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15  number (5-15) of DUTs per temperature is needed; (ii) by definition, temperature
control is global, so local temperature variations and non-uniformities are often
problematic.

[0003] A different approach has led to a small oven unit, integrated with a single
DUT board (prior art: US patent No. 6,097,200), where the tested DUTs are

20  maintained at a controlled temperature within the required range. The concept is
based on an electrically heated surface, which transfers the heat via several metal
plates to a radiator, positioned very closely to the DUTs. While the unit is compact
and does not involve air convection, heating is global for the entire unit, with a single
temperature sensor on the DUT board. Another limitation is the need to change the

25 DUT board whenever the pin assignment of the packaged DUTs is changed.

SUMMARY
[0004] In accordance with an aspect, a thermally-controllable integrated unit is
configured to hold devices under test. The integrated unit includes at least one heater
board, comprised of a thermally-conductive material and provided with at least one

30 global heater configured to globally heat the DUT board. A DUT board of the
integrated unit includes a DUT board in thermal contact with the at least one heater
board, the DUT board including a plurality of sockets, each socket configured to hold

at least one DUT. The DUT has conductor paths to conduct electrical signals between
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board, conprised of a thermally-conductive material and provided with at

| east one gl obal heater configured to globally heat the DUT board. A DUT
board of wbeoimwayirat ed unit includes a DUT board in thecwaiS2coneHe? with
the at | east one heater board, the DUT board including a plurality of

sockets, each socket configured.to h t. | east one . The. has
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DUT in that solgeFet. BRI EF DESCRI PTI ON OF THE DRAW NGS [0005] Fig. 1 is an
expl oded vi eR-8f a DUT board assenbl y in accordance with an aspect. [0006]

Fig. 2 ig an expl oded viBMEF DESARIPOON OGISTHRDRAWANGQSUt buf fer boards.
[0007] Fig. 3 is a top perspective view of a DUT socket. [0008] Fig. 4 is a
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expl oded view of" the DUT socket and its tenperature sensor. DETAILED
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printed, can be integrated with a DUT board, so that the DUT sockets may be in direct

physical contact with a local heater. In addition, a dedicated temperature sensor is
physically integrated within each DUT socket. The result, in practice, is excellent
temperature control at each and every DUT, regardless of spatial non-uniformities and
20  differences in joule heating from one DUT to another. Finally, the unit may include an
easily accessible printed circuit board outside the heated area, where the necessary
bonding may be manually “programmed” by plug-in jumpers; making it suitable for a
wide range of bonding configurations.
[0012] Referring now to Fig. 1, in one aspect, a primary component referred to herein
25 as “DUT Board Assembly”, includes two identical Heater boards, two identical
Buffer Boards, a DUT board, and sockets. A perspective and exploded view of an
example of the DUT Board Assembly is shown in Fig. 1. Each Heater board (THB:
Top Heater Board; and BHB: Bottom Heater Board) may be made of metal (such as
stainless steel), with a thin dielectric film printed on it for insulation. Heating
30 elements are located on top of the dielectric layer (such as by printing), while printed
gold traces provide robust, low-resistance connectivity to the external stimuli, as well
as interconnection among the heating elements, as necessary. The buffer boards may
be made of electrically insulating, yet thermally conductive material (Mica, for
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as "DUT Board Assenbly", includes two identical Heater boards, two
identical Buffer Boards, a DUT board, and sockets. A perspective and

expl oded wpewmoad3an exanpl e of the DUT Board Assenbly i #CThusasoiop21 g. 1.
Each Heater board (THB: Top Heater Board; and BHB: Bottom Heater Board) may
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temperature of the top and bottom socket, and also compensate for heat losses at the

20 top and bottom edges. Note that every one of the heating elements can be
independently activated to an appropriate level or turned off, without affecting the
state of the others. In one example, the independent control of the heating elements is
accomplished using spring-loaded pegs (“pogo pins”) to deliver the electrical stimuli
via gold plated pads (PCS in Fig. 2).

25 [0014] Generally, most of the heat may be delivered by the global heaters, with the
local heaters being used primarily to fine tune the DUT temperature. The strong
thermal coupling between the global heaters and the DUT board, as well as between
every DUT package, its socket, and the local heater underneath, result in accurate,
stable, and fast temperature control of the DUTs.

30 [0015] Figs. 3, 4, and 5 are used to illustrate the thermal action around the DUT in
more detail. Note that the specific socket (as disclosed in US patent 6,798,228) and
DUT package shown in this application represent one example, and generally any
high temperature socket with an integrated temperature sensor in tight thermal contact
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i ndependently activated to an appropriate |evel or turned off, wthout
affecting the state of the others. In one exanple, the independent control
of the hexOi2ng/mBaments is acconplished using spring-| oadedspags211ipogo
pins") to deliver the electrical stimuli via gold plated pads (PCS in Fig.
2). [0014] Cener nost . of the hea t he gl gbal
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tenperaturebe'l;ﬁgiestg@%ﬁlg@awﬁl coupl i ng between the gl obal heaters and the
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two plates: palis (SRAIR) bothedUPlbatuel, DEMB. Bhe dethiteadsofatpt atith thd b@ﬂgearmeﬁ,at ure
sensor SENT js inserted into a ?roove in the hottomplate, and its | eads
&
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the top plate and the receptac cont act 't h e un erlying pads (SPAD)
on the DUT Hoshal. DUTB. The details associated with the spring action, the
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that the area o e receptacle pins is bulging out, fitting the cut-outs
CUTO i n t he deetat errtisdaytd WiHBtheorempeiByure W@sonem@mabmt@ucbﬁs sis, re\l@thﬁlOtCh]e
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tight assenb\l/%h efficient thermal, electrical, and mechanical features, as particularly illustrated
by Fig. 6.
[0018] When a typical high temperature test begins, the temperatures of all the
20  individual sensors are read by a dedicated, micro-controller based unit. In most cases
these temperatures are much lower than the intended test temperature, so all heaters
are turned on. The control unit reads the temperatures continuously, and turns the
various heaters off and on dynamically, based on a temperature control algorithm,
usually referred to as “PID” (Proportional-Integral-Derivative). The unique
25 combination of “global” heaters, as well as per-socket (“local”) ones, provides
accurate, responsive, and energy efficient temperature control to each and every tested
package.
[0019] It can thus be seen that, with the use of both global and local electrical heaters,
excellent temperature control may be provided to each DUT, regardless of spatial
30  non-uniformities and differences in joule heating from one DUT to another.
[0020] Furthermore, the design may be implemented to provide for connectivity
personalization. In general, a DUT is bonded to its package in a way that is unique to

that DUT. For example, in one typical 20-pin package, pin 1 may connected for
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with efficient thermal, electrical, and nechanical features, as
particularly illustrated by Fig. 6. [0018] Wen a typical high tenperature
t est begiwe,20te3zignperatures of all the individual sen®crgsasie/oenad by a
dedi cated, mcro-controller based unit. In nost cases these tenperatures
are nmuch I ower than the intended test %g erature, so. all heaéiES are

turned on. THECRGQISEIH P P MAYPENEHed Fesikds) aphPinado dat Y 7 mavdbet ur ns
the various Braletis0ffinand@he Wy namigalhy 20048 a8UPmay iRk akatyhe Fant rol
algorithm wusually referred to as "PID' (Proportional -Tntegral -Derivative).
The uni que conbgwad iimn dofferenf whafdr chercers fo the samielsiglspdn-ssoekeastmplesocal ")
ones, provides accurate, responsiyV and ener ef fi ci.ent tenperatur.e
control to d58hOLREEYLNGY PESTR s Tor BeanieBRd e ath s BB edN nat
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tenperature control may be provided to each DUT, regardless of spatial

non- uni f or mariey Ma@rdyf¢ eprdigaedions j oul e heating fromone DUT to anot her.
[ 0020] Furthernore, the design may be inplenmented to provide for
connectivity personalization. In general, a DUT is bonded to its package in
a way that is unique to that DUT. For exanple, in one typical 20-pin
package, pin 1 may connected forcurrent force (+), pin 5 may connected for
current sink (-), and pins 11 and 17 may be rel ated sense pins. However, a
different 20-pin DUT may have its sane pins configured in a different way
for connection to the sane signals. In sone exanpl es, pegs or junpers nay
be provided for reconfiguring how the pins are connected to the tester
signals, such that the sane hardware (e.g., the sockets) may be used for a
| arge variety of hardware configurations. CLAIMS What is clainmed is: 1. A
thermal l y-control |l able integrated unit configured to hold at |east one

devi ce under test (DUT), conprising: at |east one heater board, conprised
of a thermally-conductive material and provided with at | east one gl obal
heater configured to globally heat the DUT board; and



a DUT board in thermal contact with the at | east one heater board, the DUT
board including a plurality of sockets, each socket configured to hold at

| east onewDUd10/@8317t he DUT board havi ng conduct or pat hs PCo/USeedoe1119

el ectrical signals between test equipnent and the termnals of DUTs in the
sockets, each socket including an assqgi tenperature sensor and a
separately control |l able |ocal heater Mred to, based on a tenperature
i ndi cation fwemit beik&mper ature sensor, activate a |ocal heater for that
socket to heat the at |least one DUT in that socket. 2. The unit of claim1,
wherein: thel.at |&dsrmalhecorgetisblebnagatddsinitaonfigaed to hadrtlisastand detiee DUT
board is sand ched ween the two heater boards. 3. The unit of claim1l
or 2, furthel" otﬁf)t P cor%prbsbqgrer board conprised of an electrically

i nsul ati gg, yet tdﬂ@da@@dﬂemes@ﬂdwaleom 8d 6f 4 dbrmaAndednagedednkietivegn the at
| east one heater board and the DUT board t he buffer board %MVI di ng

mechani cal supyéded with at Isastpor giabal kpates canfigicdiocdleallydiepebn ML hvards r ess on
printed Iayerdof the DUT board. 4. The unit of claim1l or 2, wherein: the
tenperature sensor associated with each DUT socket is |ocat ed in a groove

associ ated w t h td@UTDJirdsiackatmaboshtgalithl thagk 10dst bikehdagsrponal, theeDSENSOr i s
coupled to an electrical path on the at |east one heater board via a
spring, wher®rHl ipRlyd méaaoplv@h?yO?fééd«é@5?%%0615%0@%%1}%&&%1%%1?%& OB The unit

of clainyl Q{) patrﬁﬂﬁé BIUE b&lird h&AR c&%@ﬁ?&a&lbﬁb %ﬁh&re\?ﬁg:ﬁﬁcﬁl 68f{ls coupl ed to

an electrica on the at |east one ter board erein"the electrical
path is a pdichwden tan eguipmenialindabanteeatnats of i Whinahe tdvketicatcksodet | vat i on and
deacti vati on r’ia%abe controlled.6. The unit of cl a| 1 or é} B{;ﬁ ei n: at

| east some dRCIPias AR AtsOF@ted tempgaire SipeTaud taoge%at& onfrplahle Bk t he at
| east one heahfEul@aS, BasedhirLehp Eﬁﬁn@hﬁ‘ﬁéaﬁbﬁ@Ilonp@lkli’eﬂlferﬁtu&astehsdroa(ﬁv%n
contact having a spring |l oaded peg inserted therein he pin contact

provi di ng are lesal deatat for thrah sedkieote hepathehi le#st ohe DhBainghataetkerat i on and
deacti Va}tSI Orb may 'Hlee u(%lcl)tnotfrc?:clllrlnelc,i wherein:
the at least one heater board is two heater boards, and
the DUT board is sandwiched between the two heater boards.
3. The unit of claim 1 or 2, further comprising:
a buffer board comprised of an electrically insulating, yet thermally
20  conductive, material, and located between the at least one heater board and the DUT
board, the buffer board providing mechanical support to the DUT board to avoid
excessive mechanical stress on printed layer of the DUT board.
4, The unit of claim 1 or 2, wherein:
the temperature sensor associated with each DUT socket is located in a groove
25  associated with that DUT socket and each lead of the temperature sensor is coupled to
an electrical path on the at least one heater board via a spring, wherein the lead is
forced against the spring by a pin.
5. The unit of claim 1 or 2, wherein:
at least some of the heaters are each coupled to an electrical path on the at
30 least one heater board, wherein the electrical path is a path to an external connector

via which the heater activation and deactivation may be controlled.



7. The unit of claim1 or 2, wherein: the conductor paths to conduct

el ectrical signals between test equipnent and the termnals of DUTs in the
sockets awe 2omaosdirgur able. 8. The unit of claim?7, whereirusehe/ocameuct or
pat hs bei ng reconfigurabl e includes pegs or junpers being provided for

reconfiguring how,.the. pins. of the s in the sockets are connected to the
tester signals. grheﬂnﬁé%fﬁf?dmolforg?oﬁ‘f%nﬁ ng heaters of an integrated unit
configured to holgi@ki BRI REealBY hie RabNERI1ddaS tan Cltcal pdiR oh Rieadr at ed
unit conprising at |east one heater board, conprised of a

t her mal | y- cdeabtiond heatardpandi whergmothp eleviridelopah sk path toesagin contectdiaghgla heat er
configured to .gl obal heat  t DUT .board: and a. board jn thernal
contact i t 19pAe aped b PR Radrerahran A Rttt ap SRt iy a
plurality ofyisaakalbe h&dbhcentivatang avidigui@fmbpbbeddromre. of the at |east
one DUT, and the DUT board having conductor paths to conduct el ectrical

signal s between tEstungiichimritorgnavherfént erminal s of DUTs in the sockets,
each socket incl Utﬁé E&h Qto?§§8§10%0%9 t%ﬁ*é%ﬁ%:%} é{gﬁaﬁﬁ&%‘één Al dispghenai el y
control |l able | ocal heater configured to, based on a tenpergtﬁ}e i ndi cation
fromthe tenpeteahinag F@ISOY in A bdckalsararccofgdurdtdat er for that socket to
| ocally heat a DUT in that .socket, .the nethod conprising: controlling the

at |east oné-gl obHle WEAL&ting . yihstei thg cRadictarpathobringgdaraniigyigleiselafen ng
signal s {fyr o r . t y
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socket. 10. sbhlethathkonheofedad diere@er sigretei n: sel ectively activating the

| ocal heaters inc]judes processi.ng . the received t erat ure sens signal s
according t0-a ProfbTIGEPTHl BEheASmaF i aserued PR F ot Fapred © hotd a

least one device under test (DUT), the integrated unit comprising at least one heater
board, comprised of a thermally-conductive material and provided with at least one
15  global heater configured to globally heat the DUT board; and a DUT board in thermal
contact with the at least one heater board, the DUT board including a plurality of
sockets, each socket configured to hold one of the at least one DUT, and the DUT
board having conductor paths to conduct electrical signals between test equipment
and the terminals of DUTs in the sockets, each socket including an associated
20  temperature sensor and a separately controllable local heater configured to, based on a
temperature indication from the temperature sensor, activate a local heater for that
socket to locally heat a DUT in that socket, the method comprising:
controlling the at least one global heater to globally heat the DUT board; and
receiving signals from the temperature sensors and, based thereon, selectively
25  activating the local heaters to maintain a desired temperature at each socket.
10. The method of claim 9, wherein:
selectively activating the local heaters includes processing the received

temperature sensor signals according to a Proportional-Integral-Derivative algorithm.



