulator 17 to the conpressor 18
drops thereby 25 preventing the conpressor 18 from
bei ng overheated. Drop of the rk¥rigerant tenperature
RT on the outlet side of the conpressor 18 by opening
of the - 13 electromagnetic valve 15AV is continued
whi | eelbetromsghetis Walia $68F $s4cerRriaupizyhile the
result is YESin step S14 (RT < PT?), the contro
proceedsuls $eefOsin, stAPwALEh (RRe<5PEFéct romagneti c
val ve 15AV_i s cl osed nder

|
cgntroller1§1t§8 tREY Eyﬁﬁng%gg%{§§F8n§l4pﬁg§YSt%%Hgd the
t 17 h d
referiaééﬁgﬁ? 5%8?8?% BRetBR ohe: Sn. FERREPYERCE ot
SConpr8§§8£ ﬁggkg§ bglgbs§ﬁﬁgaﬁg c}gsggnhﬁghrog EB%trol of

efrlgeran erature on the outlet side of

conpr egaoky %%eﬁycgﬁﬁﬂbmgé§|9§|gg ehatheypass refrlgerant
electronagnetlc val ve 15AV can be carried out w thout

af f ecripgihheihespenat Heeutankeok opedat vanishethe As a

el ectronic device 11 so nmuch. 15 According to this
enbodtomeeguascdesthebed fabgeeantt hiespeeaperat &fe odogde
not exceed the setting maxi num tenperature of the

conpr essdet18ideenti theheognaansispy 18f breansgERerdted again.

fromthe heater 14b increases in a
10 Control of the refrigerant temperature on the outlet

side of the compressor 18 by opening/closing of the
electromagnetic valve 15AV can be carried out without
affecting the temperature control operation of the
electronic device 11 so much.

15 According to this embodiment, as described above,
this temperature does not exceed the setting maximum
temperature of the compressor 18 even if the quantity
of heat generated from the heater 14b increases in a
high temperature test so that the temperature of

20 _refrigerant supplied to the compressor 18 rises. Thus,
components in the compressor 18 are protected from a
large thermal stress, thereby protecting the compressor
18 from a damage. Therefore, the quantity of heat
generated from the heater 14b does not need to be

25 carried out strictly, cost of the entire temperature
control apparatus can be suppressed to a low level, a

temperature controllable range between the lower limit



hi gh tenperature test so that the tenperature of 20
refrigerant supplied to the conpressor 18 rises. Thus,
conmponents in the conpressor 18 are protected froma

| arge thermal stress, thereby protecting the
conpressor 18 from a damage. Therefore, the quantity
of heat generated fromthe heater 14b does not need
to be 25 carried out strictly; cbbst of the entire
tenperature control apparatus can be suppressed to a
low level, a tenperature controllable range between
the | awdrubpart limis ofndhapheFperaturef CPRErol can be
tenperature control can be secyred and an el ect

devi cB®GHFEA 83H BB ?é?Fanpéc BViFestPiclet®lo Sn§e5ted is
t t dit | {

ﬁgal;ﬁgg?ESH &FFFg £Pg§g§lya5§anP?g§SFg§se skilled in

the art. TRRHELOLRa1 LASShALEEL! Q4! RoliF1BERAARS wil)

aspects is no e Speci etails and
5repre§@9&§ﬁyvgc@U?0gbn€HB§e §Q9T@eén§nd€§6rhbed Therefore,

herein. Accordingly, various nodifications may be

made whthedtedepant itAgiteoBrbhaet0aspetis @5 acopeimfited to

the general inventive concept as defined by the

appendad ebachgiandetheils eqdi vapeatsntasiWlAgmb8diments

CLAIMED I'S: 1. A tenperature control apparatus

conpr BBPRY: aadt drperabarehesatnol hé&ér@éE91Vn ventaws

with an electronic device as a testing o

thernﬁpdyflsaahOQSe@ﬁwuéeh@aéérwanaeﬁeseparFﬁeg from the

t enper at ur e
0 is splrlt or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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control head; a refrigerant passage formed within the
tenperature control head so as to run through
refrigerant inside thereof; 10 a conpressor which
conpresses the refrigerant comng out of the
tenperature control head; a tenperature sensor which
detects a tenperature of refrigerant on an outl et
side of the conpressor; a cordenser Whi ch condenses
refrigerant com ng out 15 of the conpressor; a
returning portion which returns refrigerant condensed
by the condenser to t heWHBApdPattPeMESNEP3l head; and
a control portion which bggasses tEe condensed

20 ., .
refrigeran 'toAaﬁeWH?éﬁEu dEOBFrf e2EBAPRERS oF OBy T 45109
e B efbaRhL Ly gohernendiag (ap2n s RULBHEBE with an

the te ensor. e tenperature con

appar gf Us. AGLPLAL09:LQ 26! &l Pl 1 MhebBl Bt hensenbi oy ;

portion 1 ncludes nmeans for 25 bypassing the

refrigeranfpnwaescapieuhpdtctkegpenahdnetyakie ekmpbeature
tenperature sensor exceeds the upper limt value of

t he tesperat une€a@f refrigerant on the outlet 16 side
of the conpressor set prelimnarily as a result of
conpar i sonaotefhégeutptt phespgeatforeedalvicthoh the
tenperature sensor with the upper limt value of the
refrigenparatenpersantirel head so as to run through

refrigerant inside thereof;

a compressor which compresses the refrigerant
coming out of the temperature control head;

a temperature sensor which detects a temperature
of refrigerant on an outlet side of the compressor;

a condenser which condenses refrigerant coming out
of the compressor;

a returning portion which returns refrigerant
condensed by the condenser to the temperature control
head; and.

a control portion which bypasses the condensed
refrigerant to an intake side of the compressor by a
predetermined quantity corresponding to an output of
the temperature sensor.

2. The temperature control apparatué according to
claim 1, wherein the control portion includes means for
bypassing the refrigerant when an output temperature
value of the temperature sensor exceeds the upper limit

value of the temperature of refrigerant on the outlet



5 3.

The tenperature control apparatus according to

claim2, wherein the control portion which bypasses

t he

refrigerant includes a bypass passage that

conmuni cates the outlet side of the condenser to the

i ntake side of the conpressor and neans for turning

ONV OFF refrigerant 10 flowi ng through the bypass

passage by means of the control bortion. 4. The

tenperature control apparatus according to claiml,

wherein the control portion includes a system

cont r eifler of oEhP| poBBREFBPE istsprﬁl@@hpéraﬂ-ur a@s a result of
control apparatus _conpri sing tenperature contraq

head RePPaFhSeBnPACELR PHERAT EFEBEFBRESAEIIEE BE hhe

t est bject th h
Lot hESFBRBAFAFr SoREDA PATRREAR: "BBCR ForiFoGPARE SO the

passaggfL9§%§QH@AEghgﬁkggurgenperature control head so

as to

run erant inside thereof; a first

stenperaturg Se@ﬁ@rt@ﬁb@gang@CEgn@roﬁe %E@E%ﬁ% QkcbR@ing to
el ectroni c device; 25 a conpressor which conpresses

refri gepdnt 2¢oghBgeiauthef cbherbenperat bhewt@Bhr Bypasses the

10
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head;

a second tenperature sensor which detects a 17

tenperafuﬁgeeénteﬂncgedaetaohyphesophbshgsudanfcbmmunicates

conpressor; a condenser which condenses refrigerant
com ngheubutlet side of the condenser to the intake side of

the compressor and means for turning ON/OFF refrigerant
flowing through the bypass passage by means of the
contrbl portion.

4. The temperature control apparatus accofding to
claim 1, wherein the control portion includes a system
controller for PID control. |

5. A temperature control apparatus comprising:

a temperature control head kept in contact with an
electronic device as a testing object thermally;

an electric heater attached to the temperature
control head;

é refrigerant passage formed within the
temperature control head so as to run through
refrigerant inside thereof;

a first temperature sensor which detects a
temperature of the electronic device;

a compressor which compresses refrigerant coming
out of the temperature control head;

a second temperature sensor which detects a
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of the conpressor; 5 a returning portion which returns
refrigerant condensed by the condenser to the
tenperature control head; and a control portion which
controls the tenperature of the electronic device by
controlling the quantity of 10 electricity supplied
to the electric heater and the quantity of refrigerant
flowi ng through the refrigerant lpassage correspondi ng
to an output of the first tenperature sensor and
controls the quantity of the condensed refrigerant
bypassedpeoatheei nfakefsidersht18nt hkbeconplessgide of the
corresponding to an output of the second tenperature
sensofFCPMBIre$REeIf¥ enperat ure control apparatus according
to claim5, wherein the contro ortion_nclu

B

| .
means for 2b{PREENFE Tt ¥ FPEQP@R?Swﬁgﬁr&ﬁgggs yfoming out

t enper at I f the second tenperature sensor
excee g #hg %gg%gFgFP%Yt val ue of the tenperature of

refrigerant, Qi tRg nQUEek 13hdGnqknt he toQRRr 8894 g8@hint
prelimnarily as a result of conparison of the output

tenperghuegs¥al 4o tak thadsaserdtberper akmpera€nger control
with the upper Iimt 25 value of the refrigerant

t enpenatdieand. The tenperature control apparatus
according to claim6, wherein the neans for bypassing
i ncl udes aalg&obypads ppasdage whiiah commrelcatés tlemperature

outlet side of the condenser to the intake side of ,
t he C@ﬁppégsgﬂegﬁaonlc device by controlling the quantity of

electricity supplied to the electric heater and the
gquantity of refrigerant flowing through the refrigerant
passage corresponding to an output of the first
temperature sensor and controls the gquantity of the
condensed refrigerant bypassed to the intake side of
the compressor corresponding to an output of the second
temperature sensor.

6. The temperature control apparatus according to
claim 5, wherein the control portion includes means for
bypassing the refrigerant when an output temperature
value of the second temperature sensor exceeds the
upper limit value of the temperature of refrigerant on
the outlet side of the compressor set preliminarily as
a result of comparison of the output temperature value
of the second temperature sensor with the upper limit
value of the refrigerant temperature.

7. The temperature control apparatus according to

claim 6, wherein the means for bypassing includes a
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means for turning ONVOFF refrigerant flow ng through

t he bypass passage by neans of the control portion. 5

8. The tenperature control apparatus according to

claimb5, wherein the control portion includes a system
controller for PID control. 9. A tenperature contro
apparatus conprising: a tenperature control head kept

in contact with an 10 el ectronit8device as a testing

object thermally; an electric heater attached to the
temperature control head; a refrigerant passage

f or nEdypR s hi pasheget ehper apument6Atesl theagusdehssige of the

run through 15 refrigerant inside thereof; a first
t enpefaRarBS8ENESr LRI eAtAkEeEideactt ERBeFaPRFESEP Tt RBA

o . nsor Cch
L baras. LEbnERin Tt B0 ORRC e s P aRORE SR E g, chrouon
head:; ' ion

oo rBP ByPEFe AL eane! B EaRgTBE! M) EBnEEbEChE B ion.

conpressorg a ¢prdepsperwhlcR eendensesppaibitder adording to
com ng out of the conpressor; 25 a returning portion

whi chcrgimr 8BS wBEFEGRr 8RE cénbdenspdrhyohheneondenser system
to the tenperature control head; - 19 a bypass
portiooantholldiknfoti PFD andtsetond bypass

9. A temperature control apparatus comprising:

a temperature control head kept in contact with an
electronic device as a testing object thermally;

an electric heater attached to the temperature
control head;

a refrigerant passage formed within the
temperature control head so as to run through
refrigerant inside thereof;

a first temperature sensor which detects a
temperature of the electronic device;

a compressor which compresses refrigerant coming
out of the temperature control head;

a second temperature sensor which detects a
temperature of refrigerant on the outlet side of: the
compressor;

a condenser which condenses refrigerant coming out
of the compressor;

a returning portion which returns refrigerant

condensed by the condenser to the temperature control

head;
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passages connected in parallel to each other for
returning the refrigerant condensed by the condenser
to the conpressor by bypassing the tenperature

control 5 head; a first control portion which controls
the tenperature of the el ectronic device by
controlling the quantity of electricity of the

el ectric heater, the quantity of9refrigerant flow ng
through the first 10 bypass passage and the quantity
of refrigerant flowing through the refrigerant
passage i nat hgpeeapepatipe ieehuddnghéhsseorrdsperanfgbypass
to an output of the first tenperature sensor; and_a
second@ eBRTe S| CPRREF BRI AR cR2 Eht 2 bl k0 2828 aPthe5 FPBw
rate of the_refrigera t.on the int e

, ke si of, t he
?anr€§§BFanchﬂ r bf Fh%efﬁ%tqﬁ%ﬂs??§e%f ¥e€p?g%?%ﬂ?nser to
oW t hrough the second_b S S
corregg%na?%%9e§%ofh%yoﬁygﬁ?ggﬁgtEggsgggﬁ%r?gﬁﬁgr%?ﬁFEOl
Sensof.,40. The tenperature control apparatus
according 20 to claim9, wherein the second contro

portion inglgdest BBABSOlOpobYRasSkAgchheonetblgetnst

to the second bypass passage when an out put

t enpetampe eavalaeoof thbeelsecponitedpeiat ube sensoolling the
exceeds the upper Iimt value of the tenperature of
refrigeaanitpnofheleagtkécisydef ofth@betdetcbaphester, the

set prelimnarily as a result of conparison of the
outpuﬂuﬂéﬁBEYaPﬁréeﬁéﬁgéréﬂttﬁéowiéﬁgghé?ﬂgé Ehfshtrst

0

Wth the upper limt value of the, 2 , .
bypass passage and the quantity of refrigerant flowing

through the refrigerant passage in the temperature
control head corresponding to an output of the first
temperature sensor; and

a second control portion which controls a total
flow rate of the refrigerant on the intake side of the
compressor by controlling the quantity of refrigerant
flowing through the second bypass passage corresponding
to the output of the second temperature sensor.

10. The temperature control apparatus according
to claim 9, wherein the second control portion includes
means for bypassing the refrigerant to the second
bypass passage when an output temperature value of the
second temperature sensor exceeds the upper limit value
of the temperature of refrigerant on the outlet side of
the compressor set preliminarily as a result of
comparison of the output temperature value of the

temperature sensor with the upper limit value of the
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refrigerant tenperature. 11. The tenperature contro
apparatus according to claim9, wherein the neans for
bypassi ng i ncludes an el ectromagnetic val ve provi ded
on the second bypass 5 passage and neans for turning
OV CFF the refrigerant flow ng through the second
bypass passage by neans of the el ectronmagnetic val ve.
12. The tenperature control appa@&tus according to
claim9, wherein at |east one of the first and 10
second control portions includes a controller for PID
contrpdfrigerant temperature.

11. The temperature control apparatus according
to claim 9, wherein the means for bypassing includes an
electromagnetic valve provided on the second bypass
passage and means for turning ON/OFF the refrigerant
flowing through the second bypass passage by means of
the electromagnetic valve.

12. The temperature control apparatus according
to claim 9, wherein at least one of the first and
second control portions includes a controller for PID

control.



