METHOD AND APPARATUS FOR EXTENDI NG THE RESOLUTI ON OF A SI GVA- DELTA
" TYPE ANALOG TO DI.G TAL CONVERTER This invention relates to anal og
to digital conversion and nore particularly to a nethod and appar at us -
for use with anal og to digital convertgLs of the sigma-delta type.
The sigma-delta nodul ator has been known sSinhte 1962. However, it was
not until the recent advances in integrated circuit technol ogy that
rel ated techni ques becane cost 10 effective for use in high precision

anal og to digital converters of§PEIRCATIONta type. The sigma-delta
type converter typically consists of digital circuitry with a smal |

amount of anal BPOKYRESIN ENCAPSUPA$ING MACTERGIAds ROR MOLIdINEPt s
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converters. Sone_of these known converters are designed for use in the

audi o market WIHB $SAMEres, for exanple, 16 bit resol ution of a 20
Kil oHertz signal. However, in indusiri 0 nt applications the

requi refrent can be to convert a B@éké‘g@ﬁﬁtﬁﬁfew Hertz anal og signal
wi th greater .thap. bi resol ution. A good reference which
descri bes thé-fﬁﬁkﬁ]lacﬂg{hq [nygntion "5 i grm-del ta modul ator for use in
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"over sanpl i ng}ep%ngtth%tsdrﬁe. an extremely high sanpling rate relative to
t he hi ghest™ frequency of interest of the incom ng anal og signal.

The tenm "ovar saDelschigtiorebétke Bridhart el ati onshi p bet ween t he
frequency or sanpling rate at which the converter sanpl es as conpar ed

to the well kndimcagsplation af senlicenductdiyghipst hasibeest miaeke byiat tramsfer
sanpling rate nmust be at | east twi ce the maxi mum frequency of the
nmeasur ed anam@ldingnaising sprcallathrtabletsr eferan sgncapswgabinge slomposition

composed of an epoxy resin, a curing agent, and an inorganic filler.
The tablets are prepared by the steps of kneading the encapsulating
15 composition and processing the same into a semi-cured body in the
form of a sheet or wire, pulverizing the solid body into granules
followed by being compacted into a cylindrical form. Thus prepared
tablets are fed in a pot of a transfer-molding device and are forced into
a mold cavity where they are molded to surround the sémiconductor_
20 chip. Nowadays, there is proposed for enhancing encapsulation
quality to use a multi-pot transfer molding device in which a plurality
of pots are provided to encapsulate a plurality of the semiconductor
chips at once with reduced length of runner leading from the pot to the
associated mold cavity. As the number of the pots increases, the size
25 of the tablets are required to be reduced to give the sufficient number
of the tablets into each pot. In this respect, it is envisaged to utilize
the pulverized granules of the encapsulating composition prior to

being compacted into the tablet.
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2 . Exi sting nethods often use decimation filter techniques I n

"the digital filtering section of a sigma-delta analog to digital
converter. Several decimtion techniques are descri bed in "A
Conpari son of Deci mat i on Filter Architectures for Sigma-Delta A/D
Converters", by Peter Y.K Cheung, EriZ-S. K See, 1991 |EEE
I nt ernational Synposium on Crcuits and Systens, Vol. 3 of 5, Analog,
Circuits and Neural Networks, Singapore, 11-14 June 1991, pp.
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I nvention a%ﬁbf&‘te&‘tb the ﬁb@bﬁﬁns to atld ﬂ%’éﬁlﬁn mlnutﬁa% artid[g§hod for use in
a sigma-delta tType analog to digita conv ter I ng an i nput and

output to obt divemnby the use of the tablets, the minute particles are easily
separated from the tablets when subjected to the vibration while being
15 fed to the pots and/or the cavities, thereby causing undesired clogging
of the passages to the cavities.
In view of the problems, it is demanded to provide the epoxy
encapsulating material in the form of the granules which can
successfully avoid to clog the passages of the material in the transfer

20 molding device.

SUMMARY OF THE INVENTION
The above problem has been solved in the present invention which
provides an improved epoxy resin encapsulating material for molding
25 in the sémiconductor chip and method of preparing the same. The
epoxy resin encapsulaﬁng material in accordance with the present
invention has constituents of an epoxy resin, a curing agent, an

inorganic filler, and a release agent and consists of 99 wt % or more of



'3 . extended representation at said converter output of an anal og

si gnal . anplitude present at said converter input, the nmet hod having the
steps of: i generating internal to the converter at the end

of a first predet erm ned interval of tine an unextended digital
representation of the anal og signal anplit-ude present at the converter
I nput ; i hol ding a charge representative of an error term I n

t he unei<t e][lded di gi 'élfal representation at the first th predet erm ne](cj ]
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repetitive appli crossing charge"wth t determ ned

polarity eXC%I@ﬂlafn%dté}ﬁ:apsulﬁﬂlbﬁtquaiil@t | t WiegRhe i matutenparttities iiavihpoa
endi ng when the ¢ errof termrepresentative charge crosses zero;

vii. appendiameteeof iess tham@ilhgmerate nméuﬂodianla:ryammmt of mrmerthpntl tive
applications count to the unextended digital e(ﬁr esentation; and

Viii.  extenwt r‘#@ ohdhet gmmdaathavgn@wasdzmemmﬁf detmmBoto df.§i mun are
representation by . virtually ghifti Jg in a pr edet er.m ned
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said counting, eodswith Tl usLénef(EﬁQdedtedr'lgl' h8Ving the angle of slide of more

than 40°. Although it may be possible to prepare the encapsulating
material having the angle of slide of less than 20°, the preparation
takes a long period of time and is not practical for an economic reason.
15 The epoxy resin encapsulating material is prepared firstly by
kneading the encapsulating composition having the above constituents
to prepare a semi-cured body of B-stage condition. The semi-cured
solid body is then pulverized into pieces having a diameter of 5.0 mm
or less. “The pieces are composed of granules having a diameter of
20 0.1 mm to 5.0 mm and minute particles having a diameter of less than
0.1 mm. Subsequently, heat is applied to melt a resin component of
the encapsulating composition in the surfaces of the granules while
continuously moving the granules so as to entrap the minute particles
in a molten phase of the resin component. Thereafter, the molten
25 phase is solidified to obtain an epoxy resin encapsulating grains
coated with a resin layer incorporating the minute particles. In this

manner, the grains having a diameter of 0.1mm to 5.0 mm are formed



4 - representation if said polarity is in one direction;

or. C. sSubtracting said repetitive applications count

when said counting ends from said unextended digital _ _
representation if said polarity is in an opposite - direction, to

t hereby obtain the extended digital -4-representat|on at the
converter output. An apparatus for use in a sigma-delta type _
analog to digital converter having an input and output to obtain an 10
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t
first predetermned interval of tine o nmeans |
di sconngct i ngheangleoflthg stidmal from said input at said first

predeternm ned interval of time end; iv. ~means responsive to said
error term reprissenpaciereed embbdiment othelegremules rayeoheatéd whie being
represents the polarjty of a charf;_e to be repetitively applied to said
error term Stirfathr dosnt effeotivelyharmelting o thecavesin - saimponent oof t then
representative charge . to cross zero; V. means for applying
repetitivel y SRgAPsulading, #ompositicaeinr thensurfaseer ofither whale gmnfulzsmso
crossing char with said determned polarity.to sai’d error ferm 30
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Further, prior to forming the resin coat on the surface of the
granules by application of heat, it is preferred to make a pre-treatment
of adding water to a volume of the pulverized pieces in order to wet

15 the surfaces of the granules. With this pre-treatment, the minute
particles can be readily adhered to the wetted surfaces of the granules
before the resin component is melted to form the molten phase,
thereby increasing efficiency of entrapping the minute particles in the
molten phase of the resin component in the immediately subsequent

20 step.

A solvent or wetting agent may be added to a volume of the
granules while stirring the granules for agglomeration thereof. The
solvent is selected to be one capable of dissolving a resin component
of the encapsulating composition in the surfaces of the granules to wet

25 the surface for absorbing the minute particles therein. The wetting
agent is selected for the same purpose of wetting the surfaces of the
granules to absorb the minute particles therein and includes at least

one selected from a group consisting of an epoxy resin, a curing agent,



5 . Vil nmeans responsive to said counting nmeans ceasing

"counting f or appending said polarity and said repetitive appl i cations
count to said unext ended di gi tal representation; and Viii.
means responsive to said counting neans ceasing counting for

ext endi ng sai d unext ended digital -5-representation, said extending
nmeans: a. first wvirtually shifting in a predeterm ned

di rection said unextended representation by said 10 pr edet er mi ned

nber  of bi t s, and, sai d i ¢ det er mi ned
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polarity isghBa PRRSbEScess. dlrectlon to thereby obtain said
ext ended di glht ?ﬂi% b representation at said converter output.
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Fig. 1 is a block diagramof a prior art typical sigma- delta analog to
di gital condetaited descriptionFofythe invemttm@mainestaonples avhempitaking in

i npl ement ati on for part of the prior art sigma-delta converter of Fig.
1 pl us pﬁmm@nmh theraita dravalngs: dance with the present 30

i nvention for extendlng the resolution of the conversion provi ded by
the converter. Fig. 3 is a diagramwhich shows the tim ng
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const ruct edgey {11 § SRHMALE VIEHPRY & mixer TR F0DrRBARE Hhb'epoxy

resin encapsulating material in accordance with the present invention;

and

FIG. 2 is a schematic view of a fluidizing vessel utilized to prepare an
15 epoxy resin encapsulating material in accordance with the present

invention;

BEST MODE FOR CARRYING OUT THE INVENTION

An epoxy resin encapsulating material of the present invention is

20 prepared in the form of grains for use to mold in a semiconductor chip

within a transfer molding device. The encapsulating material is

prepared from an encapsulating composition composed of an epoxy

resin, a curing agent, a release agent and an inorganic filler.

Additionally, the composition may include a curing accelerator, a

25 surfactant, a silane coupling agent, a coloring agent, a stress reducing
agent, a flame retardant as necessary.

The epoxy includes orthocresol-novolak-type epoxy resin,

bisphenol-A-type epoxy resin, biphenyl-type epoxy resin,



“:Depicted in Fig. 1 is a block diagramof a typical prior art
siigma-delta analog to digital converter circuit. The anal og i nput 70
and DAC (digital to anal og converter) 75, feed into a sunmer 71. The

i ntegrator 72 has its input connected to the output of the sumer 71
and its output connected to one input -08-a conparator 73 which has its
ot her input connected to ground. The one (1) bit digital out put 76 of
conpar at or 73 goes high or | ow based on the rel ati onship of the
integrator 72 output to _ground. The 10 i.nput. to D 5,45 connected to
the out put 76liexelonsatadiene-tyReh eRPRXY t EHPpl bnﬁaboé lpﬁ?gcoregﬂgbyat f‘?ﬁgn’
signal to the,s ba
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50 in accordance w e present fnvention for extending the

resol utizon of - ' k i abhedror9- oridihkdraxy-
depicts 5at : locrggglygiaggféigﬁ\%g{rrgy:l%pe#eer?rz%%lgt% ggﬂgf et thg Si gmagydel t%
converter shqyplithafdmsihevolde nesid hend its digriivativé] la eondénsationuofup- 77.
The anal og input 70 is represented as differential input Verr] 23 and
24 to capaci tyylene atd arlphthol Treasnaphtholi mat phenobrcuring tagemt sfucil asna 72
are performed by the repetitive switching of charge from . capacitor

bl.ocks 11 anccdplymer afi dicyetppeniadi¢ne @ind phenebnansamige FUBRSr3EFHnal
anplifier 14 and capacjtor

16, The input. to capacitor bloc 12%'.5 é‘
differential and @neaewl anhydsideageTheppastjculas cay &@genﬁ@aé’oﬁﬁd% ft‘%? 15
f ti 0 tor .73.. The D t flip-fl 17 h h
output B | nealone SE RpasaRginatons « cFhe REoRRVES B b 1sTRecteatiRl dog;
th t ) h | ar] ' [ :
ntegrator o ieePR of HCTae SOty B BELRGrd e " The, curine
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prior art si el'ta conve
7 SW t chy inm ng is designed so that, for exanple, bl ock
SfepersoRS el

11 is switch st en block 12 and then clock 19. The one (1) bit
output 76 of Fi qujee rkléssenaygedt ficlidesr @ fatty acid such as stearic acid,
15 montanic acid, palmitic acid, oleic acid, and linoleic acid, a salt of the
fatty acid such as a calcium salt, magnesium salt, aluminum salt and a
zinc salt, of the fatty acid, an amido of the fatty acid, phosphoric ester,
polyetylene, bisamide, polyolefin containing carboxyl group, and
natural carnauba. The inclusion of the release agent enables the use
20 of the epdky resin having inherently high adhesive characteristic to
the semiconductor chip and/or the lead-frame thereof, yet assuring
release of cured resin from the mold and/or a plunger of transfer
molding device.
The inorganic filler includes crystalline silica, fused silica, alumina,
25 magnesia, titan oxide, calcium carbonate, magnesium carbonate,
silicone nitride, talc, and calcium nitrate. The inorganic filler may

be utilized either alone or in combination. The use of crystalline or

fused silica is preferred to reduce coefficient of linear expansion of



2. Logic 54 uses the data on 21 to select the polarity of capaci tor

bl'ock 12 to be next applied to the integrator circuit. Block 12
perfornms the function of the DAC 75 in Figure 1. The use by

|l ogic 54 of the data on 21 to select the polarity of capacitor block 12
to be next applied to the 10 integrator cifeuit provides feedback in the

| oop conpri sing bl ocks 11 and 12, operational anplifier 14 and
capacitor 16, conparator 15 and flip-flop 17. This loop is equival ent
to t he feedback,l oop 71, .7

of the feedbé?:‘l’( CIUS%? SPOXH 23_511225}’85&%%{ égﬁﬁgtd pﬁzhg fseﬁﬁggﬂé}lfb%rrgpm.y et on
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logic 54. Ga I gnal s contr the™s chi ng capacitor

operatign inggl ﬂﬁkﬁss]tﬂriné?superioraﬂibrh&al_r pedistiniceety thé lsetoappliedratl the
provi ded for signal I nés 52, 53 which permts control of the capacitor

swi t chi ng poltahet yofor seldeairiontlias edcapsulated ogemiséndutport schip. 21 Tamel 22
respectively. The .function of block 13 and out put 22 will be described

bel ow. inoggﬁ'liicsfililbr)\im stleckéd to havehan averdge dimessaquiedcet@H0cam.30
be filtered by digital filter 74 for a specific period of tinme and
produce a di gi t Bher epuemant aadaederatoout maludes | 1,8-Diaze-bisyedbd t 651458) a
specific period of tine whichis a . multiple of the nupst )gom' ant _noi se
sour ce peri odgidecene-7, a ghirdograste aminecompeusdauch a3 trgthydeasdiaming or
60 Hertz i pe, frequencies. are comonly .ysed in order tp elimnate

noi se fifom t r?éléjg b?@ﬁﬁléﬁmeégylamgleper?rbdl%\‘lgﬁ??@ f 5P RA such’ ‘as "2-

2 an 11 Ol BSLERES 42 6L Akt 3R lgarae ML
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can be as sirpls A5t 3phéRyphdiphine and tributylphosphine.
The silane coupling agent includes an epoxy silane such as y-
15 glycidoxy-propyltrimethoxy silane, and an amino silane such as N-
phenyl-y-amino-propyltrimethoxy silane.
The surfactanct includes polyethylene glycol fatty acid ester,
sorbitan fatty acid ester, and fatty acid monoglyceride.
The silane coupling agent includes an epoxy silane such as y-
20 glycidoxy-propyltrimethoxy silane, and an amino silane such as N-
phenyl-y-amino-propyltrimethoxy silane.
The coloring agent includes carbonblack and titanium oxide.
The stress-reducing agent includes a silicone gel, silicone rubber,
and silicone oil.
25 The flame retardant includes antimony trioxide, a halide, and a
phosphide.l

One or more specific agent or compound may be utilized as each of



- or becone nore el aborate using decimation and digital signal processi ng
"techni ques. The sinple up counter can be reset prior to starting the
analog to digital conversion period, 10 count the bit sequence from 21 for
a predeterm ned period of time and use the end count as the digital
representation of the differential vel&age anal og i nput 23 and 24.
Figure 2 portrays at 50 one enbodi nent for the present i nvention. The
Dflip-flop 18 takes in data fromthe output of conparator 15. As was
descri bed a@&g%%uthe out arator 15 represents thqggolarity of

t he capacit Ing q%#&f@&%t%b@%‘%%‘&]%ia{geﬁ’ Lr§asg aggnt, cqlapng ¢
; D - and . }
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28. The output” of “gat I's “‘conne 1 two 1 nput AND
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auxiliary counter 3 s enabl ed by the exclusive-oring of the single
bits of mixerDfér erafipie, SIENSCHEL anikez hmhdesh &inegded WHilW béinighe
enabl e signal 27. A latching device 31 is used to store the count in

t he count er h2atexhdto tsodtqmtlze iresinbcompon2at followed byTbeimg gixtaided into
representation fromthe basic sigma-delta _converter 10 is portrayed as
| atch 32. Aa sheetend vodt lor BBe somvengednseolidebpdyi odThheknwgmngtd 50
provides in the | manner. descr.i bed bel ow the resqlution extensign, by a

predet er mi n&XtHISAOR 1SoMmade sby othe psediod; tiar expmplentatpigssure roplers,
initiall rovided by cpnverter 10.. T r termned . nunber ,of

resol it on” doubeTeEtw Reeaies i gt Ehe Kitatifg isosPRtBRed p¥e a1
f‘gft 3§9a[ ﬁe ﬁgﬁ;gﬁqﬁcﬂ fa%ht(') SkE S resin LSRPonent Sifteiditht Tontphdibld © the
9 32 b i.n f. pi LOqr ' . One
O the SZombrRSRY SHEERIL SR G ROR! (P iBokfn R CRFR ol P lesin
output 22. cohSoh&NRI ) Ng BroAet CERidRd  TheNAEIRIr, Othdl s8li@PRs&dy afs t he

out put of auxiltary counter®30 ~ and determ nes jthe nunber of cdunts that
will, depengiulgedRed intd peedsy Baving anfianster @ﬁ,s.elmherortles@dd@ilttepir%
subtracted fromthe shifted digital representation 32. e

nunber of resmadertp bemovat gtdaten granulesthavingtediamet&Oof ataret thanah Lol ut e
val ue of the maxi mum nunber of counts 10 that can be added to or
subtrasgted fR@rbyhthesmiset @l adsigvealwhen such greater granules remains after

pulverization. The pulverization is made, for example, by the use of
a rotary cutter, roller mill, or hammer mill. Thus pulverized pieces

include granules having a diameter of not less than 0.1mm and minute

particles having a diameter less than 0.1 ym.

20
The pulverized granules are then agglomerated into the final epoxy
resin encapsulating grains with respective resin coats entrapping
therein the minute particles. A combination of heat or the like with
stirring is applied to the volume of the pulverized granules to make
25 the agglomeration with the entrapment of the minute particles. That

is, as the heat or the like is applied to the granules being stirred, the

resin component in the surface of the pulverized granules are melted



representation 32. The range for the resolution extension - provi ded by

‘enbodi nent 50 is determ ned by the conbination of the polarity bit and
t he absol ute val ue. For exanple, i f the predeterm ned nunber of
resolution extending bits is four the representation 32 is, in effect,
shifted to the l eft four bit positions-The absolute value of the range
of counts that can be added to or subtracted fromthe "shifted"
representation 32 is zero to seven (0 to 7). Since a fraction of a
count does po ive rise o resolyti 20, extension, the resolution

ext ensi on rg‘?ﬁggﬂﬁrw;l‘ifé’d?ﬁ?# I‘S'H acgq@)ﬂﬁﬁ%?h%f’%?@%ﬁ 50 js +/ -
seven counts. At the end of the conversion period, capacitor 16
contains an error voltage whose polarity is contained in the bit on

out put 22. ' ICON uses the polarity bit on output 22 and
t he charge %‘ l§%§§%@%¥igp§%%sl to provi de the resol uti on extension by

forcing the erpge nﬁ)roce‘égI éﬁgﬁakﬁla%?rtﬁésaﬁé‘ﬁﬁ;@&léﬁi&aﬂmﬁ JfotHR igrnfilds 1 S

used to deternine the orientation of t arge i n capacitor block

13 thag w I'utiliHeseat ndxer rwhioly) hedshawnois KHpadit eomifiides d0togiopeeh

t hrough zero. The present invention uses auxiliary counter 30 to
count, fromcentdinetildl, zmixingfbladedll dneven byraimbetorol2 dourttate sqthired t o
acconplish the same. It is _that count which appears in representation
31. As wil | the containescr iByaotatingithe dade ddeat airelatnvelynhighcspeed, theans to
prevent the counting of the auxiliary counter and thus . provide no

resol ution Pxileerdzed granules (erfildedvin thecontainer 10 are stirred violently

10 capaci,tor 16 at the end of éhe conversi o per'iod is |les than a

pr edet er ni n@&daa&rﬁowaﬁ_egglyﬁcw% ité’n;’ idecwith cach other :\%@%@pc_ 54
uses 4B, | eATL AL Rl ShRIRimeRs Berfeh comubRGBERS) A RGO SANEE o
fuch as - CPiptdtion Rl fo g AG OFYEL SEtuRR Bl nNiE e MteRer o

can be used rﬁéltir%,g?%il?ﬁédm tedBpErAlasd gﬂwﬁilél’ afittfith Sbﬂri?E frictiGipd1Chaht on IS

: . t
obvi ous to anyon In the art an 10 therefore not be

di scussed icandss adjusted e sbkRictit the motoirispeetd in bfdat td hrelpohé aesaf
Figure 2 is part of |ogic 54 and is used to inplenent the generation of

ti m ng si gn@bmponemtohavayedhenokestrmedting point. The granules with the

15 resulting molten phase are caused to collide with each other to

agglomerate through the interfaces of the molten phase. When the

agglomerated granules becomes to have a certain enlarged size, they

are sheared by the rotating mixing blade 11 back into grains of a

smaller size. The above agglomeration and shearing are repeated to

20 give the grains of the suitable size during which the minute particles

have increased chances of being entrapped into the molten phase of

the granules. Thereafter, the rotating speed of the mixing blade 11 is

lowered to cease melting the resin component but to keep stirring the

granules, allowing the molten phase to cool and solidify in order to

25 obtain the grains with the minute particles confined in the resulting

resin coat in the surface thereof. Through this stirring process, the

resulting grains are made to have the angle of slide in the range of 20

to 40°. In this process, it is preferred to add an extra amount of the



‘ The circuitry 56 produces an output 45, which is designated in Fig. 3

s "QA" 145, fromD flip-flop 33. Qut put 45 is cl ocked froma convert
signal 34, which is designated in Fig. 3 as "CNV' 134. The AND gate 36
is used to reset flip- flop 33 and has inputs froma clock 35, which
is designated in Fig. 3 as "D' 135, and #d6m a clock 37, 20 which is
designated in Fig. 3 as "NBD' (Not B Del ayed) 137. Another D flip-flop
38 is clocked froman AND gate 39, which has inputs from output 45, NBD
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to the othe at a i nal
47, which i gv I‘egﬁgn%ét%lﬁ ETH‘? 1nca_ r?z)itlorp'étfpﬂ'lte Qadﬁ?&%hffeglg% a;%eﬁﬂt?hget S

i nvertsd anghe surf@e@n@flthe% ams FatiMtatetlic ANGapsukatich \Wrbebshas T its
ot her input the output 45. e output of this AND gate 43 produces a
signal 44 i mixee dwanlabie ia thik yroceks diciugles HENSCHBLemiker,Funivedsab
"RSC' 144. Signal 45 is inverted with inverter 48
and producesnixesj pibdonblendercandsuper mesirgnated in Fig. 3 as "LTCH' 149.
In Figure 3, the waveforns 140, 137, 135 are ba5| o clock signals. The
"NBD' signal 137 is the inverse of signal "B" 140 del ayed by 1/4 of
"B"'s cycle tine. The anal.gg switching cycle time could be for exanple
1/ 4 of % < QCESSARI'| ¢ the convert signal 134 is hi gh it

dth ' d
I Fehatveaém}% S%@é 5'@'&3?@%&%%6@5 Conver'itl?%tsremwﬁgm WY,
sional 134 4oeg haunoWSRARE ThoSRRNEE is Shoffed SaliBH e AP @N!

sigma-delta circurt rin |rs art

the idle cohtaetNA) of FRY 1 ﬁ?l{ééﬂ("thboﬁﬁlxieﬁ’lﬁd)}?h&ﬁeest ?ﬁ rg/rﬁﬁﬁlég t®

enhancenent of the present 1nvention ert signal 134

goes | ow t heemx ?&Y@ﬂﬁrboﬁ@i ‘meltisg e debin ddrﬁ?@hénﬂ-fbmﬁé eAtapsiating e
condition, tha is, circuit 10 is not perform ng any analog to digital

composition present in the surfaces of the granules and having a

15 lowest melting point. The stirring by the blade 11 continues during
the heating so that the granules are agglomerated through the
interfaces of the molten phase of the resin component while being
prevented from becoming too large by the shear of the rotating blade.
Dming this agglomeration, the minute particles are entrapped within

20 the molten phase.h Thereafter, the heating is stopped while keep
stirring the granules by rotating the blade at a rotation speed not to
cause melting of the resin component, thereby solidifying the molten.
phase to provide the grains with the resulting resin coat restricting the
minute particles therewith. During this stirring, the agglomerated

25 granules are caused by the shearing action of the blade to be broken
into the resulting grains of uniform size. Through this stirring
process, the resulting grains are made to have the angle of slide in the

range of 20 to 40°. Also in this process, the release agent is



‘conversion. Hence, capacitor swtching ceases and the charge on
capacitor 16, which is related to the error 20 voltage, is held. The "QA"
signal 145 is feeding 20 which | at ches the direction polarity bit from
t he conparator 15 output. This direction bit 22 sets the polarity
orientation of capacitor block 13.-11-This direction dictates the
orientation of charge in block 13 that will force the error vol t age
across integrating [err]capacitor 16 to cross through zero. At this

o LT BRSBTS LR SR e
o T 2 ShEf v BB o o0 ! FRUASC MRS PO

idle and doeggpgt switch during this non conversion tine period. In a
sense, capaC|?or bl ock 13 takes over the function and clock tim ng

| ocati on of capacitor block 12. Capacitor block 12 is only operative
during the conversion period of the overall cycle; whereas, capaci tor
block 18 is @uggloasdravivr progessi@rt tine after the

12 conversion period ends. The circuitry 10, 50 runs one

swi t ched i nt egratfustherf aggloakeratiommatodSss neéflizes a Htuidizinguxesselr whichint er
is enabled with "QB" 146. This permts the digital representation 32
to not be af Aschewn fintkEG. 2, cammlsmlatug%alﬂﬂ,h@%lomr j andcaheateror 16

Is |l ess than e caunt, of the extended resol ution. .The

capaci tor bl d2ks fﬁedﬁﬁ"f?&lz@dngf es §> stiet placgg: on a screemf wittingibes
soon as o gnaPssd 20 A ArGriRRendeg R A Tiving 1% Gf ginitad fisradetower
capaci 161 1621 0 (30 0BYidized, Bed, o' Ay AlicR a4 BevideCplid oty G on
Count er 30 ¢ Stust PUEEAHORBIISLHDy SEHHS SrbRICE RIS, "The e ol of”

t he f UnChbﬁﬂated)lPGrl?éaitoﬂhe%rérﬁﬁe_ﬁrl?eiﬁgg ?‘? ; dPAny éﬂin‘%ﬂ"‘bgftlhg air

provided. During the conventional sigma- onver si on p

I nput vol t agllovapaoi tayr thl miedt tile refed ecogponentol dR0thes apARcapAilatiagt ake
turns applying charge transfers 20 to the integrator circuit 14, 16. = At

t he begi nni ngoufpasition appeaningsimrthpesurfdce hef ithpugramilesgend shawiplg @d t o
the 15 lowest melting point. The granules with the resulting molten phase
are caused to collide with each other in the fluidized bed to be
agglomerated into a suitable size through the interfaces of the molten
phase, during which the minute particles are entrapped by the molten
phase. Since the granules are forced to move continuously in the
20 fluidized bed, there occurs constant break-down of the agglomerated
granules such that the granules are prevented from agglomerated into
unduly large bulk but are agglomerated into a suitable size.
Thereafter, the heater temperature is lowered to make solidification of
the agglomerated granules in the fluidized bed to give the resulting
25 grains of the uniform size in which the minute particles are entrapped
by the resulting resin coat. The minute particles failing to be
entrapped in the molten phase are flown upward of the fluidized bed

and recovered in the filter 24. Through ‘this stirring process, the



integrator circuit for a predetermnined period of time. At the end of

‘that predeterm ned period of tinme, the reference vol tage is then
applied to the integrator circuit for the same predeterm ned period of
time and with a polarity determ ned by output 21 so as to counter the
polarity of the voltage in capacitor-18-at the end of the application
of the i nput voltage. The application of the input voltage

followed by the 30 application of the reference voltage my be thought as

a char ge tr sfer .pair char.ge stf.er al rs plied
to the int eﬁ?ﬁi gcg%BﬁtaraLm ﬁﬁ ttohngaif%%% %OfISh‘E Andh s‘r?&ﬂedoglzﬁys be
a whol e int 28 Junber. For exanpl e, the predeterm ned period of tine
can be sele as one mllisecond giving two mlliseconds for the tinme

t1§ “peri oSl 5 WS ProesL thd Heleasecabllt 1R SRRl AN at the,
nteger mui (9HeREd AP KpBathC i bidg? Rt o 0! lséttgﬁge%tie%%
frequepci espe ?ﬁlé’ﬁ% Qgﬁg bPeBmbinatey 8ohf o‘fctﬂ@e&ts dx?rb gﬁnghg a\%ﬁl hdt is

common to use conversion period a perio

i nt eger r8ldakk #&n@f the period of either 50 or 60 Hertz. The
polarity of the reference voltage applied to the integrator circuit is
shown by the sEh¢iftgidifidg eesyélt avaidableOforstinsrproeess gncliddsntley delvideo
block 12. The setting of the switches is controlled by signal 52 from
logi c 54. utilitieges oentrifugal i flche sanal spirat aie flefrer ence vol tage on the
capacitor in block 12 to be applied to the integrator circuit 14, 16,
with either a positive or a negative pol arity. At the end of

t he speC|f|c ti oerlod for ch t he conventional sigma-delta
convert8i on i& = et or termis |eft across capacitor 16.
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capacitance ratio is set between capacitors The ratio
determ nes tdagnponent of the encapsulating composition in the surface of the

15 granules is dissolved to wet the surface for absorbing the minute
particles therein as well as for aggregating the granules while the
granule are being stirred. When the agglomerated granules becomes
to have a certain enlarged size, they are sheared by the rotating mixing
blade 11 back into a smallér size. The above agglomeration and

20 shearing are repeated to give the grains of the suitable size during
which the minute particles have increased chances of being absorbed
in the wetted surfaces of the granules. Thereafter, a cool or hot air
blow is fed to the volume of the agglomerated granules while
continuing the stirring so as to dry the surfaces of the granules,

25 thereby obtaining grains with the minute particles entrapped in the

surfaces thereof. Through this stirring process, the resulting grains

are made to have the angle of slide in the range of 20 to 40°. The



resol uti on extension provided by the present invention. This ratio
"could, for exanple, be that capacitance of capacitor 13 is 1/8 the
capaci tance of capacitor 12 in order to extend the resolution 4 bits or
+/- 0 to 7 total counts. 30 The capacitor 13 charge is transferred
repetitively to integrator circuit 141336 until the error termcrosses
zero. The auxiliary counter 30 determ nes the nunber of charge
transfers required to do this. The counter logic permts an "adj ust nent

"t [ he fi .ch . fer. Th
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conpar at or sensi ng e intedrator 14 error tage on capacitor 16.
I'f theserromappbeagd alotleoseirt boflinhbiorer 0 to be within the noise .

| evel range, t'hen the conparator 10 could m stakenly assune the w ong
polarity due to the noise i nfluence. There are two different techniques
whi ch can be used to elimnate this potential error. The first
such techni duesle atidthpragcessiEary counter 30 to operate for the
duration of an enabled tine period. This time period wuld be such that
it would al | ovAtfnether agglomernatian pspcessautiligesthegnixer eékd Golimnd mor
exanpl e, a,4 bit extension allow ng +/-.0 toi7 counts uses only.the

three | east M3dmie adshto BiWetting agent ita 3 vebUREL! the PRLVerIZeqB1apBlss i bed
ot o0 an Bidek Quisbtah bR Y, ThechBuine gt f Gl deAsE O artOgteds
that i bi : ot I Lani fj [ i 000
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causing a near +8 or - count situation as well as near zero srtuation

as in the frombdue oPtheRipoxy edbfpallationg ddmpdsitios! aPRe westting Abent
opposite direction and then i'n the direction latched in out put ~22.
Logi ¢ i s usén the foem bf 4 liquid lveilbppiéathbiven thé sPfadeseodthipo gragulbisriect i on
does differ in conparator polarity ) )

15 wet the same while the granules are being stirred, so as to absorb the

minute particles in the wetted surfaces as well as to aggregate the
granules. Thereafter, a cool or hot air blow is fed to the volume of
the agglomerated granules while continuing the stirring so as to
solidify the wetting agent covering the surfaces of the granules,
20 thereby obtaining the granules with the minute particles entrapped in
the surfaces thereof. Through this stirring process, the resulting
grains are made to have the angle of slide in the range of 20 to 40°.
The wetting agent may be added at once or several times while stirring
the granules. The wetting agent which is solid at room temperatures
25 1s heated to be liquefied prior to being added to the granules. With
the use of such wetting agent which is solid at the room temperatures,

the desired granules can be obtained without forcibly cooling the



15 fromthe latched direction 22 polarity. This verifies t hat noise did
"not corrupt the direction bit 22. The follow ng correct direction
transfer takes the error voltage on capacitor 16 back to where the

i nventi on woul d have started as described previously. Elimnating the
potenti al for error near zero pernitsld-true full span count error

15 (above 7 counts in the above exanple) to be realized. Clearly
this second techni qgue woul d upper Iinit t he auxi liary count (such as to
7 in the above

digital . ErapEsen: the oFFlease aaeat IS Brrterabii ciw 4hgr welliEe S8HF el g
give t ﬁ'edigf%%&i%*% B, e AR RISIEDER 4 onft S Dfelssl to dRIPiY 159 t
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The ext ende 2 of e ext en entation are provid
inventson i thd H?¥ pepforhiiggd.r ection information 64, which is the
polarity information on output 22 of Fig. 2, and auxi liary count 65,
which is the representation 31 from counter 30 of Fig. 2. Hence,
the entire extended representation 66 consists of the conventional
digital gglossenat min pro¢esswhi ch in ef fect has undergone a virtual
shift to the Ieft by the nunber of extended blts 62, 20 direction

i nformation 22A stdh(fuatlmrl agglpmerations proeess ut1 lizesankaeader-extruder to The

nmet hod to provide.the extended resol uti on nma) Ie nted ither in
ot dvar e _of KAeRd thenPROBY FSARSYIAING COTIRES fign aﬂdhﬁ?‘&&é‘F gati on

the oA %tg;zféq@rlbﬁ”%vswhe%ﬁb@%%%@%%éP&Jéftssaofﬁc') Ehet By, h%iﬁﬁfﬂa s
62 of the ethepdsd infRTREEL! 3bMBMedTBF HaNE IHMLEIERE b m%bceqcﬁ%gf

as sinply as e secony

adder woul dﬁ?ormat ?éiﬁb'ﬂﬁl?ﬁgctﬁﬂptgaﬁ%t %ffg" ?rfbccjpg%eﬁ 30. The pol arity or

direction i It 2 nmer e ctates whether an addition

or subtradqeiiop @ rhAReathe Iagglbnmmomdﬂ thékpublertfed ghahules in
practice logic would alter the second input if a subtracti on

accordance with the above agglomeration processes of A to E, it is

15 preferred to give a preliminary treatment for enhancing efficiency of
entrapping and confining the minute particles in the surface of the
granules.  Following treatment is found advantageous for this

purpose.

20 - ration tr
Water is added to a volume of the pulverized granules being stirred
to wet the surface of the granules for aggregating the granules as well
as absorbing the minute particles. Thus formed grains are then dried
while being continuously stirred to remove the water content from the
25 grains. With this treatment, the minute particles are adhered to
wetted surfaces of the granules. This aggregation can be made by
the use of the above mixer or fluidizing vessel. Thus treated

granules are then agglomerated by one of the above processes A to E.



was required. For exanple, if the polarity or direction i nformation
"bit 22 indicates a subtraction, then the tw's- conpl enent pl us one of
t he second input nay be added. The

16 result of the addition, which appears at the output of the

adder, is used directly as the true extended digital representation of
t he anal og i nput. The auxiliary count 31 in Figure 2 is either
added or subtracted fromthe conventlonal count in 32. However, it
shoul d be recalled that the ificant. bits 61 of th ext.ended

r epr esent af\epthes | lﬂu gAY ggaﬂé‘ 1764 dnstead, Of hwater m&w\@?ﬁ ) the

t 60 |1y shifted to the | b
xt ended bitngovillshah Tus e (dimbahel if ths, cPERY. SHEAPCREHIAG and

are four eE&%mr%ﬁ?deﬂ ?ﬁtssbsab%ﬁﬁfﬁ%%dﬁﬁ§§é2%ﬁ?§ ERHA AERREEINT (o
aui iary CBORE A Sﬁ*fﬂétﬁ@ e b M0k e Sant 0P differbArifRe s’ 110

convepti onI }éc ﬁﬂf tthé’%lp@ﬁy émmﬁinérc@b?gﬂﬁ%r epresentati on 66

result wou eC| ma eep the hardware
circuitry to a mni me a mcro-processor could be used to performthe
above functi ons. The extended representation 66 is read into the 20

mi cr opr ocesscfhe Aobiowings txafmples ade irtsrided toildosaatothe inventibnaatd on 64
di ctates whether an addition or subtraction wl| take place. The first
val ue 61 fshoutdmot tB2comstkaedtd intpose linitateonsdionsthieyclanmAND f unction with
zeroes for locations in 64 and 65. The second value 65 from count 31
masks off the ~ -higher bits by an AND function with zeroes for |ocations
in d 64 The first value is | oaded and addition or

subt rlﬁctl o] PH% second val ue as dictated by the polarity or
dlrectlonlnf rratlon it 64 s result true

ext onied ai o1 {OF regPel e iR 1R e ERare JIEbBRY esin entipbufigdld T
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power consunpti o of a converitional “sigma-delta type ¢
G ven a re@lendihg thefollesdhptingfedient®eh thé miﬁst@@yrapbﬂﬁon

15 Epoxy resin:
3 weight parts of orthocresol-novolak-type epoxy resin [available
from SUMITOMO CHEMICAL Co. Ltd. Japan as a tradename of
ESCN195XL];
3 weight parts of biphenyl-type epoxy resin [available from YUKA
20 SHELL EPOXY Inc. Japan as a tradename of YX4000H];
Curing agent:
5 weigth parts of phenol resin [available from ARAKAWA
' CHEMICAL INDUSTRY Ltd., Japan as a tradename of Tamanol
752];
25 Inorganic filler:
80 weight parts of fused silica [available from TATSUMORI Ltd.,

Japan, as a tradename of R08];

Release agent:




17 frequency may be dropped significantly by incorporating the

"resol ution extension technique of the present invention. It is well
known that frequency is directly related to power consunpti on,
especially in CMOS devices. This is largely due to the capacitive
nature of these devices. Reducing the -18perating frequency of the
sigma-delta converter by a factor of sixteen, for exanple, would reduce
t he power consunption of a CMOS circuit enbodi nent thereof by al nost

L0 T o, 06 b B B L Sl OB, 455 PRI, e
over e cony oI AL SRS RV TR0 = Joomn 50 elisBghu B WEe ©
I order Lo SOTVTSLIghe phiR LFPEAURIE NarBeREAIEA SR From, PIERIEHD .,

extension of EEMICAIS INSOISTRY o 133! S8 45 SORYRRMANALFTIEIE: delta

period of 100 e Set” Uup had a og I nput span of +/- 5
volts g (V[qbgh.: 5 volts) and used an up counter for the digital 20 .
filterrng. > The anal og input voltage for the first test was + 3 1/3

vol ts. The@ﬂ%%@ﬂ_‘al representation using only a conventi onal

si gnma-del ta nethod was 83333 out of 100000, whi ch woul d correlate to

3. 33330000 voljt syeightppurtndft Fye%lgcidbﬂye;ﬂﬁdmtﬁﬁidmdxyt Bflaheugaexilgblied
was

digital representation 33333  out of 1600000, which correlates to

3.33333125.  frohefEOR AN DOVENCORNINIGIeSILOCONES hed.| efap@sulaks & han
t he conventional sigma-delta method. In the second test, the

anal og i nput ‘radeageevad SH6080]; to + 2.5 volts. The ending digital
representation using only a conventional nmethod was 75000 out of
1000009 whi &Bring agegleratoiirel ate to +2.5 volts. The true extended digital

representation was ,1200000. out of 160000Q, which correlates to +2.5
vol ts. Hencef1 wesght part Q%@‘M&Hﬂi‘&?&qemt hod happens to yield
correct resmd.tlsr. t he invention result yi el ds exact results as well.
0.2 weight part of carbon black;
Flame retardant:

15 5 weight part of antimony trioxide.

Thus blended epoxy resin encapsulating composition was then fed

to a double screw kneader where it was kneaded at 85°C for 5 minutes.

Then, the composition was cooled to be solidified followed by being

20 pulverized by a cutter mill into the pulverized granules having a

diameter of not greater than 0.5 mm and having a melting point of 63°.

Thus pulverized granules consist of 90 wt % of granules having a

diameter of 0.1mm to 5.0mm and 10 wt % of minute particles having a
diameter of less than 0.1mm.

25 50 Kg of the pulverized granules were placed into HENSCHEL

mixer in order to agglomerate the granules based upon above

agglomeration process A. The mixing blade 11 was rotated at 1500



18 . In the third test, it was shown that using the I nvention
"to extend resolution yielded the sane results as the first test
exanple, but at 1/16 of the cycles. The anal og i nput voltage was set
to + 3 1/3 volts and the conventional signa-delta period was set to
6250 cycles. The ending digital repreddntation using only the

conventi onal met hod was 5208 out of 6250, which correlates to +3.3328
volts. The true extended digital representation was 83333 out of

100000, which carrelates to +3.333?? vol ts.. Hencge, ]lg hhe ptesent invention
agai n yi el dEAM 40T CWIBueS O SEE Ahes erantilen and MeIE Sho s SOMBPBRAL del ¢ a

ﬁh?"?'et i “éel?r‘f«yle%’?q:fdtheeg%%@%gﬁ%% FRrtri<Hinean e FobEd wR o
ot her a7 HehBHS e ilp SAHHEE, HOARbyCRAPpls iR iblte parifESi Q. e
peri od of 1 ReC anyape Ritter” pRASECC iy, the FOBIN Speblcof YL IR

rej ectison f glad8avpebitred #60 gginﬁﬂtofs@é@élbgdnb%d&*taﬁﬁﬂplfﬁﬁﬁ%%l hedt
ot her words, the I nvention Intains the noise rejection properties of

prior cahemter goblialg | shobtmolted byhss t imo t he sulidernsdiae potiibe
equal to a multiple of the noise periods of interest such as |line

f requenci es.continuously Atitrheg the granelesf farh2@ mmues itorpriovida¢heatpudy of
calibrating the resolution extension. During nmanufacture of the
circuit showmsim eRicgpslating fgrains fopmed on hts Surface with the iraselding ed
circuit chip, the manufacturer selects the capaci tance of the

capaci tors GESH eeiisentrapping the minyte pastiglesce with a requirenent of a
pr edet er mi ned capacitance rati o therebetween. However, the
manuf #8t urer can onl y mat ch the predetermined ratio within a certain
t ol er ance. ae‘b?% dition, stray capacitance, small charge | oss, and ot her
non- i deal p}%’b } i nherent in the physical make up of the swi t ched

capactLor LSRR oAl Y, MERAITRP! 81 bhihe by e
encapsulating material in accordance with the above Agglomeration
process A with the pre-treatment

15 50 Kg of thus pulverized granules prepared in Example 1 were
placed into HENSCHEL mixer [manufactured by MITSUI MINING
Co., Ltd.]. 2 Kg of pure water was sprayed to the granules while
rotating a mixing blade 11 of the mixer at 400 rpm. Then, the
mixing blades were kept rotated for 20 minutes so as to effect wetting
20 of the granules for absorbing the minute particles on the wetted
surfaces. Subsequently, the mixing blade 11 was rotated at 1500 rpm
for 10 minutes to develop a friction heat due to the stirring and
therefore melt the resin component in the surface of the granules for
entrapping the minute particles to the resulting molten phase.
25 Thereafter, the rotation speed of the mixing blade is lowered to 400
rpm and kept rotated for 20 minutes during which air was blown into
the mixer for drying the granules, thereby obtaining the epoxy resin

encapsulating grains formed on its surface with the resulting resin coat



19 including the predeterm ned ratio and capacitor size of
‘capacitors 12 and 13. In general, the nore extended bits 62 that
are added by the present invention, the nore significant will be the
effect of the non-ideal properties on the auxiliary count 65. Using a
smal | nunber of extended bits would |ikely8rake the effect of the
non-ideal on the auxiliary count negligi bl e. However, it nay be
desirable or required to use a large nunber of extended bits in the
present invention. 10 In. that ins}ance there may ari se non-nonotonic and
m ssi ng cRUaRPHS £la¢ mavuie RrtifléSoul d need to be resolved for certain
applications of the invention. Once the circuit of the present
invention is operational a calibration procedure, described in detai

bel ow, may substantially elimnate the effect of t hese
non-i deal pﬁgﬁwgg:ﬁhe calibration procedure wll give rise to an

auxi l i ary coungpiscald ct th be th kk,eCt.d bi t
of the aﬁxi i Zlﬁli}%co%%?ﬂllﬁéﬁgeﬁras ﬂ#tﬁﬁtaﬁgt $0nstpargggfgsce{g§r atﬁggggl i E?%?l on

scal i ng fackgegpsidutidgZthatefidl Vint cébRridnte HitleaheofBove Agglomefation
predet erm ned anal og i"nput voltage is applied at termnals 23, 24.

The anal og prgedssvOl tage is slowy i ncreased so as to provide for a
true nonotonic, that is, no m ssing codes response in the auxiliary
count 65. The 50 Kg of thepuwivenizedigranabst pepeiredtia Bramplbat wasepkacade no
m ssing codes in the_ auxiliary count. The associ at ed direction bit
val ue i s notnie aﬁhndmnguwssieir[marmfacnﬁ@di by OK AWM RA MEET ac0i nlytd.r om
zero. The digit represas ta}t\i on . &3 shoul d not. change _until after the
auxi liary ce@pdnhas tgpic E'ae; @wn s Fi -|2,sw§ﬁr¢/a|m§1.ng #HA103Y @b 20F0qIRe
calibrated

Che. dii t al tBpEERDEE avRan hguaeone thavard, o thé BOUBm)GE e Pory
nown desi r Yoot Rl s SRS dEed Bed St s BFAITIER"L, Pt WL, RS
fﬁg”- Thi's aSRichBIwas al8E4 %o tRE ABRNZEE VLRt tgsngféﬂlﬂlek%e}e jagpust
stirred in the fluidized bed for 10 minutes, thereby melting a resin
component of the epoxy resin composition in the surfaces of the
15 granules to form a molten phase. Thereafter, the air flowing upward
was heated to 40 °C and kept flowing upward to stir the granules for
60 minutes in order to dry the molten phase', thereby obtaining the
epoxy resin encapsulating graiﬁs formed on its surface with the

resulting resin coat entrapping the minute particles.

20
EXAMPLE 4
This example was intended to prepare the epoxy resin
encapsulating material in accordance with the above Agglomeration
process E
25 50 Kg of the pulverized granules prepared in Example 1 was placed

into a ribbon blender. 0.5 Kg of stearic acid which is the same as

incorporated in the epoxy encapsulating composition was added at a



auxiliary count to a calibrated auxiliary count. Thi s met hod can be

‘used in a simlar manner to determ ne the calibration scaling factor
for the other associated direction auxiliary count range by using a

pr edet er m ned decreasing i nput voltage. The calibrated auxiliary count
is used in place of the auxiliary count 4h9eal cul ati ons as descri bed
previously in the enbodi nent of the invention. Enhancenents and
alterations to the above calibration met hod can include relating

various calihration scaling f rs wi th predeternjned ital
r epr esent at TAfC@ GePpegature Oflggn(fil tlérﬁfgrrHiiﬂée gaangigseat %gtm i ch

1 B D AR Rapus AR T
e 0 e PR TR G gL A
Anot her _embadlyrant gt ﬂf RYARL! Rfeaclidse BN Bich tht WEbicCARACT tor

bl ock, si m capa capaci

bl ock has ayy %t él‘l’oWé'dCib béﬁ aﬁhe‘?éﬁ ﬁﬁ%léxﬁg %ﬁ% égﬁnﬁ{ ré&dif &i‘ééjﬂqﬂgtlagum

magni t ude suc one- out t he ext ensi nce,

the capgﬁalhgrwﬁﬁl the hofiufehgaritiiles RneaRpod o thd eifack it thieSgrainscase,

woul d be one sixteenth of the reference capacitor. Thi s fourth
capacitor block is applied nmuch the same as and in place of capacitor
block 13 only for the initial cycle of the resolution extension
functi on opEXGAMBLE ber eby, giving the auxiliary count a 1/2 count

bi as which yields an equi val ent 0.5 and above round up function for the
auxiliary Wosnt exampde  was | mtegded bto urﬁf@pﬁt’%odhehaﬁppﬁé( dE&HR; pt i on
of the referre? enbodi nent.s are intended to,be g |IITstrat|ve

r at hef®t hanCBSARIHRINE mAterial 19, aseordancremptly thery QuE o gglomgratiegr y

skill will be able-to make certain additions, del eti ons, or
modi i cati oRE°Y®Sthe enbodi ments of the d| scl osed subject matter

21 of the i nvi: S0KY ' RRICkBERPsulating oompgition wesoRlasPd iies2
kneader-extruder to be kneaded therein and extruded through a 1.5

mm diameter heated die opening to give a soft rod. Immediately

15 thereafter, the rod was cut into pieces which were then caused to roll

down on a slant surface so as to be shaped into a rounded
configuration while being cooled, thereby providing the epoxy resin

encapsulating grains.

20 COMPARATIVE EXAMPLE 1
The pulverized granules of the epoxy resin encapsulating

composition obtained in accordance with Example 1

COMPARATIVE EXAMPLE 2
25 The pulverized granules of the epoxy resin encapsulating
composition obtained in accordance with Example 1 were classified

through a sieve which passes the granules having the size of 0.3 mm



S22 . CLAI M5 1. A nmethod for use in
"a signa-delta type analog to digital converter having an input and
output to obtain an extended representation at said converter output of
an anal og signal anplitude present at said converter input, sai d
met hod conprising the steps of: 20 - generating internal to said
converter at the end of a first predetermned interval of tinme an
unextended 10 digital representation of said anal og signal anplitude

present at said convgrter input; i, hal di hg:-a.c e

repr esent at R a;:ﬁé? r 8?“15@} ranu‘eﬁ 23# Baﬁﬂgl%t gheggb@\’qﬁ %‘%I cqllected
representati - sal 'rﬁ)t] r ﬁ"l;];ffk d interval of time end,

. di scggr%ggicf%%hgaﬁog anap%rgatg\lleggg{i ro%sai d i nput at said first
predeterm ned interval of tine end, i V. determ ning fromsaid
error termrepresentative charge one bit that represents the polarity

of a charge COMPARATISEEXAMPI B3l ied to said error term
representative 20 charge to cause said error termrepresentative charge to

cross gero; The pwlverizgpl gragulespedf t ithe! epoxny a resmoneénpapsetating ned
interval of tine said zero crossing charge with said determ ned
polarity t@ompositicar obtainedrin repostaueawitle Examplarlgwere compaeied
counting with a predeterm ned nunber of counting . bits each of said
repetitive @b iCOMPEsSionN retiodof 126 intocpokdi Bgwenghtyeyhindsical; tablet

det er m ned g]ol arity except ftg,y said first repetitive application, said
counting endidydngiediaspeted H47 &8R- t er m represent ati ve charge crosses
zero; Vii. appendi ng when said counting ends said polarity and
said repetitive applications count to said unextended di gi tal

repr esent at i A kit t i ng when said counting ends said
ungxt zﬁded @GI\QPS}%QITL\E%%%M%%FWQ ]
The grains obtained in Example 1 were again pulverized in the

universal mixer rotating at 400 rpm for 10 minutes.

~ EVALUATION OF EXAMPLES AND COMPARATIVE
15 EXAMPLES
| The grains of Examples 1 to 5 and granule or tablet of comparative
Examples 1 to 4 were evaluated in terms of the following

characteristics as listed in Tables 1 and 2 below.

Table 1
Size distribution Angle Amount Ratio of
(%) of of dust Secondary Dust
slide (mg/m®) (%)
) :
Less 0.1 to After After
than 5.0 30 60
0.1mm mm min. min.
Example 1 0.05 99.95 26 0.03 0.1 0.2
Examp]e 2 0 100 20 0.01 0.1 0.2
Examp]e 3 0.01 99.99 21 0.02 0.1 0.2
Example 4 0.09 99.91 31 0.04 0.1 0.2
Example 5 0.09 99.91 39 0.04 0.1 0.2
Comparative 10 90 51 0.31 1.0 2.0
Example |
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: a. virtually shifting in a predeterm ned direction
"sai d unextended representati on by said predeterm ned nunber of
counting bits and said one bit for said determ ned polarity;
b. adding said repetitive applications count when said counting
ends to said unextended digital -Répresentation if said polarity is
in one direction; or C. subtracting said repetitive
appl i cations count 10 when sal d countl ng ends from said unextended -
dlglta| regent-atton—+F g p'al;Ly —ArTat pp S+t
di rectiop g(?"m"i‘ tb"ﬁy bbt i n sall d 9egj??ehded di di ta(t)iﬁ 29 apr edscoent at i on
at said { Dut plit 2. 1 The netlhod_of sai d
convert el h&omparatdgnver si on mefans and|saird stlep OOr‘f2 gerer&tl ng ift®rnal to
sai d conyer Exemgle 3aid|first priedetermined intlerval of (timne end_ap
unext ended Compasaiveat | onSof saj d ¥nal pg 8% gngdl 012 anpl i 2¥de jat B&i d
convertel | Eaainplet! udes the stiep of appl yfi ng repetlitivelyl sai d ahal og
signal anplitude and a 20 predetermned anmount of a reference charge
to said conversion nmeans; and said nethod further includes the step
of sel ecti n@Tableredet erm ned anount of said zero crossing charge in a
predetermned ratio to said predeterm ned ampunt of said reference
charge. 3. The nmaVletetriog Kirer fg) wher ei Metdring dredr (gye
applicatipns count is cdli W@ﬁ%dcﬂt'%bﬂ%ﬁ’le@t nod C\foﬁrlﬁ'c'a%ontalﬁé}e st eps
of : i tthg—sarda—an 111 stgnai 1|rp| f tUU€—p'bCf§IIT at sai d
converter Eﬁﬁmplle:fa pr ddet erm n@r’l gm’)l itude iLnhcreasing said
pr edet er n] Bedmpiel2 t ude |sl owl y: 0.05 iii. moni tori ngO0s@$d repetitive
appl i cati pAxaafslet3 for a tragsigion therein which i 9 pgher than a
single an .E 3§ oni ¢ ncreman(ig‘ TV- definr an T ncreast ng
cont i NUOUB=EXtEHSHBR—SPAR a-e—r-epetHve—appH-eat-Cons—eount—ist
prior to “E&mpei_ranm tion ther@ﬂn which i$ other thad single and
Comparative 2.0 3.0
Example 1
Comparative 0.5 1.0
Example 2
Comparative - -
Example 3
Comparative 0.5 1.0
Example 4
Size distribution was determined by the use of a series of sieves
5 attached to a low-tap vibrator. 200 g of specimen were classified
through the sieves while vibrating the sieves for 30 minutes to
measure the weights of the grains or granules held on the respective
sieves. Thus measured weights were calculated in relation to the
weight of the specimens before classified to give the weight
10 percentages of the granules having a diameter of 0.1 mm to 5.0 mm as

well as the minute particles having a diameter of less than 0.1 mm.
Angle of slide was determined by the use of a 50 mm long glass-
made conical funnel having a 50 mm diameter upper opening from the

bottom end of which a 7 mm long and 7 mm diameter outlet tube



" 24 . nonot oni ¢ i ncrenment when said other than transition. occurs

"before said repetitive applications count has filled all of sai d

pr edet er mi ned nunber of counting bits and defining said i ncreasi ng
conti nuous extension span as one plus said repetitive applications
count when all .of said predeterm ned -Afber of counting bits are filled
W t hout said other than transition occurring before all of said

pr edet er mi ned nunber of counting bits are filled, V.

cal cul ating an increasi gﬂspan factor as one plus 10 said repetitive
appl i cations counp gn( of said predeterm ned counting bits are
filled divided by sal 50 )i ncreasi ng continuous extension span;

decr easi NG sl BE edeiEL TRt SRl 96 (BREaNBLLIE% 30 pHOM¥K and 1001 n'

moni t ori ng repetl ve appliCations cdlin ransition

whi ch is ot g‘g‘fn di3heders! Qésen?iﬂé glate”&’t”ﬁtl?é]gﬁt%c'lﬁmtm from ‘fhé'%lass

defini ng a creasing C tl nuous extension s as said repetitive

applicat i onSplﬁwmo jthst IQWeQr ehd o ¢h&Ooutlednsibid Ol ddifieitfic Welationi s
ot her than singl e and nonot oni ¢ decrement when said other than

transition Cthemswlth befaecordanct wepkta saugplapplmetiod presotibedhas JIS | | ed
all of sai d predeterm ned nunber of counting bits and defining said

decreasi ng d€6Pilhud)exifegeiios spgrannlemevareuplacid gently epetheiplate
applications _count when all of said predeterm ned nunber of counting
bits are filthseughtthefunssl do dorartheraon a slopednmiass of grains orrrgjangl@sf e al |

of said pre erm ed nu counting bits are fill ed;
cal cul at i ngd‘? ﬁsf r@péﬁlsf &é@ggecgub aep|g§§1@) Orsgi'%ﬂuk’épe@ i |Wéﬂ
m ned counting.bits

| i i | d
ZPE T e Siah A Wp@oﬁrdrod wad il i o isBhiiE B ey S "bisthigy) 5

countl ﬁgl gﬁi@iﬂo@p% ?ﬁﬂlg{ ?ill& @é)%llhe(wt ﬁ@f%l él%%gs xﬁxiggttlooé 2%‘5% sa| d

sai d cunti ngr ghde By déﬁ'n@d in tHefIIEGRing féﬂ%ﬁlé.a“?ﬁewﬁ?fgbg%%ﬂléi'ﬁ&ebf’! ”Ed

polarity is positive

o ), 5ol g S50 (G5t Mg el imegtycsatgentan e i
to digital cprragkeofhfivieninfinidtidte anflueyt @xéepto fobt i) maximum and
minimum was selected for evaluation.
Amount of dust was determined by the use of a piezo-balance dust
15 monitor to concentration of dust appearing in a clean room of which
dust concentration is maintained below 0.1 mg/m® when 200 g of
specimen were caused to fall freely from a height of 0.5 m.
Ratio of secondary dust was determined by the use of a 2 litter
plastic bottle attached to the low-tap vibrator. 500 g of specimen
20 were placed into the bottles and vibrated respectively for 30 minutes
and 60 minutes to measure a weight ratio (%) of dust having a
diameter of 0.1 mm or less in relation to the weight of the specimen
before subjected to the vibration, respectively for the specimens after
30 minutes and 60 minutes vibrations.

25 Metering error was measured as an index of metering stability or

reluctance of the grains or granules causing the clogging in the



an extended representation at said converter output of an anal og signal
"anplitude present at said converter input, sai d apparatus conpri sing:
i means for generating internal to said converter at the end of a
first predetermned interval of tinme an 10 wunextended digital
representation of said anal og signal -&fpl i tude present at said
converter input; ii. nmeans for holding a charge representative of
an error termin said unextended digital representation at said

al g SURAY | ded ! I es :
s oot e O Pl P e e PO el e
predeterm n?&ds’félerr%@ldiﬂg Hb{}ﬁze‘?ndqu mez(ljSL{rYn%icd}ﬁﬁﬂ?er"se P%nﬁhvfnél qpai d
error termreépresentativ Charge for determining oné bit that

represents idaeypt 8efrthoyed t8fm%gﬁﬁﬁéﬂ?et%}gﬁﬁs of ginhiwg! Y TRPlh&Rriry Sai d

error term?20 representative ar ge cau said error term

repr esent at igyforIC BaIs06btdined a5y répeting to take the graBdndrfganabed Yanghd
repetitively for a second predeterm ned interval of time said zero

crossi pg changeof the vohtaiaerdtidenghnilrepassdge in yhe onchlid gedewicet ey the
representative charge; Vi . means for counting with a predeterm ned
number of  ovewi k30 ayhlest amdide finegletd bean appr ibeiwiesnsthef meaxiithwmrand
crossing charge with said determ ned polarity except for said_ first
repetitive appimum weightolithegranwgstakes @ (reansasky ofdhsisonfaimess. sai d

error termr esent atj ve_.charge CrOSSes zero; vii.  nmeans
responsi ve thﬂi%WHl%(Sﬁmq %éﬁﬁﬁ‘gsnglecgééﬂ% counting for appending said
polarity and sqi d.repetitiye appl i cati ons ount, to sai d

unext ended ey Rfedr rfél‘b‘fnestgﬁt aa{ﬁoyﬁi’ tgﬁ@es, Ecxamples of the present

26 Vi i -nea r RY ' ng | C ing..-

count ilr(%g fll(')lyentlggt g?\%i%éﬁqugtgi gabgugg&rggﬁeggdtlé%ic%?éﬁt (ﬁa?hg mlnqte
representat 'r{ﬁﬂgicfiér gged‘td‘?ﬂﬂfe@ (&3 fhan 0.1 mm 22d td !SQ%RN ‘é'n'iél‘l'ga{ettg/le of

shifting i eterm ne direction said - -unexten

[ epr esent at ispdYB3ihd low metdHifed bR Qgghnmﬁ@ SAility)9 Which and

said one bit for said determ ned arity; and then her

b. adding shRimonstegtdst gb@da@IﬂWQBﬂit Ngegpoii¥ibldh €or preventing aidedigedt i ng
ends to said wunextended digital 10 representation 1f said
pol arity is dloggngg dfthetpad8age to the mold cavity in the molding device. In
15 other words, the grains of Examples 1 to 5 exhibits low metering error
(high metering stability) as less as 0.05 to 0.2 for each of the
measuring containers, in contrast to granules of comparative Examples
1, 2 and 4 of which metering error is 0.5 to 2.0. Thus, the grains of
Examples are found to demonstrate very low extent to which the
20 grains remain adhered to the container, i.e., the passage of the transfer
molding device.
Also, the amount of dust as well as ratio of secondary dust are
reduced to minimum so that the minute particles are not caused to
scatter around even subjected to the vibrations during the course of

25 being fed to the mold cavity, thereby preventing the clogging of the

passage as well as realizing a clean work environment.



or - C. subtracting said repetitive applications count
‘when said counting ends from sai d unextended digital

representation if said polarity is in an opposite direction, to

t her eby obtain said extended digital representation at said
converter output. 5. The apparat2d-of Caim4 wherein said
converter has conversi on neans and said neans for generati-ng-internal- -
to said converter at said first predeterm ned interval qf i :
unext ended r Fﬂri entation of said anal og signal anpq;l“ﬁiHM!méﬁﬂﬂmr
converter i ng Hcl udes neans for repetitively appl (o g I '
signal anplitude and a predeterm ned anmount of a reference charge to
sai d conversion nmeans; and said a predeterm ned anount of said zero

crossing chagge | Eaghectidi n hd §qﬁatgx?grg§§téﬁm'0for iolgplg in a

pr edet er m ned anou sai nce 6. The apparat us

of O aim4 wahiidhdgitdr apipcaimusrising:i s calibrated by a further apparatus,
said further apparatus conpri sing: 30 i nmeans for setting said

anal og si gnal aapl iepody resinpemcapsulatinganthtenial didvangi opnstituems of an

pr edet er m ned anpl i t ude, i means for increasing said

pr edet er mi negpexyresinga@ curinglageng; an inorganic filler, and a release agent and

27 iii. . means_for monitoring said repetitive applications

count for a ¢omsistingodf PRewt " amineneiaf granules havingsa dgameter of gl to
nonot oni ¢ i ngrenent ; V. meaps . for defi.ni .an ipcreasin
continuous --0 8PeRnfloh Whap Uslessi @ F’é‘ﬁ&tFt?%mdS%Ir}?%Ydflgo% IEWFIjQ%st
prior to sai ﬁqst #Ensi%on t'herﬁﬁi n which is other than a single and
monot oni ¢ i ncHerren %M ot her t han transition occurs before said

repetitive appli ¢ . i I - Spal £ ]
nunberi%f couﬁﬁsﬁg(]s%??@ %ﬁﬂﬁgnrgs&%ﬁq%a Iahis%?nog irh%f%é@i %gh%ﬁg g}ﬁ%%@g

ext ensi on sp aus said repetitive applications count when all
of said g?% gfeorfngggg 4Sljurrber of counting bits are filled w thout

said other than transition occurring before all of said  predeterm ned
nunber of counting bits are filled; V. nmeans responsive to said

i ncreasi ng conti nuous extensi on span for cal culating an increasing span
factor as one plus said repetitive applications count when all of said

2. The epoxy resin encapsulating material as set forth in claim 1,
15 wherein said granules are formed respectively with resin coats which

entraps said minute particles having a diameter of 0.1 mm or less.

3. A process of preparing an epoxy resin encapsulating material as
20 defined in claim 1, said method comprising the steps of:
kneading an encapsulating composition composed of an epoxy
resin, a curing agent thereof, an inorganic filler, and a release agent to
prepare a semi-cured body of B-stage condition;
pulverizing said semi-cured body into pieces having a diameter of
25 5.0 mm or less, said pieces comprising granules having a diameter of
0.1 mm to 5.0 mm and minute particles having a diameter of less than

0.1 mm;



- - predeterm ned counting bits are filled divided by said i ncreasing

" continuous extension span; 20 Vi . nmeans for decreasing said

pr edet er mi ned anal og i nput voltage sl owy; Vii. means for
nonitoring said repetitive applications count for a transition therein
which is other than a single and nonatgmic decrenent; vViii. means
for defining a decreasing continuous extensi on span as said
repetitive applications count just prior to said transition therein
which is other than a .single and npnatonic de%renent when, sai d o}her

t han t r ansia¢lomGHadgsmn pempaneiydif sagdnqapsslating icanpesdiepinithgo has

filled all of i d d 1 ned ; f. A bi def.i

(110,211 oS50 B Sdel Smagd numter el SO gCRYRy o ARFbguig)
licati t L1, of. id d M, ned nb f ti

2PpL1 e one G aiBardied P biuen pRAEE FSAE FRa"Rer by BHALL 1.,

f id 1.ned nb I bi i 4 : .

of S0 b SURGE RS BT Rt BARA L BBCAE S Sagay resi

ext ension ‘ i f act or--as- ——one-plus”
Ao o, T PEAEASIEARE AR 7 (RCRGaR T et

said repetitive app t sai d '
counting bits are filled divided by said decr easi ngllwm{mmlmﬂ”“l
co

ext ensi on span; and X. means responsive to sal urd 1 Mg K“eans
ceasi ng counti ng for calculating a calibrated repetitive
applications count by nultiplying said repetitive applications
count when s4i d Thaprocgssasnst fardhen daimt3,nghéfeingaldgul vienzedapievgss pan
factor when said determ ned polarity . is positive or by said decreasing
span factor @¥eeheatgiddwhile bewng stirred Wodeden tp melhegist resin component of

10 said encapsulating composition in the surface of said granules.

5. The process as set forth in claim 4, wherein
a liquid is added to a volume of said pulverized pieces in order to
15 wet said surfaces of said granules for absorbing said minute particles
in the surface of said granules before melting said resin component in

said surface.

20 6. The process as set forth in claim 5, wherein
said liquid is selected from a group consisting of water, epoxy resin,

curing agent, release agent and surfactant.



