-1- SEM CONDUCTOR DEVI CE TESTI NG APPARATUS
TECHNI CAL FI ELD The present invention'relates to a sem conductor
device 5 testing apparatus for testing sem conductor devices as to '
whet her they operate in normal condition or not, and nore

articularly t sgfsconduct or device testing apparatus of t he type
Pn which a gen?gghductgr device to be tested,g PP parti cul iHPE2788 yP
sem conductor integrated circuit that is a, 10 typical exanple of

sem conductor devices is transported on a 1 test tray to a test or
testing section where it is tested for
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Its electrical characteristic while remaining placed on the t est

tray, and upon conpletion of the test, the tested sem conduct or
integrated circuit together with the test tray 15 is carried out of the
test section, followed by being sorted out on the basis of the data
of the test re BACKGROUND ART Many of sem conduct or
devi ce testing aﬁ%%rgfus (commonly 20 called IC tester) fRET/IRAHOAIS ng
the el ectrical characteristics of sem conductor integrated circuits
(whi ch will be referred to as I Cs h2reinafter) by applying a test
signal of a predeterm ned pattern to the ICs being tested have a

sem conduct or device transporting and processing or 25 handl i ng
apparatus (commonly called handler) integrally connected thereto for
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under test) to a test section where they are brought into

el ectrical contact with a socket of the test head (a nmeasuri ng
section of the sem conductor device testing -appar atus for applying
and receiving various testing el ectrical signals), followed by
carrying the test IES out 5 of the test section and sorgdrigotioRfag out
into conform n§° non-conformng articles on the basis of the data
of the test results. The testing apeﬁratus havi ng the handl er of the
type descri bed above integrally connected“ hereto is al so
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herein termed "sem conductor device testing apparatus”. In 10 t he

foll owi ng disclosure the present invention will be descri bed by
taking 1 Cs typical of sem conductor devices by - way of exanple for the
conveni ence of explanati on. First, an exanple of the prior art
handl er call ed "horizontal transporting system wll be described
with 15 reVO%¥04 (o Fig. 7. The handler 10 ill ustrat eFTHEYO2TS
conprises a | oader section 11 where ICs 15 to be tested which have
been beforehand | oaded on a custoner traf# (user tray) 13 by a user
are transferred and rel oaded onto a test tray 14 capabl e of

wi t hst andi ng hi gh/l ow tenperatures, a constant 20 t enper at ure chanber 20
including a test section 21 for receiving and testing the ICs
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constant tenperature chanber subsequently to undergoing a 25 test in the
test section 21 are transferred fromthe test tray 14 to the customner
tray 13 to be reloaded on the latter (generally, the tested ICs are
often sorted by categories based on the data of the test

results and tr?ﬁﬁ%ﬁ%ﬁFd onto the correspondi ng cust oNgeripseiss

The test tray S noved in a circulating manner from and back to
the | oader section 11 sequentially throug% t he 5 constant tenperature
chanber 20 and the unl oader section 12. More specifically, the test
tray 14 | oaded with 1Cs 15 to be
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tested is transported fromthe | oader section 11 to a soak, chanber

22 within the constant tenperature chanber 20 where

the 1Cs 15 pl aced

on the tray 14 are heated or cooled to a 10 predet er mi ned const ant

tenperature. Generally, the soak chanber 22 is configured to store a
plurality of (say, ten) test trays 14 stacked one on_an H ._such
that a test tWe@§s/oradl newy received fromthe | oader sggf’?%’ '%g is
stored at the top of the stack while the | owernost test tray of the
stack 15 is delivered to the test secBion 21 in the constant

tenperature chanber 20, for exanple. The ICs 15 to be tested are

heated or cooled to a predeterm ned constant tenperature
test tray 14 is noved sequentially fromthe top to

while the
the bottom of the

stack within pfiestB&nchacofo 20 s LitdtE BX0 7 Rtihé i3 Zo-drié & §abi€d with
temperature sireesas @b €AY 1o+~ OFTIORRIRY Ak Yl rperature.
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The ICs 15 heated or cooled to the constant tenperature

together with

the test tray 14 are then transported while mai nt ai ned at that
tenperature fromthe soak chanmber 22 to 25 the test section 21 where the
| Cs under test while remaining | oaded on the test tray 14 are brought

into eIectricauvowo,m1 contact with an | C socket or sockets @E
di sposed in the test section 21 to be neasure

yW%ﬂﬁgr

the tested

el ectrical characteristics. Upon congletion of the test,

| Cs 15 together with the test tray 14 are transported fromthe
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test section 21 to an exit chanber 23 where the ICs 15 are 5 restored to
t he anbi ent tenperature. Li ke the soak chanmber 22, the exit
chanber 23 is al so configured to accommpdate test trays in the form
of a stack. For exanple, the arrangenent is such that the tested ICs
15 are ;Pack to the anmbient tenperature as the | at ed

test tray is %@e equentlally fromthe bottomto the top o ?ﬁ‘ﬁg%ﬁ&t

stack within the exit chanber 23. Thereaffer, the tested | Cs 15 as
carried on the test tray 14 are passed t the unl oader section 12
where the tested I1Cs are sorted by categories based on the test
results and transferred onto the correspondlng custoner trays 13.
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operation. 20 It is to be noted here that the transfer of ICs

al ready . tested as well as of ICs to be tested between the custoner
tray 13 and the test tray 14 is typically effected by suction

transport neans utilizing a vacuum punp which may pick up one to
several ICs at ' for the transfer. In the | oader 25 ' 1 the
custoner tray T@glygymnoved by the associ ated transfer arm 0%?'(’)81&
transfer position where ICs 15 to be 9_tested are transferred fromthe
custoner tray 13 to the test tray 14, while in the

unl oader section 12 the custoner tray
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13 is noved by the associated transfer arm 30 to a receivVving position
to receive the tested I1Cs 15 fromthe test tray 14. As di scussed
above, 1Cs 15 to be tested are carried on a 5 test tray 14 fromthe

| oader section 11 to the test section. 21 fromwhere they are
transported while carried on the test tray to the unl oader section 12
after having WRAMHne the test. In the test section¥STIPIOESYnder
test are brought, whi | e remai ni ng 1D| aced on the test tray, into
electrical 10 contact with | C socketsl@hich are supplied with a signal

of a predeterm ned test pattern fromthe sem conductor device

t esting apparatus (hereinafter, referred to as IC tester), wher eby
the ICs are tested for their electri haracteristics. The test
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at nosphere of a designated tenperature. The |IC socket or socket s
nounted to the test head need al so be di sposed in an adi abatic
condition within the constant tenperature chanber 20 20. Fig.
8 illustrates an exanple of the construction of the " test tray 14. The
test tray 14 cqQupidedss @ rectangular frame 16 havi ng al,@i.,wg%i',g?/ of
(three in the ilTustrated exanpl e) equal |y spaced apart paralle
cleats 17 extending 25 | ongi tudi nal |y 1 the frame between the opposed

| ongi t udi nal side frame nenbers 16a and 16b of the frane. Each of the
cleats 17 _has a plurality of equally spaced apart nounting
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| ugs 18 protruding therefromon both sides thereof, and | i kewi se each

of the longitudinal side franme nenbers 16a, 16b opposi ng the adj acent
cleats has simlar nounting |lugs 18 protrudi ng therefrom The
mounting lugs 18 protruding from 5 each cleat 17 on both sides thereof
are located s each of the nounting lugs 18 protrud| from
the cleat 17 gﬁ&mhﬂﬁﬁ one side thereof is positioned in t hePHTHI? t ween
t wo correspondi ng nounting lugs 18 ,protruding fromthat cleat 17

on the opposite side thereof. Likew se, égkh of the mounting 10 | ugs 18
protruding fromthe |ongitudinal side franme nenbers 16a, 16b are

| ocated in the m ddl e between two correspondi ng nmounting |ugs 18

t r udi f gcleats 17 b f
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are known as tray inserts in the art) are accommodated in a 15

j uxt aposed relation in each of storage spaces defined between a pair
of opposed cleats 17 and between one of the cleats and ei ther one of
t he opposed | ongi tudi nal side franme nenbers 16a, 16b. Each
device recei Vi jhdaibds} €F 24 is accommpdated in one 20  cargd.igmarss
conpartnent 19 in each of the storage spaces which conpartnent is
defined by a rectangular | ot containing ty@ nounting lugs 18 at two
di agonal | y opposite corners thereof. In the illustrated exanple,
since each of the cleats 17 has si xteen nmounting lugs 18 on each side
t hereof, sixteen 2 carrier conpartnents 19 are defined in each of the
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whi ch there are four such storage spaces, sixty-four (16x4) devi ce
receiving carriers 24 in total may be nounted in one test tray 14.

Each device receiving carrier 24 is secured to two nounting |lugs 18
by neans of fasteners 28, for exanple. 5 Each of device receiving

carriers 24 is of identical shape and size in its eX%ﬁﬁh%@T t our
and has an | VO 25 formed in the center for acc g an I1C

to be tested therein. In this exanple, the IC pocket 25 is in the
shape of a generally square recesd4 The shape and size of the I1C 10
pocket 25 are determ ned depending on those of the particul ar ICto
be testéd. It is for this reason that device receiving
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carriers 24 having various shapes and sizes are prepared and are in

stock so that it is possible to exchange one type of devi ce receivVving
carrier 24 for another having a 15 correspondi ng shape and size to
accommodat e any parti cul ar shape and size of |1 Cs whenever the type of
I Cs to be test@rhogmrnsg 'S Changed. The exterior ofl,(;].ll;ﬁ&.g&\;&ce
receiving carrier 24 1s sized so as to loosely fit in the space

defi ned between the opposed 20 nDuntinﬂ | ugs 18 of the carrier
conpartnment 19. The device receivi 8 carrier 24 has fl anges
extending fromits opposed ends adapted to rest on the corresponding
nmounti ng | ugs 18, t hese fl anges havi ng nmounting hol es 26 forned
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carriers 24 nounted in the test tray 14 of the construction

descri bed above. ICs 15 to be tested are each | oaded on one of

t he devi ce receiving carriers 24 in the test tray 14 as illustrated
in Fig. 8 to be carried fromthe | oader section 11 to the test 5
section 21 in the constant tenperature chanber 20 where the are
brought, whi | ¥O%88*hi ng pl aced on the test tray, into Pg’iﬂ"@?‘f‘!’?ﬁ"cal
contact with the I C sockets nmounted on the test head to be tested for
their electrical characteristics. 16
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Shown in Fig. 10 is an exanple of |IC sockets mounted on 10 the test head

when the test tray 14 of the construction shown in Fig. 8 1is

enpl oyed. This exanple illustrates an array of | C sockets 60 arranged
ina mtrix of four rows (Il ateral rows) x eight colums (Iongltudina
rows). Wile thﬁoﬁ#ﬁﬁ?r of the rows of |C sockets 60 ip~t ay is
equal to that 15 the device receiving carriers 24 nnunted |n e test
tray 14, the nunber of the col unms | C sockets is one half (1/2)

of the nunmber of the columms of the device 'receiving carriers 24. The
reason is. that the nunber of 1Cs that can be tested at one time in
one ICtester is limted, so that it is difficult to test as many |Cs

havi ng. L he_conet b SIEET % Ierfaﬁﬁ.@f&?r ‘i%%ﬁ Rehuglo AT Rl
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two (4x8) |1 C sockets 60 are nounted in the test head so as to 25 be abl e

to test all of the ICs in every other colum in every row (I ateral
row) at one tinme in the test tray 14 as shown in Fig. 10 where the IC
tester is configured to test thirty-two - ICs at a tine.

More specific irty-two (4x8) 1C sockets 60 are_arranged such
that they mﬁlﬁ*éé”%ﬁgced into el ectrical contact withPEFHPRY2B%0
(4x8) 1Cs in total |ocated -in the first, third, fifth, seventh,

ninth, eleventh, 5 thirteenth and fiffl8enth colums in every row, when
the test. tray 14 has been transported to the test head.
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As illustrated in Fig. 11, the first run of test is conducted on the
thirty-two 1 Cs 15 (shown cross- hat ched) | ocated in the first, third,

fifth,

sevent h,

ninth, eleventh, 10 thirteenth and fifteenth columms in

every row in individual device receiving carriers 24, and the second
run of test is
second, fourth,
si xteenth columms in every row by shifting?the test tray 14 15 by a

di stance corresponding to one transverse
receiving carrier 24.
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wi th sixteen
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ffected on the other thirty-two ICs lﬁgﬁﬂﬁ@%ﬁ%mi” t he

%#%T%? eighth, tenth, twelfth, fourteenth an

dth of the devi ce
In the case where the IC tester is equipped
(4x4) 1C sockets 60 so as to be able to test sixteen ICs

every
the firs
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colums in every row, the second run of test is effected on anot her
sixteen ICs placed in the second, sixth, tenth and fourteenth col ums
in every row by shifting the test tray 14 25 by a di stance correspondi ng
to one transverse width of the device receiving carrier 24, the third
run of test i§u”mmwulsinilarly carried out on yet another sixteen ICs in

t he third, seventh, eleventh and fifteent FPCHPIHIRSS
every row by further shifting the test tray 14 by a di stance
corresponding to one transverse wi dth of2@he devi ce recei ving
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carrier 24, and finally the fourth run of test is done on the 5 final
sixteen ICs in the fourth, eighth, twelfth and sixteenth colums in
every row by further shifting the test tray 14 by a distance
corresponding to one transverse wi dth of the device receiving carrier

24, whereby al e sixty- four ICs arrayed in foupchS¥sm¥es! Xt €€N
col ums may be‘bogéfmult est ed. It should be noted t?at when testing

| Cs housed in multi- pi n packages, %uch | C packages are transferred
froma custoner tray 13 and | oaded“onto a test tray 14 as shown in
Fig. 8 in the | oader section 11 and then transported to the 15 test

section 21 where they are tested while remaining placed on the test
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whi ch a sem conductor device (1C) is nounted on the upper 20 surface of

an insul ation substrate of ceramc, plastic or the like with mnute
sol der balls serving as termnals or el ectrodes being arranged on the
undersurface of the substrate in a two-dimensional grid array; an IC
housed in (Quad Fl at Package) of the surface nount type

conpri si ng Y09 hin square or rectangul ar package bodyp‘ﬁﬂm\é 52%ad pi ns
protrudi ng horizontally and parallel to_each other fromits f our

sides; and an IC housed in TSOP (Thin SR&I| Qutline
Package) of the surface nount type conprising a thin
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rectangul ar package body having | ead pins protruding hori zontal Il y and

parallel to each other fromits two opposed sides. Further, TSOP
refers to SOP (Small Qutline Package) 5 havi ng a package nmounting hei ght
|l ower than 1.27 mm It is al so to be understood that the | ead pins
of the QFP and 1SOR.n4 are formed in the shape of a gull péee7eess

sol dered to the el ectrode of the printed circuit board. I n
the test section 21, the lead pins of IC $ckages 10 carried on a test
tray 14 are brought into electrical contd with I C sockets 60
mounted on the test head, followed by applying the 1 C sockets 60 with
test signals of a predeterm ned pattern fromthe IC tester through a

performance board attached to the t tﬁ€e99 Bﬁ nduct the 15 test on
the ICs in the I C packages. The re%% e Si gnal fromthe I1Cs in the
| C packages are transmtted to the IC
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tester body (main franme) through |IC sockets 60 and the per formance
board to neasure the electrical characteristics of the ICs. 20
In the case of BGA package, a multiplicity of grid- arrayed bal |
termnals 41 on the undersurface of the BGA package 40 placed in a

devi ce recei Vw’f%ﬁéﬂ’é{)i er 24 in a test tray 14 are electricall
contacted with rrespondi ng socket terminals 61 T ER28850cket
60 in the test section 25 21, as ShOV\Q in Fig. 12. In order to insure
el ectrical contact between the bal€4ternminals 41 and the socket
termnals 61, a pusher 80 for pushing and hol ding the BGA
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-12- package 40 down is nounted above the test head. The pusher

80 is configured to push the associ ated BGA package 40 accommodat ed

i n each device receiving carrier 24 from above down to positively
put the ball terminals 41.into electrical 5 contact wth the opposing
socket term nal y the IC socket 60. The ' -
recei vi ng carri‘g?%ozmrmunt ed in the test tray 14 hol dspeﬁ’ﬁ%@
package 40 in place with the ball term na 41 of the package .exposed
downwardly through the underside of = 10 he carrier while the test tray
14 is noved fromthe | oader section 11 through he test section 21 to
t he unl oader section 12. Due to the ball termnals 41 belng di sposed
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15 carrier 24 need to be forned through its bottomwth a general ly

rectangul ar socket term nal access openi ng 243 havi ng a consi derably
wi de area as shown in Fig. 13 in order to permt all of the bal
terminals 41 to contact with the. socket termnals 61 of the |IC socket
60. Consequent]y, 200 will be appreciated fromFig. 13, om
wal | area 241 @%9&9%«1 the device receiving carrier 24 is gﬁggp?§ﬁ$e uced
with only the marginal wall portions 241 (primarily on the opposite

| ongi tudi nal sides) left for carrying amyq@upporti ng the BGA package
40 thereon. 25 Since the undersurface of the BGA package 40
general.ly has small areas left around its periphery on which no bal

termnal 41 is disposed, the BGA package 40 can narrowy be
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- 13- retained by resting the left-over small peripheral areas on
the margi nal bottomwall portions 241 of the device receiving carrier
24. I n recent years, however, BGA packages havi ng ball termnals 41
di sposed across the entire area of the 5 under surface have been

manuf actured. |f such BGA packages are rested on thepgeybsrRzrss

recei vi ng car r'Vepsiloe  he construction descri bed above, sone of the
ball term nals woul d not be exposed out through the socket term nal
access opening 243, resulting in i2Z&0ility to effect the test of the
10 | C while remai ning | oaded on the device receiving carrier 24.

The bottomwall area 241 of the device receiving carrier 24 has thus
had little area left for carrying and supporting
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t he BGA package thereon due to the increase in nunber of |ead pi ns
with an enhancenent in the integration [evel of the IC 15 housed in the
BGA package. It will thus be appreciated that the IC tester of

t he above descri bed construction adapted to conduct the test on

the | C as carryed.gn.fhe test tray 14 could not be enpl oyed peyypouchfas the
BGA package unl ess sone or other neans were not 20 devel oped for
supporting the BGA package on the device receiving carrier 24.

In the case of QFP package, a nultiplici3M0of |ead pins 46 extendi ng
parallel fromthe four sides of the QFP 45 pl aced in a device
receiving carrier 50 in a test tray 14 are 25 electrically contacted

wi th the correspondi ng socket termnals 66 of an I C socket 65 in the
test- section 21, as ' shown in Fig. 14. In order to insure electrical
cont act

(c)

(b)
=

(a)




between the | ead pins 46 and the socket term nals 66, the test head is

equi pped t hereabove with a pusher 82 for pushing the |l ead pins 46
extending parallel fromthe four sides of the QFP 45 rested on each
device receiving carrier 50 from 5 above down against the opposing
socket term n%ﬁo@@gﬁf the 1C socket 65. Thecterrisrss
receiving carrier nmounted in the test tray .14 hol ds the QFP
package 45 in place with the | ead pins 46 extending parallel fromthe
four sides of the QFP 45 exposed 410 .
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10 downwardly through the underside of the carrier. Because of t he

i ncrease in nunber of l|ead pins provided in the QFP 45, It is seen in
Fig. 15 that the lead pins 46 are formed al ong the four sides of the
package 45 (rectangular in this exanple) up to the opposite ends of
t he respectiv%végsg,% (up 15 to the vicinities of the respegily s
corners). As is seen fromFig. 15, four socket term nal access
slits 52 are forned in the bottomwall 51 of the device recei ving
carrier 50 along the four sides of the §HA® 45 to permit all of the
| ead pins 46 to contact with the socket 20 termnals 66 of the |IC socket
65 such that the opposite ends of each slit extends very close to the
ends of the adjacent slit, leaving only narrow joint solid portions
bet ween the ends of the adjacent slits. As a result, as is
appreci at ed fromFig. 15, the central rectangular bottomwall area 51
of
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25 the device receiving carrier 50 for carrying and supporting t he
QFP 45 is connected by the aforesaid narrow joint ' portions with
perlpheral bottomwal | portion of the device recei ving
carrier | eadi ng to the di sadvantages that not only the mechani cal
strength of t mwal | area 51 of the device rec rler
50 for carrylﬁg gﬁ%&ﬁFP 45 is substantially reduced, gb¥h§ﬂg§
mechani cal strength of 5 t he device receiving carrier 50 per se |s
reduced. It is to be noted heB¢tOhat testing high speed ICs
requires to apply high frequency signals, which in turn
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requires to reduce the thickness of the IC socket as nuch as

aggr avat es
24 with a
As was
packages

10
carrier
as BGA package thereon as

mechani cal strengt Bepipobdsdot t om

receiving carrier

15

| C socket further
50.

f the reduced

resting an | C package such
evice

for
e

area of t _
di scussed before with reference to Fig. 7,

Such reduced thickness of the

the difficulty in forming the device receiving
as the p

possi bl e.
bottom wal |

wel |
wal |

(actually,

| Cs

t7hH¥ferred onto the test tray 14 in
are transported into the constant tenperature

section 11

housing 1Cs) 15 being tested as
| oader

t he

where they are heated or cooled to a predeterm ned
tenperature and then passed to the test section 21 within

constant tenperature chanber 20 where the 1Cs while

20

chanber

20

const ant
the

mai nt ai ned at that predeterm ned tenperature and carried on



the test tray 14 are subjected to the testing. Upon conpl etion of the
testing, the tested | C packages 15 | oaded 25 on the test tray 14 are

transported together with the test tray 14 out of the constant
t emper at ure chanber 20. On the ot her hand, whenever the type of
t he | C packagewd9snroa be tested is changed, thepkEypams Wth
which the termnals such as ball termnals 41 or |ead pins 46 of the
| C package are electrically contacted is changed correspondingly. It
S not easy, however, to carry out 8i1Rn exchange operation, as

/14
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5 wll be explained bel ow. The 1 C sockets 68 of the IC tester
are nounted in the performance board of the test head 90 which is in
turn di sposed in the bottom of the constant tenperature chanber

20. The 1C sockets 68 are fixed in position such that the 10 upper
portions of thggleggmeckets including the socket t er m RbeppévesgxPosed
I n the constant tenperature chanber 20 so as to be able to conduct
the test on the I.Cs while mai nt ai ned at a predetern ned tenperature
(see Fig. 6). Consequently, to chd&3® the | C sockets 68 requires
first to_ 15 wthdraw the IC sockets fromthe constant tenperature
chanber 20, followed by renoving the I C sockets fixed in the board 70
to replace them by another type of |IC sockets. However,

wi t hdrawal of the I C sockets 68 fromthe constant tenperature chanber

20 opens the bottom of the
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20 chanber maintained at a predeterm ned tenperature to allow t he

I ngress of, the,outside air thereinto, resulting in either | oweri ng or
raising the tenperature in the chanber. It wll t hus be appreciated
that when the type of the IC package to be tested has been changed,

it is requiredywdoeshfagt the 25 tenperature in the constaq&n&ﬁ?gﬁg ure
chanber 20 at a predeterm ned tenperature, in addition to tirst _
repl aci ng the | C sockets and then presenting the test head 90 back to
t he - chanber so as to expt@dQ he upper portions of the new

I C sockets including the socket termnals to the interior of the
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constant tenperature chanber 20. Accordingly, a substanti al ggfﬁ?sﬁT
t-i me and troubl esone operations have been required 5 before t R

~of the new type of |ICs may be resuned, unde5|rably resultingérh%bheﬁi%~1 :
need for quite a long testing tinme. DI SCLOSURE OF THE | NVENTI ON
10 It is an object of the present-f-ivention to provide a
sem conduct or device testing apparatus configured to elimnate the
need for replacing I C sockets when the type of the I C package to be
tested i s changed. It is another object of the present invention
to provide 15 a scTBMICNNPICHORIOEVEECEL BESTANG opPRARATES i ncl uding a test
tray having device receiving carriers nounted thereto, each devi ce
receiving carrier being capable of firmy holding a

TECHNICAL FIELD

The present invention relates to a semiconductor device
5 testing apparatus for testing semiconductor devices as to
~ whether they operate in normal condition or not, and more
particularly to a semiconductor device testing .apparatus of
the type in which a semiconductor de§ice to be tested,
particularly a semiconductor integrated circuit that is a
10 typical example of semiconductor devices is transported on a
test tray to a test or testing section where it is tested for
its electrical characteristic while remaining placed on the
test tray, and upon completion of the test, the. tested
semiconductor integrated circuit tqgéther with the test tray
15 is carried out of the test section, followed by being sorted

out on the basis of the data of the test results.

BACKGROUND ART -
Many of semiconductor device testing apparatus (commonly

20 called IC tester) for measuring the electrical

characteristics of semiconductor integrated circuits (which

will be referred to as ICs hereinafter) by applyiﬂg a test

signal of a predetermined pattern to the ICs being tested

have a semiconductor device transportiﬁg and proéessing or
25 handling apparatus (commonly called handler) integrally_

connected thereto for transporting the ICs to be tested (ICs

under test) to a test section where they are brought into



~sem conductor device to be tested housed in a package having a
multiplicity of term nals and enabling the testing of the 20

sem conductor device carried thereon with high reliability. The
foregoi ng objects of the present invention are acconpl i shed by

provi ding a sem conduct or device testi ng- apparatus constructed such
that in a | oader section, - sem conductor devices to be tested are each
transferred onto 25 device receiving carriers nmounted to a test tray,

t he test tray being then transported fromthe | oader section to a
t est seghaahir igiadr gontactewitbndusesketicof clte yest faadd (ffor t heir

18- measuring section of the semiconductor device testing
apparatus for applying and receiving various testing
electrical signals), followed by cérrying thé tested ICs out

5 of the test section and sorting them out into conforming and
non-conforming articles on the basis of the data of the test
results. The testing apparatus having the handler'of the
type described above integrally connected thereto.is also
herein termed "semiconductor device testing apparatus". 1In

10 the following disclosure the present invention will be
described by taking ICs typical of semiconductor devices by
way of example for the-convenience of explanation.

First, an example of the prior art handler called

"horizontal transporting system" will be described with

15 reference to Fig. 7. The handler 10 illusfrated therein
comprises a loader section 11 where ICs 15 to be tested which
have been beforehand loaded on a customer tréy (user tray) 13
by a user are transferred and reioaded onto a test tray 14
capable of withstanding high/low temperatufes, a constant

20 temperature chamber 20 including a test'section 21 for
receiving and testing the ICs transported fr;m the loader
section 11, and an unloader section 12 where the tested ICs
15 which have been carried on the test tray 14 out of the
constant temperature chamber subsequently to undergoing a

25 - test in the test section 21 are transferred from the test
tray 14 to the customer tray 13 to be reloaded on the latter

(generally, the tested ICs are often sorted by categories



el ectorical characteristics while remaining placed on the test tray,
and upon conpletion of the test, the tested sem conduct or devi ces
together with the test tray are transported out of the test section,
in which each of the 5 device receiving carriers accomodating the
sem conduct or device to be tested-3xas its bottomopen, a fine
conductive W r e- enbedded nenber being nounted to the open bottom of
t he device - receiving carrier, the fine conductive w re-enbedded
menber conprising a resilient insulator plate or sheet and a 10 nunber
of fine condUvased on rtde dattedddédthe testinesmltsrand trangferxed pato
conductive wires being electrically insulated from one anot her and
ext endi ng t hrigyiFoarrespondings sustoppe trays)insul ator plate with the
opposite ends exposed at the oppose surfagces of fhe insulator plate,

d :
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mﬁre-enbeddedand back to the loader section 11 éequentially through the

5 constant temperature chamber 20 and the unloader section 12.
More specifically, thg test tray 14 loaded with ICs 15 to be
tested is transported from the loader section 11 to a soak:
chamber 22 within the constant temperature chamber 20 where

-the ICs 15 placed bn the tray 14 aré heated or cooled to a

10 predetermined constant temperature. .Generally, the soak
chamber 22 is configured to store a plurality of (say, ten)
test trays 14 stacked one on another such that a test tray 14
newly receiyed from the loader section 11 is stored at the
top of the stack while the lowermost test tray of the stack

15 is delivered to the test section 21 in the cdnstant
temperature chamber 20, for examplé. The ICs 15.to be tested
are heated or cooled to a pfedetermined_constaht temperature
while the test tray 14 is moved sequentially from the top to
the bottom of the stack within the soak chamber 22, so that

20 the ICs 15 are loaded with temperature stresses of either a
designed high or low temperature.

The ICs 15 heated or cooled to the constant témperature
together with the test tray 14 are then transported while
maintained at that temperature from the soak chamber 22 to

25 the test section 21 where the ICs under test while remaining
loaded on the test tray 14 are brought into electrical

contact with an IC socket or sockets (not shown) disposed in

g



menber such that the member functions as a socket for the

sem conduct or device during the testing. In a first preferred
enbodi nent, the fine conductive wi re- enmbedded nmenber is securedly
fitted in a groove forned 20 in the inner wall of the |ower portion of
t he devi ce receiving carrier.  -4- Preferably, the spacings
bet ween the adjacent fine conductive wires of the fine conductive

- W re-enbedded nenber are chosen to be 0.1 nmor approximtely 0.1 nm
25 Further, in the first enbodi nent, the test head has. boar ds

mount ed t her ettbe thetbsectitobel hotadepimengurdse fiox their edpcssicalth the
bottom surface of the fine conductive wre- '
characteristics. Upon completion of the test, the tested ICs
15 together with the test tray 14 are transported from the
test section 21 to an exit chamber 23 where the ICs 15 are
5 restored to the ambient temperature. .
Like the soak chamber 22, the exit chamber 23 is also
configurgd to accommodate test trays in the form of a stack.
For example, the arraﬁgement is such that the tested ICs 15
are brought back to the ambient temperature as the associated
10 test tray is moved sequentially from the bottom to the top of
the stack within the exit chamber 23.. Thereafter, the tested
ICs 15 as carried on the test fray 14 are passed to the
unloader section 12 where the tested ICs are sorfed by
. categories based on the test results and transferred onto the
15 corresponding customer trays 13. lThe test tray 14 emptied in
the unloader section 12 is delivered back to the loader
section 11 where it is again loaded with ICs 15 to be tested
from the customer tray 13 to repeat the same steps of
operation. |
20 It is to bé noted here that the transfer of ICs already
tested as well as of ICs to be tested between the customer
tray 13 and the test tray 14 is typically effected by suction
transport means utilizing a vacuum pump which may pick ﬁp one
to several ICs at a time for the transfer. In the loader
25 section 11 the custqmef tray 13 is moved by the associated
transfer arm 30 to a transfer position where ICs 15 to be

tested are transferred from the customer tray 13 to the test



-19- , enbedded nenber during the testing of the sem conductor
devices in the test section. Each of the boards has conduct or pads
formed in a manner electrically insulated from each other in the
surface thereof at at |east the positions 5 opposing the term nals of
t he correspondi ng sem conduct or degLce being tested placed on the top
surface of the fine conductive W re-enbedded nenber to establish
el ectrical connecti on between the termnals of the sem conductor
devi ce and the correspondi ng conductor pads of each board through 10
the fine condbrayvedwiwkibé imetle nmleoadduc tsiecd ivnr é2ebheddesitomer tmagnber.
The semi conductor device to be tested is housed in a package of the
ball grid arrdy &térmevedcbhathepssngiated daansfer arm 30 to a receiving
position to receive the tested ICs 15 from the test tray 14.
As discussed above, ICs 15 to be tested are carried'on a
5 test tray 14 from the loader section 11 to the test section
21 from where they are transported while carried on the test
tray'to the unloader section 12 after having undergone the
- test. 1In the test section 21, ICs under test are brought,
while remaining placed on the test tray, into electrical |
10 contact with IC sockets which are supplied with a signal of a
. predetermined test pattern from the semiconductor device
testing apparatus (hereinafter, referred to as IC tester),
whereby the ICs are tested for their electrical
characteristics. - The test section 21 of the handler is
15  disposed in the constant temperature chamber 20 since it
ngeds to conduct the test on ICs 15 under test under an
atmosphere of a designated_tgmperature. The IC socket or
sockets mounted to the test head need also be diéposed in an
adiabatic condition within the constant temperature.chamber
20 20. "'
Fig. 8 illustrates an example of the construction of the
test tray 14. The test tray 14 comprises a rectaﬁgular frame
16 having a plurality of (three in the illustrated example)
. equally spaced apart parallel cleats 17 extending
25 longitudinally of the frame between the opposed longitudinal

side frame members 16a and 16b of the frame. Each of the

cleats 17 has a'plurality of equally spaced apart mounting



balls arrayed in the formof a gfid on the bottomthereof, 15 t he

conduct or pads being forned in the surface of the board at the

posi tions opposing the respective sol der balls. Preferably, the
conductor pads forned in the surface of the board are gold pads.

Al so, the board has nulti-Iayered Biring patterns forned therein, the
conductor pads fornmed in 20 . the surface of the board being electrically
connected with the corresponding wiring patterns. In a
second preferred enbodi nent, the sem conductor . device to be tested is

housed in a phegaoEs Prdtmding aherefrom pRubbthypidéavibereef mamd s
protruding parallel to each other 25 fromits tw opposed sides. The
conduct or padbtikewisereazh iof the lomgdtudimaipadide fipame membeps ebb erlibned
di stance in the surface of the board, each row including a
mul tiplicity epposing the adjacent cleats has similar mounting lugs 18
protruding therefrom. The mountiné lugs 18 protruding from
5 each cleat 17 on both sides thereof are located such that.
each of the mounting lugs 18 protruding from the cleat 17 on
one side thereof is posifioned in the middle between two
corresponding mounting lugs 18 protruding from that cleat 17
on the opposite side thereof. Likewise, each of the mounting
10 lugs 18 protruding from the longitudinal side frame members
l6a, 16b are located in the middle between two corresponding
mounting iugs 18.protruding from the corresponding opposed
cleats 17. A number of device receiving carriers 24 (which
are known as tray inserts in the art) are accommodated in a
15 juxtaposed relation in each of storage spaceé defined between
a pair of opposed cleats 17 and between one of the cleaﬁs ahd
either one of the opposed longitudinal side frame members
16a, 16b.
Each device receiving cafrier 24 is accommodated in one
20 carrier. compartment 19 in éach of the storage spaces which
compartment is defingq by a rectangular lot containing tﬁo
mounting lugs 18 at two diagonally opposite corners thereof.
In the illustrated example, since each of the cleats 17 has
sixteen mounting lugs 18 on each side thereof, sixteen
25 carrier compartments 19 are defined in each of the storage

spaces so that sixteen device receiving carriers 24 may be

mounted in each storage space. - In the illustrated example in



-20- - conductor pads, the pitch of the conductor pads in each row

corresponding with that of the termnals of the sem conduct or devi ce
bei ng tested, and each conductor pad bei ng el ongat ed in a direction
per pendi cular to the longitudinal direction of 5 t he row. In
the first and the second enbodi nents, thg-fine conductive

wi re- enbedded nenber is secured to the bottom of t he devi ce receiving
carrier by fastener neans. In addition, in the first and the

second enbodi nents, the 10 fine conductive wre-enbedded nenber is
securedly bon#dchothere areefaun tauntofstdrageespaceseceixtpgfoar r({ B6x by
suitable device receiving carriers 24 in total may be mounted in one
test tray 14. Each device feceiving carrier 24 is secured to
two mounting lugs 18 by means of fésteners 28, for example.
5 Each of device receiving carriers 24 is of identical
' shape and size in its exterior contour and has an IC pocket
25 formed in the center for accommodating an IC to be tested
therein. 1In this example, the IC pocket 25 is in the shape
of a generally square recess. The shape and size of the IC
10 pocket 25 are determined depending on those of the particular
IC to be tested. It is for this reason that device receiving
carriers 24 having various shapes and sizes are prepared and
are in stock so that it is possible to exchange one type of
device receivipg carrier 24 for another having a
15 corresponding shape and size to accommodate any particular
shape and size of ICs whenever the type of ICs to be tested
is changed.
The exterior qf the device receiVing cafrier 24 is sized
so as to loosely fit in the space defined between tﬁe opposed
20 mounting lugs 18 of the carrier éompartment.19. The device
receiving carrier 24 has flanges extending from its opposed
ends adapted to rest on the corresponding mounting lugs 18,
these flanges having mounting holes 26 formed adjacent the
lateral sides thereof for receiving the fasteners 28, and
25 apertures 27 formed in-thg center for passing locating pins
therethrough. Fig. 9 illustrates the device receiving

carriers 24 mounted in the test'tray 14 of the construction



adhesi ve. The test head has a circuit board with which the wring
patterns of the boards nounted to the test head are adapted 15 to be

connected, the circuit board being replaceable in accordance with a
change of the type of sem conductor device to be tested.

The device receiving carrier .constructed8as descri bed above is
capable of firmy holding even a sem conductor 20 devi ce being tested
housed in a rectangul ar or square surface nount type package havi ng
termnals extending fromits four sides and enabling the testing of
t he seni condudeseribedcaboee. carried thereon with high reliability.
25 BRI EF DESCRI PTI ON OF THE DRAW NGS . Fig. 1 is a schematic

cross-sectional vilé®% dhokPnhethested are each loaded on one of the device
receiving carriers 24 in fhe test tray 14 as illustrated in
Fig. 8 to be carried from the_loadér section 11 to the test
5 section 21 in the constant temperatﬁre chamber 20 where they
are brought, while remaining placéd on the test tray, into
electrical contact with the IC sockets mounted on the test
head to be tested for their electrical characteristics.
~ Shown in Fig. 10 is an example of IC sockets mounted on
10 - the test head when the test tray 14 of the construction shown
.in Fig. 8 is employed. This example illustrates an array of |
IC sockets 60 arranged in a matrix of four rows (lateral
rows) x eight columns (lonéitudinal rows). While the number
of the rows of IC sockets 60 in this array is equal to that
15 of the device receiving carriers 24 mounted in the test tray
14, the number of the columns of IC sockets is one half (1/2)
of the number of the colunns of the device receiving carriers
24. The reason is that the number of ICs that can be tested -
at one time in one IC tester is limited, so that it is
20 difficult to test as many ICs as sixty-four at one time.
Accordingly, for the test tray 14 having the éonstruction
shown in Fig. 8, since device receiving carriers 24 are
arranged in a matrix of four rows x sixteen columns, thirty-
two (4x8) IC sockets 60 are mounted in the test head so as to
25 'lbe able to test all of the ICs in every other column in e&ery
row (lateral row) at one time in the test tray 14 as shown in

Fig. 10 where the IC tester is configured to test thirty-two
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pertinent portions of a first embodi ment of the seniconductor

devi ce testing apparatus according to the present invention; Fig.
Z2.is a schematic cross-sectional view showi ng a nodi fied form of the
first embodiment illustrated in Fig. 1; Fig. 3 is a schemtic
cross-sectional view showing an 5 angther nodified formof the first
enbodi nent illustrated in Fig. 1; Fig. 4 is a schematic
cross-sectional view showi ng the pertinent portions of a second
enbodi ment of the sem conductor device testing apparatus according to
t he ICs at a time. More specifically, thirty-two (4x8) IC

sockets 60 are arranged such that they will be placed into
electrical contact with thirty-two (4x8) ICs in total located
in the firsf, third, fifth, seventﬁ, ninth, eleventh,

5 thirteenth and fifteenth columns in every row, when the test
tray 14 has been transported to the test head.

As illustrated in Fig. 11, the first run of test is
conducted on the thirty-two ICs 15 (shown cross-hatched)
located in the first, third, fifth, seventh, ninth, eleventh,

10 thirteenth and fifteenth coiumns in every row in individual
device receiving carriers 24, and the second run of test is
effected on the other thirty-two ICs 15 located in the
second, fourth, sixth, eighth, tenth, twelfth, fourteenfh and
sixteenth columns in evefy row by shifting the test tray 14

15 by a distance corresponding to one transverse width of the

. device receiving carrier 24.

In the case where the IC tester is equipped with sixteen
(4x4) IC sockets 60 so as to be able to test sixteen ICs in .'
every fourth column in every row in the test tray 14 all at

20 once, the first run of test is conducted on the sixteen ICs
in total located in the first, fifth, ninth and thirteenth
columns in every row, the second run of test is effected on
another sixteen ICs placed in the second, sixth, tenth and
fourteenth columns in every row by shifting the test tray 14

25 by a distance corresponding to one transverse width of the
device receiving carrier 24, the third run of test is

similarly carried out on yet another sixteen ICs in the



~

10 ,present -invention;" Fig. 5is a plan view of an enbodi nent of
t-he gol d pads nmounted in the board of the test head of the '
seni conduct or devi ce testing apparatus according to the present

i nventi on; Fig. 6 is a schematic side viewillustrating the 15
positional relation between the constantqg.enperature chamber of the
handl er and the sem conduct or devi ce testing apparatus according to
the present invention with the constant : t enper at ure chanber bei ng
shown in a cross-sectional view, Fig. 7 is a diagrammtica

illustration ehitdf SeNEiEH, Akvendth’ ARdCFRAtehtRNcOkemps ciwfevdrey hndl er
of the conventi onal hori zontal transporting type in the formof a

flow chart; by furthefishifrimy aheertegectivag Yiebysaodd stamme exanpl e of
t he conventional test tray; _ Fig. 9 is a perspective view
showi ng the teerrespgnding to one transverse width of the device receiving
carrier 24, and finally the fourth run of test is done on the
5 final sixteen ICs in the fourth,~eighth, twelfth and
sixteenth columns in every row by further shifting the test
tray 14 by a distance'éorresponding to one transverse width
of the device receiving carrier-24,'whereby all of the sixty-
four ICs arrayed in four rows x sixteen columns may be
10 tested. | | '
It should be noted that when teéting ICs housed in multi-
pin packages, such IC packages are transferred from a
customer tray 13 and loaded onto a test tray 14 as shown in
Fig. 8 in the loader section 11 and then transported to the
15 test section 21 where they are tested while remaining placed
on the test tray. Such ICs housed in multi-pin packages
include an IC housed in the ball grid array package (as will
be referred to as BGA package hereinafter) of the type in
which a semiconductor device (IC) is mounted on the upper
20  surface of an insulation subétrate of ceramic, plastic or the
like with minute solder balls serving as terminals or
electrodes being arranged on the undersurface of ﬁhe
‘substrate in a two-dimensional grid array; an IC héused in
QFP (Quad Flat Package) of the surface mount type comprising
25 a thin square or rectangulér package body having 1ead_pins
protruding horizontally and.parallel to each other from its

four sides; and an IC housed in TSOP (Thin Small Outline



25 Fig. 8 having device receiving carriers nounted thereto;

FHg. 10 is a perspective view showi ng an exanple of the conventi onal
I'C socket; -22- Fig. 11
is a diagrammatical illustration illustrating the manner in which the
sem conduct or devices | oaded on the tesiq. tray of Fig. 8 are tested by
the use of the I C sockets shown in Fig. 10; 5 Fig. 12 is a
schematic cross-sectional viewillustrating the el ectrical connection
bet ween a BGA package | oaded on the - device receiving carrier and an

| C socket; Package) of the surface mount type comprising a thin

rectangular package body having lead pins protruding

horizontally and parallel to each other from its two opposed

sides. Further, TSOP refers to SOP (Small Outline Package)
5 having a package mounting height lower than 1.27 mm. It is

also to be understood that the lead pins of the QFP and TSOP

are formedlin the shape of a gull wing and soldered to the

electrode of the printed circuit board.

In the test section 21, the lead pins of IC packages

10 carried on a test tray 14 are brought into electrical contact
with IC sockets 60 mounted on the test head, followed by
applying the IC sockets 60 with test signals of a
predetermined pattern from the IC tester through a
performance board attached to the test head to conduct the

15° test on the ICs in fhe IC packages. The response signals
from the ICs in the IC packages are transmitted to the IC
tester body (main frame) through IC sockets 60 and the
performance board to measure the electrical characteristics
of the ICs.

20 In the case of BGA package, a multiplicity of grid-
arrayed ball terminals 41 on the undersurface of the BGA
package 40 placed in a device receiving carrier 24 in a test
tray 14 are electrically contacted with the corresponding
socket terminals 61 of an IC socket 60 in the test section

25 21, as shown in Fig. 12. 1In order to insure electrical
contact between the ball terminals 41 and the socket

terminals 61, a pusher 80 for pushing and holding the BGA



ﬁig.;13 Is a top plan view of the device receiving carrier shown in

Fg 12; 10 Fig. 14 is a schematic cross-sectional view illustrating
the el ectrical connection between a QFP package | oaded on the devi ce
receiving carrier and an I C socket; and Fig. 15 is a top plan
vi ew of the device receiving carriey. and QFP package shown in Fig.
14. 15 BEST MODES FOR CARRYTNG OUT THE | NVENTI ON Preferred
enbodi nents of the invention will be described in details. Wile the
i nvention is described with reference to an IC tester for testing ICs
typi cal of sepackageciOrdow) is desinies] ablovies thei dest hbad.t hEhermssdr
I nvention is equally applicable to various types of sem conductor

device testing0 is conppgmred stadamhedhfeoasisestiangdoBlar paghage 040
sem conduct or

accommodated in each device receiving carrier 24 from above
down to positively put the ball terminals 41 into electrical

5 contact with the opposing socket terminals 61 of the IC
socket 60.

The device receiving carrier 24 mounted in the test tray

14 holds the BGA package 40 in place with the ball terminals
41 of the package exposed downwardly through the underside of

10 the carrier while the test tray 14 is moved from the loader
section 11 through he test section 21 to the unloader section
12. Due to the ball terminals 41 being disposed in a grid-
like array onjthe substantially entire area of the
undersurface of the BGA package 40, the device receiving

15 carrier 24 need to be formed through its bottom with a
ggnerally redtangular socket terminal access opening 243
having a considerably wide area as shown in Fig. 13 in order
to permit all of the ball terminals 41 to contact with the
socket terminals 61 of the IC socket 60. Consequently, as

20 - will be appreciated from Fig. 13, the bottom wall area 241 of
the device receiving carrier 24 is greatly reduced with only
the marginal wall portions 241 (primarily on the Spposite
longitudinal sides).left for carrying and supporting the BGA
package 40 thereon.

25 Since the undersurface of the BGA package 40 generally
has small areas left around its periphery on which no ball

terminal 41 is disposed, the BGA package 40 can narrowly be



devi ces other than |GCs. Fig. 1 shows the pertinent portions of a
f4rst enbodi mnent 25 of the IC tester according to the present invention
which is appl i cabl e when the | C packages placed and supported in IC
pockets 101 of a device receiving carrier 100 are BGA
- 23- packages. It is a schematicq3soss-sectional view
illustrating the el ectrical connection between a BGA package 40
| oaded on the device receiving carrier 100 and a fine conductive
wi re-enbedded plate 110 nounted in the bottom of

retained by resting the left-over small peripheral areas on

the marginal bottom wall portions 241 of the device receiving
carrier 24. 1In recent years, however, BGA packages having
ball terminals 41 disposed across the. entire area of the

5 undersurface have been manufactured. If such BGA packages
are rested on the device receiving carrier 24 of the
construction described above, some of the ball terminals
would not be exposed out through the socket terminal access
opening 243, resulting in inability to effect the test of the

10 IC while remaining loaded on the device receiving carrier 24.

lThe bottom wall area 241 of the device.receiving carrier

24 has thus had little area left for carrying and supporting
the BGA package thereon due to the increase in number of lead
pins with an enhancement in the integration level of the IC

15 housed in the BGA package.

It will thus be appreciated that the IC tester of the
above described construction adapted to conduct the test on
the IC as carried on the test tray 14 could not be employed
for the BGA package unless some or other means were not

20 developed for supporting the BGA package on the device
receiving carrier 24.

In the case of QFP package, a multiplicity of.lead pins
46 extending parallel from the four sides_of the QFP 45
placed in a device receiving carrier 50 in a test tray 14 are

25 electrically contacted with the corresponding socket
terminals 66 of an IC socket 65 in the test section 21, as

shown in Fig. 14. 1In order to insure electrical contact



5 t he device receiving carrier 100 and serving as an | C socket ' and
the el ectrical connection between the fine conductive W r e- enbedded
plate 110 and el ectric conductor pads 72 nounted in the board 70 of
the test head. Since the device receiving carrier 100 shown in
Fig. 1 10 has the entire bottom of i4g.1C pocket 101 open to forma
rectangul ar opening 102, the ball termnals 41 of the BGA package 40
are all exposed through the undersurface of the devi ce receiving
carrier 100, irrespective of where on the bottom of the BGA package
40 the ball trstveedl 2hel lead béns186 and stivs esbcleetd trarinalst 66 bahe
termnals 41 are di sposed all over the bottom surface of the BGA
package. The wg=mihepdld3 equipped theréeabowvenwith e mishere §2edoirvipnghing
carrier 100 is cl osed by the fine conductive wre-enbedded plate 110.
The wal | of tthe Ileasopiias B61exnendingeparallekefxomghe four sides of

the QFP 45 rested on each device réceiving carrier 50 from
5 above down against the opposing socket terminals 66 of the IC
socket 65.

The device receiving car;ier 50 mounted in the test tray
14 holds the QFP package 45 in place with the lead pins 46
extending parallel from the four sides of the QFP 45 exposed

10 downwardly through the underside of the carrier. Because of
the increase in number of lead pins provided in the QFP 45,
it is seen in Fid. 15 that the lead pins 46 are formed along
the four sides of the package'45 (rectangular in this
example) up to the opposite ends of the respective sides (up

15 to the vicinities of the respective corners).

As is seen from Fig. 15, four socket terminél access
slits 52 are formed in the bottom wall 51 of the device
receiving carrier 50 along the four sides of the QFP 45 to
pefmit all of the lead pins 46 to contact with the socket

20 terminals 66 of the IC socket 65 such that the opposite ends
of each slit extends very close to the ends of the adjacent
slit, leaving only narrow joint solid portiomns between the
ends of the adjacent slits. As a result, as is appreciated
from Fig. 15, the central rectangular bottom wall area 51 of

25 the device receiving carrier 50 for carrying and supporting
the QFP 45 is connected by the aforesaid narrow joint

portions with periphéral bottom wall portion of the device



20 carrier

thi n-wal | ed,

100 has its lower inner surface undercut to forma
downwardly protruding, |ower fine conductive

W r e- enbedded pl ate retaining portion 103. The fine conductive

wi re-enbedded plate retaining portion 103 has a fine conductive

Wi r e-enbedded pl ate hol ding groove formngg.all 25 around the inner wal
surface of the fine conductive wre- enbedded plate portion 103 at

its root, whereby upon being

102 of the I C pocket - 24-
101, the finereceikwiig veamier &fheddadiphjate 116 diszdwamthdes that ot
and be f|rn1y retained by the fine conductive wre-

10

15

only the mechanical strength of the bottom wall area 51 of
the device receiving carrier 50 for carrying the QFP 45 is
substantially reduced, but also the mechanical strength of
the device receiving carrier 50 per se is reduced. |

It is to be noted here that testing high speed ICs
requires to apply high frequency signals, which in turn
requires to reduce the thickness of the IC socket as much as
possible. Such reduced thickness of the IC socket further
aggravates the difficulty in forming the device receiving
carrier 24 with a bottom wall for resting an IC package such
as BGA package thereon as well as the problem of the reduced

mechanical strength of the bottom wall area of the device

-receiving carrier 50.

As was discussed before with reference to Fig. 7, ICs

(actually, packagés housing ICs) 15 being tested as

- transferred onto the test tray 14 in the loader section 11

20

25

are transported into the constant temperature chamber 20

where they are heated or cooled to a predetermined constant

forced inwardly up through the opening

in

temperature and then passed to the test section 21 within the

constant temperature chamber 20 where the ICs while
maintained at that predetermined temperature and éarried on
the test tray 14 are subjected to the testing. Upon
completion of the testing, the tested IC packages 15 loaded
on the tgst tray 14 are transported together with the test

tray 14 out of the constant temperature chamber 20.

On the other hand, whenever the type of the IC package to



enbedded pl ate holding groove as it is prevented from being noved
upwardl y any further by the downwardly facing 5 over hangi ng surface
portion of the inner wall of the IC pocket 101. The fine conductive
wi re-enbedded plate 110 is thus mounted to the bottom of the device
receiving carrier 100 and cl ose thg opening 102. Accor di ng
to the present invention, the fine conductive 10 W re-enbedded plate 110
is made to have the function of the conventional |IC socket. Thus, in
t he present invention, IC sockets are provided on the device

receiving carpéetedtdd is chanjedyi el Ccpaokrgeswibhrebick atlhertétmimals t he
test head of the ICtester as is the case with the prior art IC

tester 15 geckrapashbboverminals 41 orTheafli pénsodbucfi vike WIC eparitaapided
plate 110 conprises an electric insulator plate or sheet, preferably a
resilient are e¢ ket tricd igulcandractied: d sochsnhged ¢correapoadimygiy pl ik tis of
not easy, however, to carry out suéh exchange operation, as
5 will .be expiained bélow. _

The IC sockets 68 of the IC teéter are mounted in the
performance board of the test head 90 which is in turn
disposed in the bottom of the constant temperature chamber
20. The IC sockets 68 are fixed in position such that the

10 upper portions of the IC sockets including the socket

-terminals are exposed in the constant temperature chamber 20

so as to be able to conduct the test on the ICs while |
maintained at a predetermined temperature (see Fig. 6).
Consequently, to change the IC sockets 68 requires first to

15 withdraw the IC sockets from the constant temperature chamber
20, followed by removing the IC sockets fixed in the board 70
to replace them by another type of IC sockets.

However, withdrawal of the IC sockets 68 from the
constént temperature chamber 20 opens the bottom of the

20 chamber maintained at a predetermined temperature to allow
the ingress of the outside air thereinto, resulting in either
lowering or raising the temperature in the chamber. It will
thus be appreciated that when the type of the IC package to
be tested has been changed, it is required to reset the

25 temperature in the constant temperature chamber 20 at a
predetermined temperatﬁre, in addition to first replacing the

IC sockets and then presenting the test head 90 back to the



fine.electrically conductive wires 112 enbedded in the 20 I nsul at or
plate 111, the conductive w res extending parall el to each other and
Wit hout contacting each other through the t hi ckness of the insul ator
plate with the opposite ends exposed at the outer surfaces of the

I nsul ator plate. The fine conduct-fye wires 112 are very thin in :
di aneter and 25 arranged at very close intervals on the order of. 0.1 nm
In this enbodinment, a resilient rubber plate or sheet is _ used as the
insul ator plate 111, and fine wires nmade of a

-25- ratambesush as toperpessi theryppert dantidns |ofkdhes ng¥edCas t he
sockets including the socket terminals to the interior of the
constant temperature chamber 20. Accordingly, a substantial
amount of time and troublesome opefations have been required

5 before the testing of the new type of ICs may be resunmed,
undesirably resulting in the need for quite a long testing

time.

DISCLOSURE OF THE INVENTION
10 ‘It is an object of the present invention to provide a
semiconductor device testing apparatus confiqured to
eliminate the need for replacing IC sockets when the type of
the IC package to be tested is chaﬁged.
It is another object of the present invention to provide
15 a semiconductor device testing apparatus including a test
tray having device receiving carriers mounted thereto, each
device receiving carrier being capable of firmly holding a
semiconductor device to be tested housed in a package having
a multiplicity of terminals and enabling the testing of the
20 semiconductor device carried thereon with high reliability.
The foregoing objects of the present invention are
accomplished by providing a semiconductor device festing
apparatus constructed such that in a loader section,
semiconductor devices to be tested are each transferred onto
25 device rgceiving carriers mounted to a test tréy, the test
tray being then transported from the loader section to a test

section where the semiconductor devices are tested for their



fine .conductive wires. Therefore, in the follow ng description the
insulator plate 111 will be referred to as a rubber plate and the
fine conductive wires will be referred 5 to as fine conductive wres.
Wth the construction of the fine conductive wre- enbedded plate 110
as descri bed above, upon the BGA package18- 40 bei ng placed on one
surface (the top surface) of the fine conductive w re-enbedded pl ate
110, each of the ball 10 termnals 41 of the BGA package 40 cones into
contact with a m nute area portion on the top surface of the fine
conductive electrieakndieairkert g imtd k1 WhiSienrenadahingf placedi out tharesst
portions contains a plurality of fine netal wires 112, .each bal |
termnal 41 itrayecend cupory completdon ofoddie tiestnethe testedwires 112 out
to the bottom surface of the fine conductive wi re- enbedded plate 110
with the bal | SEBLRPRERGtOY ngigfs together with the test tray are

transported out of the test'sectioﬁ, in which each of the

5 device receiving carriers accommodating the semiconductor
device to be tested has-its bottom open, a fine conductive
wire-embedded member being mounted to the open bottom of the
device receiving carrier, the fine conductive wire-embedded
member comprising a resilient insulator plate or sheet and a

10 number oflfine conductive wires embedded in the insulator
plate, the conductive wires being electrically insulated frdm
one another and extending through the thickness of the
insulator plate with the opposite ends exposed at the opposed
surfaces of the insulator plate, and the device receiving

15 carrier being rested on the fine cqnductive wire-embedded
member such that the member fuhctions as a socket for the
semiconductor device during the testing.

In a first preferred embodiment,lthe fine conductive

wire-embedded member is securedly fitted in a groove formed

20 in the inner wall of the lower portion of the device
receiving carrier.

Preferably, the spacings between the adjacent'fine

conductive wires of the fine conductive wire-embedded member
are choéen to be 0.1 mm or approximately 0.1 mm.

25 Further, in the first émbodiment, the test head has.
~boards mounted thereto, the boards being adapted to be in

contact with the bottom surface of the fine conductive wire-



el ectrically insulated fromeach other. If an appropriate conduct or

i-s provided at the mnute area portion on the bottom surface of the
fine conductive w re-enbedded plate 110 20 opposi ng each ball term nal
41 of the BGA package 40, the ball terminals 41 will be electrically
connected with the conductors prowgled at the bottom surface of the
fine conductive wre-enbedded plate 110 with the ball termnals

being electrically insulated fromeach other. It is thus to 25 be
appreciated that the fine conductive w re-enbedded pl ate 110 perforns

the same funcembedded thhembamn\vntingnahel €esadkgt of the veimbcoéi@uétae net al
wires 112 contained in each of the mnute
devices in the test section. Each of the boards has
conductor pads formed in.a manner electrically insulated from
each other in the surface thereof ét at least the positions
5 opposing the terminals of the corresponding semiconductor
device being tested placed on the top sﬁrface of the fine
conductive wire-embedded member to establish electrical
connection between the terminals of the semiconductor device
and the corresponding conductor pads of each board through
10 the fine conductive wire of the fine conductive wire-embedded
member.

The semiconductor device to be tested is housed in a
package of the ball grid array structure having small solder
balls arrayed in the form of a grid on the bottom thereof,

15 the conductor pads being formed in the surface of the board
at the positions opposing the respective solder balls.

Preferably, the conductor pads formed in the surface of
the board are gold pads. Also, the board has multi-layered
wiring patterns formed therein, the conductor pads formed in

20 the surface of the board being elecfrically connected with
the corresponding wiring patterns.

In a second preferred embodiment, the semiconductor
device to be tested is housed in a package of the surface
mount type having terminals protruding parallel to each other

25 from its two opposed sides. The conductor pads are formed in

two rows spaced apart by a predetermined distance in the

surface of the board, each row including a multiplicity of



-

-26- ., area portions functioning |like the socket term nals.
Fig. 1 illustrates an enbodinment in which a pad of good conductor (a
gold pad 72 in this exanple) is provided at the m nute area portion
on the bottomsurface of the fine 5 conductive wre-enbedded plate 110
opposi ng each ball term nal 41 of_ggae BGA package 40, these gold pads
72 being formed in the surface of the board 70 of the test head.
Since the board 70 insul atively support the gold pads 72 functioni ng
li ke the I C socket termnals, a plurality of gold 10 pads 72 are arrayed
in a matri x otodduwectomvymdd attdiealpitehspfxthe condugbbdr cpadigmbn (éaetyidawdi nal
rows) on the test head 90, just like the | C sockets 60 shown in Fig.
10 and as is eeernespanmding withi dha&. olft the ternliraist of stiyet fienicdmdunhdrer
of gold pads , 72 mounted on the test head 90 depends upon the nunber
of 1Cs device being tested, and each conductor pad being elongated

in a direction perpendicular to thé longitudinal direction of

5 the row.
In the first and the second embodiments, the- fine '
conductive wire-embedded member is secured to the bottom of
the device receiving carrier by fastener means.
In addition, in the first and the second embodiments, the
10 fine conductive wire-embedded member is securedly bonded to
the bottom of the device receiving carrier by suitable

adhesive.
The test head has a circuit board with which the wiring
patterns of the boards mounted to the test head are adapted
15 to be connected, the circuit board being replaceable in
accordance with a change of the type of semiconductor device
to be tested.
The device receiving carrier constructed as described
above is capable of firmly holding even a semiconductor
20 device being tested housed in a rectangular or square surface
mount type package having terminals extending from its four
sides and enabling the testing of the semiconductdr device as

carried thereon with high reliability.

25  BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross-sectional view showing the

pertinent portions of a first embodiment of the semiconductor



15 that can be tested at a tine in one IC tester. As can be

appreciated fromFig. 1, each board 70 has multi-layered wiring
patterns (shown in thick solid |ines) formed therein. The gold pads
72 formed in the surface of . the board 70 are electrically connected
with the 20 corresponding wring patteqns which are in turn connected
t hrough the test head 90 with the I C tester body. Wile the gol d pad
72 is formed in the shape of small circle or small ellipse so as to
conformwi th the shape of the ball term nal 41 of the BGA package 40,
it may of courderive alestiyigohppiratds aStdidiie thaR present inveavies;
receiving carriers 100 each having a fine conductive w re-enbedded

plate 110 nounted Rig.t I2e ilsotat eghematic cross-sectional view showing a
modified form of the first embodiment iilustrated in Fig. 1;
Fig. 3 is a schematic cross-sectional view showing an
5 another modified form of the first embodiment illustrated in
Fig. 1;

Fig. 4 is a schematic cross-sectional view showing the
pertinent portions of a second embodiment of the
semiconductor device testing apparatus according to the

10 present invention;

Fig. 5 is a plan view of an embodiment of the gold pads
mounted in the board of the test head of the semiconductor

~device testing apparatus according to the present invention:

Fig. 6 is a schematic side view illustrating the

15 positional relation between the constant temperature chamber
of the handler and the semiconductor device testing apparatus
according to the present inventidn wifh the constant
temperature chamber being shown in a cross-sectional view;

Fig. 7 is a diagrammatical illustration of the general

20 arrangement of an example of the handler of the conventional
horizontal transporting type in the form of a flow chart;

Fig. 8 is a perspective view showing an exampie of the
conventional test tray; |

Fig. 9 is a perspective view showing the test tray of

25 Fig. 8 having device receiving carriers mounted fhereto;

Fig. 10 is a perspective view showing an example of .the

conventional IC socket;



-27- . thereof are attached to a test tray 14, and then in the

| pader section 11, BGA packages 40 housing ICs to be tested are
placed and supported in the | C pockets 101 of the respecti ve device
receiving carriers 100. Since the shape 5 and size of the IC pocket 101
are determ ned according to the SQZEg and size of the |IC package as
expl ai ned herei nbefore, t he BGA packages 40 placed in the |IC pockets
are supported therein in a stable manner with the ball term nals 41
faci ng downwardly. 10 The test tray 14 is transported to the
test section 21 Fig. Wtihsna tdiaqumiavicdleilduattitat iohaibeashavheg ecngpon

t he fine conductive wre-enbedded plate 110 of each device

manner in which the semiconductor devices loaded on the test
tray of Fig. 8 are tested by the use of the IC sockets shown
in Fig. 10; |

5 Fig. 12 is a schematic cross-sectional view illustrating
the electrical connection between a BGA package loaded on the
device receiving carrier and an IC socket;

Fig. 13 is a top plan view of the device receiving

carrier shown in Fig. 12}

16_ Fig. 14 is a schematic cross-sectional view illustrating
the electrical connection between a QFP package loaded on the
device receiving carrier and an IC soéket; and

Fig. 15 is a top plan view of the device receiving
carrier and QFP package shown in ?ig. 14.

15 |

BEST MODES FOR CARRYING OUT THE INVENTION

| Preferred embodiments of the invention will be described
in details. While the invention is described with reference
to an IC tester for testing ICs typical of semiconductor

20 devices, it is evident that the present invention is equally
applicable to various types of semiconductor device testing
apparatus adapted for testing other types of-semiéonductbr
devices other than ICs. |

Fig. 1 shows the pertinent portions of a first embodiment

25  of the IC tester according to the present invention which is

applicable when the IC packages placed and supported in IC

pockets 101 of a device receiving carrier 100 are BGA



feceiving carrier 100 being brought into contact with the

correspondi ng board 70 attached to the test head, each of the 15 bal
termnals 41 of the BGA package 40 is electrically connect ed t hrough
the fine conductive wre-enbedded plate 110 wi th the correspondi ng
gold pad 72 of the board 70, as shown _93. in Fig. 1. That is, each bal
termnal 41 is put into good el ectrical connection with the gold pad
72 in contact with 20 the m nute area portion on the bottom surface of
the fine conductive w re-enbedded plate 110 through a plurality of

fine metal wipgfskakbs.enfigddgdai BchbfiatiduéfossefedDidnadn vikw the top
surface of the fine conductive wre-enbedded pl ate 110. 25 I t

is to be undeiklusittatialg whenedeceriead eomnéttidn betweew asBGac paskagpl i ed
to the fine conductive w re-enbedded plate 110, the plate is easily
def ormed (i ndehtlexidesy oni theedevice receiving carrier 100 and a fine
conductive wire-embedded plate lloimounted in the bottom of
5 the device receiving carrier 100 and serving as an IC socket
-and thg electrical connection between the fine conductive
wire-embedded plate 110 and electric conductér pads 72
mounted in the board 70 of the test head.
Since the device receiving carrier 100 shown in Fig. 1
10 has the entire bottom of its IC pocket 101 open to form a
rectangular opening 102, the ball terminals 41 of the BGA
package 40 are all exposed through the undersurface of the
device receiving carrier 100, irrespective of where on the
bottom of the BGA package 40 the ball terminals 41 may be
15 disposed, and even if the ball terminals 41 are disposed all
over the bottom surface of the BGA package. The opening 102
in the bottom of the device receiving carrier 100 is closed
by the fine conductive wire-embedded plate 110.
The wall of the IC pocket 101 in the device receiving
20 carrier 100 has its lower innér surface undercut to form a
thin-walled, downwardly protruding, lower fine conductive
wire-embedded plate retaining portion 103. The fine
conductive wire-embedded plate retaining portion 103 has a
fine conductive wire-emheddéd plate holding groove formed all
25 around the inner wall surface of the fine conductive wire-
embedded plate portion 103 at its root, whereby upon being

forced inwardly up through the opening 102 of the IC pocket



- -28- of the resiliency of the rubber plate 111 to insure the

contact between the overlying ball termnals 41 of the BGA - package 40
and the underlying gold pads 72 by neans of the fine metal wires 112
to thereby enhance the reliability in 5 operation of the rubber plate.
As is the case with the prior art .o4-herefore, a pusher 80 is nounted
above the test head, t he arrangenent being such that the pusher 80
pushes t he associ at ed BGA package 40 in the I C pocket 101 from above
down to press the fine conductive wre-enbedded plate 110 10 t hrough t he

ball term nal $04].the fine conductive wire-embedded plate 110 is caused to
fit in and be firmly retained by the fine conductive wire-
embedded plate holding groove as it is prevented from being
moved upwardly any further by the &ownwardly facing
5 overhanging surface portion of the inner wall of the IC
pocket 101. The fine conductive wire-embedded plate 110 is
thus mounted to the bottom of the device receiving carrier
100 and close the opening 102.
According to the present invention, the fine conductive
10 wire-embedded élate 110 is made to have the function of the
conventional IC socket. Thus, in the present invention} IC
sockets are provided on the device receiving carrier for
carrying IC packages thereon rather than on the test head of

the IC tester as is the case with the prior art IC tester

15 described above.

The fine conductive wire-embedded plate 110 comprises an

electric insulator plate or shéet, preferably a resilient
electric insulator plate or sheet 111 and a multiplicity of
fine electrically conductive wires 112 embedded in the

20 insulator plate 111, the conductive wires extending parallel
to each other and without contacting each other through the
thickness of the insulator plate with the opposité ends
exposed at the outer surfaces of the.insulator plate. The
fine conductive wires 112 are very thin in diameter and

25 arranged at very close intervals on the order of 0.1 mm.

In this embodiment, a resilient rubber plate or sheet is

used as the insulator plate 111, and fine wires made of a



It is thus to be appreciated that the ball terminals 41 . of the BGA
package 40 are electrically connected with the gold pads 72 of the
board 70 through the fine metal wires 112 of the fine conductive

wi re-enbedded plate 110 satisfactorily 15 and with high reliability,
even if the ball termnals 41 are -g§.sposed all over the bottom
surface of the BGA package : acconpani ed naturally by enhancenent in
the integration |evel and an increase in the nunber of |ead pins.

This allows for conducting the test on ICs in BGA packages
consistently metalZfuch s hedprr ,r elillaeirl,i gpldi bbovhet bEkeebs doed prOWHE Ny
I C sockets in the test head as in the prior art. I n
addition, it fsneossmdncxivnewmret.redmetedbrem ihethe folhewimqi cal
strength of the device receiving carrier 100 because the device

recei ving car Apeeriptiomfthprigula toar P}atESIIIaWdléubporefar&Ib\ Paca&adge 40

on the fine conductive wre-
rubber plate and the fine conductive wires will be referred

5 to as fine conductive wires.
With the construction of the fine conductive wire-

enbedded plate 110 as described above, upon the BGA package
40 being placed on one surface (the top surface) of the fine
conductive wire-embedded plate 110, each of the ball

10 terminals 41 of the BGA package 40 comes into contact with a
minute area portion on the top surface of the fine conductive
wire-embedded plete 110. Since each of the minute area
portions contains a plurality of fine metal wires 112, each
ball terminal 41 is electrically extended through the metal

15 wires 112 out to the bottom surface of the fine conductive
wire-embédded plate 110 with the ball terminals 41 being
electrically insulated from each other. If an appropriate
conductor is provided at the minute area portion on the |
bottom surface of the fine conductive wire-embedded plate 110

20 opposing each ball terminal 41 of the BGA package 40, the
ball terminals 41 will be electrically connected with the
conductors provided at the bottom surface of the fine
conductive wire-embedded plate 110 with the ball terminals
being electrically insulated from each other. It is thus to

25 | be appreciated that the fine conductive wire-embedded plate
110 performs the same function as the conventional IC socket

with the fine metal wires 112 contained in each of the minute



enbedded plate 110 attached to the carrier. Further, the fine
conductive w re-enbedded plate 110 which perforns the

-29-  function of the I C socket nakes it possible to provide an IC
tester capable of applying high frequency signals due to a substanti al
reduction in thickness of the |IC socket.2g. Moreover, when the type
of the I C package to be tested is 5 changed, the device receiving
carrier 100 nay be repl aced outside of the constant tenperature -
chanber 20 because the device receiving carrier is nmounted to the

test tray 14 awexiportions functioning like the socket terminals. )
Fig. 1 illustrates an embodiment in which a pad of good
conductor (a gold pad 72 in this example) is provided at the
minute area portion on the bottom surface of the fine
5 conductive wire-embedded plate 110 opposing each ball
terminal 41 o§ the BGA package 40, these gold pads 72 being
formed in the surface of the board .70 of the test head.
Since the board 70 insulatively support the gold pads 72
functioning like the IC socket terminals, a pluraiity of gold
10 pads 72 are arrayed in a matrix of four rows (laterai rows) x
eight columns (longitudinal rows) on the tést head 90, just
like the IC sockets 60 shown in Fig. 10 and as is seen from
Fig. 6. It is needless to say that the number éf gold pads
72 mounted on the test head 90 depends upon the number of ICs
15 that can be tested af a time in one IC tester.
| As can be appreciated from Fig. 1, each board 70 has
multi-layered wiring patterns (shown in thick solid lines)
formed therein. The gold pads 72 formed in the surface of
the board 70 are electrically connected with the
20 corresponding wiring patterns which are in turn connected
through the test head 90 with the IC tester body. While the
gold pad 72 is formed in the shape of small circle or small
ellipse so as to conform with the shape of the ball terminal
41 of the BGA package 40, it may of course be of any other
25 suitable shape.
Device receiving carriers'100 each having a fine

conductive wire-embedded plate 110 mounted in the bottom



i's moved through the IC tester in a circulating manner. This avoi ds
occurrence of a change in the tenperature in the 10 constant tenperature
chanber 20 as well as enhancing the operating sinplicity, so that
only a short time interruption of the test is required before the
testing can be resuned. VWil eg the first enbodinent the wall of
the |1 C pocket 101 in the device receiving carrier 100 is fornmed al
around 15 the inner surface with a fine conductive wre-enbedded pl ate
hol di ng groove so that the fine conductive wre-enbedded plate 110
may be affi xedhepebBeabet avvacied i dewiest tray ldecendi bhemainithe 100 by
being fitted in the fine conductive w r e- enbedded pl ate hol di ng
groove, it willbaderapectiomtkll, HIA padkagessddnhoakingt BEsshoebe ubestexhal
advant ages as provi ded by the first enbodi mrent may be obtai ned by a
nodi fi ed argr phagedeand | supgorted Ha fihee I€opegketselflref ebB®dded pl ate

respective device receiving carriefs 100. Since the shape

5 and size of the IC pocket 101 are determined according to the
shape and size of the IC package as explained hereinbefore,
the BGA packages 40 placed in the IC pockets are supported
therein in a stable manner with the ball terminals.41 facing
downwardly.

10 The test tray 14 is transported to the test section 21
within the constant temperature chamber 20 where upon the
fine conductive wire-embedded plate 110 of each device
receiviné carrier 100 being brought into contact with the
corresponding board 70 attached to the test head, each of the

15 ball terminals 41 of the BGA package 40 is electrically
connected through the fine conductive wire-embedded plate 110
with the corresponding gold pad 72 of the board 70, as shown
in Fig. 1. That is, each ball terminal 41 is put into good
electrical connection with the gold pad 72 in contact with

20 the minute area portion on the bottom surface of the fine
condudtive wire-embedded plate 110 through a plurality of
fine metal wires 112 embedded in the minute area §ortion on
the top surface of the fine conductive wire-embedded plate
110.

25 It is to be understood that when a certain amount of
pressure is apﬁlied to the fine conductive wire-embedded

plate 110, the plate is easily deformed (indented) by virtue



110 is secured to the undersurface of the device receiving carrier

100 by means of fasteners 63 as illustrated in Fig. 25 2.

According to the constructions of the first enbodi nent and the
nodified formillustrated in Figs. 1 and 2,

- 30- respectively, the fine condugiglve wi re-enbedded plate 110 may
easily be secured to or renoved fromthe groove in the | ower I nner
wal | surface or the undersurface of the device receiving carrier 100,

so that when the type of the IC 5 package to be tested has been
changed, it isofrihe rrepdivi®tcyoof the rubber plate 111 to insure the

contact between the overlying ball terminals 41 of the BGA
package 40 and the underlying gold pads 72 by means of the
fine metal wires 112 to thereby enhance the reliability in

5 operation of the rubber plate. As is the case with the prior
art, therefore, a pusher 80 is mounted above the test head,
the arrangement being such that the pusher 80 pushes the
associated BGA package 40 in the IC pocket 101 from above
down to press the fine conductive wire-embedded plate 110

10 through the ball terminals 41.

It is thus to be appreciated that the ball terminals 41
of the BGA package.40 are electrically connected with the
gold pads 72 of the board 70 through the fine metal wires 112
of the fine conductive wire-embedded plate 110 satisfactorily

15 and with high reliability, even if the ball terminals 41 are
disposed'all over the bottom surface of the BGA package
accompanied naturally by enhancement in the integration level
and an increase in the number of lead pins. This allows for
conducting.the test on ICs in BGA packages consistently and

20 with high re;iability without the need for providing'IC
sockets in the test head as in the prior art.

In addition, it is possible to_avoid reductioﬁ in the
mechanical strength of the device receiving carrier 1ob
because the device receiving carrier is configqured to carry

25 and support a BGA package 40 on the fine conductive wire-
embedded plate 110 attached to the carrier. Further, the

fine conductive wire-embedded plate 110 which performs the



Ffeplace the fine conductive wre-enbedded plate 110 to t her eby

provi de the advantage of further enhancing the oper ati onal

efficiency. On the other hand, however, because of the configuration
in which the fine conductive wire- 10 enbedded plate 110 is affixed to
the groove in the | ower i nner walkbgsurface or the undersurface of the
devi ce receiving carrier 100, it is required to formin the board 70
a recess or through-hole 71 for receiving the | ower end portion of

t he device receiving carrier 100 and through-holes 15 73 for passing the
fasteners 63 fundtiomrofangengat sooketi maskes it pdssihle to epeddevany IC
Fig. 3 illustrates another nodified formof the first enbodi nent of
Fig. | in whitéster dapableonduepplygingrbigh frequﬂﬁﬂﬂkﬁiﬂqﬂkﬂ(du§1¢°ig
secured to the undersurface of the 20 device receiving carrier 100 by
means of suitspstaniiadi veduction in thickness of the IC socket. :

Moreover, when the type of the 1C package to be tested is
5 changed, the device receiving carrier 100 may be replaced
outside of the constant temperature chamber 20 because the
device receiving carrier is mounted to the test tray 14 which
is moved through the IC tester in a circulating manner. This
avoids occurrence of a change in the temperature in the
10 constant temperature chamber 20 as well as enhancing the
operating simplicity, so that only a short time interruption
of the test is required before the testing can be resumed.
While in the first embodiment the wall of the IC pocket
101 in the device receiving carrier 100 is formed all around
15 the inner surface with a fine conductive wire-embedded plate
holding groove so that the fine conductive wire-embedded
plate 110 may be affixgd to the bottom of the device
receiving carrier 100 by being fitted in the fine conductive
wire-embédded pléte holding groove, it will be appreciated
20 that essentially the same functional advantages as provided
by the first embodiment may be obtained by # modified
arrangement in which the fine conductive wire-embédded plate
110 is secured to the undersurface of the device receiving
carrier 100 by means of fasteners 63 as illustrated in Fig.
25 2.
According to the constructions of the first embodiment

and the modified form illustrated in PFigs. 1 and 2,



In this case as well, it is a matter of course that essentially the

same functional advantages as provided by the first enbodi ment nay be
obt ai ned. It should be noted that in the nodified shown in Fig. 3
25 it is not possible to replace only the fine conductive wre-

enbedded plate 110, although there is n@Qieed to form any recess or

t hrough-holes in the board 70. Fig.. 4 shows the
pertinent portions of a second enbodi ment of the I C tester according
to the present i nvention which is applicable when the |IC packages

pl aced and respectively, the fine conductive wire-embedded plate 110 may
| easily be secured to or removed from the groove in the lower
inner wall surface or the undersurface of the device
receiving carrier 100, so that when the type of the Ié
5 package to be tested has been changed, it is only required to
replace the fine conductive wire-embedded plate 110 to
thereby provide the advantage of further enhancing the
operational efficiency. On the other hand, however, because
of the configuration in which the fine conductive wire-

10 embedded plate 110 is affixed to the groove in the lower
inner wall surface or the undersurface of the device
receiving_carrier 100, it is required to form in the board 70
a recéss or through-hole 71 for receiving the lower end
portion_of the device receiving carrier 100 and through-holes

15 73 for passing the fasteners 63 in the arrangements of Figs.
1-and 2,'respectively.

Fié. 3 illustrates another modified form of the first
embodiment of Fig. 1 in which the fine conductive wire-
embedded plate 110 is secured to the undersurface of the

20 device receiving carrier 100 by means of suitable adhesive.
In this case as well, it is a matter of course that
essentially the same functional advantages as profided by the
first embodiment may be obtained.

It should be noted that in the modified shown in Fig. 3

25 it is not possible to replace only the fine conductive wire-
embedded plate 110, although there is_no need to form any

recess or through-holes in the board 70.



~

. supported in I C pockets 101 of a device receiving carrier 100 5 are QFP
packages. It is a schematic cross-sectional view illustrating the
el-ectrical connection between a QFP 45 | oaded on the device receiving
carrier 100 and a fine conductive w re-enbedded plate 110 nounted in
t he bottom of t he device receivingagarrier 100 and serving as an |IC
socket 10 and the electrical connection between the fine conductive

wi re- enbedded plate 110 and gold pads 72 forned on the board 70 of
the test head. Since the construction of the device receiving
carrier 100 Rigy .t He shaws &het partbfienbepoteviars refa \devpndarri er shown
15 in Fig. 1 for use with the BGA package 40 except that the shape
and size of tRabadigenitepfidhealt uestsrnannbzdxngcnqu;he preseatt he shape
and size of the QFP, the nunerals in Fig. correspond to those of
Fig. 1 for tyu§qye9ﬁ;@psw@éﬁﬁnhstgppllcable when the IC packages placed and

supported in IC pockets 101 of a device receiving carrier 100
5 are QFP packages. It is a schematic cross-sectional view
illustrating the electrical connection between a QFP 45
loaded on the device.receiving'carrier 100 and a fine
conductive wire-embedded plate 110 mounted in the bottoﬁ of
the device receiving carrier 100 and serving as an IC socket
10 and the electrical connection between the fine conductive
wire-embedded plate 110 and gold pads 72 formed on the board'
70 of the test head. |
Since the construction of the device receiving carrier
100 is the eame as that of the device receiving carrier shown
15 in Fig. 1 for use with the BGA package 40 except that the
ehape and size of the IC pocket 101 are determined according
to the shape and 512e of the QFP, the numerals in Fig. 4
correspond to those of Fig. 1 for the elements common to
both, and those common elements will not be discussed again
20 unless needed.
Likewise, with regard tb the board 70, the numerals in
Fig. 4 correspohd to those of Fig. 1 for the elements common
to both, and the description thereof is omitted, since the
board 70 mounted to the test headiis identical to that shown
25 in Fig. 1 for use with the BGA peckage 40 except that the |
gold pads 72 formed in the board 70 are arrayed in

correspondence with the terminal pins 46 leading from the



ES

both, and those comon el enents will not be discussed again 20 unl ess

needed. Li kewi se, with regard to the board 70, the nunerals in
Fig. 4 correspond to those of Fig. 1 for the el enments conmon to both,
and the description thereof is omtted, since the board 70 nounted to
the test head is identical to that showg2.25 in Fig. 1 for use with the
BGA package 40 except that the gold pads 72 fornmed in the board 70
are arrayed in correspondence with the term nal pins 46 | eading from
t he ' - 32- sides of the QFP 45

and that the sidées-éfhyeheR® r45n@and that the multi-layered wiring

patterns (shown in thick solid lines) in the board 70 are
formed in accordance with the array of the-gold pads 72. It
is needless to say that while the éold pads 72 are formed in

5 the shape of a rectangle to conform with the shape of the end
portion of the terminal pin 46 of the QFP 45, it may be of
any other suitable shape. |

In this second embodiment as well, a ﬁusher'sz for

applying a certain amount of pressure to the fine conductive

10 wire-embedded plate 110 is mounted above the test head, as is
the case with the prior art, in order to insure the contact
between the end portions of the overlying terminal pins 46 of
the QFP 45 and the underlying gold pads 72 by means of the
fine metal wires 112 to thereby enhance the reliability in

15 operation of the rubber plate, the arrangement being such
that the'pushe} 82 pushes the end portions of the terminal
pins 46 of the associated QFP 45 in the IC pocket 101 from
above down to press the fine conductive wire-embedded plate
110 through the ena portions of the terminal pins 46.

20 With regard to the second embodiment as well, it is
evident that constructions similar to those in the modified
forms illustrated in Figs. 1 and 2 may be adopted-with
respect to the manner of mounting the fine conductive wire-
embedded plate 110 to the device receiving carrier 100.

25 Specifically, the fine conductive wire-embedded platé 110 may
be secured to the undersurface of the device receiving

carrier 100 by means of either fastemers 63 or suitable



patterns (shown in thick solid lines) in the board 70 are formed in
accordance with the array of the gold pads 72. It I s needl ess to say
that while the gold pads 72 are fornmed in 5 t he shape of a rectangle to
conformw th the shape of the end portion of the terminal pin 46 of
the QFP 45, it may be of any ot hegasuitabl e shape. In this
second enbodi nent as well, a pusher 82 for applying a certain anount
of pressure to the fine conductive 10 wire-enbedded plate 110 i s nounted
above the test head, as is the case with the prior art, in order to

i nsure the cadhegive. bet ween the end portions of the overlying term nal
pi ns 46 of .the QFP 45 and the underlying gold pads 72 by neans of the
fine metal wires When tthe [devdlee eehenvénghearriémbidq thaving B fineperati on
of the rubber plate,, the‘arrangenent bei ng such that the pusher 82
pushes the eggpqﬁyqquﬁgwgﬁetng eddefinplate 110 mounted in the bottom

thereof is attached to a test tray.14, the QFP 45 placed in

5 the IC pocket 101 is supported therein in a stable manner
with the terminal pins 46 in contact with the surface of the
fine conductive wire-embedded plate 110, since the shape and
size of the IC pocket 101 are determined according to the
shape and size of the IC package.

10 The test tray 14 is transported to the test section 21
within the constant temperature chamber 201where upon the
fine conductive wire-embedded plate 110 of each device
receiving carrier 100 being brought into contact with the
corresponding board 70 attached-to_the test head, each of the

15 terminal pins 46 of the QFP 45 is electrically connected
through the fine conductive wire-embedded plate 110 with the
corresponding gold pad 72 of the board 70, as shdwn in Figq.
4. That is, each terminal pin 46 is put into good electrical
connection with the gold pad 72 in contact with the minute

20 area portion on the bottom surface of the fine conductive
wire-embedded plate 110 thfough a plurality of fine metal
wires 112 embedded in the minute area portion on fhe top
surface of the fine conductive wire-embedded plate 110. 1In
this position, the pusher 82 is actuated to push the end

25 portions of the corresponding terminal pins 46 from above
down to press the fine conductive wire-embedded plate 110

through the end portions of the terminal pins 46.



pins 46 of the associated QFP 45 in the |IC pocket 101 from above down
to press the fine conductive wre-enbedded pl ate 110 through the end
portions of the terminal pins 46. 20 Wth regard to the second
enmbodi rent as well, it is .evident that constructions simlar to those
in the nodified forms illustratedgq Figs. 1 and 2 may be adopted
W th respect to the manner of nounting the fine conductive wre-
enbedded plate 110 to the device receiving carrier 100. 25 Speci fically,
the fine conductive w re-enbedded plate 110 may be secured to the
undersurface of tbe ieviines racde/iappreciatedathaer th80téynirahspids ei6 hef
fasteners 63 or suitable
. the QFP 45 are electrically connected with the gold pads 72
of the board 70 through the fine metal wires 112 of the fine
conductive wire-embedded plate 110'satisfactorily and with
.5 high reliability, whereby the test on ICs in QFPs may be
conducted consistently and with high reliability without the
need for providing IC sockets on the test head as in the
prior art.
In addition, it is possible to avoid reduction in the
10 ° mechanical strength of the device receiving carrier 100
because there is no need to form four slits through the
bottom of the IC pocket 101. Further, the fine conductive
wire-embedded plate 110 which performs the function of the IC
socket makes it possible to provide an IC tester capable of
15 applying high frequency signals owing to a substantial -
reduction in thickness of the IC socket.

Moreover, when the type of the IC package to be tested is
changed, the device receiving carrier 100 may be feplaced
outside of the constant temperature chamber 20 because the

20 device receiving carrier is mounted to the test tray 14 which
is moved through the IC tester in a circulating manner. This
avoids occurrence of a change in the temperature in the
constant temperature chamber 20 as well as enhancing the
operating simplicity, so that only a short time interruption

25 of the test is required before the testing can be resumed.

Fig. § illqstrates a pattern of gold'pads 72 formed in

the board 70 suitable for use in placing and supporting a



533-, adhesi ve. When the device receiving carrier 100

having a fine - conductive w re-enbedded plate 110 nounted in the
bottom thereof is attached to a test tray 14, the QFP 45 placed in
5 the I C pocket 101 is supported therein in a stable manner W th
the termnal pins 46 in contact with thggurface of the fine
conductive w re-enbedded plate 110, since the shape and size of the
| C pocket 101 are determ ned according to the shape and size of the
| C package. 10 The test tray 14 is transported to the test section
21 Wi t hpgop hen CONEdwide tﬁaﬁw&h?rea@*haa‘@enoao Wheé eTSPPNL S he

fine conductive w re-enbedded plate 110 of each device recei vi ng

carrier 100 bsunfabe ongint i type putkagte volmbribéng a thin rectangular

package body having lead pins protruding horizontally and
parallel to each other from its twd opposed sides. While the

5 package is rectangular or square in shape, there are a number
of variations in the outer dimensions and the number of lead
pins. For this reason, in forming two transversely spaced
apart rows of rectangular minute gold pads in the surface of
the board 70, the length of each gold pad row (the length

10 from one_end to the other of each row) is chosen to
accommodate all of the lead pins of TSOP having the maximum
length of lead pin array. Further, the longitudinal length
of each gold pad (the length in the right-to-left direction

"as viewed in the drawing) of each gold pad is made as long as

15 possible. The spacing (pitch) between adjacent gold pads in
each row is chosen to be equal to or less than the minimum
pitch of the lead pins of the TSOP.

With a selected pattern of gold pads 72 formed in the
surface of the board 70, when the fihe conductive wire-

20 embedded plate 110 mounted to the device receiving carrier
100 is engaged with the surface of the board 70 in the test
section 21, a TSOP 120 having standard outer dimeﬁsions will
be positioned with respect to the gold pad pattern as shown
in Fig. 5(a), so that the lead pins will be put into contact

25 with the individual gold pads 72 at their longitudinal middle
portions except for a few gold pads located at the opposite

ends of each gold pad row. For a TSOP 121 having the maximum



correspondi ng board 70 attached to the test head, each of the 15

“terminal pins 46 of the QFP 45 is electrically connected t hrough the
fine conductive wire-enbedded plate 110 with the correspondi ng gol d
pad 72 of the board 70, as shown in Fig. 4. That is, each termna
pin 46 is put into good el ectrical -36<onnection with the gold pad 72 in
contact with the mnute 20 area portion on the bottom surface of the
fine conductive wi re-enbedded plate 110 through a plurality of fine
nmet al wires 112 enbedded in the mnute area portion on the top
surface of tHengthe ofodgadtpim arrayentediidd peapositdoned with regpgct
position, the pusher 82 is actuated to push the end 25 portions of the

correspondi n¢a &he 9aldppad Battewmn aporown in Figan 5B )pr 89sthRE £hfe

conducti ve wire-enhedde |ate 110 f hroygh the e or,tigns of the
t er mi nal pirm;Qﬂﬁ ggns wglg be contacted with $¥i the goqg 2as' 92°a8

their longitudinal middle portions.in each gold pad row.

5  Further, for a TSOP 122 having the standard length but the
greater width of lead pin array (wider than the standard), it
will be positioned with respect‘to the gold pad pattern as
shown in Fig. 5(c), so that the lead pins will be contacted
with the same gold pads 72 as in the case of Fig. 5(a) but

10 toward the longitudinal outer end portions of the individual
gold pads.

It will thus be appreciated that an excellent efficiency
can be realized by the advantage of utilizing the same board
70 even if the type.of TSOP to be tested is changed.

15 | For testing ICs housed in BGA packages as discussed
above, it is again preferable that minute circular or
elliptical gold pads 72 be formed all over the surface area
of the board 70 corresponding to the undersurface area of the
maximum size BGA package to accommodate BGA package of all

20 sizes. This eliminates the need to replace the board 70
whenever the type of TSOP to be tested is changed. It is
apparent that the gold pads 72 in the surface the-board 70
may be substituted for by pads formed of conductor other than
gold or by terminal elements.

25 It should be noted that the test head 90 shown in Fig. 6

~is configqured to be able to change the electrical connection

with respect to the board 70 by replacing the circuit board



-34- . It is thus to be appreciated that the term nal pins 46 of
the QFP 45 are electrically connected with the gold pads 72 of the
board 70 through the fine nmetal wires 112 of the fine conductive
wi re-enbedded plate 110 satisfactorily and with 5 high reliability,
whereby the test on ICs in QFPs may be .37- conducted consistently and
with high reliability wi thout the need for providing |IC sockets on
the test head as in the prior art. In addition, it is
possible to avoid reduction in the 10 mechanical strength of the device
recei ving car dfettheogest heaflebassed2 herkctordimngland even difmtheuchahgesof
through the type of TSOP to be tested necessitates changing the
electrical connection with respect to the board 70, it is
only required to replace the circuit board of the test head
5 located outside of the constant temperature chamber 20, which
contributes to improving the operational efficiency.
While the foregoing embodiments have been described in
connection with the case where the invention is applied to an
IC tester, it is obvious to those skilled in the art that the

10 present invention is applicable, with the same functional
advantages, to various types of semiconductor device testing
apparatus adapted for testing other types of semiconductor
devices other than ICs. In addition, while the present
invention has been described with respect to testing ICs in

15 BGA package, QFP and TSOP carried and transported on a device
receiviné carrier, it is apparent that the present invention
is applicable, with the same functional advantages, to
testing ICs housed in other packages and other types of
semiconductor devices.

20 As is appreciated from the foregoing discussion,
according to the present invention the device receiving
carrier is provided with the fine conductive wire;embedded
plate 110 which is made to have the function of the
conventional IC socket, whereby the need to provide IC -

25 sockets on the test head as was required of the prior art is

eliminated. Consequently, there is no need to replace IC

sockets on the test head when the type of semiconductor



bottom of the IC pocket 101. Further, the fine conductive

wi re- enbedded plate 110 which perforns the function of the IC socket
makes it possible to provide an | C tester capable of 15 appl yi ng hi gh
frequency signals owing to a substanti al reduction in thickness of
the I C socket. Mor eover, whengghe type of the | C package to be
tested is changed, the device receiving carrier 100 may be repl aced
outside of the constant tenperature chanber 20 because the 20 devi ce
receiving carrier is nmounted to the test tray 14 which is noved

t hrough the |devisd efo ibe desitedulist thgngadner InTaddition, sdwnwedtheccurrence
of a change in the tenperature in the constant tenperature chanber 20

as wel | as enheplLacepentc of devicperatemgisgnparcieys andidmtfim®y a short’
time interruption 25 of the test is required before the testing can be
resuned. conductHive vgre-embeddedsplapast b8 nebfegierd AR Rd¥med in

operations outside of the constantitemperature chamber, the

5 interruption of the testing occaeioned by the change of the
type of semiconductor device to be tested is only a short
time, leading to a great reduction in the testing time as
well as a significant improvement on theloperational
easiness.

10 Moreover, because of a semiconductor device carried on a
device receiving carrier being rested and supported on the
fine conductive wire-embedded plate, even an increase in the
number of terminals of the IC package would neither deprive
the device receiving carrier of the portion for carrying the

15 semiconductor device, nor extremely reduce the mechanical
strength.of that portion, not to speak of the mechanical
strength of the device receiving carrier per se. On top of
that, the ability of the fine conductive wire-embedded plate
to perform the function of the IC socket means that a very

20 thin_socket can be provided, which in turn makes it possible
to provide an IC tester capable of applying high frequency
signals. |
| Furthermore, the present invention provides the advantage
of insuring that the terminals of che semiconductor device,

25 irrespective of the number of terminals, may be reliably
connected with the conductor pads or terminals in the board

of the test head, because the device receiving carrier is



the board 70 suitable for use in placing and supporting a

- 35- TSOP on a device receiving carrier 100. The TSOP is a

surface nount type package conprising a thin rectangul ar package body

havi ng | ead pins protruding horizontally and parall el to each other

fromits two opposed sides. Wiile the 89- package is rectangular or square

i n shape, there are a nunber of variations in the outer dinensions

and the nunber of |ead pins. For this reason, in formng two
~transversely spaced apart rows of rectangular mnute gold pads in the

surface of confiferddatal vl supportedgion theedihegobddpativewirée | ength
embedded plate such that the terminals of the semiconductor
device are connected with the conductor pads or terminals in
the board thrdugh the fine conductive wires embedded in the

5 rubber sheet.



10 fromone end ta the other of each row) is chosen to accomodat e
all of the |lead pins of TSOP having the nmaxi mum | ength of lead pin
atray. Further, the longitudinal |ength of each gold pad (the length
in the right-to-left direction as viewed in the drawi ng) of each gold
pad is made as long as 15 possi bl e. dﬁae spacing (pitch) between

adj acerit gold pads in each row is chosen to be equal to or less than
the m-ni num pitch of the | ead pins of the TSOP. Wth a

sel ected pattern of gold pads 72 fornmed in the surface of the board
70, when the f{gRe TONCREINMBE My e- 20 enbedded plate 110 nounted to the
device receiving carrier 100 is engaged with the surface of the board
70 in the test section 21, a TSOP 120 having standard outer

di mrensions w || be positioned with respect to the gold pad pattern as
shown in Fid. SAayemboonduttathaldwiae giesd imigl lapperptusi aopstoncted

such that in a loader section, a sémiconductor-device to be
tested is transferred onto a device receiving carrier mounted
‘to a test tray, said test tray being then transported from
_said loader section to a test section where the semiconductor
device is tested for its electrical characteristic while
remaining placed on the test tray, and upon completion of the
test, the tested seﬁiconductor device together with the test
tray is transported out of the test section, in which:

said device receiving carrier accommodating the
semiconductor device to be tested has its‘bottom open, a fine
conductive wire-embedded member being mounted to the open
bottom of the device recéiving carrier, said fine conductive
wire-embedded member comprising a plate made of an insulator
and a number of fine conductive wires embedded in the
insulator plate, said fine conductive wires being
electrically insulated from each other and extending through
the thickness of the insulator plate with the opposite ends
exposed at the opposed surfaces of the insulator plate, and
said device receiving carrier being rested on sai& fine
conductive wire-embedded member such that said fine
conductive wire-embedded member functions as a socket for

said semiconductor device during the testing.

2. The semiconductor device testing apparatué according

* [+ L M S *




25 .with the individual gold pads 72 at their |ongitudinal mddle
portions except for a few gold pads |ocated at the oppostte——————ends—of
each gold pad row. For a TSOP 121 having the MBXi MM ope

- 36- |l ength of lead pin array, it will be p03|r

et Has Been,Repl Shect
to the gold pad pattern as shown in Figgqq5(b), so that mmlmnl d pins
nal :

W Il be contacted with all the gold pads 72 at t
m ddl e portions in each gold pad row. 5 ~Further, for a TSOP 122 havi ng
the standard | ength but the greater width of lead pin array (w der
than the stardakdhimi I in which said fine conductive wire-embedded member

is securedly fitted in a groove formed in the inner wall of

the lower portion of said device receiving carrier.

3. The semiconductor device testing apparatus according
to claim 1 in which said fine conductive wire-embedded member
is secured to the bottom of said device receiving carrier by

fastener means.

4. The semiconductor device testing apparatus according
to claim 1 in which said fine conductive wire-embedded member
is securedly bonded to the bottom of said device receiving

carrier by suitable adhesive.

5. The semiconductor device testing apparatus according
to claim 1 in which the spacings between the adjacent fine
conductive wires of said fine conductive wire-embedded member

are chosen to be 0.1 mm or approximately 0.1 mm.

6. The semiconductor device testing apparatus according -
to claim 1 in which the insulator plate of said fine
conducﬁive wire-embedded member is a resilient rubﬁer plate
or sheet, and said fine donductive wires are fine metal

wires.

7. The semiconductor device testing apparatus according

to claim 1 in which the test head of the semiconductor device

, THIS SHEET HAS BEEN
. * ¢ L M S * .




shewa—i n
a gol d
gFouter

Will be positioned with respect to the gold pad pat terA—as—
Fig. 5(c), so that the lead pins will be contacted : v%
us be

- This Sh hoth .
pads 72 as in the case of Fig. 5(a) but 10 t owar d Pjﬂj mt
' I
[ e

end portions of the individual gol d pads.
appreciated that an excellent efficiencg2- can be

advantage of utilizing the sane board 70 even if the type of TSOP to
be tested is changed. 15 For testing I Cs housed in BGA packages as
di scussed above, it is again preferable that mnute circular or

el liptical gdebtiadgsappabettsrhesl bbdrds arouried hfeaedoar eaid boards the
board 70 corresponding to the undersurface area of the maxi mum si ze
BGA package theifg adapliedetade pinkeeptagt arith Zhe boittem suTfaceePEni nat es

the need to replace the board 70 whenever the type of TSOP to be
tested i s chatfjed fipe renductive wire-embedded member ‘during the testing

of the semiconductor device in said test section, each said
Board having conductor pads formed in a manner electrically
insulated from each other on the surface thereof at at least
the positions opposing the terminals of the corresponding
semiconductor device being tested placed on the top surface
of the fine conductive wire-embedded member to establish
electrical connection between said terminals of the
semiconductor device and the corresponding conductor pads of
said board through the fine conductive wire of said fine

conductive wire-embedded member.

8. The semiconductor device testing apparatus according
to claim 7 in which said conductor pads formed on the surface

of said board are gold pads.

9. The semiconductor device testing apparatus according
to claim 7 in which said board has multi-layered wiring
patterns formed therein, said conductor pads formed on the
surface of the board being electrically connected‘with the

corresponding wiring patterns.

10. The semiconductor device testing apparatus according
to claim 7 in which said semiconductor device to be tested is

housed in a package of the surface mount type having

) A T oD
1 e eED
* [ L M S * .




apparent that the gold pads 72 in the surface the board 70 may be

substituted for by pads forned of conductor other than gol d or by
term nal elenments. 25 It should be noted that the test head 90 shown
in Fig. 6 is configured to be able to change the el ectrical
connection wWith respect to the bog®d 70 by replacing the circuit
board - 37- of the test head
base 92. Accordingly, even if the change of type of TSOP to be tested
necessi tates changing the el ectrical connection with respect to the
board 70, ittesminals préyruding petaldeleplaaeachhetbercfirombbbsdtwd t he
test head

opposed sides, said conductor pads are formed on. two rows
spaced apart by a predetermined distance in the surface of
said board, each row including a'mﬁltiplicity of conductor
pads, the pitch of the conductor pads in each row
corresponding with that of the terminals of said
semiconductor device to be tested, and each conductor pad
being elongated in a direction perpendicular to the |

longitudinal direction of the row.

11. The semiconductor device testing apparatus according

to claim 10 in which said-packagé of the surface mount typé

is TsoP.

12. The semiconductor device testing apparatus according

to claim 7 in which said semiconductor device to be tested is

housed in'a package of the surface mount ﬁype having
terminals protruding parallel to each other from its four
sides, said conductor pads being formed on the surface of
said board at the positions opposing the respective terminals

of the semiconductor device being tested.

13. The semiconductor device testing apparatus according

to claim 12 in which said package of the surface mount type

is QFP.

14. The semiconductor device testing apparatus according

* [ L N S *
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5 | ocated outside of the constant tenperature chanber 20, which
contributes to inproving the operational efficiency. Wil e the
foregoi ng enbodi nents have been described in ~connection with the case
where the invention is applied to an IC tester, it is obvious to
those skilled in the art that the 10 -44+esent invention is applicable,
with the sanme functional advant ages, to various types of

sem conduct or device testing apparatus adapted for testing other _
types of sem conductor devices other than ICs. In addition, while the
present td mladm dninawhbebnsabd csemibeonduttondrwiice Fo s itg§tedsisn
15 BGA package, QFP and TSOP carried and transported on a device |,

recei ving carkqused jim jaspagpagenefthhe bakl pyekd ArFay Shyusture havigg
applicable, with the sane functional adyantages lesti | Cs

,_to .
housed in ot Ff#2lJaBedges 2a418: REFAY§Resn ol form Qf & S O i ces.

bottom thereof, said conductor padé being formed on the
surface of said board at the positions opposing the

respective solder balls.

15. The éemiconductor device testing apparatus according
to claim 7 in which the test head has a circuit board with
which said wiring patterns of said board mounted to the test
head aré adapted to be connected, said cifcuit board being
replaceable. in accordance with a change of the type of

semiconductor device to be tested.’

- e —
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20 . As is appreciated fromthe foregoing discussion, accordi ng

to the present invention the device receiving carrier is provided
with the fine conductive w re-enbedded ‘plate 110 which is nmade to
have the function of the conventional |C socket, whereby the need to
provide IC 25 sockets on the test he##.as was required of the prior art
S ‘el imnated. Consequently, there is no need to replace IC

sockets on the test head when the type of sem conductor

- 38- device to be tested is changed. In addition, since the

repl acenent of device receiving carr ABSSRACR/ or fine

A semiconductor device testing apparatus is provided
which allows for eliminating the need to replace IC sockets
even if the type of IC package is changed. A device
receiving carrier 100 accommodating the IC to be tested has
its bottom open. A fine conductive wire-embedded member 110
is mounted to the open bottom of the device receiving
carrier. The wire-embedded member comprises a resilient
rubber plate 111 and a number of fine conductive wires 112
embedded in the rubber plate, the fine conductive wires being
electrically insulated from each other and extending through
the thickness of the rubber plate with the opposite ends
exposed at the opposed surfaces of the rubber plate. The IC
to be tested is rested on the wire-embedded member. A board
70 is mounted to the test head, said board having gold pads
72 formed in a manner electrically insulated from each other
in the surface thereof at at least the positions opposing the
terminals of the IC to be tested placed on the top surface of
the wire-embedded member. During the testing of the IC in
the test section, the bottom surface of the wire-embedded
member is put into contact with the board to establish
electrical cénnectidn between the terminals of the IC and the
corresponding gold pads of the board through the fine

conductive wires of.the wire-embedded member.



conducti ve wire-enbedded plates is effected by very easy oper ati ons

aut si de of the constant tenperature chanber, the 5 interruption of the
testing occasioned by the change of the type of sem conductor device
to be tested is only a short tine, leading to a great reduction in
the testing tine as wel |l as a significant inprovenent on the
oper at i onal easi ness. 10 - Mor eover, because of a sem conduct or
device carried on a devi ce receiving carrier being rested and
supported on the fine conductive wre-enbedded plate, even an
increase in the nunber of termnals of the |IC package woul d neither
deprive the device receiving carrier of the portion for carrying the
15 sem conductor device, nor extremely reduce the nechani cal
strength of that portion, not to speak of the mechani cal strength of
the device receiving carrier per se. On top of
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that,, the ability of the fine conductive wire-enbedded plate to
performthe function of the I C socket neans that a very 20 thin socket

can be provided, which in turn makes it possible to provide an IC
tester capable of applying high frequency 'signal s.
Furthernore, the present invention provides the advantage of 1nsuring
that the term nals of the sem conductor device, 25 irrespective of the
nunber of termnals, may be reliably connected with the conductor
pads or termnals in the board of the test head, because the device
receiving carrier is -.39-
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ctonfigured to be supported on the fine conductive wire- enbedded plate
such that the termnals of the sem conductor device are connected with the
‘conductor pads or termnals in the board through the fine conductive wires
enbedded in the rubber sheet. : - 40-

VWHAT IS CLAI MED | S: 1. A sem conductor device testing apparatus
constructed such that in a | oader section, a sem conductor device to be
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fested is transferred onto a device receiving carrier mounted to a test
tray, said test tray being then transported from said | oader section to a
test section where the sem conductor device is tested for its electrical
characteristic while remaining placed on the test tray, and upon
conpletion of the test, the tested sem conductor device together with the
test tray is transported out of the test section, in which: sai d
device receiving carrier accommodating the sem conductor device to be
tested has its bottom open, a fine -  conductive wre-enbedded nmenber being
mounted to the open bottom of the device receiving carrier, said fine
conductive wre-enbedded nenber conprising a plate nmade of an insul ator
and a nunber of fine conductive wres| enbedded in the insulator plate,
said fine conductive wires being electrically insulated fromeach ot her
and extendi ng through )
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. the thickness of the insulator plate with the opposite ends exposed at the
opposed surfaces of the insulator plate, and said device receiving carrier
“being rested on said fine conductive wire-enbedded nenmber such that said
~fine conductive wre-enbedded nenber functions as a socket for said
sem conductor device during the testing. 2. The sem conductor device
testi ng apparatus according , -41- - to
claim1 in which said fine conductive w r.e-enbedded nmenber is securedly
fitted in a groove forned in the inner wall of
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the | ower portion of said device receiving carrier. 3. The

sem conduct or device testing apparatus according to claiml in which said
fine conductive wre-enbedded nmenber is secured to the bottomof said
device receiving carrier by fastener neans. 4. The sem conduct or
device testing apparatus according to claiml in which said fine
conductive wre-enbedded nenber is securedly bonded to the bottom of- said
device receiving carrier by suitable adhesive. 5. The sem conduct or
devi ce testing apparatus according to claiml in which the spacings

bet ween the adjacent fine conductive wires of said fine conductive

W r e- enbedded nenber
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are chosen to be 0.1 nmor approximately 0.1 nm

6. The

toclaim1l

conducti ve w re-enbedded nenber

The

a
7
in which a

in which the
is

and said fine conductive wires are fine
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claim1l

sem conduct or device testing apparatus according to

test head of the sem conductor device testing

FIG. 10



-appar atus has boards nounted thereto, said boards being adapted at upper
.surfaces thereof to be in contact with the bottomsurface of said fine
“conductive w're-enbedded nenber during the testing of the seni conductor
<device in said test section, each said board having conductor pads forned
electrically insulated fromeach other on the upper surface of said board
at such positions as to correspondingly oppose to the respective
terminals of the corresponding sem conductor device to be tested when-
sai d sem conductor device is placed on the top surface of the fine
conductive W re-enbedded nenber to thereby establish electr.ical
connections between said termnals of the sem conductor device and the
correspondi ng conductor pads of said board through the fine conductive
wires of said fine conductive wre-enbedded nenber respectively.

8. The sem conductor device testing apparatus according toclaim7 in
whi ch said conductor. pads forned on the surface '
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of “said board are gol d pads. 9. The sem conductor device testing
appar at us accordi ng to claim7 in which said board has nulti-I|ayered

W ring patterns fornmed therein, said conductor pads formed on the
surface of the board being electrically connected with the correspondi ng
W ring patterns. 10. The sem conductor device testing apparatus
accordi ng to claim7 in which said sem conductor device to be tested is,
housed in a package of the surface nount type having
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-43> . terminals protruding parallel to each other fromits two opposed
si-des, said conductor pads are formed on two rows spaced apart by a
predeterm ned distance in the surface of said board, each row including a
multiplicity of conductor pads, the pitch of the conductor pads in each
row corresponding with that of the termnals of said sem conductor device
to be tested, and each conductor pad being elongated in a direction
perpendicular to the |longitudinal direction of the row 11. The

sem conductor device testing apparatus according to claim10 in which said
package of the surface nount type is TSOP.

M
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12. The sem conductor device testing apparatus accordlng to cIa|n17 I n

whi ch. sai d sem conductor device to be tested.s §@FFQHA h$ gthe
surface nmount type having terninals protruding para to eac rom
its four - sides, said conductor pads :being forned on the surface of sald
board at the positions opposi ng the respective termnals of the

sem conduct or device being tested. _ 13. The sem conductor device
testing apparatus according to clainfiE i n which said package of the
surface mount type is QFP. 14. The sem conductor device testing

appar atus accordi ng
to claim 1 in which said fine conductive wire-embedded member

is securedly fitted in a groove formed in the inner wall of

the lower portion of said device receiving carrier

3. The semiconductor device testing apparatus according
to claim 1 in which said fine conductive wire-embedded member
is secured to the bottom of said device receiving carrier by

fastener means.

4. The semiconductor device testing apparatus according
to claim 1 in which said fine conductive wire-embedded member

is securedly bonded to the bottom of said device receiving

carrier by suitable adhesive.

5. The semiconductor device testing apparatus according
to claim 1 in which the spacings between the adjacent fine
conductive wires of said fine conductive wire-embedded member

Qéﬁ are chosen to be 0.1 mm or approximately 0.1 mm.

6. The semiconductor device testing apparatus according
to claim 1 in which the insulator plate of said fine
conductive wire-embedded membér is a resilient rubber plate

or sheet, and said fine conductive wires are fine metal

wires.
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-44- to claim7 in which said sem conductor devi 0 |

housed in a package of the ball grid array structurégmmﬁﬁi éé&@ﬂ-
balls "arrayed in the formof a grid on the bottomthereof, said conductor
pads being fornmed on the™ surface.of gggl.board at the positions opposing.
the respective solder balls. 15. The sem conductor device testing
apparatus according to claim?7 in which the test head has a circuit board
with which said wiring patterns of said board nounted to the test head

are adapted to.be goRneemelcnd@ttbrideiide BOAE dnPeddihratus according to
claim 1 in which a4 test head of the semiconductor device testing
apparatus has boards mounted thereto, said boards being adapted at

upper surfaces thereof to be in contact with the bottom surface of

said fine conductive wire-embedded member during the testing of the
semiconductor device in said test section, each said board having
conductor pads formed__electrically insulated £rom each other on the

upper surface of said board at such positions as to correspondingly

oppose  to the respective terminals of the corresponding

semiconductor device to be tested when said semiconductor device is

o/ placed on the top surface of the fine conductive wire-embedded

member to thereby establish electrical connections between said

terminals of the semiconductor device and the corresponding
conductor pads of said board through the fine conductive wires of

said fine conductive wire-embedded member respectively.

8. The semiconductor device testing apparatus according
to claim 7 in which said conductor pads formed on the surface

of said board are gold pads.

. 9. The semiconductor device testing apparatus éccording
to claim 7 in which said board has multi-layered wiring
patterns formed therein, said conductor pads formed on the
surface of the board being electrically connected with the

corresponding wiring patterns.’

10. The semiconductor device testing apparatus according

to claim 7 in which said semiconductor device to be tested is

housed in a package of the surface mount type having RECLACEMINT SHEET
creALCMCNT o
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{57) Abstract

A semiconductor device testing apparatus which
does not need to change an IC socket with another cven 100 80
when the kind of IC package is changed. A bottom 1 01
portion of a device storage carrier (100) in which IC’s to 40
be tested are stored is opened, and a conductive thin
wire-buried member (110) comprising an elastic rubber - 41
plate (111), and a large number of conductive thin wires
(112) buried in a mutually insulated state in the rubber
plate so that these wires extend in the direction of the
thickness of the rubber platc and are exposed at both
end portions thereof to the outside of both surfaces of

the rubber plate is fixed to the opened bottom portion of WA

the device storage carrier, IC's to be tested being placed 70

on this conductive thin wire-buried member. A board . —

(70) provided with gold pads (72), which are formed in \ m
a mutually insulated state, is fixed to a test head in §§\

positions thereof which correspond at least to the

terminals of the IC's to be tested placed on the upper

surface of the conductive thin wirc-buried member. 71 7 2
When the IC's are tested in a test section (21), the lower

surface of the conductive thin wire-buried member is 111
brought into contact with the board, and the terminals of '

these IC's to be tested and the corresponding conductive 1 03 102

112

pads on the board are thereby connected together
electrically through the conductive thin wires.
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