CApril. 1981

34 CERAMIC CAPACITOR ®mAH TS EH

CORRAMIC GAPACITOR HiFas (B1)

(@ % om)

(1) Ceramic Qapacitor @Iﬁé’f’%&%ﬂ‘
(1) Cefamic _oapac,tor @ﬁi@mguﬁm&m
: .(H]) .C.,e'ramjic ' (;apac: tor @Hiﬂ
.(.IV) ‘Cerainic ‘Capacilor @%mﬂ:ﬁdﬁﬁu
.(V) ' Gera_m:'i_cl Capacn tor l;ié&@{t_,@ Odpdc:tot @ﬁﬂi”ﬂ

' '\I'ikio NAISEI Jépaliese Lxpert
NAISLi Engmeerlng Co, Ltd’-
UKUSHIMA — PRDF JAPAN

~15=



.1.

§ Coramioc Capaocitor®EHAN (/K1)

Ceramlc Capaci tor!‘_i)l, T

) ﬂ&{fﬁ()elamlc Capicttordl F:Dcoﬁffwcﬁifﬂén IEII...f\gl;%EzM.J I SHE%

A T LS AT B BT T & B BB B 2 7 9 R
CRERMNRERS 2 > 7> Th Y HROBRA HHE € lli-k LT, B

U{H Hi-Q) &BEffa !Léo Hodvds @ﬁ?&?aﬁﬁﬂx{d ' LY. A(Bd’n ium
'1‘1 lanale\ (R 2 Ba'1‘103 } bkﬁ‘@‘% DL Eﬁﬂ:'f' # > {Titanium DlOXI(lC
ek T102 ) @%@VC}(?UE‘J’I /50 (‘eramlc 'Cdpacﬂol& LT@%AH"J%TQ:@'

'Capz_tm tor @.uuﬁ%%%”@@ ( CﬂpdCl E)’.)\ BE%IUZ( tand KHQ) 'ﬁ'@ﬁﬁﬂﬁ

(Insﬁ'lation‘ Re51stor)$‘l0ﬁ£f¢&ﬁﬁfﬂ('Fesl \?ollage Y CHE R S hT

*-wao(%mmmﬁﬁ RIABIGEE ).

(ﬂ) BalaoSmﬁwﬁ%ﬁi{ﬁ&Ba’[‘loafr’*%uah@%’—‘*bfc bW %a“* TzisClFﬁ.%@f#*Jr

0183003 (Barium Cabonate ) & Ti0, (Titaniun Dioxide ) & v HIRS
%&1300~1400(t)@gﬁr%ﬁpxb<5g |
4t%ﬁfﬁi- BaCOs -+ Ti02'45"BaTi03 + 0o, 1

) 1 B (mol) |

_GEmmMCﬁﬁwwwiam“ FWﬂE¢ﬁ11ﬂmcm ETi0, & RS LT, B

Bﬂh%%iﬁ?%%@f @WﬁM(SMulmnlmn)%%f%%@f&%oﬁ
X&m&&&tﬁﬁﬁ%ﬁﬁ%é&b&ﬁiﬁf#%ﬂ@ﬁ fﬁm&t@&%%
( S:nter:ng )fﬂ%% ﬂx%(’z’;@ﬁiﬁ’c B b, %‘qfﬂ\'fcﬁt“‘hé BaT10 Eﬁ%ﬁﬁ‘l(}
TiQ, F ( 6rTiOa L CaTiOs . MgTi Oy it 3MgO . _48102 ) ﬁﬁ%ﬁ&‘ifﬂ_@gf—@ﬁ-
ﬁVCJ: @i%’caah@ﬁﬁé—";ﬁﬂn“?o

BaTi Oy Bhd @ Bks Sk & ARt Fi g1 ’C/JUﬂ%VCtﬁftrﬂx ":*_'15?( graln bondany)
TR E N B,

 %%éﬂt&ﬂNhm%%%&%ﬁﬁﬁﬁﬁLO@mﬁwr%Wﬁé%&mmiwe.

(HEX l)leieclvw Constant JeMES 5 &, ﬁﬂ‘c{fﬁfﬂw: ED!’QJ’L ,;}%?gl
B Di51pat10n Factor )%[ﬂfﬁm?&t?%o [<1g2 VCEJ’ tang mﬂﬁ’lﬁ‘&ﬁﬂ:

A

FWHEE @ Curie omtﬂﬁ? BUUU~1UDDD@%meﬁ%?bﬁﬁ
'fﬁasanf‘*k@ gm K%m%@%EﬁAbn%omwﬁ&ﬂmx e

:nﬁﬁfmimwwfégeﬁﬁﬁm ﬁﬁmoﬁﬁiﬁﬁﬁﬂ®%%$&ﬁ ToH

b jﬁ%ﬁﬁﬁ@%®ﬁ§%&%Wmmiéhmh®ﬂﬁﬁ¢ w%m#& Lk

—16—



Photo 1

Composition _
- BaTi0:-SrTi03-CaZrOs Systeém

Magnification -
X 4000 -

Composition
BaTi0s (Pb.Sr.Ca)Sn0s System

Magﬁification
X 4000:

Composition _
BaTiOs (Ba.Sr.Ca)Sn0s System

Magnification
X&OOO

-17-






Photo 4%

Composition
Ba®i0sz 90
BaSn0g 3%§ Syst
SrSn0; 3}6 ystem
CaSn0; 314

Magnification
X 4000

Composition
BaTiOz (pb.Sr.Ca)Sn0s System

Magnification
*4000

Composition
BaTi03-Clay-Mnu0O. System

Magnification
4000

-19-






Photo 7

Composition
CaTi03-Clay System

Magnification
x 4000

Composition
SrTi0s-Clay System

Magnification
X 4000

Photo 9

Composition

CaC03 —Ti02~-Clay System

Magnification
x 4000

—21-—






Lt - Fig 1 L -
-~ Microcrystal grains and domain structure
of BaTi0s ceramics. -

6000

hinbo

; brfhorhaﬂbiél ,!
hedral-' — ‘ :

5000

4000

epsilon €s

f

3000

tané

2000 { -

4200%10™

1000

1

100 -

| R : o : , 'l”.-.l"....,"-"-lli" Lo
—pg © - =50 . .0 - .80 . - 100 Tc 150

: R s Temp (€l :
Tig 2 : B

.3"Panpe}afuer dépendenée'df'ss and. tané of BaTiQs (‘,er’afnit:é.'_j

23—



')féfiﬁt‘a&t'fww\%a zzz;o o-iboﬁric poinl: $§m tréga'cﬁafc#ﬂ*‘ré&
" AHDTD b JA?VC%@M(O%»@{M]&mh _ _
[ a'l:oq- jzﬂ»é,s‘-éd;@'c c;wcxrm%tlxcaﬂﬁwﬂt“*%%mtri)@o

@ a'i‘lo3 HL@?-‘%:/E&K,‘E('WT:OS\Sr'mos_. MgTi0s, X PLIi03%)
L rotistk R N

® Bario, gAQVA@%mﬁ\yyny@m¢©m@¢:

W) FRBOBEW ‘_ B T

24y lsei'rioq_(i : 1\101 PR T Figs ifr./r:ht & BT RO BT o
PP %@Ba/}’d/k,(ri’l‘x/f/r/ﬁ”fl_f.@}[%(‘ %ﬁﬁﬁ'?thVCJ'J’(Clirle Point
@ﬁﬁ&@@tm%ﬂ@fmk&gbw%ﬁ'ﬁf%ﬁ&wmfa%@f@én

@ ABdH

O 00"
@ B(ri'M)

Fig 3
o< . : .
@ BaTi0s @':fg;%f.%—?éﬁ@fsa % '(_Ja__, ¢’ Mg % L5 Pb % T #iH
O BaTiOs OTi E—WSn, Zr HCEBB LA VO THE,

BaTiOs ) Ba’ Tk TirFPL T BTE CERT AL, '%'@_.g{fir_\ L Curie
Pmntmﬁﬁﬁﬁﬂ@h«mﬁ?ﬁmmﬁﬁ?éo |
CBaTios ©Ba XA T k2 EBUCHEERICTA (44 b, BIREE) T
‘.:?‘%'Cfﬁiiaiél}—‘%rca WM T Curle Pom_t- @-;,;@.%},i_zaw:\ W % @;&H,L

'T@ﬁﬁmf(ﬁﬁ$>%mraub5m¢ao

gttt OREHTBatiOs f— Se1'i O %%&’Hﬁﬂ: a:rﬂum Lt @*Cé 5o

Wy



10000 |

tand (_X"iﬂ_‘% )

14000 |-

12000

gooal

Ba‘l‘l()s Sl‘l‘lo:s

@100 - 0

@ - 90: 10

@ 80 20
.@_.70 - 30
& 0 40

® 50 .- 8D

@ 40 60,
‘® 30 70 -

6000t
4000 __
20001 -
D 1 1 i P . 3 - ;. : 1 ) 1 . .
~200 0 20 - An 6080 100 120 140 - 160 (C)
Tcmperétuer ("C) _. .
g 4@
1000
5004
0 —t — e . L _
-20 @ 200 4D 7 40 80 - 100 1200 1400 160
o .""'Te'mp(iratué.r'('C) :
Fig 4— (b,u

'.NgNiMTKhOTf®*W%SnT %Lk%A@%%ﬁ%fC@%A%sn@ﬁm
. }#VC Curle Ponl[?ﬁﬁwnu\'(?fg%bﬁ“%o ]*igé{dBa (1’ Pb T*ﬁﬁ&bk@]ft@iﬁ'ﬁ
.-'(in @é@,& VC 0ur1e Pomt?;hpa; @73"\@@5‘"60

hg?ﬂBdﬁOs%Mgﬁ03©E%%ﬂTIMTWM @%%KKDZ&T(hHe
PmntKy@%&ﬁbfm%@mMg@¢<#%Ka%&mc&#ﬁ%éh%am@
A A PR 0.7 BAHBa . 1 45A)VCH:L“C9£L,</J\3< BaT103 é;i(é’-"iaﬁ%_
%wﬂmﬁ?éﬂﬁ Bamoathmmoat@@ﬁﬁmBﬂnm %Ei@ﬁw%
Hrﬁﬁbﬁw@é&mcaw&ao

—-25-



{e)

.. 6000}

. sonof

73000

7000

3000

o~ R
j=0

[am]

T

4000

2000
1000 _

- spoo
000

2000

- 1000

6000F -

BaTxOs “B aSnOs
@00 0
@ 95 5
@ 90 10

TR : DN DA W

Px [&y]
o o
=T
T T

- M
= o
= o}
(=] o
[ T

""2[_] 40 60 80 1[][] 1207140160 180 '

iemperatuer(C)
“Fig 5

BBTIO3"be103
® 10 0
@ 95 5
@ 90 10

o Ly R ERCS |

T

B

20 4[] 6[] 8{] 1[]0 1?0 14U 160 180 20[] 2?0
. lemperatuer(t)

Flg 6
O BaT103 ~MgTiOs
S ot o
90, 10
80 20 0 .
700 00
%0 a0

° @@@ o

g

120 40 60 80, 100 120 140 160 180 200

s Temperatuer ("C)
_ Plg 7 )

.-426—



I‘igBUBdTlOn — Ca’l‘i()a ’C‘féﬂﬁ'é Lfck‘ﬁ)’(%’@I‘ig‘i & Plg7@q'fﬂﬁl@fﬁ*5ﬁ 19’(
”fm%ﬁ(ﬂaﬂA%)mMerﬁwgmmﬁoigdamféwmuw PMnL%
@@L§®m&ﬁﬂm¥ﬁ§@?%ﬁ&%Amﬁtmﬁ@ﬁ&%&%i%%ﬂmﬁof
:@mfaonzma@&ﬂmu%mwwmﬁammmbf&<m&%ﬂw#f%sk

.K&&éh&wflﬁmiéﬁ*%iﬁTb%o  Lo

BaTios BEORAELM Ti0s 0 T & 0 DHMT 5, DmMeQEHWEK§D<_
hﬁmazzanawe,%@%ﬁuxMW(Xﬂmbﬁi)@%%ﬁﬂmlorgum 
ZI—V@_E H%c‘_c‘:ﬁii‘lﬁ*’c‘&éo CGD,%:\ Semlconductlon & nﬁ%% Kf@ﬁ@i-.

o (Sl'ructuer SleS]thC )&%’P‘%&Ekéo jch,i!ﬁtlfc Scmtconductlon &:F’J"

.._.ﬁﬁﬁ%ﬁﬁfﬁ( lettlcedefect )@ﬁﬁ%%@%ﬁﬁ%@ cf%-/‘i-%c‘t?f)*%f(_ Bﬂ% .

‘?5‘E’B%bk%ﬁ:@ﬁ#@%ﬂ’xtt%@ﬁﬂ@-ﬁﬂfﬁ(f(cLof%%@ HZ‘ao ﬁljui['] ﬁ _
Vﬁémm %m%#&ﬁmbﬁﬁ@r%@%ﬁmké& i#ﬂbgh%ofm9@%_

LD ﬁ']’cz_ﬁp%o B{E}ﬁﬁmﬁ?&?/\&&miﬁﬂ%/*@tt'%ir@%o *‘%ﬁ’i?&t&&x}a&@

'-@@%@ﬁﬁ@ﬂ%ﬁ@m®@%ﬁmﬁenao_:

. BaTiO; ~ CaTi0y

ool o

5080 20

4000 50
Lo 40

3000 50

2000 } '

1000

o 20 a0 60 80 100 720 140 160 180 -
; ' Temperatuer(“C) .

T‘lg8:

_27_ i



L8000k ) ::ﬁ'&m%ﬁﬁfﬁﬁ |
LI S ATEAE

' _/000 -
.- 6000

@ ®e.

] :20. 40 60 80 100 120 140 160180 200

: ienmeratner(C)

- Tig?@

400

200

1] . [ . |I . .‘... |
) a0 80 120 14D 200

lemperaluer(t)
P;g9_@j

(m)mm ﬁmmkﬁ/f/ﬁﬁﬂtLTM%*R&E%%@K&&ﬂ@%K&E@ﬂ%
Fﬁ?ﬁé hfcwé AT x{tﬁ#ﬂcfﬁﬂfr Tnﬂffcﬂ‘ﬁ“o

(4) Titénium édmpouﬂd

BaTi03: Barium Titanate = '~ = ZaTi0; i Zinc Titanate
CaTi03: Calciim Titamate . NiTi03  : Nickel Titanate
“SrTi05 1 :Stroﬁtiuﬁ Tiéanate_:,"  :COT103 i Cobalt Titanate
-MngOs Magnesium Tltanate_ ?_ ) B12(T103)3:' Biémuth_Titaﬁété_
'PbT103 Leéad Tltanate o Lag (Ti03) gt Lantaﬁum Titanate

' (B)"Zircohihm Cmeéﬁﬁd_ﬂ

Bazf0§: _Bariﬁm Zirconate. | SrZr03: Strontium Zirconate
Cazr0s;: . Calc¢ium Zirconate o MgZr0s : ﬂagn931um Zirconale
PbZr0s: Leéd_zirconaté CZnZrO3:  Zinc ercondLe_

) L8



(©)

Tin Compound

ZnSn03;

: Zinc Stannate

BaSnOj : Barium_Staﬁnaté"
CéShOg:' Caleium Skanate .'Laé(SnQ3)5: _Lén£anium”Stanna£e'
ps;snoa: Strontlum Stannate . ' ' .
 MgSn0Oy 'Magnec1um Stannate
lgPBShOg: Lead Stannaté
(D) Bismuth Conpound
. BaBisNby0g VBérium*Bismﬁth‘Nibbate )
PbBiNby0g  : Load Bismuth Niobate &
CdBisNbp0s | : Cadmium Bismuth Niobate
. CéBiéNbQOg . Célcium ﬁismﬁph Niﬁbate.
 1'MgB12szO9 _Magnesium_Bisﬁuth Niobate
SrBlbezOg7’f; strontiﬁm Biéﬁnth Niobate
' BlngNbZOg Blsmuth Tltanlum NlobaLe
 $fBi§TajO9' Strontlum Blbmuth Tantanate
'.CaBizTaéOQf Calsium Blsmuth Fantanate
_ BéBiéTazOgr E Barlum Bismuth Tantanate
PbBlzfazOg Lead Bismuth Tantanate
| BaBluT14015 : Barlum Blsmuth Tltanate
PbBiuTig015 M Lead Blsmuth Titanate
BisTi3Gais : Bismith Titanium Galium -
Sr2BiyTisO1s: Strontium Bishuch Ticgnate
PbzBi3TisOis: lead Bisnuth Ticanate
*Pbszszbgf Lead Antimony Nicbate
.'.*PbszTazogszead Antlmony Tantanate
(E) oOxide
| Mndé : ”MﬁnganéSé,ﬁioxidé '.Sm£03f Sémafium Oiidé 
Crgoéﬁﬁ_chroﬁium'(fil):Oxide _TazO§5' Téﬁta1Qm Dxidé'*-w‘“
CUZog:f-Cbppét. _fiiI)iOkidéf. - Dyzogﬁ‘ 5yé§f03ium"0xfdé-“
Pezog:"Iroﬁ - (ILL) Oxide ngdgf =Ytterblum 0x1de i
- 09203: ‘dbﬁélt: '(III)'bxidé _UO;i :3_Uram1um Ox1de
WO;I ' 'Tuthtén*Tfidxide-' PhO. : "Leéad Monoxide -
V?OS |  Vahadium Oﬁidé.f' ZnO-'f  216¢ Oxide
'AlgOQ:::Almlnlum Oxide - '[SBQOg:__Antlmony 1r10x1de
$i0; Sllicon (IV) 0x1de ' _La203EIILanthanum DKide
Cebé : Cerlum

(IV) Qx1de '

=29



-Nb205 Nioblum Oxide
Bi203 Bismuth T110x1de
- .CdO ,__Ga_dmium Oxide

RO B S — 7 B %aLawwmﬁfi¢mmKWMLﬂm<n&%@f'
,@&oﬁm&ﬁﬁ&k%@%MKxofgﬁﬁfﬂ%:/T/;@nggublaﬁ%'
o %TL@&riﬁﬂk‘éﬁ’nlﬂjﬁUt L’C%ié.’ Lhﬁg}j%ﬂ{r_‘%fcg}-o _ﬁﬁyamg&&@rrmﬁ ARA '
f'wmmmanrw - : - S
| E%B”“”ﬁ%WTﬁécéfﬁm,@ﬁ&Bbb”%Wﬁéc¢%@b S
 &®%m@ﬁ$t&é°¢A&ﬁ@m &@ggmAéﬂﬂ %}””~@E§EM?:

5caf@b E@@ﬂwﬁfﬁ%h%®&%ﬁﬁ#ﬁ§<%%4hfmé oEbA

-ﬁ&¢ﬂ%&ﬁrmﬁi&%ﬁ%@¢mﬁ% %k%fﬁﬁwiimcmmmmzﬂm
DERA b LG TABRT S mkm(b)mmbkia@@ﬁ%(ﬁiﬁmiﬁ Tr)
'@ﬁﬁuiﬁme1Wﬂﬁmﬁ B6F, VXS FRICRN LT OMA L%
mm%%mn@ Kﬁmfﬂféhéo&nk$£MQM%é@émm %Ei&m 
'A&m®§ﬁ©a&9r®%o

(N)&w%%mommmm CAPACITORE LTRAE h€wa BaTi03 RFBEHKD
CHELO TR 5, TR e R |
oM ﬁm§£¥: OER\MIC OAPACITOR OO“POSITIO&

o . o Tame'  ¥ .
[olearion oo mor s | i w0
- i?:BaShbs:_ .{ '595.m0}.%-_ fobléciIf¢'CQﬁSl@ﬂt_Kn]48ﬂ00(at 1KIZ)
. ?}Z OaS_n:Ors."._r.. '_3..?_5[.3.1110). % TerﬂD Charactristies 25V
N -S'r:SﬁOa." o 20 mO!% N 'Cur:ie-_ Teﬁ’p.e.r.-a-tu-re -20 ¢ o
" §§'><les.zoa_;jds weight ® | Pired ”TEmpéfafufé_139U.C”(?ﬁ'HfJ :
.'):!Ifﬁ/g:X\IﬂO'Z .-:1U7We1ght % e L R

-3 i!ﬁﬁ}totai 100 mol %@%ﬁﬁgiw)dl,’(ﬁ 'H:‘*”C?"“)J[}J“ LPE%%EJ&IJT@D ﬁ»
atfmﬁEMZT%%&ukrw'




Table .

S . 2
I Béwiﬂs;,' 81 ‘moi % .. {Egayjiﬁ;-
o[ S0, 10 mol % - ;Diéledtbic Constant K 6000 (at11<Hz)_
m,.Qa‘ZrOa'. ‘:7-.,7'&10!-_%_' “Pemp: Ohdraclrisllcs Y 5.0
:ﬁi.Mngos' _ ;_g:;mgi_%;h,f,du;jen.Tgmpcyatp;e-,zs:t_,7
H|Fe, 0y 05 weight %{ Fired Temporature 1360 C (25t )
_LanMnO;" '_u5 weight % |
| Ce0, 02 weight %
# | BaTi0, 89 mol % | 4E L e
2lcazco; 10 mol ¢ | Dielectric “Constant:K 4500 (a1 1KHZ)
B MeT 10 ! mol % | Temp. Charactristic : Y 5T
r?ﬁ AlgOa Trotal 1 Guric p0!11125c
n 81034 15 weight ‘Fired Temperature : 1370 € (2Hr )
# | Mn GO, L] S
_ S f’i‘a.ble: 4
| Ba'rloa", 'Xrﬂﬂji:\yéight. A | o
é#k FbBiszzOg | “¥d”wefght % Dié}eqtgrq 5Qohs£aa;c:fK'1800.(atﬁixjiZ)
: ?EaﬁﬂAfﬁﬂAbfcﬁﬂ | Fired _"1e1nperat01re 1280.C (210

NOTE : i1m%ﬁ4&1@%ﬁk%hﬁﬁ&m—%ﬁf ﬁfﬁ&émﬁﬁAﬁﬂ%ﬁﬁb

CEBIC DN T, B D A= — @M%Bﬁréof &KH %gnim&'
.Woﬁviﬁﬁifmﬁﬁik%01®aw o
w M%Tﬁxﬁﬁ&ﬁﬁm GERAMIC 6Mm&&m;; | |
_ Ba’I‘lOa %Eﬁﬁﬁl%ﬁéh%ﬂ”ﬁ(ﬂ DlOXEd )m{?wﬁ%m_
% GAPAGITOR B & LTRIR S A, B BBHRE (D0 IshRC st o,
;oibQMmﬁ<aH&mﬁ%D%mﬁﬁ&cmmomoa&ufmménfmﬁo
CERAMIC = GAPACITOR Wi CHES S A Tw B2, {5 I IF R S22 B D
X%%ﬁﬁﬁ%ﬁKMMT%M@-ﬂ/T(VKﬁﬁbﬁﬁgﬁ@ﬁ%ﬁ#kébg
HICHE L LTE, RORBERBERML TS C L Thb e —RICH A

'1‘102 (Tl tdnlum

=31-



M, 4w, I B e A @Vﬂn B M%‘rtiﬁco ].HIEE%& %975%\ fch%r
K f&“ﬂfm&bﬂﬁbf'ﬁﬂ]’(‘ﬁb%o : ' ' _
'!‘iOz ;? GER A\IIO (‘APA(;I'I‘OR, ttrvﬁ.un:% BRTIOa %EE%VC}{:E&}ELT{EW

Gk, AR EWET 2T L kDR &mﬁﬁﬁ %o@nﬁ%w@@ozm'

'¢wk1uop;>M/t N7seopl>M/t¢f@@ﬁmimﬂén AR
L,%:w 33 0 "C~ :~8 5 C@Q@Eﬁ'ﬁ mzf fé’ﬁﬂﬁvcfﬂtf&zfu s b = /7‘/ w@&i
'J}i&vxo '_ : ' o ' '

‘u?mﬁWWaLC%$mrmﬂﬁ%©% &mmﬁm%zm

fmf/fam%_u%ﬁﬁﬁﬁMW;@H.®'@f%ﬂﬁuf%-f

X

RC

N
’ : J-NQQUP pm/‘c

TyrrEE N U TET £

N75Dg b

"G 200pF
11 :
17—

Y

e, Naop pC "

]
I {
g . ngo - L _ <ocboco
T b : 'P.Em'/‘cg T, & _ % :1UDKQ'--
25pF .
i I
] I

1 ) o .
0otei A R "

.;;[;

.I.‘ig'ﬂj : i | . F'ig.ﬂ” .

REMEMER W FArsyia—z

R '.'”-_“"."f@mwﬁ

A L e MopF L o
T 20pF Y ) O SR :
S | O " moY ’
. ]
|
]

Lo 20pF ¢
_ N150p p

S0pF T 100pF o NPO

CFigz o Fig1s T

...32_



lﬁ@l5Kﬁ&ﬁ%cﬁ%%ﬂ%?ndﬂﬁ%?ﬁﬂﬁiﬁmm;&H&#@
rn &ﬂiéhﬁ%m&ﬂwﬁﬁ@ﬁmmﬁbf1~5(mm]fﬁﬂm%é

ﬂﬁmLMﬂﬁ &ﬁﬁmomfmu%ﬁnmﬁ%m#L<Mﬁrnfw&@ﬂ%%“

mﬁof&%r&og_ o w :

(&)JISﬁ%%ﬂﬁKME*hTmé#%K&%@&XR%LHi5Q @@®
B :IAﬁ%K#%¢é) | |
@ ﬁﬁwﬁmm%J/T/vtLiﬂmﬁnéﬁEWﬁMGEﬁ&GmAEm@ﬂ%'
| WERICRT, 0 DaTi0y RMRICHKN T, &4 5= RN L TR
AL OKBISE LT 20T, LS KOMBA ST T RS wm%&%%
-i#”ﬂénfw @f&@@ﬂ%m%nﬁ@%MM%#ﬂ &%orﬁ%mﬁké
TGECHbe '

-33-



B ﬁﬁﬁmﬁH}éEB@MIC

-?Fable

CAPACITORHIAL %
B

TeC
p pom /T

Gompom ti on (wetght%)

MgT _lOa

an'loa.r

.lq'ps ilon (&) -

(at25T)

Q
(a125C)

P1O0D

P

o
N
CNTE 0

N7‘50'_

5
N PO

N220
N3350
N47O

‘100

o | 975
o5
o - | 949

790
740

64.0

I 912
880
850

0
2.5

50

w0
88

120
150
'21.0

260
360

136

47
5.5

164

SRR

196"
213
2 4.1
286
383

3000250 pf
CE000 )
‘ ﬂsndu~-.”

3000 0o
3000  «

3000 v
3000 #
_3000 _”

SUDU "

5000 0

(&) a‘?ﬂu%Mnog 005 ~ 05 weight % @@fa@rqfﬁmaﬁéﬂsm;&fﬁi { Olay ) &
ﬁg( ”"?3%7)[1'?' [ c‘_ {fC J: bﬁ’ﬁﬁffm L%V\ L emen[ nig E;JLZ)

~Table,

.-"__O_bn]pos_it:i'o_n' (mol %)

T0.

‘Law Oé

Biz 0%

Ebsil.on(E) Q '
1 (a125C/1VHZ)

(at25CIMHZ).

335
0 - 420

0 | 4se
hufﬂ-':4an

0 | 480

0 | 570
Do | e4o

70 | 750

0_.‘-:-880.

665

580 -

550

'5.4.0

520

478

4350
S 360

ﬁ270_

120"

el

: 7 é\fvx%.} '
70
7.0
6.6
45
58
53
4.7
a9
-;25_[

60
54
51
50
49
)
446
52

63

_ .-87”

5000=100pf
50040 "
5060 "

| 5000 4
5000
5000 4
5000 #
50000 &

{5000 -4

5000 #

BuOs @ﬁ\‘fJ‘EEﬁiTlﬁz / Laa()a VCXJL% lebwetght %,;\J'Ju{/fcfﬂJ'C*ab%o'-
&Khﬁﬁﬁmﬁmz<ﬁﬂiéﬁm 9§bﬁﬂ%ﬁmkéWJW—/@é a4l%
. 2?7 NBVC/J\?O

' ﬁjﬁ_%f@ffcﬁﬁp‘f’ﬂfi iy i02_//_.La 205 % ’1‘ iOz /ThOz (Tho ri um) VCK,{_ ’Cffﬂﬂ:‘{ﬁ@

BRI C b 3 6T A % 4

05 J’ﬁ*LhEK'CVléo

ST




i Mable o 7l

T . ..O s CU!D[)O&[!IOH(WBIght %) _ ,_'I'psufon (E) Q _
ppmsC | GaTi0, | semios ] (aizse) (a125CiMHz) |
Not200 | 100 | o} 160 |3 0002100p1
NC1500 | 795 205 N 178 | s000
N :22d0_' 345 | gEs q_'zﬁo . SQOhV '

L) WM MnOs, Glay # 0% LasOs

Table . 8 .

T c R Compost tion (moi%) . EEp'S'i-l"dn(E') _ | ) Q o
p pm ST $rTi0s | PLTiOs liaTy03  (at25¢C) | (ar25civz)
N 3500 87 5. 1 10| s7s :50005100pf
N.’avao g0 ' ‘10..:_ o 540 'Asono "
NOSso0 | s I T “600 | 2000 ¥
N 7500 | - 60 1o Cs0 1100 | 2000 &

: (ﬂ:)?’]‘%ﬂﬂ% MnOz Clay &= X ¥ CéOz

LLJJilt%’ES{J~ﬁ%FﬁcL L’c%ﬂ}ﬂén‘cw gﬁﬁﬁﬁEA%ﬂA’C@o’c ﬁﬁ\ﬁ#?(
BCHER Y BosRae L, &@%9mﬁ¢3ﬂwmsﬁﬁﬁbm%%ééoco
cau&b&%fxﬁg@cmmnno Qmmcmmﬁﬁﬁ5«<ﬂ%%%& Ihid.
'f@éoLLQ(1MH4)f&mbacaﬁﬁénﬁﬁ%rééﬁo |

Table. 9

T..C | - Composiiion (mol %) - . ‘ Epsilon &) g o
CpepemsC | érTloawGaT103~quao”.f (at250) | Cat25¢t Mz
N - 600 |750aTi0s + 25BiTi0 . 260 | 10002100p¢
N 1400 75(Sres Caos )Ti0s o+ 25BiTi0w | 5000 800 s
N 2200 ‘ZS(SrosGam;)TiO;%a25BiTiO&g- _" 290 | 600 s
N=.SZ-UU.'fﬁsrTidsf+;ZSBiTiOgs_ o __'_!{1h0'fif 500 3

(V) CLRAMIC - dAPACITOR:&&h@@-cAPaoiTOn;&s%aﬁaﬁ B |
C..E[:L.Al\'i.IC “CAPAC ITOR @ﬂJKHﬁﬂ;J /T-/‘DL 7 7 AFw 27 )er.. a X7
V;’/ﬂwJ/T/ﬁ374bJ/f/ﬂ EWJ/T/V$$U%EJ/T/ﬁ%”
#%%D%% &chm ngg&gnfwaocn %E@:)T/fﬂ%hfh

.._'3.5_ .




T AR AR R 5 AT P R X BB T IR R b B TR X o CIK B
MRS Y F e OB RS

~36- '



Fig 14 #2725y OFEIE

—37-

BarFey . o . : _

(M7 2AF w271 Patdil) "&__ -
SR v Ry L

(BT 525 0275 va ki) D

) IIZ“?JP7 4. FAVA s
RGFEYV I —HA — b 7 g rn SO Y
: 4 . )
;; "'_]_":I_)X.'TVV7“‘“/A iy
. : |
R 7 ) 'D_ .
A ,-]i’l)_j_mtl/yj'_.f)lzl-. . .
3 ' -
o .
FIEYzFvez o va IR
FTEY Y T

) F EF T N A : .

(SR 752F v 27 4 nated8)
ToT :_?A’fﬁ'__ﬁ@ﬂyfy.j' L
_;ﬁ'yﬂ_)b’?&g#':l ¥ gk .
| TR RN RS P SR
%_::}'_ .
7 - . >
~ 7. .- : ’
RN {73 T2
R s -l

- . t . K K T T
W' 2 5 10" 2510 25 1625 10 . 2.




wavrry
AME T RF 27 g nEEL)

SRIM v 7 vy

MRS SR I T e R EL) S T i

T E T P

RN RSPy T A

IRy 7o vz frn

Ry vz gna . ~ e - - - SR R

LR F AN R

AV F i T 7 vy T oa e

N .@'Eftfi:if"v,’/?{w;\%%@) -
Tysay;%ﬁ;yf;ﬂ
}Qéwﬁﬁj?%%#n : 1 o
o | BEGIREE
v | EBERNn
B ] " .. _____ .
Rt

R R

o100 10 10® ret 0% g08 10" a0f 4p?

- BE (KHZ ) (MHZ)  (GHZ)

FmﬁSf%ﬁﬁzfyﬂbﬁ%E&ﬁﬁ@”

-38-



(MATIAFo 27000k FL) AC| |

V\J

v

ﬁﬁﬁﬁhiifyﬁﬁ'_f;ﬁ,'. Dol b e
(Mt 7o2xF s s 71 00%8) . AC S e -

R R P | H B e

*”ﬁmﬁ$ék7&WA :

BYRXFLry 4o a AR I e

NE TJ‘“ ]) 7‘[31:‘,‘!/?7_ 4 J"’.l.‘ . A.O . : N R é—'____Aé'_"_—>

AC : T

AY LT v g A .

R S VR NMER R

AN F AT T Vg s
(GRILTZ2F v 27 1 na%BL )

ne o
AC - i R

RTINS 5 ER e

A RAERE T

I8 BT

BHEERE R R

M UERR

EGRE SN S B

R P I RN N

oy 203 5 4 W30 501062[‘(3 300 4000 ‘ZKSKéKma 2&{501{%1(1052me03{503*(

— REBEE (V) -

_E@163%EH%¥?#®ﬁm%Eﬁ%

-39



S | | April 1981
'35 CERAMIC CAPACITOR oEifiniagas |

" CERAMIC _GAPACITORMWSISH AN (42 )

G o)

{1)A%iﬁiwﬁﬁﬁﬁﬁwﬁmkﬁﬁadﬁmMm'Cmmcmbam'
| REMES IURRBEREOLN h
 (H)%ﬁﬁ%%ﬁﬂ#£U%H |

.(ill) Ceramic. _Capam 1or @EI‘C{“E%%U‘JEEZ 74 ¥ Jﬁ’ﬁi
M) Ceramic  Capacitor B HEATHHL
_ (v)pmmmc'mpu.mlmymtﬁ@%&-
(M) Ceram1c i'Oapamtm O Far '_ |
o 'Fam; Geramic Gapacitor &5 IAf
'twm)aﬂmoﬁa%ﬁbzoﬁmﬁﬂ@ﬁﬁmﬁﬁ-
'%m)EIAm%-*

o =40~



9.

.§ "Ceramic . Capacitor @}}Eﬁlﬁﬁéﬂ(ﬂﬁ?) o

Ceramlc Capacitor @nlﬂ’ﬁfﬁﬁfLEQ L )

) (I) -t Aﬁ'/*‘)&‘?ﬁ'.xufﬁ’f-ﬂf;uﬁ? PAKISTAN ODNTRAL TLLI'OOMMUNIOATION

_R,I‘SLR,OII LABOR.A’I‘ORI‘S(C T R L) VCb"H/‘ Ocrdmlc Gapacxto: e

momr]

TILLTﬁﬁOmmmc(mmcnm @iﬁﬂﬂjj&@ﬁﬁﬁléo

.:-Gcramlc (‘apacnor@Ji’C%1fTﬂf’a‘]‘(‘ TE‘J&%C&M Eﬁ%ﬁ‘c‘é’)é?)a Eiﬁ}f’sﬂ:=
*%mr%yéém%%@aamu Mﬁ@ﬁﬁﬁ&®ﬂn&1ﬁDMe©ﬁﬂK&$t_

&y &@%%K?%aLf%o%ﬁ«hkTmoﬁﬂﬁ&Mw %me%%ﬁ%&ﬂ__
mume@a%&ﬁ&ﬁ&ﬁ %mKerﬂm;acawnyf@éo%ﬁ&ﬂm*”

'_@6@&@%%@%@ FAER T L 2 R L OB AL S, BRI
'nﬁE@T*ZFéHTLmELﬁK74b&ﬁ&#b %E%%ﬁ%%ﬁb ﬁ%@ 
~ Now_ Hw&ﬁ& bC&#Iﬂééhﬁmo%®ﬁETﬁ%Lﬁ@D(kmmw —~
'cmmermﬁx%ﬁiLmﬁgg&caﬁﬁﬁr@éﬁe%ﬁ&ﬁLf%@m%%i

%ﬁ%bkvm ' . R . . _ _ :
ﬁﬁm%nanﬁﬁﬁsnﬁam%&ﬁ&ﬂ%@ﬁﬁﬁ&i@%%ﬁ%ﬁmfaﬁm'

-ééﬁﬁﬂ& C@c&ﬁ %&oﬁﬂriaﬂﬁﬁmﬁﬁé&mfﬁwlk&ﬁ®%

ROEDHDLT, TOTFMLTHE kg
t:%%wﬁﬁbkﬁﬁﬁﬁﬁﬁioﬂﬁ_' o .
B3 ww%ﬂVﬁLAU®ﬁ%$W%§%wﬁ aﬁﬁﬁarmﬁmg ﬁ»ﬁm
&@%H%ﬁ?bmo

,._('1'._'1 ) 'S.pray Dued Peuetmg Powder '

: . 'I‘able 1 Coh s g

1 | BT=203 |BLot 4 1A111.] 5| Ke (BaTiOs KHEH)

2 |BT=305 |BLot 471121 |'5| ¥ (W k)
s |weon | Lov&sB118 | 5|k (rio2 BEM )

4 [N750B | Lot £9C144 | 5] K ([ U”_'if“:)‘i i

L£4ﬁ®ﬁﬂﬂﬂﬂ%ﬁ&LPT<ﬁ%éﬂﬁ\Wﬁﬁﬂfébgﬁ&éhf.
TN BE LD L buﬁébko ﬁa'{/uxlﬁuiﬁﬁsbﬁlw&%ﬂ \%ﬁlfca&ﬂ:“‘n'
.-ﬁ%DMe%%ﬁénfw&%ﬁﬁAﬁ&ﬁﬁ@ma 1@60'

_4'1-_’ .



(1~2)

RMET
ﬁﬁﬂ?V!¥&£WKi&mﬂ$+?%h%h@hﬁwmmﬁbk%n

iﬁ{rct r‘na@ﬂ bfé’b%o

Table H;;Q,:*

Fo¥n|

Vﬂﬁﬁém

ﬁs% : Lot. Jfﬁ

ﬁki’i;un}s{ﬁ

&Lﬁﬁ(ﬁuﬁx@@é)

1] BT 2058

(Lot # 1A111)

.1~.ODUPos

'DI a 157};1,195

Thicne:,s

105[]

wn ]

BT-303B

(Lot /6 9L121)

1B00PCS

Dl a :1 5nm55

Th:_cness

058

mn

NPOB

(Lot # 9B3118)

10000 0S

D1 a i S_r&mﬁ 7

Thicness

061 m

.

Jelo ]

stng

"F_Umiimédfdd)

1000708

Dia 15mmd

Thicness.

061

i

—

{~5ﬂ

%%ﬁ%

iTable“ﬁ_j5j;~

'f%%ﬁﬂ

Q\LLOI 116.

[ o]

%f“]&(

ﬁkibﬁé)

| 1] BT=2038"

(Lo U4 1A111)

-D: a 122;7;,71,5

Thi cn_es s,

0425 n

 BTT$G5Bf

(Lot 91121)

300PCS:

Thichess

..0485pn

NPOB .

(Lot /4 9B118)

SUUPCSV

Dial24uns.

“‘Thicness

042 _mm

o R

"300PCS|{Dial25ms | Thicness 0525z
%i$ﬁ1~ﬁ5®ﬁMM%fsifﬂ/T%%t%HKMMTEW&éhkﬁw
'fa&a%Kﬁ%?éhkﬁm@&muﬁﬁbk274r%ﬁ%ﬁﬁ&b%ﬂﬁ

.. v:fco :

N750B (Lot /& 9C144) |

}ﬂ)i&mﬁ#%ﬁy;o%ﬁ

, Table ﬂj¥_4'
A & | E o ®
L m| R Eetenn

2| sagger ([ &) {7 g AR
: 5 Zircema Cetter: /Jvﬂ‘w'\’ﬁﬁﬂ‘f'}{% e
Wm o a st eommn
S N x h'ESolder Paste(860)7‘
":‘fﬁ3¥mm%éﬁ

#

=N
B

—
=R
BT o THW
FAedavs=T 7|
FARMEH
THEEIRB
R Y
BpEnam
'wﬂ/»z@iﬁﬁ
E S e
'14@#$&y£7

Hhropw T

24
Tom
R

-50&? 

ENRS

- '17 Ky

1000 7

:Du reze resin’ o _f_?K?k

AR
ﬁ@%@n;q-~
S

f%ﬂﬁﬁwﬁﬁ»w:_

1]

22 &

TH A ;a_'. e

'eéz—



(m) CBBAMIL OAPAOITORiaﬁet%JﬁL
- 374Fﬁ%¥

THE SLIDES:OF_THE TESTING PROCEDURES OF THE CAPACITOR

. Binder Making

Thrs sllde shows ‘how .to make blnder. Blnder consists- of PVA 10/ solutlon
:It is' made of 90% of water and- 10/ of PVA. PVA powder is ‘mixed with hot

water and d;solved.

5Weighing;bf Powder

'.300'graﬁs pbwdéf is generally measured.

. -Mixiﬁg Machine .
300 grams powder and 60 ml 10% PVA  Binder are mixed. This mikere is dired at
120°C. ' ' '

. ;Mixing Machine
In this slide the mixing machine is shown with detailed expansion.
4.1 Granulation procedure :

After drylng, ‘these mlxed dryed raw*matellal 1s roughly grlnded in
m1x1ng machine for 2 wminutes. " Then 80 mesh. staaness made siéve 1s used

80 mesh is about 150 micrOnmeter in granular size.

4.2 This 51eved granular under 80 mesh is: used for press. NOwadeye'thiS
“kind of 51eved granular: is usually sold to many condensor manufacturing.

companies.
.. 5.1 Press Machine
Dry press type of machine. Its maximum pressure is six tons.
_.5.2;:PreSSing'Procedure

The size of this pressed tablet is 15 m in dlameter, from O 4 mm 6

~0. 6 1m in th1ckness

Theése tablets are’ set on ‘the z1rc0n1um oxlde plate (7ircon1a) whlch 13_

supported by sagger. As erconla 0x1de hag very hlgh meltlng temperature,

43



the bottom ‘tablets can be prevented its dufuseion, in other words, sintellng

with sagger.
7. 7.1 The'wnoleiecenejof the Electrlclfurnace for sintering.
7.2 The front figure of the electrlclfurnace}

7. 3 In51de of the electrlc furnace Firstly, the. eagger whlch support
fzinconla oxide plate for tablcts 1e ‘Het. inslde of Lhe furnace.:
Then, 81nter1ng procedure 1s statted. R _ :
From R.T to 1000 c, 1te rate of rlsing Lemperature 15 normally 150 to
T 170 °G/HR and from- 1000 C to at elnterlng temperature is 100 C/HR
Namely, ususal s1ntering temperature is set from 1200 ¢ to 1370°C.

Coollng procedure is held by natural coollng
7.4 Sintering

8. 8.1 lThe'painting-prOcedure of silver electrode"
A small brueh,_. : : 'the.eolution miking silverzporder are used:in
'fthe palntlng procedure " Front side and back side of each sintered '

‘tablet.is ‘painted one by one.
8.2 Up sigﬁt of the silver paioting procedure

9, tThe front Viewlof the furnaCQ for eilvér firing.

: furnace f-_f, S ﬁ’p_ electrlc power ‘source and controller
f[:The 31lver palnted tablets ‘which are supported by Sl203 boat, are set in

_furnace and flred at 740 'C for 3 mlnutes in air

'310. The wldlng procedure of a lead w1re,. ':".' . solder, lead w1re, holder,l

: copper plate and heater The temperaturee of RS and Samples should
should be adJusted at almost ‘sanie:, temperature in order to prevent maklng

: crack Lf temperature dlfference is so hlgh “the tablet is cracted due to .

heat straln. o
11, ll 1 1he measurement of the electrlcal character of the samples, take'
capaclLy, ten_;',.temperature coefflc1ent You can See L C R meter: on

.f_ the rlght side, and _ '_ on the left 51de

_A'[}'T—_: .



11,2 ‘The operatlon.scené of L.C.R: Meter
11.3 L;C.R{ metef,'tﬁis type is TAP 4261 A,
12.3 Measurement of Inéulaﬁigh Resistance -
The Meter and Condencer on the supporter can be -shown,

i3. The electron microscopic machine.
Yod.canrmeasure the gf&in-éizé;fﬁﬁffégé features of_the_drystéllite of the
" saﬁples._-Ibesersampleé;aré~diréctlyfmul£&plied'by-4,000{- If'necesséry,

you céﬁ muiti?lyuiﬂltimés moféiﬁy pﬁétogiaphy.

14. . The measurenent. room of the Vérioﬁs'kindéjdf electrical characters
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(M) CRRAMIC.

‘Purpose’

. To make PVA 10 WT % Binder Sdlutioﬁ-ﬁhidﬁ'heedsffon:Festing BéTi03xCerémics;

_Iﬁstrﬁments

1) Small Stiver : R 2) Water Bath _
~3) HeaLer (1 KW) ..5 .:: : N _ 4) - Porcelainlzed Beaker (10 l)
5y

325 mesh Sieves (sus 27) R fﬁ)’_Spatula

Materialé.and others .

1) PVA (#*117)

;2)
' order " Description of Working:
1y "To'put watériBath on Heater,'put porcelainizéd
' ' IIBeaker (102) 1nto ‘the’ Bath and Pour water 7 1
into it
L2y To stir water in the Beaker by Stiver
3) - To switch on Heater and.heat
%) . To putJPVA'(#117)f7808 into Porcelainized
. Beaker little byﬂiittef
" 5) To'také'cgfe-ﬁdt'to'run Qut'bf water
.6). "T07stir till:Soldtion becomes fransﬁarént and
' tlll not to feel SOlld body touchlng with
flnger._
" 7) After finished'dissdlﬁing;:switﬁhofff&hd.cool_

nafuréily;  At:the ﬁime;of”40§c.makiﬁum of

Soiutidn, éift'them”thrbﬁgh'BZSfmésh sievé,“

“Water (to get r1d of extraneous substance through 325 mesh sleve)

" Notes

T get rid of

extraneous sub-

stance from water

'throﬁgh 325 ﬁeSh

sieve

Mot to touch stiver

with Beaker.

- Tf put PVA into

in.one time, it is

not- dissolve

perfectly and make
ceramic character—

istics worse.

To force into cool

is also good.



Mixing'Bindet_Selution and Granuetidn-e
Purpose

Mlxing Binder Solutlon and Granuating for good Moldlng'of-eeramie_instfumeht__

1) Balance (500g) | | 2) spatula -
3) Mixer e l S 4. SLalnless Bat c -
~5) .Electric Drier; S . 6). 80 mesh sieve (sus‘ZIY

N injectdr ISO ec)

‘Materials and othetrs

- 1) PVA IQ%'Solufion_ _ | K ) =203 PdwdefL
O?der - o Descriptlon of Werklng. 1; o ' Notes
1) "'To balance 300g BT 203 powder:
2).' “To put 300g powder into Mlxer and iosen
55_ .To add 40 ml of PYA 10/ solutlon w1th Ingector
 4) To sw1Lch on Mlxer cand le enough Blnder and Material

for the equal dlsper51on of Blnder:f

5Y .After Blnder SOlut10n is equally mlxed w1th Material
-remove them to stalnless Bat and dry at lOO C + 10° C
' o.flnlsh drylng eL ‘the point’ of_Water_0.3 ~0.5 W ¥
“(about. 15 minutee)ieﬁd'teducejte powder,ﬁgein_by”MiXer.:*
6) After-craehing:mdﬁefiei; edd'fo7mi:dfePVA.iﬁZ‘ébiutibﬁ;*'
and mix them- t111 equal dlsperslon After ﬁikieg; put -

- them agaln into dryer
‘7). . . To dry at 100 C + 10°C till to be water 0 3 - 0 5 wr? '

"3) o After drylng, put them 1nto Mlxer ”'This tlme not to '
. reduce flnally Lo powder but to losen,'then s;ft them
through 80 mesh sieve. Remain mist Iosen by Mixer and

Sift‘thrbugh 80 meSh'siéve-aﬁd.repeaﬁrtﬁis ﬁfdeess,
“9) 'After 51ft1ng, dry them for 3 mlnutes by Dreer.  _.:.f.-

10). ,After drylng,:51ft through 80 mesh sieve

These materials are for-moldlng.

Ry



Molding ’

Purpose

Disk Molding and preparlng for flring for BaTlo Ceramic Test.

Instruments

l) Powder Moldlng Machine (Tablet Machlne)
2) Vacuun’ Pump e [ 1) Electric Cleaner

4)_ "Chemical Balance
_ Materials end others

1) Dlal Gauge (l/lOO mm) . ’ 2) Sagger

3) Zirconia Ceramlc Setter

- Order-- . . - : DeSCription_of Working - ' : Notes
1) - o' sw1tch on’ Vacuum Pump - _'i'_. ' - ﬂ_r _ ' To make clean _
2) :To set Materlal Holder and flx with Holder fix 1nner of Holder

‘with sprlng.

‘3) .'~To fasten lower Puneh in upper le p01nt dnd

conflrm the same level of 10wer punch and surface

©of Table. 7
4y . To put the granulated Materlals into Holder
5) To sWitcH 0n'and mold' to. check:thlckness'ofrsome

'—p1eces of molded Disk and pressuro Moldlng
condltlon, thlckneee- 0.42 * 0. 01 m/m
dlameter ' 15:m/m

o pressure 2 OOOZRg/cmz'.
“6) - To eompensate the'eondltlon to be eerLlnent.ln case
- 'of 1rre1evant condlLlon.' N '
"7) : jeAfter'eoﬁpeesacidé, mold.lOd-pieees.
d) : :_To.measure Moldlng Den51ty |

Welght of lO pleces of Ceramic o
©(15/2)2x3.14xchickness of ceramic

Moldlng Denslty (g/cm ) =
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Firing
Purpdse

To fire Molded Material BI-203 and make cetamiqu
Instruments

i)= E1ecftic:Fﬁfnaéé e
2) Programmed Automatic Control Thermometer

3) Thermorecorder

Matéerials and others

4) Sagger - S - U5) 'Zifcdn{é:Céramic:Settét

Order - : _DeScription-of-Wthinén

1) - To arrange total 45 pieces ih.3_1inésf15_piede3'fbr each on

2)  After arrangement of moded ceramics,’ set them iﬁfanléctric'Fdrﬁabé.
3) To swité¢h on the ProgrammedEAutomatié Control Thermpregulatof of

- Eléctric Furzace.

4) To switch on Thermorecorder. (Refer to'Firing Condition'writtéﬁ on
“-another sheét.)-. . :
5) To take out them when the temperature in Furnace falls upto 400°C and

cool naturally upto room temperature.

Ceramic Density and Electrode Painting
PUfpoée"

To measure ceramic Density of BT-203 and paint electrode for measurement of -

electric_characteristics.

Inétfumépt
‘1) Dial Gauge (1/100 am) ~ 2) Potter's Wheel |
3) SilVer:Painﬁ - ' ' S 4); Thiﬁﬁér:for'Silﬁer.Paint,f
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Material_andjothers

Vll) Acetone - : L 2) _ Brush _
5) _Nohius_' A .. ' W 'Cﬁemical Balance -
:_Ordef ' : S Deseripfieh:of Working -
'1)Q1 To measﬁre.thiekness”of Ceramics by Dial.Gauge aud'select 10 pleces of

“same thlckness to check diametergby-f:[

2)   _To welgh the welght of ]O pieces.ceramics by chemical balance and

-calculaLe the ceramle Den51ty as follows,

_ S 2y . Welght of 10 pcs(g)/lO
Deusity (g/cm ? . thichness(cm)x(radius)a(cm)x3.14

°3) " To palnt Sllver Paste on the surface ‘of same thlck ceramics by

potter s wheel

4) . To take out Sllver Palnt on plate as yOu need -and. d1]ute tnem up to

surtable viscoeity by thlnner
Eleeprode_Firiag_aad Soldering Lead_WireS
' Purpose.'

10 fire Sllver Electrode palnted on BT 203 Ceram1cs and eolder Lead Wires on-

Electrode.i’

Instruments

1) "FLEMA“ Electric Furnace (handumade)
_2) Alumlna Ceramlc Boat
3) Case’ (for flrlng Sllver Palnt)

&) Electric Heater (ZOOW)

:IMaterial andeqthers'

1) Lead Wires = . . 2) Copper Plate
3) Electric o  Soldering 'é)r'Pincette
'Orderf“ea f' Lo L ,3 _beacriﬁﬁioneof'Wering.n
1) After drying Silver Paint, arrange as Fig. 5.

Fig, 5 'Arrangemeﬁt_of Ceramiesfon boat for firing

.—_-:5.4:—-. .



2y To- put Alumina Ceramic BoaLs armanged ceramics : into Furnace.

3) :To switch ori Plectric Furnace and £ire firing condition.
l) Firlng temperature ,-' . 740 L 3,m1n. 
2) FElevating condition = - 0°C'*f740?0-abdat 40 min.

of=temperature
43) Cdaling' y 2 '_ naturally
4y - 'To take the ceramic out- at the point of 300°C max. and cool up to

r OOITI temperature .

3) Lead_Hires are eoldeped'oh_fired.Cetamies.as‘fig; 6.

Fig. 6 Solderlng method of Lead Wires

BT—QE]S Eﬁlﬂ\ _'Jﬁéﬁﬁﬂ )
rorsyorssersali . ‘Notes

‘Temperature of
_copﬁer plate and
VSQlder must be -

‘almost same, other—

otherwise céramic-

_Elements are casy

to break.
Measurement of Eleetric:Characteristics

Purpose

To medsure.various EleetficaCharaeteriStics'of BTmZOS_Ceramie Eleménts and

judge the Quality whether:BT—Zﬂé can be used for Hi~K material or not.

Instruments
1) Digital L.C,R. meter - Dielectric conStant'&
' _ ' _ D1e1ectr1c loss tangent.-
12) ResistanCe Méter; - Insulatlon R9515Lance
" 3) .Oven R  - - Temperature Curve

-4y .- E]ectrlc characterlstics
cA)=1 Materlals and measurlng method

o After ‘printing, bllver Palnt on -both sides . of Ceramlc Elements
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-2

ﬂﬂm&ﬂL10HEd above, fire Lhem at 800 c in 5 minuLes for. making electrode.'
- To. solder Lead Wires to both sides of electrode and make ageling. for

24 hours, then measure electric characteristics.

bieleotrieLConstantf

;InStrUmént

Di Digitai Capacilty Mater

:Method

_4);3]

Ch)-4

Iemperature'Variation'Rate

- To put ceramlee soldered Lead Nlres 1nto o and'ooerate at

'deeided temperatur to measure capac1ty by conneeted eapacity Meter.
| 1he other’ SldE, measure thlckness of Ceramics and dlameter of _
'-Sllver eleetrode by e, then’ calculate dleleetr1c constant by:
Ff0110w1ng formu]a, e _ ‘ '
Dlelectric Constant E l44r5?511j;

R ThiekﬁeSS of . CéfamicS'(mm)

: capaelty (PF)

Do eleetrode dlameter (mm)

-';ifyprecisely speakingdthis E mentioned here is specific inductive

capacity, so it has no unit. -

Dieieetric Loss Tangent (tan §)

Tnstrument

Digital capacity meter

'Method

This can be measured at the ‘same ‘Lime when 4)=2 Dlelectric constadt

is done

" Instrument

'Digital capacifance meter

_Method

To put Ceramlcs soldered Lead W1res rnto -~3T{*'?_ “and operate
. at dec1ded Lemperature and measure capa01ty ‘at -some . temperature.

sTemperature3Var1ation Rate_canabe caleulated_as follows using

=56



these'capacitiee'andloﬁes-at sfehdard témﬁérétufé;
cT - '

Tem. Variation Rate (/) = Cs

. ¥ 100 (/)

_ CT: Capacity (PF) at test Lemperature
Cst .Cepacity l {PF) . at Standard temperature

4)-5 'Insularion.Reslstance (1R)
Instrument -
:Reeistance'Meter:Super¥Megohﬁ Meter
' Me thod

To hold ceramlcs soldered Lead Wires on Re51stnace Meter and go on

500 Voltage, and measure it in 15 minutes

4)=6 Q Value
Instrument
Q Meter
Method - -
To ‘hold ceramics soldered Lead eres on’ Q Meter and measure at room
rtemperature At first to tune Coil’ and Varlable Capac1tor w1th0ut
holding. ceramics on Q Meter, then connect ceramics 1n arallel with

varidable capacitor.

To calculate Q Value as follows -

_ Ql * Qo (Cz -C1)
Q Vale 7 QG
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(V) CERAMIC CAPACITOR © 8% TEO

FLOW CHART FOR CERAMIC DISC CAPACITORS MANUFACTURE

.2. Binder

1. Dielectric formulation material
; |
3. ‘Batching (cultination)
4. Milling '
5. Spray deingm 
6. Evaluation
]
7. Disc forming
1 T
8. Arranging discs on setter tiles
9. Firing for Sintering
_ L _
10. Separation
. ]
11. sintering Test
. - _
12. Silver'painting
l
113, Silver firing
14, Wire Strip making
o I -
15. Elements assembling
16. Soldering : .
_ . I
17. Flux cleaning
18. Resin coatiﬁg '
19. Curing Resing
. 3 ]
20. Marking )
f21, Waxing
22. Final Test
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MANUFACTURE PROCEDURE

(Cerémic Disc Capacitdrs)

HIK. | '“" . o TC

EIA" Standard K Value ~ EIA Standard K Value
25V 17000 M7G P100 PPM BNV
* 75U 10000 % COH NPO B
Y5U 6000 UIG N 80 PPM 60
Y5T | 4600 " P2H N150 PPM 75
58 3800 R2H N220 PPM 80
YSR © 3300 _ S2H N330 PPM 90
¥5p | 2600 T2H N47O PPM 100
Y5E - 1300 % U2J N750 PPM 130
SL P350 PPM 300

~-N1000 PPM

"NOTE: * Only these'materials are available in CTRL this time.

1. Select the'granular.pOWder material available in CTRL.Circﬁif Component
Lab.:éccording to the:désignzof Capacitoré for the above Hi-K and TC

_ (Temperature coefficient) values.
2. Add Binder solution to the above.
3. Batching (cultination) process to make material solid state.

4, Miiling (crushing & mixing) process to obtain fine wet granules by a

pot mill.
5. Sﬁray drying process by a.spray drier,
ﬁOTE—I. .ﬁaterial.évailable.in thé market 1s already ﬁrocessed up fo thié
Stagé. ' .
.NOTE—II._For experimental manufacturing the material in the Circuit
Component Lab. is simply processed by a sieve.
B, .foﬁdgr Characferisﬁics afe'checked at this stage.
7., :Discsjformed by a cold press die.
8, “The dis¢s are on setter tiles made of Zirconia plate or Alumina plate.
9.. The-$ét£ér tiles'arésplaced dp'ségggr (tray) in the oven for firing.

The oven temperature is started from room temperature upto 1150°C —-
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10.

11.

12.

13.
14.
15.

16.

17.

18.

i9.

21.

22.

1380°C according to the material chart, after this the oven is switched

" off and discs in the oven are naturally cooled about 24 hours.

The setter tileé are taken 6ut'of the oven. The discs which are now
sintered are separated and are now called capacitors ceramic dia
electric elements, if the clements are sticking Logether, they are put
into the hot water turn by turn two cycles and vibrated, 1f sLlll the
eleménts are sticking hatd; repeat the process several times ﬁo gek

them separated, then the elements are dried by blowing hot air.

Selection of good elements

i) Checklng by putting a drop of 1nk on the ‘element if the drop

expand the element is not properly 81ntered
i1) Element density check (g/¢m®) according to specification chart

Silverment of electrodes by screen printing (potters wheels by hand) on
both sides of these ceramic elements. (Silver cream or silvér'paste is

used to prepare ink for printing.)

Fire the'elements in the oven at about 750°C -- 850°C for 3 minutes --

20 minutes. Check and reject the shorted capacitor elements.
Prepare the Lead_wires-on the sfrips.
Assemble the_eleménts on wire Strips}
Solder the wires by using solder cream or dip solder method.

After the lead wire properly soldered on to the capacitor units clean

flux by using trichlor ethelene and high frequency cleaner bath,

Dip the units into_insulatiou.coating Resin Paint for encapsulation.
(Trade name of this phenol formbaldehyde is Dureze Resin) and keep 24

houts before curing.

Cure the units according to Dureze chart in the aven at about 140°C ——

150°C for 30 minutes and then switch off the oven and cool naturally,

Mark capacity, tolerance, working voltage and temperature characteris-

tics and trade mark.

Dip capac1tors into the molten crystalllne wax (at 120°C approximately)
and cool for 15 mlnutes. (Preferably thlS process is done in a vacuum

chamber.)
Remove the:capacitors from the strips and tested for:—

1. Capacity denomination PF, nF and UF..
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2. . Tolerance £5%, +10%, £20% and +80% = 20%. .
3. :DiééipatiOn factor (tan &) én&-loss angle (@ value = 1l/tan §)
4, Tusulation resiSfahce at DC voltage.

5. nTéﬁpefature boefficignt. (féf thesé.fesﬁs.lO:pcs are picked.&
| uséd)'l.” | . “ o

6. leeak down.voltage (about ‘ten pieceés are used fgr this test).

7. Leadé_wire strength is teStéd'(5‘piECES);

For mass productionfanother 2 process.may be required furtﬁer.

Packiﬁg'&'shipping

100% $0rting
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DETATLED CHECKS FOR PROCESS

Disc forming.

1.

Size ef the Die. Diameter check and thickness

Design'of the capacitor.

Pressure gauge eheek and duration

Checking die of good form

Lubrication of die and.cleanixg eii eoating, frequently
Looking for cracks in the prepared pellet

Weight of formed body (g)

Size of formed body.(mm¢ to)

Density of formed body (g/cm®)

(Please see item 7 on page 1.)

Arranging:pellets

1.

Plllng up the pellets on setter tiles ehould be’ accordlng to their,

thlckness 5 - 10 pleces

Zirconia setter and sagger (Tray) should be checked’ for cleanllness

" Fach Zirconia setter ehould always be used for only one type of materlal

-pellets. (Please see item 8 on page I.)

Firing for sintering

1. ~Special method devised by Mr. Niesai for C¥RL working time echedele,is
see the photo copy of the chart.

2. This is to vaporize binder eolution; therefore slowly ﬁemperapure is
increased and then kept 250°C -- 500°C in four'heurs. :

3. Making the programme design sheet for firing & checked.

4, Automatic graph is checked.

5. The sagger (Tray) should be placed exactly in:fhe centre of the oven
for best sintering results. (Please see item 9 on page 1,)

Evaluation .
1. Powder characteristic check.
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2. Moisture content (Zj
jl Loss ih'Ignitioﬁ (%i
‘4. Residue onISieve mesh (%)
5. [ Bulk mi/lOOg |
6. Watef absorption ml/100g

7. Cdmpressed density (Please see item 6 on page I:)

Sintering Test

‘1. Tiring cdndition checked by “automatic graph.
2, Fired bddy.size (b tg)
3. Shrinkage of fired body‘Qg—éJE&“X 100 (%)

. s .

"4, Density of firéd bodyJ(g/cm3)

(Please see item 11 onfpage T.)

- Silverment Check

1. Silver paint name check
2. Viscosity of silver paint & thinner after mixing
3. Coated silver diameter check using vennier calipper

4. Chécking of silver centre

(Please see item 12 on page I1.)

Silver Firing
1. Fired time and_duration check

2. The speed of increasé of_tempeiatufe should be slow for large & thick

elements to avoid cracks.

3. Similarly the elements are-slowly cobled down to avoid cracks.

(Please see item 13 on page 2.)

7 Electtic-CHa;éttéristic-ét,Rbom Temperature
1. Eleetréde.ﬁiéﬁétérrtﬁm ¢j

2. Capacity (PF, oF, UF)

3. Dielectric-ééﬁstant-(K value)

.4, Dissipatidn factorr(tanﬁ %)
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5. Insulation resistance (MO) _
6. Curie point degree (T)

7. Temperature coefficient (TC)

Checking Wire Strips

1. Spring action of lead wires

(Please'see item 14 on page 2.)

Placing the capacitors element in centre

{Please see item 15 on page 2.)

Soldering slowly heating up to avoid cracking

. :(Please see item 16 on page 2.)
Check for dry joint

Check for too much or too less solder,

Resign Coating
i. Check wviscosity. for different size of capacitors by practiéeJ
2. Coating on lead minimum is beiter (1 mm -- 3 mm)
3. Coéting should be even all sides.

4, Waturally dried for 24 hours approximately..

(Please see item 18 on page 2.)

N 7



3.6 (M) CERAMIC CAPACITOR ®El

CONSIDERATIONS FOR CERAMLC CAPAGITOR DESTGN

Capacitance and tolerance

I. 1,

2. Working Voltage DC & AC

3. Characteristics (T.C.)

4, Material (Epsiron, K_value)

5. Flement Firing (Dia, thickness)

6. Silverment electrode Dia mm

7. Shrihkage after firing ﬁia & thickness

3. Fired temperature & keep time
IT. __Forﬁulae:

(Please see design formulae in the attéched sﬁeet.)

IiT. Consideration fof.Ceramic Capaéitor

1

2)
3)

4)

5)

6)

To have high Dieleceric Constant and to be stable Yor temperature,
frequency and voltage, especially to have flat température characteris-—

tics of Dielectric Constant.
Disipation Factor: the smaller, the better (tan 8)'
Aging Effect: the smaller, the better

Insulation Voltage: ' the higher, the better

To be possible to produce thin plate ceramic by malleable material and

~suitable firing condition.

Good consistency and -stable quality.
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DESIGN OF-DISK'TY?E.CAPACITOR

B X S X 0.00885 _
CpF = T ee i rereareeresanena R |

E = Dielectric of ceramic material

I

Silver coated-area “ ol

-
i

Thick of disk in m.m

0.00885 is constant,

. 144 % C % t

Capacitance in PF

[}
it

1

]'Thickness of disk

U'n
it

Dia of silver coated area

TUBLER TYPE GAPACITOR DESTGN

CIPF': = dﬂg_ . .Etx 0-'0.0885- B e eaana LIV

o
Il

Tnside diameter of tube (ceramic element)

i

Length of silver coated area in m.m.

50 v coated a
silver coaled area .o amic (ube

Tl . \k

: . o d
I TI RN NN ONIvIs : ?F

S
C
Note: Calculation of silver coated diameter of disk type

‘Silver D =\// 41,3 x ¢ xv) Y
- TE
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MULTI-LAYER CERAMIC CAPACITOR

DESIGN FORMULA

_ E(4-28) (b=2g) (5-2)

10

cv

T4 (c/n~d)xa+b xc 9

N .
g
>

),

X —=— = PR/ (m.m)*

4

e a o
E = Dielectric constant of ceramic material
g = Leakage path
a+b': Size of element
¢ = Total thickness of_capacitof.
d = Thickness of one sheet elément
n = No. of iaﬁinations

kX

WORKING VOLTAGE DESIGN ELEMENT THICKNESS AND STLVERMENT ELECTRODE DIA.

‘Leakage: -

D.C. Working Element thickness: Brak down
voltage V. in £ m.m path m.m voltage D.C. V
50 v 0.15 — 0.3 0.3 —= 0.5 500 v
150 — 250 ¥ 0.25 = 0.4 0.5 ~- 1.0 1000 v
500 v 0.5 0.8 ~~ 1.0 2000 V. .
1000 V 1.0 — 1.5 1.0 == 1.5 | 3 ~= 4 KV
2 -~ 3 1V 2.0 1.0 == 2.0 | * 3 kv A.C.

* Brak down voltage is 5 KV DC change range in A.C.V.
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COMMERCIAL CERAMIC. CAPACLITOR DESIGNING

Example

A. Temperature coefficient ceramic capacitor

I. TFeature

l.(1Teﬁpérature'Charactefistics Flat,
21._Ffequenc§ réspOnSe Flat .

735 Q:very high .

4.“ Profeétion agéinst moisture and heat

11.  Uses

1., Negative temperature coefficient
2, Tuning circuit

3, Trapping circuit

b Coupling circuit

5, By péss

B. High Dielectric Ceramic Capacitor

1. Feature

1. Large capacity and small size-
2. IesQ is.lbw compared to TG style (tan §)
3. |
II; Uses

'1{.'By ﬁass circuit

2. Coupling circuit

8-



(06580, 52-)
P i 14
Z40€ 3® 0Q0T
T(utw g99¢
3®) Q00T
{~uTm .
W 000°0T)
(805 0a)

0 "NIR 4d0€

YOLIIOVAVD DIWYEHED IdAL OSId

T W @ 6 <L 2 o 5 R G —

: Q00T < . .npom.onv.,............. Awwmuaob.wnﬂxnozv AM
£aroede) = 3 D07 + 00% T D “XVW Jd0E I . .
P ' 2 - -
. : ﬁmuuumnmmﬁmw .aﬁxuozv. u x0T |
: 20T+ 0°1T 08%
(%S FC C & 1099 =04y
dd0T NI g 06t = 0gE
|no.oc..u|||-4-_...non.-......a-.aoouc. O mmo..ﬂﬂh m.- ONNlow.ﬂ wnH.%l.,H
dd.-GT0Fa: 0 S0ST -.02T 0-TH
N ) 2487 07D .0 00T - 9% - (aa)
;.AmunmAMmem UOTIBINSUT) ¥I 130T "XV c iv o~ T £310EdR)
‘.-.'.......-.. AMMWUHO\P M.G...ﬂumhozvb.z . : .
_ . AIBW *ON '3pO) IOTOD
.mummxmﬁou (wew). eI -  ..oOoH» .mm\Emm T L
_ooueltoede) | (wm-w) °zIg 0st + uﬁmﬂUmmmmoo
T . 1S sanleraduay,
0L . . o o L
06€ “0€E | 06 - 0LT | 0.7 - 022 oze 08T 08T | 04T - 0%F
0LZ | 077 - 081 : 00T © 08T - Q8T | 06T - 0TT | 0ZT - 00T : 08T
027 - 08T 08T | OST - 071 ¢l . 0T . 8 06T - 071
06T - 00T | 02T - 28 . COT - 89 00T - 89 8 - 9§ 89~ L% 00T - 89 2dLy
8 -89 |'89 - /¥ 98 - 4% 9g - - 8¢ Ly - €€ 6t - [T 96 - 6E 0~TH .
95 - €€ | 08 ~ LT | 68 =~ 7T €€~ 22 [z - 8T 7z -~ ¢7 €€ (44)
£z -z & - ¢ 8T -'¢ 8T - T ST -1 2T - T £ -1 £31oede)
“dd
13T0TA anTg REERS) MOTT2X wwﬁmuo Pay yoBIg ®pop Howoo
_ _ _ CeR/REE ‘D7 L
QGIN OLHN mmmz 0ZZN 06TN O8N - 0dN 1UBTIT3F007
o HL HS HY 7y 11 HD sanjexsduay,
AM 0S 2T O-TH

-79-



(o288+ = 25T-)

SNTEA UNWTUTW PRIUBEDH = ARD

-+ o+ (eanjeaedwsl SuriioM) IM

“XVR %0°6 = AST
ng Nm.-N ". AHWW nmmm,v - DI R A -.-v-..--a.,---.-n.-- um .G.m,H
..E..n.E % OOQnOH - W s s % moawwow Py m@Uﬁmu.m.wm,m.M_.,..QO-._....H.Wn_..Um.EHv .M.H
AQS DT * tsas e e s mnas e e e m mwm.u..ﬂob m.ﬁwx.ﬂogv AM
0761 .00000T - 000€€ - .p00Z7
0" 1T 0COLY - 000ST 0000T ‘0028
$°6 000€€ 0000T 0089 £009¢ _
_ s'g | - 000TT 0078 _ 00L% 2d47,
anTep Gt 0008T: 0089 “00L% - | 006€ “00EE “00.Z A-TH
WO U PIIUBIY 0°9 0000T . 00€gE 007Z ‘0081 “00ST
) 0°G 00LY 00ZZ -*005ST 00ZT ‘000T ‘078
uO - . - . - € ¢ .
%00Te=d. 2BE7=7 | o | 089 €095 ‘0L¥ (&)
Y0ZFH - Z0TFA ) 002z “000T 0001 ove ‘0€€ ‘0.7
. Ccwtw BEQ N : . + Kapoeded
souezaror | - cwewm ot | (288)) gz (255Ty acn (%0T¥) 4Sa OTASTIBIORIEYD
- “goue3toeded © 2zZIg R4 . Cheet . o oo sanieisdus]
AM 0§ 0C -TH

—80-



Hi<K Type Formulation

_Electfic properties Standard code. |- :
Designation Dieléctric_ | Tan 6 | IR : :1 JIs BIA iiazzgﬁzg?p
. constant 25°C' Max 7 | Min. MQ
BT-201 | 16,500t 1,500 | 1.5 | 10* |  zF | z5v 1330-1370
BT-203 | 17,000 1,500 | 1.5 | 10* | zF | z5v 13201360
BT-204 | 30,000t 2,000 | 2.5 | 10% | zav 1360-2400 |
BT-206 | 16,500+ 1,500 | 1.5 | 10* | zr | z5v | 1340-1360
Br-221 13,000+ 1,500 | 1.0.| 10 Y | vs5v 1320-1350
BT-303 10,500% 1,500 { 1.0 %}z | 250 1280~1320
BT-304 | 8,000t 1,000 | 1.0. 10" YE | Y5U 1280-1320
BT-305 | 7,000% 1,000 | 1.0 1o YE | Y50 1280-1320.
BT-306 | 6,000t 1,000 1.5 | 10% | ¥E | YSy 1280~1310
Br-313 | 4,000t 300 | 1.0 | 10* | v | vsr 1260-1300
BT-328 3,800 300 | 1.5 0* | ¥p | 58 1220-1260
BT-327 3,300+ 300 | 1.5 | 10% vB | ¥5R 1220-1260
BT-326 2,600f 200 | 2.0 10" | vB | ysp 1250-1290
BT-335 1,300t 100 | 1.0.| 10 | YA | Y5E 1220-1270

Some Characteristics of Hi K Formulations

BT=324"
S IR
G \\\g
o 5 N ‘
g e \\\g\ .
o N S~
O e B
W \\\\ k
]
5 ~
o)
o
J
4]
[a 8
o}
O ™~
-30C -20 10 -0 10 .20 30 400 50 60 70 80

Temperature T
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Temperature Compensation Type Formulation

.Eléctric properties ‘Standard code
Desigoation | . : . Fring Tewp
SRS iDielectrie Q. iR : JIS | EIA Range (°C)
constant:25°c Mia. Min: MR .
“P 100 | 17 3000 | 10° 4G .| M7G 11340-1380
weo<L - | 8 . | 3000 |  10° “CH | coH 1230-1250
NPO-N' 16 - | 3000 | 10% Coca feoe | 1320-1360
¥eO | . 40 | 3000 10° e | cog 1150-1220
CNPO-M |- 557 . - | 2000 10° | CG | coG 1280~1330
CN8O-N 17 3000 10° LG | U1G 1300-1340
N8O . | 45 | 3000 | 10° 16 | UlG 1240-1280
N8O 60 . | 3000 | 10° 16 | uiG 1320-1350
NIS0-N - 19 | 3000 10° PG | P26 1300-1340
N150 Y 3000 10° P |P2am | 1240-1280
" ON150=M- - 75 2000 | . 10° |  PH |Pam © 1360-1380
©NZ20-N - 20 3000 | 10° ‘RH | R2H | 1300-1340
N270 = 50 3000 | 10° "~ RH | R2H 1230-1270
N220-M 80 | 3000 | @ 10° CRH |R2R | 1310-1340
¥330 | 60 | 3000 | 10° S | s2u 1270-1300
N330-M 0 1 90 | 3000 |  10° SH | S2H 1310-1340
470 | 65 3000 | 10° | mH [r2m | 1230-1260
wa70=d | 100 | 3000 | 10° | tu |Tom 1310-1340
w750 | 90 .0 |00} 10° vl |v23 ] 1200-1260
N750-M 130 . | 3000 10° us |v23 | 1280-1320
‘N10OO | - 180 .- : "3000-_ S 105 VJ | M3J  1170-1230
N1200 185 - | 3000  t0® | wc-z200| - 1180-1250
N1500 200 | 3000 | 10%: WJ | P37 | 1180-1250
‘wizoo | - 305 | 2000 | 10° - | Tc-200M - .| 1170-1220
© w2200 | 350 | 3000 | 10% XK' | R3K 1230-1250
N3300 | 400 | 3000 10° | YK |S3K 1270-1310
N3300M - | 1100 | . 250 0 YL | s3L 1210-1270
N4700 | 550 | 3000 | 10® | - ozn [T | 1270-1310
N5500 . { 870 13000 10° W o o- 1270-1310
L300 | 315 2000 | .. 10° CsLi| - | 1280-1340
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Somé_ Characteristies of Te-mpera't'ur'e' Com[iéhéétion Yormulations

4

]

g

Capacitance Change & C/C.

9 2\ ~z,
- 2 \ot .
2 o\ = 4
0, e Rl -
e 3
N
NPO s
[T ILE————
-3
\
~4
A0 1020 s 40 500 68 70 s

Temperature C
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Bb, ROMLT (23 a@ﬂ%iﬁ@f&k Rt % ’.DI“J kDR CEH 50

% X A&
Hydrogen
Helium-
Lithium

"~ Beryllium

Boron
Carbon
U Nitrogen
Oxygen
Fluorine
Neon' .
Sodium -
(Natrium)

Magnesium -

< Alumniuin .
Silicon

Phosphorus -

Sulfur
Culorine
Argon
Porassium
(Katiim)
Calcium
Scandium
Titamium
Vanadium
Chromium
Manganese
Iron
Cobalk
Nickel
Copper
Zinc
Gallium
Germanium
Arsenic -
Selenium
Bromine
Kryptoa
Rubidium
Strontium
Yttrium
Zirconium
Niobium -
Molybdenum

Technetium

Ruthenium
Rhodium
Palladium
Silver
Cadmium
Indium
Tin:.:
Antimony
(Stibium)
Tellurium

ﬁﬁi

TR | HFHS BT R Hﬁi 7T 35 EA RERS | BFES HF R o ve
H 1 1.0079 " .o Iodine ) 1 53 126.9045
He 2 4.00260 x Xenon ’ ¥e 54 . 131,29% Xe¥
i 3 6.941% ey Caesium | cs 55 132.90%4 | .
Be 4 9.01218 ' Barium Ba 56 137.33%. =
B 5 10.81 w¥ Lanthanum La 57 138.9055% x
c 6 12,011 x Cerium Ce | s8 .} 140712 - | =
N 7 14,0067 Praseodymivm Pr 59 140,9077
0 8 15.9994% * Neodymium Nd 60 Lbb, 24% oo
F 9 18.998403 Tromethium ~ Pm 61 (145)

Ne 10 S 20.179 ¥ Samarium Sm 62 © 150.36% %
Na 11 22.98977 Europium Eu 63 151.96 x
- Gadolinium Gd 64 157.25% . x
Mg T 1z 1 24.305 x Terbium Tb 65 158.9254
T I i 26.,98154 Dysprosium Dy 66 162, 50%
81 14 " '28.0855% | . . Holmium Ho © 67 164.9304
P ‘15 30.97376 Erbium ° Lr 68 167.26%
5 16 © 32,06 - Thulium Tm | 69 168.9342
cl 17 35.453 Yttexrbium ' - Yb 0 173.04%
Ar 18 39.948 wp Lutetium " Lu 71 1?4.967*
K. 19 39.0983 Hafpium Hf i2 178.49%
_ : Tantalum Ta 73 | 180.9479 .
Ca 20 40.08 x - Tungsten - - W 74° 183.85%
Se 21 44,9559 (Wolfram) .
Ti 22 47.88% Rhenium ~Re | 75 186.207
vt 23 50.9415 Osmium Os 76 190.2 ) x
cr | 24 51,996 Tridium Ir 77 192.22%
Mn . 25 54,9380 Platinum “Pe | 78 195.08%
Fe 26 55.847%- . Gold. Au 79 196.9665
Co . 27 58.9332 Mercury Hg' 80 200, 59%
Ni 28 . 58.69 . Thallium Tl 81 204 .383
Gu 29 . 63,546% N Lead b . a2 207.2 L
AR 30 65.38 Bismuth Bi 83 208.9804
Ga 31 6%.72 Polonium ~Po 84 (209)
Ge 32 72.59%* Astatine At 85 (210)
As 33 74,9216 Radon Ru 86 (222)
SE 34 178, 96% - Franciun Fr 87 (223)

. Br 235 1 79,904 ] Radium : - _ Ra 88 226.0254 Xa2
Ke- 36 ‘83,80 Ky Actinium Ac - 89 227.0278. 2
Rb 37 85.4678% X Thorium - Th 90 232.0381 %%
Sr | 38 - 87.62 - Protactinium Pa 91 231.0359 z

Y 139 ..88.9059 Uranium U 92 238.0289 X ¥
Zr 40 91.22 x Neptunium Np 93 237 . 0482 z

b 41 92,9064 Plutonium Pu 94 (244) :
Mo 42 95,94 Americium Ay 95 (243)

Te | 43 1 (98) E Curium Cm - 96 (2473
Ru 44 101.07% . z Berkelium - Bk 97 (247)
Rh 45 -1 1029055 Califormium Ccf 98 {251

. Pb 46 106.42. x Einsteinium Es 99 (257)
Ag 47 107.868 x Fermium - Fm .| 100 (257)
Gd - 48 112,41 ® Mendelvevium Md 101 (258)
Tn 49 114.82 x Nobelium . . ¥Ho 102 (259)
Sn 50 118.69% Lavwreachium Lt 103 (260)
5h 51 121.75% . (Unnilquadium) (Unq) 104 (261}
Te 52 127.60% = (Unnilpentium) | -(Unp) | 105 (262)

: ’ S - (Urnilhexium) (Uah) 106 | (263)
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SPRAY DRIED PELLETING POWDER

1.
2.
3.
4.

BT-203 B Lot No.

BT-303 B Lot No.

NPO B Lot No.

N-750 B Lot No.

_gen

1A111
91,121
9B118
9C144



THE RESULTS OF INSPECTION

Material Spray Dried Pelleting Poweder
Grade BT-203
Lot No.  1ALIL (B)
1.  Physical Characteristics = © 2. - Shrinkage Pelleting Densilty Relationship
1} Sieve Analysis % Finer than Mesh
) ’ : o 21 } . ) 3
140 82.4 (%) - - £
200 33.6 (%) R NN | §
. . N <
250 22.4 (%) Et - ! &
=
325 10.3 (%) 2 Wl T L %
B g - SErHL R
2) Bulk Density. 1.33 (g/ml) ® Vi ] Y _ T 122
| .‘ - | ) - % o / B E
3) Angle of Repose 33°3Q! £ - B 8
: : : T 15 4 &
= BE N we
. . . - ; 7 =
4) Moisture "0.16 (%) 14 4 E
R o , 5
3. Ceramic Characteristics B 2 B
U 317 32 33 54 35 56 &7
1) Forming Condition Pelleted Density (g/cc)

Diameter ¢ 15 {mm)

Thickness (at 20 ton) t, 0.42 {mm)

2) Firing Condition

Firing Temp 1370 x 2.5

Size of Fired Body ¢ 12.36 (mm)
' ta 0.36 (mm) e gpe ge g (Bim"‘éﬁf'"fa?w s s e e
. . : - T Tt .
4. Electric Characteristics T TRT -
' ' o L s /AN
Electrode Diameter ¢ 10.58 (mm) . i {1
Lapacitance . 35600 (pf) - : /-
K (at 20°C) 16500 | - mpa |-
e s R AR EmmnmAT
IR . S 2 % 10% () -3 T Ww,wf;“m”-
TC (20°C STD)  -~25°C - - 78.0 (%) -7‘2 o T
_ _ . . I e i
85°C 83.7 (%) Hso S : 3

See thé'fight figure.
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THE_RESULTS OF INSPECTION

Material Spray Dried Pelleting Powder
Grade 303 (B)
Lot No 9L121
1. Pﬁysical Chéracféristics_ o 2. Suyinkage Pelleting Denéify Relatiénéhip
1) Sieve Analysis % Finer than Mesh 1.1 /
: . 22 _ 4 3~
140 - . 84.7 (%) . : g
Gy 21 I -
200 30.8 (%) R / §
250 21.3 (%) ¥ a0 S o
= ’! A
325 7.9 (%) s 49 REE : -
. = ! 8
2) Bulk Desnity 1.23 (g/nl) = TR 2 e
3)  Angle of Repose 33°20' S e +—1 o @
_ = 1 = ®
[U V4 a Ty
18 (1) @ g i
43 -Moisture. 0.18 (%) 15 D SEE ENEE B A E
. . _ I A y =
3. GCeramic Characteristics W=
' ' ‘ 29 30 31 32 35 34 35
1)  Forming Condition :
_Diametér ¢ 15 {(mm)
Thickness (at 20.t0n) ty 0.57 (mm)
2) Firing Conditioh_
Firing Temp iBlO(“C) x 2.0(hr)
Size of Fired dey $ 12,45 (mm)
t2 | 0 * 51 (H'Il'ﬂ) Temperature ———»
-30° -20° —1'(_1_"7_0" W0 TOP 0% 40 S0 g0°  70° 80° 9K
4, E}ectric Chéréctéristics ' Tl gl
Electrode Diameter ¢ 10.45 (mm) INEE OEIN
Capacitance 15500 “(pf) :
-+ K (at 20°C). 10400 .
JDF ' 0.8 ///f -
LIR | 2 x 10% (M) v/aNE ERENE
TC (20°C STD) -_'3000 =71.6 (%) e.:T /._ - _ __.,\<
_SSDIC ) '_.52.3 (z) : | -_“74-5\‘__1_:“__, -
See the right figure. INEN SN
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THE RESULTS OF INSPECTION

Material Sﬁray Dfied Pelleting Powder

Grade NP-0 (B)

Lot No. 9B118

"Flectrical Characteristics

See attached sheet

Physical Characteristics

1) Sieve Analysis % Finer than Mesh

140 92.3 %
200 30.5 %
250 21.5 %
325 9.7 %
2) Bulk Density (umtamped) 1.02 g/ml
3) Angle of REpose 30°20"
4) Moisture . 0.15 %

5) - Shrinkage by Compression

See attached sheet

-90-



Percent shrinkage (Linear) (solid Line)

22

21

20

19

18

17

14

15:

MEASURED REBULT SHEET
Spry Dried Pelleting Powder

NP-0{B) Lot No.9B118

/
!
J ) f
§\\\\;\ ' : /
i
) I
/
N
N _
. !
\\\\\\ ;
, N !
7
/
./
7
s
/
- )
7
1./
/
/
s
/ A
, \
, .
/ .
,I
7
21 22 23 24 25 . 26 27

"Pelleted Density.(g/cc)
SHRINKAGE PELLETING DENSITY RELATIONSHIP

-1

_(Broken‘Line}

2

Forming Pressure (ton/cm
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The Results of Inspection

Material ‘ Spray Dried Pelleting Power
Grade - N-750 (B)
Lot No. _ 9Cl44

Electrical Characteristics

See Attached Sheet

Physical Characteristics

1) Sieve Analyéis . # Finer than Mesh
140 93.5%
200 32.4%
250 25.3%
325 11.6%
'2)  Bulk Density (umtamped) . 0.97 g/ml
3) - Angle of Repose _ 33°00°
4) Moisture 0.20 %

5) Shrinkage by.Compression

See Attached Sheet
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Percent Shrinkage (Linear) (solid Line)

‘MEASURED REBULT SHEET
Spry Dried Pelleting Powder
N-750(B) Lot No.9Cl44

24

25

22—

21

20—

19 fonr

Forming Pressure (toﬁ/cmz) (Broken Line)

18 & :
/ \
_ / ' \\
17 !
. /!
/
7
/]
14 y; Y
’ /
19 - 20 21 . 22 23 24 25

Pelleted Deﬁéity (g/cé)-

SHRINKAGE PELLETING DENSTTY RELATIONSHIP
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1 BT-2038 LOT NO 1A111

1~-1 lFIRlNG TFMPERATURE V.S GRAIN SIZE
1-2 .DIELECTRIC CONSTANT

13 DIELECTRIC CONSTANT V.5 DhNSITY OF FIRED BODY
1f4 CURIE POINT V.S FIRING TEMPERATURE

1-5 IR V.S FIRING TEMPERATURE

2 BT-303B LOT NO 9L121

2~1 FIRING TEMPERATURE V.S GRAIN SIZEg-

3 NPOB LOT NO 9B118

3-1 FIRING TEMPERATURE V.S GRATN SIZE 7

4 . N-750B LOT NO 9C144

4-1 FIRING TEMPERATURE V.S GRAIN SIZE

=97~






FIRING TEMPERATURE VS. GRAIN SIZE

1. TFIRING TEMP: 1360°C

K at 20°C : 15%00

o

DE (%) 1.5

oGt

100w (x400)

.

2. FIRING TEMP.: 1330°C
K at 20°C : 16200

DF (%) : 1.5

3. FIRING TEMP.: 1300°C
K at 20°C : 12600

1.7

e

DF (%)

(x400)
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K % 10°

19 4

18 4

17 4

DIELECTRIC CONSTANT

s 13400
% -= % 13307
¢— ~0 13500C

Temperatu.re ( _°C)

i oy
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K at cp X 10%

18

DIELECTRIC CONSTANT VS

DENSITY OF FIRED BODY

20

19

17-

16

15

14

15

12

111

10

47

48 49 b0 51 52 53 'S4 55 56 57
Density of Fired Body (g/cm®)

r-\
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Curie point {T)

40

504

45

55

30~

CURTE POINT V.S FIRING TEMPERATURE

1290 1300 1370 1520 1330 1340 1350 1360 1570

Firing '[‘emperaltufc_ ¢

'F“‘—\

~103-
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IR () ——————

10,

_ 1.R.V.S FIRING TEMPERATURE'

10
N
10°

10°

10 //
| . ;

1075

1280 1290 1300 1310 1320 1330 1340 1350 1360 1570 1380
. Firing Temperature (©

lr—-._'
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BT-303B LOT NO 9121 :
FIRING TEMPERATURE V.S GRAIN SIZE
(x400)

Firving.TEMP: 1310°C

K ¢ 10810
DF : 0.9

root

FIRING.TEMP: 1280°C
K i 10700

DF : 0.9

FIRING.TEMP: 1250°C

K : 10780

DF : 0.9







NPOg LOT 9B118
FIRING TEMPERATURE V.S. GRATN SIZE
{x400)

FIRING.TEMP.: 1220°C
K t 39
Q 19200

TC 85°C (ppm/°C): -32

nooT

FIRING TEMP: 1190°C
K : 39
Q : 20000

TC 85 (ppm/°C): -44

FIRING TEMP.: 1160 °cC
K P -

Q

TC HEE
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N750 LOT 9C144
FIRING, TEMPERATURE VS,
GRAIN SIZE

(x400)

FIRING.TEMP: 1270°C
K ;96
Q - : 3080

TC 85°C (ppm/°C): ~757

nooT

160U

FIRING TEMP: 1250°C
K : 96
Q : 3120

TC 85°C(ppm/°C): -763
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