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TI TLE OF THE | NVENTI ON TEMPERATURE CONTRCL APPARATUS
BACKGROUND OF THE | NVENTI ON The present invention
relates to a tenperature 5 control apparatus, and
particularly to a tenperature control apparatus for

at the tinme of test. Prior to_shilpmgnt_, per f

O e L e et Pobrt o o st oene " oor MU
a

test of an electronic device, for exanple, 166166
sem conductor chip 10 needs to be carried out at a

roomtenperature or aTtquﬂ_frOEt Wrﬁeﬁ@f&éa | ower

t enper at ure. V\hen t_he pert
CRREsEEt OF y € '@om&ﬁgﬂa%ﬁés at a room

tenperature under a rate

semn

ormance

current, heat is generated

i nside the sem condggtRErR6DND BY tThES 1RYERSRbN1S SO

that the tenperature of the chip is raised nore than

the room tempesatseet Thusntibe semheepdust 8r t6MbBrature
needs to be cool ed appropriately to maintain the

t enperatturel adppdues noom drefpes at icel ahentd he temperature
sem conductor chip is heated wwth a heater or the |ike
20 i rc@Esec bfappayha tehperatcrret ekt ingt tiheedsmperdeure of an
cool ed appropriately in order to keep the tenperature

fr omeBRG HeP B¢ SR Hef e2 t hidee at 5o t phgt e ewperat ure.

These cases, of cooling are carried out wth a

t enper at ur BF 2%kt tP ngP HEReN  oadeat A TANGS skRPEoRBUR OF

hi ted 25 t .
g\sl g éé]gagtgﬁ?r%o%a(?e‘fjg er'atur & ¥oh

ap edeterm£$glgg%%'5$g?%%$é§g} chip

needs to -be carried out at a room temperature or a
higher temperature or a lower teﬁperature. When the
pérformance test of a semiconductor chip is carried out
at a room temperature under a rated current, heat 1is
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 foom 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 locaded with a semiconductor chip connected
to a predetermined cooling system.

As a conventional temperature control apparatus, a

.temperature control apparatus disclosed in, for

T

*G00002*



10

15

20

25

.tenperature control apparatus disclosed in, for 2
exanpl e, USP No. 6,668,570 has been well known. This
conventional apparatus, as shown in FIG 1 of this

prior art docunent, executes tenperature control of an
electronic device 10 by keeping a thermal head 14

whi ch 5 conbi nes a passage 36 in_which refrigerant

flows with an electric heatef 38 ifn contact with the
electronic device 10. In a cooling systemusing the
thermal head 14 having such a structure, heat is _
generstast ¥¢ o helo el ect¢Hn? &0 dews ceean wadlt keown. This
heater 30 and thjs heat is 10 absorbed by _the cooling,
syst €T YHET 6101 €, 2RI t e %\ﬁo%i’w‘afl%eQGgehePSt Egls

fromthe heater i NCreases_a

t enpetatlit & 1 estoC i eXa‘?rp‘?%ut?ﬁe‘ge%%ﬁ??%go?oﬂ%é?l of an
absoréfgkg?bﬁ %}#éﬁiégnlérbihﬁeé §£$H%Stﬁgfﬁli4hea? 14 which

I NCr eases SO e tenpetratur eran

suppl i &t 10 & &%@g%@uéml§ﬁ§chA§ear15§§m 1065 wicn

tenperature in the conpressor 32 is raised by h

generad esh sent& efsdger and 15 conpaessede@neghéfe1tbtsonic
tenperature exceeds a setting nmaxi numtenperature of

t he coampr@ssDU. 32In aa |l asgeihdes patewt n€5sgi shapphéedal head
20 to conponents inside the conpressor 32, so that the
conprikssorv B2 nayclbea possibtyrdanpged. iTheeeéoatedt heom the
quantity of heat generated fromthe heater 14 needs to
be comtedtrenlatdecity 10 drderheohpreeentOtang this heat is

serious i
absorbed by the cooling system. Therefore, when the

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 comﬁressor 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 gengrated 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
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phenonmenon. This leads to increase in cost of the 25
entire tenperature control apparatus and a tenperature
control | abl e range between the lower limt and upper
limt of the tenperature control.narrows, thereby 3
limting an el ectronic device which can be tested to
particul ar ones. BRI EF SUVMMARY OF THE | NVENTI ON An

obj ect of the present invention i3s to provide a 5
tenperature control apparatus which is cheep in cost,
has a w de tenperature controll able range and a

conpr k&0 ipg o detletheerin dayinet whechppkheldewiehtad to
| arge heat stress. According to one aspect of the
presem%r¥h9%h%¥oﬁneslo there is provided a tenperature

control apparatus r|3|@§R a tenperature contro
head kept in cont&gpfz %I%%t?%%l%N%%WTE%NaS a

b heat t hed
to the. {ehBerBitic BontFoI SRESE o  PEPPGEraie [0 Provide 2
passagg%gg£g§9¥%5cgﬁ%pgf Egéa%%gggra£9 £ gontrol he%dcost
so as Fun rough I nsi ereof "a conpress

whi chhggr@rv%&@sterﬁséfsgsfénboﬁe%waey& QEn%Qeand
tenperature contr ol .a tenperature sensor which

deteC&@m@ré@ﬁ@ﬁfﬁiévﬁd@& tﬁ@EéhEeﬁéythB BB gHbhetd with a
side of the conpressor; a 20 condenser whi ch condenses

refripereatheon sgross. of the conpressor; a returning
portion which returns
According to one aspect of the present invention,

there 1is provided 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 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
condenéer which condeﬁses 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.

According to another aspect of the present
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refrigerant condensed by the condenser to the

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

of 25 the conpressor by a predeterm ned quantity
corresponding to an output of the tenperature sensor.
Accordi ng to anot her aspect of the present - 4

invention, there is provided a ténperature control
apparatus conprising: a tenperature control head kept

in contact wwth an el ectronic device as a testing

obj ectNHHEr R VEhalfe el RARFE drAt 2 r L aRPYERREC ¢ 0CPher Bl
tenperature control head; a refrigerant passage. formed-

Wi t hiFPRHSE T et R U2 ot 3 of STHeSATP S'or asCedtfoh head kept
t hrough i nside thereof: first tenperature sensor

whi oh SRR T enbet b Th e OroTHe GTLELT off o devr &8l

a caonp j onpre ef r t j 0

of 1O eI EP OB FERRS LE MORLER CERERB O che
L enPer il £, ¢ SENSUn W Ch ded £C8 S & f LHPLL A UELs Odge formed

refrigerant on the outlet side of the conpressor;  a
condefsali Whid + Sapstensese redit 961 anda §08d NGs oty Ofin

the conmpressor; a returning portion which returns

ref rigercanth condiefs echdibe doy; thef condensepetotthe sensor
tenperature control head; and a control portion which

cont nglisch e terperat terepofaties ef eche onlecdevite dgvice; a
controlling the quantity of electricity supplied to

t he ecr@%ftrrq%scwéaﬁ“e*dar@brﬁm@smnlfﬁylmr@@t régeiamtout of

flowi ng through the refrigerant
the tempe€rature 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; and a
control portion which controls the temperature of the
electronic device by controlling the quantity of
electricity supplied to the electric heater and the
guantity of refrigerant flowing through the refrigerant
passage corresponding ﬁo 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
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20 passage corresponding to an output of the first
tenperature sensor and controls the quantity of the
condensed refrigerant bypassed to the intake side of
the conpressor corresponding to an output of the
second tenperature sensor. 25 BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG FlI 1 is a diagram
schematically showing a structure of a cooling

circuit of a tenperature control - 5 apparatus of an
el ectroni ¢ device incl dinﬁ%a, ﬁan?ressor Prgtection
secti%ﬁP%&%%?%i% ?% an°CehBodr nent 1 of the  present
|nvent|on FI G a_Structure dla ran1sho

concrete %Ss?ru%’f%tr%c% SR S erbotti AERe: SAOAN-T R R G
L F'e%bé”dirﬁef'f‘tf&P"‘éﬁé‘aéEeéé’ﬁteﬁleﬁhE‘wg the

tenperature control operation o i S"enbodi ment; and

FIG 4 is prglow 9£1a5tsEpuc@?spgaambagaﬁnhghe&%scgI &sncrete
operation of the cooling circuit according 10°to this

enbodd it £ u BETAF LEL: DEGEHN Bié ON SodhiE: A NVEN TON
Herei nafter, an enbodi nent of the present invention

W || be deBtGi bgdisnadétawl civeth feteeepteihontyhene
acconpanyi ng drawi ngs. 15 Referring to FIG 1, an
evaporeiterrdBure peovidedoparthianacfehpesatmpediment; and
control head 12 with which an electronic device 11 as

a testing bbfecf s8ch Asow chart for explaining the

protective operation of the cooling circuit éccdrding
to this embodiment.
DETAILED DESCRIPTION OF THE INVENITON

Hereinafter, én embodiment of the present
invention will be described in detail with reference to
the accompanying drawings.

Referring to FIG. 1, an evaporator 13 is provided
within a témperature 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 latér is attached to this
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
connected to a refrigerant intake side of the
evaporator 13 and an outlet side theréof.is connected

to a compressor 18 through an accumulator 17. The
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sem conductor chip is kept in contact thermally. An

el ectric 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 expan$ion valve 16 is 25
connected to a refrigerant intake side of the
evaporator 13 and an outlet side thereof is connected
to a RoApFessorl 1= htdvEhn ancackbaul atdke 19idghefethe
pressure of refrigera on the intake side of the

e parS ot TaT e 10T oL hi gh UG T eE ot pr BeSEFBSBEES Of

refrigerant in the dqﬁbs rea orator 1

f th 3
the ot 1 BroT A R omn 5 KT L& pakerA he senperaParEos 13 on

contr h %ﬁ,- 0 pressure refrigerant is
coIIe€$%dg€ﬂl el%c%%ﬁulator 17 and then fed to and

ConpressedAEBeEhﬁaggﬂﬁée§§9rtéﬁgergkgpep58§§55?8head 12, low

refrigerant conpressed by this conpressor

condepnsesls Bye ar SONOLNSSN + 195 08 8] BEXL SILPLHS B9 dfuBator 17
fan 20 and condensed refrigerant is returned to the

expansh®n: vah veed 6t hodigbompbee pspe 15 amd fomphessor 18.
returned to the accunul ator - 17 through an

el ecti bpimgred s suval vef 2lganana cappréasydtinpetR2s Fbepressor
cool i ng system having such a structure 15 includes a
firstldehperanderseensyra T¢ohdengeretdi oy a next step using

a fan 20 and condensed refrigerant is returned to 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 includes 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
qguantity of current in the electric heater and the
guantity of refrigerant flowing through the refrigérant
passage corresponding to an output of the first
temperature sensor Tl and controlling the quantity of

bypassing of the condensed refrigerant on the intake
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the tenperature in the tenperature control head 12 and
a second tenperature sensor T2 for detecting the _
temperature of refrigerant on-the outlet side of the
conpressor 18. It further includes a systemcontroller
20 (not shown in FIG 1) which executes for exanple
PID control as a control portion for controlling the
tenperature of the el ectroni c"devVi ce by controlling
the quantity of current in the electric heater and
the quantity of refrigerant_ flow ng through the

ref rigetarit 2519 YRS TH T esP ol AgSPeN@hneut puenoputput of
the first Qﬁggerature sensor Ti and controlling the

quantits IOy pa B T BFE ¢ heeRoMdehded refrigerant on

the intake,.' 7 _side of the conpressor corresponding .
to an outgﬁyaéijfh%gs%%%%%mtgﬁ %?afﬁr%§§eniowag2geTﬂeOVlded

cool i\pg isystemshown in G 1 oay, pe provided wigha
ge Gl, a high- p

drier DR, a high-pressure gauge ressure

pr es i sid %ﬂ'é:’s]sux?@ 8l ecty opgnet | £1 Y& VemagneRic valve
service port SP, a ball valve V, a |ow pressure gauge ‘

R, &, anvqesisis RIESSRIy 62 S IchyPvand, theloli Keessure
correspondi ng to each purpose. Hereinafter, the
concratwyestGAc tauriovofp it dres oo | p s s Ufle syei edh ShoWInd Nthe
FIG 1 will be described with reference to FIG 2.

The slainte rasfrereseen hiunerad ssagte mttpeded to

conmponents corresponding to those of FIG 1. The
Herelnafter, the concrete structure of the cooling

system shown in FIG. 1 will be described with reference
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 cohbining
the evaporator 13 having plural refrigerant passages
l4a and an electric heater 14b. A semiconductor chip

<
11 is bonded to the bottom face of the temperature
control head 12 through heat conductiye films 12a, 12b.
A plurality of solder ball terminals 1lla are formed on
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
test. A probe TlP 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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tenperature control head 12 is constructed by

conbi ning 15 the evaporator 13 having plura
refrigerant passages 14a and an electric heater 14b.
A sem conductor chip 11 is bonded to the bottom face
of the tenperature control head 12 through heat
conductive filnms 12a, 12b. A plyrality of solder ball
termnals 11a are forned on 20 the bottom face of the
sem conductor chip 11 and the sem conductor chip is

-connected to a connecting term aﬁl”F p%ovi ded _on a

socket! Thridugh TH G SFYLTEC erifhal 1P PRhe! -

further connect.ed .to .an out,side test unit, (not sho
so as to e%% rc%ecorrln% 41t ee e?l ezfrbm' %re%lwz(ge edt .t ép?%r%elﬁ te

of 1 t?:%ntter'mert?éég Sl ?irESQ{riTx}eJi. :oygeptheé{]efoc@}?\%r V\%{QD under

t he sem conductor chip 11 ‘an etect i on out put

the temeeratdir & sensdrsydedd &nsrpplded;10 a system
controller 31 for PID control. The electric heater

14b provi dete ol dhel L ©PPEr at &if i gEPAME Obaeaged 2148 formed
driven by a heater driver 14bD under a control of the

syst emtéant ridld exvador& dihel plaral cdrynofte@ftd getant
passages 1l4a forned wthin the evaporator 13 are
connectfed gar artfe pired ri gerranthei petdlee oni ddheanat Hke
side and the refrigerant pipe 15 on the outlet side.
The 4edfridfaradht PiRfe 15 T t@dt ot thidout |Bre si de
of the 10 tenperature control head 12 is connected to

the EIFrES<Ot B RHrbudiPIHRE RS url B orouTie pdpect the

2P temperature control head 12 is connected to the

compressor 18 through the accumulator 17. A probe T2P
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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of another tenperature sensor T2 is installed on the
refrigerant pipe 15 on the outlet side of this
conpressor 18 so as to detect the tenperature of 15
refrigerant on the outlet side of the-conpressor 18. A
detection output of this tenperature sensor T2 is
supplied to the systemcontrolleg 31. The refrigerant
pi pe 15 connected to the outlet “side of the
conpressor 18 is coupled with the intake 20 side of

t he condenser ondenser 9 is .a radi

heat “Of ri eran]t a?njtpel ?iatﬁr}ﬂ %tbﬁ’ owengl raéf t%“?eﬁ of the
rad'%&%ﬁﬁ%%&%é{‘f% é&$g¥ Oéf%%?ﬂ%%ﬂnet %%Hﬁ%s 15AvV,

refrigerant to 1iqui | gera rlgerant

pi pe 1EpconngdLd 410 Al et sie afs then s lSBV are

condenser 19 is branched to a first branch pi’pe 15A

and cpesREIM YANWY Rirke hpR dil SUCCRSSION. 3TThesEer each
flrst and second branch pipes 15A, 15B comuni cate

Wi t h gl i e nneifrd Qeraanti tpiqre, M cannectiehd addderibed later.
i ntake side of the accunulator 17 through

el ect r omadgitet i e fual gresarit5 AV pe 16BWodiesteed to the outlet

el ectromagneti c val ves 15AV, 15BV are opened/cl osed

by tWeldsays?cferﬁfteorﬁqrmq@fersll%naEercceramp@cprteuettree i megke
condition, which will be described later. . The

ref risgeeatt fifffe IR LGNTEQR QKT LI olalea 1&irkowided on

the c denser 19 is connected to the i ntake side of
the & %ﬁ%ﬁwwtﬁr provi ded on the

i nt ake S' CL? Of etvaémcgpaetroartlosn of the cooling system having

such a structure will be described 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 15B. At



10

15

20

25

10 Next, the operation of the cooling system having
such a structure will be described with reference to
FIGS. 3, 4. If the performance test of the electronic
device 11 is carried out at a predeterm ned
tenperature higher than the roomtenperature, a user
sets up a 15 lower Iimt value L of a setting
tenperature range in the syste %ontroller 31. In
this case, a tenperature DT of the el ectronic device
11 is equal to the room qgerature and a tenperature

det ect’¥d LA htelm?'erfﬁéer aﬁed? Sensoreri L4 oh@hd{f-h%e” to

be Ti | 20 th t t .
Bt ar e el SRR "o eT o T R T het 18 VB that
in i nﬂl’? aélesé rﬁc ocje\!':ic%szigl ££)Thea§-r<!i'r)x)zlt‘}qgu{ hk?elng

contr proceeds to ste consequence,
instruction of "CLOSE" is sent fron1the system
controller 31 to the el ectromagneti c expansi on 25

valve 16 sgndhathdocsmbsigenaat ptl ensch® théctronic device
evaporator 13 and the valve 15BV turns to "OPEN' to

al | ovi 1 reefadayes artte t loovpas ss ¢ hit Duwg e d1fiee bypass PESSageresult
15B. At - 10 the sane tine, the heater driver 14bB i s

dri vert tdetsupplat efrecirisiey $b iheN@laed rilceheaties control
14b, so that the electronic device 11 is heated

Wi t hAUECRE IRy tTov1eR]. 5SS Wider e hevhenper a¢ ureo DT lng

the electronic device 11 exceeds the |ower setting

t enperARFE YIS BT refkuthe &tviet el i fritsored nbﬁét*élbe S1

is NQ and then, the contro
temperature sensor Ti 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 refrigerator is blocked from flowing to the
evaporator 13 1is 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 drivér 14bD is released so that
the electric heater 14b turns to non-conductive state,
thereby stopping heating of the electronic device li.
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



proceeds to step S3. Here, whether or not the
tenperature DT of the device 11 detected by the 10
tenperature sensor Tl exceeds the upper limt value

STH of the test tenperature 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'éléétrdhagnetic expansi on

15 valve 16 fromthe systemcontroller 31 and a
conditjon in which refrigerator js blgcke from

f1 owi gt 'oF T @vepor YIS 1% 62 1T nt @i MY BRT tHRrant
val ve..15BV turns_ to _"OPEN' so at refrigerant

cont i UGS 0 Pass € it G < t e g}pas t p%%%a@%miS%?m%t the
t he sgﬂﬁ, [ t [ \ opdi i o I .
driver i%ﬂﬁﬁ?fﬂgﬁggié§§s§9%ﬁat %%eyggécfgfﬁbﬁ§%§ﬁﬁ o
14Dty diScd P MU GONSILTd Vien ST 8a s s LHSE DY ST OBPI NG this
heati ng of the electroni% devi%%f%ﬁf Eg]On t%% ot her '

5 hand, tide t hend edperatesed of i dheo el eed redh e deviéee dpp is
rises too nuch (DT > STH?) in the 25 condition of

step S3 o451 i 3o Sttept S)e ¢ hectooid ridatof oteedsut®s to non-

step S5, in which an instruction of "OPEN' s

supplé¢@didciome het systaml comnt rivdd ein@lof othdeetediironic

el ectromagneti c expansion valve 16 and refrigerant

fl owsd§ Mt %e the evaporatmiously Aatted sanksté neesehe, the

val ve 15BV turns to "CLOSE' so that refrigerant is

bl oc kP Fr o PasSt e he! bipacP R sayeriSprrpton s meat

tinme, the dr%ve condit%on of the heat déiver | 4bD is | ,
when refrigerant flowing through the evaporator 13 is

10
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

15 . 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.

20 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

25 the pipe 15 on the outlet side of the compressor 18 1is
detected by the probe T2P of the temperature sensor T2

and sent to the system controller 31. A refrigerant
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rel eased so that the electric heater 14b turns to non-
conductive state and the heating of the electronic
device 11 is continuously halted. As a result, the

el ect

ronic device 11 is cool ed by absorption of heat

10 when refrigerant flow ng through the evaporator 13
is evaporated and the tenperature DT falls to the

| ower
contr

setting tenperature STL. Mhen DT < STL, the
ol is YESin step S1 so that the sane

tenperature control action is maintained between the

| ower
STH.

the EXPANSTb

U%E?ﬁjrulpﬁ%% 15°PReRr @t ®r BT séft FRG rangestisTLsHAGe™

As f trol of the elect ter 14b
Aol vat e 16780 taﬁrérﬁﬁﬁ%%érﬂﬁi‘céﬁeaﬁﬁa?a18 and

can un ecyt&? nst ad of ardmare co ntr ol

'systen1con

51580 o h%eR%xF PRRRCLARY BT 15 over

preventd ”&e hﬁ%ﬁpf@éﬁéﬁge%pﬁ ?etgrg Q?éﬁ&%ﬁe?TbXs

over heat

VWhen

e descri eren e to
&ggégﬁgq@@aiyrgtggngfpl of the el ectroni c device

11 is carried out with reference to FIG 3, the

refri

ger amihéenpes atof i Gdrant 2behperptpee1fToNst DBwer than

outl et side of the conpressor 18 is detected by the
pr obect M@ Prof r i erdepered ur kisensoemg@raande SBNf tbe result
the systemcontroller 31. Arefrigerant 12 upper

[imt
contr
and
over

13 diperad uflee PIONSrgkbtpupcoads heosysepnsle, in which
oller 31 in order to protect the conpressor 18
et hEeCloforRinehis Yaive gbpAKt onehber aelirearTans

bypass passage 15A is kept in “CLOSE”. At this 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



the set refrigerant upper limt tenperature PT is 5
determined in step S11. Wen the refri-gerant
tenperature RT is lower than the refrigerant upper
limt tenperature PT, the result is NO and the
control proceeds to step S12, in which the

. el ectromagnetic val ve 15AV on the refrigerant 10

10

15

20

25

bypass passage 15A i s kept im"GOSE. At this tine,
the el ectromagneti c val ve 15BV on the ot her
refrigerant Dbypass passage 15B can be opened or

cl osetll e Tor et hgva bV heSdenper e enpydofhi he the

el ectronic device 11 as def |bed in EIG. 3. 15 Wen
the rettigersnt™? etpetatRira’ RT\Bh theTdltl et side of

the conpre 18 is her an_ th up m t
f§pﬁhe res P FE g?4 k% ET

tenperature a de erm na on re U?P St ep

YES angh 408 GontLL d@rél)ch%&*é%t g18tep, S}}q’lcl:rhghe

electronagnetlc val ve opehed by a control of

20 the systsmeont 101+ £1v311 and £§f£18§é@n&n§é’f‘d§n§§gtrol of
and cool ed by the condenser 19 flows into the

accumHatofstdn’ ddrorghl dhe3bypasshpassagesdShef Asgarant
consequence, the tenperature RT of refrigerant

supplibsvitomithe tlaecamahmatbatdy? 10 ihevennpressorad8a
drops thereby 25 preventing the conpressor 18 from

bei nroverqieated. tiDr opebfigheaneftegeenatutenpératutbe

RT on the outlet side of the conpressor 18 by opening

of tHeutlet ot kde rohuighet FeMRAE§ROLISAY Pegtbnt Fausdse again.

whil e the ~ ,
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.

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
higb temperature test so that the temperature of
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 gquantity of heat
generated from the heater 14b does not need to be
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
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result is NOin step S14 (RT < PT?). If the result is
YES in step S14 (RT < PT?), the control proceeds to
step 512, in which the 5 electromagnetic valve 15AV is
cl osed under a control of the systemcontroller 31 so
that bypass refrigerant flowing into the accunul ator
17 is vanished. As a consequence, the refrigerant
tenperature RT on the outlet” sitfe of the conpr essor
18 begins to rise again. 10 Control of the refrigerant

tenperature on fhe. ou side of the conpressor
by oEA N T ot TG bf °F hfehee'r%far?aﬁﬁ@ﬁ%trggw otaBape

can be.GarLd e, Qul, L Dot BETSELL NG LS L IBRr BLULESteq i

cont rol “Opeér ati on of P'ect Foni e déli e i

much. , 45 ﬁ§§9£9é@&dt9ot9hg gQPQQ&H?QE + g5edescri bed

above S tenperature S not excee t he setti ng

mexi mum  t ggper abNse 9bvhhea egpsﬁésr%dl&@g%eohg Whe1
quantity of heat generated fromthe heater 14b

i nCressesiiy dcclt ghot ENPES a&HiElé@SLnS@héhatztt heTherefore,
tenperature of 20 refrigerant supplied to the
conprelssoindéntisesin Thus, breadponespscts Lhenot limited to
conpressor 18 are protected froma |arge therma

stresshet fieeebyi pratesil ngantierepnpsessativé8ehbodiments
damage. Therefore, the quantity of heat generated

from $heVheat@rdaaer Hoed horcheed PecoEdPBIEHY r vadious
strictly, cost of the entire tenperature contro

appar%@%% £EGHC bRNSUPPY R B2ED Wl FbW T edBParging from the

tenperature controllab%e range bet en the lower limt
plrlt Oor scope o enera 1nvent1ve conceot as

defined by the appended claims and their equivalents.
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14 and upper |imt of the tenperature control can be

secured and an el ectronic device which can be tested

is not restricted to any particul ar type. AdditionaILLOYDVWSE
advant ages and nodifications will 5 readily occur to

those skilled in the art. Therefore, the invention in

its broader aspects is not I|dmt®ed to the specific

details and representati ve enbodi nrents shown and

descri bed herein. Accordingly, various nodifications

may be nade without deppating trgmmihergd spirit or
scope of the general inventive concept as defined by

the appended &l aifpeaneutdettneadl vabpatstub LR W Skg:

15 WHAT IS CLAIMED IS: 1. A tenperature contro

appar at usa coaeppé sahgre acéenpel aheae keptroh beatakeptith an
in contact wiwth an electronic device as a testing

obj eztecthermit | gevEcamel actes cihgateieat t dedethl by t he
tenmperature control head; a refrigerant passage

formed widhi dlemericnpetar urkteshedorohead semperabpure

run through refrigerant inside thereof; 10 a

CoNpTYESTT+ Wit conpresses the refrigerant com ng

out of the tepperature control-head; a gggger ture

sensor wht ch®tiet8ctdh Penpeyat fpEmed within the

. temperature control 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; |

at least one bypass passage cbnnected in parailel
to the returning portion for returning the refrigerant
condensed by the condenser to the compressor by
bypassing the temperature control head; and

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

2. The temperature control apparatus according to
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of refrigerant on an outlet side of the conpressor; a
condenser which condenses refrigerant com ng out 15
of the conpressor; a returning portion which returns
refrigerant condensed by the condenser to the
tenperature control head; at |east one bypass passage
connected in parallel 20 to the returning portion for
returning the refrigerant condensed by the condenser
to the conpressor by bypassing the tenperature contro
head:1laid B, caid roln poid | @n b Chobypassesnd Nedes means for
condensed refrigerant to an intake side of the
conpryssss invg atidere 25 dypass phssage Wypdiss passage when
predeterm ned quantity corresponding to an output of

t he aenpertureemensorure 2valle ¢Enpes atemee control sensor
apparatus according to LLOYD WSE 16 <claim1l

wher@i¢eede donhtirpehoriiioh Yatiedes Heansemegrature of
bypassing the refrigerant via the bypass passage when

an O PRI Etierdt Uree vt tuke bf Side Penpes RURRL sRPRbrset

limt value of the tenperature of 5

d h;
ot T ok PR Phebut ERSET e br e o S o Seicpue
l.im i f i n of the output
P enpetiar e Yo ST The Chperi e CEn R i T ) - the
PeLphd 71 15 ¥A ug Qfe nfxe rel rhgfflagérgﬁg}ot%@éeu{aetuéé.

up
The tenperature control apparatus accor 0
3. The temperature control apparatus according to

LLOYD wiISE

claim 2, wherein the bypass passage is configured to
communicate the outlet side of the condenser to the
intake side of the compreésor.and the control portion
includes means for turning ON/OFF refrigerant flowing
through the bypass passage.

4. The temperature control apparatus according 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; |

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;
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10 claim 2, wherein the bypass passage is configured

to conmunicate the outlet side of the condenser to

the intake side of the conpressor and the control LLOYD WISE
portion includes neans for turning OV OFF refrigerant

flow ng through the bypass passage. 15 4. The

tenperature control apparatus accor-ding to claiml,

wherein the control portion includes a system

controller for PID control. 5. A tenperature control

appar at Usa COSMS+ &4 6k @h 1 ENPESR e £ £ONE & PF § HeAE KePbming
in contact with an 20 electronic device as a testing

obj emit tderuted |tyempar et ot réenthest efed t ached to the
tenperature control head; a refrigerant passage

fornmed wiahieceme tersppesial ue esensr okhheladdsoeasst®

run through 25 refrigerant inside thereof; a first

t enpeRTRR UrA Wit SO hoelaanicten athe enpereit usedofot hehe
el ectronic device; LLOYD WSE 17 a conpressor which
conpre¥IesS I ri gerant coming out of the tenperature
control head; secon‘g]terrpera ure sensor  which

detects & t¥Nperatur Jo?hr%‘??ﬁsgg%?%\%tr%%r%%%r%%ﬂ%(t’ming out

i : i ndenses
Si deopftﬁgecon{ls £or Orre;ssor, a condenser whi ch conde
refri'gerant coni ng out

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

at least one bypass passage connected in parallel
to the returning portion for returning'thé refrigerant
condensed by the condenser to the compressor by
bypassing the temperature control head; and

a control portion which controls the temperature
of the electronic device by controlling the quantity of
electricity supplied to the electric heater and the
quahtity 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 via the bypass passage
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 via the bypass passage when

an output temperature value of the second temperature
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of the conpressor; a returning portion which returns
refrigerant condensed by the condenser to the

temperature control 10 head; at |east one bypass LLOYD WISE

passage connected in parallel to the returning
portion for returning the refrigerant condensed by
t he condenser to the conpressorigby -bypassi ng the
tenperature control head; and 15 a control portion
whi ch controls the tenperature of the electronic

devisensiyr condaald i1 thapanthiy efluel @Etth&iddhmperature
supplied to the electric heater and the quantity of

r ef reigereaimtiddmammepnt hrloughut het refde gef atte PagsSBgesor set
corresponding to an output of the first 20 tenperature
sensore ldmd reohit kol &5 therqruahit i ef) ofmpduel s conoensed output
refrigerant bypassed via the bypass passage to the

i Nt akENRSG - WEe el W ddxdrseerr@sponek gt woe sgnsor with
out pyt of the second tenperature sensor. 6. The
ten’p’v}ei“reatL{PrQaeli:o]n]t“f”otﬁl Yo QA usthi o B FRe TRt Jteieenakure -

des neans for

5, mherely hchontrol ortion incl .

bypassi ng’ t he' 1ef rF IR & Eu§$a??%%r%yp%%%aﬁ%ggﬁg%cﬁ%%%l“g to

CLovt s~ A SRt e SEier T T VRS o

of tdhsubarperal Ui Aler&l rlagran on theouilel & dse

of the conpressor set prelimnarily as a resu 0

Com%ﬂﬂé%31éﬁdérﬁfcﬂﬂénﬂompressor and includes means for
turning ON/OFF refrigerant flowing through the bypass
passage.

8. The temperature control apparafus according to
claim 5, wherein the control portion includes a system
‘controller for PID control.

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 é

temperature of the electronic device;
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tenperature val ue of the second tenperature sensor
wWth 5 the upper Iimt value of the refrigerant
tenperature. 7. The tenperature control apparatus
according to claim®6, wherein the bypass passage is
configured to comunicate the outlet side of the
condenser to the intake side p8athe conpressor and
i ncl udes neans for 10 turning ON OFF refrigerant
flow ng through the bypass passage. 8. The

t enper at W ec &bt & O o APRA &t U_éoxaﬁg@@ggé@gré@rigéﬁém Seoming
wherein the control portion includes a system

contowd leff oy tRIfpeodurd .cdibt Hol Aéeaperature

control apparatus conprising: a tenperature contro

head keptaisecond ace¢mpetditane séesdronhicldedeécecas a
testing object thermally; an electric heater attached

to tiRnerperzs Wk reontgotamead; 20 aovkefet gerdmtof the
passage forned within the tenperature control head so

as tPMRAPIHOuUgh refrigerant inside thereof; a first
tenperature sensor which detects a tenperature of the

el ectroni® ﬂ%@@%%ﬁe{iﬁﬂ¢?WV%$?dﬁ%%esarggﬁ%9%€%%? GPMERY out
conpresses refrigerant comng out of the tenperature

(S m ; .
conttol “head! " SEtoONd tenperature sensor which

detects a4 returning portion which returns refrigerant

LLOYD WISE

condensed by the condenser to the temperature control

head;
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tenperature of refrigerant on the outlet side of the
5 conpressor; a condenser which condenses refrigerant
coming out of the conpressor; a returning portion LLOYDWISE
which returns refrigerant condensed by the condenser

to the tenperature control ~ 10 head; LLOYD WSE 19 a
bypass portion including first and second bypass

passages connected in parallel t©° each other for

returning the refrigerant condensed by the condenser

to the conpressor by bypassing the tenperature

control 5 heRWPaasSfPPEEleBntP6LUPoRei 6hr#hi eR9c8REPBAsPYPass

the te t f th | ect | c, devi b
cont FTFTHY T HESPBRARET £ 37 oPSEF bLEHi CP1526F PhBST for

el ectric heater h uantity of refrigerant, flow
Chr U EhELT T 5h° 16 5 bSs" phs Sanefuna hE hoantrbgineer o

of re{ﬁé985f££e§£8¥‘89 b%gégygﬂ t@ﬁeLEé%&Q?é@GEe control

passage in e tenperatu contro ad correspondi ng
to ameugput of the first tenperature sensor; and a
second control portion which controls a total 15 flow

rate of the refstgesantodnpbheibnt akecsi denetolBethe
conpressor by controlling the quantity of refrigerant

fl ow ngmpar aughe t b slecoatlebypasscpassage by controlling the

correspondi ng
quantity of electricity of the electric heater, the
quantity of refrigerant flowing_through the first
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 Vvalue of the



to the output of the second tenperature sensor. 10.
The tenperature control apparatus according 20'to
claim9, wherein the second control portion includes
nmeans for bypassing the refrigerant to the second
bypass passage when an output tenperature value of the
second tenperature sensor exceeds the upper limt
value of the tenperature of T ef1d gerant on the outl et
side of 25 the conpressor set prelimnarily as a

resul t conparison of the output tenperature val ue

f
of th%@§%%ﬁﬁﬁﬁ t ur RO TR th the upper linit val ue
of the LLC@? W.SE 20 éef i?erant tegperatur?. 11. iy
The tenperat ure ¢ont T of 5%%5 at us" hECor aPRG 2t B cPEFRT NI
9, ‘Aht.ecgeéfajt_rp%,”evgfpéréfﬁ W@qgéc‘éﬁsg %@glggégsggn inc%udes an
ed on the sectond y%ass

el ectromagneti ¢ val ve provid
passaegﬁe@@ldormaf%s@t{@r IO ngo NI hendefLiggsa,
fl ow ng through the é%cond ypass pd%sage by nea%sgg?ass

5 the epesidpuegnethcaval ¥6r d2rnThe tierperat Neereopt §8kant
apparatus according to claim9, wherein at |east one

of theldwisd twmntbidh selconsecond roypposthoHNSadOChYdRSaRs of
controller for PID control
the electromagnetic wvalve.

12. The temperature control apparatus according
to claim 9, wherein at least one of the first and

10 second control portions includes a controller for PID

control.
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