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DESCRI PTI ON HEATER PONER CONTROL CI RCUI T AND BURN- | N
APPARATUS USI NG THE SAME 5 TECHNI CAL FIELD " [0001]
The present invention relates to a heater power

control circuit and a burn-in_apparatus using the
circuit that suppress noise &eneration due to a
heater and i nprove 10 power savi ng. BACKGROUND ART
[0002] In recent years, sem conductor devices becone

i ncreasi ngly high-speed, Diisggicéagadi ty, and capabl e of
15 processing larger bits data. At the sane tinme, the
sem conduct or devi ces becone nore diversified. Burn-in
t estaTERi bWkl @oneRce! eratetr tash sleRentl NYp BARATUS USING
tenperature conditions, is performed on the

sem conduct or device. The THErRl{H test is
characterized by heating up a device under 20 test
(DUT) such as a seniconductor device through the
apgHNGaRrLoFIGLDel ectric currents to determ ne the

reliability and the |ike of the . For exanple, the
1000 ot oS8 REPOERE HOHETRIET SOPGR YT 661 & BRGbefn pgWer
dehegbiveirtt @l ahdnat bARnofind abphae t8sakhe indt egkaliokyit
(LSI) chip. 25 [0003] Patent Docunment 1: Japanese
PRpEnBURpEEISGatPdAe UENGTrefénINgLe2000a2b62T6r and improve
| . | NVENTI ON PROBLEM TO BE SCOLVED BY THE
Bﬁ@%hgggﬁgﬁgf[ooo4] A conventional burn-in apparatus,
whi ch uses the heater, however, is unable to
sinultaneousl% test a plurality of DUTs that consune
§9§ﬁﬁﬁpg§9tﬁ§ different anount of power because it

ﬁgggzgf amhent kP GLALYN € 52miRLAHRE thhe dRYEcRY bBome
increasingly high-speed, high-capacity, and capable of
processing larger bits data. At the same time, the
semiconductor devices become more diversified. Burn-in
test, which is an accelerated test depending on temperature

conditions, is performed on the semiconductor device. The

‘burn-in test is characterized by heating up a device under

test (DUT) such as a semiconductor device through the
application of electric currents to determine the
reliability and the like of the DUT. For example, the test
detects a local heat due to high resistance in a defective
metal junction of a large scale integration (LSI) chip.
[0003] Patent Document 1: Japanese Patent Application
Laid-Open No. 2000-206176

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] A conventional burn-in apparatus, which uses the
heater, however, is unable to simultaneously test a
plurality of DUTs that consume significantly different

amount of power because it adjusts ambient temperature
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[0005] It may be possible to adjust the tenperature of
each DUT by bringing the heater into contact with each
DUT. Such tenperature adjustnent, however, requires a
switching 5 control with a power field effect

transi stor (FET) to follow changes in tenperature.
The switching control produces noises; the noise is
transmtted to the DUT and thus makes it difficult to
avocrad ethe gBrF dryntthve Hmattedin test. 10 [0006] In

Vi f the .foregoin an..abj ect of. the r esent

i%ﬁ%@i on ieIst tr@yg?)o%/%jc?essaﬂﬁe%t%? apéﬂ/bbsrtlc ctafﬁ rt(ﬁml?erature of
QUi BURN, WG ITid) BRpaa sy Usiig ddit & GHidn thatn pur.
reduce the noises transmtted fromthe heater when the

B | TR G H G IITRRETHY dHWRTS hg RetBLitt@Emer avirteching
i - ; = ) 07
o i Fdfen i S R e o

dohli lewe ¢Hengdy gt g empdredtiere povilire conittradli ey raeanttr 20
according to the present, i nvention sw tches on/off a
FORHGE ST Suphs ST 0m s G TFERtL R dR BendT and

SOUIL Bna el GANtTIA fidpawWelo fcduhealef Jur Gt rald i n-in
a voltage applied to the heater. The heater power
%ol circuit includes a voltage snmoothing circuit

t {.s di spo - heat SW i ng
c[irb?jcoudl ]t V\hlsicrzhhsvg%wtz %f'g:tt hvgg ﬁi;boé%eoalr}%g I tearéqg gﬂglﬁe Scpﬁ ;%e% q%}‘reom
trhee shrte citnvauririent  ipovier prowurde.a Heated trager control

snmoot hing cjrcuit converts the voltage .into an analo
FOIHGE SHhdl B TS o AR 2 Wol kgl dittndli ™ Obtta,
e i CHN A fe hsal g err 30 HHOCRIa cThe JRAt @Mhe

power control circuit according to the present
v@Ttino k-4 sic [ird s rf e oy ot ol tigiar dliet tegperature

ﬁl%%{golt%esﬂetac@ﬂg of the switching circuit eccor-di ng

0 a” predetermned voltage indicator signal; and a

vol tage 3

MEANS FOR SOLVING PROBLEM

[Q007] To solve the problems as described above and to
achieve the objects, a heater power control circuit
according to the present invention switches on/off a
voltage signal supplied from a direct-current power source
to control a power of a heater by controlling a voltage
applied to the heater. The heater power control circuit
includes a voltage smoothing circuit that is disposed
between the heater and a switching circuit which switches
on/off a voltage supplied from the direct-current power
soﬁrce. The voltage smoothing circuit converts the voltage
into an analog voltage signal by smoothing a voltage signal
obtained by switching on/off.the voltage.

(00087 The heater power control circuit according to the
present invention includes a heater contrecl circuit that
controls switching of the switching circuit according to a

predetermined voltage indicator signal; and a voltage-
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conparator circuit that conpares a value of the
voltage indicator signal with a value of the analog
voltage signal. |In the heater power control circuit,
the heater control «circuit controls the power of the
heater by controlling 5 switching of the sw tching
circuit based on a conparison result by the voltage
conmparator circuit. [0009] In the heater power contro
oA tatape oridiawg t chathecqmeserd 4 eedntd arf, tthee voltage
er_.contr.ol_circuit .converts _the vol t.age indicator,
ts}'l(?g&nla R oSlaqr{aﬁhergﬁ%paer‘%aeJdl%oqq a%ée 311 - ge signal.
sirgndle whiaten pokinidect idl aiiderdi sper IRt SRSt rol
so that a variation of the voltage indicator signa
Fert PHd B RN T avee i i e sradder dnvniararrolling
: ld i - dj- vol t.a .
g A T g, et (£ b opfoon
[ne st Heattére poddraceontangla i raaidi meddr.di ng to  the
gb t 'n§$ption, t he heater control circuit includes
tablle that® St6r &3 SR In ST it e tiife Ariqtggeg to
it gatedfers gMdlerdiébrg Sefd efedffert IdPBrdicaPRisedit converts
vol tage indicator signals corresponding to a
V&g GRSt i c2d oo ltigge )i Aditcatiort igiegwdispeased oltage
; tr [ £ .Qe t: ti me- di spersed
Jort a8 ndr oncar e B RHERd o g Tt 3B bea
FEOIHr |sv tHhe theatveripoden cohtthe veiltege! iacdeadiold signal
the present inventiagn, the heater control circuit

10 ,
FEtePEESE tEIIRS (iS. dis Prded FolaGE Hemarastormount

singhauppased @hea thielealdianalr RXPRRITQR iRt cat?9 8 gnal to
rel ationship between the "voltage indi"cator signal and
&bgesvdd ching wargivdfer sed vol tage indicator signals

SHUATHPO: 0,19 Retak A g oL ot Vel Lo, BRGRLO oo
abeopdiengntto invke tpoasenhe meentdrorontthelheatenit includes
%ﬁ%%@g%bﬁhgi;%%p,%Eﬁéaﬁﬁﬁgxﬁgﬁsaﬁgebgkigi%s%gevggﬁigze
indicator signal and a series of time-dispersed voltage
indicator signals corresponding to a variation of the
voltage indicator signal, and the heater control circuit
generates the time-dispersed voltage indicator signal by
retrieving the table.

[0011] In the heater power control circuit according to
the present invention, the heater control circuit generates
the time-dispersed voltage indicator signal based on a
relational expression indicating a relationship between the
voltage indicator signal and a series of time~dispersed
voltage indicator signals corresponding to a variation of
the voltage indicator signail.

{0012) In the heater power control circuit according to
the present invention, the heater control circuit generates

the time-dispersed voltage indicator signal, the time-

dispersed voltage indicator signal including pulses having
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di spersed vol tage indicator signal including pul ses
having 4 a sanme pulse width and different tine
intervals. [0013] In the heater power control circuit
according to the present invention, the heater
control circuit uses a pulse‘%ﬁdth modul ati on signa

~as the tinme-dispersed voltage 5 indicator signal.

[0014] In the heater power control circuit according
teo sarkte pprlesentidtiy emtd all £ fdrergwittiol g teinveili.
[ es a_ cyrrent restricting circuit. [0015] A _
dﬁﬁhgﬂn appdr &t1Fs I iR 4 GHE Preseicuifg according to
iUee Pric@RitNGnides ithg Rer! ¢fe RAICT-FANIOIciGIILW tuses a
accordi ng to any one of the aspects of the present
e ivarkltho Hertrhodl Burkdmaln asedtheort imedwiiispe naetbrvoltage
tiesticattfFEGL LG THE | NVENTI ON 15 [0016] The heater
power control” circuit and the burn-in apparatus using
{0 1ciir cui tini ritleudhe ax eroltcage: srERtrkilng i eiviclideddi@ting to
&%ﬁdis ose betme%p a heater and._ag switching circuijt
SR Ch &S Va9 1 a t54ge SiigFacideyit ddciicdss a

audide@G! TeWe Rt IPQWRY xgeUrce. The vol tage snoot hing
20 circuit converts a voltage signal supplied froma
diG0dét]l-  cufy BRENSEdr @@HATRG Usn amsaited ngo [toaddes ingrealent

[ vahkta ignal, to switch an/off. the
géﬁ%gggkgiS%g%bggﬁpghfé%% &gﬁi e iFggﬁﬁéﬂrféﬁFU66Mer
saurceeliagd tohasiyt onecaft dle pewer-tef ofthe heatrers doyt

gontr LIin& a voltage 25 appl.ied to the heater

ASVETERG yO PREIREH & BydRerdn &6t 60 & CeriiCean@dese test.
burn-in apparatus using the circuit can prevent the

noi ses produced by the switching circuit from being
HFAFSEH CtedHEo INNENAE&MNer , t her eby suppressi ng

i SSi [ he h . .n .
JORIST 5% BRSChAARLC R0, Ny L. 90 M ang <y, i

- epplrekuei telin and thedufkndinclude a voltage smoothing

circuit that is disposed between a heater and a switching
circuit which switches on/off a voltage signal supplied
from a direct-current power source. Thé voltage smoothing
circuit converts a voltage signal supplied from a direct-
current source into an analog voltage signal by smoothing
the voltage signal, to switch on/off the voltage signal
supplied from the direct~current power source and thus to
control power of the heater by controlling a voltage
applied to the heater. Accordingly, the heater power
control circuit and the burn-in apparatus using the circuit
can prevent the noises produced by the switching circuit
from being transmitted to the heater, thereby suppressing
transmission of noises’ to the heater or the surﬁounding
components.

[0017] In the heater power control circuit and the burn-
in apparatus using the circuit, the voltage indicator

signal is supplied to the switching circuit as the time-
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I n apparatus using the circuit, the voltage indicator
signal is supplied to the switching circuit as the

time 5 dispersed voltage indicator signal which is
obtained in a tinme-dispersed_manner so that a

variation of the voltage i ndPcat or signal is within a
predeterm ned anount. Accordingly, it is possible to
reduce power | oss caused by 5 an inperfect swtching

of spRessdi vohitagecinddicbtduest.gnehewhékbhctisi obtainedt in a

tricti ich is _caus a sudden current
b eHE bbEBREP Ll nEs Bho CUOR g3t NBotRPnG el PeurpLtage
BRUEEaDESCRY BHEONi OF wDRAVWINGSS, 20450048} nELGanduhs .

bl ock di agram of a schematic overall structure of a
BGFﬁIﬁhnagﬁaréFué5a§@éﬁéphg te amdeabonPwent loek thesed by

es ' nt.i.on, Lg.a.Gh Lt diagram of a
deraiPearSrElerarenchs afnbleceRe b SRRt o ene
¢letbrEbGouBrentartkhirngtibar thoEhgesecatised b, ti BBdden

di d | t I ndi cat qQr . si s b heat . . ‘
EBRCFOF "EFFEAFE SRECCORERoA Bof EREOREADEr SHASERLBA circuit.

the tine- dispersed voltage indicator signals; FIG 4
s a graph of tenperature rising 20 characteristics of
PBEFBUBEBLRSPTREN ©BnBBABINGEferent anounts of power;

G 541 ' i t ot
TREAE fear B8 poter T A PADER, 1 A0EAN. 8F r o BarRBtREoRg ey
atheatere pdwerbuestihchppgrabus asdowhengcesvent EapPaliment

%EaﬁﬁéT&omer 25 control is performed. [ EXPLANATI ONS
RS BRE NURERAESC[0019] 1 Burn-in apparatus 10

Test eoatroller,30;20uDeVhEegPONCEr URI fetailed structure of
a heater circuit shown in FIG. 1;

FIG. 3 is a timing chart of generation of time-
dispersed voltage indicator signals by a heater control
circuit and control of the heater bésed on the timé—
dispersed voltage indicator signals;

FIG. 4 is a graph of temperature rising
characteristics of various DUTs that consume different
amounts of power; and

FIG. 5 is a comparative diagram of total power when
heater-power restriction control is performed by a heater
power restricting unit and when conventional heater power

control is performed,

EXPLANATIONS OF LETTERS OR NUMERALS
(0019} 1 | -Bﬁrn—in apparatus

10 Test contioller

20 Device power unit

21 Device power source

22 ON/OFF controller

23 Electric current measurement unit
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21 Device power source 22 OV OFF control ler 23

Electric current neasurenent unit 6 24 Voltage

setting unit 25 Voltage neasurenment unit 26

Overvol t age/ Overcurrent - det ecti on-val ue setting unit

5 30 Measurenent unit 31 Measurenment board 32 DUT 33
Connector 40 Tenperature adjustnent unit 10 41

Tenper ature neasurenent unit 42 Heater circuit 43

Heat eZ24confVioditagier @ittt ing3antabl e 44 Heater power
restri,gtin niit 15 50 Power source 60 Tenperature
Contrg%Ier%ngaﬁgnﬁgﬁgyﬁﬁgeggnFP&F bl ock 62 Heater 63

PT sensor 02@Qr&biCagleOvettuliransi-gkeectidnFRhi1(3d setting

Vol tage snmoothing circuit 74 Conparator 25 75 DA

rter Dl Zener diode D2 D ode Rl, R2 Resistor
30 Measurement unit

31 Measurement board
32 DUT
33 Connector
40 Temperature adjustment unit
41 Temperature measurement unit
42 Heater circuit
43" Heater control circuit
43a Table
44  Heater power restricting unit
50 Power source
60 Temperature controller
_ 6l Temperature contrcl block
62 Heater -
63 PT Sensor
64 Cooler |
71 Transistor
72 FET
73 Voltage émoothing circuit
74 Comparator
75H DA converter
D1 Zener diode

D2 Diode

R1, R2 Resistor
L Inductor
C Capacitor

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0020] A heater power control circuit and a burn-in
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L - nductor 30 C Capacitor BEST MODE(S) FOR CARRYI NG
QUT THE | NVENTI ON [ 0020] A heater power contro

~circuit and a burn-in 7 apparatus using the circuit

wi |l -be described bel ow as an, exenpl ary enbodi nent of
the present invention. It should be noted that the
present invention is not limted to the enbodinent. 5
[0021] Enmbodinment FIG 1 is a block diagramof an
oPeRERLuScHEFRL hestigctitewol 1t he Besariibedppalatuss an
' [ igent _of th resent. invention.
RREREESR, pbiinaRT 80 FRE' oRbsbff, BhGPRE ar"  oTt' Shouta

agram o ure.

- benwektdr thhm EhE piesanbuinveAtliBnappanatus ihifBHNkY the

igélgdes a test controller 10 which controls an
GPEPIM™Bhrn-in test: a device power unit 20 which is

¢oonegt ed Eppbhekast controller 10, supplies power
source voltage to a DUT 32, and neasures the power

sour cEI¢el fage; aabilempedatgremadfusthmentranilt s¢Bemhtth
[ nect to. the.test _controller 1Q.and_ adjusts
PLEhRrERRTERE Blel Bykhe i ke kol RRERS, afbatl BRCHBERR!

dfbwhimbnicsofcenaepiredeh® theedeybse powehsuni bidbkaldagram
in which the DUT 32 is arranged; a_power source 50
ﬂﬁiéhSF§u€6Hﬁ§cP§d3t8Atﬁ@nvﬁégﬁératEPeFégfuitnénbUQﬁrin

48pa2ndua &eﬁagﬁayuaﬁczgdegngre%g€rCQHt%@hiarCQBt&H&éh
tenperature under “control by the tenperature
agpusphenenunivera®l po022inThesteasudement poiver30nit 20

inelud t . b d 31 d 32. T
Koo 3 BaPRERIEA ER he theuctrBhEnt Tbard, 3supRfes
Pote82sbareannectadet 6ot Bendd deyi §RAPAUBELYBRLEL tRO M¥hRer

Wi ring on the neasurenent board 31 -and a connector
33UrTHeVALYREE/ pBWEPTBAFALRDS| AL BEEBeRt dedfcélpohieh is

é@HB@@tga @Bdtﬁg E%%EFEoﬁeggifékefoZgndTQSjusts temperature
in the burn-in test; a measurement unit 30 which is _
connected to the device power unit 20 and in which the DUT
32 is arranged; a power source 50 which is connected to the
temperature adjustment unit 40; and a température
controller 60 which controls temperature under control by
the'temperature adjustment unit 40.

[6022] The measurement unit 30 includes a measurement
board 31 and the DUT 32. The DUT 32 is arranged on the
measurement poard 31. The DUT 32 is connected to the
device power unit 20 via wiring on the measurement board 31
and a connector 33. The device power unit 20 iﬁcludes a
device power source 21 and an ON/OFF controller 22, rThe
ON/OFF controller 22 applies power source voltages Vdd, Vss
from the device power source 21 to the DUT 32 under control
by the test controller 10. The device power unit 20
further includes an electric current measurement unit 23, a
voltage setting unit 24, a voltage measurement unit 25, and

an overvoltage/overcurrent-detection-value setting unit 26.
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ON OFF control l.er 22 applies power source voltages

Vdd, Vss fromthe device power source 21 to the DUT

32 under control 30 by the test controller 10. The

devi ce power unit 20 further E§nc| udes an el ectric
current nmeasurenent unit 23, & voltage setting unit

24, a voltage neasurenent unit 25, and an

overvol t age/ overcurrent -detecti on-val ue setting unit

ZJBle 8tesltl163qfé§ft03c10?m ridl I@rn LG aEmirec ddrs € dtiee ft athee DUT

C rated test based on
measur eé}” Cicueelsero zﬁ%e Eg)a B FGEEUrPdes obtained
eastite nedctimid RAdr itk tﬂt&né&!ﬁéﬂ@ﬁ: urBas renei W tvoltage
25. Levels of t he vver source voltages 5 Vvdd, Vss,

P T HEIS e setLqFR LS \off iR @aneieowiEe rind tages
LREd, GAM T ‘Qﬂc}erth]eo ll-l}lfée é:ﬁ'L Peal 18 ' $ S Y8d I B8 ner by
vol tage set tl ng uni t e overvo tageFover cur rerrft
détedtdsn cxmiu;@lsl@trt |1r@g uriilte 2@ tstvarles 4 st lstesteal dif ahe

det.erm nat i an ,overvol tage state or a

ovel?cc S ént q:fﬁl A é{_, TI&W tW@rVéjg'LFlat%/éfvercurrent_
rieasuEreRMtvai d e taliect Nt t G reiirol¥eas l%%%%follwlftor
23 and the vol toége nmeasurenent unit 25. Wen t
LS A

Gde @Y A tTRaSs IRdlad e Otrh@nowvmmrrent
%Qf}}ﬂ@'ﬂa§ed2% detr mnes (dhafe %!%%sr%& 2ot %yj '%gelg(iectrlc

overvoltage state or the overcurre ate
dnmreé'aétesae@lsumeo@kﬁt anm: 1du t23u tanoff tlhleevmwa@eSMB@elrement

volta mth deV| ce ovver source 21.
HHs %gﬁ ‘d i e?et%t?y éjstvar,léll’?‘t reﬁlcleé’rdslé_hl nthreshold,

Vi @N/@mmrtro[lqw]zﬂ%tte%ﬁ%%t e +C RN @b&erszﬁqs in
includes a_ tenperature control block 61 in which a

ﬁé’e@t &VegYoliape si@teemgorthePloatirsuRreas startesensor )
e Fﬁaaa & ¢9ohst, 64 ue%ttg%t@h%% +fae Pxe%e%%%&c%%oltage

es an out put va tenrp Patur
ddjous tihentdewiice 4@wethe dueatee2162 iThe wmte@,@bllad iBY set by
the te eraturerlidj ustment unit 40 to receive power

4G dfgdr SCH-EN €S, IR 8ol WGTEPRIPdTBRESES ¢ hr ough
§§30t2-?§ coolgl @2mbe ra@elredown +3inneundhngs ohqkhe DUT

témperaturé contrel block 61 in which a heater 62, a PT
sensor (Platinum resistor sensor) €3, and a cooler 64 are
arranged. The PT sensor 63 supplies an output value to the
temperature adjustment unit 40. The heater 62 is
controlled by the temperature adjustment unit 40 to receive
power at temperature rise. A cooling liquid passes through
the cooler 62 to cool down surroundings of the DUT 32. To
adjust the temperature of the DUT 32, the heater 62 and the
PT sensor 63 are brought into contact with the DUT 32, so
that the temperature adjustment is carried out directly.
When the temperature of the DUT 32 is not adjusted, the
heater 62 and the PT sensor 63 are physically separated
from the DUT 32 and touch only the temperature control
block 61. Thus, the PT sensor 63 can detect the

temperature of the heater 62 or the cooling liquid.
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adj ust the tenperature of the DUT 32, the heater 62

and the PT sensor 63 are brought into contact with

the DUT 32, so that the tenperature adjustnent is
carried out directly. Wen the tenperature of the DUT
32 is not adjusted, the 30 heater 62 and the PT sensor
63 are physically separated fromthe DUT 32 and touch
only the tenperature control block 61. Thus, the PT
séitdr! 63 d‘@@ d:aﬂemratth?e:e taeijpfsrtatelmrteumlfiﬂ He Heatlerdet2 a

the coal i uid. .9 tenperature
Occ?mé’setrr?gc uf SR RY d’éj[sl%a%i & figAS Urhs s (redisature
W tsu%ko\Mﬁﬂd(ihlgl‘QEQﬁUﬂﬂﬁa PETRRAIY &3 @»fas%w b%u%len%t%ﬁlt
the PT sensor 63 based on the output value of the

§’é‘r4é’<?r 0g3:thg Rdatensein @diit M hepfriech 05r§@p|§l i48s Wfbx;\m@x
1tiRe UL UL & 120 o%e@% Eﬁ%%t Cﬁo 3nd gﬁtalt)?r 62;

hea er po restricting Bt epend
@@@tﬁohsaheat@pram&msaaamtdm@guhdtthe poMeh independently
con 0025] I n the burn-in

R e o G %ee S B Po1 S PG SREr BPVBY tRESHEREion of

eort moitl ep .10, the power source voltage is applied
fromthe device power unit 20 to the DUT 32, the
ﬂ@ﬁ@éﬂaturéna@P@sbﬂﬁﬁrl@n@ppﬁma§uppﬂhegnﬂhe poweovegall

(Sl Bﬁ?EhErQEE%h%og%?%ﬁgﬁe gﬁgh$ﬁﬁg%tghggceivoltage

br ought contact "W
uenpppauedefmbmthEeDu§v15e3§ow@rthﬁ1bu20 B t@st Dug 32, the

% The test controller 10 acquires a result of
ﬁ@pﬁﬁﬁ brR eEdUSHIEPLhEDd Sy @eSBBRéFesuﬁP? pevegngo induce

a@aftom@ t eAEehakYee 39 ushEERhet HEgugh khe;
tenperatﬁre adj ust nent anit 40. [ oogg% The Raater"dht into

@Pﬂ@@pt wzthﬂthen@WEbé2desEhubedthﬁ tefpdetailre 6EG¢h@ DUT
P2atnr thE bl -8 R0 18 BRGBLEEd vahECEEGE Eonb ger 10

er ¢rreuit and-arso’Shéwe
thquhieaten 62sulll BEGthg, barhi-ehdtekteelia thanakstee power

&FEE 252 gghcgeg%o%mg %gﬁggigtgggegdgggtﬁgnt through the
temperature adjustment unit 40.

[0026] The heater circuit 42 will now be described in
detail. FIG. 2 is a circuit diagram of a detailed
structure of the heater circuit and also shows the power
source 50 and the heater 62. In FIG. 2, a field effect
transistor (FET) 72 whichris a p—channei power FET is
connected to the power source 50 of 48 VDC, and 48VDC-pulse
voltage is applied to the heater 62 according to the
switching of the FET 72. A transistor 71 is connected
between a gate of the FET 72 and the ground with a resistor
RZ connected between the transistor 71 and the ground. The
transistor 71 is switched according to time-dispersed
voltage indicator signals, such as pulse width modulation
(PWM) signals, supplied from the heater control circuit 43,
and the FET 72 is switched accordingly. Further,_a zener

diode D1, which maintains a constant voltage, is provided.
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connected to the power source 50 of 48 VDC, and
48VDC- pul se 25 voltage is applied to the heater 62
according to the switching of the FET 72. A

transi stor 71 is connected bibmeen a gate.of the FET
72 and the ground with a resistor R2 connected
between the transistor 71 and the ground. The
transistor 71 is switched according to tine-dispersed
ey gincalye dindibeatzemesi ghalds Hudls ammwcte dvbdttveen a

nodul at.i on P si_gnal supplied fromthe heater
IR el s s Rl i Siaiey 12 whereas
ateordigigae iRUddielect® Z eafvectl QEL it tWH GF the
mai ntai ns a_constant voltage, is provided. 10 The

dEdS 16T AThe 1z émer ticogat afs toeniddt €@ wéttheen rgsistor RI1
%ﬂrleegt%rd %fe ttw%%ﬁxgr %S'csatt%odél A hteh%eﬁl%scl %iti%rdeR%l and the

whereas the cat e IS connected between an emtter
efnitther tofandiesttoman?l sand t1e gate efatbheleFEE A2 swi tdirectly
a resistor Rl 5 connected_ between the_cathode of the
SR HGHE DR SALPhE T GG Foi JF -t hiPErapLsfoRFLs tor 71
The eatthederirs ahso 48 reet loF g le@d slb@rdedisdi A 0hppiied
the FET 72. When the transistor 7 is turned OFF, the
A9 e &R tthe apewdhusodhee P50 178 dppltivegedt OFFhe Hakce, the

t F i ur.n F. 10 .
Biardidt e 1 Ehrhed B IS ET o 1RR VOTeRde epplied to
apyel iged < dectrkesgat ecdecddases caao keiong tt @ fakcardgRt drop

of voltage dro on the zener diode D_, and . thus the
Ber the 3 e HgéPda\l.Dlr[ GO |-t ng@n FETs\iPt dfi rgrned ON.

gigoeuilt 1 NeleylieRe Eh%wE%EhE%g %&@Eﬁ&%eQnéﬁgﬁgnﬁn@h%h%ET 72
heater 62, a voltage snmoothing 15 circuit 73 1S

serdigeed pheveokrdgdhenberitieng 68 r euivio113gei soloudbsng
ral l;el ~gonne i_ode and.capacitor . C. and.a .
T e e P ned o T e BB fundoridgutt 73

dupphided fremlibe ~swnhekiteg eaioeki D2i ansmeaphedtardc, and a
converted into an anal og voltagp by the vol tage
SREIRI TGP CErPAC AP EUFEOTThe hddfer88PCoeHPSt 891 Fawer

dependicrg 90nt e aMRLLHYLG efi HLhe +anal ago¥ehkag8nd
converted into an analog voltage by the voltage smoothing
circuit 73. The heater 62 generates power depending on the

amplitude of the analcg voltage.

[0028] A comparator 74 compares the value of the analog

voltage applied to the heater 62 and a value of a voltage
indicator signal supplied from the heater control circuit
43, and supplies a result of comparison to the heater
control circuit 43. Since the voltage indicator-signal is
digital data, the wvoltage indicator signal is supplied to
the comparator 74 after being converted into an analog
signal by a DA converter 75. The heater control circuit 43
controls the time-dispersed voltage indicator signal based
on the result of comparison so as to make a value obtained
as a result of comparison zero. The voltage indicator

signal is a signal indicating a target voltage level,
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[0028] A conparator 74 conpares the value of the

anal og voltage applied to the heater 62 and a val ue

of a voltage indicator signal supplied fromthe

heater control circuit 25 43, ﬁnd supplies a result of
conparison to the heater con%rol circuit 43. Since
the voltage indicator signal is digital data, the
voltage indicator signal is supplied to the

BT dher 4 iFa el e v & oildragsd insticadwramdlangl is a

j =N verter . The heater. cont.rol .
P A e S S SR g gy ime-
ichidipeatserd siagmadr Basethator tieerifsgSunt off ttEREE1SEN v tage
3§ tglnake a val ue obtained as g result of conparison

& FReTHE RIS g HANE cAS ST gdinns 8a PEegiedie rmined
Indeall norhe GAeRl &V AlAgs denaly shpbh i M&ELAR RGitching
ti me-di spersed voltage indicator “signal is a voltage
iGAdickdttor dingrvdle whicote i $hebtDd wedvientart iibeconverts the

j rse r .t hat riati on _qf the anal og
S AT o Rt W NG T el oa T Bn 2D
roedetrerem, névwe varrguniay The reipdaales ariehdithectday converter
%ﬁpplied to the switching circuit. In the above, the

EONVFERVEL L7851 GRPdGs Vi adgostagali Aditeatdidiagnaata,

I3 e I j |, .t.et . .h r,

R LN AR s R
&9Fpeg iveint.-age signal into digital data, 10 and the

rat or _74 hen process the digital data far
ggﬁgggison;n[Gg%gf%F%etﬁgn 689§dn§ﬁﬁﬁgﬁe&lﬁ§89 rqg’ the
@iuiGk tvod2agkhgenpwlasedvolt age genecatad BY rbhet produces
swiitching circuit produces noises to voltage signals.

PRICRE ERbIAITERE, SR8t age tHesABBORIAGNE r fliet vp3tage
Ishodthanged: Relueen st he %wrta&g'egg eGB! tnand Lhey .

heater 62 so as to convert t ul'se voltage into
srgothiéd aadaltbg wekttage 62wiser esy tbheonokse theapsiee
%%l%g%ehg% %rs%%o%%e%u%%%i%%e%blggggtC% %EE%YIQhe noise
transfer to the heater 62 is suppressed. Particularly in

the burn-in test, the heater and the DUT 32 are brought

_into contact with each other. If the noise is transferred

to the DUT 32, highly accurate testing cannot be performed
on the DUT 32. In the embodiment, the heater 62 generates
little noises, and hence, the burn-in test can be performed
at high accuracy.

[0030] Further, as shown in FIG. 3, the heater control
circuit 43 generates the time-dispersed voltage indicator
signals for the switching of the FET 72, thereby preventing
a sudden voltége change from causing ovetcurrent, and
reduces power loss at the FET 72 caused by an imperfect
switching of the FET 72 at the restriction of the electric
currents by the zener diode DI1.

[0031] VAS shown in FIG. 3, at an outset of the test or

during the test, the test controller 10 outputs a voltage .
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the burn-in test, the heater and the DUT 32 are

brought 20 into contact with each other. If the noise

is transferred to the DUT 32, highly accurate testing
cannot be perforned on the 32. I n the enbodi nent,
the heater 62 generates litt noi ses, and hence, the
burn-in test can be perfornmed at high accuracy. 25

[ 0030] Further, as shown in FIG 3, the heater control
dm@dmai0¢3V@éﬂ@%aﬁéglﬂhéﬁtBﬂéﬁdﬁﬁﬁeMQQIagdtkﬁyel as shown

ndi_cat or. als.for t S t of th T 7
i e:rEgIg;y r(éaléﬁ?ﬁ ngheahsli’1 ﬁgnvg\?& g%ﬁ&ﬂﬁg@ f"E rlﬂased on the

c;@u@eﬁ@t@\ter clptigted athn rtetéuee&tpemmﬂeo&ea%tuﬂe&ent unit
FET 72 caused by an inperfect 30 switching of the FET

2 - at Pﬁehe%9%n<9qqﬁtq% e vdite dr ideneddrtieanttd ey dispersed
;i%%ﬁga'to[ro%lt]uegﬁ SN, 4N 1%' Fre3 A, a'ﬂ)ased on the
outset 0 u

e test or ring the fest, the te
N@dﬁﬁ@blemdl@a¢wﬂpwﬁéu&,V@hﬁaQEHEZatBﬁdMIMHﬂdﬂﬁﬂanaed

h is a target vo e.le as, shown in
SRy Ao sruEarsr SRt d Clecu s Daapronding to the
trefRerialpee sket Wdled g amdike thenpanakyyr.e measWeanant
unit 41. The heater control circuit 43 generates

CioRd r@ils garsed t5 dPolaPRdd sisn diheatta ey SLees ras ds Wowt os
El 3 3Rk Ra ?@%&%” t%h‘t:h V‘%' %%?ts't%‘l»' Gat or n‘éa'a‘ée %%%ult,

generates ti "sper seq tage Signal s as Shéwn
EbﬁweS(ahecamnasmam@lmg t@ethET tzme- dlspersed voltage
i ndi cator values. The heater control circuit 43

dpPRrds t hBhernéhgi §9eitsee vHIE&gé oxo Vipddiecdtsor 0V — 24V, ”
$is %fﬁloﬁr o Iﬂ‘%Gt ransist % Z%EF%%%Z?%\%% o§S Wit 1°cal4§es

the "Swi §f the FE én 't he Vortage
@@d@&&t@% tabu&1ME'd$%peZs%@V bltagesho dart ol Galues so
3&1% t he heater cont rol circuit _43 generates the

5 GPEpdPSEq aF6r fage PRg dat JPrLFarge Lo U3  frdfier A& not

hidekeasghdecreaged yeovelkage Rek 'tl'i‘_ht‘e—H'l@%e'r%e@lmlndlcator
more than 5 V, and dgenerates the tinme-dispersed

ispding@acops the pulse signals based thereon. A series of
time-dispersed voltage indicator values corresponding to
the voltage indicator value may be stored in a table 43a in
advance, and a time-dispersed voltage indicator wvalue
corresponding to a given voltage indicator value may be
retrieved for the generation of the time-dispersed voltage
indicator signals. The time-dispersed voltage indicator
signals may be set in any manner as far as the
increase/decrease in the voltage per unit time is not more
than a predetermined wvalue. Forlexample, a former part of
the time-dispersed voltage indicator signals may be set to
a low voltage value, and the voltage level may be gradually
increased within the limit of the predetermined value. In
other words, the voltage level may be changed from a
current level to a target level in any manner as far as
each changed value is not more than a predetermined value.

The voltage level may be changed in a manner of a function
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signals as the pul se signals based thereon. A series
of time-dispersed voltage indicator val ues
corresponding to the voltage indicator value may be
stored in a table 43a in 20 af ance, and a

ti me-di spersed vol tage indicator value corresponding
to a given voltage indicator value nay be retrieved
for the generation of the tine-dispersed voltage
oardiec @togreimgnal s. The time-di spersed vol tage

URES32 i Bado P Fatiea B APERE SI0PPARE or L dRre X Fie

appnatdnpee theh@rTa 7pr, edekermilradevahdecniar examplie, 73

a former part of the tinme-dispersed voltage indicator
SPFNEES Smajebé 1B digPes seewvPdiagdge Skanges aRdgot kaoothed

Ltage radual.l c se t hi

P Pl TR oSy SHer o ASa e A ETES0Shar MhRlE eoe

hbeteml6aggehevateaayhbep@h&mgedrﬁeepbadmngreotthevahalog

to tar veI in any manner as far as each

gﬁ&%&@& gépﬂé s not nore than a predeternined val ue.

Thesvol t agen! exel ok rbaelanged chmpaiBRBEr 78f Rmpares the

function 13 or a program [0033] Wen the

B Cgi §perses ¢ébpage §p§n§h§ apétaaspnnééCﬁ@0¢h§a¢E$, and
Efpphlie <V OhLage-ATROLY RACCHEGHLE [ancCORVEILEuLRees. e

I'sperse tage Si nals |nto SO anal 69

h@btagecsngma&scascsnmwm3unaEIGho%@d)n Fhen, BHbe, Supplles
E gr 62 enerat E% power corresponding to th

&8 5™V 8 F88§S§ gF{é? 6031 ER PReSSERE Sh&ﬁdlﬂf?ﬁéase

¢ORPALALAGe 74c60TPANES the c@ﬁ@la%twl baggu%l @,ala% and; gh

t he vol tage indicator value, and 10 ies the

AeFeilt t Ont ﬁéehééhéi’f bent olthei h@aﬂ:ﬁmgonm@lh@aﬁ@mt 43

ER0LEBL SCLRBULL1 £3,008 9w Cl B ThEui Al Bhe SHRALLES 1ever
e €1 me- di'spersed vo ta € i ndicatorsignals

whehease cbhpayakbageuh@uellwham ahgowolpaeat as @lbput in
is at _a high level. On the other hand, the heater

€dftralteeircuit 43

[0035] - In the above description, the time-dispersed
voltage indicator signals are generated in such a manner
that the number of pulses with the identical pulse width

per unit time increases/decreases. Alternatively, the PWM

.signals, whose pulse width changes every unit time, can be

employed as the time-dispersed voltage indicator signals.
It is preferable in terms of time dispersion that the
employed signals be configured s0 thet the number of pulses
with the identical pulse width per unit time
increases/decreases, to avoid sudden rise in the voltage
level.

[0036] In the embodiment, since the above described
time-dispersed voltage indicator signals are applied to the
FET 72, the voltage level does not rise suddenly, and as a
result, there 1s no sudden accumulation of electric

currents in the capacitor C. Thus, the function of
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15 controls the voltage level to maintain the current

| evel when the conparator output is at a low | evel as
shown in FIG 3(e). [0035] In the above description,

the tine-dispersed voltage indicator signals are

generated in such a manner 20°that the nunber of

pul ses with the identical pulse width per unit tine

i ncreases/ decreases. Alternatively, the PW signals,

whHesH il senwiedtth metdnges isverdpaminott inegla tarelhe affect the

ed th i_ne- di spersed val t age _i.ndi.cat or
gEit%ﬂng’I)és an twqugdgpg)fecercéao iR of "Hitrd Wi % fer it FET
thmat e 25 eyl eyeek rsilgs s the oA RE S Guiddh e can
nunber, of pulses wth the identical pulse w dth per _
i SRR atbeer edSedy FETEdse NS ARG ARIFeh Garggmption

Igtde vyl 398 Joanal .cd0RR) il t OGj BN, &
t he e’z}govemdescriplk?g‘ﬁe 30 tnI%ITE- (}:llggle_rfg%dec\% ?{age v 62 T be
ieddindatadredsitgnal swearienappldsedidle tdheenkET a72) a hewer-saving
xplta e |l evel does not .rise suddenly, and as a

AENTE D AREPE F S FA fferf© ation of electric

quosent s | mnt heeCaprElledated Hst Wikt frerctdam-aofn 14
electric current restriction does not negatively
Sreda tige 1, FET tRRPETE BN @hpetd eshadse thepdiflect2 is

| i f F 7 Ther ef or. I tt .
e o L iy Gt R e
N ed efsfearey tp @S Gans wntal a5 cotnlseimet hamyhidre ppewar than

T i L
apRArAYS ¢3N the realtized.ad QO3 lin e accel-atadss of

test wth the burn-in apparatus 1, a tenperature
adfifieagnce tie POYE r3Zans ul® tdemt odl leadh WEh 3Zhe tdene

r rce I e pl_i . i.ffer 32,
R e el T poherfiean? SidFeBor. bt
idhankeat ekepedioweion Shsuppldwed LF0Yoaier consumption of the

DUT 32. When the device consumes high power, the

temperature of the device swiftly reaches a target level,

"whereas when the device consumes low power, the temperature

of the device slowly reaches the target level.

[0038] When various types of DUTs 32 are tested
simultaneously, the end of the test is determined with
reference to the device which slowly reaches the target
temperature. At the same time, power consumption of the
burn-in apparatus 1 as a whole needs to be considered.
{00391 In the embodiment, the power consumption of the
heater 62 is controlled so that the sum of the power
consumption of the DUT 32 and the power consumption of the
heater 62 is constant. The heater power restricting unit
44 controls the power consumption therefor.

[0040] FIG. 5 shows a comparison between the heater
power contrcol in the embodiment and the heater power

control in a conventional system. In FIG. 5, the heater
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the start of the testing as shown in FIG 4 regardl ess

of difference in power consunption of each DUT 32,

the 15 tenperature of each DUT 32 exhibits different
tenporal changes dependi ng on the anmount of power
consunption of the DUT 32. Wren the device consunes

hi gh power, the tenperature of the device swiftly

reaches a target |evel, whereas when the device

pomsunes sitawcpawgr unt he 4tlenpetablise tBé pbwehecdagumetion so

0 reaches t target |evel . 0038] When various |
2hBbs tor BoTER 5505, 3p ey “MerinrtaAcshel JhornBnEndOT is a
abviibe t8sh bSndatALA pedeW EBnsuk@terancerntopbhier
device which slowy reaches the target tenperature.

pengh@prsame eifnhepbaaEegonSuApti dReoPUTheh28hbapnsimes

r 1 a 0 nee be . | der 039] ..
e e R b
heatent@?lisdcant bel hedagsdmtihapotvke suvmsahpthenpawehin a

onsunmption of the DUT 32 and the power caqnsunption of
gﬁ@lthggﬁ-rtéﬁ PEMCBhsPRHET ?HQSHEEFéPnp8&the device and

E6S! hieGltieRd guBist nd0 d4ceant Kok thhepBawer peoNsSUARt i @Re sum
therefor. [0040] FIG 5 shows a conparison bet ween the :
Réatée ppower cepatmpkipn tlfe tégbddlneathantet hénhmatepower

entral . nventional system _ln Fl )
PRHEhas3ph) 8na 5o8, SRRLTR. B0 -DPhEThetlnt 6F Shpeneater
pawer consunption so that the heater 62 consunes

maxi num power when the DUT is a ,device with a m ni_num
68@éﬁ]consﬁﬁﬁtPSﬁFe?hgoﬁéﬁeFe566&§Gﬁﬁ9iBHleéﬂhngdS a

beaker 82 pEeliebhec IVToWhiCh cEARSHPRS on BRT 8nROBBR BHaAng a
the DUT wth the m ni mum power consunption 1s

cedpralvieetakonbrn powaxi ronspopeiovorsutpei baakerhtd an

Lim t that the sum of wer _consumption of the device
Riaheks ek ErihoRes Rt eha AR PEbER ShnsPRpRTthoBe the
heBtert B2 SUMre@bohRengOWer cgeRSVOPt i OWheh the BRdunt of

W th the m ni mum power 10 consunption and the naxi mum -
pewer censumptieR BY the RBAteéf 1s not known, the consumed

power is measured wvia the device power unit 20. Based on
the result of measurement, the heater power restricting
unit 44 may determine the limit of power consumption by the
heater 62 corresponding to the power consumption of each
DUT.

[0042] Thus, regardless of the difference in the power
consumption of each DUT, the total power, i.e., the sum of
the power consumption by the DUT and the power consumption
by the heater 62 is maintained-at a constant level of the
total power P2, Then, the rising of temperature of each
DUT becomes substantially the same as that of the DUT with
the minimum power consumption.

[0043] In the conventional burn-in apparatus, the heater
is required to have a capacity of power consumption equal
to total power Pl, i.e., the sum of the maximum power

consumption of the DUT and the maximum power consumption of
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62. [0041] The heater power restricting unit 44 finds

a relation between the power consunption of the DUT

32 and a relative maxi num power consunption of the

heater 62 in 15 advance, and controls the maxi mum

power consunption of the heat®r 62 corresponding to

each DUT. Wen the anpbunt of power consunption by the

DUT 32 is not known, the consunmed power is neasured

rihe thieetdevi c@npdaher embictiid@ntBaséd teatkhle iseselkiieed only

asurenment, the heater power restricting 20 unit 44
%%y%ﬁgﬁéﬁnFESaFﬁ§Y|FﬁPﬁlo$°p5%§r%8 uﬁﬁ%ﬁénPByOthhe burn-
heatagh 62 teer nespandisng the EhecPawer weQRs¥MBl @Re0burn-in
each DUT. [0042# Thus, regardl ess of the difference

&

PRPERAE tHéwer CagorsuFpritda rofredaciedbURnd: BE tbeakame time,
ly o f. t he power consunption by

?ﬁ@ﬁﬁufagﬁ gfﬁgﬁpg%gkgg%ﬁégﬁﬁtion by the heater 62 is

MRi0AKdI ned Iat thecabstvanenbevehenf,t ke totall power P2.

Then; e risi of tenperature of each DUT becones
SeBLTaddes) v g%etgﬁ OBt RRISS! PLhEcBBTIMEER OEhshe

Bl FiFRHENRRVEF €ARS BANE OB on30mpe943] okNekb8 pur.
conventional burn-in apparatus, the heater 1Is

réfeirnedive lvav aorerapacthy obtpdwerweonsarpbeonosgual led

I y o , nhLhe . f th [ . .
8,582, SRSl S SR P T Rk

tenslnptfi powefr t6nsuhetheat y. the bbhe erbodheenbost pewer
heater is re%iired onl to _have a capacity equal to
0

FRESPBIPAR Powdr tP8 BFAERE Bdrn- IPntAppaFats theThaguction

t he ssizze ;andwwehght QﬁdtEﬁebBBQéknsaQEHQreEHsbé ¢ancher
further reduced;, and at the sanme tine, power savi ng
danibBaetasal iredompo04apn| withethbovenerhbdonent buthein
gggg& RQuer is controlled to be the total power P2

r rdless of the difference in the power consunption

eboeagh DUThe above described burn-in apparatus includes
the heater for each DUT and directly adjusts the
temperature. The heater 62 and the PT sensor 63 of the
temperature controller 60 are in contact with the DUT 32
during the burn-in test, and not in contact with the DUT 32
when the burn—in test is not conducted.

{0046] Hence, while the heater 62 and the PT sensor 63
are not in contact with the DUT, following testing can be
performed. Firstly, in the state as described above, the
temperature control block 61 is in contact with each of the
heater 62, the PT sensor 63, and the cooling liqguid.
Therefore, it is possible to check whether the PT sensor 63
breaks down and/or.how accurate the PT sensor 63 is, by
making the PT sensor 63 measure the temperature of the
cooling liquid, because the tempefature of the cooling
liquid is constant and is equal to the temperature of the
temperature control bleock 61.

(0047} Further, it is possible to detect whether there
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Al ternatively, however, the total power may be
controlled 10 so as to be total power P3, i.e., a sum

of an internmediate [|evel of power consunption by the

DUT and the 100% power consupption of the heater 62.

In this case, the reduction size and wei ght, and

the power saving can be further facilitate in

conmpari son with the conventional burn-in 15 apparatus.
F@Oﬁspi$ﬁ@n@@@¢éo@egértbedhbatﬂriﬁZaprVamuwhbnbbmdesere is

th ter .for ,ea and di.re sts t he

e%ﬁéﬁg §r &2 FhE %83?%} rSH&t ﬁ% ?ys §5Pré§goﬁn9he
terpeiabuke di@rerenker be@waed itReCOBh@elatut-B bRetBYTheater
32 20 during the burn-in test, and not in contact with
PRe"BOROEE THReAPPRECBHAA] ALt 8dECTtEiRoruEsRBESt @Bd the

L 6 h 3
LOBESL e ehler eolegbor €4, aH L0 sET,BE0R0E e

be ap@iﬁ@dﬁ@ﬁlﬂ@lt@&lyr banthe $Bat eFas desmpilbedif the

ove he 25 ra control block_ 61 is.i
BBt i e Ren SR ER b EnR OB 28020 3% he' Beilier sBan the
aa&pémataaelb&gthbqubdllngh@aqﬁgaewhhgel%h@0§§wbkelgonot
check whet her the PT sensor 63 breaks down and/ or how

apehiafle tonéhpThsakssr 663 1§, CBY bRuRPhgCERd PFasenber OFF
B3nEEasuLe Eﬁ%ﬁ% RE' 3bHEEL0L ot e 30.cB0LLAg: LT Bl o rmea.
e g qui S

because t erature o e cooln
Torst antieahdaits requakut o ﬁhechanpéoakutheopow5e supply from

gnperature contrgl bl ock 61. [0047] Further, it is
% §sPBI'ETt §°HEFECPPwhet her there 17 is a

dosagnnect pantat bhecheahgh, 62nandiat whgther sbherg tﬁe PT
afailure in the heater circuit 42, by measuring and

ERBEREN§3asdPf far enveabbt iekh the D@ﬁpenatmsepcssnhée to
Eﬁ@{:ﬁr thg%m tESH% FEGIQBE%ICQQEI OBF%De\TGEeag gﬁm}t)erature

currents an enperat ure of
whhthoa pnedetennsmad pﬁmEthelsuappbieﬁyushpglyhﬁgPi
g%gag%egglnggraﬁé%n Sk £gwégeto the heater 62 and
measuring a temperature change per unit time using the PT
sensor 63. When the thermal contact resistance is higher,
the PT sensor 63 detects smaller temperature change per
unit time.
[0049] Further, in the embodiment, defect in the
connector 33 or connecting lines between the device power
source 21 and the DUT 32 can be detected. For example, a
difference between each of force voltages F+, F-, and each
of sense voltages S+, 8- of the device power source 21 side
is measured. Further, an electric current wvalue is
measured by the electric current measurement unit 23. When
the measured values satisfy an expression:

(Force Voltage - Sense Voltage)/Electric Current Value
> Predetermined Resistance,

the connector 33 is judged to have a contact failure. When

there is no difference between the force voltage and the
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tenperature neasured by the PT sensor 63 is higher
than the tenperature of the cooling liquid while the
power is not applied to the heater 62, it can be
detected that the OFF 10 contigl of the power source
50 is not properly perforned.”~” Then, the heater
circuit 42 can bl ock the power supply from the power
source 50. [0048] On the other hand, when the heater

- @2ngRd vPREAPE e¥emsdhog¥hattbei pleontract cwirtthntthélBWE, the

it i ible t k.,th | t act i St
oy PO RS, MO R coRis et once.

RUTi32;jubyesuppl pendnaa gredehaerBadsageunt @hcROWRE
to_the heater 62 and neasuring a tenperature change
pefeahivet Phetasi A PRECPTLedenbaresarevdetierhed, the test
EB%EQ@&l%Qnﬁ@C%u&ﬁ%'%E@nagviéehggngE's%grgge2ﬁTo?%?so5hus
63 detects snaller tenperature ange per unit “tifre. ’
hee#9operarthérn end/be bobodhngentt detepteivantbé from being

nect or or._connect.ing |line tween the device )

SANERE" B8, beoRRGT: ne Bere a8t cRepeoterBEpaasnfiorne 1ike
examhkebuan2indicbker enceingt weepneachaohef @M €Btric current
vol tages F+, F-, and each of sense volfages S+, S of
fhevdetiheeugbushesBlifce 21 side is neasured. Further,
an electric current value is neasured by the electric
current neasurenment unit 23. Wien the neasured val ues
SHDUSTRIAD BARPLESBBONRITIO (Force Voltage - Sense

ic,Current Value > Predeterm ned

KT cor R b heRrbPr 580 EphagLaCRbLhADS she burn-in

epphastubaiilkiing. tMbenirtheteabsonQifif £6r epce betypen
the force voltage and the 18 sense Vol tage even
LtRBOBRIPRedbrebfefElcliPreat bRrows: @pparstnsewhicle performs

ei,ueen; the, DUT 32 ? ].C sour,ce 21 is
?udgeg to E% n°a 8?@%%%%@% g%ksgg?gégéﬁeﬁngh%n particular,
def suiteklst ateseassdestehbelll abovecanet et est etloi s e

est
%ransmltted from the heater when the temperature adjustment

is performed using a heater.
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5 controller 10 turns the device power source 21 off.

Thus, heat generation and/or burning-out are

prevented from being caused by the contact failure of

the connector and the |ike a{ the burn-in test,

during which a large electric Turrent: flows through

the DUT. 10 | NDUSTRI AL APPLI CABI LI TY [0050] The heater

power control circuit and the burn-in apparatus using

the circuit according to theLpf¥3ent invention are

useful for a burn-in apparatus which perforns 15 a

burn-in test on sem conductor devices, and in

parti auhatterd poseirt abheras FeaRs iWhiweh Al soWSches on/off a

reduction of noises_transmtted fromthe heater when

¥Ré tPEfp & gnare SHBPIdERAECN & PérRSmEETESIgPaWer source

a A r tr |r

S G e R T T

ap@&nedttoumhenhepawen $herheat§rt@omemttohtaomom&tcoﬁt

a heater. controlling a voltage applied to the

hEAP&r> P e heater power control circuit conprising a

voltagev&uﬁggal@@o@th@ﬁ@tc&B@hltstﬁb%pQ§eele§b§@@nbetween

the heater and a switching circuit which ches

Sheohpagerigngopt aid tshippli edrerom whechi sedtcbasr entoff a
0 ; e t [ u onverting

t%g%ég% gﬁg%l%FQ g%%ha%g 8%98F?aEgr% B%abgggr sourcey the

ymmmahengm@othhh@gelsbgmalconbbatmed byesmbtthgeglnto an

on/gff thg vol t age he heater power contro

BPRCARt VactarEi & gFS%cpﬁlﬁm?OthFBEtﬁeVO&6ﬁﬁ?|§Fﬁ§ala
BeakeheRORY BlyitkheHigt ohhBErCeRLr 9bstaWkt ching of the

‘switching Circuit according to a predeferm ned voltage

i ndi cator signal; and

2. The heater power control circuit according to claim 1,
further comprising:

a heater control circuit that controls switching of
the switching circuit according to a predetermined voltage
indicator signal; and

a voltage comparator circuit that compares a value of
the voltage indicator signal with a value of the analog
voltage signal, wherein

the heater control circuit controls the power of the
heater by controlling switching of the switching circuit
based on a comparison result by the voltage comparator

circuit.

3. The heater power control circuit according to claim 2,
wherein

the heater control circuit converts the voltage
indicator signal inte a time-dispersed voltage indicator
signal which is obtained in a time-dispersed manner so that

a variation of the voltage indicator signal per
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20 a voltage conparator circuit that conpares a val ue
of the voltage indicator signal with a value of the
anal og voltage signal, wherein the heater control
circuit controls the power of _the heater by
controlling switching of the &li t chi ng circuit 25
based on a conparison result by the voltage conparator
circuit. 3. The heater power control circuit according
thy esledignnp nedaigmesi i B30vittiel rheatpere dedrtmdlnesd ramuitnt, and
converts the valta I ndi cator. signal jntq a |
tsﬁlr%idliesspetrhseed:%—t éjqrnscﬁcﬁzﬁo&rtagé glﬁ‘zfll%o@h §ignal to the
oltiaiargchg reiadine- di spersed manner so that a
vari ation of the voltage indicator signal per 20
predetermned tine is wthin a predeterm ned anount,
nd  syppld £ jJre- Qi 5R8/3S l.t.age. J ndj.cat qr .
&s%'gnal 1 ohteﬁ%eIrs]\?&)iiotb\}c:eﬁ:encgj ci rc%u?{i.r\é%lif %%?grkgié%t e?co claim 3,
pdwereicontrol circuit according to claim3, wherein
the heater control circuit, includes _a table that
st or eg% Pglag:[elroﬁ% (S e s ge & tditdat dhat
Stgials an@latSenses PhddvRmditgRrersad el id@e cator signal
I ndi cator signals 10 corresponding to a variation of
el volseade s mdi ddmsr disingrsled and telge Hestienteontsrignals
i [ r S _t 1_mg-._di e .tage ..
oSS AT onal” By A aing T REY dBlemsta infyigator
reamerl , pewer thentrelten rceouittrodccordung benelrait@s3 thelbime-
gnerei n the %ater .contraql ci r,cuitl %enerat es the tinme-
IEPEFSER VOHAgE IRGRCATGT SitgRatl baségteneying the table.
rel ational expression indicating a relationship
between the voltage indicator signal and a series of
Di-ne- dhepdegée v slorgege C20:tinedi caronisi geabsding to claim 3,
CRLLesponding to a variation of the

the heater control circuit generates the time-
dispersed voltage indicator signal based on a relational
expression indicating a relationship between the voltage
indicator signal and a series of time-dispersed voltage

indicator signals corresponding to a variation of the

voltage indicator signal.

6. The heater power control circuit according to any one
of claims 3 to 5, wherein
the heatexr control circuit generates the time-

dispersed voltage indicator signal, the time-dispersed

- voltage indicator signal including pulses having a same

pulse width and different time interwvals.

7. The heater power control circuit according to any one
of claims 3 to 5, wherein
the heater control circuit uses a pulse width

modulation signal as the time-dispersed voltage indicator
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vol tage indicator signal. 6. The heater power contro
circuit according to any one of clains 3 to 5,

wherein 25 the heater control circuit generates the

ti me- dispersed voltage indicator signal, the

time-di spersed voltage indicator signal including

pul ses having a sane pulse width and different tine
intervals. 30 7. The heater power control circuit
8&@8edi-ng to any one of claims 3 to 5 wherein the
heater control circuit uses a pulse width nodul ation
signal as the timnme-di spersed voltage indicator 21
si.gnalfhe8hediterheater ponerotortreluiti hekordaeeordl Rdy one
t% ag%éone of ¢clainse 1 to 5, wherein 5 the swtching
Ot EaPtTend| (Qes aYESH Rt restricting circuit. 9. A

our n- kReaRRAkaLing CaTRliS! AachNBRCA 8L AU rosrricting
control circuit according to any one of clains £56°8 _
tércudtperforma burn-in test on a device under test.

9. A burn-in apparatus, comprising the heater power
control circuit according to any one of claims 1 to 8 to

perform a burn-in test on a device under test.




