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. BACKGROUND OF THE | NVENTI ON 1. Field of the Invention e
The present invention relates to silicon nitride sintered bogiies
whi ch have superior nechanical 5 properties at roomtenperatufe, with a
mnimzed scattering of the properties, and al so good

productivity and cost efficiency. -1= 2. Description of the Prior Art
Silicon nitride is a material well balanced in 10 strength, fracture

t oughness, corrosion resistance, wear resistance, thermal shock

resids_tance _agd _ oxi?éltli V@B!PERTGEE%@FOR”FUWS been extFnsi vel y
used in a wide variety o _ cutting tools,
frictionally sliding part Qm:ﬁ?gc;ﬁﬂtﬁr @NT&IOITM erials. However,
there is the problem that this ceramc material is poor in strength
and- reliability as conpared with netallic materials. One
reason f @TEIE QEFHE INNENTIONhe silicon nitride sintered body is
closely related to the grain 20 boundary phase in the silicon nitride
sintered body. The grain boundary phase is conposed of a gl ass phase
formed froma,_ginteri ng% aid, which is an indispensable onent, for
sintering sil iIik?nPFﬁSLe

At dBVenHOgriates to automatic gaimeentold AR eucHts
brittle as ¢onmpared w t he 25 mat.ri x phase, of t.he .sinptered body. it is
i gnty i 38R Harlichtady ol ey BBl gl FOSLRL iRSHE HaAViRE; B¥dback
* applied tgo. .t < 8l undar ase.. This causes the

-2-- contPMﬁLéh%fge[ﬁ@nﬁ? Egﬁ *of the sintered silicon nitride
- sintered body. Theref ore, various nmethods have hitherto been
tried to inprove the strength by reducing the grain 5 boundary phase of

a silicongRicki TR ; %% Fbﬁ% ﬂi exanpl e, Japanesé Patent
Appl i cat W ANV I(.ﬁ -70715 and 3-117315 di scl ose
t echni ques for reducing the thickness of a grain boundary phase

by formng a grain-refined structure conposed of 10 . equi-axed crystal
grains of a-SIAGQ kictiits] agndispdi tnpirogide an outpataf gonstantodmplitude

B-Si[err]NJerr]. However, in order to obtain fine a-type crystal
grains, drommandnpmg qforatying amplitixle.ndGChipglovide thisrconstanhoutgubbdyused
as a starting _. mat eri al powder, resulting in a high production cost.

15  Fur tpisviding argrin inyesselymroportioned ve dhe inpugemplitudey dbas: ifdkhe n
the resultant siligon, nitride sinte body, the copversion rate to

red
B-cryst al NPt AgPlRde ds decrﬂ?éeﬂnéf‘@aﬁéacbﬁl@ﬂhﬁs_eﬂrﬁ&l SORNSFEr g i s
%b”t :;rIDP dmaisipiR Rrant pdfpuf Sehohieder of R il B meRibrd
Cechn; quele AGCRUreutt prtiiReTEES ERI < Biintain colidieil Shilyuf fiARRRE

n Nos. 61-9 - Kk f
%ﬁgi ni ?lg equi‘ﬂ-lg’)z@(;sdg er“\r?s]eﬁ?g?(gﬁ %ﬁﬁ%\%ﬂr}gﬁaﬁgﬁ%f mg‘%r?%rag‘?p]feoﬁ‘;ﬁg& tHe
M(Si, Al ) deaidihgQMNiaea }@ﬁﬁhe't_ﬁewglﬁiéﬁ c&tixli_e. alﬁgbﬁﬁ&&i&ﬂ%mﬂisﬁedlﬁ%eﬂﬁy om

the group consrsting o Ca i rare earth el enments and

pri smati chve been recaided afhdifferenhedcordingyksvdlbomvahiatiors nddy exist
properties, such as strength, by the formation of a conposite crystal
phase. Hoamwvss thasnedial As argsalsignals readdrorhthendisl dgivexanay differ in
di scl osed in_these applicati-ons, all the sintered bodies that stably

have ampd@naﬁeﬂngt ERIIEIENA GXYRRT| mjidigg thgﬁigf[aéﬁf rqj differept amplitude,
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provi de a conposite structure. For exanple, Japanese Pat ent Laid Open:
“No: 4-202059 discloses a nethod in which fine particles having a size
of 1 to 500 nmare 10 di spersed in prismatic silicon nitride or sialon
havi ng an average mnor axis of 0.05 to 3 [err]mand an aspect ratio
of 3 to 20. However, although the wor ki ng exanpl es shows 167 kg/ m?

as the highest strength, this nehod is highly liable to bring about
15 the deterioration of the strength due to the presence of coarse
silicon nitride and the Weibull coefficient is about 9 at the highest

| evel . Ther ef OF\et ﬁ%? eACrC cjfpuit EinEfr.ché em Ly aiﬁlu)fpﬁb ¢ aggbggﬁghgg full
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substance in the grain boundar hase o prr con ni rrde
crystal gaaplifieHeegiees ahrin ut%lgnal amiplifies thisha l@l't's§%i‘iél' l?%%hé la#RBunt
nitride crystal grains 25 ave a mnor axis dianeter jor axis

di anet er determireadt thiyngonétolt veltagstinpaitt and. praducesdahOatriplified esudpit.
respectrvely Therefore, the matrix per se acts as fracture origi ns
and the st b@ngmpkh@dnoutp\ﬂhesmeld bg control éhengliazgei puonpy The kbange

the highest. Further ince a high ring terrperature of 1800[err] C or
hi gher i sPump rseaarlp&‘r? tphé‘%?-ﬁéﬁltplé amiéhagga@{ @isgharges ithe capacitor,
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provides a silicon “nitri nt ere ody con ing ssentl al

prismati cconuwikld afriplifierd Thas! th§hF@r1h] tHIe%ﬁ haPAE(HE idjSa Sht %)f tihe @ QPge and

equi - axi sed crystal grains of [err] S [err]N[e r]and/ or -sra
grai n bouptanp ghrashaege sthm%aheto&elm $éltdg§rdcﬁﬂ?éll@daﬁﬂpmwr- aSir&%dthe

crystal grains, said grains having dispersed particles wthin said grain
boundary prpek ofsdhe charger gainpais i acdresolied nhyathé emstpuinefntherveltage

sel ected from he group consrstrn of co unds of Ti, Zr, H, V, and Cr,
sai d pri shanfroliad ampliienialoopis hormad aW rg@ change mrthe(ﬁutplﬁ oethé m or
| ess, and anp@lerage maj or, axi. s of 5] arr m or | ess, sa d equi - axi sed

crystal gREMRENGRGAR ge tdﬂ@r%@é‘&?&l %8%@9“@6{1&?# @.or |less, and said
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bendi ng fatigue test; s'a conce VI ew

bendi ng t psinep.moves charge in or out of the Qﬁfﬁbi-tﬁpt T NvEtabidtof the
PREFERRED EMBODI MENTS In the present invehtion, in-order to
reduce t heontrol voltage iinputrehéhi¢ ivwltage coatwikich apaplifiar \arithaeduces its
leading to the deterioration of the strength of a silicon nitride
sintered Bady, Ppy |r§durcing thgsmplifier gaigy dhesamplitadei ofatteel cmtﬁntta:bf theai ns
of silicon pitrid and/ or sialon are corrbrned with a h fillin

density VO agsrﬁpntaelledeamhélerfwmlé headecrasedauntiliiépavidbin \lshe rdesire
the grain boundaﬁp hase exjsting apong the prismatic 10 and _equi - axed
crystal g&i&s §¥RTa this type cobgystemuie nathérequ ffome problens, (ore

grai n bou Sek s cr d_apd t relati orti f. the
gl ass phag%lmr%3 n s b gﬁﬁvﬂfh#e&‘ &%jsﬁa?é’sgeég r}?etumb‘?ﬁ#? rtﬁﬁrfp Pe Bgéh% 0
the exi stence of the fine 15 particles dispersed in the grain boundary
phase, grain grow h can be effectively prevented throughout the
overall structure and a,refined and uniformstructure can be obtai ned
by controlling the grain sizes of the prismatic crystal grains and the
equi - axed crystal 20 grains. Consequently, in the silicon
sintered body of the present invention, the prismatic and equi - axed
crystal grains of silicon nitride and/or sialon are



honogeneously refined and enbrittlenent in the grain 25 boundary phase
can be reduced due to the reduced grain boundary phase. As a result,
it is possible to stably ensure a strength of 160 kg/ mMm® or higher in
ternms of the three-point bending strength at roomtenperature
according to JI'S (Japanese Industrial Standards) R 30 1601 together with
a high inpact strength .and an ex@el l ent fatigue property. The silicon
nitride. sintered body having such superior mechani cal

- 6- properties can be obtained at a | ow cost and in a good

producti V% inblddtasrohsthdamk davedifithatddtads yebordwd anathighefrequencpd
body of the pré&sent invention are very suitable as a material for cutting

tool s becgusgbility of theSlng toprouidé agcyratpeespense to changes dndgaintmast abl y
obtai n the above-nenti one superior strength, it is required that the

si nt er ed nbbby sudfitikints both of prismatic crystal grains([err]- crystals)
and equi -axed crystal grains (a-crystals wherein the ptri t.i c_crystal
grains have anlhed&aagiwidthamaysbe dirgitedoby ircatit ﬁg"rm@n Féig?r#’f)ﬁ"
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of the pr cryst rains and equil -axed crystal “grains is reduced
and the thigkness of the grain boundar hase i [ tr

Feduct | ontaRand: it by CaeeRBal SinalP el volBBeERls Vet Vi

i nvention err]'-sialon and [erf]'- sialon ar olid soluyti@n crystal
phases, r b§£¥®t’-‘?@@l€}79fméﬁf EXaMRE, @ym@eﬁ’é:n&sgl qu}rﬁlﬁ‘gngf ’@T%?'er %{1(%}21,15

A )[err] (O NTJerr wherein Mis at l,east e el ec f

group con§F%t[;2‘{:N;}t 5%) the vagiables gaip a@RIﬁal’@t %@@Wﬁ?eg@?u&l %ﬁ&r\ttégarygﬁg < X
err] 2.0) and the general forrqulag of Si[err err ert] N err erein O
L] or 11605 a pair”oh Aifterendia) Haltage:S Bl oaeahd I %5 FVBOTHEES
phase have an average particle size of 0.1 [err]mor |ess and the vol une

fs[]gﬁf idon Afsilsedt_Dyaridiey di srefibestrard i IRig. izr%ﬁdh@mriaipuﬂggu ;n?ﬁlltgggﬁeow
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the sintere I spersed partPcle phase. Wen the

average PanEichltpuistendls frofh dioAnesadoRerve ebdfpuss 16 an angtfesr 12G5fof. 1

[err]m besides ™ partTcles exiting in the boundary grain phase, the

tit ' bSt | ' h - - Dgvi
Quant ity obaabld YRR may hEYES] bAR bF TUNCTRE Bfpbl Jolkakes WL ninarvjgavi ng

t he size o e equi - axed stal Tgrai

orai n- practtn e et e R AR Ll AP amplific? 129 TRERPEND, 1

significant t hr hout the structure. As a.J.es , desir

strength [SsgRRls ¥asy agrrppddo %@ﬂ&ﬁﬁ%m &P 150, ﬂheeoéﬁ?ggt of thee
di spersed particles to the above- 15 specified particle size, the

di sper sed fpdl Watesectifier 180hisbiltustiated i gt 404 wolfagesigmal Vi, gr Ahe
growt h “in the whole structure, thereby providing a uniformy '

refined stgugiutl 6f the full wave reefifieeri3oRedorbparsdiwith afrefdrendespeitage, 20
particles 1n“the grain boundary phase is |ess than 0. 05% by -vol une

based on t 1V i Andsahet he
i nt ended pﬁragp?té@ %ﬁé}se,%é’%l%féetn%gn Egvéﬁpgi“ﬁ'ec}q{s% %\(I(s:hgl t ﬁgiﬂgﬁ%t@ %)i;rﬁﬁi nSt he

guantity of .t he ass phase is. very small. On t ot her Jhand, 2

when the Wpliage @ngﬂﬂe%uns ﬂ@tge@‘ep’é?fﬂ?ﬂ%%vp age Slg@?ﬁ&s@wq Qp&l,étahe
average particle size of the di spersed particles unavoi dably becones
| ar ge. Therefore, it is necessary to control the vol unme of t he
di spersed particles.in the grain boundary phase so 30 that the average
particle size of the particles does not exceed 0.1 [err]m preferably
0.03 [err]mor |ess. The di spersed particles are. conpounds ot her
t han silicon nitride and sialon. For exanple, conpounds of Ti,
Zr, H, V, C, etc., are used and anong them Ti



conpounds are especially favorable. These conpounds were confirmed to
be present at |least as nitride such as TiN, etc., in the sintered

" body by X-ray diffraction neasurenents. 5 Especi al |y, when

t he di spersed particles are made of a titanium conpound, the vol une
occupi ed by of t he conpound in the grain boundary phase is in the
range of 0.05 to 4% by volune, prefedably in the range of 0.05 to 2%
by volume, on the basis of the total 10 vol ume of the rest of the
sintered body. Wen the vol une percentage of the titanium conpound

is less 4. . 705% 0 ~ct he s tren e annot
be obt ai g&%ta&%%@heﬁﬁ%ﬁgw g&ﬁé)rq :tor%i'j’ggallto?q\f1 Iffﬁ@gégsf %e%f%&g E%neéds 4%
by vol une, the average 15 particle size beconmes greater due to the

aggl oner 4b0pto outputgin atacki cumreninlganpeufdhpaouipsites! el cosnparatoaris:
formed. Therefore, the required strength | evel cannot be achi eved.

Further, Jagivé *&?ld/@éﬁff%lsoﬁ}é Ezllgaﬁg'é ?H'gﬁllg‘lso to OGB! Becs Q?gglé%ﬁg&%y due

vol une, the sinterability o owder raw materi a

to the pe X Y ' '

nonun f orraiaprpyt of e (HBARRR RO, PThics Bl iSRS S BiRut of
resul tingpg i UG43 LAY G ; r

b ai n { Rae oy fHATR E P RIIPIIRAT100 prd Yokl % attack cu@nllil e

sinteri ngleda¢ ciapeht from the chbhrg@pump ¥50, the vdlRipasen the euplcitos 16edst i on
W th S?t{err] pfﬁge%?conrghgﬁgu?face of the source pog?gr of

silicon ritherdaica¢ased onelecramesl il eoliapeewhich eessltSin theudeahgedn theh a

sintering aid is exenplified by Y err]Qerr], Alferr]Jerr], MO
Ce( err] cote@parpding amplithdelofidhie outpaitoof thegVGA 100neklzus ck
m xture is nolded into _a_ green conpact and subjected to sintering at

a t enper schemedescribed abpyectintgo eutp ohthe MiGAMKL Howavendbger e
or ot her

.. ) ) . -9, - oxi dj zi
at mos phebove sirewit of Fig. L puffers framdiandwidth imikationan Furtighesredheo -

secondary sintering in a pressuri zed non-oxidi zi ng atnosphere for
further above cigagitfsuffersdmont théedack of eredisboniypf theeveléagesidfy arsd V
sintering may be perforned i mrediately after the first sintering or

after coQihig H{é ehidlsSon St ﬁ(ﬁ‘i’ef@@‘tc& Yoltage, Vooﬁhﬁeﬂpé:’;ggatiﬂrﬁet}ée full

In the present vention, as the starting wht eri al rt I spersed
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i hter ngY B RGudHESP S OO P EHARNER Il 2858/ Q codefthé Bberlifing
nitride Fa¥EQende \Iﬁh SROURA 535'1\/[H%Lﬁé$iﬂrin?ﬁlpé§ that the fRitHdrid dré@bgthalfull

Especial |y en Tiderr] used as the starting material, its
primary peavecteetificzeshoulpl eeclareytd tRispFooMHessThis is very difficlilsner sed
particles containing Ti N having an average particle size of 0.1 pmor
| ess. 20 achieve. |Addittonaldperthei fullnware ectifiert bafférs pfrosedslew rate
particles, such as Ti conpounds, etc., effectively yrevent the grain
growt h ddimitgtions sanderprasressoceariation of tfidl avoaest a'ﬁégflahi frelerzenee
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type or belt type or the like which is suitable for + the mass
production can be used. Therefore, it is unnecessary to conduct
sintering in a pressurized at nosphere in order to suppress the
~sublirmation of = - silicon nitride. Further, a highly
“densified sintered body having high strength can be easily obtai ned
wi tthout sintering through a hot isostatic pressing (HIP). Therefore,
the sintered body of the present 5 invention is al so advantageous in
respect of productivity and cost. Now, the present
invention will be nore specifically described with reference to the
fol |l owi ng exanpl es. 10 Exampl e 1 A commercially
avai |l abl e Si 3Nd powder having an average grain size of 0.7 [err]m and
a percentage a crystallization of 85% was m xed with sintering aid
powders ‘consi sting of Y203 powder A1203 powder and MO 15 powder in the
m xing rati os shown in Table 1. To each of the resultant m xtures,
Ti @2 powder having a primary particle size of 30 nmwas added as a

T o o - o o - o o



the other starting powder materials , excluding TidJerr].
Hereinafter, the anounts of Ti Q2 or other source materials to be
~di spersed as fine particles in the resul tant sintered _hodi-es ¢ al |
represented by 25 weight percent based on the totag glﬂETdéA%?‘rer

starting powder materials. The above powders were anol
for 100 hours in a nylon ball m L4_and subj ect ellto=

| sostatic Press) nol di ng under a pressure of 3000 kg/cnferr]

Table 1 Sample Si[err]Nerr] Y[err](err] Alferr]Jerr]
?’\?wo % sbﬁtﬁz&i%y OF THE INVEN#ION, | (e (wt. %

3 0.1 5 2 91 5

l 0.2 3 91 5
i The presen% 1ﬁvent10n ehmmétes a full Wave rectifier in the feeaback

1odup of a automa&ccgam control sysﬁem by usedf a peak detector. 4The
0.6 10
pmsént 1nvent10n0us|es the fact tha;*the outpwt of the filter is chffergntlal

mgludmg both aopggmve and negqr@ve 31gn§139t9 achieve an AGC sygtem
thé't has a highigirgiwiq{r@ Both iﬁmﬁgp?@%@d §Qﬁ1ﬁm&ative signa“:ls are

Each green conpact thus nolded was subjected to y sinteting
in a nitrchéftedadownobpner fixeddekc.avoltage, namelisuYay ofr?'ﬂsa E&atmﬂl’ob
[err]C for 4 hours and, then, : subj ected to secondary sintering in a
ni t rogen qmag&ﬁmmabﬂm&pﬂeﬁferantdlﬂvés wfevelageoandodetermmines irbe)mgréirpt}fc
for hour. 15 bending test pieces_each having a siz

mm x 4 mnamp(bltudr.v@fr the automatisf geiac roinel dyesetsng the perlo afcrlmwlwed
through grinding with a # 800 gri nd| ng L anond whg The

thr ee- poi @ebawgegmém@ﬁgﬁmheésff '@SPOS“%SIS% %@%@%ﬁ SNith 3 fegative

S AR B Sk TS
Terr] - [ peakopf forke elh G B ol e Aol 6 BRgaliv® SRal is
from t he r&h’n a?{e Wﬁhpaeﬁbsitive shiftdf §83al, whidl hb§ 'brebn(.élﬁ&bﬂdé)ﬂﬂ"r@same

equi - axed ctrysta

[err]- (i nfe%fngl{ﬁ% y@{t?g Y, ﬁgﬁ H‘u.% cfét&ffsa\‘.'h% pébﬁ{@f Yhé biRéF half of the cycle.

ol

I[err]) erern err [err], I[err] and I[err] are
the Th%g@&lt: H@e&ﬁ% b?ﬂh Nsédk dété&oﬁmr@ﬁﬁ i8'usedlctai cantirotithe charge
crystals and [err]- and prismatic crystals, neasured by 5 X-rtay

di ffracti opump and thus coﬂﬁtobth@ACﬂ@ cimastr e the average dianeters of
equi -axed grains of [err]-Si[err]Nerr] and/or a -sialon and
prismatic grai nEhefprpsenf irSigrdior) Nses aj emiftter fcplé(DWFr §rmhwm§hrpperates

sintered body was subjected to | appj ng and et chj e

arbitrary ab%/ VREY harghj hardwidth to gghle%tert&ﬁ S}mhgﬁé hbeo gﬁéﬁﬁ&%

ar eas ther of _under scanping el ectro r;0SC nj ficati pn

5, 000) . uaﬂéfag%fedraafﬁﬁde? QIWAT Iﬁ% aeiber &ﬁ’égoegﬁafiﬁa dpﬁugqggpr gb@?%ﬁ\lﬁo g

and/ or [err si_al on_we m ned measuri ng the average di aneters
of cirecul aPl&T‘%r%anY‘iglaYrﬂ \Fégﬁﬁgél}bﬁ%éﬂﬁt er in ninor axis of the

prismatic th‘?{e‘i‘ﬁ}cﬂf Eih%' gﬁ&g%ﬁlla%%nﬁ%w QIseEeér kwitcHiAp ¥Bmparator

determ ned from neters 1n the direction~of the m nor
axis of sqyaEmBMPEFIEY td e@aawm@maew msCamg;atraa)rz&cuoramerhgefeédbaeker
in major axis of the prismatic grains was determ ned fromthe average
di aneters in the direction of the major axis of rectangul ar grains.
Further, the average particle sizes and vol une proportions (vol.% of
Ti corrpounds present in the 25 grain boundary phase were determ ned from
obsetrvati on of 10 areas with a transm SSi on eI ectron m cr oscopy

(magni fication: x 40, 000). Theis the Ti
to the rest of the
the area proportion of the

conpounds present in the grain b
sintered body was cal cul at ed by

Ti compounds in the grain boundary phase to the 3/2 power, i.e,
[err]area proportion of Ti conpounds in grain boundary phase [err]




Table 3 Sampl e Bendi ng Vi bul | strength
“coefficient (kg/mierr]) 5 1 175

24 2 190 25 3 213

29 4 180 24 5 170

23 10 6 172 -622 7 . 176

26 8* 130 - 17 . o* 115

15 10* - 111 10.2 15 11* 100 -

Cooults thogPy h"?ﬂgpﬁfeas‘eh"qﬂ?%gﬁo oF° prtiieyes constant (AGE, QB e0Rd U 380V
bendi ng sty é%#@r{h@si oB100 MHZ I Ard @ A58 VIB /A Watad%tS ?ﬁi“{?ﬁ%odl om a

Wi bull coefficient of at |east 22, scattering eir stPength
values is small. In contrast to - this, it is clear that conparative
sanples 8 and 9 are - not inproved in their strength because of

i nsuf fi ci BRIEF DESCRIPT QINrOF T HHEDRAWENGSper sed particles and 25
conparative sanples 10 and 11 are subjected to strength reduction
because of excessively hi gh vol une per cent ages of the dispersed
particles and particle sizes of the sane. Exanple 2
30 - The r;rlelmtsé?%tﬁﬁg b*ﬁt:’élcilli'ﬂmb ﬁ@”ﬁﬁl,as t hose used in

Exanple 1 weregni in the res i ve,.m Xi ng rati os
shown in Tabl e %iﬁ’ﬁlt@tﬁﬁ)é Wéeﬁfﬂfr% dﬁ%ﬁrﬁmé’f the CerUlEQﬁrglgolﬁpom tions as

t hose in Exanp re molded.in.the same

manner as t’iag. %délé)csit{a&gﬁ apﬂtlﬁ%ﬁﬁu aétééjlré‘eé% %‘F‘é‘dltt fary 5
sintering and Flg%ﬂlﬁfsﬁfra?ggF%gggfdr?n%hgé}arﬁ%%n C%lfled mgnaei SRR G & e

t he conditions own 1n
Table4 ofpc%l Sanple Si[err]Nerr] Y[err](err] Al[err]Jerr]

err] (we. % (we. % (wt. %
(1 _Wt % ( V\Plg/()S 1mlstrates 4 d1g1ta1 wavétbrm dla§ram of the @ircuit of Fig. 1; 3 L
(2). ? i]zlg 6 1llust18£tes a block c1ﬁcu1t dlagram of the p‘ﬂ'esent invention;
6.3 gFig. 7 1llu59mtes a waveform d1_5gram of the present ihventlon, 1
0 15 15% ... 89 .. 6 . 4 1 10.5
* Conparative Etgn& itlustrates a digital waveform diagram of the present inventiorTabl e
5 : Sar‘rlg Primary sintering Secondary sintering
condi ti ons 1g. 9 illustrates apaipes weform diagram of thﬁemﬁqepérmygltms sure
T

(12})8) °rp- ([g Rt lrlgfsr'gy%eax(lgtﬂ@r gggl(sal wave%ogm dlagram of th@@msent
10 1475 1 1700
2-D m%%‘%"“’ . 1600 1000
i600 ]il§7511 1llustrate}56ggother dlglﬁf5 %faaj\peforml %é%g)ram of th% 2131":’esent
1600 inver@6n; 14-H 1450 1650
30

Fig. 12 illustrates another digital waveform diagram of the present

invention;
Fig. 13 illustrates another embodiment of the present invention;
Fig. 14 illustrates another embodiment of the pfese;nt invention; and

Fig. 15 illustrates another embodiment of the present invention.



14- 1575 1 1750 . 5 8- J*
1550 1 1650 10 15 8- K* 1500

1 1700 5 15-L* 1600 1

1600 - 50 15- ¥ 1475 1 _ 1600

1000 * Conparative Sanpl es Each sanpl e of the thus
obt ai ned sintered bodies. 20 was neasured for relative density, [err],
[err] : [err], [err] rati o, avermage grain sizes in the major axis and
m nor axis of prismatic crystal grains of [err]-Si[err]Nerr] and/or
[err]-sialon, average grai n size of equi-axed crystal grai ns of
a-Si[err]Nerr] and/or a'-sialon, average particle 25 size of the

di SperSeQJE@'AIFLCEESDEBQZIYIP"PI@NJG)FTHEQNVENTION/0| % of the dispersed
particles 1n the grarn boundary phase on the basis of the total

vol une of the rest (excluding the dispersed particles) of the
sintered body, in the sane manner as described in 30 Exanple 1.

Further, the Uleepresémit ilveenfiogp Hiustogtes a automaticgainldordwel f(AGENt
were neasured for each sanple at roomtenperature in the sane
pr ocedur eércagt dot operate ah azmaryl bigh frequeneyl withowt gising 4 nfuthbveve6 and

- 19_ rectifier in the feedbaclq:a:chgu; This c1rc:u$§ﬁ§mnateq;>,élm| Jﬁgxtatlons dywgi pul |
it8(r)engt h to bandyé h o%'t%g: EWR and thellgqutahénsg die & iii‘e slew rétzecof the

160 FWR 20 2-D 200 25 2-E

175 : 24 10 12-F 213 27 13-G

}gg Fuﬁg‘?ermore, gﬁégﬁs no neele%)Ggompensate for B?ci'%ess varééﬁghs of

116 the FWR péle-zero cémipensati 115 15- M
120 13§ ocd Sgﬁplgrnati ve Sanpl es Exanpl e 3 20

Conpositions &§ &herefist viRbite rw arpr&@@ Rékcuits, th@:Sg@Gsér’fteiﬁ?éﬁtion
starting materials as used in anpl e except that the primry
particl e priovéded 4 heandwidth that qnmitidesm amtstant autehwaic i gaifakbeatfol
Simlarly to Exanpl e 1, each powder m xture was nolded into a green
25 comsyatemafod freqjrentied wp tor 10, roreifi 810 icoding -iatused up tmi3d56ogen
gas at rmsphere at 1500 [err]C for 4 hours and, t hen, secondary
sinteri nd\’IIBn(Sa agogtat m ni trogen gas at m)sphere at 1600 [err]C for
one hour.

The present invention replaces the full wave rectifier with a peak
detector which includes an emitter follower circuit which can operate at a
high bandwi_dth. Additionally, the emitter follower circuit has a feed
forward capacitor to eliminate any delay in the emitter follower circuit as it
is operating as a level shifter or signal shifter.

The present invention uses the output of two comparators in order to
control a charge pump. In a alternate embodiment, a switching scheme is
employed to utilize a.single comparator which eliminates the need for

redundancy of the comparator and a logical operation.



- 20- . Table 8 Sanpl e

ww

SiJerr]NJerr] Y[err]Qerr] . Aferr](err] MyO Tigerr]
"Tiderr] (WM. % (WM. % (vvt % (Wm. %
(W . % (nme*) 16-1 91

1 0.4 15 5 lg 2 91 5

1 0.4 . . .30 16- 3* 91 5

3 1 ' 0.4 300 17-1 89

5 4 - 2 0.4 ' 15 17-2

89 . ' i i i f the pr

17. 3 ﬁlg. 6 1llustrate55a Block diagram %f atn emb&hfz’nent 0 Béé%nt
588 10 1nv&§§1§>é\* Two %?gré%ls, V., fnd V. iabrgale input fo capac%tors 505 and 206 2.1
2.1 500 * Conpar ati ve Sanpl es *x Prr mary
particl e dgegpectively. These capagitors ghprimate noisetfsom signalse¥,srrdeNag,
bodi es 15 was neasured for relative density, [err], [err] : [err], [err]
ratio, aveesgectvelyn Silreoutputhef hlmj:ctwm)dapaattdrsrimﬁ and 206 wximput to
prismatic crystal grains of [err]-Si 3Nd and/ or [err]-sialon, aver age
grain si Za/zﬂiabﬂlet%am plifi@t200. The gaigr ot AInoiind the JWdpaciive rmgnaly ¥l on,
average particle Size of the drspersed particles and vol une

per cent age icl

boundary Vl«'e'n ’{eh%nt?al@%&) Hgd ﬁ%& m‘:ﬂ }wsebgég #t by a
(excl udi ng.the, di spersed part S of t tered bod he
Sane. mannSigRel FtR gaIBE rrrrgls(ibﬁ yt ofaHRRlE Srite apRpkbeh 20015
bendi ng st rengt h and Wi bul I coeffi cient, were neasured for each
sanple  voltagg signals MgpndiMyye Thesayoltage sigoelal ¥ qand gy, are input
forth in Exanple 1. The results are given in Tables 9 and 10.

[err] to filter 210 Whlch may be a seven pole low-pass filter. The output of the
Tabl e 10 npl e Bendi n Vi bul |

strengt h filter ZdBeISf mprehrto amphfler 220, whick kqmp&{fmsr the signal te-qutput
192 22 16-2 171 16- 3*

123 - voltage 8ignals V, 1&{13:1V dn* 189 23 6 17-2

196 25 3 10 P17-3* 143 12 18-1

161 7 illustdte@’the wave fbith of these two Butput voltage "signals
Conparative Sarrp The above results reveal that en
Tierr] wd 8 r S f(éﬁﬂ

sour ce ma?gﬁiﬂ a powﬂer éegrr‘g@ﬁir:r%ls\ﬁfg’i ?sépfe}?e'rsegfda%e élﬁ?taelrdtsrs es, t hé“

particle djispe din the resultant sintered bo y | so have a | arge
particle sthe. v\gqi@ge 31gna h¥ savetde ther Mollagesi signg (ﬁr§pe1|r'£R}bt to
particles 20 exceeds O. [err] m the bending stren th and Wi bul

coeffi ci erpngl‘@mvblankevsa&ashrftemé’,ﬁ% arik progeamireble evelbe&h;f@ﬁ 240,

si gni ficant Conpaosi ti ons. as sho able 11
were pr epaﬁeéaegevely uélfhfg Prﬁgrmabkalemehgsméteér%é)r level s!ig é&ﬁlwé 1

except that the primary particles size of the Ti(Jerr povvder was
vari ed as wolbage sigraloVg 1o.gepmrpteeyolfage signal Vgpd eairquit tegperform
conpositions as those used in Example 1. Simlarly to Exanple 1, each

powder 30 the 18¥l ShiFtiNgSis B 4@det Birtult @ 5§68 FUMAFACtANE PORASE Sfghal V

by the reference voltage. The programmable level shifter 230 can change

the reference voltage so that the amount of level shifting may vary. The

output of the programmable level shifter 230 is V, .. Similarly, the voltage



to primary' sintering in a 1-atmnitrogen gas

-23 at nosphere at 1500 C for 4 hours and, then, secondary

"sintering in a 1000-atm nitrogen gas atnosphere at 1575 [err] C for
one hour. o Table 11 5 Sanpl e
Si[err]Nerr] Y[err](err] Alferr]Jerr] MyO Tiqerr]
Tigerr] : (Wm.*) -9 W . % : (WM. % (WM. %
(WM. % (nnt*) 4 91 5 3 1 5.0
15 19 91 5 3 1 0.4 100

8* o1 signal Vo _is inputdto _the Oprdgrammable 18vel shifter 240 to shiftlte leved bf
5 R 20. 30 . * Conpar ati ve Sanpl es

*x Primary particl e size . Test chips were cut fromthe
 espect | VBeyolfagesignal Vg predeteninedamaint fot SXAgRIEs R TGRS e 15
conditions shown_jn Table 12. _ The respective test re ul&s are shown
in Tabl e ltagheTEeiRrogrammablamlevel shifter ¢ifhaperas ina similantastiendai ps
S TP? (Y progranBaBld IOV LhTeerbs0 11 e Proviging & flank wear

Cutting test 1 Cutting test 2 Cutti ng work Lat hing (wet-type)-
MIling (wet-thieromparateri290 smputs at the pipsppaity ]tlzneo%ns and at the
FC25(H err]200) be machi ned 25 Cutting speed 800nT m n

400 m n negativéddAput the voltage sigddl™V V. The comparator0280Mdatputs a

Dept h of cu% P 2mm & ' dp 4mm P pu

24 bl e .13 . . Li f e, of

Ghi ps (miGAmPared valagn ¥eomau AAGTRIGI, the eompargtor260 jnputs at the,

35 _ 55 5 19 - 40 50 8*
5 plus inputiGthe voltage sighal V, and at the negative input, the voltage *
Conpar ati ve sanpl es It can be seen fromthe above results that

t he 10 L ni tside sinter ' t ent [ thon
exi bi ¢ SBRRT ot Ao FiRRe 3RBER, the' SER1 “Fores basss MR ¥%ng
intermttent cutting and is suitable as cutting tools, Exanpl e
5 15 comparisonewpdunithe aomparatond ditesedven valiages Tegnely, V. 1 ander e
used as source powders for dispersed particles. Each oxi de powder was
m xed w ty the ; ' j -5 Mer e sane
as Vet 05 2PuL t,2 I0yigal OIF g Shoce BAMDAL 3o 10pK Al o8 B Nesarr n
Tabl e 14. %?h of the resulting powder m xtures was nolded into a
green coﬁﬁga cahgh subj ect ed to primary sintering in a l1-atmnitrogen
gas at nosphere at 1500 [err]C for 4 hours and, then, secondary
sintering in Fig08Glniskrates NDgen . 9as AluBeded i Pig. 2, 2 sgfi@@i&zﬁ puldds feor
one hour. . abl e

sampl e Spdesakdiensy] (hd eebhiddiatdr 2501 ShithAdle’ lwidtHUef eadtfidefumed de
Cor o (OSSRl (e Spdiplor 2 P

corresponding to the period of time of the overlap between V and V,  as

illustrated in Fig. 7.

Fig. 9 illustrates the voltage signals V, and the shifted positive

voltage signal V.



20 91 5 3 1 zr@ 1.8 5 21 o1 5

3. 1 HO2 1.0 22 -91 5 3 1 V203
1.0 23 91 5 3 1 Cr[err]Jerr] 1.0 '
Each sanpl e of the thus obtained sintered bodies was neasured for
relative density, [err], [err] : [err], [err] 10 rati o, average grain
sizes in the major axis and m nor -10- axi s  of prismatic crystal grains of
B-Si[err]Nerr] and/or [err]-sialon, average grain size of equi-axed

i Yo of the offboldBNSmRies pEo B {%p%a D, SRS P WhigtCls ¢ e

di spersed particles  in t dary p e on the asis of the
fotal voimmetes of pases. Thedy étgwi %ﬁl‘ns E@ﬁsc@ar%%mrr edimene
sintered body, in the sane manner as descri bed in Ie 1. Further
the t hr eepepet whendshigtest veltgge signal g, wegbeauerctbenfvdt@ge signal Measur ed
for each sanple at roomtenperature in the sane procedures as set
forth i n Erabpgieal ORbarcuéis2iQ sombéngs vlmser pulBabfesm both e eomhpiiators

- 26- [err -27-

Tabl e 16 250 and 268atrfrm a &anbined series of\sfﬁ.llbe% V__ as illustrated in Figt 1&ngt h
coefficient (kg/mmferr]) 170

38 : Thé ?erlod of tﬂr@é will vary in a@&)rdance wn@? rtr%e eneeds &6 the charge
commer ci gbhiphys v:mclrabtzso $b3dwarg@vrler cdfparcnftﬁr 285 but mayeb@@et atal /1751 Zﬁheof
07[err]mwas m xed w th conpounds of Y, Al and in the m xing
ratios, byidéh offittheipulse depends onf thé tinme peritsd ofsclsmmirapn 'Irhélcmtplrt db
each m xture, titanium oxi de powder having a prinma particle
size of lthen@RwaircaitdH) cantrols the change @ump circuit 280 d%hpqneednpeuotfra:l es,
in the am)unt shown jn Table 17. The above povvders were wet-mxed in
et hanol fpulse resultsoimeurrent flowing o capaciter 1285achargibigeupedine capagitor

mol di ng under a pressure of 3000 kg/cnferr]
- 28- with the attack posmon current I, rrakabivhiilerthe lack of agamseeresults in
Siferr] N err] Y Tigerr]

R Smggﬂi’derar RSP dsreny SR e ot

?1 theo.c:épaag’or 285 r§sult1ng mg?rireduced vgltage on the ca:pacrtor 285. 1he 3
g %JltageL on tRe capfcgor 285is input to tﬂeo@%ﬁocontrol %ircuit 230. gThis
0.7

Conpar at i %%ms é:or}trol cirtiit 290 odtputs 3 1c5’ntr91 551§na1 to éﬂe varlable gain 0
15 2amphher 260.based orﬁthe relatide magnitude of thdirffut voltageifrom the 91
5 3 1 15.0 4 91 5 3 1

20.0 capacitor 28BacAothé heolgagerincrensas) thehawinble gain eniplifies 200
increases the gain of the signal being input to the variable gain amplifier
200 and, as the voltage on the capacitor is reduced, the variable gain
amplifier 200 decreases the gain of the signal being input to the variable

gain amplifier 200. -



subjected to prinmary sintering in a nitrogen gas 20 at nosphere under a
pressure of 1 atm at 1500[err]C for 4 hours and, then, subjected to
" secondary sintering in a " nitrogen gas atnosphere under a pressure of
1000 atm at 1575[err]C for 1 hour. Each sanpl e of the

t hus obtai ned sintered bodies 25 was neasured for relative density,
[err], [err] : [err], [err] rafj o, average grain sizes in the major
axi s and m nor axis of prismatic crystal grains of

[err]-Si[err]N err] and/or [err]-sialon, average grain size of

equi - axed cryyhal programigadléd el shiftel 230 hhdez4d havé aBaredwid e gheateyer age
particle 30 size of the dispersed particles and vol une percentage

-29- (\han %req;u - of $0@ MP&,R@B&IM%Snif%(F@@@)V amdependdncy fphahe -on
the basis of the total volume of the rest (excluding the dispersed :
parti cl evaridblergaini amglHibh2@Y., Innoheembodimentethaprdgrammnable evelanpl e
1. Further, the three-point bending strength and Wi bull coefficient were

neasur ed shiftegacbukhivel surdimirgoaircaie aoagunethia vbhe?%ignal eidiur vy as set
forth in Exanple 1. The results are shown in Table I8.

2 poi nt Vep OF subtrgeha fixed referency 8B]iee” FacRSPUEIeyBTRtYE copld be
i( (r)n";/"‘ent i opndependently ]ggp_s : .ra%]%a%lg %\?ﬁL&%ﬂégﬁt Ygggggg.l eﬁﬁg fyvégfd gf\?ﬁ he
28

99.5 16: 84 200 3 99.2 . _.14 : 86

235 voltage signal V, , bpghe predeterminedgeoltage agghown in Figgl2. 5

99. 3 9 : 81 180 27 6 99.4 16 : 84

204 26 Fig.76 illustrat@®that capacitars 283 and 20488e coupled2to variable
Conpar ati ve sanpl es 99.0 81 135 1 2

99 0 gaingamplifier 2(1)0 twhich is contgolled é}? c::ontrglz gain circuitg290.9 1’%112'
} ZRg| ati Vg@iﬁ@%tgaiéfa@pégmggqpog ml@]@gl‘r)@ﬁitgr 210 wlll?c:Sh is in turn E3:'0“1_1)1pled
Lerr] to amplifier 220. Amplifier 220 is coupled to comparator 250 and to
programmable load shifter 230. Additionally, amplifier 220 is coupled to
programmable load shifter 240 and comparator 260. The programmable
load shifters 230 and .240 are coupled to comparators 250 and 260. The
comparator 250 is coupled to OR gate 270, and the comparator 260 is
coupled to OR gate 270. The OR gate 270 is coupled to charge pump 280.
The charge p’ump 280 is coupled to capacitor 285. Both the charge pump
280 and the capacitor 285 are coupled to the gain control circuit 290, which
is coupled to the variable gain amplifier 200.

Fig. 13 illustrates the use of summation circuits 231 and 241 as the
programmable level shifters 230 and 240. This provides an alternate to
programmable level shifter. - '

Fig. 14 illustrates another embodiment of the present invention.



-32- " Exanple 7 Green"cc')rrpacts havi ng t.he -corrposi tions

shown in ' Tabl e 19 were prepared by using the sane powders as
" used in Exanple 6 and subjected to primary sintering 5 in a nitrogen gas
~and secondary sintering in a nitrogen gas, under the conditions
specified in Table 20. The secondary sintering nmay be perforned
ei t her i medi ately after the ppboary sintering or after . cooling
each primary sintered body to room 10 tenperature, under the specified
secondary sintering condi tions. ' Each sanpl e of the thus
obt ai ned sint Ef‘igﬂl@@l@h@ﬁates the stBAniE@sH chduier231edrd 24¢, densoirparatdisl |
[err] : [err], Jerr] rati o, average grain sizes in the major axis and

m nor 15 25CGzainsl 260 pm'dsﬂrhéicd:laﬁ:gyspmhpgQ&OnsAdﬂit[iena]l?/Siﬂigar i3 Nllesstdatesn@dy/ or
[err]-sialon, average grain size of equi-axed crystal - grai ns of
[err] - Si [saledturedl] tarswlent inelivideally @ithervbieagompanator 250 or 268 zdhef t he
di spersed particles_ and vol unme percentage ivol . 0/? of the, di_spersed
parti cl esselactose3lf} inlugles twietsansigtonsadtl and Ré2pudhishoare padividatallyol ume
of the rest .,(excluding the,dispersed particles) of .the _si,ntered
body i n canrolng 1B Aueltate applierbRtiebade of eilegtensisly 3Hbpr A0

and Wi i.cient were

e AR P o LBV SHEE R
i hn T e

ilg rthin &{E)”Bh@ c]omgg?atro?salf iy %&\&[ﬁﬂ%@, t@aﬁgét%r pegif?lgrg‘lﬁth[lse Ftr“j‘CtlonY_
o My SR o 25 g 50 g AR rtteghl ke

i nvent i30”one 2f t{le tran%isotogs 31% or 312 a%g 9a(:tiva'teé, %he curi’eﬁ’t flotvs {rom t}%lz .

5

10 editter to tHé collecfor to the émitter of3tke tr&asiptumst invdusdedpiashin 1

91 5 3 1 - 5 .89 6 4 1
10.5 = comparators 250 or 260. For example34€omparator 250 has transistors 25ITabl e

20 Sampl e Primary sinteri n% Secondary sinterin Tenp.
Pressure andZigconnesiegsthnoaigh their emitggrsr rThap col?eo;tw;s of teansigtor 23t m
00

Sanpl es of érb%zgr es eonr{n o C%% taInOECLJ_té@V[OS b1u5f%e5rldl' he b%@gs are g‘gl%gected to

500. 2-@n
i?OO Y@O@nSd Vdi_ Er)eg@ectllxge?lg. Th\iéﬁvhen tr%r?glgtor 3115%ﬁgoa%tiva%égodbis 1802

égoo 10- 1 agtivatfg7§oh§[99rafbr 250 18%%&9&{1' flowilr%‘_’ Oirbolijfbearlee{flwgr sg#gﬁ’%;h
1-J 1&39151%or ZéO Iz/vhile c?%rggg’rator 2?0 is ﬁ?actix;laétgg. 1500 1

1700 ] 50 5-M 1475
%’abl e 21 1600 1ikewiséO%hen transistor 312 is activated, a current flowsTrom the

commonly connected emitters of transistors 261 and 262. The voltage V,, is
- applied to the base of transistor 261 while the voltage V,, is applied to the
base of transistor 262. By a current flow from the emitters of transistors 261
and 262 and through transistor 312, comparator 260 is activated to compare
V,toV |

dps®



Sanple Relative 3-Point " density* [err],[err] :

[err],[err] bending Wi bul | (% strength
~coefficient (kg/mierr]) Sanpl es of
the present invention 2-A 99.3 17 . 83 193 24. 2

2-B 99.1 5: 95 19045_ 23 2-C 98.9 19 :
81 170 22 2-D 99.5 11 : 89 213 26

2-E 99.2 10 : 90 179 25 8-F 99.6 15 :
85 225 28. 3 - 99.0 18 : 82 175 - 26

10-H 98. nt s8rée 233 19

. 81 I ummatigh C“%glr?pza%la%’?%%‘aggrfﬁf ist8P 232 ard-durrent . 75
120 Smc% thelt{irrent §&$e151ted by cﬂ&rent%urce 2331 & constantllhe \Eeltage

96. 2 5-M 98. 3 3: 97

130 aclBgss 231*1stétémuﬂedéhysequanbnﬁecondary sintered body

- 36- [err] -37-

Exanpl e 8 Using three different kinds of conpositions as

shown in Table 22, sintered bodies were prepared by per form ng

primary sinter{lg i« Ladkam nitrogen gas 5 at 1500[err]C for 1 hr and
secondary sintering in a 500- atmnitrogen gas at 1600[err]C for 4

hr. In the conpositions, the primary particle size of titanium

oht gien_véﬁssfﬂf oFBlish e HEtAgh b FRLEREE 15,V g wWhigh gl Vs S0 fgrerfhusd
Erﬂl(r)]r - Lerrls F@%‘Pham%&%@&“ﬁaﬂ {RAG2e,B ToRege dhop olifestitel, o1
-si al 0”24%%[(&9@1]'& d;?b?/' t?mgrér?{rréﬂl-’ eﬁéfé%e& &@trent sour@é ai8s Spfice one

[err] Si[err] -sia average particle 15 size of the
di sper sed op@f bf ¥L&iBtENILY G5 'é@i%ri@:%fé‘d?mb&h@ voltage (W0) thé obfagehat tirsnirtaled
particles 1n the gral n boundary phase on the basis of the total

vol une of 4ReV_ , is equettto(Exahirdis, Rye di spersed particl es) of the
sintered body, ¥h the sane fmanner as described in 20 Exa Furt her,
t he three- poi mBybth&juag oftsuanmdtion circaits, A8l and 24bethe @pbﬁaga/@fr&mdured
for each sanple roomtenperature jn the s pr.ocedur es eh
forth in ékan’ﬁspthlVﬂ’]eral’eeSQﬂﬂ rglbé’ ateasd amqt&bh &rough contro mgt e

38 Tabl e 22 .
Al Curre%generﬁtg;&yr <]:urren%l soﬁrces 233 an nH 2%4\r[e§ {:telirjr}r [R shown in

Al : er/(;] 9 &5 ’14Mtqhqs_@ yoltages \gy&i W a&s isedl by 3th£: com/%arators 0254{ ‘%d%%o

dns

él 2 3 Sindd 1 it ig ongt neces%ér %94 cQ)"rﬁpare e1the°’10 ‘3’1 3% W1t}} Vd?%
0.4 ! -2 8 .
1. g+ at t&% sa]rae%gne as V, g comgawr?ed w1t161 ¥, . the c%znétgar?t%_r% 250 and 2?3)

6 4 can.be éelechve?y Hlsabled and énaBﬁ!dZB}l selectid?circuit 310. 4 1

2.1 Conparative sanples ** mary particle size



Table 23 Sanple Relative " 3-Point ) der\sity**
[err],[err] : [err],[err] .bending Wi bul |

' strength
ié - Im ilim'mtlllll ||| 0 11. 3+ 192 05 & 22 ié Tili‘%ﬂ;':% He ‘sJB’EEN

. -I_ﬁ'v’

13 12 1 99.5 . 86 _ 4- 189 - 23.6 12-2 99.1
15 : 85 196 _ 25 3 12- 96. 2 16 : 84 143
12 13-1 99.5 16 : 84 201 23.6 13-2* 98. 2
16 : 84 9 16.2 * Conparative sanples ** Relative density
of secondcalr"je*—lg—nétered body. - 39- [err]

- 40- Exanplae cflcuit to mamtaﬁﬁat'l{e' gﬂlﬂmﬂeﬁ'ﬁ'&s% dighaDardd'@ second
conposi ti ons shown In Tabl e 24 were subjected to sintering at
1500[err]si‘g1f1@1r comopnsﬂq gir under atnospheric pressure and secondary 5
sintering in a 1000-atm nitrogéen gas atnosphere at 1575[err]C for 1
hr. Each of t ke injpus ctddt beihpunther fidst signal émdithe seaondidignal, @hd o t.he
Charpy i npact test and fatigue test. According to JIS

1601, the Chauapglrcttaétto\ﬁsléerlme ﬁcstrmgnalaandrﬂv@rswui sigmad tofoktagnar fiyst

capacity of 1. cm and act speed of 0.76 msec. The fatigue
test was fﬁ&i@@@%@&ai ﬁn gTWg‘E stgidls rotating bendi ng testing
met hod (di anet ted

fixing portio eXF iﬁﬁFerﬁ%?w ﬁﬂ§h1ft8t Ortijog%é‘%ﬂ&?ﬁe tsié‘%rtlget‘?he
0 "5 o8 rEERt ffe SBRAHe e TR o Shtein a 516 VBREsiERRL B 5

In FIG unerals are as foll ows. 20 1. specinmen, 2:
speci nen SeCOr{Id [é{ﬁet%&%?gxéﬂ wei ght The results of the Char py

| mpact t est araecﬁEaYmo gorrddt tHRP\gRir DR MHe Hidt 'SIgHAl andl theSAidl b8lie! oS!

are shown in

Tabl e 24 second mgﬁ@ﬁpbgsed S [teker 18¥eled] first Yignal addl the levéled second
Tiqerr] Y[err](err] Alferr]Jerr] MyO

(Wt.9% (signéd. (wt % (Wm.% (wt. /() 5 Sarrples of the present
i nvention 91

91 5 2 3A circuitito maintaif. the gain of tise dirat atgnacl aminbhessecond
91 5 3 1 0 10 4 91 5 3
1 aogpal as in Claim 1, wherein said level shifting circuit including a first

comparator to compare the first signal with the second leveled signal and a
second comparator to compare the first leveled signal with the second
stgnal.

3. A circuit to maintain the gain of the first signal and the second
signal as in Claim 2, wherein said level shifting circuit includes an OR
circuit to logically OR the output of the first comparator with the output of
the second comparator.

4. A circuit to maintain the gain of the first signal and the second

signal as in Claim 2 wherein said level shifting circuit includes a selector
¢
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Tabl e 25 . Sérrpl es Charpy i npact “val ue (kgm cn{"er r])

E A M e
e

0.11 It can be seen fromthe labdvesresults t HAS BEEN
sanpl es of the present invention have a high inpact @Enjood
fatigue strength as conpared with thg- conparative sanpl es.

According to the present invention, there is - provided silicon nitride
si ntered bodi es which have 25 superior nmechanical properties, such as a

t hr ee- poi pircuit to ondyidiehectssaidnfijrst evmparatersor seidl isgrontleeomparateio for

42 tenperature, with a mnimzed scattering in the strength

- properti eSOMRMIMEo high reliability. The i nventive sintered bodies

I h d tivity d d t t, effq ci .45
2L Samerfof 8 s BRHEL Hain RS B A SALGRAE SRR 6,905
struct uragiﬁqsa%g{drﬁlﬁliégﬂg&ge%?%‘)s of: be substituted for netallic materials

her et of ore dSrequiring a high strength | evel at room

tenperature, g i I i .
43rrp uCI_AI ai%lﬁltﬁ%ﬁgfe ﬁ?tﬁigﬁﬁ%ﬂ(ﬁyé%ébqg S%?i con nitride sintered

body- consi sti n§ltesig@nthe ikt dignat afll iEBddcord ¥ighall t8rebtan @ filtered first
[err]-Si[err]Nerr] "and/or [err]- sialon, and equi-axised crystal grains
of a-Si [ esigridlend a diltéred seaonslisignal; a grai n boundary phase existing
between said prismatic and equi-axised crystal grains, said gir ai ns having
di spersed par tshifdngwhelevekaf thefiliered firstisignal phasshifdngdhdilepel efthe
particles bei ng at least one mate- rial selected fromthe group consisting

of conpoufidtered setpondzsignal to\obtai acleveled Sinst signahanto deyeled segands

having an average m nor axis of 0.3 [err]mor |less, and an average
maj or axi gigaral; 5 [err]mor |less, said equi-axised crystal grains having
an average grai ndsi ze of 0.5 [err]mor less, and said di sper sed

garti cl ez havi?@ an average size of 0.1 Lerr] Im or | ess, a vol une Iof
i i .bei 0..05% . 0% e,

ot henser b2 bRk 88 GuBAR At Yol afl G PR o R AR Uil

accor o1.N0bh8ed o helloylel el LBRAPLARYRAUYBRI SElRt BigyEan average s ze

of 0.03 [err[mor SS. con nitride sintere y according to

claiml, wheregn thg yetNGE t@fmfah?ta%%ﬁérr%ﬁﬂ of fRNFiKSP Siefl RYYRASIAien G, 05
to 2% by vol une, based on the total volu of the rest of the sintered

body. — 4wlersihitbenstept of tevedisHifiing ihetidear toe @'te}p of xothpalink thédigitn
the silicon nitride sintered body has a strength of 160 kg/mierr] or

hi gher i nsignatewith theclevieled sepond tsigrealoand cotmpaghly thie leveled finplesiginal e
according to JIS R 1601. *ox ok *

conpounds wishahesetondsigmalol unme, based on the total vol une of the
rest of the sintered- body. L. 6. _Asilicon nifride sintered body
according to 7- dAimethodiermpintaia the gainwfhersaconst sigaed asHad(1aiza

bendi o s PromgERm It S PElETLALTUNG nchides Bragten ofissieall oring the
output of the first comparator with the output of the second comparator.

8. A method to maintain the gain of the first signal and the second

signal as in Claim 5 wherein the step of shifting includes the step of

selecting the first comparator or the second comparator for the cemparison.
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