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*Field This invention relates to a net hod of coné;ﬁléi % Z ration of a
rdf £ rér 5

test hand for pressing down an I C device (here ~ @ a$ an
| C) properly on 10 a socket according to the types of the I C and socket in
an | C handl er used for a sem conductor tester, a recording instrunent and a

controlli-ng/operating system 5 METHOD OF CONTROLLING I C
CONTROL SYSTEM USI NG THE SAME *@0002* Background Art 15 ;mmmmm has
been in common use as a semconductor tester. In the I C handler, an
transferred fromthe | C | oader EsEpga@eﬁ gnypt he rseclet of the ngﬁgﬁring

section. In this state, the pusher of the test hand presses the |IC against
the socket to 20 bring the contact section of the IC, such as the |ead

pins, into contact with e GOHAGNTRILE¥e SPEXEANDLER AND

CONTROL SYSTEM USING THE SAME

: N

Technical Field *G00002* |
This invention relates to a method of controlling
the operation of a test hand for pressing down an IC
device (hereinafter, referred to as an IC) properly on
10 a socket according to the types of the IC and socket
in an IC handler used for a semiconductor tester,
a recording instrument and a controlling/operating
system.
Background Art
15 An IC handler has been in common use as a
semiconductor tester. In the IC handler, an IC
transferred from the IC loader is plaqed on the socket
of the measuring section.. In this state, the pusher of
the test hand presses the IC against the socket to
20 brihg the contact section of the IC, such as the lead
pins, into contact with the contactor of the socket.
From the result of electric conduction, the tester
judges whether the IC.characteristic is acceptable.
Then, the unloader separates the IC from a reject and
25 holds it.
In recent years, the types of ICs to be tested
have been diversified and consequently the types

of sockets to hold them have also been diversified.



Fromthe result of electric conduction, the tester judges whether the IC
characteristic is acceptable. Then, the unl oader separates the IC froma
reject and 25 holds it. In recent years, the types of I1Cs to be tested
have been diversified and consequently the types of sockets to hold them
have al so been diversified. 2 Thus, the operating performance of the test
hand should be changed so as to deal witRR the type of IC. Since the

sem conductor tester is requested to process nany 1Cs in a short tinme, it
is desirable that the 1C 5 handl er should be functioned at hi gh speed.

However, the fiasd ereidCopd PLESSd NBe SPELHaREE0BES thbheeBR BandNeheae t he
| npact of the pusher on the IC when the pusher is pressed against the IC

and thus the S dishgdd f$o dstée d6al wivs ehet BgpbCo@ndcthessaeket 10
contactor may become shorter. To overcone those problens, a handl er, which

has been di sdseasbritdiductst . téPpen. iKKSyuPshkicabi piroches RalP983, is
devel oped. In this handler, the data of allowable contact pressure in each
type of | C hasds$ ireen st tedne p it FDs (fesppgbileskhabetbee&nd. When the
operator specifies the type of I1C, the CPU sends a signal to the control
val ve 0% t he Bwidlex sheulihtke funetioeegDatthéghb§perd.hyHeHEVEE cyl i nder
pressure for driving the test hand can be adjusted. 20 Furthernore, Jpn.
Pat. Appln. KOk fasterstherprocessing speed becomes, the more

increase the impact of the pusher on the IC when the
pusher is pressed against the IC, and thué the service
life of the.lead pins of the IC and the socket

10 contactor may become shorter.

To overcome those problems, a handler, which has
been disclosed in Jpn. Pat. Appln. KOKAI Publication
No.'9-89983, is developed. 1In this handler, the data
of allowable contact pressure in each type of IC has

15 been inputted in a FD (floppy disk) beforehand. When
the operator specifies the type of IC, the CPU sends a
signal to the control valve on the basis of the data
from the FD, thereby the hydraulic cylinder pressure
forldriving the test hand can be adjusted.

20 Furthermore, Jpn. Pat. Appln. KOKAI Publication
No. 10-227834 has disclosed a mechanism for making fine
adjustments to the proper pressure, speed, and
displacement of IC pressed into a socket according to
the type of IC.

25 In the above methods currently in use, however, it
is required to input IC handler data for each type of

IC into the computer in advance. And what is more,
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No. 10-227834 has disclosed a mechanismfor nmaking fine adjustnments to the
proper pressure, speed, and displacenent of IC pressed into a socket

- according to the type of IC. 25 In the above nmethods currently in use,
however, it is required to input IC handler data for each type of I1Cinto
the conputer in advance. And what is nore, 3 these data may be obtai ned

t hrough experience based on the pin pressure per |ead pin, the nunber of
pins and the allowabl e displacenment of the socket contactor. However,
since the ICis pressed down by the test 5 hand as it is in a socket, it

may not be assiyad Il rdie Bl di98a PRSE I RFoL SR éﬁgé'fiéﬁéed%@eht eHs are

al ways proper. For exanple, as the working speed of the test hand is

increased to MHRCYSH td¥eddurd ;m:ghlé@@glslin;h@heiﬂ@ﬁséroaftbenbcahappens
and becones |arger when the 10 test hand hits the I C package. In addition,

the inpact famee di9dwdAle dispreeatehibeofetRei abckétesghbaetokthe |C
| eads or socket contactor and do damage to the 1C package. D sclosure of

I nvention 15 Accor diswpvwer | heincesend Iovest ppassedt dophobydeheakegper ati on
met hod and systemfor an IC handler to control properly the pushing
pressuré, opertamndig@spaeds aml ali sptlkeenent wéythettlkst ahandedctbati ng to
the types of IC and socket. 20 To achi eve the foregoi ng object, the
oper at i ng the values based on the specified data items are always
proper. For example, as the working speed of the test
hand is increased to process the IC at high speed, the
impact on the IC happens and becomes larger when the
10 test hand hiﬁs the IC package. In addition, the impact
force is likely to exceed the material strength of the
IC leads or socket contactor and do damage to the IC
package.
Disclosure of Invention
15. Accordingly, the present invention is to provide
an operation method and system for an IC handler to
control properiy the pushing pressure, operating speed
and displacement of the test hand according to the
typés of IC and socket. |
20 To achieve the foregoing object, the operating
method of the working of test hand to control
appropriately the pushing force, operating velocity and
displacement thereof in the IC handler is invented.
In order to realize the above-mentioned object,
25 the control method of the test hand for pushing the
contact of the IC on the socket of the IC handler

comprises the step of measuring data by means of



met hod of the working of test hand to control appropriately the pushing
force, operating velocity and displacenent thereof in the IC handler is
invented. In order to realize the above-nentioned object, 25 the control
met hod of the test hand for pushing the contact of the I1C on the socket of
the IC handler conprises the step of nmeasuring data by neans of 4 sensors
through t'he trial to press an IC on the sacket repeatedly by the test
hand, so as to obtain data representing the |oad, the acceleration or
velocity, and the anmount of thrusting displacenment of the test 5 hand

until the Stomié%ﬁp uﬁggeraetefsishptef PEE@S aﬁSECh%d&mn%%k%twth

the 1C obtaining the conbi spring constant K of the |1 C socket; and

det erni ning thge é@éé@l‘y%#@ﬁé pasd 8aAnas 58 WAr kot BetaApagathorce to an
| C becom ng snaJ?er than the all owabl e press force. 10 Furthernore, a

control system&brédenpiv§ethe Lo¥eNtthe aegplegatidn! oad veaweatkyf,or
detecting the press force of the test hand applied to an IC, an

accel eration semdothé oamoehecdf nghthstdngr dicplacenkati bf @heateeslterati on
of the test hand; a 15 displacenent sensor for neasuring the thrusting
di spl acenent chandigunthel tthe $toppabenthbeebéstfhandtheonsp ioft aheont act
with the ICuntil it stops; and control neans for not only cal culating the
conbi ned spritgstomndantofbacthewithahleal€ockbtasninge thesicompinga t he
data itens fromthe individual sensors, but also .
spring constant K of the IC socket; and determining the
motion of test hand so as to work the impact force to
an IC becoming smaller than the allowable press force.
10 ' Furthermore, a control system of the present
invention compriseé a load sensor for detecting the
press force of the test hand applied to an IC; an
acceleration sensor for detecting the operating
velocity or acceleration of the test hand; a
15 displacement sensor for measuring the thrusting
displacement during the time from when the test hand
comes into contact with the IC until it stops; and
control means for not only calculating the combined
spring constant for the IC and a socket on the basis of
20 the data items from the individual sensors, but also
controlling the driving of the test hand on the basis
of the individual data items so that the press force,
velocity, and displacement may reach such values that
make the impact force acting on the IC equal to or

25 smaller than an allowed value and speed up the

operation of the test hand to the maximum.



controlling the driving of the test hand on the basis of the individual
data itens so that the press force, velocity, and displacenent may reach
such val ues that nmke the inpact force acting on the IC equal to or 25
smal l er than an all owed val ue and speed up the operation of the test hand
to the maximum 5 Brief Description of Drawings FIG 1 illustrates a
schemati ¢ bl ock diagramof a test hand céntr ol system according to an
enbodi ment of the present invention. 5 FIG 2 shows a flowchart to explain
the operation of the conputer in the enbodinment of FIG 1. FIG 3 shows a
sectional view showi ng a stBttefwhesertpeipusbér Dpasingsd at the tip of the
test hand presses an |IC against the socket. 10 FIG 4 shows a perspective
vi ew of an exanpl e RXfG. dn 1l ustihetessa esich¢n& 16 Bhook diperspeefi ve vi ew
of an exanple of a socket used with the ICof FIG 4. FIG 6.is a
perspective visewestowiang aosttatad e eem 1&cqord paghe? pReeBRedEBRAtt he
protective plate of the socket via the |IC package, causing the contact
pins of the sdckdte gresent S.nveipridect fromthe protective plate. Best

Mode for Carrying Qut the Invention 20 FIG 1 is a block diagram show ng
the ovebBal | configliii ch THOWS cdk kAYCRISE ko1 B¥PLARN B8R RRRFALACN

of the computer in the embodiment of FIG. 1.

FIG. 3 shows a sectional view showing a state
where the pusher provided at the tip of the test hand
presses an IC against the socket.

10 FIG. 4 shows a perspective view of an example of
an IC to be tested.

FIG. 5 shows a perépective view of an example of
a socket used with the IC of FIG. 4.

FIG. 6 is a perspective view showing a state where

15 the pusher presses down the protective plate of the
socket via the IC package, causing the contact pins of
the socket of FIG. 5 to project from thé protective
plate.

Best Mode for Carrying Out the Invention

20 FIG. 1 is a block diagram showing the overall
configuration of a control system for the test hand in
an IC handler according to an embodiment of the present
invention.

The upper half of FIG. 1 schematically shows an IC

25 test section composed of a pulse motor 3, a driving
circuit 17, a test hand 1, a pusher 8, an IC 5,

a contactor 4, and a socket 2. At the tip of the test



an | C handl er according to an enbodi nent of the present invention. The
upper half of FIG 1 schematically shows an IC 25 test section conposed of
-a pulse nmotor 3, a driving circuit 17, a test hand 1, a pusher 8, an |IC 5,
a contactor 4, and a socket 2. At the tip of the test 6 hand 1, a | oad
sensor 9 using a strain gauge |load transducer and a strain gauge

accel eroneter 10 are provided. A noncont&cting displacenent sensor 11
usi ng an eddy-current displacenent neasuring device is 5 provided on a
frame F4 that supports the socket 2. A lightweight, rigid alumnumarm?7 to

hol d a target fqt I spl tgs 1.§ ' th
nd'1 g%fﬂ%%Pﬁ%%?ﬁﬁPs% €888 d1stsaPhoyhded abawe the

pusher 8. The Tower h ows a"systemfor 10 col |l ecting and

processing the. &l 8edid&r Shgad Ss €L nbyaufbease8s8E6m8te? 1. aFhe control
systemis conposed of an anplifier 12, an A/D converter 13, a conputer 14,

and a D/ A conys¥d®iddd. Thensheshtaseingi gDsptaserendi gehisaed 1y ushagh D
converter and then the arithnmetic 15 process is executed by a conputer.

Wien the oper ajn adddpichieedt! §psphaoemenbagebubengdiested, is control
signal is sent to the driving circuit 17. Detailed explanation will be

gi ven bej ow. Iprdyfded, o he Prame POtOha8 sappoxed ehet Beckep 20 end of
test hand body 1. At the lower end of the test hand body 1, the pusher 8
i s provided i suidhtwebginey rigid aluminum arm 7 to hold a target 6
of the displacement sensor 11 is provided above the
pusher 8.
The lower half of FIG. 1 shows a system for
10 collecting and processing the electric signals sent by
the sensors 9 to 11. The control system is composed of
an amplifier 12, an A/D converter 13, a computer 14,
and a D/A converter 16. The electrical signals are
digitized by the A/D converter and then the arithmetic
15 process is executed by a computer. When the operation
of the pulse ﬁotor 3 has to be adjusted, a control
signal is sent to the driving circuit 17. Detailed
explanation will be given below.
In FIG. 1, the pulse motor 3 is fixed on the top
20 end of test hand body 1. At the lower end of the test
hand body 1, the pusher 8 is provided in such a manner
that it can move up and down freely. At the tip of the
pusher 8, a suction hole 20 for causing the IC 5 to
adhere to the tip by suction at air pressure is made.
25 The suction hole 20 is connected to a compressor 21 via

an air hole made inside the pusher 8 and test hand

body 1.



that it can nove up and down freely. At the tip of the pusher 8, a suction
hole 20 for causing the IC5 to adhere to the tip by suction at air

- pressure is nade. 25 The suction hole 20 is connected to a conpressor 21
via an air hole nade inside the pusher 8 and test hand body 1. 7 Because
the support plate F1 is joined to the pulse notor 3 and the pusher 8 is
fixed onto the support plate F2 via a |odd sensor 9 and a frame F3, the
pusher 8 and support plates F2, F3 are noved up and 5 down as one piece by
the pulse notor 3. on the other hand, the socket 2 on the frane F4 is

provi ded bel ow t he pasiese Behdheugpstachoatd F$ iBrgvided b ithe I C
acceptor of the socket 2 so that 1t may touch the contacts of the I1C 5,

such as the | gafisse Mbdde Fensdrtive pdshende D& Eigbwengbt takum num is
fixed rigidly to the frane F2. At the |lower end of the sensor arm7, the
target 6 for sumpttgeletd BEmnsba aslpadvseepsorn9dsand a freamer FBhat it
faces the displacenent sensor 11 provided on the frane F4 on 15 which the
socket 2 is plEdoedusher & coldrsupporsepiatesF2s Psoardenovrtdouphend ower
frame F3 of the pair of franes F2, F3. The test hand 1 has the pusher 8 at
its | owdr end.dowwlla®renry pirce ®Y vhyespelsenmatortd.tip, the pusher 8 20
I's noved up and down by the pulse notor 3. The test hand 1 can adjust the
pushi ng pressure orPR hehe coshgprghand, the socket 2 on the frame F4 is

provided below the pusher 8. The contactor 4 is
provided at the IC acceptor of the socketl2 so that it
méy touch the contacts of the IC 5, such as the leads.
10 The sensor arm 7, made of lightweight aluminum, is
fixed rigidly to the frame F2. At the lower end of the
sensor arm 7, the target 6 for a displacement sensor
is provided in such a manner that it faces the
displacement sensor 11 provided on the frame F4 on
15 which the socket 2 is placed.
The acceleration sensor 10 is provided onto the
lower frame F3 of the pair of frames F2, F3.
The test hand 1 has the pusher 8 at its lower end.
Adhering the IC 5 by suction at its tip, the pusher 8
20 is moved up and down by the pulse motor 3. The test
hand 1 can adjust the pushing pressure on the IC 5 and
socket 2, the working speed, and the .thrusting
displacement of IC by controlling the number of
revolutions and rotational speed of the pulse motor 3.
25 As described later, the test hand 1 is designed to be
decelerated just before the tip of the pusher 8 comes

into contact with the socket 2 so as to alleviate its



socket 2, the working speed, and the.thrusting displacenent of |IC by
controlling the nunber of revolutions and rotational speed of the pul se
notor 3. 25 As described later, the test hand 1 is designed to be

decel erated just before the tip of the pusher 8 conmes into contact with
the socket 2 so as to alleviate its 8 inpact on the IC 5 and socket 2. The
| oad sensor 9 is for detecting the pushin§ pressure of the test hand 1, or
the pusher 8, on the IC 5 and socket 2. The | oad sensor is provided
between 5 the frames F2 and F3. The accel eration sensor 10 is wused for

detecting the i&%@r&{ I{HE Ofc & CdredO0so®ktet 2, vel ocity when the test hand
1 goes down. A strain gauge sensor or piezoelectric sensor can be used as

the acceleration sgworodd. sés@ece®! £6atbpndecaseingayhbephB8hiagd i n pl ace
of the velocity sensor. In this case, the velocity can be obtained by
differentiati nresuumy icflihe ttestlilgind zed ontthefpdssekabenent thg @€ans

of the conputer 14. The displacenent sensor 11 is for neasuring the

di spl acenent B famingdokeinsd ¢ i dihg ubvad Ssemsor els hproCidedt bekwbgnsucti on
to the pusher 8 conmes into contact with the contactor 4 of the socket 2 to
the posi5ti on dthemfiramahe& duaidrF3B. stBpe atcelepathon sARaSr 46wAS In the
enbodi ment, an eddy current noncontacting neasuring device is used as the
20 di spl acememsesbifRy deteqickng e ercce her2bhPR gdF adi 6haBeet RE EBRtro

velocity when the test hand 1 goes down. A strain
gauge sensor or piezoelectric sensor can be used as the
acceleration sensor 10. An acceleration sensor may be
10 used in place of the velocity sensor. In this case,
the velocity can be obtained by differentiating
numerically the digitized data of displacement by means
of the computér 14. Thé displacement sensor 11 is for
measuring the displacement D from the position just
15 before the IC 5 stuck by suction to the pusher 8 comes
into contact with the contactor 4 of the socket 2 to
the position at which the pusher 8 stops after being
thrust down. In the embodiment, an eddy current
nonéontacting measuring device is used as the
20 displacement sensor 1l1l.
Hereinafter, the configuration of the control
system for controlling the operation of the test hand 1
will be explained by reference to FIG. 1.
The pulse motor 3 and the compressor (not shown)
25 are connected to the driving circuit 7, which controls

the number of revolutions and rotational speed of each

of them.



system for controlling the operation of the test hand 1 w1l be explained
by reference to FIG 1. The pulse notor 3 and the conpressor (not shown)

25 are connected to the driving circuit 7, which controls the nunber of
revol utions and rotational speed of each of them 9 On the other hand, the
output term nal of each of the |oad sensor 9, acceleration sensor 10, and
di spl.acement sensor 11 is connected to thé anplifier 12. The anplifier 12
anplifies the faint electrical 5 signal, which is then converted by the A/D
converter 13 into a digital signal. The digital signal is supplied to the

CPU 18 of the conpupgrtié. otherchERdl ethédoutPplitCheiriGnaded A 2@ WH NY
circuit 15 connected to the CPU 18 and a nenory M controls the operation

of the 10 entitleesysé&nsedser nepoaycdlepatidassanBoM 10, wanah the
operating prograns for the CPU 18 are stored and a RAMfor tenporarily
storing the dad bsphacemnent heensonplli hg conpactedStosthecamgddfi®re out put
data fromthe conputing. circuit 15 is 15 converted by the D/ A converter
16 into an analdg Ehegnamplihienh 12 supplifédsathenfrmstr edecsricalt he
driving circuit 17 for operating the pulse notor 3-and conpressor. In the
above sybstem coHigngbr avhoah ipcthapl Fenverted by shpl AYPesonertgirtl 3anal og

electric signals fromthe sensors 9 to 11. The A/D _converter 13 digitizes
t he into a digital signal. The digital signal is supplie

to the CPU 18 of the computer 14. The computer 14,
which includes a computing circuit 15 connected to the
CPU 18 and a memory M, controls the operation of the
10 entire system. The memory M includes a ROM in which
the operating programs for the CPU 18 are stored and a
RAM for temporarily storing the data used in the
computing circuit 15 is recorded.
The output data from the computing circuit 15 is
15 converted by the D/A converter 16 into an analog
signal, which is supplied as an instruction to the
driving circuit 17 for operating the pulse motor 3 and
compressor.
In the above system configuration, the amplifier
20 12 amplifies the faint analog electric signals from the
sensors 9 to 11l. The A/D converter 13 digitizes the
amplified analog signals and sends the resulting
signals to the computer 14. According to the setting
program, the CPU 18 of the computer 14 will make the
25 computing circuit 15 to perform'the arithmetic
processing for comparison the measured data with the

stored data in the memory M and give an instruction the



anplified anal og signals and sends the resulting signals to the conputer

" 14. According to the setting program the CPU 18 of the conputer 14 w ||
make the 25 conputing circuit 15 to performthe arithnetic processing for
conmpari son the neasured data with the stored data in the menory M and give
an instruction the 10 test hand 1 to do an optimum work correspondi ngly
with the types of the I1C5 and socket 2.1The operator can keep watch on
the nonitor what the process is going in every tine. 5 Hereinafter,
referring to FIGS. 3 to 6, a state where the IC5 is pressed against the

contactor 4 Ofteébehéxs)&kft & @89ahhgpeenhingubak QBrQEsFQ%di?@K tvAeH |1 be
explained. In FIG 3, the base 2a of "t he socket I's placed 1 on the

frame F4. As shoancype&| &5 tReafd §. afi@nkaeketPlNs Zheabpeg@ltott kinght at
the base 2a. The tips of the contact pins 2b are inserted into the through

hol es 2a madexédp awESheshi ¥RePhohetde. whhe phet pebteespliat godagaria hel d
above the base 2a 15 by the four supports or protective pins 2e inserted

into through hefesy mafiei n the four corners of the plate 2c and the coi
springs 2f provided around the protective pins 2e in such a manner that
the plate 2c can nRgeelipadndrdopefessingowo FIGEL.G3 To the acawtat) springs
2f are normally set so that they may have such tension as raises the
protective pl atleeRe theth@ Bxisnpressed against the contactor 4 of
the socket 2 and the configuration of the socket 2 will
be explained.
In FIG. 3, the base 2a of the socket 2 is placed
10 on the frame F4. As shown in FIGS. 5 and 6, contact
pins 2b are set straight at the base 2a. The tips of
the contact pins 2b are inserted into the through holes
2a made in a protective plate éc.
The protective plate 2c are held above the base 2a
15 by the four supports or protective pins 2e inserted
into through holes made in the four corners of the
plate 2c and the coil springs 2f provided around the
protective pins 2e in such a manner that the plate 2c
can move up and down. As shown in FIG. 5, the coil
20 springs 2f are normally set so that they may have such
tension as raises the protective plate 2c to the extent
that the contact pins 2b will not p;oject from the
surface of the protective plate 2c.
When the IC 5 conveyed by an IC loader (not shown)
25 is stuck by suction to the tip of the pusher 8 and

placed on the socket 2 and the pusher 8 presses down

the IC 5 on the socket 2, the protective plate 2c which



that the contact pins 2b will not project fromthe surface of the

" protective plate 2c. Wen the IC 5 conveyed by an I C | oader (not shown) 25
is stuck by suction to the tip of the pusher 8 and placed on the socket 2
and the pusher 8 presses down the IC 5 on the socket 2, the protective
plate 2c which 11 allows the contact pins 2b to project fromthe surface

to the protective plate 2c as shown in FIXd 6, is forced to nove downward.
FIG 3 shows a state where the IC 5 stuck by suction to the tip of the
pusher 8 5 has just cone into contact with the protective plate 2c. The

socket 2 put Qi it femedtddt fhxed ANdio PEAS $6&€0E BYm CONET SugBadad 24.
As shown in FIG 4, for exanple, the IC5 has a 10 square shape of thin

flat-plate and gHeligdotadtiafe Blatearc phdissHwRr £n SFICK Opti&rom each
side of a plate. In addition to the case shown in FIG 4, there are

vari ous net hodprafeds aiimoige alowivetd i cal'I1G cohneltdwmna bet aeenwhéeel C and
the socket. They include 15 a spring contact nethod in which the IC s |ead
pins are brouwghkt 1INt snrdladdy vBudtide socklee biptdhe spheipgshed 8a
conductive rubber nethod in which the mnute solder balls forned at one
sur faces5of théasC jpisat ecdmse himumhtontad wbth ache wrdtedeivenducti ve
particles enbedded in 20 a rubber socket (not shown). Wile in the

enbodi nent, tipd.at® Rd.s stuck by

The socket 2 put on the frame F4 is fixed and
protected by covers 23 and 24.

As shown in FIG. 4, for example, the IC 5 has a

10 square shape of thin flat-plate and a plural number of
lead pins 5b are stuck out from each side of a plate.

In addition to the case shown in FIG. 4, there
are various methods of securing an electrical
connection between the IC and the socket. They include

15 a spring contact method in which the IC's lead pins are
brought into contact with the socket by the spring and
a conductive rubber method in which the mihufe solder
balls formed at one surface of the IC plate is brought
into contact with the conductive particles embedded in
20 a rubber socket (not shown).

While in the embodiment, the IC 5 is stuck by
suction to the pusher 8 on the test hand 1, the IC may
be placed on the socket directly from the IC loader so
as to be pressed by the pusher.

25 The operation of the IC handler constructed as
described above will be explained.

First, using the data from the sensors 9 to 11,



suction to the pusher 8 on the test hand 1, the IC may be placed on the
socket directly fromthe IC |oader so as to be pressed by the pusher. 25
The operation of the I C handl er constructed as described above will be
expl ained. First, using the data fromthe sensors 9 to 11, 12 the CPU 18
determ nes the pushing pressure, the allowable inpact force, the working
speed, arid the thrusting displacenent asl#ollows. Pushing Pressure 5 |f
the spring constant of the I1C leads 5b is KL and the resultant spring
constant of coil springs 2f of the socket 2 is K2, a conbined spring
constant K carcHe crbt B8 ndeh ymbnds nghéhpushinggpeesstiznt, ehethe 1 C 5 and
that of the socket 2 as follows: 10 K = (K1 + K2)/K1-K2 Using the pushing
pressure | oad A Xsissledityadbeforoagd skhasworRingt bpebkd,pasdeth® i n cont act
with the IC 5 and the thrusting displacement S of the IC 5 neasured by

t he di spl acenetfirsstisoy dilspheceméet | £&s5fo3lbwaered 15 a specific distance
fromthe position where the pusher 8 nakes contact with the IC5 within
the socket 2, the RashengfPKessuabso given by: K=P/5 Were, the thrusting
di spl acenent S of the pusher 20 8 is the distance fromthe position of the
pusher & when the atfethkeaspohngfcohetposhef 8hehafgéeaksombzdiso K1

and the resultant spring constant of coil springs 2f of
the socket 2 is K2, a combined spring constant K can be
obtained by adding the spring constant of the IC 5 and
that of the socket 2 as follows:
10 K = (Kl + K2)/K1+K2
Using the pushing pressure load P detected by the
load sensor 9 with the pusher 8 in contact with the IC
5 and the thrusting displacement 6 of the IC 5 measured
by the displacement sensor 11 when the IC 5 is lowered
15 a specific distance from the position'where the pusher
8 makes contact with the IC 5 within the socket 2, the
value of K is also given by:
K =P/§
Where, the thrusting displaceﬁent 6 of the pusher
20 - 8 is the distance from the position of the pusher 8
when the acceleration of the pusher 8 changes from zero
to a specific negative value at the moment the IC 5
comes into contact with the protective plate 2c to the
position to which the pusher 8 is lowered a specific
25 distance predetermined by the IC 5, or to the position
at which the pusher 8 is brought to a stop by the

computer 14 when the pushing pressure load P has



~to a specific negative value at the noment the 1C5 cones into contact
“"with the protective plate 2c to the position to which the pusher 8 is

| owered a specific 25 distance predetermned by the IC5, or to the
position at which the pusher 8 is brought to a stop by the conputer 14
when the pushing pressure |oad P has 13 exceeded a prescribed val ue. The
thrusting displacenent Sis the sum(6 =1% 1 + 6 2) of the anount of

defl ection bl when the |lead pins 5b of the IC5 are pressed by the contact
pins 2d of the socket 2 and the 5 length of contraction 62 of the coi

springs 2f sgﬁ@;&éﬂ}é@ 4 Nor QL OL B5LE VEaPLBt € 2he (RHEuYRIHES Of 61 and 6 2

are determ ne e spring constants K1 and K2, respecCtively. |npact

Force 10 Wen dhg,ldeem&dies Hapide/ dui O foat aEi wi s § her ProOtafduve
plate 2c serving as the contactor 4, the inpact force may be produced and
can be eval uatgxd ddfreceishmanae wherd he/alddd tpidASE A thd/Qc o dke
pusher 8 during the time of At before and after the contact. 15 The

i pul se force gredie@bpYthe Fcontact P 2dAsEsers soorethe ahavehe
equation, if the velocity VO of the pusher 8 before contact has been
decreased sufffdmgtmntdy conprdetion 6/ of wire vl igpwingei2§ of 20 the
test hand 1 and it could be kept constant until the I1C 5 stuck by suction
to the tip of duppqutsitey thegmestective plate 2c. The values of 61

and 02 are determined by the spring constants K1 and
K2, respectively.

Impact Force

10 When the IC 5 comes rapidly into contact with the
protective plate 2c serving as the contactor 4, the
impact force may be produced and can be evaluated from
a change in the velocity (AV = V1 - V0) of the pusher 8
during the time of At before and after the contact.

15 The impulse force is given by:

F=m(AV/At)

As seen from the above equation, if the velécity
V0 of the pusher 8 before contact has been decreased
sufficiently compared to the given working velocity of

20 the test hand 1 and it could be kept constant until the
IC 5 stuck by suction to the tip of the pusher 8 comes
into contact with the protective plate 2c, the impact
force at the time of contact can be extremely small or
zero. In the above equation, AV/At is defined as the

25 acceleration and it can be detected by the acceleration
sensor 10.

on the other hand, the reaction force generated by



into contact with the protective plate 2c, the inpact force at the tinme of
" contact can be extrenely small or =zero. In the above equation, AV/At is
defined as the 25 acceleration and it can be detected by the accel eration
sensor 10. On the other hand, the reaction force generated by 14 the
contact of the IC5 with the socket protective plate 2c is equal to the
pushing force P applied to'the |1C 5. Thelfiorce P is detected by the | oad
sensor 9 (load cell) provided above the pusher 8. Let the mass 5 of the
pusher 8 at the tip of the test hand 1 m the inpact force F can be

eval uated as tige PESHUL . 0bs M AB1CACRLERALHAN sBSAEROWE debdiigeabove
equation. Wrking Velocity The working velocity V(t) of the pusher 8 of the
10 test hand épﬁét@ BEVES ELUB1t t62BnBe pAY%Al WAt ed ko QPN tthe the

di spl acenent data D(t) neasured by the "sensor 11 or the acceleration data
A(t) neasured by $he TBens6fcdOpragsf ablkewtedVoy) thel Dol sebsor 9At )}/ At

15 V(t) = V(t - At) + A(t) At Thrusting D splacenent The thrusting

di spl acenent 6(lgadateb®) optavibedd abowet hhedpuizhbt B .medsitr edebynasise

di spl acenent sensor 11 as follows: 20 S(t) = D(t) - D(t - 0t) On the

ot her hand, theffohe opusigeda8aatt ehe hapeof the test hand 1 m, the

impact force F can be evaluated as the product of m and
acceleration as shown in the above equation.

Working Velocity

The working velocity V(t) of the pusher 8 of the
10 test hand 1 at a given time t can be evaluated from
either the displacement data D(t) measured by the
sensor 11 or the acceleration data A(t) measured by the

sensor 10 as follows:

V(t) = {D(t) - D(t - At)}/At

15 V(t) V(t - At) + A(t)-At

Thrusting Displacement

The thrusting displacement 6(t) can be obtained
from the data D(t) measured by the displacement sensor
11 as follows:
20 6 (t) = D(t) - D(t - At)
on the other hand, the following data items have
been inputted into the memory M of ﬁhe computer 14 in

advance:
(1) The working velocity V of the test hand 1
25 (pusher 8). This is determined by the number of
revolutions and rotational speed of the pulse motor 3.

(2) The braking position HB and position to be



been inputted into the nenory Mof the conputer 14 in advance: (1) The

wor king velocity V of the test hand 1 25 (pusher 8). This is determ ned by
- the nunmber of revolutions and rotational speed of the pulse notor 3. (2)
The braking position HB and position to be 15 stopped HS (see FIG 1) of
the test hand 1. (3) The decreased velocity VO of the pusher 8 after

braki ng. This can be determ ned by regul atlisng the nunber of revol utions
and rotational speed of the 5 pulse notor 3. (4) The allowable thrusting

di spl acenent 5a (the anount of displacenent fromthe position where the IC

5 cones into ggﬁ%ﬁga ﬁ%ﬁQ§EaeFﬁhgtq?BBF§fﬂ#ﬁgia|Céﬁgﬁfhg socket 2 to the

position where t pus st ops). e pushing force Pa

(evaluated from thesthrgsll gcHewRleAr /BN iR Pivd s RUshgfushandg the

conbi ned spring constant K). The data processing and conmputing processes

carried by thea€Pbr1Bruklihghe explsaicaed ey dedfeamiierl by rydle ifdgpwchart
of FIG 2. First, the pusher 8 of the test hand 1 presses repeatedly the

| C 5 agai nst tbrecAOhBetobfdrelollbeioheckeld Zovativnalr eiperid \wf fie 2c to
nmeasure the | oad P and di splacenent D, and then cal cul ates the conbined 20

spring c®nst anpuksefmbherl .5 and socket 2 (step SO . The pushing pressure
I s set under the prescribed val ue

(4) The allowable thrusting displacement da (the
amount of displacement from the position where the IC 5
comes into contact with the protective plate 2c¢c of the
socket 2 to the position where the.pusher 8 stops).

10 (5) The allowable pushing force Pa (evaluated
from the thrusting displacement § of the pusher 8 and
the combined spring constant K).
' The data processing and computing processes
carried by the CPU 18 will be explained by reference to
15 the flowchart of FIG. 2.

First, the pusher 8 of the test hand 1 presses
repeatedly the IC 5 against the contactor 4 of the
socket 2 or the protéctive plate 2c to measure the load
P énd displacement D, and then calculates the combined

20 spring constant K of the IC 5 and socket 2 (step S0).
The pushing pressure is set under the prescribed value
given to the IC 5 and socket 2. Pressing the IC 5 more
than once and averaging the results will minimize
errors in the measured data of load P and displacement

25 D, and then the more precise data may be obtained.

In the next step S1, the initial conditions,

including the operating velocity V of the test hand 1,



: giveh to the 1C5 and socket 2. Pressing the IC5 nore than once and

averaging the results will mnimze errors in the neasured data of |oad P
- and di splacenment 25 D, and then the nore precise data may be obtained. In
the next step Si, the initial conditions, including the operating velocity

V of the test hand 1, 16 the braking position HB and the position to be
stopped ‘HS of the test hand 1, the decreb&sed velocity VO after braking,
the all owabl e thrusting displacenent 6a, and the all owabl e pushing
pressure Pa, are inputted 5 together with the conbi ned spring constant K

obtai ned at st r f t I r 3
driven by thesth%olb\??#gﬂ%:l rcﬁi%wl%%T%s%%C%§gﬁ%nsg? Be ?@oﬁBEQ

preparations fuy ot aHdIR ¥y enhdirem edee dé@ré%@p@é%éityuvosaﬁﬂekhe
start switch at step S22, which starts the control operation. Then, the

pul se notor PpraNidies tie glowdishs incus hienpushepl 8cemnenbe § at,esandland 1
noves downward rapi Iy fromthe initial position. The CPU 18 checks the

nunber of revahd ialliowdbld gushing serewswre 3Pdy @veninpgttéd nunber of
pul ses sent fromthe driving circuit 17. when the nunber of pulses has
anmount ed t o t hegatiear wiorh edponobmigined t syerihy akomgt posti Ki ohtainefie t est
hand 1, the CPU 18 sends the driving circuit 17 an instruction to brake
the 20 pul se mit gteh A irtic thagesmere MPU 18 takes in the input data
If necessary, the pulse motor 3 driven by the
driving circuit 17 is adjusted at step S21.
After preparations for startup have been made,
10 the operator turns on the start switch at step S22,
which starts the control operation. Then, the pulse
motor 3 rotates at high épeed and the pusher 8 of the
test hand 1 moves downward rapidly from the initiai
position. The CPU 18 checks the number of revolutions
15 of the pulse motor 3 by counting the number of pulses
sent from the driving circuit 17. When the number of
pulses has amounted to the number corresponding to the
braking position of the test hand 1, the CPU 18 sends
the'driving circuit 17 an instruction to brake the
20 pulse motor 3.
At this stage, the CPU 18 takes in the input data
from the sensors 9 to 11 at step S23. As a result,
load data P(t), acceleration data A(t), and
displacement data D(t) at time t are stored in the
25 memory M at steps S3, S4, and S5, respectively.

Using acceleration data A(t) taken in at step S4,

the decreased velocity V1(t) of the pusher 8 is



_fromthe sensors 9 to 11 at step S23. As a result, load data P(t),

" acceleration data A(t), and displacenent data D(t) at tine t are stored in
“the 25 nenory Mat steps S3, S4, and S5, respectively. Using accel eration
data A(t) taken in at step S4, the decreased velocity V1(t) of the pusher
8 is 17 determned at step S7. At the same tine, using displacenent data
D(t) taken in at step S5, the alternativk/ decreased velocity V2(t) of the
pusher 8 is determned at step S8. 5 A check.is made to see if the velocity
V1(t) is equal to the velocity V2(t) at step S9. If the difference

bet ween them i ¥ tRidad aldyed) e eff Ofne FRANE. L ONE, Ohsihg vel ocity data
ﬁ e, 2(t

Itens, for exanp i's conpared with the initial vel oCity VO after

10 braki ng segiﬁgrggghéggldagatgﬁtpiggﬁgﬁnp@ Petyeey ssheghes within the
normal range, the next operation wll be proceeded.” When the neasured

velocity is | ane@rddtdvd RecididddlveBdc vey U2 W) dheck8apgshet 8hes
braking 15 position HB is set at step S11. Then, the control proceeds from

step S24 to St eThinditers: tdedrseki ng position HB is changed to a
position closer to the socket S2. After the braking position HB has been

changeds 20 the d&t alieck gkemade agai seanilf t tike veébociyyave (tgotdpared at
steps $4, S5, S7, S8, S9, and 510.
equal to the velocity V2(t) at step S9. If the
difference between them is within the allowable error
range, one of the velocity data items, for example,
V2(t) is compared with the initial velocity VO after
10 braking set at step S10. 1If the difference between
them is within the normal range, the next operation
will be proceeded.
When the measured velocity is larger than the
initial set value V0, the change of the braking
15 position HB is set at step S11. Then, the control
proceeds from step S24 to step S2, where the braking
position HB is changed to a position closer to the
socket S2.
. After the braking position HB has been changed,
20 the data is taken in again and the velocity are
compared at steps S4, S5, S7, S8, 89, and S10.
on the other hand, in parallel with £his, the
contact pressure force P(t) between the IC 5 and socket
2 is measured directly by the load sensor 9 at step S3.
25 This measured load is assigned'to Pl(t). At step S6,

the contact pressure force P(t) is calculated from the

mass m of the pusher 8 and the acceleration A(t). The



. On the other hand, in parallel with this, the contact pressure force P(t)

" between the IC 5 and socket 2 is neasured directly by the | oad sensor 9 at
" step S3. 25 This neasured load is assigned to P1(t). At step S6, the
contact pressure force P(t) is calculated fromthe mass mof the pusher 8
and the acceleration A(t). The 18 result of the calculation is P2(t). PIL(t)
Is conpared wth P2(t) at step S12. Evenl®hen they are equal or differ
slightly, the |oad, for exanple, Pi is conpared wth the allowabl e pushing
pressure Pa in the nenory M 5 at step S13. As a result, when P(t) 5 Pa, or

when the 'Wpa%esépé%f'éhw émeuwelah' 9@@9&%9%9%(Ehel@eébmgra%@tIon

Is to be continued. P(t) I arger than Pa, nber of revol utions

or rotational @p@ﬁdpé/ ©f a@eséQs%psh?e By eh WhbA €Reveazedediuait @ S14, and
then control returns to step Furthernore, the displacenent data D(t)

obtained at siepree, smyleblya the 18é§$th‘.89 diksppaegnent ief coh@ared 5 to
the socket 2, is conpared with the allowed 15 value 6a in the nenory M

Wien D(t) exceﬁﬂ@h6@net£|mov@é)angepoéhthg ptepspoei PaotinHEhef mehergusher 8
of the test hand 1 is set at step S16, and control returns fromstep S24
to step s52. Thet cédeegesdl. HS i s made by changing the stroke of the pusher
8 of the test hand 1, 20 or the total nunmber of revolutions fromthe start
to stop of the pulse aotesudt, when P(t) = Pa, or when the impact
force is within the allowable range, the next operation
is to be continued. If P(t) is larger than Pa, the
number of.revolutions or rotational speed V of the
10 pulse motor 3 is decreased at step S14, and then
control returns to step S24.
Furthermore, the displacement data-D(t) obtained
at step S5, which is the thrusting displacement of the
IC 5 to the socket 2, is compared with the allowed
15 value 6a in the memory M. When D(t) exceeds 0a, the
change of the stop position HS of the pusher 8 of the
test hand 1 is sét at step S16, and control returns
from step S24 to step S2. The change of HS is made by
chahging the stroke of the pusher 8 of the test hand 1,
20 or the total number of revolutions from the start to
stop of the pulse motor 3.
Watching the monitor 30 connected to the CPU 18,
the operator can verify whether the operating speed of
the pusher 8 is proper at step S10 or whether the
25 operating states at steps S13 and S15 are acceptable.

Therefore, when the original set values are proper,

the operator use them as they are, whereas when they



Wat ching the nonitor 30 connected to the CPU 18, the operator can ve
" whether the operating speed of the pusher 8 is proper at step S10 or
" whether the 25 operating states at steps S13 and S15 are accept abl e.
Therefore, when the original set values are proper, the operator use

as they are, whereas when they 19 are inq
Furt her nore,

roper, the operator corrects
the capability of the test ﬁand 1 to process the IC5

rify

t hem
t hem
can be

maxi m zed by increasing the operating speed V of the test hand 1 in the
range that neets the 5 requirenents at steps S13 and 515. Since the IC5
stuck by suctaoa imprbpepushbe ®pstratios tdornmsictishehemst Hhurkhernones
contact with the socket 2 and is slowed down to VO inmmedi ately befor

is | owered

when the operating speed V is somewhat |arge. As descriped above, the
hand can be opeRabednapiBpapfybynigcsiedsing e RREEARINH I FIYEN types of
| Cs and sockets bggincorporating,the contr ol t hod and i nstrunentat

control syste?f of
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25

hand 1 comes into contact with the socket 2 and is
slowed down to V0 immediately before it is lowered
further, the impact force can be limited considerably
even when the operating speed V is somewhat large.

As described abdve, the test hand can be operated
properly in a short time even with different types of
ICs and sockéts by incorporating the control method and
instrumentation control system of the present invention
into an IC handler.

Industrial Applicability

A method of controlling an IC handler according to
the present invention and a control system using the
metﬁod are used to cause a contact provided at the
surface of an IC device to make good contact with
the test probe of a semiconductor test unit in testing
the IC device. The invention enables the operation to
be performed quickly and accurately, which enables
a large number of IC devices to be tested rapidly and

accurately at the time of shipment.

This application is a divisional of SG 200004887-6.



the 1 C device. The invention enables the operation to be perforned quickly
- and accurately, which enables a | arge nunber of IC devices to be tested
- rapidly and 25 accurately at the tinme of shipnent. This application is a
di vi si onal of SG 200004887-6. 20 CLAIM 1. A storage nedium arranged to
store data denoting the operation of a test hand in a method of
controlling the test hand for pressing down an |IC | oaded in the socket of
an 5 1C hanelL 0 t he nethod conprising the steps of. causing said test hand
to press dovvnere | C on the socket nore than once and detecting the | oad,
the acceleration or velocity, and the thrusting displacenent of the |IC by
correspondi ng sensors; calculating the conbined spring constant for the IC
and socket fromthe neasured data itens beforehand; and .determ njng, said
data for thé. operaitpidge Brdiuppananged tsiare quqing the aperation Ogﬂrtffsﬁbar%om
constant so that the inpact force exerted on the ICis controlled to be
equal or snaeshod d¢frvantratting|theestchand ferepressing down an IC loaded in the socket of an

5 IC handler, the method comprising the steps of: causing said test hand to press down the
IC on the socket more than once and detecting the load, the acceleration or velocity, and
the thrusting displacement of the IC by corresponding sensors; calculating the combined
spring constant for the IC and socket from the measured data items beforehand; and
determining said data for the operation of the test hand from the calculated spring

10  constant so that the impact force exerted on the IC is controlled to be equal or smaller

than an allowed value.



