) | TIVOL T

1ATCH FOR ‘W\FER STORAGE BOX BACKGROUND OF THE g8
Silicdn wafers are manufactured for use in integrated circuits. During tHe
fabrication process the wafers are often transported and stored between
vari ous process steps. Protecting the wafels from danage or contam nation
during the manufacturing process and storage is of paranmpunt inportance.
Silicon wafers are carrled transorted and stored |n vvafer carriers as
di scl osed in t hdBIHQD A REMIC; CONTBOLLING TOR
No. 3,961, 877. The waf er carr| er that hol ds the frag| le silicon
ecurab) e storage box. The

wafers is stored or tr ted inside.of
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OF THE | NVENTI ON - applicatien to eaighecoil of/ sucdessiviesdrivingpulses draving altexateiyaf er
wa

Tha age o, 2 first nqldRni 8h a SbAURY Boliity MioshS 18 ld st Halirity Weld 2|

and convenlent present asses su
conveni ent | &upRlyaabptdateeningd quantity ofrglectric Sﬂel&ytf@n%ﬁiécﬁqlisﬁﬂfmﬂ aach of
Prior art |atggedriingulsdsy been marginally usable with automatic machinery

for openi ng and cl osing, such wafer sfor oxes
P g dgete&lon, after each o saigggriv?ng pulses, of the rotation or non

rotation of Said rotor in response to said driving pulse; and
10 - adjustment of said quantity of energy as a function of said detection.
The present invention also concerns a device for implementing this
method, i.e. a device for controlling a stepping motor havi'ng a rotor provided
with a permanent magnet, a coil and a stator for magnetically coupling said
coil and said magnet, said device including:

15 - means for generating driving pulses for applying to said coil
successive driving pulses having alternately a first polarity and a second
polarity opposite to said first polarity and for providing said coil with a
determined quantity of electric energy during each of said driving puises;

- detection means for providing, after each of said driving pulses, a

20 detection signal representative of the rotation or non rotation of said rotor
in response to said driving pulse;

- adjustment means responding to said detection signal to adjust said
quantity of electric energy. :
A method and device of this type, which are in particular disclosed in

25 US Patent No. A-4,212,156 are intended to allow a reduction in the total
electric energy consumed by a stepping motor. Such a reduction is
particularly desirable when the stepping motor is used in a device which is
portable and/or of small volume, an electronic timepiece for example. All
other things being equal, this reduction in the power consumption of the

- 30 stepping motor allows the life of the electric power source which supplies the
device, generally formed of a battery, to be increased or the volume occupied
by such source to be reduced. :

In order to allow the quantity of electric energy consumed by the
stepping motor to be reduced, the aforementioned known method consists,

35 when the motor rotor has rotated correctly in response to a certain number
of driving pulses, in reducing the quantity of electric energy which will be
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- 2- - Al object of the invention is to provide a | atch capabl e of

mani pu1 ation and rel ease by automated nmachi nery or by a person nmanually.
Anot her object of the invention is the provision of a new and i nproved

| atch of relatively sinple and i nexpensi v& constructi on and operati on,
which is safe, durable, and perforns consistently in conjunction with a
stlicon wafer storage box, w thout fear of damage to property, equipnent,
and/or injury to persons. . Afeature of the invention is a rigid upper
tab having aSpeplieghtpthaintaier eeildytng the fpltowing doving pulsesebatven this

aut omat ed ReEtASE Yeonsists, whBALAB! mbfoH 1i6r Rhs it Hof’é‘tgg.t%cﬂﬂarc%tgi f curved
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partial robot ar _ G 2 is an enlarged detail section
vi ew t hrough the B&xa Jasuit.nif) theenoter ¢ator has Botorsatedoini tesponse to a driving

pulse for any reason, the quantity of electric energy supplied to the motor

10 coil during the following driving pulse is bound to its maximum value.

It can be seen that this known method in principle allows the quantity
of electric energy actually supplied to the motor coil to be close to its
minimum value, i.e. the value of the electric energy which must at least be
supplied to the coil for the rotor to rotate correctly.

15 It is well known however that certain dimension and/or positioning
tolerances must be allowed during the manufacture and assembly of the
various components of a stepping motor.

Thus, for example, it can happen that the axis of magnetisation of the
rotor of such a motor does not intersect the axis of rotation of said rotor.

20 Likewise, this axis of rotation does no always coincide exactly with the axis of
opening of the stator in which the rotor magnet is situated, nor with the axis
of the cylinder formed by this magnet.

In such cases, the variation in the positioning couple to which the
stepping motor rotor is subjected as a function of its angular position is

25 different according to the step which the rotor makes.

It can also happen that the axis of magnetisation of the rotor magnet
of a stepping motor is not exactly perpendicular to the axis of the cylinder
formed by this magnet. In such a case, one of the magnetic poles of the
magnet is obviously closer to one of the end faces of the cylinder than the

30 other, the second of these magnetic poles being then closer to this other end
face than the first.

In such a case, the effect of the presence of a part made of
ferromagnetic material, for example the toothed wheel which meshes with the
pinion of the rotor, facing and in proximity to one portion of one of the end

35 faces of the rotor is also that the variation in the positioning couple applied
to the rotor is different according to the step made by the rotor.



'-.3- . FIG 3 is an enlarged detail section view through the box
showi ng the latch detached fromthe keeper tilted downward with the bight
of the latch lying against the front face of the base of the wafer storage

box. FIG 4 is a detail elevation vi®w at 4-4 of FIG 2. FIG 5
is a detail section at 5-5 of FIG 2. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI MENT One formof the invention is illustrated and

described herein. The latch is indicated in general by the numeral 10. The
latch 10 is pref elta@y algaehappem thatsa |steppingametor is subjpetdsbto iancomtiriuatisi n
general by letetarmabndde fiEleIFSath b cddte e IaRatdiPi] Mehbsitiding Yoy B
.storage box 11. The s orage box 11 contains a cover and a bas A
keeper 14 i s aRBlieddoithedmpiRs oterels alsordfferant cacserding tithe stephmadedsy 10.
Latch nounti mige rbtorare nol ded or affixed to the base 13 at two | ocations

' ' it h h | h 10. At | of. f | at ch nmountings 15 will
be. ol ded Sor arf1 FISTEG Paah 38 Spimdil ot e vARian n o staNIag odsle CP

system ( See t&iwttich the Zotds)of a steppifipandtar i subjetted ¢s ohtéhaﬁcjﬂof wlﬁétfgﬁiéﬁ'ngl |y
the of I con G eRsrsRidfofledcrsed' s EHARIIEY ui BhGar paSiaR Sy Bid
one- pi ece noF@E-construction of a material that sinmultaneously provi des
resilient flexibiln Figui8th thaiteestable/Yest osiohs Wt thECRdtsr R Rldp¥ctil Sy
carbon f I1 I0I e%”eEi%'nXtCe%rgE\ ngrgde F!%l. ﬁérleg\'/er, the steps which the rotor makes when it

rotates from position R1 to position R2 and from position R2 to position R1

are respectively designated P1 and P2.

Those skilled in the art knows very well that the driving pulses intended
to cause the motor rotor to make a step P1 and those which are intended to

15 cause the rotor to make a step P2 must have opposite polarities. In the
following description, these driving pulses will be respectively arbitrarily
termed positive and negative.

It will be noted in Figure 1 that stable rest positions R1 and R2 of the
motor rotor are not exactly diametrically opposite, the rotor rotating more

20 than 180° when it makes its step P1 and less than 180° when it makes its
step P2. _

But it will be noted in particular that the surface delimited by the axis a
and the curve representing the negative part of positioning couple CP, i.e. the
part of couple CP where it opposes the rotation of the rotor, is significantly

25 greater, in this example, when the rotor makes its step P1 than when it '
makes its step P2.

In Figure 1, these two surfaces are hatched and respectively
designated N1 and N2.

Those skilled in the art know that, in very many cases and in particular

30 when a stepping motor is used in a timepiece, the minimum quantity of
electric energy which must be supplied to the coil of the motor for its rotor
to make a step depends almost exclusively, most of the time, on the size of
this surface.

in the present example, this minimum quantity of electric energy is thus,

35 in all these cases and most of the time, significantly higher when the stepping
motor rotor has to make a step P1 than when it has to make a step P2.



-4- The latch 10 may be released froma closed position as shown in
FI.GS. 1 and 2 by mechani cal mani pul ati on through the use of a robot arm
17. 5. The latch 10 contains a catch portion 160 as a pri nci pal
portion thereof. The catch portion 160 in4l-udes a catch 16 which interacts
wi th the keeper 14, fastening the cover 12 to the base 13. The catch 16 is
preferably hook shaped but may only need a detent in sone cases. The

i nteraction between the catch 16 and the keeper 14 |ocks the box 11 in a
cl osed position. Ifieaniba skendhatkwberisuch a matohisncenttdlledsinlascosdahozawith 16
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moment when the following driving pulse is applied to the coil.
Thus, for example, the motor rotor cannot rotate in response to a
16 driving pulse because of a shock undergone by the motor during this driving
puise.

Again by way of example, the motor rotor can also not rotate in

response to a driving pulse because of a fault in one of the wheels of the
~gear train driven by the rotor. According to the position of this wheel in the
20 gear train, this fault may only cause non rotation of the rotor again after
quite a large number of driving pulses have been applied to the coil.

in all these cases also, the quantity of electric energy supplied to the
motor coil during the driving pulses following that in response to which the
rotor has not rotated and having the opposite polarity to the polarity of the

25 latter is unnecessarily high, a significant portion of this electric energy being
also then dissipated in pure waste.

The known method described hereinbefore, as well of course as any
device implementing this method, thus does not allow the quantity of electric
energy consumed by a stepping motor to be reduced as much as would be

30 desirable.

An object of the present invention is thus to provide a method for
controlling a stepping motor which allows the quantity of electric energy
consumed by the stepping motor to be reduced further than is allowed by
the known method described hereinbefore.

35 This object is achieved by the method of claim 1.

Another object of the present invention is to provide a device for

implementing the method of claim 1.



- 5- _ The upper operating tab 17 may contain an upturned end 20 _
opposite the catch 16. The upturned end 20 provides for convenient grasping
of the tab 17 by an individual during nanual manipulation of the latch 10.
The upper operating tab 17 is preferably-tded to a depending resiliently
flexi bl e upright body 21. The upright body 21 will flex when a force is
applied to either the connector peg 18 or the upper tab 17. The flexibility
of the upright body 21 will assist in the releasing and | ocking of the
catch 16 to the kdéjseobjedt issachievadoby the deypieaiwhpsenidatiresiarg listed ivecigingr age
box 11. 2 A lower operating tab 22 is preferably nolded to the bottom
-of the upright body 21. The lower tab 22, like the upper tab 17, is of
rigid constructi ofPthehebiegigeand agvantages of thepresentiovantiomadll bedot@

provi di ng. | NeleadAsin GRE\RBCARRSH WhIGHWINER iR hofendife W feteRinds Sk
22 during nual i pul ation of the latch™0. The upper and lower tabs 17,
22, inclu n&"ﬂﬁéﬁ&%@ﬁg%dﬂylﬁg} 23 respectively, remainin a

confront a’:] i onal r elFigurent haireddy maﬂﬁbnﬁd)fﬁhtowg a_;&ex?ﬂb@bt mlgez%ﬁétg)r?gﬂcﬁr%\c/le q
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si nul t and8us mefhPbihe Agviceaccpredingite ithg psesamdnventioght body 21.
The curved bi ght #5the epibRbRRéR! showh WF@@G@‘Q‘,%HE§iB@%co?d?n 'tééﬁ‘%' ded

along the | ngg?éseo ?r?ve%rt]ign:[ 8eéi8fe\atlegvﬁyr tl';[e Begezr'al Ier}gre%%gof ,I itseinteended to beOf the

used in an electronic timepiece having mechanical time display means, for

example hands, for controlling the stepping motor which drives said means.

15 This stepping motor, which has also been shown schematically in Figure
1 with the reference 2, includes in this example a single coil, a rotor having a
bipolar permanent magnet, a stator magnetically coupling the coil and the
rotor magnet, and means which subject the rotor to a positioning couple
which tends to keep it or return it to one or other of the two stable rest

20 positions. Only the coil of motor 2 has been shown, with the reference 3.

Those skilled in the art will however easily understand that the present

invention is not limited to the control of a stepping motor of this type, but
can be used for controlling a stepping motor of any other type, whatever the
number of its coils, the number of magnetic poles of the permanent magnet

25 of its rotor and the number of stable rest positions of the latter. Those
skilled in the art will also see that the present invention is not limited to the
control of a stepping motor of a timepiece either, but can be used for
controlling a stepping motor forming part of any other type of device.

Those skilled in the art know very well that, in order to control a

30 stepping motor of the type described hereinbefore, driving pulses having
alternately a first polarity and a second polarity opposite to the first must
be applied to its coil, these driving pulses being, according to the particular
case, of the type called constant voltage pulses or of the type called
constant current pulses.

35 As hereinabove, the driving pulses having the first polarity and the
driving pulses having the second polarity will be arbitrarily termed respectively
positive and negative in the following description.

curved bi ght



- 6- .25 is nolded to a pair of pivot portions 26. The curved bight 25 is
resiliently flexible. During the rel easing and | ocking of the latch 10
relative to the cover 12, the curved bight 25 and the upright body 21 wll
flex. During a rel easing mani pul ati on of-@&Rke |atch 10 the curve of the

bi ght 25 will constrict, thereby providing slack for the catch 16 to be

pul l ed and noved upward and away fromthe keeper 14, whereby rel ease of the
| atch 10 froma | ocked position will occur. The curved bight 25 will also
constrict while tDeviegidnciudes an amplifieadcwhich will motrbeidesceibed in dgiilher in

order to affdiXed ﬁgilai‘;vg?kﬁﬁgmﬁ@uﬁ | ocked confi gurati on. Mol ded to

-t he opposite end A curved bight 25, at two | ocations, are pivot
portions 26. EacHt Wil simplyrae entiened thatamaliier 4 dncludeputwe cutputstacandd
contains a pityehcRidonAécted® one/ 8f thid Bminald'dl ddao%ltﬁﬁhpﬁﬁéﬁ &%hhﬁepn the
exterior surfaces Qf the pi otﬂ&ortlc')las, 26 8I‘OXIFYB._ to the Iatch nountings
15 of th de%”%S?q‘KQ'QE'é‘% ¥‘ha &d, angdt i, aranged, in; thissexamalee serassta

equi di st ant suppiyleoil Bewith deposifivetotstant wrltdgc?leniviff PURY wngé it nr:s Extzg@fié i OES
26 are pref YaqCQOL: e to.the curve | E suc
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and t he Yhsd-er3rofmthe epd of |onecgriving pyiserurdil the Reginping of e falowingndriving G,
2. The pivotpysy.tions 26 provide rigid strength sufficient to prevent
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1 short circuited at the end of a driving puise.
Inputs 4¢c and 4d of amplifier 4 are respectively connected to the
output of an AND gate 5 and to the output of a AND gate 6, these gates 5
and 6 both having an input connected to the output of an OR gate 7.
The second inputs of gates 5 and 6 are respectively connected to the
20 direct output Q and to the inverting output Q* of a D type flip-flop 8.
Flip-flop 8 has a clock input C1 which is connected to the output 9a of
a time base circuit 9 and a data input D which is also connected to its
inverting output Q*.
Time base 9 will not be described in detait since it is a well known
25 circuit. It will simply be mentioned that, in this example, it is arranged so as to
supply, at its output 9a, a periodic signal ST1 formed by pulses having a
frequency of 1 Hz. It will also be mentioned that time base 9 includes a
second output 9b which supplies, again in this example, another periodic
signal ST2 formed by pulses having a frequency of 1024 Hz.
30 Output 9a of time base 9 is also connected to the control input S of an
R-S type flip-flop 10 whose direct output Q is connected to a first input of an
AND gate 11 and to a first input of gate 7. The second input of gate 11 is
connected to output Sb of time base 9, and the output of this gate 11 is
connected to the clock input C1 of a counter 12. .
35 Counter 12 is formed of three flip-flops, not shown separately, which
are connected in a conventional manner and whose direct outputs form
outputs 12a, 12b and 12c of counter 12.



plns 27 provide the nmechani smfor positioning of the latch 10 in either the
opened or | ocked configuration. In order to nechanically manipul ate
the latch 10, while locked in a closed position as seen in FIG 2, a robot
arm17.5 will engage the two protrudi ng emds of the connector peg 18 from
bel ow. The robot arm 17.5 will lift the connector peg up and back away from
the cover 12. This novenent will sinmultaneously cause flexing of the curved
bi ght 25 and a slight oscillation of pivot portions 26. The hook of the

catch 16 wil | theICaLﬂ!ite!ate algoninchides aemyréset)m;idng? thdrﬁrsl d&mé@‘f@ﬁj & the
el evati on of m nated and rel ease the
.connect or peéﬂ'i@tg@r@} f@vﬁi}a@“@ﬁ%y yccur. The latch 10 may then
return to a rel axé\gam)m agcnrmentjm@lgnaemr ithe hiée Gutputs 12z 124 anddi2c of
configurati oohRfer U h@keé\oﬁythgl"o" %g% |Sgte! wh @mt 'Ff' of‘tr?i? Q:‘é%{ﬁ; 12, 'so|nght

configuration, wth | oser pro
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catch 16 w | kgtfen rel ease upward and away fromthe keeper 14 whereon
constricting pres etothetabs 17, 22 may be termnated. The latch 10

will then return V&’er & fyuher Hlﬁ'ﬁqeﬁu?d:t‘nw camparaion A hegingathree tfissthat el v,
in some instmmes 14ag 148t ahd aY feEpEEtvel bﬁnﬁ@&é@ttedouhpsu@w@ 1% and 12¢
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14e and 14f, as well as an output S which is connected to the zero resst
input of flip-flop 10.

Comparator 14 will not be described in detail since it is a well known
circuit. it will simply be mentioned that its output S only takes the "1" logic
state when the two binary numbers formed by the "0" or "1* logic states of

20 its inputs 14a, 14b and 14¢ on the one hand and its inputs 14d, 14e and 14f
on the other hand are equal. In all other cases, this output of comparator 14
is in the "0" logic state.

Device 1 also includes a switch 15 having three first inputs 15a, 15b
and 15¢c, three second inputs 15d, 15e and 15f, three outputs 15g, 15h and

25 15i respectively connected to inputs 14d, 14e and 14f of comparator 14, and
a control input E connected to the inverting input Q* of flip-flop 28.

Switch 15 will not be described in detail here either since it is also a well
known circuit. It will simply be mentioned that it is arranged so as to connect
its outputs 15g, 15h and 15i to its first inputs 15a, 15b, 15¢c or to its second

30 inputs 15d, 15e and 15f according to whether its input E is in the "0" logic
state or the "1" logic state.

Device 1 further includes a counter 16 having three outputs 16a, 16b
and 16c respectively connected to inputs 15a, 15b and 15¢ of switch 15, as
well as a counter 17 having three outputs 17a, 17b and 17c respectively

35 connected to inputs 15d, 15e and 15f of switch 15. Each of counters 16 and
17 further includes a clock input C1 and a zero reset input R.



avoid tipping the container 11 during opening or closing of the |atch.

In the rel axed configuration the upright body 21 is slightly bowed in a
convex configuration, with the catch 16 in a closer proximty to the curved
bi ght 25 than while the latch 10 is affix®&-in a | ocked position as seen in
FIG 2. The slightly bowed configuration of the body 21 assists in

mai ntaining the latch 10 in a | ocked position as seen in FIGS. 1, 2, and 4.
Upon rel ease of the latch 10 froma | ocked position as see in FIGS. 2, 3
the latch will inCountary 16rand 17parenidenticgl dndoare bacts farmegtobive dip-iopd,2

and wi || theﬂoﬂ@ﬁ&ﬁﬁ%eﬁﬁmﬁgr Wi aRPES ded Y ?a%%%epi'nvgtc Rg&ﬁ%@aia“d

»plvot portions 26, until exterior surface curve 5 rests
agai nst the PR¥Wer3HaWavendt isatheninvelting ewtoutssof the test tlzreesﬂlp-ﬁmg efkt eri or

surface of tfeseusH@ttel 9btarb12nWHieh fbhA tﬁéir%dtﬂutsS%af ?&Q%coﬂeéﬂb%tnbéﬁe 13
or latch ? s,15 may contain a bunper in order to facilitate the
p03|t|on|gD g '?t% 1 %tch 10 while the latch 10 remmins in an unl ocked or

rest positi (ﬁn As a Tésult, ancthe ldhe l;arm,eﬁmmb'lp)ut BB bourteed 6SatCiRp E?R’lf)ofé he
wei ght of t 1 Ehqat ody
21, with theeas'zt%s?gn%emo r1avgt?te,1 heq%@hg‘%ﬁéﬁ ﬁggt!ﬂﬂ%age fjj’ﬁﬂég via the
pi vot port i offspeetivel 1ia/tn 1E¢nf9rm7th& binary aiumbed ﬂdswhlabncodrespdnds sl axed
position theeqé\ggﬁg Q;,lo?)g égﬁ% QBB f‘?ﬁré lush contact with the base 13 and

t he m)untlngta position of the latch 10 while
| ocated i'R the | ofReHe4Y ondhe(athes h@')d'df'h?fh innv R of copater t1i6ois inRthe, "03)

will provi deldgwswtesme INPABCH OB cdUtited N8 rA@StREERE BAE skécestiR pURePFES et
locations fo{h B%a%‘?%?n%er formed by the "0" or "1 logic states of its outputs 16a
to 16c to be reduced by one unit. This binary number will be designated B2.
Likewise when input R of counter 17 is in the "0" logic state, the input

15 C1 of the counter 17 must receive four successive pulses for the binary
number formed by "0" and "1" logic states of its outputs 17a to 17¢ to be
reduced by one unit. This binary number will be designated B3.

For a reason which will easily be understood by those skilled in the art,
counters 16 and 17 are further arranged so that binary numbers B2 and B3

20 cannot become lower than a determined minimum value, for example 011.
These binary numbers B2 and B3 can thus vary, in circumstances which will be
explained hereinafter, from 111 to 011, i.e. in decimal notation, from 7 to 3.

Clock input C1 and zero reset input R of counter 16 are respectively
connected to the output of an AND gate 18 and to the output of an AND

25 gate 19 each having a first input connected to the direct output Q of flip-flop
8. Moreover, clock input C1 and zero reset input R of counter 17 are
respectively connected to the output of an AND gate 20 and to the output of
an AND gate 21 each of these gates having a first input connected to the
inverting output Q" of flip-flop 8.

30 Device 1 also includes a detector circuit 22 having an input 22a which is
connected to output 4e of amplifier 4 and which thus receives signal SM
representing the current which is still flowing in coil 3 after it has been short-
circuited at the end of each driving puilse.

Those skilled in the art know very well that when the coil of a stepping

35 motor is short-circuited after a driving pulse, the variation in the current
which is still flowing in the coil is different according to whether or not the
motor has rotated correctly, in response to the driving pulse. Those skilled in



"peg 18, are easily recogni zable by, or programmble into, a robot arm as
part of an automated machi nery process. The two preset positions of the
connector peg 18 facilitate the autonated mani pul ati on of the
openi ng/ |l ocking of the latch 10 in the au@emated process. Wen the latch is
| ocked, the connector peg 18 is located in a position substantially
horizontal to and forward of the cover 12. Wen the latch 10 is rel eased,
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Device 1 further includes a pulse generator 23 having an output 23a

connected to the second input of gate 7 and an input 23b connected to
15 output 22¢ of detector 22.

Generator 23, which will not be described in detail since the realisation
thereof poses no problem for those skilled in the art, is arranged so as to
respond to each pulse which it receives at its input 23b by generating at its
output 23a another pulse having a relatively long duration.

20 As will be made clear hereinafter, this duration is that which the
correction pulse, which is applied to coil 3 each time that the rotor of motor
2 has not rotated correctly in response to a driving pulse and which is
intended to make the rotor perform the step that it has just missed, must
have. This duration is thus greater than that of the longest of the driving

25 pulses applied to coil 3 but cannot be specified further here since it depends
on several factors which can be different according to the particular case.

The operation of device 1 will not be described in full detail since those
skilled in the art will have no difficulty in understanding it in the light of the
explanations which were given hereinbefore.

30 It will simply be noted that each pulse of signal ST1 generated by time
base 9 causes a change in the logic state of outputs Q and Q" of flip-flop 8.

Simultaneously, this pulse of signal ST1 causes output Q of flip-flop 10
to pass to the "1" state. As a result, input 4c or input 4d of amplifier 4 then
passes to the *1" state according to whether it is output Q or output Q" of

35 flip-flop 8 which has passed to the "1" state. Ampilifier 4 thus begins to apply
to coil 3 a driving pulse which is positive in the first case and negative in the
second case. Moreover, still according to whether it is output Q or output Q*



1. A manually and robot operated latch for a two part silicon wafer storage
box having a |atch mounting portion on one part and a keeper portion on the
ot her part for use with the latch, conprising: _ a horizontally
extending rigid upper tab portion, cotPr-ising a first end portion
havi ng a catch portion adapted for rel easable attachnent to the keeper
portion, said horizontally extending rigid upper tab portion further
conprising a second end portion having an el ongate connector peg,

a resilient| ¢f flipflomi8ewbichvieas pagsad tothe 81 state,itis binasy haribeeBal | y

extending ri Bl'é%én?"éﬁrodtﬁ% 16a Q@rfdcoﬁ‘f cofhtdr 9" 3?%1%@%15@5%0%?@%3 oht 1':1? 'ng

.an upper ortioh having pi V0 portions,
conpri sing. pPUERUt%ﬂl@ dApe &ff qoyp %‘vﬂmg‘dmfklténnm toinputs 14 td"l&4f atch

nounting por bbmlpaﬁh’toi hg ﬁﬁ%wﬁch 15 whose :ﬁPQt En,sqhogp,gatoe éi'é’tr %g iently
flexible y wth extenlng Se

the hori zg é?ﬁ/agat'@nthf’nd Eiﬁggr'"ttg%s S?’t“i" &§AS€0 t he curved bi ght
portion. 2. Theld ather words; dhpgst Bd: tari1dt bf cdwa?amrthe redaIes | ower

oclaimil,
wher6in the BaABerE2 °§ﬁﬁﬁr§‘"§ﬁ£bﬁas%% agetdingnle” PrBFEE the g BuBer 1 he
upper tab pofPplisd to caqil 3Tbbearrmhﬁar 4ds qogsitive aronegativey 1, wherein the
connector peg traygeSaussiiy df BORRE G P IRAbHOID to the "1* state further allows
-l 10 counter 12 to begin to count the pulses of signal ST2 which it then receives
at its input C1 via gate 11. Binary number B1, which was previously equal to
000 since input R of counter 12 was in the "1" state, thus begins to increase.
When this binary number B1 becomes equal to binary number B2 or B3
present at inputs 14a to 14f of comparator 14 as was explained

15 hereinbefore, output S of this comparator 14 passes to the "1" state. As a
result, output Q of flip-flop 10 again passes to the "0" state, as does input
4c or input 4d of amplifier 4 which was until then in the "1" state. The driving
pulse which had begun to be applied to coil 3 in the manner described
hereinbefore is thus then interrupted.

20 It can be seen that the duration of each positive driving pulse is
determined by the value of binary number B2 present at outputs 16a to 16¢c
of counter 16 during this positive driving puise. Likewise, the duration of each
negative driving pulse is determined by the value of binary number B3 present
at outputs 17a to 17c of counter 17 during this negative driving pulse. In the

25 present example, these durations can thus vary from 3 times to 7 times the
duration of the period of signal ST2, namely from approximately 2.93
milliseconds to approximately 6.84 milliseconds.

It is known that the quantity of electric energy supplied to the coil of a
stepping motor during a constant voltage driving pulse, as is the case in the

30 present example, depends in particular on the duration of said driving pulse.
In the present case, the quantity of electric energy supplied to coil 3 during a
positive driving pulse or during a negative driving pulse thus depends on
binary number B2 or, respectively, binary number B3. This quantity of electric
energy cannot be specified further since it depends on other factors such as

35 the supply voltage of the motor and the electric features of the latter. One
can simply say that this quantity of electric energy has a minimum value when



‘5. A dual purpose latch for manual and robot operation for a two part
silicon wafer storage box having a latch nmounting portion on one part and a
keeper portion on the other part for use with the latch, conprising:

a catch portion adapted for rel easabl e ayyachnment to the keeper
portion, said catch portion further conprising an el ongate connector
peg portion to be alternately manual | y operated and robot operated for
rel easing the catch fromthe keeper portion, aresiliently
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10 provided that it has not yet reached its minimum value 011,

If the driving pulse which has just been interrupted has not caused
correct rotation of the rotor of motor 2, it is output 22¢ of detector 22
which generates a detection puise. This detection pulse causes, on the one
hand, the supply, via output 23a of generator 23, of a pulse of long duration,

15 as was mentioned hereinbefore. This pulse of long duration in turn causes the
application, via amplifier 4, to coil 3 of a correction pulse having the same .
long duration and having the same polarity as the driving pulse in response to
which the rotor of motor 2 has not rotated.

This same detection pulse is also supplied to the zero reset input R of

20 counter 16 or counter 17, according to whether said driving pulse was
positive or negative, via gate 19, or gate 21 respectively.

Binary number B2 in the first case, or binary number B3 in the second
case, then takes its maximum value 111 without the value of the other binary
number being modified.

25 It can be seen that binary numbers B2 and B3 are modified, if
necessary, independently of each other.

It therefore follows that the quantities of electric energy supplied to
coil 3 during the positive driving pulses and during the negative driving pulses
are also modified, if necessary, independently of each other, unlike a stepping

30 motor which is controlled by a known device.

More precisely, and in other words, the rotation or non-rotation of the
rotor of motor 2 in response to a driving pulse having a determined polarity
for example positive, only affects the quantity of electric energy supplied to
coil 3 during the following driving pulses having the same polarity, but has no

35 effect on the quantity of electric energy supplied to coil 3 during the following
driving puises having the other polarity, i.e. negative polarity in this example.



"11. The latch accordi ng to claimb5, wherein the connector peg portion

traverses the catch portion. 12. The latch according to claim5, wherein
the catch portion conprises a hook shaped portion engagi ng the keeper
portion. - 13 - 13. A manudl2y and robot operated latch for a

two part silicon wafer storage box having a latch nounting portion on one
part and a keeper portion on the other part for use with the | atch,

conpri si ng: a horizontally extending rigid upper tab portion,
conprising a firsketewsi cposidenrbyhway 9§ example.na saseiwhere the quaatities of
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It can be seen that the unnecessary dissipation of electric energy which
frequently occurs when a stepping motor is controlled according to a known
method implemented by a known device and which is due to the fact that,
when the rotor of this motor does not rotate in response to a driving pulse

15 having a certain polarity, the quantity of electric energy supplied to the motor
coil during the immediately following driving pulses having the reverse polarity
is increased to its maximum value, is avoided when the motor is controlled by
a device such as device 1 described hereinbefore.

It therefore follows that, all other things being equal, the

20 implementation of the method according to the present invention by a device
such as device 1 for controlling a stepping motor allows the life of the electric
power source which supplies the equipment of which the motor forms part,
to be increased, or the volume occupied by such source to be reduced, which
constitutes a significant advantage of this method and this device with

25 respect to known methods and devices.

It is obvious that numerous other embodiments of the device according
to the present invention, impiementing the same method and having the same
advantages as device 1 described hereinbefore, can be achieved without
thereby departing from the scope of the present invention.

30 In particular, a device according to the present invention can be
achieved in the form of a microcomputer programmed in a suitable manner
and provided with an interface capable of supplying the coil of the motor with
the necessary electric energy during each driving pulse.

Likewise, a device according to the present invention can be arranged

35 so that the driving pulses which it generates are constant current driving
pulses. Those skilled in the art know very well that, in such case, the quantity



and an elongate resiliently flexible upright body portion formed

integrally with and extendi ng between the horizontally extendi ng upper
tab portion and the curved bi ght portion.

- 14 - 14. A manual |y and robot operatgqd datch for a two part silicon
waf er storage box having a |l atch nounting portion on the box bottom and a
keeper portion on the cover with the latch conpri sing: a catch
portion for engaging the keeper, an elongate resiliently
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portion which is smnngably nount able to the Iatch nounting portion on

t he box. 15. The latch according to claim 14, wherein the nounting bight
portion conprises a curved resiliently flexible extension portion affixed
to and extendi ng between the | atch body portion and the pivot nounting.

16. The latch according to claim 14, wherein a pair of stiff tabs are
af fi xed on opposite ends of the |atch body portion adapted to confront each
ot her for manual mani pul ation. 17. The latch according to claim 14,
wherein the catch portion conprises an el ongate connector peg portion.

18. The latch accordlng to claim17, wherein the connector



peg portion is disposed adjacent the catch portion. 19. The latch
according to claim 18, wherein the connector peg portion traverses the
catch portion. 20. The latch according to claim 14, wherein
t he pivot nounting portion conprises piwvot4portions. 21. The latch

according to claim20, wherein the pivot portion conprises pivot pins
adapted for swi ngable connection of the |atch nounti TR '
-16- 22. A dual purpose latch for nanual and ro4l“|mmmlﬂntﬂmmm a two
part siliconChA&lMS st orage box having a | atch nounting porktiom on thhe box

bottom and a keeper portion on the cover, with the |atch conpri sing:

ortion, "sai d cat che pHiethoM 1P EAREANNG & SIARAIRG MRIoR2LABMGR 8 Bmect or
peg to be al prsvidécEith a parazmaht yn 2hesbila(8) ambat stafer W aflagméticangagi ng
or rel €a3ol) intghs?ai acto‘ﬁ%s and’ sta? maeg%%?,ringlﬂcrjlinbgm’
- application to said coil (3) of successive driving pulses having
5 alternately a first polarity and a second polarity opposite to said first
polarity, and the supply of a determined quantity of electric energy to said
coil (3) during each of said driving pulses;
- detection, after each of said driving pulses, of the rotation or non
rotation of said rotor in response to said driving pulse; and
10 - adjustment of said quantity of energy as a function of said detection;
characterised in that said adjustment is effected separately for said driving
pulses having said first polarity and for said driving pulses having said second
polarity.
2. Device for controlling a stepping motor (2) having a rotor
15 provided with a permanent magnet, a coil (3) and a stator for magnetically
coupling said coil (3) and said magnet, said device including:
- means (4 to 9) for generating driving pulses for applying to said coil
(3) successive driving pulses having alternately a first polarity and a second
polarity opposite to said first polarity and for supplying said coil (3) with a
20 determined quantity of energy during each of said driving pulses;
- detection means (22) for supplying, after each of said driving pulses,
a detection signal representative of the rotation or non rotation of said rotor
in response to said driving pulse; and
- adjustment means (10 to 21) responding to said detection signal to
25 adjust said quantity of electric energy;
characterised in that said adjustment means (10 to 21) are arranged so as
to adjust said quantity of energy separately for said driving puises having
said first polarity and for said driving pulses having said second polarity.
3. Device according to claim 2, characterised in that said generator
30 means (4 to 9) include:
- means (8, 9) for generating an alternating signal having alternately a
first state and a second state,
- shaping means (4 to 6) responding to said first state and to said
second state of said alternating signal to apply to said coil (3) said driving



‘a resiliently flexible curved bight portion havi ng an upper end portion
conpri'si ng pivot portions, the pivot portions adapted—f-or-npunting the
bi ght portion for sw ngable attachnment to the box bottom and

further adapted fror flush contact thereagt®dnst, the Uﬂ Mﬂuﬂr
portion further adapted for alternate posi t lonin H
mani pul ati on of the connector peg by the robot, and ¢

upright resiliently flexible body portion f or med integrally W|th and
ext endi ng bepulsea having saichfirst po naod. aeﬁpetctmelyusatddsemgﬂdt pqlarity amd  23.
The latch ac I

st tab porperting § & ge@iriatih ¥ Pﬂgef%‘“ﬁ"‘gﬁ%%%ﬁf‘%%t@ﬁ%@
curved bi ght 3pgrinithat éé'ﬁpﬁq’lblé@"%{"ts‘@é%’r’ﬁj (1(&50 #htingHde: 25 The | atch

according to clai mdat’ermMiiﬁgQ'héaﬁ@Qm Iitd W)Ml@%ﬁnﬁphﬁhwm '1Qf)5aﬁ@nf ront
each ot he | at ch

accor di ng%’t 0 3ERARRA J9r agperating $3id deiRrmipation ﬁé%‘#én dﬁ§%?f§$€dt°déj d@@nt to
t he cat ch posignahappli@d to Baid lirput{1dddortdflig to cl aim 22, wherein the

connector peg traygtsesorde milins(18°71d, 1Y) for storing a first stored signal (B2)
and responding to said detection signal and to said first state of said
alternating signal to modify said stored signal (B2);
i0 - second storage means (17, 20, 21) for storing a second stored
signal (B3) responding to said detection sighal and to said second state of
said alternating signal to modify said second stored signal (B3); and
- switching means (15) responding to said first state and to said
second state of said alternating signal to apply to said input (14d to 14f)
15 said first stored signal (B2), which then constitutes said data signal, and
respectively said second stored signal (B3), which then constitutes said data
signal;
said quantity of energy being thus determined by said first stored signal (B2)
during the driving pulses having said first polarity and by said second stored
20 signal (B3) during the driving pulses having said second polarity.



