Pl EZOELECTRI C OSCI LLATOR UNI'T TECHNI CAL FI ELD The

present invention relates to piezoelectric oscillator 5 units of a
type having a gas-tight casing, in which a piezoelectric osci |l | at or
such as a quartz oscillator is sealed, as well as such gas-tight
casi ngs, anowowgesezsarticularly, to the structure and POTEIPORNE213
manuf acture of such piezoelectric oscillator unit. 10 BACKGROUND ART
A’ pi ezoel ectric oscillator which conpmiseg afdi ezoel ectric

oscillator sealed in a gas-tight casing and | eads connected at : one
end to the piezoelectric oscillator and-having other end portions
extending to the outside of the dgas-tight casing, is a 15 well known
art. The pi eZB&&E i c oscillator enployed may be a t uni ng-fork

oscillator, a rectangul arATcut oscillator, etc. The
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gas-tight casing is formed by a substantially cylindrical cap open

at one end and a plug having an outer shape capabl e of being pressure
fitted in the inner surface of the open end of the cap, the plug 20

bei ng pressure fitted therein. The cap is formed from Kovar or

german si | v&YO9%8@IBBp| ug conprises a gl ass body and a net al PCIaLe7/04213

fitted on the periphery of the glass body, and it is penetrated by a
plurality of ¥ a3 PHRREIERD WNGEEERB AL FHéE X vF Lz icky, ~—
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end of the gap, the outer periphery of the plug and the |eads are

plated with an eutectic solder. Then, paste of a mxture of the

eutectic solder and a flux is supplied to portions of the |eads 10 t hat
are to extend into the inside of the gas-tight casing, and surface
el ectrodes oWwotobrzsops ezoel ectric oscillator, forned on the PpcTIPY7/RRL3f ace
thereof, are held in contact wwth the portions supplied with the

paste. The seigRnBRRS 3% Horrlh e ired fodfus sdtlogafilifkT1 0 04t 1 50 c

pi ezoel ectric oscillator to the plug. In this way, the 15 pi ezoel ectric
osci | | at or umn%g)mm«m&@@aﬂaﬁ‘m@mm&wm\ per i phery portion
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25 or less, inclusive of the eutectic solder, are referred to as | ow

2 tenperature solder. The renai nder of the | ow tenperature
sol der conposition other than lead is entirely or nostly tin, and
may contain 2 to 3 % of an additive such as silver. The nelting
poi nt wOf98/23028 t enper ature sol der is bel ow 232[err] C, wdmeyppmiddiang
pQi nt of 5 tin. Wth the piezaelectric oscillator unit
havi ng the stfwcy WOMIE L 7 Va2 VdesKr) sk odidn B Bk g s vds idhdnie | s#a
very inportant requi renent dependi ng on applications. For exanple,
'n an T KT Brb Aol L 610 ariF B0 % S (B S o7 AR i)

mounting af t SRS BrEve |G SRS ccase. it is required that the Lo oot
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refl ow can be done with possibility of neither gas-tightness failure

of the seal portions nor nelting of the nounted portion of the

pi ezoel ectric oscillator as a result of heating at 240[err]C for
about 5 seconds (or at 260[err]C for 10 seconds or above). The |l ow
t enper at ur e vemdsie2smay be used rel atively safely for thesepcr/iaporesn®rti ons
because the cap provides enough mechanical tightening effect for the
seal portionggi@pgmt ntain gas tightness so long as the refl ow
conditionis a relatively |low tenperature or a 20 relatively short
period of tinme. The reflow condition of a reI atively | ow tenperature
or arelatively short period of tine may not effect fusion

of the soI der ZRH e WD KRG ﬁtﬂﬁﬁlﬁn Tfibfbﬁﬁﬂéﬁﬁ@‘ﬁé@wt‘dﬂiﬁ ML,
safe or sul RGP BEIES B L 2relmys. TR TN B mReit sl o,
the setting gf\_ &q{.fg léjé@j é:%nglot I ons 3
RO BAOZER TS0, ZABHEO—>OBKETHIEEREFiX, EE
BEIh L, —BOLRKLEBERREE L, WEEERBTEABICMDS %
Yo7l BMIEXyy 7ORBREEIEL, By v 7 LA EKEBEBEER
THRERFTH-o T, ¥EKEETIL, AIREx v v 7ORBEOAR L EIER
—DWEBREETI TSI 7L, MRTIS2BET28E0) — FRE2ET 5.
REWTF L. ROSEHEENB L L, 9 8ER N —F Y MATONVFHIZTE
mEh. FIREERD T, dift) — FROKBEBNBCRHLE=HSTHS
AV F Y — FIZESEETIXHFEH L., Z2FLTW5,
ZOBRIZENE, ROSEFEXIEN., TROLELIPWAVFHNLREX
FEMC LV EBRBEFEZIFTEIZ L Ld, IFBPHBRLPVWOT, EE
REVEBA N EZITD L, ZOXFERBHRebH, WAEZDIBETDIZEBTE S,
XoT, EBERBEIISHBEPT A2 L2MH L. MERESM ET 3, i,
MEORESEREET BNV FIX, BRNAVFIZBT 30T, BAREL . &R
BETIBOTY, RECEERBGEIXIFTI - LB TES,
&bz, IR Y — FROKRE., RICT S 71 oB Y LEBLoOREIZIX, 8O
GHENG OERBA—EY FNATONFH (BENVY) ERIZAXB LT
AZXBENDRDELOBBHRENTHS, BEAVFREE, BhERRN
e, EERBEEEET SROREEEMIRIBI B U TR, U—FE
IR R TAH, MECAVFRITRTD LR TED, Ele, AU FHIEAR
BRI CHEINLTHREL, 22 X510 umT, EEA NV FRED
BI1OBZHRTDHIZILNTED, XoT,. V—FRzEFEvLTH, 208
1OBRBES B B2, ZOEIPLBHEERNFHITHRRIEENS,
EHiT, BRI /ORMITIX, HOFFENG6 OEE—k Y FUTONY
¥ BB F) ERFRAXIS LA BAXEGENLRIB2OBBERENT

5



by the user. In order to inprove the heat resistance of the

pi ezoel ectric oscillator, the use high | ead content sol der has been
pr oposed. For exanpl e, Japanese Lai d- Open Patent Publication No. Sho
5 64- 68007 proposes the use of high tenperature sol der for both

pi ezoel ect r i womsrioks at or nount portion and plug/ gap seal pardrIrese4213
According to this literature, by.the term"high tenperature sol der"

i S meant sol deg witd) 59 200l NI $p i DFE beRweRTZREY BadL BB B G and a
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and other portable units to be held with a hand in use, and these
applications are producing increasingly stringent market demand 20 for
t he shock resistance. For exanple, a unit may need to wi t hst and

bei ng dropped several tinmes on awod plate from a hei ght of 100 to
150 cm W0 9823028Sever al proposal s have al so been nade r egzapirRgishock
resi stance. Japanese Lai d-Qpen Patent Publication No. Sho 25 61- 247775

proposes a BRESRITEe \Whbr, e B FH IR Bh i de gt Br- pi Bee x 5,

s secured to and supported on a plug with a -
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5 10 GPa or below to short inner |eads and bonding a quartz oscillator
piece to the other ends of the additional |eads. In an enbodi nent of
this invention, the additional |eads are formed from a sol der with a
Young's nmodulus of 1.95 x 10 GPa and have a short plate-Ilike shape.
Japanese Patwols/Bod i cati on No. Hei 7-14132 proposes 10 pdramestioagizand
securing quartz oscillator electrodes and | ead conduct or supports

| eadi ng to eptpagl BIEECHA v DERFIRD VR L 121E F — Wi ET0EFINS S8 IodyE

resin, polybutadi ene resin, petroleunléﬁé_ resin and conductive
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resistance requirenent is not _15° so stringent, |ow tenmperature solder

mﬂelsuwa@E&mﬁﬁﬁwﬁwﬁmﬁﬂﬁ&&ﬂ&:%@@%ﬁ#ﬁm5jﬁ§&mm
. very o 2o B C. %w‘ﬁpﬁ%ﬁ“&%ﬁ% ShEr B P g et 1
the. pi ezocl ebPRITBG AR R L 2 B LR THIF ?ﬁé%"ﬁ%%ﬁﬁ%ﬁ%*ﬁ"
&ﬁﬂﬂ&ggﬁ@@ Fﬁ%ﬁq§§§4$§%9$wa'ﬁﬁawwgwmhﬁﬁmwﬁﬁ
EN60EEN—tY FNeBRAOINVIMIPLRDIEIOBBER I, FIREY
— FRO, BB 20BOTICIL, hOEFEN6 0ERA - M EBXEN
Vﬁﬁ#&&é%4@§ﬁ%ﬁéhTW6%®k¢6:kﬁ?%éo
FEADMDERTH L EERDTOMEFIEL, FYryTERBRTICLY
R INIREAGHNBICESIRBEZM L -EERDFL2RETIHFETH
T, MREKBRFOFETIV - FRIEBRBEOFTTIEERE ORIZ, &4
DEFRER8 8HEEN—EV MALONVFHZMAE L, BIFEY — FELATRRER
EEREATHIILIILY, IHERTFLEERDEZEET I IR L., AitEEIR
BRS¢ o TICMD, Fr o 7ERBRHFICEVHETELRED, B
BiIRBEEZ JEAFNBICEE LTRMTIIRE, ZHLTWS, T35
VEMOBMERERES SEE NS~V MULELTEZET, V- FRRLIHE
FEBRBEOAVIHBA R SR TWERBEEATYL, FEEDEREEROHRESES
B5EMRTHIZLENTE S,
EHIZ, MTEERSBAEEIROMIC., i) — FROBRHEICHOSEFEMN
60EEN—LVINATONSFHEZEA YR THEIRZELIOETHZEHT
&5,
%70, MIREEREAEETIROMIC, MEAEREFIROFEENG60HE
R—k/ FEBABNAVIMEZEAYRTEEIDOAYFTIRE, WIREFE10OX Y
#Iﬁwﬁﬂ‘ﬁﬁﬁﬁ%%m%®€ﬁ$#60ﬁﬂﬂthFBTWA?FH
BEAYXTAE20AXTRL, 260L5THZLHTES,
Sbiz. MEEEEDGEETRICRO T, BEY — M L EEER LR
BTAINCTHB, hOBFEENRES5LULISERR—FEMUTLRDEIR
BONCEHEHRETI L BFE LV,

8



Specific problens posed in the above described art will now be
consi dered. According to the techniques proposed in Japanese 25
Lai d- Open Patent Publication No. Sho 64-68007 and Japanese

5 : Lai d- Open Patent Publication No. sho 64-62909, the plug

out er woes/ispisery netal ring and the | ead portions exiPETIPIYP4219 t he

i nside and outside of the gas-tight sealer casing (hereinafter
referred X 540, 3 ARSI EDREE ldausT e SIER U vel ) & Al iR Sl t h
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tenperature solder. For this reason, the outer |eads should be

stripped off the high tenperature solder and dipped in a | ow

tenperature sol der bath, thus increasing the nunber of steps and

cost of manufacture. Al so, the solder layer fornmed by the dipping 15

| acks uni f orwotgr3ozs t hi ckness, possibly making it difficul tpcapreries213 bend
the outer | eads and deteriorating the nounting property due to

fluctuati onssymA 3 EEdBAD OERB OWERE | eads are bent when surface
nounting the piezoelectric oscillator. when surface nounting the

pi-ezoel ectric oscillator, the peripheral surface of 20 the cap and the
ends of the outer |eads should be-held in clos contact with
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5, ATV —F20DEHREITEL , ARBHRBOBA/IE. V-FiR140
HETHD0. 3mmeRroTWD, ¥/, V—FiRl1 40, SEERIRICE
MBI RT7UFI—F22THY, H1IKBWTIEX, 7571 210 TFHIC
EVLBIBIHEHESETS, 7UF)—F2 21k, RERECHETDI LI,
7 Z 7R bohTn5,

EEREK 2 41X, 2Ry 7 ABOKEERBETHY . TOREOEIZITH
R EORMRERE (FRIR) BEBREhTWD, £, EEESK2 4 ORI
LT, Hizarey BTy, ELAKERESHATREAWS
ZiHTED, EEBREE2 412, ZoRME TS S 1 200 FEIIC—FEE,
PO2ERKDAF IV —F20nMciEESIS, £ELT, 2RKDA 7 U — AR,
EEREA 2 4 ORBEHICRIT DN ERHREEEO—RIZ, NI Evi2aX
B2 6zl o THAEShTWS,
 Fyy 7281, —HEARKLAMAGETHY., ZOMOBONER, 7T
1 204R LV DOTHREDPENVEZALTNS, TOFrv /281, ELEH
C. Em1F, FHIVEREBK2 4BEIS—X1 2EE DR, <—21 2
EEARE LT, WHBRELRoRET, #HIESh3, Zhizky, KEE
BBRERINI B,
B 272w LEA4 KX, ARBEBOEEREE2 4L X—X10LOEAHY

DOHEMPRENTWS, AEBHEBOEEBRBDFOEEIRIE2 41X, H14L
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heated, and that by carrying out reflow when nounting the
pi ezoel ectric oscillator, lead is attached thereto achieve a

frequency shift. In this connection, the literature teaches that
it is inevj Q&ﬁ o adopt a partial plating process takingeqgbitfodis S5 -
nunber of‘gpgps ?% order to prevent the high tenperature sol der from

hi ) at h ' | Uge guibas i -

?Etgiff bor | BRBR A DRSS A% o TR S A R iR p x5 BPE LO0
. y— . . Ve . : |
Fegiji gie[)legﬁjafﬁ%gltg%%pogg Egﬁtﬁ?ﬁ%tﬁ%ﬁl S::a)pf?;t‘ra?i f'-'sg‘g%?@%?g?im?gf v e
' H 8 tang:, g 5 s ol hex
bressure. 12 R R = R L s

It poses substantially no
probl em bgpppse -Hiprheat] PEERMET Blewiin R 2 6&ar Bk poblod B2t me.
Thus, substantially no problem arises unl ess the | ow tenperature

sol der i nsislig ¥ by SRGiiy “FHORERE T Fo= L 1 S} ¢ iU & D PTd 1R Dge T dee
area portions) after sealing. i .
FEEH 2 6 OMEIL, B85 LI SER A A—EVF (MUT, wt%eiEY) |
FELSIZO OMBLULT, BOBRXOBENVFCHD. HOSHERSL
L. oA, IBAEHETDILNTED.

N—Z10DEE., TROLTFSS120&BR18BIVIY—FR1 40X
Fict, boMCHAyFIZLD, BESH1 5 mOAYFE3 0O XHRENT
Wa. ZONYFB3 0. BMOSEHENRG6 OMtBUTOEENYS, HELLS
IR EMEOHEBRTHIF 4 OWtBUTON T THDI T ERFELY. T,
AYFB3 0., EEERVARX, b ILABARCDOTIOREBFLAXEGR

 BRAYXFENREBTHLoTHERY, |

MeRNITHA0wt%EBILD L VA HTERLE YRRV, KON E
BoERTV, ARBTATELLARY, A yFROBRSEHRSEREC2>TS
BEDRAKEEL>TL B0bThHB. |

KEBH O FHTERD L ST, BRAVY (ERFRAVY) Ay
FOR—R1 2%EREICERTIETS. EOLEZ, BrI3EA LTI —F20
@E%K%té%ﬁ@#ﬁﬁbwfwf&—xbﬁﬁﬁ?%b%&wxﬁﬂ—y
PED. BENYTHORRBEFLeOVRTIT v I A LERBELTHEOH
BEEE L~y F—R FEERIT 3, ZhiCkY., ATV —-F200EH
CEBEDN—R PENET S, TO%k, EERHE2 4 T EOBEIRES—X b
BizEh TERSE LA F YV —F2 0 0BRIZHEAT 3, ZORBTL2ELH
BAYTOBAEBLIBEOY 7u—FEBT Lt VEEREK 2408
B~ FORELXFRERRTT 5, EBREE2 40 THRIZ, BEAL
21 OEERELTVAH0OT, EEREBTFORSHEbOLRY, HHL
T EEREFO/NYLEER TS EHIZ, AU FR—AVOBREFELTFTHREES
20,
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Japanese Lai d- Open Pat ent Publication No. Sho 64-62909 al so t eaches

that silver plating the surface |ayer inproves the sol dering
property. However, since silver is expensive, it is

usual | yl ayer edt oonl yaverysmal | thickness (i.e., flushplating 20 or the
order of 0. wWo@s/BB0M err]m. Therefore, in a bent |ead portrcisperna213 the
si.lver layer is broken to expose.the underlying high tenperature

sol der and detev Brie¥ED EhAEY) idEF EhE Hropduis,. SORBH 2 6 1xAthe-Y—F20

pi ezoel ectric oscillator is nounted, silver is lost in the : -substrate

sol der, t hugDdiiEnh B BiREME 2 elr@tﬁﬁsﬁg’: DFRER %38 D mekiong- U 25F 2 0 © [ifigisdsi bl e

7 e P SR B R ok Te‘w%ﬁﬂé%mm@w@wmmk

;Eg:ogtsggcien'%aﬁg@{%ﬂa@ﬁ,ﬁfg@ﬁ%ﬁmwﬁ¥%ﬁﬁ% B SPH 3 0 0
wt%ll b, BEBXLLRAXCHIAEBAVLOATWS, PEORELZEALTS
RV, BIBOXLSEA TV —F200RMEZIX, HONLUHEHMN6 0wt%BLLT
THLEBNYIHONCFRBBOBAFIZEIBRENTHAIR, 20K
TP ((¥FU—F200REH X (Xy*E) O2FEF@/RB5 LD,
HELLIXE/MHLOINIZ1 OfFELELRB XD, XHHH2 6 DEFERET
5, TOFER. AVFIV—F20HbnUHAvFERFERN Y I REES
M26ILBTAATE, TORKMERIIT+INETERBHL RS, 7, KL
M2606KHL, 1T I —F2006BHLTEAUETHY, KR
M26DWMFOBIIIA LTIV —F20088»SEERBHE240ELCDD
LRSI L LTI —F200R, BHEVIIRED 3 bo—>0~tik
DR EBESEBITEREHLTWR I ENEE LY, 2ERL, ZOEHL
WMOPERRCEECER TS L BNEEREDE2 4 2RFBTI15THD, =
D& ITXFEEH 2 6 ERMRT 5NV FHOBRBEERENSEROBE LD
CLTBZER VA IHOY L PREBEIMA B Ll TR S, Yo IR
ISR DORTHEREL 2B LEL RB3EMIZH S,
RiZx ¥ 972 8ILR—R1 0ZEASHIE LEBOMBIZS>WWTHET S,
BIERBAEL LT, 80RWL140CT1HRWVWLS BEROMBETS,
XYy 7280NEIEIN—R1 0OREOREEBB THENVFE3 0ITHBHFL
TERBHEREZROEPYI TR, Fr v/ 28ORSDH. =v X 1rO—R
BRI & Y _R—ZUOMBLTR X L HEHLB L TELLL. Z0ORBHEE
L ET, SMDEERO) Z7u—Ziit, #LEZXvEERRA LD LT3,
ERB[1BIZAyFIAEBEBRNFIX, BEALARMAE. +hbbdyy
728 LDEAHIEEIZHFET D, SOBHTEBBEICHESHTHERMR
HIZEREILTIREEDOVARBEIZLRVL, v o7 2 80EDMFITHRICL
DEIER®ZILI LB RV, VU RONMBBEIZA v X S EERN L FRE

12



Publ i cati on No. Sho 61-247775 and Japanese Patent Publication No. 5

Hei 7-14132, have problens related to control, hardening, step and

reliability. For exanple, although solder nounting can be made such

that fused solder is spread to accurately follow the pi ezoel ectric

osci | | at or wplehasess €l ect rode pattern shape, the S p IeTvPgD4L3
non- hardened, i.e., |iquid-phase, adhesive can not 10 be regul at ed,

thus givi ngggpiqf\-_%&gﬁ%%t gg%hmxgt:igf@wmoywﬁﬁrmﬁ X i@k arodciusi ng
an

fluctuations of the

t he bondi ng strength. According to the

t.echni ques prspEoeEEBIdEpARe RV, £ il d- B2 10 OFEEIC Pubkicit il . Hei
4-76211, the nounting of the - | ezoel ectric oscil] at.or b%,the agency

of the snal LZidEEREE 224G EBIEIC RT3 6P BB 1 K BITH b Bl Fnio

{he. bontl no S rEb 2 GRE B KR REFELOL 1 § B P el B 1

O S cooRE. e PRI ER YR Vi G AR O PN PR 1B
invention tg RLOMIAC & L #HOBEERNYF L BT B LAY T RN
ROORETEDTHORY, Fie, LEANVFORERDOTH, TIHWRD
D OKBEB A RIED FABNICAE L,
5T, EEEHTOREEEICIET 5 L ¥ ZREOBRERNT 5, £TH
EREERBTF ORRKE E~0HEEFF X FBOT, LBV, ThbbR
BOEGRBEREI LoTVRE, EBRBKSATECSH3BETOEE
GRE) & EEATR LEEB. 55 EERSBEOMINIEEKT, £I0
FRED T ERBAROC TR TRt BB TR L BRT B8 L EL b5,
ERIEBAREXETHBBAIE. BIhicH LCHRARICER (USHE) 2
EATD, 5 OHEEREECETE (M) BAEIOPTHE ORA L
£2 b5, NLTREHA THRIEDES A EAREBRICOVNT, TRBOE

EBEDEERSBLOY L FRORRD 2RO X3P IR Y BT, BiER

EBET D,

E 22w LE 4 B TKiERi 2 6 0BIZBRBILLTHD, EECIEERT
BLORUr—TREBLRLT, PREBHERCD, FEBRIEERE
2 AREOREBE Y — VIO O THRVERTHSD, BEBRIEINVFR
2 L ORI CTESRBRATI 2B, KEHH 2 6 IEBRBE2 4101

BT330IV —F20288 L. TOEERYBK 2 4 2ol imEEL -

L L. KRFEHLEOEWAZ —VORIZAI> TES 2B CREF 3 & >oKDb
BWIRE o TWD, FEBIRDE 2 4 1IXEHOWEME IR 2 6 iITHRF ST
wéoIﬁ%ﬁzﬁﬁ,&leomﬁﬁmbﬁgﬁﬁ¢24oibG(*b)
VT ERME, HFICAHEICRE - T3 2O A, B, CRATHND, ¥
AL F YV —F200%KBETT, ThiZ@ED THMEOBVRIEE L LTHE
BH 5. BHOBIEAVFBET, BIEIXEHRICLVELTINBTAIINRY
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pi ezoel ectric oscillator unit which can solve the probl ens di scussed

above, that is, which can harnoni ze opposite ' performances at high

| evel and realizes inprovenent in the heat 25 resi stance and shock
resi stance while taking the nounting property '

8 WO 9383048 nass production property into consi der apdRir®7/04213

To attain the above object, one formof the pi.ezoelectric oscil | at or
uni t accor di JgEORDERPREEN0) [\ SREIREI HOPTS SR R BE 72 5 FPBZ PPk eE T 5 C
oscillator, a cap having a substantially 5 cylindrical shape -open at

one end, for tarEEiEBEERC L@ Diel- iLE— Apr éd0st bcTih & FaSEHUE & A1, TR A ght
sealer termnal sealing the - open end of the cap and form ng a
gas-tight seﬁﬂ%‘ﬁ@ﬁwﬁ@%@ﬂkﬁ%ﬁiﬂﬁkz 4 REAEP BT ig&tbt'(gm(%%gﬁﬂsﬁ
LT ot aect | ohar SRR e B N e . # B EERSN Y 4 D2 Bz om LK
EBFLTVD AR LTUEOEREZITR, TLT, KEROELUEOHS
IR 5, |
EMBBIZBNTA T Y —F200EZEIMNO0. 3mm, BYABLIGES
BOREEIX0. 25mm, EERHEA240ELGCE TCOBHCORSIX2. 5
mmTHd, £, AEHIXSMHz THY, EERDE24DLEIXT6mm,
BiXb=1. 6mmTH5, EERBE 2 40P.L (BLG) TOEKERKO.
' 212mm, FHEEXO. 123mm, BB RS COERICBITBESL0.
150mmTHY., MEARPLEEALTI 2KRERLY RZ[RELEET 3.
EERE2 40Esy R (1) TR,
2d=y=—0. 00992X (—3) *+0. 212 (mm) (1)
COMBEMS LCREBIT AT LIV ERESA 2 4061, 7494
mm*eRY, LEBsT, KBADEHEE®# 2. 65mg,//mm® P il ERRm
=4. 636mgLitHan3, £, EERBE 2 4 0EBREE BT &
2&kE—AV I q&RX (2) TRT,
Iq=bd®/12 (mm?*) (2)
B4k, EREROEEM2 6 LEERIEK2 4 OBER T, M2ONV—-IV
WETH D, XK 2 6 KEBREEK 2 4 0HLSBIIBIAWERRINT
W3, BoBREEBRDE24DEZOPLEBEITFEELPIE3 2 & UTHIT
EBETDHERETD. ZOREBHEIFRIEH 2 6 DB LEAPIH 3 21T L
THBHTIRRVOTHEBIZIRERTIIR2NE, HEDOERELZOL 2L, 2
XSREBETINVTEORNEHFORS TIXEENNEL 2B, HEIAN
T DFE T, XM 2 6 DTHEOEa=0. 1mm, BOEc=1mm,
EERESE240Eb=1. 6mm Ri) THd, £k, EEREHK24DE
SO¥gEdmm, NFWEO LIOREE 2z, EOPILENSOER L e &7
Do zENVIBOBEHFILNR->Talc DEEERBIELTELDETH, &
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10 di aneter of the open end of the cap, and a plurality of |eads
penetrating the plug, and supports fornmed fromsolder with a | ead
content between 85 and 98 percent by weight, for bondi ng and
securing the piezoelectricc oscillator to inner |eads as portions - of
the | eads exteossong i Nto the gas-tight sealer terminal. 1bcriaeome2tVth
this construction, the piezoelectric oscillator is supported by the
supports f opyEgATRE R den maﬁzﬁm@a e%aoﬁﬁwsmwamﬁmt
sol der. Since the supports are soft, e piezoelectric
osci | | at or ex¢drTdndes ﬁﬁ%@ﬁ&blﬁfﬁrﬂ:k%t—hé vk I s tEEpHGNt sCERS 4 Bex and
di sperse the stress. Thus, stress 20 concentration on the piezoelectric
osci |l | at or can be sﬁjppzressed to inprove the shock resistance. In
addition, silfce% he ol #&y with the above | ead content belongs to
t he high terrperaturde sol der and has a high nelting point, it
reliably support i ez Ctl’l SQI | 1 at@r nder a high
t enperature conds[t ﬁg dszads _P Iéag com)rl‘%e a f‘f?)s'tj I(ﬁ,yrgn)formed
fromsolder with a [6 (e—d) ]

(3)

BABIZBWTx=0. 25mmMb0. 5FTCORBE55DLCelim%
&V, EhETholmizonTR (1) ., (2) . (3) iTX»Td, Iq, Is
ERDB, KEMYTEEEq, BENAY, —FILLTAREEE 6%, 0
ZHEO. O05%DNFHOY > SREs]l, BENVF, — Bl LTHERE
89. 5%, AXEHEEUDYVIRE2LT B, ThEPIDOMEIXEq=7 3.
OGPa (7454kgf,/mm?) ., Esl=42. 1GPa (4300kgf/
mm?®) , Es2=15. 7GPa (1600kgf,/mm?® ThHd, 2hbD{E
EEWED 1q, IsiET 3, BFOEKRIL,. q=quartz, sssuppo
rt, 1I=EBBAVY, 2=BEBNVFTHD, EbiC. EEREE2 4 DELAL
BGRREKEERFEROMEW=9. 8N (1kgf) 28 (KKERHEP
XFFRIEIWECHH L LMNEZL, B LRV bDLTD) . TOFHEIZLVE
ATOAWEICERTOIMTE—RA L FPEMETS. AV FORBBBOREIXO0.
2 5mm e BL AOKBEBEOELADITEL, 2. 5mmfEhTH30T
. BRIZERT 2HTE—AY " MBBE—#Th-oT, M=24. 5N (2.
5kgf mm) THdLT3,
THLTH/LNEHOWHICBITIDS 1 /o=d 1/dxix kKX (4) TRT
EBY LS,

1/0=di/dx=M/ (Eqlq+EsIs) (4)
K (4) TBWT oM i@oMiFELAOMBEE (mm) . i 1EEBRA (ra
d) Thd, LEBoT, BOBOLELA 1sHRN (4) 2HLBDIHEAx=0
25M50. 5ETESTIIIBOND, CORME LRABEICIIBR (4)
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| ead content of 60 percent by weight or less (i.e., |owmenperature

solder) or fromtin or atin alloy, on them particularly on their
portions extending fromthe plug. The | ow tenperature sol der or t he
| i ke has good wetting property. Thus, the sol der supplied 5 for
nmount i Nng t Rep eisbas0or surface nounting the piezoelectric PcTaPI7TOENB| | at or

becones very intimate with the | ead surface, .and permts reliable
S0l der | N9 gy gl e 5 8 21k S T SRR HIIDIDPUS BV B RIDEIEILAT t hus
possi bl e g% OF%IS%g? irst layer wmth a sufficient t hi ckness, for

instance fg-40% 10k @R s vhaidtihel #£i0 st0l4apet 3 hus a 40 . HEilrred is not
br oken when the | eads are bent, “which al so he i hsure reliable

smdaim4g=o.o73m@mmgdkﬁ%@gﬁ&d§aﬁ%ﬁ@ﬁméﬁﬁﬁ% with a
ol der) o2 AR DRISHE k| TRardy RN [T B! 568ond Viay s < B 2 1€

VA T61=0. 11358 (mm) , BENVFT62=0. 18390 (mm)
rBLND, £ LTER, AU FXBBORSBOANEL LT, EERK2
ADELIBIRRELEAREENBERNYFTKsl=86. 3N/ mm (8.
8044kgf,/mm) ., BENVFTks2=53. 3N/mm (5. 4377
kgi/mm) BBohi, BERNVIHOY Y SRILERNY THOLNDOK
37. 2%LRLKERBEESIF SN, XHRONSFERTOLLIEZR
61. 8%ICIEE->TVS, ZHIEIREDOAVFHREENZKE LTYV/$
DEBNKBHBEETIEDNV IHOERIZLZ2HDRBBD LD TH D,

wiz, FEEBHEEELEEHEAXDPREETINT, TOARERERDTH
o ZOAXEHEKGLECNIC, EEBREHEEDGICRTIREEIZMR b
EW=9. 8N (1kgf) &, TZhizk3EBRBEREOMITESCIOE
DCOEMLDOETHD, ZOMITELACFSTIORR2ITBNTHEICOR
%B@ﬁ#&ibGi?@%%k&thlwo:@%%ﬁ%@@ﬁéﬁ%ﬂ?
Z—BHBEONBELRT, TOABBMCHEWSERLTWS, —KRIE TILR
VWO TERDOES BORLERDEBEILHS T, KB HRLRORFHMIEK
BOWE*SHRICRY, SHMEICBTIWMEWCISHA2KE—A Fq
(& (2) 2R) | #iFe—2> MM (HEOPRORSTRI—RHETH) R
»H. KEDOYYSEEq=73. 0GPa (7454kgf/mm?) L, X
BMOMTEACLZELCOEMOFESEX (4) KLV RDD, ZDLE,
AN FHOEEsI s ERTS, LT, ThbERLADE D LBRAHRKE
BEMEDOHY CILPBELGOEMSq=1. 194 8mm, SREHKq=S.
20N/mm (0. 8370kg f,/mm) BROBND,

H51. FERBFCMbIETEHRICLIEBDLZUATIETVETH S,
UTFOBRAICL->TC, EITRDEKq, Ks, m&, HRICX Y KBIRBIFIZRE
FBHEADOKNTCHLMEREL OBREHLIET S, B5 IRV TERRY

16



15 preferably formed sinultaneously with the first |ayer. The

plug may further have a third layer formed from sol der with a | ead
content of nore than 60 percent by weight, underlying the first

| ayer. This third | ayer ensures freedomfromrupture of the gas
tightness ofwols23zsezoel ectric oscillator. For exanple, 2TCTAPIMM2IBS
possible to sufficiently withstand heating by.the refl ow of

sol derwhen @ww%ﬁ"@smﬁmem@t H%ﬁ!MdDEMéht&m*%ﬁfp\* hmﬁn

pressure fitting the plug in the pen end of the cap, the soft, i g
tenperature g¢otAgrHirsyaf %MM&&WE@E%HK&%%MMS&%M 72 1us(S

permtting reliable sealing. Particularly when pressure |tt|ng t he

plug in the%ﬁﬁtﬁ@eﬁﬁx@t\ E@&ﬁ@ﬁiﬂﬁ@%@ﬁﬁ‘t—ibﬂ'é“'ﬁﬂiﬁﬁmzﬁ
{Pe tirar oo dyersbike BB HRMAHD Rlh LR U s L= ™

(5) k& vskwbohd,

1/K=1/Kq+1/Ks; K=KqKs/ (Kq+ks) (5)
IO LS ZEFMESNEEERE TS, MCHALLRBORRTARI L L
KEEhHbETTILOLTS, EERHTFEBEREOERICTHYTINE
T RAXER, HEENORA TEHAEE v TS T 5 EH - RAFIZELT D,
B L EIZBREELT I, DHOEBRBASMHE BmidfEiE: CEBD T
b, TOEHOEEMOEH=XIAXEE & 5 VRINT 572D s EIFARXKIZAT
5, b LEBRRHFECELEETICRETIHEIX. SEPRIR$RE = RF R
W EE b ROEE OETHEOMICRIE T A EB=RAXHIWEETRELK
Bk SOMIZHYTAMB RNV LRBR, EFAPREOFRKITIEMLRLR
Vo UTHBEO-DERIHRBEILT I LRET S, SARXKBFZRNTRETX
AEUEZR (6) IZRT,
U=mgh= (1/2) mv®= (1/2) Ks? (6)
X g REAMEET, g=980cm/ s*Thd,

M 5DEFNVMCEXBUTOHREIX, ¥TIKL3EERDEO—EOEET RNV
XRKqEKsL RABENTRIREN BB, ZOBATEARERKsBHIRE
INEWEBEBRBEOEMAFIERKGIENEINDI = IAXBIVEP L, Lz
Bo THRBEZHREIFTX D ETBRABDEIRD LD T L2 EEBMIZRE

595D THD,
X (8) b, FHEEE v EERELEMsIZ. R (7)) 0X5RDES,
=/ 2gh, s=/m/Kv (7)

¥7r, BUsICIVELMIBRERETSINE [, £0H I XD KEOBHE
(B3, —RERTRENSM) IFEBTSH, E—A MEM, ZOFE—R Y
Fe X Y RSBOWBBBEEICRETIREREN e FBREK (8) DX 5 RES,
f=Ks, M=fl, 0=M/Z, Z=by?/6 (8)
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The | eads preferably have a fourth layer formed from sol der with a

| ead content of nore than 60 percent by weight, underlying 5 t he
second layer. Again the fourth |ayer is preferably fornmed

sinmultaneously with the third | ayer. Anot her form of the

pi ezoel ect r WO 9R3628| at or unit accordi ng to the presrarpomeLns i on
conprises a piezoelectric oscill.ator, a cap having a substantially
cyl i ndri cal iskapexodend SHFEIRI®H AT, RHEOE IakoMTEWEHE RO BMH z DA T
pi ezoel ectric oscillator, a gas-tight sealer term nal sealing the

open eEd of Hﬁﬁiﬁaﬁ @nd_lf@:ominng% if‘%%m@-tﬂg@tﬁ m%?ﬁgfit@ggnﬁeﬂwﬁlt? t he

cap, the gas-tight termna © . inc i a I Dg.. S tanti y
BB ochiTrad O o mOHito! HEM LR iR aetor 531 3t met

e 5 The crpanael e 1o ey i Py

content of ngge) ¢ éO“ AR, g‘el”é_]éﬁ% b5 |gﬂ'tl_,’ E‘Jhtbi J&ﬂ?ﬁﬁ'w F"%‘joﬁj}_ t

with the innpgg g%%ﬁﬁg\yﬁmghzg%p;ﬁjﬁo open end of the cap, and a plurality

of | eads penetrating having a | ayer forned from sol der with
a lead content y=4. i RQ gergents Bysveighte rghess or fromtin or a tin

alloy, on 20 portions extending fromthe plug, and supports formed from
sol der v=442. Tcm/s

. K1=7. 49N/mm (0. 76434kgf /mm)

K2=7. 1 1N/mm (0. 72535kgf,/mm)
sl=0, 11018mm

s2=0. 11311mm

fi1=0. 825N (0. 0'84215kgf)
f2=0, 804N (0. 082044kgif)
Ml=2, 06N+mm (0. 2106kgf -m.m)
M2=2. O1N+'mm (0. 2052kgf -mm)
01=344MPa (35. 10kg{/mm?)
02=335MPa (34. 18kgf./mm?

N FHOBICBIT 3 RERHBRRRB OO T, TOKMBIZSONTUT
ICHEBRE - BET D, T (@2FEIB) KRBWeNYFHDY T
FILHAERRKER Ho LD ERBENKBEEHOFEDOEDIZEOENIEE - T,
Ks2/Ksl=6 1. 8%BEQOKITRoZ LRAICl~, ERK1EK2%k
BTz, K2/K1=94. 9% L &HIEE L, ThiZE—X v bOBES
U OE &I S X5 B—RIZERVIRIX TR SV iTEVWO TH 528,
KRBEFEIZFTDRWEDEDORRERKAGIDEL RoTe (AVTFFAT VAR
K) B, —FHKs2, Ksliill 2 P43 B O D7D ERIRIER S < HEX
DR (5) DEBRARXERRKOENRELILAELRD I LZR2ENPDTH
b, BonfeEfLs, Hf, iFE—2A2 MM, BH o DERFhIZONT, ##
PHC BT B R RY K2/ KIC I E iR HIT 30T, ZOENEL 2
5o KM DOEFIEREWRFMEICET S LARMOBBEREZDLELLND
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with a | ead content between 85 and 98 percent byweight, for bonding

and securing the piezoelectric oscillator to inner portions of t he
| eads extending into the gas-tight casing. with this
construction, the piezoelectric oscillator is 25 supported by the

supports fomnhlm:nsm solder with a high | ead PCT/IP97/04213
11 content, i.e., soft solder. since the supports are soft,

when dke, W'J?Q@I&%&Dk&ﬁ%l*l%ﬂﬂ%@ﬁkﬁﬁlﬁ%ﬂﬂﬁmﬁ?@#m@% the

supports can flex and di sperse stress. Thus, the stress

concentr at i ¢ ot 3 ReBpt &ddt &HrH B o Tt fiRdal be fedscdd7tod %TH Y
thereby i nprove the shock resistance. |In addition, since the sol der
with the abdidIZEddd Bonte¥te HePdngs to hi gh tenperature sol der and

has a high melt} R0 Pl =41 £' L G 2BRRME VS e v sz s i 0 &
R DISHBRERTE S, FEOERTHEETHES ImbiIIEALY PR
BOBAOKSIITIS HOF BERE. EBRIOKGRBEC B E 2N R BrE
RICE-oTBLIhEMTISAEE H»RY IV—EERTWS, ZhiZkizRT
EEBRONFENBRORYEEZ I FTLOTHS, DL dic, EBEREFO
RERERTBORB=—XEY Y CHIBAITE, & LEBOHBEL A
EHRBOFEE~DOFHIIKRE L. TOEENRMEEIIE,
HTOERIZEINE, BRANVFHEROBEOREFRENETHE 75 cm
BECHoOLLOBBBNVFEHATL. 2m»b5 1. SmETLRIBRKEFL
hice REFROB NN FHOEATRHEREERESKETEDL LEBTE
SEEN, MRHRELIZELNZAR L 2HOEFETIOTCENEZRHATS.
B 1IN FHOSH — BT ESSDETH B, "V IHORBA %
BRLT, BIRRBREITH &, BRI HOESIIMUEICIZE A FIEFAETIZED
%m&#um%mm&b,ﬁ&&ﬁ@E@%ﬁtﬂk?ﬁ@ﬁﬁ%ﬁ<s:oﬁ
FRIZ, N IHOY L FERERAEWVIEPIEVEIRRZZ L L, REETIE
HEAPBRELEFCBELTRERTFIYIVRABHY, REBEBKEVWHBTHS
EBHENIZELERLTWS, AR LAEHECHWEY V FRIIEBOEL ¥
MOMBOBRNLRDIETHS L, AIROHENDA IR (BE) I
I1mETFCELIBRREATHD0. % bOBBEICH> TIXEHY > 7 EH
DEOEAUTICLBOTS - L b ok, ZORPERILERAYY (R
ZXIZEVHD) bBENACFLIKLTRY, EHOFVHA THRILY HEN
VIV OB TROF P2V IEN,
HE2RWHEPHROETH D, K6 REARDERBMOTIEIZRIT S TR 2
6 DB L ZDMEDEEREE 2 4 ORWFER <, tifT—x v MMIicE
v, BROBRMECOEEREE 2 4A0EFHICEALRNES 6 IZBIT3PIHE
32D LTRELETHIENAAHI SERRLTNS, ERICAE IS EERE

19



pi ezoel ectric oscillator even under a high tenperature condition.

Furthernore, the layer fornmed fromsolder with a | ead content 10 of
nore than 60 percent by weight, i.e., high tenperature sol der, on a
portion of the plug in contact with the inner periphery of t he open

end of the ¥p98/23em8ur es freedom from destruction of the  PCTUPY 4213
tightness of the piezoelectric oscillator eveh under a high

t enper at ur e popgiL N B BokTRFad) KR 2638kt Dk 5157 IS S5 iTehid v
wi t hstand heating by the refl ow of sol der when nounting the

pt ezoel ect r ifd T¥dpid EOR BIRIEEE ¢ I DR BMEBFS 4 0 IZBpr2EB/EDH 2i4@FRe
PGt or med fAAEAEPL oy s SHREH 5,8 Do et st BRI Hro R Pl
sorder - mLp LRIRY LA ?%ﬁ‘ﬁfﬁﬁ%’@? S Sl

ext endi ng { R 48 1PbYdrn 8o 1AM HoRRA sup%‘f‘ IEEARS By k% e 2 5,

has good wettinhg property, the sol Tor m nount | ng

o USRS BRI 2657
EORGAMICed LA IS, BRIZEERICLS L. AR AN U
F B Bf E LBOENRE (EREORE LHEELIH LTRFEERZESR
VWEKRFROME HE) 1, BRSO HRPOLDERM & LBEOMV RS & EEN
S LVER2ALBOBNRELVETL, ENETORRIXL. 028X, BA
o7 —N (HBELE) P/PELHEVBEITH2. bRLERTHLORRED
5, THEEITEZT3 LISHOBRKERBRB CIIERICEOMETHALT
NERLTHY, MELORVWIEIOHETLRARTHDILWVWA XS, TOEEH
NoE6DEANHNEHSIIDS,

Ll REEFATEIMEBCRERT, "V FeRBLVWIRR-EHET
B ERPBRENTVEIRBELY, BOKBEZRPWDAVIBEBATHD
DT, FRIIERECRFESNAEAELY Do LNE 2B THSH ), BrEZMZX T
Exi, —HHECOME2. SR LIFEDRNAVIBEAREHDY IE
DHEs/Eq (BBNVFTIX0. 577, BENYFTIK0. 215) 2¥a
Brdzhbahiv, EELERER1E2TEIZLERWVWTHAD, Z0LOR
EROTT, MEEE2. 5IEREN VX0V FRIEREITS LERIT1. 4
ALRYPRVOISHOERIISZZ LIRS, LML, BERANVFERANS L
FRIL1 (BOMEIX0. 538<1LRPDTHRLLTD) LRVIENIBRPIT
2R RSB, TROLKEMERDBER 7 VICEEEND O TREOSHER
HBHZ LITRB,

IhbOMREMBOHBICRT HEXHITMKT 5 &, FROBR TXFH
DOEFOET L X IEBBENDTIONV THOBETHLEDY L FREFAH LT,
BIREHBEME LY bRESER LEMAXRERKsRDE 2D, KBOEHITWT
5, LirL. REFAROBDAVFHIEZBOW TR, XEBOEHRIZLEB-T
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12 In addition, the solder is usually an inexpensive

material, and Itisthus possible to fornthe firstlayerfronthe

| owt enper at ure sol der;, for instance, with a sufficient thickness,
for instance Sto 6[err]m The firstlayerthus formed is not broken
when the | eawo9sn®28 are bent, and guarantees reliabl e solewiregosss t hi s
respect as wel | . The tin all oy noted above nay contain
3 %or |ess, APyt oA I o ENALY TR ot O BOYBESFIVEM 1T LR 2 ETOR—
supports may substantially cover the inner |eads and have 10- ext ensi ons

ext endi ng fr ¢@hEhds Gb A b@hl&adﬁiﬂmﬂﬂm%‘*kOﬂ(aaﬁiﬁttﬁ%‘ﬂbﬁﬁﬁm&f of
the piezoelectric oscillator and hav greater t han one

hal f the di afe®er Q)%i%ﬂﬁdﬁbfkhﬁsu%ﬁ’%ﬁéhéfooﬁrﬁ%he Zppord LEIMIT
reliably secyie Lhe M2 OCLeS S rbtomit e 27 U o %, +hbbNERLRER
I ko TAE ShBRBT RAXO—HBERCER L TRET 5 2 & iz L 58
 ERWBELTWBRTHS D, TONYFHICL 2 BNARERITBEEN LM TR
ROB, MEEHORELRMEIE LTHALATWHWAMEEEDOB ANV IHOE
BPRKZOTR2VMEBRENS,

AFEH B SN B AV FHORS - BSOSV THRET S, B 7R~V FH
POROERRS L L BEBLCAT3RELTT /57, B8 EAX—RAS
D2 ZREBECH D, EBRHFO—Z0) — FRIZHLNTDHA v FLTH
IEBBAVFHE LTI, BA (B8 oREBRONMIE) B XDRA23 2°C
BEUTLRIESETRDLMOERLNR 0256 0%DOFHMAINFY THS,
I LBOBEILN 4 095 8 0 %DALITIIVREVREARDHS, £, EE
REHAD IR T 2 BRSSP OMOR I HIZRBEILN 10 0% E TR
BTGB T H DM, 4 2F U — FIT A v F SHERA Y F MR SR
MLTBNVYFHELBETEILEEEL. HHBEOMRBHNE 5%1H9 7%
AL IRIENS, TRIE®D 8 5 %K 8 0BEHEHRNHMR X0 A% TH b
RVWMETHY, £ ERES 7T IXE 7 BN THILETROEFREBEDO X
A BMBENT b SREOHELMERTS L O ICED R,

B9 1ci. ARAOMOEHHBOBLEIRENTNS, AERHEOURIC
BOTC, WEOENHE L RROBRICEA—0OFE2H L. ZORBZEHT
5, AEBERIZBWT, BREHOR2ZLIX, Fv v 72 SZHERNVFHOA
VB4 BRI LNTHEETCHD, ZONAVFBL46IE, F¥v 72804
2 LS HSRONEICRT bhd, TOMOMRIL, AR ZHHE L Ak
Thsb,

SRR BIZAvFENLERA VLY Yy 2 8HEIA vyX Sh-ER
AU FEREAR L > TEWREESNWHR L TRERHIEET I, Ao FPbi
ZHBERBOMENRLZIZ15 umBETHIN, Thi—210¢%Y
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oscillator. 15 where the plug has a high tenperature sol der |ayer
such as the third | ayer noted above fornmed on it, the cap nay be

f ormed froma relatively hard nmetal, such as a copper-nickel all oy,
because the high tenperature solder is soft and becones very

I ntimate w twowosmsozsap, even through the cap is hard. Coppecripeieatis 20

| ayer has high heat resistance and is suitable fromthe standpoint

of the heat kesi2 gtk & dpdckenediE Voh it Ber it A0t Bet rir i doss] Hta{nrl o~
It is also suitable to formthe ;a% froma nmetal other than -

copper - ni ckeﬂ)fﬂ:ﬂﬂ)eualﬁ'@y?é sefvdE Boddi & midokdil I ayerZ OfEthe Surfdte I~ 2 0~ of

MO T N PN YT P AU R 8 TN Y L
6 A F U —-FIZA R ENRTWEERN N FBBET AR, BiREOIIFE
2 6 HOMORSLEE T8, ZOBETORERDRV, Thbb, XN
H26DY B LEARBELMAONDG, X LEEBREFORKEHR ~DE
ERFZEBRAN A OBRBAEZ LRI MAZEERD FEMEIC LTITY &, #HiE
DEEEMIMOOUPR T LIABTTHREZHR TN, ¥ vy 7HNEIER
ENERNIRERLACSERLE LEERGFORELETHOT, ARH
DRI BNT2EOHBE I —EORABHSD. LBLTVF U — Fon#
R LT, REBOKRABBEN VT ROTH22DHEN,

B10iTik, ZRHADE HIMOERERBOERRRENTVS, KEEHIE
DOE|AIBNT, RO XELE & AROBRICIIFR—OFEE2MF L. FO#H
EEET S, ARBEHRBIZENT, BBBRI LI, =R AyFILEoT2
DNV TBRBITONTHDERTHDS, EOMOBERIZHOW T, B12 LI
RLEERBED b0 LRAKETHS, |

S&BER18DOIERE., V—FR1 40BHES. ThbblirFIV—F20
+7UET— K2 210, BENACTHOLORBIELONTFES 0 LIERAY
FHANOBRIBE2ONFEE 2HRITILNATNS, BBRNCFHIL, fiRo X
SIEEFEBN6 OWNtBEBADINVFHTHY, ZEBHIEBOBFE., 90wt%
UEDAYFHBELONYFBE 0RHRLTNS, £/, B1ONVFB5
Ok, AoFIZXVHO—~ 15 pmOBEITERENTWE, E1DONFES
ODEBIER, BRAVIHPERIEIHNZ -5 pmOB2ONVFES 2
BERELTWS, BEAVFHIX, BROX S ZHEFTEE OWt%BLLTONY
FHThHY, ARBEBTIX, XRAFEOHBETHLIMNL OvtWBUTOBD%E
BnTna, ZOMBROLOEBIR LD, MEFER40wt%iBL2D L,
A FGTENERY, ZONEOERTL, ELABRBTATHTELL
R, EHIEA VX EORFERZHE LITOLERHIRLOHAANLTH B,

2B, V- FR14BLIUCLEBR1 8 DRI, MO 20~V #E50,
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term nal having a substantially cylindrical shape open at one end
and sealing an open end of a cap accommpdating an electric elenment,
the gas-tight sealer term nal conprising a plug having

substantially the same cross-sectional profile as the inner 5 di anet er
of the openvemsB/asd2st he cap and having a first |ayer formedpcriaroriosz1dr om
solder with a | ead content of 60 percent by weight or |ess or from

tin or a tirs al2@ELPDRIRor&idn: Und ortRetm@ e the & forz & '@)t&iﬁ‘cwa.ace
of the end of the cap, and a plurality of |eads penetrating

pl'ug and haviiigta Yecdidk1 Ay e @ @%’Eﬁ’?@b&e?/m/h&a’\lveé’dﬁ'&@@%ﬁ

content of 60 percent b wei gh dr I s or fr inor atin allo
on portions 2R efdPig % (ﬁ?’éﬂh h@mﬁf%a@u%’é?ﬁﬁ%mﬂ 2y iﬁ‘*—

w6l oht,  undér By 15 ORS B R @ﬁﬁﬁ@?ﬁgﬁiﬁﬁﬁs%ﬁ PRI A 5% U oy
ol o fro f%yl ng }[A%e secon'%d G%t&nt%q aﬁlr}y‘}é?‘ I further;'%5 2by

wei ght, under °| ayer- rm of

the present ;+%#W5 s Eéf‘lﬁlh%dbq"bb’db? manuf act ur| ng a piezoelectric

oscillator unit having a pl ezoel ectric oscillator accommpdated in a

gas-tight casHEREIAIZ, BROREHE L AR TRV F Y- FEE
ENnd, NEANTRTPRBY 7ue—FORERX, 2L 2iE300CTHY.,
TOLEAL VT —FRIZA9XENRTWEBEN VAL BERLEBEV v X VEE
BoT, LEBOBRANAVFHilcwyy VHOBEBENAVFBEITABZ—ELRo
TRHALEES, ERICINEIZGEH ORKRSIEH 7 7% ThBEEom L
RBOOLNDLRB, FROBENFH (PIXEH 0, X8, f2wt®) DM
FRICHEST 5 2 & 28, THAE, NHERENGOENERBETIEDICEE LY,
ATV —FOBLDONVFES 0 DEFHDI=DIT, N THORMEMR LR
REEDZ L RPRFEBEMNEZER LT,

28, B10IERLER—RX, EFRFOHILABKRTHIKERTFLLT

BOTEVRERHS, ThRLL, BENVIMILRZBIOANVTEE O
EoT, BOHBENSERSNIBATHEATHZLRTE, bHEA—HO
AR LEATE 5, |
o EERRERIC L, EERBEIIMOBR, Sl IEXAEEREAT
o THREMICHEY IRV, ARSI Lo THRERBRDGEZAED L
THZELbHY 55, [ERFOY — FRIZABKEICRET 5 LEZR, E
EREMEIXA TV — FOBOAEIIRL, EERBEORFEICESTA I FX
BLTHEW,. ZOBEE, XFBHBIEERBDEOREICELES0TED
YTGATVRAETTHZ L B8CE, BENVFTEROBRERIVBEZILRST
BB, Bl. AA—LEOHBLYRBEA—ARHEILHAYY A »FET
BEE, SREDTHA v XETo TR ZLEBEEND, 2, ¥ v 7TOHE
REROM, XVRER, & &&&. TAI=TVL TLIGE, . SUS
M. l—=v i V—858¢ (Zhdbil=y AV EBOAYXERLEbOLET)
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formed by a cap and a gas-tight sealer termnal, conprising the 20
steps of securing the piezoelectric oscillator to the gas-tight

sealer ternminal by coupling | eads of the gas-tight sealer term nal

and electrode filnms of the piezoelectric oscillator to one another

wi th sol der waresr23®8| ead content of 88 percent by wei ght Or POTHI®T04213
supplied to between the | eads and the electrode filnms, and 25
acconmodat i pgthh& picela®l ectric oscillator in the cap and sealing

14 theﬁ%gp with the gas-tight sealer terminal. wth this

| ead content BAE. &% F&‘udbwﬁfblE%%@kﬁﬁéﬁ#ﬁ%&ﬁ@ﬁiﬁﬁ\t@/&wwr

the securin even in a case where

the | eads %iﬁﬂ"ﬂ éie : e“tzﬁ%é %/#Ir Ié%d’oégﬁé%éogolscMD%ﬁ)_f R is
Do oL ! ?@%%8;: Y oA AR A R L e D FRE T

DIBBUERMME, FIREE. JSHETENEORAEMIZE » TR E REHD
REB/T, ERT—FTHLATVEL I, BELREEENRS LN, Th
RBEHRCESRZ AV EEREfFcBI 3~y FoMBX LB LC I
(ERFOEMERE) LCo (BEHBMARME) ONRTYXRERPIEE, £k,
ORI L S ICBEROWHBREA T Y — Fizfnd 2 0EL 220,
BEOBMACHEL 2R VO LR, EEBRDFOLROBM, NV FR—NLOE
HEORRETATEMTE I LR TERE, £, BEN N FIZLBZHOMHKIZ,
N FORBRFHBFR 2L Rl

it\A—Z(ﬁﬁﬁ+)LmTEkﬁﬁA/¢H EBIZERN T D 2
BAYXE2ToBE. TOEETTIF IV — FIRLBEBERI OV F T
DYEEME BIFICHERTE 2, ERAD LI ICHEFTBOB ALV T A oF DR
EMITHARELL, EWMICHBROBLEA vyX%2 (<L) THERFIIZBITS
) — FROMTIMTRE RSB L2 REAEZR LB CERE, £, 41V
FI—FOR Yy XEDNY FRA~DETARICE BN NV FROBRS L E —BHE
FTRZERTE, BB, 2BA v XA vXBIHERCTRATEIIZE RS
EWEBTEDIDOTIRLALIR T v IR LR,

EEABENAVFEOEBRAOKEEREZ A v X LRV, HEIVIEA vy X2
ERVWXR Y v TERVWARE., MARICNELLOLBRROBELEENICA
L. SMDEREZETHIWMMMEL T T IEERDTEER L,
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with a |l ead content of nore than 60 percent by weight. It is
al so possible to provide, prior to the step of securing t he

pi ezoel ectric oscillator, a first plating step of plating the 10
gas-tight sealer termnal with solder wwth a | ead content of 60

percent by wepedMsemr | ess, and a subsequent second pl ati ng perape7/04213 of
plating the gas-tight sealer termnal with solder wwth a | ead

content of nore than 60 percent by wefgRofEEH In the step of
securing the piezoelectric oscillator, the 15 | eads and the el ectrode
fi-rlms are coupled to one anot her by supplying solder with a |ead
content between 85 and 98 percent” by wei ght. ' The step of
securing the (gi ezoBt BIREME sci | | ator may be carried out such that

e volure of U sader ERBARN, | i R e DB R
Do o oL RS L B, A v > 7 RS AR MR 0
H‘]g fggg;' ”gﬁé? g? Iﬁ*sf?%éﬁ%%ﬂ%‘aﬂzi BTEE % S O s BV L RSO MRS ©
BREEL, ROEEENG6 OBE N N—EY FUTONCFHERITIAZXE LL
RAXEEPORZIBILOBENMEX v v 7ORBERB LEMTIBIORE
KETRZSZ7L, i 72RBL. MOSHENG OEES—EV MUT
DAVIHERRRRAZB L RARAXGENLORDIF2OBRETZ 7L VERTS
MAORBEIHTHEEO) — FREET S, [BEBFL, |
HOEEEREBS5LUE, 98EEN—EY FATONVFHIZTTERSh, #i
REERBEY, A ) — FROJBFHFNBIZEH LABSTHI I TV —
RIZEABEE T XM L.
BT HIEBED T,
(2) ®#RofE (1) CEROEERTITBWT, WIS T 70, Wi
1DOROTIZ, ROEHEBE 0ERNA— eBA ANV FHILRDE
3DBRBREh TS, EERHT.
(3) ®WRofEHA (2) CEROEEBEREBTFIZBWT, MRV —FOFE20E
DOTFIIX, ROESHENG OERA—L Y 2B OINVIHLDLLRBEL4DR
BERENRTWS, EBIRSF,
(4) HER#H&GL,
—IRD AR LREERES L. WEEERBEZAMICHMDI XYy v 7L,
BIEEXy v 7ORBSREHIEL, AiEEX v v 7L XX BEREERTIRE
WFCHoT. YHRERTIL, BIR* Y v 70RO NE & ZEFR—OHE
FBREAL, ROSEERCOEEN—FV FEBABNVFIH DO RDBEERI
Rk v 7ORBBARLEMTIRICETE SIS L, MRS/ 2REL.
MDOEEENG OBEBNN—EY MNATOAVYIHERLIZRAZE LBRAXEEMN
LRJIBETIVIVEHNTOIMHORBMIETHIEBOY —FREETH, |

: +* c L M 5 *
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25 plated with |ow | ead content sol der.

15 . The step of securing the piezoelectric oscillator may
al so be carried out such that the volune of the solder coupling the
| eads and the electrode filnms to one another is above the vol unme of

portions oo éyR3teads within the gas-tight casing. wth tecsarerles21s vol une
arrangenment, it is possible to reliably secure the pi ezoel ectric

oscillator.geguz b It is further possible to provide, prior to the step
of securing the piezoelectric oscillator, a heat treatment step

carried out ﬁ@@@@%r%@ﬂ:be@mﬁﬁsﬁ—aﬂw FAR[RDr} © ¥ 6t iz il S, B
between 1 and this step, quartz grains of the sol der of
t he suppor tﬁ[‘é'ﬁﬁﬁﬂﬂfug g'}ﬁ el D58 % B, 7o Grovin U —
RizEGERE T2 X L.
2HTEBERDT,

(5) HRofil (1) CRBOEERDFIZEWT, RIREXSEHMIL, BT
A UFY— REBEED, YFS TV — FOBE Y IREERBROELE M
E T, YA TV - FOEROESEBASRIOEVHLEBZAELTY
5, EERETF,
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A2F ) —FZERERFE, Y%A T Y — FORIVAREBRBDEDCE LM
RTT, YFHA VTV FOEBOEFEBADSREIOBRIVHLEZFLTY
%5, EERHT.

(7) #ERoOHMEA (1) TEROEEBRBFIZBNT, MiiLxy v 71X, # -
=X VEETERENTVWD, EERHT.

(8) #Rkofif (4) CEROEERBTFIZBWT, ME* Yy 7, # -
=X VEETERENRTVWS, EERET.

(9)" #ROMHE (1) RRROEBEHFIBVT, MExy vy 7k, 20
EEIC=y VIR EVTERENZ = I VBEE TS, EEBIRHT,

(10) ko®wHE (4) CREROEERDHFIZBWT, WR*Y v 7R, £
DEBEC=y VX VEBRENB =y FVEEZET S, EBEREST,
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to reduce the Young's nodul us of these supports. These supports t hus
becone softer and nore able to di sperse stress. 15 BRI EF DESCRI PTI ON
OF THE DRAW NGS Fig. 1 is an exploded perspective view show ng
an enbodi nent of the present invention; Fig. 2is a
fragment ary WOI982¥8- scale front view, partly in Se@CTUP7/BRBW Ng a
support 26; 20 Fig. 3 is.a fragnentary enl arged-scal e side view,

partly in RIFESRTUY an, BSESI N BpTICIS, BN ESHF RN 6 0 BEN—4- L5+ 38
sectional view showi ng the supports 26; Fig. 5is a view show ng

a nodel for debeiri¥RGdvoHad B3 @fE#ﬁlﬁiéa\pﬁ"e?ﬂ)‘,é}—edﬁﬁﬂh GHEL | 2HE TN t
%etoameﬁg%]aé%%gﬁiéAw%ﬁT%ﬁzén/ﬁHm6&6%4@Emm

BREhTW»3

K[EWFo

(12) X¥o7lEBRTFLIBRINICEEBNBICEEEDEZIR
MLUEEERDFERET I HETH- T,
MRKERTFORT SV — FREEERMAOE T2 BEE L ORIz, 05
FEESSEEN— UV FMIEDOANVFHZMB L, FIBY — FEFIREBEES
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AR EBRBEZAR X v v IO, ¥y o 72 KE8MFIc X 08k 3 2
CiZLY, EERBAEZAERBNBICER LTIMTsIRE.

2ET5. EEREFOMEFE,
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(14) #HRofHA (12) CEROFEEHFOREFETHH- T, §IRRE
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2B1DOAoXTRE,
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e, EERBTFORERE,
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Fig. 6 is a fragnentary sectional view for describing the stressed

status of sol der edges; Fig. 7 is a graph show ng the

rel ati onshi p anong the conposition, tenperature and tensile strength
of sol der; 5 Fig. 8 is a binary diagramof tin-lead all oy;

Fig. 9 is awoesreameow ng an essential part of a second PCT/IRSMazIB ENt  Of
the present invention; and . Fig. 10.s a view show ng an
essential pacpS! BNEE NI A BOSERIOHITENS g Athe present- rwventionag 10
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Enbodi nents of the

present i nveéngifibi A 1T \ndbw & RARMDF GRWESHE. with reference to the
a0 B o SRR 55 K b B B S5 i
cyi i nari oo ERRABEIRHVLE mey - R ek R A e
axial direchi@n:! NGy PR AIAING L 2 2 BMAORBUEL T35, EEREHT
OREH .
(18) #HRoFEHE (12) CEBROEERBFORESETH- T, BIRE
SERBEEFLREO%, 80LIE140TCTUTT, 1MUESEUTORLBTE
Pat, EFEREDFORENE. '
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I ncludes a substantially cylindrical sealing glass body 16 and a
metal ring 18 of Kovar provided on the outer periphery of the 20

peri phery of the glass body 16. The two Leads 14 penetrating the

seal ing gl ass body 16 have inner and outer |eads 20 and 22 extendi ng
fromthe gl s>9823&¢$ 16. The inner | eads 20 of the | eads l4rewymnmad2l3

into the inside of a gas-tight casing. In Fig. 1, the inner |eads - 20
project upward fromthe plug 12. The inner |eads 20 project 25 for a
smal |l length; in this enbodi ment the projection length is

17 0.3 nmwhich is the diameter of the | eads 14. The out er

| eads of the Ieads 14 extend to the outside of the gas-tight

casi ng. In Flg , Jthe outer |eads 22 project downward fromthe
plug 12. ~ The outer leads 22 are bent like a crank, and are thus
suitable 5 for surface nounting.
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Ref erence nuneral 24 designates a piezoelectric oscillator, whi ch

is a convex type quartz oscillator having oscillation el ectrode
films (not shown) forned on its front and rear surfaces. The
pi ezoel ectric oscillator 24 may not be of the convex type; 10 for

instance, it is possible to use a rectangular AT cut. The

pi ezoel ect ri WOSYEIOP] at or 24 is disposed between the two i nROGTAIPITN4213 | eads
20 with its long axis aligned to the axis of the plug 12.

Thet woi nner | eads 20 ar ecoupl ed bysupports 26 forned from sol der

toone end of the oscillation electrode filns provided on the front

and rear surfaces of the piezoelectric oscillation 24. ' Ref erence
nuneral 28 designateslﬂ(ﬁﬁ)having a substantially cylindrical shape
open at one end. The open end of the cap 28 has an inner dianeter
slightly smaller than the outer periphery of the plug 12. The cap 28
covers on the piezoelectric oscillator__20 2 ag% is fitted on the plug
12 fromabove in Fig. 1 in vadquum he ca is pressure fitted on
the plug 12 to be seal ed therdby with its}inside in vacuum Thus,
the gas-tight casing is forned. Figs. |2 to 4 show details of
coupl ed portions of the |, 26
Y Vw
20~ =20
30N N
N
/ W 30
12 18
16
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pi ezoel ectric oscillator 24 and the term nal base 10 in this 25
enbodi nent. Since the piezoelectric oscillator 24 in this

18 enbodi ment of the piezoelectric oscillator unit is

cantil ever supported as shown in, for instance, Fig. 1, when an
external f wW@es/23028 tending to bend it is exerted to itPCEUPISELSS
concentrated in the stemof its supported portion. Therefore, when
an excessive 5 external force is exerted to it, such as by dropping,

t he pi ezoel ectric oscillator 24 is broken at a position shown by
chain line Fin Fig. 3. In order to prevent such breakage, in this
enbodi nent the supports 26 are fornmed froma soft material, i.e., a
material with a | ow Young's nodul us, so that the supports 26 10 can

di sperse stress. Specifically, they are preferably forned

c o
' Z
= 26
20-1-1+4 .’\\\.
24 5 \m d)\ /j" (32
— % o ——
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form high tenperature solder with a | ead content between 85 and 95

percent by weight (hereinafter referred to as wt. % preferably 90
wt. %or nore, the remainder being tin. with high | ead content, t he
material is soft, and can di sperse stress. 15 The surface of the
term nal baswobr3ms e., the surfaces of the netal rirered7ek13 he
plug 12 and the leads 14, is fi rst plated . with a sol der |ayer 30
with a thickness of about 15 [err]m The sol der | ayer 30 is
suitably forned fromlow tenperature solder with a | ead content of
60-w. %or |ess, pref@ﬁébly about 40 wt. %or 20 |l ess which is a
conposition near the eutectic poiht. The sol der | ayer 30 nmay al so

be a layer plated with tin contain
slightly containing silver.
w. % such drawbacks as
readi |l y caused because 25
unpl easant bl acki sh col or,

~epmaramy g -t or atin alloy
i N ead cengent in excess of 40
sotderi ng property, danmage
an aesthetically
19

He

P ——

36

26
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difficulty plating |liquid conmposition managenment, etc. becone

pronounced. Thesol deri ngof t he supportsi sdoneas foll ows. The
t erm nal base 12 having been plated with | ow tenperature sol der
(i.e., 5 eutectic solder) is set upright on a processing table. Then,
a metypd ofig3ofeen Whi ch has hol es correspondi ng to the rorgesoatizt he
i nner |eads 20 so that paste can be applied only to the areas in t he
hol es is overl apped over the terminal base 20. Next, a sol der past e
havi ng a desired viscosity which has been prepared by 10 kneadi ng
toget her fine spherical particles of high tenperature sol der and a
rosinmtype flux is applied by printing to the term nal ' base 12.
Thus, the paste is attached in adequate anpbunts around t he inner
| eads 20. There after,®tshe piezoelectric oscillator 24 is inserted
into the space between the inner |eads 20 such that 15 its electrode
films touch and are wetted by, paste droplets. The systemin this
state is then passed through {a refl ow furnace at

£ 6f
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a tenperature above the nelting point of the high tenperature

solder. In this way, the connection of the electrode filns of t he
pi ezoel ectric oscillator 24 to the solder and the support and 20
securing of the piezoelectric oscillator are conpleted. 1In this

state, the |woesrezsd of the piezoelectric oscillator 24 is pergpernais
supstantially in contact with the top surface .of the term nal base
12. Thus, the conpleted piezoelectric oscillator unit may have snmal |
| ength, that is, its size reduction may be attained. In 25 addition, no
gap permtting solder balls to | eave is produced.

So long as the anount of paste is adequately

controlled, the supports 26 fill the gaps between the inner |eads 20
and the el ectrode fil {8 @ the piezoelectric oscillator 24, and
ext end
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wi th gradually reducing thickness side fromthe opposité si des 5 of

the inner leads 20 and al so upward fromthe end thereof wuntil t hey
reach the surfaces of the piezoelectric oscillator 24. Thus, t he
supports have a shape like a hill or nountain. The high tenperature
sol der used in this erggsh ' YAé ead content of 90
wt., % or above, the remal rﬁ?@%gﬁn%%n%%%AW%m@% possi bly slightly
containing silver. As described before, the i nner | eads 20 are
prelimnarily placed with a solder |ayer 30 of | ow tenperature
solder with a Iégd %gegsnt of 60 wt. % or bel ow. The vol une of the
supports DECHNIGAL | east doubl e, and preferably 5 to 10 tines

or nore, the volune of the inner |ead 15 2Q, i.e., (surface_grea of

t he inner Ieéﬂh909r§§GBFa?FMSthPBkﬁ§§§$?5 to 913393§8C§ ﬂﬁgpsﬁﬂaﬂaﬂﬁﬁ |l ow -
tenperature solder prelimnarily plated - on the inner leads 20 is
di ssol vedunitsoaf aupype havieg a gastitright casing, in which a piezoelectric
conposi ti onwoul dhavesufficientl yhi ghl eadcontent. Desirably, t he
supports @échivatoersuciolasme gbantzhsscihbatoraddssaaledndas sl ad0such
skirt parts extend fromthe end of the inner |eads 20 toward the
gravitati gggltr¢gRteea&ingst handi pépel parteieudarlyl aterthé strh€tare and

method of manufacture of such piezoelectric oscillator unit.

10 BACKGROUND ART
A piezoelectric oscillator which comprises a piezoelectric

oscillator sealed in a gas-tight casing and leads connected at
one end to the piezoelectric oscillator and:having other end
portions extending to the outside of the gas-tight casing, is a

15 well known art. The piezoelectric oscillator employed may be a
tuning-fork oscillator, a rectang'u1 arAT cut oscillator, etc. The
gas-tight casing is formed by a substantially cylindrical cap open
at one end and a plug having an outer shape capable of being pressure
fitted in the inner surface of the open end of the cap, the plug

20 being pressure fitted therein. The cap is formed from Kovar or
german silver. The plug comprises a glass body and a metal ring
fitted on the periphery of the glass body, and it is penetrated
by a plurality of leads of Kovar or like material. The
_p1' ezoelectric oscillator is coupled by solder of ends of the Teads,

25 and is thus supported by the ends thereof. The piezoelectric



by nore than one half of either the dianeter, the wdth or the

| ength of the inner |eads 20. These extensions would protect the

pi ezoel ectri-c oscillator 24 by undergoi ng adequate deformation
a shock is exerted to the piezoelectric oscillator 24. |t

25

when

. ried to _ illator 24 -
the. sol der 05CT112t0kig) BckPRBiotted Yasnioha Y. by PR sl TRaTa ta 1B Fhecad

cont ent . as,above, to hold,the Young' s nodulus of the solder within
2 low  Plug/ii £5E Capasvaared ahaeu uIPERIMG RIS &8 RVRS asHa Jasd ti Ghtent
5 I s higher. After sealing the cap 28 by pressure fitting the

terninal b%ealer termimgliwhishnseahs thetpiezesiactric asaidlator anad 1s

treat nent

S carried out by heating the systemat 80 to 140[err]C

for 1 to S5coapected to exitermad ldatcubirtaat.nent, not only the inner surface
of the cap 28

5

The above piezoelectric oscillator unit is normally

manufactured as follows. First, the inner periphery of the open

end of the gap, the outer periphery of the plug and the leads are

10

15

20

25

plated with an eutectic solder. Then, paste of a mixture of the
eutectic solder and a flux is supplied to portions of the leads
that are to extend into the inside of the gas-tight casing, and
surface electrodes of the piezoelectric oscillator, formed on the
surface thereof, are held in contact with the portions supplied
with the paste. The solder paste is then thermally fused to secure
the piezoelectric oscillator to the plug. In this way, the
piezoelectric oscillator unit +is obtained. By plating the outer -
periphery portion of the plug and the inner per"ipher'y portion of
the cap with the soft metal solder, the play between these portions
can be filled and sealed when the plug is pressure fitted. In
addition, by plating the leads with solder, the property of
soldering between the surface electrodes of the piezoelectric
oscillator and the external circuitry can be improved. By the
term "eutectic solder"” is meant solder with a tin content of 62
percent by weight, the remainder being lead. 1In the following
description, solders with lead contents of 60 percent by weight

or less, inclusive of the eutectic solder, are referred to as Tow



10 Is held in close contact with the solder layer 30, i.e., the soft
nmetal surface |ayer of the term nal base 10, and nechanically

mai,ntai ns gas tightness, but also copper and nickel as conponents of
the cap 28 are partly alloyed by nutual diffusion with |ead and tin

in the termnal base sifde. Th the i quid phase4in 15 s raksed,
refd ow i nt?'ﬂge%ﬁ%lﬁﬂﬂﬁegri s rgeg;! r@ﬁa“ Q?nﬂ?% Tow %emppgﬁﬂl’ﬁ'ﬁesglaﬁri s
obt ai ned. .. Thﬁ Iom%te erature sol.de plating ihe et al ring 18

i s nost | ycompositjersarhep than dead, 15ceNBRERYY PremoSth¥ Lihs aapdomay
pressure fitting seal with the cap 28. In this portion, a great
enough 2oontainolito 3% gfsansaddi tivesuamas shtveer f Fhammed tisgnpoint
gener at ed, even when heating to the nelting point, so long as the
heating of Towitemiperatureasefder psrbedownf 282f®, the méttiegl pointebd.

"W t hout | oosening owing to tightening effect of the cap 28. The | ow
t enger at uggpsol der- plating a ring-like inner surface adjacent to 25 t he
open cap end is exposed to the inside of the casing. However,

22 with the piezoelectric oscillator unit having the structure -
as described above, fhe heat resistance is a very important
requirement depending on applications. For example, in an
application as an element of an SMD (surface-mounted device) on

10 a circuit substrate, reflow of solder is done for the purpose of
mounting after sealing. 1In such a case, it is required that the
reflow can be done with possibility of neither gas-tightness
failure of the seal portions nor melting 6f the mounted portion
of the piezoe]ectric oscillator as a result of heating at 240C

15 for about 5 seconds (or at 260C for 10 seconds or above). The
Tow temperature solder may be used relatively safely for these
portions because the cap provides enough mechanical tightening
effect for the seal portions to maintain gas tightness so Tong
as the reflow cohdition is a relatively low temperature or a

20 relatively short period of time. The reflow condition of a
relatively lTow temperature or a relatively short period of time,
however, may not effect fusion of the solder in the mounting portion
due to the heat capacity thereof. In such a case, the Tow
temperature solder is no longer safe or sufficient heat resistance

25 may not be ensured, depending on the setting of reflow conditions



t he exposed solder area is very slight, and fusion of this sol der,
I f any, would give rise to no substantial adverse effects:of gas

generation.. The | ow tenperature sol der plating the inner |eads 20 is
di ssolvéd in the high tenperature sol der of the supports 5 26 when
nmount i ng $get§%eéggpectric oscillator 24. Although the - supports 26
have-<a | arge r e"area, they are not fused at the refl ow

. tenperature at the, ti of the mpuntin and. thus hay 0 . .
substantial AHREEET HooIMprovegtle fIskt SIS THCE B Ehrupizoelectrife

nmounting, the_high tenperature, solder paste is thermally fused. 10

However, Q§€hl ha'g@rt cthe ruse v gh | lead entgatesalder bassbeasrproposedpy) | s

and sol der spatters is very little conpared to | ow t enperature
sol der. sPartexample¢, ahgpageseklLaidoopeanbatentoPublicatioaadio.y Skot ached
to the quartz oscillatororthe quartz oscillator unit casing inner
sur fsaces. 64-68007 proposes the use of high temperature solder for both
piezoelectricoscillatormount portionand plug/gap seal portions.
According to this literature, by the term "high temperature
solder” is meant solder with a melting point between 260 and 370°C
and a Sn:Pb ratioof 1 : 9. Japanese Laid-Open Patent Publication
10 No. sho 64-62909 proposes forming a Tead type layer of a Tead alloy
only on the outer periphery of a metal ring constituting a plug
and, if necessary, forming a silver plating layer on the lead type
plating layer for Suppressing generation of lead vapor during
heating. |
15 Another problem which shou1d be taken into considerations is
the shock resistance. Recent]_y, guartz oscillators are finding
increasingly extensive applications to portable telephone sets
and other portable units to be held with a hand in use, and these
applications are producing increasingly stringent market demand
20 for the shock resistance. For example, a unit may need to
withstand being dropped several times on a wood plate from a height
of 100 to 150 cm.
.Severa1 proposals have also been made regarding shock

resistance. Japanhese Laid-Open Patent Publication No. Sho

25 61-247775 proposes a technique wherein a quartz oscillator piece



15 The effects of the supports of solder on the shock resistance

of the piezoelectric oscillator unit will now be considered. In a
test .of free falling of a cylindrical piezoelectric oscillator uni t
on a wood floor, the weakest state of the unit, i.e., the state in

whi ch the.inner piezqelectyic oscillator is st regadil 20 broken,
Upan-col | 18 GeafredhFaand surparred b RIG et fid jhoto-senglt Y] | e
case where the piezoe|ectric gscillator js.an AT, cut,
post ur ot RahasINiS WALhrRSROe HATARGSS ©T50 108168 ToPiscated | Japanesey o

posture that, the long side of the pjiezoelectric oscillator I's
slightly iLadid-6pend Ratientd Rubldica tilgn Nose Heid 4821t peropeses mpsinting de
is horizontal. |In the case where the piezoelectric

23 additionadsdiddds @f i matamialgwidlk oveungis modud usoof Seddixd vy
subj ect to | eg breakage upon collision, is thought to be a posture
thats 10 GPa or below to short inner Teads and bonding a quartz oscillator

piece to the other ends of the additional leads. In an embodiment
of this invention, the additional leads are formed from a solder
with a Young's modulus of 1.95 x 10 GPa and have a short plate-Tike
shape. Japanese Patent Publication No. Hei 7-14132 proposes
10 bonding and securing quartz oscillator electrodes and Tead
conductor supports leading to external circuitry an adhesive,
which contains epoxy resin, polybutadiene resin, petroleum type
resin and conductive particles and is flexible.
In many cases where the shock resistance requirement is not
15 so stringent, low temperature solder paste is used to support the
piezoelectric oscillator. 1In such cases, by fast heating to
secure the piezoelectric oscillator to the plug, very small solder
particles called solder balls or solder spatter are spattered and
remain inside the casing or attached to the piezoelectric
20 oscf'l]ator, giving rise to yield reduction problems such as
defective CI (crystal impedance) and defective oscillation at Tow
drive levels.
specific problems posed in the above described art will now
be considered. According to the techniques proposed in Japanese

25 Laid-Open Patent Publication No. Sho 64-68007 and Japanese



the main surface (i.e., U shaped surface) is substantially

hori zontal, or a posture that the main surface is vertical while 5 t he
| ongitudinal axis (i.e., symmetry line) is horizontal or slightly
i nCl i ned downward. The buffering effect of the supports, in the

enbodi nent i e [ C ci tOf s

consi-der ed Lﬁr@%é‘%\ I%%@%@d’ “tha\-/[&).' cgi(a ] egsﬂ%lfé%soq%gedré,’ the pl u%icmfgfrént
in conpositiaon and jn_Youwng. s uus.a 1 . Ref.erri ' to
4 Che’ supptiotasy. Bet s da JBAHE 1eatpor figns Srd il 8 e Snsd de
supports 26 are slightly rounded |, | nst ead, of heing, sharply fyustum
of Thor ami @ andl HESATS o dihe SRBTight sealfifeas e Sha HEMIAN G Fefeared
because they follow the deposited el ectrode patterns fornmed on the
surface of tchaspiiopesl androutersieadsscrespectivelyriare platadmdthshigh i s

slightly irregular dependi ngon t he sol derpaste amount. The

suppost s26lvempeardtage solder bycplatangt inytkeciss®] inaree i eadd 12y sviridh
are substantially in contact with the piezoelectric oscillator 24,

and ext end Kiyhelead contekitst tévd tasty mna Wiirongeskida £l ek ehes riguarfate,
apex side spaced 20 apart fromthe piezoelectric oscillator 24 to
termnate iy it difficult to obtain soldering when mounting the
piezoelectric oscillator on an external circuitry substrate.
This is so because the soldering has to be carried out at such
10 a low temperature as to cause no damage to other parts using low
temperature so]der; For this reason, the outer leads should be
stripped off the high temperature solder and dipped in a Tow
temperature solder bath, thus increasing the number of steps and
cost of manufacture. Also, the solder layer formed by the dipping
15 Tacks uniformity in thickness, possibly making it difficult to
bend the outef Teads and deteriorating the mounting property due
to fluctuations of its amount. The outer leads are bent when
surface mounting the piezoelectric oscillator. when surfa;e
mounting the piezoelectric oscillator, the peripheral surface of
20 the cap and the ends of the outer leads should be held in close
contact with circuitry substrate surface. To attain this, the |
outer Teads should be bent just 1ike a crankshaft such that their
height is aligned to the peripheral surface of the cap. |

Japanese Laid-Open Patent Publication No. Sho 64-62909,

25 teaches that high lead content alloys generate'1ead vapor when



sanme. The piezoelectric oscillator 24 thus have its opposite si des

supported by the supports 26. The piezoelectric oscillator . 24 is
consi-sts of .three successive sections A, B and C in dependence - on
its dynam c character, particularly rigidity, fromits end 25 adj acent

i nal 0 d, i ' ' I t G .
2, <" Reatld? 3 BHFF opy) SalrKingCpuRoReATOR, BRES WRUNE 1RSSR on
correspondi

ng ta the end of ,fhe inner | eags 20, apd act{s as a rigid
or ton " MAZeR 14 EF cors LLISEAE t beaflo) skattanhedothsreto achisyer Aons,

and is of varying rigidity. This_ section has portions 5 whi ch are
consi der atfKequrRrey ishifityi dinythisiconnectdon,onha laterature teachesrthatt
el astic to provide buffering action against a force or a nonment due

to a shockit dsdingvitablesto tldeptng pErtiel plating process taking a Targe
5 number of steps in order to prevent the high temperature solder
from attaching to other portions of the plug outer periphery and
the cap inner periphery than the pressure fitting portions.
However, we have a different opinion in this respect,'that is,
lead generates only a negligible amount of vapor because the
10 partial vapor pressure of lead is very Tow at, for instance, 150C.
Although the vapor pressure is slightly higher at 260°C, it poses
substantially no problem, because the heatiné is completed in a
short period of time. Thus, substantially no problem arises
unless the Tow temperature solder inside the casing is fused
15 (particularly in Targe surface area portions) after sealing.
Japanese Laid-Open Patent Publication No. Sho 64-62909 also
teaches that si19er plating the surface layer improves the
soldering property. However, since silver is expensive, it is
usually layered toonly avery small thickness (i.e., flushplating
20 or the order of 0.1 to 0.2zm). Therefore, in a bent Tead portion
the silver layer is broken to expose the underiying high
temperature solder and deteriorate the soldering property. Once
the piezoelectric oscillator is mounted, silver is lost in the
substrate solder, thus disabling the remounting, that is, making

25 it impossible to reuse parts recovered from external circuitry



pi ezoel ectric oscillator 24 in directions 8 perpendicular to the

quartz plate surface. The section C provides a spring character 10 wth
flexing of the quartz plate itself caused by the nonentum of the
total mass of the piezoelectric oscillator 24. In the foll owi ng
consi derat i, on tge totaL mass of the piezoelectric oscillator is
regar ded '?"bb%%r% e e r SPRICBUTES gravitational center, and the
ot her portions of the piezoelectric pscillator 15 t han, t he .

gr avi tat i onalReGARAING Stheshetk resTstance TprAVemenbodthenadhesives

di ameter of the inner |eads 20 is about 0.3 mm the length of the
sect i ons useghdim the ctechmhquasdptreposed in Japahasef Land-Openi Batentp to
the gravitational center of the pi ezoel ectric oscillator 24 is 2.5
mm The Pulehieation Nd shid, 612247775 had dapanéseRatarft Phblpcatiohadori c
oscillator 24 is 6 mm and the wwdth thereof is 1.6 mMm It is

assgned tief 2R418] RdVe probléms cleEstedltd Neomt EFPE! Iegkdési BGCi ey or
24 at the center (i.e., gravitational center G thereof is 0.212 nm

e o RETLAB ., rPIG R ol T SO 567
assumed thate such that fused solder is spread to accurately follow- the
piezoelectric oscillator surface electrode pattern shape, the
spreading of non-hardened, i.e., 1iquid-phase, adhesive can not
10 be regulated, thus giving rise to fluctuations of the bonding
position and causing fluctuations of the CI and the bonding
strength. According to the techniques proposed in Japanese
Laid-Open Patent Publication No. Hei 4-76211, the mounting of the
piezoelectric oscillator by the agency of the small-size
15 additional leads, increased the length of the Teads and the total
Tength of the piezoelectric oscillator. Besides, the bonding two

different kinds of leads is very inferior in operation control

property, and not suited for mass production.

20 DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide a
piezoelectric oscillator unit which can solve the problems
discussed above, that is, which can harmonize opposite
performances at high level and realizes -improvement in thé heat

25 resistance and shock resistance while taking the mounting property



25 the opposite side surfaces are cylindrical surfaces drawn

by a ' quadratic curve with the apex at the center.- The
thickness y. of the piezoelectric oscillator 24 is given as 5
2d"=y = -0.00992 x (-3)[err] + 0.212 (mMm) .. The vol une"

_SLQthecﬁ'r3éaeh'§§§ub?°§?\?tﬂ8ﬂt ﬁ’é‘ﬁ’%”ﬁr t‘é’”'&t"esqde te":v'm'%thm oA the
ARG fr{fﬂeTﬁﬁe;na%ﬁ BBy BbIs%, ho¥l fory of g Eﬁ%zr?éfe‘) & 0

guadratic no q g of .the plezqelectr ﬁ osgillatqQr 24 in glven
section t REFA fatgr unit accordjng ggy &ne) PTESERY énvrzptwn comprises a )
Fig. 4 is a section taken along line lIv-Iv in Fig. 2, i.e.

piezoelectric oscillator, a cap having a substantially

5 cylindrical shape open at one end, for accommodating the
piezoelectric oscillator, a gas-tight sealer terminal sealing the
open end of the éap and forming a gas-tight sealing together with
the cap, the gas-tight sealer terminal including a plug having
substantially the same cross-sectional profile as the inner |

10 diameter of the open end of the cap, and a p1dra1ity of leads
penetrating the plug, and supports formed from solder with a Tead
content between 85 and 98 percent by weight, for bonding and
securing the piezoe1ectr1c oscillator to inner leads as portions
of the leads extending into the gas-tight sealer terminal.

15 with this construction, the piezoelectric oscillator is
supported by the supports formed from so1der witﬁ a high Tlead
content, i.e., soft solder. Since the supports are soft, when
the piezoelectric oscillator experiences an exterﬁa1'force, the
supports can flex and disperse the stress. Thus, stress

20 concentration on the piezoelectric oscillator can be suppressed
to improve the shock resistance. 1In addition, since the solder
with the above lead content belongs to the high temperature solder
and has a high me1ting point, it reliably supports the
piezoelectric oscillator even under a high temperature condition.

25 The Teads comprise a first layer formed from solder with a



a section of the supports 26 and the piezoelectric oscillator 24, 15
I.e., the section B thereof, in this enbodinent. It is assuned

t hat .t he section B undergoes bendi ng deformati on about a neutral

pl ane 32, which passes through the center of the piezoelectric

oscillator, 24,in the thickness thereof..strictly speaking, this

assunpt i onlgad ﬁBf‘tSE'@Lﬁ'ggb RERCeNt by WeighE J&%Sﬁfﬁ fotr | quempse;rrﬁ?ﬂ‘[rfq cal
in position _and shap$mﬁth respecttothe_neutral plane ) iﬁ, but it.is
made for tSREl ARk 08t Tram tuh@dna diidk adil o¥al eI Ehembn particulagdyendeheir

di mensions used for the calculation, the width of a cal cul ation
error is Partiaons lextending fmosr thenelygl ddhendowatemperatunel soldeeiarss
and spring effects are realized the apex of the 25 supports 26 is a =
0.1 mm t hghav Tilke chad dded sketting spropedtym Thus, the solder supplied

* 5 for mounting the unit or surface mouhting the piezoelectric
oscillator becomes very intimate with the lead surface, and
permits reliable soldering. Inaddition, this typeis inexpensive,
and it is thus possible to form the first layer with a sufficient
thickness, for instance 5 to 10um, so that the first layer thus

10 formed is not broken when the leads are bent, which also helps
insure reliable soldering.

The plug has a second layer formed from solder with a Lead
content of 60 percent by weight or less (i.e., low temperature
solder) or from tin or a tin alloy, on it. The second layer is

15 preferably formed simultaneously with the first layer.

The plug may further have a third layer formed from solder
with a lead content of more than 60 percent by weight, underlying |
the first layer. This third layer ensures freedom from rupture
of the gas tightness of the piezoelectricoscillator. Forexample,

20 it is possible to sufficiently withstand heating by the reflow
of solder when mounting the piezoelectricoscillator. Inaddition,
when pressure fitting the plug in the pen end of the cap, the soft,
high temperature solder is deformed and acts to fill the play,
thus permitting reliable sealing. Particularly when pressure

25 fitting'the plug in the cap, the first layer is partly ground off.

10



and the width b of the piezoelectric oscillator 24 is b 1.6 mm (as
noted before). The half thickness of the piezoelectric . oscillator 24
is_denoted by d (m, the width of the upper side ' of the sol der
sectlon by z, and the distance thereof fromthe neutral plane by e.

the Ski ‘r’{tﬁ‘@# EhR ¥Ry SZtaX'?epﬁé ygét”seﬁﬁﬁanmwg REERI Ay e 16T

t he plez | ectri 50|t%ator 24 guadratic nonent |Is of the
supports %ﬁ Bbt Bgmpﬁgature Sobgsfoelectric oscillator 24, in a

i ven section of _the section B, n_as err
J The Teads preferaﬁHy have a fourt Tayer formed ¥rom]so1der

with a lead content of more than 60 percent by weight, underlying
5 the second layer. Again the fourth layer is preferably formed
simultaneously with the third layer.
Another form of the piezoelectric oscillator unit according
to the present tinvention comprises a piezoelectric oscillator,
a cap having a substantially cylindrical shape open at one end
10 for accommodatfng the piezoelectric oscillator, a gas-tight
sealer tefmina1 sealing the open end of the cap and forming a
gas-tight casing together with the cap, the gas-tight terminal
including a plug having substantially the same cross-sectional
profile as the inner diameter of the open end of the cap and having
15 a layer formed from solder with a lead content bf more than 60
percent by weight, on a portion in contact with the inner surface
of the open end of the cap, and a plurality of leads penetrating
the plug having a layer formed from solder with a lead content
of 60 percent by weight or less or from tin or a tin alloy, on
20 portions extending frbm'the plug, and supports formed from solder
with a Tead content between 85 and 98 percent by weight, for bonding
and securing the piezoelectric oscillator to inner portions of
the leads extending into the gas-tight casing.
with this construction, the piezoelectric oscillator is

25 supported by the supports formed from solder with a high Tead

11



20 In the section B, the section fromx = 0.25 mMmto x = 0.5 mMn

Is uniformy divided into five divisions to take the six cross

sections, and d, Iq and Is are obtained for each cross section usi ng
the equations (1) to (3). The Young' s nodul us of quartz i sdenot edby

" Eq, theYoung'.smmdulusof thel.o er at uesol der., f or, ex e ope with
atin contc(.gﬁ‘(teg’f%@é "%'a!ncf(ﬁlt} %n‘te t-'%g% q:%e su%%or‘ts aré %mt’ When
27 . 0. q5 % .I'S den(ﬁed by Esl, .and the Youn¢q' S .er_PuI us aof, the

hi gh the PsErs &L TS gafFd fatornexBREEeHRES AR AT ENR! JRfiEu

89.5 % and a tin_content of 8 % is denoted by Es2. These val ues are

Eq = 73. 0 s@ppantse cany Tlex \atd disnense skness 42 Thuspa the strefssoo 5

kgf /m{err]) and Es2 = 15.7 GPa (i.e., 1,600 kgf/mferr]). Iq and Is for

each crossowEntation om thel pidzbelekntsicvasadilanaovngantee reduced to

subscripts, q represents quartz, s represents support, 1

5 thereby improve the shock resistance. In addition, since the
solder with the above lead content belongs to high temperature
solder and has a high melting point, it reliably supports the
piezoelectric oscillator even under a high temperature condition.
Furthermore, the layer formed from solder with a Tead content

10 of more than 60 percent by weight, i.e., high temperature solder,
on a portion of the plug in contact with the inner periphery of
the open end of the cap, ensures freedom from destruction of the
gas tightness of the piezoelectric oscillator even under a high
temperature condition. For example, it is possible to

15 sufficiently withstand heating by the reflow of solder when
mounting the piezoelectric oscillator. In addition, when
pressure fitting the p1ug'in the opén end of the cap, the soft,
high temperature solder is deformed and acts to fill the play,
thus permitting reliable sealing.

20 Moreover, the leads have a layer of Tow temperature solder
or the 1ike formed on them, particularly on their portions
extending from the plug. Since Tow temperature solder or the Tike
has good wetting property, the solder supplied form mounting or

surface mounting the piezoelectric oscillator becomes intimate

25 with the lead surface very well, and permits reliable soldering.

12



'represents | ow t enperature solder, and 2 represents high tenperature

sol der. The gravitational center position Gof the 10  piezoelectric
oscillator 24 is multiplied by virtual |oad w of wof 9.8 N(i.e., 1
kgf) app]iedtoitin adirection perpendicular to the quartz plate

rface. t hat .t,he ¢ry | afor and th
:;stem undeé} &Sﬁ(ﬁgzﬁ H‘gmso'lﬁer‘ 15 us'ﬂﬂ)}%r?ﬁ'OWQWQ%1Y%£@t%nW%a r&g
ruptured. ). The bendin n a cross section under

t d
consi der at! |to'|'15&:t.1hé‘st%°§%ég?§5d’ fgr‘m the 1 géﬁgtaé/&rb jrem thenbowtempesaduren B

of sol der as short ,as 0.25 mm and as far as about 2.5 mm away
fromthe gﬁé\detr'at ifewalinsgange, with acsuffitcient tthicknessy dor Hnsitandeus

assunmed that the bendi ng nonent M acting on the section Bis
substanti & t@ ﬁmmf orThevrfd gt 2ayer thus2fobmadnis fibteb roleebwheh the Jeads
Thus, 1/[err] di/dx in a certain cross section is 1/[err] =

di/dx = Maf@bent,Eaned uar'antees re'l('l‘éb'le so'ldeVH:lee‘m' ~°tht1%e redpe '4:3
of curvature of the bendin | exi ng of t he néutral plane,
the flexiggigngle (rad.) The total 25 flexing angle is of the sectlon B

t hus can be obtai ned by |
The tin alloy noted above may contain 3 % or less, and

preferably 2 to 3 %.si1ver.
The supports may substantially cover the inner leads and have

10 extensions extending from ends of the leads toward the
gravitational center of the piezoelectric oscillator and having
a length greater than one half the diameter of the leads. 1In such
form, the supports can reliably secure the piezoelectric
oscillator.

15 where the plug has a high temperature solder layer such as
the third Tayer noted above formed on it, the cap may be formed
from a relatively hard metal, such as e copper-nickel alloy,
because the high temperature solder is soft and becomes very
intimate with the cap, even through the cap is hard. Copper-nickel

20 Tayer has high heat resistance and is suitable from the standpoint
of the heat resistance improvement of the piezoelectric oscillator.
It is also suitable to form the cap from a metal other than
copper-nickel type alloys and form a_nicke] Tayer on the surface
of such cap body.

25 A further form of the present invention is a gas-tight sealer

13



28 integrating the flexing angle fromstart point x = 0.25 to
poi nt x = 0.5 of the section B. The integral may be obtained by
integrating the values given by the equation (4) i n the individual

cross sections. The detailed process of calculation is ngt 5 ] I
described. __The result.of calgculationsis is1=0. 0454.53 rad.) wt ow
t enper at urEeggﬁﬂgﬁﬁEﬂ\ﬁ-’ g3 su 56?@5633:]%‘?)?}1/@@51@ ﬁﬁ'iape Apef‘eﬂﬁo@ﬂ@t end

sol der. The di spl.acement 6 of the_gravitational . center of the
pi ezoel ectPT‘a %éacffn%aaromseé of 2 GRP Acsemm@daity ng an elegdrdicelement,

mul tiplying the flexing angle by the distance 1 = 2.5 10 mm fromthe
gravitati ofibe gastr&ighiingeadercterminalisempirisingt A plug haviwgt enper at ure
solder and [err]2 = 0.18390 (m) with high tenperature solder. It
was found sbubstantiatlypthagsamer acoss-skctienadcpirofile as the inner

5 diameter of the.open end of the cap and having a first layer formed
from solder with a lead content of 60 percent by we'ight or less
or from tin or a tin alloy, on a portion in contact with the inner
surface of the end of the cap, and a plurality of leads penetrating |
the plug and having a second layer formed from solder with a lead

10 content of 60 percent by weight or less or from tin or a tin alloy
on portions extending from the plug, the plug having a third Tayer
formed form solder with a Tead content of more than 60 percent
by weight, underlying the first layer, the leads having a fourth
Tayer formed from solder with a Tead content of more than 60 percent

15 by weight, underlying the second layer.

A'still further form of the present invention is a method of
manufacturing a piezoelectric oscillator unit having a
piezoelectric oscillator accommodated in a gas-tight casing
formed by a. cap and a gas-tight sealer ter'm.'i nal, comprising the

20 steps of securing the piezoelectric oscillator to the gas-tight
sealer terminal by coupling 'I-eads of the gas-tight sealer terminal
and electrode films of the piezoelectric oscillator to one another
with solder with a lead content of 88 percent by weight or more,
supplied to between the leads and the electrode films, and

25 accommodating the piezoelectric oscillator in the cap and sealing

14



B of the supports of solder, the spring constant concerning the
gravitational center of the piezoelectric oscillator 24 is Ksl 15 = -
86.3-N.nm (i.e., 8.8044 kgf/mm) with |ow tenperature sol der and Ks2
= 53.3 Nmm (i.e., 5.4377 kgf/m). The Young's nodul es of t he high

solter . APRGRSHILER SHSRS LT 9RE SeF Troberninat - W tHEhisdead ERERAE e
Lol SerRTer o STE < BoRur'S Thaa SepeerbRE R atfed Yol SoES PR
supports was 61.8 % or_| arger. . This large ratio is due to the fact
that the offthe piezoelacghic oscillanpt; sever tolalaass wheneg thevleads
tenperature solder is made |ess pronounced by the high Young's
modul us qaset platedr withnd owns Tead2contenyr sdielereen the front and rear
sol der pi eces. 29
5 It is possible to provide, prior to the step of securing the
piezoelectric oscillator, a step of plating the leads with solder
with a Tead content of more than 60 percent by weight.
It is also possible to provide, prior to the step of securing
the piezoelectric oscillator, a first plating step of plating the
10 gas-tight sealer terminal with solder with a lead content of 60
percent by wéight or less, and a subsequent second plating step
of plating the gas-tight sealer terminal with solder with a lead
content of more than 60 percent by weight.
In the step of securing the piezoelectric oscillator, the
15 leads and the electrode films are coupled to one another by
supplying solder with a lead content between 85 and 98 percent
by weight.
The step of securing the piezoelectric oscillator may be
carried out such that the volume of the solder coupling the leads
20 and the e'l ectrode films to one another is more than twice the volume
of the solder plating portions of the leads insidé the gas-tight
sealer casing. with this volume ratio, it is possible to ensure
a lead content of 85 % after the securing of the piezoelectric

oscillator, even in a case where the leads, are for instance,

25 p'Iated_W'ith Tow lead content solder.

15



The piezoelectric oscillator itself also has an effect of a

buffering spring. The spring constant Kgq of this buffering spring

is approximately the ratio between the load wof w=9.8 N (i .e.,

1 Kgf), applied to the gravitational center G of the piezoelectric 5

oscillator in [ [ rpendi c r th Ltz pla

surface, and tﬂggd$§§$a§£ng§98§$ﬁ ghg B%§F89$8ﬁ§?15eﬂgg ﬁiﬁtor may a3385ed
by consequsnt bendi g fl exi na E the |ez el ectri C|IHator The
bendi ng f| 8% @rﬁé9 bRUE RUFHeERAT: Sh eV° ume OfCGHFrFBGgEH GQURIABE: thR of
the section Cin Fig. 2 fromthe end 10 thereof adjacent the section B
to the graileads@mmtheam(ﬁctmd% films to poeranether s anaveitbe yodumer
honogeni ous material but with varying cross-sectional thickness,
with the | oficporttonsigpdrihe deads withfinethengas-Stighet tdassi ngpr t Warchi ghnst
uniformin cross section, li ke the above case of obtaining the

fl exisng of vbmameearrangamenﬁ it devposlsibde diostralt abdet iseture ahleaken in
t he | ongi t udi nal direction of the cantilever beamof quartz, and the

guadratic cross section due to the |oad w and al so
piezoe18BEPHE bSchiN19%eh.
t he bendi ng nonent M (bei ng ‘assumed to be uniformin intermediate

part It is further possible to provide, prior to the step of
securing the piezoelectric oscillator, a heat treatment step

carried out at a temperature between 80 and 140°C for a period

10 between 1 and 5 days. By this step, quartz grains of the solder

of the supports supporting the piezoelectric oscillator are grown

to reduce the Young's modulus of these supports. These supports

thus become softer and more able to disperse stress.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig; 1 is an exploded perspective view showing an embodiment
of the present invention;
Fig. 2 is a fragmentary enlarged-scale front view, partly in
section, showing a support 26;
20 : | Fig. 3 is a fragmentary enlarged-scale side vfew, partly in
section, showing supports 26;
Fig. 4 is a sectional view showing the supports 26;
Fig. 5 is a view showing a model for describing behavior of
a piezoelectric oscillator unit due to a falling shock exerted

25 thereto;
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of cross section) are obtained. Then, assum ng the Young's 20 nmodul us

Eq of quartz to be Eq = 73.0 GPa (i.e., 7,454 kgf/mierr]), t he
contri bution of the displacement of the graV|tat|onaI center Gto

t he flexing of each section is obtained u3|ng t he equatlon (4) by

i gnoring the olde nateri term Esls. -

contri but i ons%19he §pﬁa£ﬁ§ﬁlﬁn&a&y tsﬁ'§ mt“é’t-'i%@f“ng:lorcéfﬁsém bifg thg o
the quartz OSC|IIator due %p q over sectlon C t her eof

30 StFGSSEdoﬁt&tuslol'§§|4%r & Salned along with the spring
constant Kq of Kg = 8.20 NNnmm (i.e., 0.8370kgf/mm. Fi g.

5is a view sRdg.nd i smadgraphr shewdingoithe tneéaﬂ.'amsihjrp among tive a
pi ezoel ectric oscillator unit due to a falling shock exerted 5
t hereto. composditdongntemperatugeandtensi e drengrh asf isoltder;
5 Fig. 8 is a binary diagram of tin-Tead alloy;
Fig. 9 is a view showing an essential part of a second
embodiment of the present invention; and
Fig. 10 is a view showing an essential part of a third
embodiment of the present invention.
10
BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the present invention will now be described
with reference to the_drawings. Fig. 1 is a perspective view
showing the structure of a first embodiment of the present
15 invention. Reference numeral 10 designates a terminal base, which
includes a substantially cy1indri¢a1 plug 12 and two leads 14
penetrating the plug 12 in axial direction_thereof.' The plug 12
includes a substantially cylindrical sealing glass body 16 and
a metal ring 18 of Kovar provided on the outer periphery of the
20 periphery of the glass body 16. The two Leads 14 penetrating the
sealing glass body 16 have inner and outer Teads 20 and 22 extending
from the glass body 16. The inner leads 20 of the Teads 14 extend
into the inside of a gas-tight casing. 1In Fig. 1, the inner leads
20 project upward from the plug 12. The inner leads 20 project

25 for a small Tength; in this embodiment the projection length is

17



TN

above ‘and shock resi stance, which is the nagnitude of stress

generated in the quartz oscillator due to a shock exerted thereto,

wil] be described in the following. Referring to Fig. 5, inside ~ the
cap 28 of the piezoelectric oscillator unit a spring (mﬁth 10 sprlng
const ant which s equivalent to a suppo pring_w en

t her edf sé )$e@mt %%s?ﬁ% QaameaegpP? LFMA ﬂd§p1ﬂng'The °Ut%6n§$

Kg) which isg eqU|vaIent to the quartz oscillator connected to the
other end @f t t%@g tocthe utwide of the masveight casingn at
the gravitational center of the quartz 15 oscillator is suspended form
the ot her EmdFig. tlhether butespieads.22 projede mowma rich€ romsuheaplugrt2 ng
constant of the series springs with the spring constants Ks and Kq

by K, we hilve outer leads 2Xarelbémtt 15idés aotrink, P<alnéFSais('é_(thu.'!.‘<81~')u11:ab'le(5)
It is assunmed that that this piezoelectric oscillator unit 20 nodel

fall g ont ofgr vOPEfRt&tRodrttiR@M @ height h in the worst way. I n each

part “of the piezoelectric oscfllator unit, position energy

correspondi ng ﬂélfé%tﬂf e a1 92&9@99@“@%386?3?‘@%%@1{%%{] giogcillator,

corresponding to 'S Oon speed v
which is a convex type quartz oscillator having oscillation

electrode films (not shown) formed on its front and rear surfaces.
The piezoelectric oscillator 24 may not be of the convex typé;
10 for 1nstancé, it is possible to use a rectangular AT cut. The
piezoelectric oscillator 24 is disposed between the two inner
leads 20 with its long axis aligned to the axis of the plug 12.
The two inner Teads 20 are coupled by supports 26 formed from solder
to one end of the oscillation electrode films provided on the front
15 and rear surfaces of the piezoelectric oscillation 24.
Reference nymeraT 28 designates a cap having a substantially
cylindrical shape open at one end. The open end of the cap 28
has an inner diameter s1ight1y smaller than the outer periphery
of the pTug 12. The cap 28 covers on the piezoelectric oscillator
20 24 and is fitted on the plug 12 from above in Fig. 1 in vacuum.
The cap 28 1is pressure fitted on the plug 12 to be sealed thereby
with its inside in vacuum. Thus, the gas-tight Casing is formed.
Figs. 2 to 4 show details of coupled portions of the
piezoelectric oscillator 24 and the terminal base 10 in this

25 embodiment. Since the piezoelectric oscillator 24 in this

18



upon colliding with the plate, the casing is stopped, but the inner 25
pi ezoel ectric oscillator equival ent mass mcontinues inerti al

31 - notion. Thus, the spring Kis elongated bys just enough
to absorb the kinetic energy of the mass m when the casing is not

o S22 embont{Rhgte RO B AR AR e SESF O 5 4 DR e
o epensuaparseif 25 i B 57 SHRdanEes i o wher BnF ot e
In this case, however, the nodel and the phenonenon are essentially
t he sane. tending for bend Jikd soexerdeid \to fitg sdiress g doncenitadied § made
under an assunption that the casingi sstopped afterthe collision.
The 10 theesgembf oi te saipporttsdl. poritienspr Ther&fosegiwieen an excessive
= nmgh = (1/2)nmv[err] = (1/2)Ks[err] ... (6)
5 external force is exerted to it, such as by dropping, the
piezoelectric oscillator 24 is broken at a position shown by chain
Tine F in Fig. 3. 1In order to prevent such breakage, in this
embodiment the supports 26 are formed from a soft material, i.e.,
a material with a Tow Young's modulus, so that the supports 26

10 can disperse stress. Specifically, they are preferably formed
form high temperature solder with a Tead content between 85 and
95 percent by weight Chereinafter referred to as wt. %, preferably
90 wt. % or more, the remainder being tin. with high Tead content,
the material is soft, and can disperse stress.

15 The surface of the terminal base 10, i.e., the surfaces of
the metal ring 18 of the plug 12 and the leads 14, is f_1' rst plated
with a solder Tayer 30 with a thickness of about 15um. The solder
Tayer 30 is suitably formed from Tow temperature solder with a
Tead content of 60 wt. % or less, preferably about 40 wt. ¥ or

20 less which is a composition near the eutectic point. The solder
Tayer 30 may also be a layer plated with tin containing no lead
or a tin alloy slightly containing silver.

with a Tead content in excess of 40 wt. %, such drawbacks as

unsatisfactory soldering pfoperty, damage readily caused because

25 the solder is soft, an aesthetically unpleasant blackish color,
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where g is the gravitational acceleration and g = 980 cm's[err].

The follow ng cal cul ati on concerning the nodel

given-to

guantitatively show the fact that, while fixed kinetic 15

energy of the piezoelectric oscillator due to the falling thereof

absor bed
const ant

reduction _of the energy absorbed with the equival ent spring

RIS ey IR N 1Y ShdshAh dhandoedlfy PR E? become.

Kq of thePpPB2YBLESrric oscillator is obtainable, 20 reduci ng t he

stress tendin

t he coll

to Qreak, the oscillator. | From the equation (6)
i si on'c'lbﬁéég' ring efichmsupnerts is dogeas fadilows. cEwe germinal

di spl acenent s are given as v = [err] or s = [Jerr]

(7)

by the

(as s

10

15

20

base 12hbavdnge bieege pdiadiest vaitth Howyreenipenaturd sehder @bse 1) on
25 di spl acenent s, the nmonment M acting on the breakage section

eutectic solder) is set upright on 8%rocessing table. Then, a
metal screen which has holes corfesponding to the heads of the
inner leads 20 so that paste can be applied only to the areas in
the holes is overlapped over the terminal base 20. Next, a solder
paste having a desired viscosity which has been prepared by

kneading together fine spherical particles of high temperature
solder and a rosinm type flux is applied by printing to the terminal
base 12. Thus, the paste is attached in adequate amounts around
the inner leads 20. There after, the piezoelectric oscillator
24 1is inserted into the space between the inner leads 20 such that
its electrode films touch and are wetted by paste droplets. The
system in this..state is then passed through a ref1ow furnace at
a temperature above the mé1ting point of the high temperature
solder. 1In this way, .the éonnection of the electrode films of
the piezoelectric oscillator 24 to the solder and the support and

securing of the piezoelectric oscillator are completed. In this

state, the Tower end of the piezoelectric oscillator 24 1is

25

substantially in contact with the top surface of the terminal base
12. Thus, the completed piezoelectric oscillator unit may have
small length, that is, its size reduction may be attained. 1In

addition, no gap permitting solder balls to Teave is produced.

20

shown in Fig. 5is

S

const ant



shown by the phantomline in Fig. 3) of quartz due to the force f,

and the maxi num stress generated in the breakage section of quart z
by_the nonentum M are given as- f =Ks, M= f1l, [err] = MZ and
Z : by[err]/6 ... (8) 5 where z is the commonly called section

coef ficient eakage section of the cut

in.this enbodlsrﬂaﬂpng as the ai"wrbtéggpﬁﬁt&f‘f aqigqlg,a Agy ﬁ?ﬁa]t-&ézul’:??
substitution of specifj nunerical values in this enbodi nent |n the
case of mSURPE%S AP 11 the,gaps batween the TMRR Jﬂ@adﬁv Guanad rthe

U2 4,54 e orerale iFlns 4 U qrigmoe] ectiic 0sci tavor 22 card %thend
Kl = 7.49 NNmm (i.e., 0.76434 kgf/mm K2 = 7.11 Nmm (i .
0. 72535 kg\ﬁ/thT)gradua'l 1y reduding CeHildkriessnside from thesbppo&.ilth’ﬂsﬁdﬁs
5 of the inner Teads 20 and also upward from the end thereof until
they reach the surfaces of the piezoelectricoscillator 24. Thus,
the supports have a shape like a hill or mountain. The high
temperature solder used in this embodiment is an alloy with a 1ead
content of 90 wt. ¥ or above, the remainder being mainly tin,
10 possibly slightly containing silver. As described before, the
inner leads 20 are preliminarily placed with a solder Tayer 30
of Tow temperature solder with a lead content of 60 wt. ¥ or below.
The volume of the supports 26 is set to at least double, and
preferably 5 to 10 times or more, the volume of the inner leads
15 20, i.e., (surface area of the inner lead 20) by (pTating thickness).
By so doing, when the low temperature solder preliminarily plated
on the inner leads 20 is dissolved in the supports 26, the final
compositionwould have sufficiently high Tead content. Desirably,
the supports 26 have more volume than the inner leads 20, and their
20 skirt parts extend from the end of the inner leads 20 toward the
gravitational center G of the piezoelectric oscillator 24 at Teast
by more than one half of either the diameter, the width or the
Tength of the inner leads 20. These extensions would protect the

- piezoelectric oscillator 24 by undergoing adequate deformation

25 when a shock is exerted to the piezoelectric oscillator 24. It
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f1 = 0.825 N (i.e., 0.084215 kgf) f2 = 0.804 N (i.e., 0.082044

kgf) ML = 2.06 Nmm (i.e., 0.2106 kgf.mm 20 M = 2.01
N mm(i.e., 0.2052 kgf.nm [err]1 = 344 MPa (i.e., 35.10
~kgf/mmierr]) [err]2 = 335 MPa (i.e., 34.18 kgf/mierr])

T b8 6 TR S5, SRR b AR oA E0H1 &8 of y sBee"™
33 ! Soncoﬁgt%?@% bgfghggl&é&kége&f i Séﬁgomggﬁvwagm%@ﬂea& GePatentder
materials used for the su orts (i.e., section B in Fig. 3) wa
i ntrinsi caRsyabayge, te thald réheuYesing samodulas. ef%mesq’tdemewnhm a Tow
presence of the hard quartz core material. Kl and K2 were found
value. The Young's modulus tends to be Tower when the Tead content
5 is higher.
After sealing the cap 28 by pressure fitting the terminal base
10 therein, the system is heat treated. The heat treathent is
carried out by heating the system at 80 to 140°C for 1 to 5 days.
" In the heat treatment, not only the inner surface of the cap 28
10 is held in close contact with the solder layer 30, i.e., the soft
metal surface layer of the terminal base 10, and mechanically
maintains gas tightness, but also copper and nickel as components
ef the cap 28 are partly alloyed by mutual diffusion with lead
and tin in the terminal base side. Thus, the 1iquid phase 1ine
15 is raised, reflow 1in the swD mounting is avoided, and a more
reliable seal sis obtained. |
The Tow temperature solder plating the metal ring 18 is mostly
present on the outer periphery, i.e., the surface of pressure
fitting seal with the cap 28. In this portien, a great enough_
20 amount of gas as to deteriorate the performance is not generated,
even when heating to the melting point, so long as the heating
is done for a short period of time, and the seal is held without
loosening owing to tightening effect of the cap 28. The low

temperature solder plating a ring-1ike inner surface adjacent to

25 the open cap end is exposed to the inside of the casing. However,
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5 to be even closer, that is, K2/KlL = 94.9 % because it is normally
easier to bend long plates and difficult to bend short plates,

al t heugh this depends on the fromof action of the noment and the

t hi ckness of the cross section. Since the quartz plate is

Compl| ancEEe] tﬁ@%%@ﬁ%rﬂfﬁﬁegff&%ﬁafsgﬁbﬁrg%‘*ﬁf?@ sdRBrof Al séder,

o, Fol fOATE: et SR Taise SPeRBcsdeT 15@@4\@?52%&%@6 of gas *'°

constant K given by the equation (5) is further %duced In the | ong
fun, the BEPEEAZAGE.rcTheTQM TeMRaratUre KOKIaN PR nchahe: snner; deagsof
the obtained displacenent s, force f, bending nmonment M and stress
bet ween t B8 dsodnssodvedsini ther hpght temperature soldenvefsthe supportisonal
to K2/KL. It is thought that the quartz I's ruptured upon reaching
of & rupt Reewhdén amdur €li fyy thespierzeedectric osEPlTabop 24asonl though the
conmparison of, for instance, stress between 20 di fferent sol der

mat eri al Ss&bgbiﬂésb%aﬁ‘a%‘de?ﬂ gte9‘$@||rﬁtc'eoar'éh they aﬁ@fhdt Filsedatk the

resi stance. Fromthe results obtained, we had [err]2/[err]l 97.4 %

and a streaF1b@t tompPEraPare £t %HA time of the mounting, and thus have no
substantial adverse effects of gas generation. At the time of
the mounting, the high temperature solder paste is thermally fused.
10 However, with h'igh temperature solder the generation of solder
balls and solder spatters is very little compared to Tow
temperature solder. Spatters, if any, quickly cool and do not
readily attached to the quartz oscillator or the quartz oscillator
unit casing inner surfaces.
15 The effects of the supports of solder on the shock resistance
of the piezoelectric oscillator unit will now be considered. In
a test of free 'Fa'l'l'ing'of a cylindrical piezoelectric oscillator
unit on a wood floor, the weakest state of the unit, i.e., the
state in which the inner piezoelectric oscillator is most readily
20 broken, upon collision of the unit with the floor, is thought to
be, in the. case where the piezoelectric oscillator is an AT cut,
a posture that themainsurface (i.e., plate surface) is horizontal,
or a posture that the long side of the piezoelectric oscﬂTator'
is s1ightly inclined downward toward the free end while the short

25 side is horizontal. In the case where the piezoelectric
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AS is seen fromthe above calculated results, the stress can be

reduced by several percent by using high |ead content solder. 25 The
cal cut ated bending stress of quartz in the case of a falling
34 hei ght of 1mor slightly above as a demand of the market,

cO1 et oS gsc 111G Hy aeLhiHeLkcPR! ik, DERE! S o ey VAR AR DY

applyingsﬁ%ﬁ oad to quartz=o or rnr ur e experiment

It 1% U R e HTISIENT 8" huthE FUOBE A B enad
oSl stance ol e PLGZERl e oSGIILALSL 1S LIRS MK Sy oty

contributes to the reliability of the product, and_is | highly
wor t hwhi | Qi 201ELa ha @4t .aypos¥ur'e that the main surface is vertical while

5 the longitudinal axis (i.e., symmetry 1line) 1is horizontal or
slightlyinclined downward. The bufferingeffect of the supports,
in the embodiment using the rectangular AT cut oscillator, will
now be considered numerically by taking two examples of solder,
different in composition and in Young's modulus.

10 Referring to Figs . 2 to 4, the supports 26 as shown have an

| ideal shape. Actually, the supports 26 are slightly rounded

instead of being sharply frustum of pyramid as shown. Their plan
shape is considerably accurate, because they follow the deposited
electrode patterns formed on the surface of the piezoelectric

15 oscillator 24. The'ir'.sect'iona'l shape is slightly ;irregu1ar
depending on the solder paste amount. The supports 26 have a shape
such that they enclose inner Teads 20 which are substantially 1in
contact with the piezoelectric oscillator 24, and extend in a
skirting fashion with reducing thickness from an apex side spaced

20 apart from the piezoelectric oscillator 24 to terminate in the
same. The piezoelectric oscillator 24 thus have its opposite
sides supported by the supports 26. The piezoelectric osi:‘i]1at0r"
24 is consi'sts of three successive sections A, Band Cin dependéhce
on its dynamic character, particularly rigidity, from its end

25 adjacent the terminal base 10 toward its gravitational center G

24



A

10 Experinents'conducted by the inventor's conpany showed t hat
| npact resistance property, which corresponded to a falling height
of _about 75 cmin the case of using high tenperature sol der, was

greatly inproved corresponding to a faIIing hei ght of up to 1.2 or
1.5 m by ysing hi h.t ture romthe above. 15

calcul a1 bAr EaBtPai8Sor HhersFeiotch: exEeOdrabp hacs: ROSIFioB: s

permtting great i rovenent of th hock resj st The first .
ef f ect iscgageapenggns £9 thesend ol heninnerdeads ¢0, and acss asiaiEngidi n a
tensi on test conducted on sol der test pieces, the increnent of the
tensile spoetions ﬁﬁhesﬂestanmlalC9rrespond§rmpomheOsknrmanghsoédemgat|on
strain but is reduced nonotonously with strain increase, thus

drawi ng apowntvensesantlis\oft varydsigt rigidity. This$ ofexdt o ihalsrr'pomﬁms

Thi s shape indicates that the Young's nmodul us i s | ower when the

Zt Lad N i syRYqent &Fe ééﬁsi‘ﬂéﬁabmg'TéWGﬁ in rigidDgy thn fﬁ{eersefdtmfrpllaﬁhﬂ has
yst eresi s concerni ng t he recurring def'ormation and is su j ect to
high integpal shRéshat €Rastic to provide buffering action against a3Force
or a moment due to a shock tend1;ng to cause flexing of the
piezoelectric oscillator 24 in directions 8 perpendicular to the
quartz plate surface. The section C provides a spring character
10 with flexing of the quartz plate itself caused by the momentum
of the total mass of the piezoelectric oscillator 24. In the
following consideration, the total mass of the piezoelectric
oscillator is regarded to be concentrated 6n its gravitational
center, and the other portions of the piezoelectric oscillator
15 than the gravitationa1 center is ignored.
* In this embodiment, the diameter of the inner Teads 20 is about
0.3 mm, the length of the sections A and B is 0.25 mm, and the
Tength of the section C up to the gravitational center of the
piezoelectric .oscillator 24 is 2.5 mm. The frequency is 8 MHz,
20 the total length of the piezoelectric oscillator 24 is 6 mm, and
the width thereof is 1.6 mm. It is assumed that the maximum
thickness of the piezoelectric oscillator 24 at the center (i.e.,
gravitational center G) thereof is 0.212 mm, the thickness of the
opposite ends is 0.123 mm, and the thickness at the interface

25 between the sections Band C is 0.150 mm. It is also assumed that
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4 9:33_.', : : W—n s
%Young s nodul us used in the above calculatlon is a val ue obtalned
fromthe trend of .a curve in a very.initial stage of deformation,

and fromthe above calculation it was found that with a strain - of
several percent) which is the ﬁBXIﬁUﬁ]Straln caused i'n the sol der 5
supports (s ctlon

ohheed t o Tie FoReditY | Sieé sutfaled afercyTinarTeRl SullfeFsg drawn by g

is simlar with | ow tenperat ur | der (close,to tin) and hi gh

t enper at ur AU FRETC \FREV @H@1§€r5ﬁﬁ aReK; 8k, thReCRBERMYoung' s

nmodul us of high tenperature solder is still con5|derabI¥ | ower .

The second ef f e jEhigknessinaiefe the piezeelestsiiccosailiator 24 15tg'e\sen
concentration effect. Fig. 6 is a sectional view show ng - the edge of
skirt part a8 support 24 and a nei ghboring part of pi ezoel ectric
oscillator 24 in the unit enbodying the invention. Ref er ence nunera

38 degi gnates sid assy di si@]GPO992nx 00-3Pt hyx O ctqg Gim) .of 09 neutral plane
32 brought about by bending nonent Min a
The volume of the piezoelectric oscillator 24 +is calculated
by integrating the above curve and multiplying the integral by
the width, and it is 1.7494 mm3. Thus, éssuming the density of
the quarti to be 2.65 mg/ mm?®, the mass m is calculated to be m
10 = 4.636 mg. The quadratic moment Iq of the piezoelectric
oscillator 24 in.a given section thereof is
Ig = bd®/12 (mm*) Cees (2
Fig. 4 is a section taken along 1ine IV-IV in Fig. 2, i.e.,
a section of the supports 26 and the piezoelectric oscillator 24,
15 i.e., the section B thereof, 1in this embodiment. It is assumed
that the section B undergoes bending deformation about a neutral
plane 32, which passes through the center of the piezoelectric
oscillator 24 in the thickness thereof. sStrictly speaking, this
assumption is not accurate'since the supports 26 are not
20 symmetrical in poéition and shape w1 th respect to the neutral plane
32, but it is made for the sake of the convenience of calculation.
As other dimensions used for the calculation, the width of a
calculation error is small with the foot where the solder has a

small thickness and spring effects are realized the apex of the

25 supports 26 is a = 0.1 mm,'the width ¢ of the skirts is ¢ = 1 mm,.
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cross section 36 perpendicular to the axis of the piezoelectric
oscillator 24 at the skirt edge position. In many piezoelectric
osci Il ators actual |y produced, the support 25 term nates sharply
just like a donme, instead of having a skirt as shown in Fig. 6. 20 In
-such a case,, if is.estimted,that, wheg the .pi ezoelectric .

oo I'Lat oAbl SBeNFi TEhD it ke, PiEZORISGHTIG 0563404805 24sis b = 1.6 mm
concentration in the nei ghborhood of the_ oscillataqgr surface at . t he
corners, €astnatednbedoreds irhenbatfothickpessnoisthe piezoelgstiiicyut ed
such that it is actually nore increased at the surface 25 as shown by
curved stoscildatori Bdt nsndenontedabyotd (mieathet widsh of the upper side

36 distribution 42 as shown by the straight |ine, which

woul d be dpfiethe solderasecitfionhbyseypanids the whirstamteerthe réof chromnthe used
t ext

R

5 neutral plane b.y e. It is further assumed that z varies linearly
between_a and c along the skirts of solder. This 1ine passes
through the secured end of the piezoelectric oscillator 24. The
quadratic moment Is of the supports 26 on both sides of the
piezoelectric oscillator 24, in a given secfion of the section

10 B, is given as

e .
Is=2 § dyzzdy : |

[c(3d* - 4d% + e*) + Z(3¢* - 4e3d +d9] (mm*)
' 6(6 -d)

15

3
20 In the section B, the section from x = 0.25 mm to x = 0.5 mm
is uniformly divided into five divisions to take the six cross
sections, and d, Ig and Is are obtained for each cross section
using the equations. (1) to (3). The Young's modulus of quartz
1sdenotedbyEq,theYoung'smodu1usofthe1owt£mperatureso1der,

25 for example one with a tin content of 96 ¥ and a lead content of
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'for a round rod with

¥ Mechani cal Engi neeri ng Handbook" teaches that

-a step experiencing bending while being rotated, the [imt 5 fatigue
(i.e., maximum stress not resulting in fatigue rupture W th
infinite tinmes of recurrent |oad changes) is reduced due to stress

concentratign_in_the cqrners cpnpared to the limt fatigue of, a
unjforn1diaﬁepgr%roﬁﬁdgﬁﬂﬁtsqugy Fﬁidiﬁﬁgtgﬁetxoyﬁg §nQBHU1”5 of the high
di anet er porti onofthe rou rodwi t hstep. This reducti factor 10

exceeds 1.0TEeHRErAEHKRCSO HAER; 3%9%3“2.1:9“% Q%W&i@a%‘i‘CPﬁ@e@Grﬁﬁr%g- 5%

have smal| radius of curvature and are sharp because, when bendin

i s exerted, anteantiihnaonientgsofi 8 %t dal denotedebyeEsRi.t hThaseawaluyes are
factor at the corners. simlar increase may be brought abut by - a

si ngl e timegqf=I2300 Gra i Ciate .on.7 ,Bel kigfyam?dl sksl butdnrl &Pa (5.e.,s49800i n
Fig. 6 is can be presuned fromthe teachings of the above handbook.

This epbodi RBFY/mmPPVEUEES2 & 36t 72@Rat (4 Ne ! hat, 60T kegF/aiPRl 1Ig and IS for
di sconti nuouS, that Is, a step shape is constituted by the di fferent

mterials obagfl €Fpsandelidoh’ ark MNIPIAE by ket vilues .V ARBRY the' Ne-

sof t solder. I'S reason, € reduc or
subscripts; ¢ represents quartz, s represents support, 1

represents Tow temperature solder, and 2 represents high
temperature solder. The gravitational center position G of the
10 piezoelectric oscillator 24 1is multiplied by virtual load w of
wof9.8N(i.e., 1 kgf) applied to it in a direction perpendicular
to the qdartz plate surface. (It is assumed that the crystal
oscillator and the support system undergo ‘displacement 1in
proportion to the load, and are not ruptured.) The bending moment .
15 acted on a cross section under consideration due to the load is
denoted by M. «The skirt section B of solder is as short as 0.25
mm and as far as about 2.5 mm away from the gravitational center
of the quartz oscillator. It is thus assumed that the bending

moment M acting on the section B is substantially uniform and M

20 =24.5 Nmm (i.e., 2.5 kgf-mm).
Thus, 1/p = di/dx in a certain cross section is
1/p= di/dx = M/(EqIq + ESIS) oo (4

where is the radius (mm) of curvature of the bending flexing of
the neutral plane, and i is the flexing angle (rad.) The total

25 flexing angle 1is of the section B thus can be obtained by
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may be | ess than the val ue cal cul ated usi ng the above handbook. Itis

- supposed that the actual reduction factor may be the product of the
reduction factor of 2.5 in the case of the honpbgeni ous mat eri al and
the Young's nodulus ratio Es/Eq betmeen sol der and 25 quartz (which is

0.577 h | 215
57 - et Y SISt 2B s rom APt mairha 0 Rasto i,

d t th f t b d f act f
e hnd e e oF TSR $40Fien oeml? rﬁ}fe Inparal.amy He Shratred by °f °

1.44. This neans stress is con5|derably I ncreased. By using 5 the hi gh .
t enper at urigeeg tR%1ng &he valuesgivarn byi the eauasions(4) in the individurl] ng
made so since the product is 0.538 < 1). This neans zero stress

concent r atg¢ross Iseatiens worthe ddimited iproaess of cahamclatiaralistmnebogt h of
quartz can be fully exhibited, and marked
5 described. The resultof calculation isisl=0.04543 (rad.) with
Tow temperature solder and is2 = 0.07356 (rad.) with high
temperature solder. The displacement 6 of the gravitational
center of the piezoelectric oscillator caused by the flexing, is
obtained by multiplying the flexing ang1é by the distance 1 = 2.5
10 mm from the grévitationa1 center, and is 61 =0.11358 (mm) with
Tow tempe rature solder and §2 = 0.18390 (mm) with high temperature
solder. It was found that as the spring character of the section
B of the supports of solder, the spring constant concerning the
gravitational center of the piezoelectric oscillator 24 1is Ksl
15 =86.3 N/mm (i.e., 8.8044 kgf/mm) with Tow temperature solder and
‘ Ks2 = 53.3 N/mm (i.e., 5.4377 kgf/mm). The Young’s modules of
the high temperature solder is only about 37.2 % that of the Tow
temperature so1der. Although excellent buffering property
improvement with the high temperature solder could thus be
20 expected, in the actual spring constants of the support systenm,
the Young's modulus ratio of the Supports was 61.8 ¥ or larger.
This large ratio is due to the fact that the effect of the high
temperature solder over the 1ow:temperature'so1der is made less

pronounced by the high Young's modulus quartz intervening as a

25 core between the front and rear solder pieces.
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| mprovenent of effect is obtainable. 10 Addi ng t he above

I nformation to the concept underlying the . above cal cul ation, | eads
tothe followng. with either |ow or hi gh tenperature sol der, as
deformati on of the supports proceeds in the process of a shock, the

' dul | S .greater-deformation.than the
;(gggg, ialrrgura't*z]g \?&I%%gtéq?%l}gﬂrcggggqaaatfg ?%s?ﬁ(fEQA§Pv§?§n?nslffﬁﬁgﬁ%ﬁﬁ apt
't 1o oxpRuidetiing SaBrBac{ i Shring constit K h Ml PuETSr AagiHT G | ne

. ' t tion of the Young's nodul us and
TR HBRFBAAPATAT) eherarlahmcan The Suki gt soros. B Ghrnss 1

quartz wth respect _ 20 'to that in the case of |ow tenperature sol d.er S
greater tHakgfhe applied fgocthe gravdtatiianadncentertG of thé piezoelectric
Furthernore, in addition to the effect acconpanying the Young's
modu$ us rosdrdiliamor in a diardution ipwrpdridicdu Vi | tdl de buPFex i piRglce Whi ch
is attributable to dissipation of the elastic hysteresis, i.e.,

internal emefaxce,2and thesdi syl ac@nidit DF GHY Grd v P dnd ¢difeer G,
oscillation energy
caused by consequent bending flexing of the piezoelectric
oscillator. The bending f'lexing may be considered to be
contributed by a portion of the section C 1in F'ig.' 2 from the end
10 thereof adjacent the section B to the gravitational center. This
portion- is a cantilever beam of homogenious material but with
varying cross-sectional thickness, with the load W acting on its
free end. Since this portion +is not uniform in cross section,
like the above case of obtaining the flexing of the section B,
15 ‘several equid'i-stant sections are taken in the Tongitudinal
direction of the cantilever beam of quartz, and the quadratic
moment Iq in each cross section due to the load w and also the
bending moment M (being assumed to be uniform in intermediate part
of cross section) are obtained. Then, assuming the Young's
20 modulus Eq of quartz to be Eq = 73.0 GPa (i.e., 7,454 kgf/mm?),
the contribution of the displacement of the gravitational center
G to the flexing of each section is obtained using the equation
(4) by ignoring the solder material .te rmESIS. By summing up these

contributions, the displacement q of the gravitational center

25 G of the quartz oscillator due to the overall section C thereof
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38 ‘generated by a shock to heat. Although quantitative

di fference of effect with differentsoldermaterials is not clearat
present, it is supposed that greater effect is obtainable with high
| ead content solder, which is knowmn as material capable of being

charact eri F; BsZof> 148 Y ' Befhed,, alang wirUFPR SpTdFRG SRR RE

g:ggﬁn;hio%%g}(iﬂﬁg ekbi Rem}“ g':-e-st peﬁgt%?ﬁg#ff‘ﬁ@idnaggit ﬁislte?he rlegd Zoinfeﬁt
by wei ght of solder, _10 with the tenperature taken as, the third |
parameter. FiGigs bsisia view showing atmede litor dasaribing dhe hehayiorhe
| ow t enper at ure solder for prelimnarily plating the term nal base
and | eads off a piezodlectiiz osiddilaitorouni tiduertaiai fa1 bithg) shtosky exasted
corrp055| ; C):]:her'eto. The relationship among Kq, Ks and m obtained as in the’
above and shock resistance, which is the magnitude of stress
generated in the quartz oscillator due to a shock exerted thereto,
will be described in the following. Referring to Fig. 5, inside
the cap 28 of the piezoelectric oscillator unit a spring (with
10 spring constant Ks) which is equivalent to a suppof't spring with
one end thereof secured to the casing, and a spring (with spring
constant Kq) which is equivalent to the quartz oscillator
connected to the other end. of the support spring, are provided.
Equivalent mass m at the gravitational center of the quartz
15 oscillator is suspended form the other end of the series springs.
Denoting the resultant spring constant of the series springs with
the spring constants Ks and Kgq by K, we have
1/K = 1/Kg + 1/Ks or K = Kq Ks/(Kg + Ks) ... (5)
It is assumed that that this piezoelectric oscillator unit
20 - model falls onto a wood p1 até 34 from a height h in the worst way.
In each part of the piezoelectric oscillator unit, position energy
corresponding to the height h is changed to kinetic energy
corresponding to a collision speed v right before the coTHSion.

Upon colliding with the plate, the casing is stopped, but the inner

25 piezoelectric oscillator equivalent mass m continues inertial

31



“such that its nelting point (position of liquid phase line in Fig. 15

. 8) is about 232[err]C, i.e., the nelting point of pure tin, or bel ow,
that. is, has a lead content of O to 60 wt. % However, alloys W th
| dad contents of 40 to 80 wt. %are rather difficult to use. Hi gh

I . b ¢ : _ . .
ool | at or ey oo, 2iSs o Seang K 61 ofidabod by s s e RERBNTEQ Fbsg.n,
L no o SRk coferay it ReBHssoR.  Hen the,cagtha 7S Mot iobhed
tenperature solder plating the inner |eads at ime of the

th tir .
mount i ng i BYorebaundangds i Bhe energy &nebe@bﬁqrb@xicby the speingets kgmedy Gy .
%is such that the solid phase line shown in 25 Fig. 8 is not below the

nel ti ng poienergy gureesponding tgpphesun of absolute values of the collision
39 of 97 wt. %is set as such in order that the supports of
the 3 speed and the rebound speed or position energy corresponding to
the sum of the fall height and the rebound height. In this case,
however, the model and the phenomenon are essentially the same.
For the sake of brevity, the fo110W1ng description is made under
an assumption thét the casing is stopped after the collision. The
10 energy U to be absorbed by the spring K is given as
U = mgh = (1/2)mv? = (1/2)Ks? ... (6)
where g is the gravitational acceleration and g = 980 cm/s’.
The following calculation concerning the model shown in Fig.
515giventoquantitative1yshowthefacithat;whi1efixedkinetic
15 energy of the piezoelectric oscillator due to the falling thereof
is-absorbed such that it is shared between Kq and Ks, if the spring
constant Ks of the support spring is somewhat lower, greater
reduction of the energy absorbed with the equivalent spring
constant Kq of the piezoelectric oscillator is obtainable,
20 reducing the stress tending to break the oscillator.
From the equation (6) the collision speed v and the maximum
gravitational center displacement s are given as
v=@h_ or s=Jm/Kv .. (7)
The force f generated at the gravitational center position by the

25 displacement s, the moment M acting on the breakage section (as
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pi ezoel ectric oscillator maintains certain nmechanical strength even

when heated after conpletion of the sealing. Fig. 9 shows an
essential part of a different enbodi nent of 5 the present invention.
In the description of this enbodi nent, parts |ike those in the
precedi ng [ ar i d.hy . | i-ke re ce_nu s and
not- d'escnsg{wwr{g’[ Ip%ag‘f%grﬁﬂqh% 1?‘ F19nb33 ﬂ{nﬂu?ﬁi ITﬂo % aPré‘Eﬁ der
| ayer 46 npera sol der_is pr.ovi ded on he cap 28 as
wel | . The s’olad"gr %ﬁsy@?xmumlﬁtres% &e(ﬂﬁr@é'@cgf' n the;beea ﬁQelmm@'ﬂJrQ'%ce

of an open end of the cap, For the remainder of the
structure, ql{affé‘ﬁﬁ%)bcﬁ%ﬁﬂomentum M<aF@cdt¥eR &S t he previ ous embodi nent .

By pressure fitting, the | ow tenperature solder plating the nmet al
ring 18 and tHae Ksat e tfilg inner MLz fand of=tlby?/6p.28 (8% are brought
into forced contact with each other and effect gas-tight sealing in

coopgr at i whewid {z e the Feommdriby ted H ed sect1émI@6@ﬁﬁﬁcﬂéntheIﬂﬁﬁh@9t3|

| ayers of solder is, for instance, : about 15[err]m and th

thi ckness leakagesectd onf 6F tHEtANeRIL Plate at Pz’ §4-LiPr 'efﬁ%dmér&
bet ween the term nal base 10 and the cap
Z=0.006 mm?, ify=0.150mm. Results of substitution of specific
numerical values in this embodiment in the case of m = 4.636 mg
and h = 100 cm are shown below. Subscripts 1 and 2 represent the
10 Tow and high temperature solder as before.

= 4.54 x 10-5 3 (i.e., 454.29 ergs)

= 442.7 cm/s

Kl =7.49 N/mm (i.e., 0.76434 kgf/mm)

K2 = 7.11 N/mm (i.e., 0.72535 kgf/mm)
15 sl = 0.11018 mm

s2 = 0.11311 .mm

fl = 0.825 N (i.e., 0.084215 kgf)

f2 = 0.804 N (i.e., 0.082044 kgf)

ML =2.06 Nmm (i.e., 0.2106 kgfemm)
20 M2 = 2.0L Nmm (i.e., 0.2052 kgfemm)

cl = 344 MPa (i.e., 35.10 kgf/mm?)

02 =335 MPa (i.e., 34.18 kgf/mm)
Numerical values of the above necessary calculation results
obtained with examples of solder material will now be considered

25 by comparison. As described before, the Young's modulus
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20 28. This neans hat the plating thickness of |ow tenperature sol der
on.the term nal base 10 may be several [err]m Thus, the thickness
of ., ptating on the inner |eads 20 nmay be substantially equally
reduced. In other words,. after the piezoelectric oscillator is

nount ed, ghe.l o] Lnithe supgar f . hi t t

ol der 1 st E£eFRAGEORG Dlrs ekl TN, 25 HO N eI Slget

40 . 0N tha quports 26. The Young's nodul us i.ncrease_,Qf the
supports materialg yaed £QR BRersHRPQItSi Gl 1@ss S8EEHRN BidNeFdd- 37 was
pi ezoel ectric oscillator unit i,s heated to a tenperature above t he
mel ting pdn&ripsicad lyolardrpeist dse reduged wieeabosintelng theue 3o the

pi ezoel ectric oscillator on the circuitry substrate, although the

seal i ng sprésensei of f the dwa b guadtt avicorecmatiest adr . nigl rared K2gwere found

5 to be even closer, that is, K2/K1 = 94.9 % because it is normally
easier to bend long plates and difficult to bend short plates,
although this depends on the from of action of the moment and the
thickness of the cross section. Since the quartz'pTate is
sufficiently long, its spring constant Kq is reduced (i.e., fits

10 compliance is increased). The section B in Fig. 2 1is short and
relatively highly rigid, and the numerical values of Ks2 and Ksl
are high. For this reason, the difference in the resultant spring
constant K given by the equation (5) is further reduced.' In the
Tong run, the difference reduction is due to the fact that the

15 ratio of the obtained displacement s, force f, bending moment M
and 'stress between the two materials, is proportional or
inversely proportional to K2/K1. It is thought that the quartz
is ruptured upon reaching of a rupture threshold by its stress.
For this reason, the comparison of, for instance, stress between

20 different solder materials should be an index of evaluation of
the final shock resistance. From the results obtained, we had
0d2/0l =97.4 % and a stress ratio of about 2.6 %.

As is seen from the above calculated results, the stress can
be reduced by several percent by using high lead content solder.

25 The calculated bending stress of quartz in the case of a falling
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tightness with the tightening effect irrespective of the fusing of

sol der, evaporation of |ow tenperature solder remaining in the cap
i nner- surface would result to deteriorate the characteristics 10 of the
pi ezoel ectric oscillator unit. Therefore, a certain limt i s i nmposed

on the overall heat. resistance-of .the structure - according.to.the
resent 1 MedantRF LhSH 31381y atdie dur 4 Geliafd of the REFREF BRI

agai nst t heating of fhe outer. |eads, because the heat conducti on
o mat e T AT AV ko pt AR UIAb I RRhding sstress Vel uss  hTjRed by
essential part of a further enbodi ment of the present invention.

Agai n in tapplyEng spaitde bead Hisquartz osgibblatashin peptyre iexperrigentiss t he
precedi ng enbodi nents are designated by |ike reference nunerals and
not descritheid ihdicates fadrquacyfof Hile ednsdiderrat irorsiafethien shiogk tfhrom
termnal base is 20 plated with two different solder |ayers. For the

remainder e dynamicshstahdpétfteas descaibedi gboVel s Ad9onyBsachéd Rhiock
e

previ ous nbodi ment s. As is shown in the Figure, a first

sol der | ayels R4 fHcdo¥the piezdeTRAHIbEcT P 486 ra7E admdECHKe Ak sy er

52 of | ow tenperature
greatest need, a stress improvement of even several percent

greatly contributes to the reliability of the product, and is
highly worthwhile in the {industry. |

10 Experiments conducted by the inventor’s company showed that
impact resistance prope r_fy, whii ch.co rresponded to a falling height
of about 75 cm 1in the case of using high temperature solder, Was
greatly improved corresponding to a falling height of up to 1.2
or 1.5 m by using high temperature solder. Aside from the above

15 calculation, the use of high lead content solder has two effects
permitting great improvement of the shock resistance.

The first effect is based on the stress-strain characteristic
of solder. Iﬁ a tension test conducted on solder test pieces,
the increment of the tensile stress is not substantially

20 proportional to the elongation strain but is reduced monotonously
with strain increase, thus drawing a curve resembling the positive
part of a Togarithmic curve. This shapeindicates that the Young 's
modulus is Tower when the strain is greater, and also 'ind'icétes
that the material probably has a hysteresis concerning the

25 recurring deformation and is subject to high internal loss. The
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25 sol der are provided on the outer periphery of the netal ring 18

41 and exposed portions of the leads 14, i.e., the inner and
out er- | eads 20 and 22. As described before, the high tenmperature
sol der is one with lead content of 60 w. %or above. 1In this
enbodi nment . t first solder |ayer 50.is-.fornmed,fromsolder with,a
ead cont cheung s modiflus uded* S e, pliiile 231EinRE BRI+ 14 LRide-Sbrated
first sol der | ayer 50 is abqut 9 to 15 [err]m The second sol der

| ayer 52 ofremykhe trend gfircinie 180RNRTY I IFigrieel Sttage of 4R HREAE OAbout
3to 5 [err] mon the first_solder layer 50. The | ow tenperature
sol der, asand fromdtherabeve abaleylationeitiwas afowad thatewithfaeotmainy
or below. 10 The | ow tenperature sol der used in this enbodi nent has a
| ead of cevesall pdreadot) wii chtis themaeimm sthatinicausdd fanthe solder
conposition near the eutectic point. This conposition is selected

for such supports (section B) by a fall by 1 m, the mean Young's modulus

is reduced to one half or 1ess.of the initial val ue. The reduci ng
trend is similar with Tow temperature solder (close to tin) and
high temperature solder. when the strainiis high, the meanyoung's |
.modu'lus of high temperature solder is still considerably lower.

10 The second effect is attributable to the difference in the
stress concentration effect. Fig. 6 is a sectional view showing
the edge of skirt part of support 24 and a neighboring part of
piezoelectric oscillator 24 1in thé unit embodying the invention.
Reference numeral 38 desi gnates stress distribution on both sides

15 of the neutral plane 32 brought about by bending moment M in a
.cross section 36 perpendicular to the axis of the piezoelectric
osé*i'l'lator 24 at the skirt edge position. In many piezoelectric
oscillators actually produced, the support 25 terminates sharply
just 1like a dome, instead of having a skirt as shown in Fig. 6.

20 In such a case, it is estimated that when th.e piezoelectric
oscillator 24 1is bent, the rigidity of the supports 26 causes stress
concentration in the neighborhood of the oscillator surface at
the corners, so that the stress in the cross section 36 i§
distributed such that it is actually more increased at the surface

25 as shown by curved stress distribution, instead of 1inear stress
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reasons as that solder with a | ead content exceeding 40 wt. % woul d
have a sol dering property, be soft and readily damaged, have 15 a

bl acki sh col or and be undesi rabl e from an aesthetic standpoint,

and woul d require stringent plating liquid conposition control.

s sul tablyg sep-ibRitTon G2PESIsHAH bYotheVstrd fyfic tﬁnﬁ‘émﬁgacﬂfv&ouw be %g@o 5

[ersr]mprior to the mat1on o two so | 'ayer’s

| mpr ovet hEaSEod JoaNEaStBEN e 260 T tisdr) #E'@ 2R3 usegt YT | caus
the-surf acMechamicals FLOTEBETIRY Kardngok daches that TartAmiouide Tod or
Copper . gUigh 8t Ste{EXBe T HERkHg HeRd B othi be being aidtaRedio ths d3Mmas an

ef fect of fpreventl ng dlffu5|on of lead from
42 5 atigue (1 e., maximum stress not resulting in fatigue rupture

with infinite times of recurrent load changes) is reduced due to

stress concentration in the corners compared to the 1imit fatigue

of a uniform diameter round rod equal in diameter_to the sma]]

diameter portion of the round rod with step. This reduction factor

10 exceeds 1.0, and reaches as high as 2.5 inthe case where the corners

have small radius of curvature and are sharp because, when bend ng

is exerted, the maximum stress is actually increased with the above

factor at the corners. Similar increase may -be brought abut by

‘a single time of load application. The stress distribution as

15 shown in Fig. 6 is can be presumed from the teachings of the above
handbook. P

This embodiment, however, is set apart in that the material

is discontinuous, that is, a step shape is constituted by the

different materials of solder and quartz, the hard quartz being

20 wrapped in the soft sol der. For this reason, the reduction factor

may be 1_ess than the value calculated using the above handbook.

It is supposed that the actual reduction factor may be the product

of the reduction factor of 2.5 in the case of the homogenibus

material and the Young's modulus ratio Es/Eq between solder and

25 quartz (which is 0.577 with low temperature solder and 0.215 with
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the first solder |layer 50 into the second sol der |ayer 52. As in
t he previous enbodi nents, the piezoelectric oscillator I s secured by
sol.deringto the innerleads. The solderingis nade in a refl ow
furnace at a tenperature of, for instance, 300[err]C. 1In 5 t he

sol dering, .the high t er at ur ol der_plating the inner |eads I S
fused to ﬁwéﬁk qq%%ﬂﬁﬁ Iéaﬁ}'niﬁﬁﬂqﬁéméysgeFvQﬂ,TFEﬁeFﬁ%? 1. . Undeg ¢
outer |low tenperature solder, in the high tenperature sol der for_the
mount i ng, Wh$ SWPROSIFIRN, he mradiich o dhe aRaxm radiction fagiariaf ed
together. In experinents, heat resistance 10 | nprovenent was recogni zed
even when 2.5 anidhihel ¥eungost wadudfis ratio oficthephaw ttenperaturte suldan
for attaining inprovenent of both t he heat resistance and the shock

resi stance,s It.44s dehisamans stress isokbasiderabiyosntireaset osesy st
~intrinsic high tenperature sol der composition (for instance

cont gi ni ng:HRO hgh %mbdraétdl,reSsol?er‘, Howe Vel ’lth"é Paduétibn %@E%ﬁiié’q)-

owi ng to the conposition of the first solder layer 50 on the inner

l.eads, theqiFad peqhihade so sihle Hife fprEtducPRRCY. 5387 <01 ) { herpid ddanss
Is |l ess reduced, so
zero stress concentration. In other words, the intrinsic
mechanical strength of duartz can be fully exhibited, and marked
improvement of effect is obtainable.

10 Adding the above information to the concept underlying the
above calculation, leads to the following. with either low or
high temperature solder, as deformation of the supports proceeds
in the process of a shock, the Young's modulusis reduced to cause
greater deformation than the above calculated value, thus reducing

15 the equivalent Spring constant Ks and the stress in quartz. Wwith
high]eadcontentsoner,however;11:isexpectedthatmorestrain
is generated with deformation of the supports, causing greater
reduction of the Young's modulus and increasing the final
deformation, so fhat the ratio of the stress in quartzwith respect

20 to that in the case of Tow temperature solder is greater than the
previous calculation result of 2.6 percent. Furthermore, 1in
addition to the effect accompanying the Young's modulus reduction,

a buffering effect will also be provided, which is attri butﬁab'le
to dissipation of the elastic hysteresis, i.e., internal energy

25 loss, of solder by converting part of the oscillation energy
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that it is possible to nore readily attain the above object. The
term nal base 10 shown in Fig. 10 can find very extensive 20

appl i-cations as gas-tight sealer termnal as sealing parts of

el ectronic devices. That is, owing to the first solder |ayer 50 of

whare hi pReetatedohYTa; shofk' f@?ﬁ ?atub%??t@i{q?ﬁﬁﬂaﬁﬁq't%ﬁ% A e Base

I nbodi t
It ﬁeagf}elzgg e@f{‘ggt g@&‘?{ aaf%ur BAT 61 der materi a'ls 1 s not c?\égreat %r'eg%rlllts 43

be of any other type, for |nstance tuning-fork piezoelectric
osci |l atorit 48 aﬂppowdh‘e‘ha‘csgﬁga‘aﬂnaffeﬁtn'g%sowama;blﬂatvmmtmh lead
effects. In addition, the piezoelectricoscillatormybe secured at
bot h ends contend sal der'; wdajiakt &5 kalowst asiatarbedi dlucapab heod, being readhidy
| eads of the gas-tight sealer term nal may not be of the

5 plastically deformed.

Example compositions and characteristics of the solder
materials used according to the pkesent invention will next be
described in detailed. Fig. 7 is a graph showing the tensile
strength plotted against the lead content by weight of solder,

10 with the temperature taken as the third parameter. Fig. 8 is a
binary state diagram of tin-lead alloy. The low temperature
solder for preliminarily plating the terminal base and leads of
the piezoelectric oscillator unit, adequately has a composition
such that its melting point (position of 1iquid phase 1ine in Fig.

15 8) is about 232;C, i.e., the melting point of pure tin, or below,
that' is, has a:lead content of 0 to 60 wt. %. However, alloys
with Tead contents of 40 to'. 80 wt. % are rather difficult to use.
High temperature solder selectable for supporting the
piezoelectric oscillator may contain up to 100 wt. % of lead, but

20 the lead content after the cooling is selected to about 85 to 79
wt. % by taking the fusing and blending, with high temperature
solder, of Tow temperature solder plating the inner leads at the
time of the mounting into considerations. The Tower 1imit lead

content of 85 wt. % is such that the solid phase 1ine shown in

25 Fig. 8 is not below the melting point of pure tin. The upper Timit
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‘circular sectional profile. Still further, the inner |eads may not

be in the opposite sides of the piezoelectric oscillator, but may be
di sposed side by side on one side of the piezoelectric osci |l I at or
f 6r supporting the plezoelectrlc oscillatorvia solder. In this case,

since the support e.provid f,th e
OSC|IIator ¥ ﬁz gng%iagcéegaﬁsbéqudﬁg Q%F% ;ha% the 5#8&4?%% éﬁ?ﬁ
pronounced effec of usin h tenperature stil

D e g O Y2l L oAb MREEAL Ve S eain megBhiFEan Sk anash
pl at ed mnth a ground | ayer, of copper or the 15 | i ke before the plating
Wi th so|deevenswhen heated: afites capplegion of the seald®drrom naterial s
nore i nexpensive than german silver, for i nstance iron, ion alloys,
al um num al unFhgm 2l shoyws anuqssentnaﬂ part ofhaddcﬁﬁpeenm|embbdumenaloﬁys
(wth or without plating w th nickel or like material). 20

As has beeghdepeesent thEﬁt1th sphpehé sdesoedption éfiethis embodiment,
pi ezoel ectric oscillator have a large volune, so that the |ead

conkont ! BAES JYKE! At W MAePPALE Moo tint o8 gestonated by
1ike reference numerals and not described. A feature of this
embodiment resides in that a solder layer 46 of low temperature
" solder s provided on the cap 28 as well. The solder layer 46
10 is provided at least on the inner surface of an open end portion
of the cap. For the remainder of thg structure, the embodiment
is the same as the previous embodiment. |
By pressure fitting, the Tow temperature solder plating the
metal ring 18 and that plating the inner surface of the cap 28
15 are brought info forced contact with each other and effect
gas-tight sealing in cooperation with each other. The total
thickness of the soft metal Tlayers of solder is, for instance,
about 15xm, and this thickness can be shared, for instance in
a fifty-to-fifty ratio, between the terminal base 10 and the Cap
éo 28. Thismeans hat the plating thickness of Tow temperature solder
on the terminal base 10 may be several um. Thus, the thickness
of plating on the inner leads 20 may be substantially equally
reduced. In other words, after the piezoelectric osc111atsr is

mounted, the lead content in the supports 26 of high temperature

25 solder is less reduced by the dissolving of Tow temperature solder
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of the supports permts a great buffering effect to be obtained 25 by
the overall action of the | ow Young's nodul us, non-Ili near

44 - reduction thereof, alleviation of the internal friction
and stress concentration and so forth. A high degree of shock

cirect © in the shoHPCES 6 [IhRYBHAG 5 athdd T tREREHER, B 1 Supklis

of o 76 eyl el ne AR WA s o an e PRI e Pend co

(inter-el ectrode capacitance)., Furthernore, unlike the prior rt, no
i nt er medi atRd QFAAFI&GHT GASCHAEYe Wik difeheatathdq ndemperatuneaboveso
that it is possible to avoid conplication of structure, 10 assenbl i ng

cost i ncr edde medti vgseotnt tafe thet how I wemperatunensolder when mounting the
5 piezoelectric oscillator on the circuitry substrate, although the
sealing surfaces in forced contact with each other maintain gas
tighfness with the tightening effect irrespective of the fusing
of solder, evaporation of Tow temperature solder remaining in the
cap inner surface would result to deteriorate the characteristics
110 of the piezoelectric oscillator unit. Therefore, a certain limit
is imposed on the overall heat resistance of the structure
according to the present invention. The structure, however, is
considerably robust against the heating of the outer leads,
because the heat conduction terminates in high temperature solder.
15 Fig. 10 shows an essential part of a further embodiment of
the present invention. Again in the description of this
- embodiment, parts like those in the pr'ece-d'ing embodiments are
designated by 1ike reference numerals and not described. A
feature of this embodiment resides in that the terminal base is
20 plated with two different solder 1ayefs. For the remainder of
the structure, the embodiment is the same as the previous
embodiments.
As is shown in the Figure, a first solder layer 50 of high
temperature solder and a second solder layer 52 of Tow temperature

25 solder are provided on the outer periphery of the metal ring 18
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ipi ezoel ectric oscillator, remaining solder balls and so forth.

‘Because high tenperature solder is used for supporting the

pi ezoel ectric oscillator, spattering and attachnent of sol der can be
ellimnated. 15 where the terrri nal base (i.e., gas-tight sealer

ol der ap dind exposd Betig U sREC B add, B ko bR LERRE g duter
O 1 nags AATNEZ SRR tiee%ivsyfm%{-giﬁw%mﬁ KEmBerarUrBoRA derbo
e 1yt obe v i TendonReon ok e ¥ o b 12 enbodiner
difficulty of the process of bending | eads and the_re-mountin
process in thefirstrsatdecdsyer hOvis €oraetvirom sqlideimyi th gh%lead content
material cost is used to place surface (thinly). Furthernore, 25 It was
BESSi bl e t off 90 har. %norctsovée IHrd pleatieny thfi ckakeder ofethe first solder
: Tlayer 50 is about 9 to 15 um. The second solder layer 52 of Tow
temperature solder is formed to a thickness of about 3 to 5 u
m on the first solder layer 50. The low temperature solder, as
described above, is one with a Tead content of 60 wt. % or below.
10 The low temperature solder used in this embodiment has a lead
content of about 40 wt. % or below, that is, it has a composition
near the eutectic point. This composition is selected for such
reasons as that solder with a lead content=exceéd'ing 40 wt. %,
would have a soldering property, be soft and readily damaged, have
15 a blackish co1oni and be undesirable from an aesthetic standpoint,
- and would require stringent plating liquid composition control.
It is suitable to form a copper p1atin§ layer to a fh1'ckness of
2 to 5 um prior to the formation of the two solder layers 50 and
52 on the surface of the leads 14 and the metal ring 18. Doing
20 sowill improve the close contact betWeen Kovar, i.e., thematerial
of the leads 14 and the metal ring 18, and solder. It is also
suitable to plate the surface of the first solder layer 50 with
an intermediate layer of a metal with a higher melting poi nf than

lead, such as nickel, copper, gold, etc., to a thickness of about

25 lum. Doing so has an effect of preventing di ffusion of Tead from
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ﬁn/the di ssolving of the plating solder of the inner leads in the

‘mass. The two-layer plating nmay be carried outin a sinple process

with two plating baths disposed in series, and does not

substantially |ead to cost increase. 5 ~ Moreover, where the inner

surface of e ¢ap_is_nat, pl ated . wWth solder pr ljke loow nmeltdn

poi nt soft %BFa%-'EFthQﬁg&%wﬁﬁ}(er 50 ntq Iﬁh?g,sqqoch sp?(;Is‘tqrbl.'gaX%ﬂ §i °
practically elimnate generat,ion of . nmet al vapor fromthe ins'ge of
the piezoel ect r A8 BA&NG RIEVigHs:embodimenssy, the RiaroeTe G asCandatens

realize a piezoelectric 10 .oscillator unit_ having heat resistance
suited for nsisecuwermbyisolderingitathevinner Teads. ~“The soldering is made

in a reflow furnace at a temperature of, for instance, 300°C. In
5 theso1déring,thehightemperatureso1derp1atingtheinner1eads
3 is fused to break the thin nickel fi1m and be dissolved, together
with outer Tow temperature solder, in the high temperature solder
for the mounting, and these solder materials are cooled down and
solidified together. 1In experiments,.heai resistance
10 improvement was recognized even when the final lead content of
the supports is 77 wt. %, but for attaining improvement of both
the heat resistance and the shock Eesistance, it is desirable to
obtain a composition closer to the intrinsic high temperature
solder composition (for instance containing 90 wt. % of lead, 8
15 wt. ¥ of tin and 2 wt. % of silver). oOwing to the composition
of the first solder layer 50 on the inner leads, the lead content .
~1in the final composition of the solder mass is less reduced, so
that it is possibTe to more readily attain the above object.
The terminal base 10 shown in Fig. 10 can find very extensive
20 applications as gas-tight sealer terminal as sealing parts of
electronic devices. That is, owing to the first solder layer 50
of high tempekatUre solder, the terminal base is applicable to
cases where high heat resistance is réquired. of course the
terminal base is app]icab1e for general purposes.

25 In the above embodiments, the piezoelectric oscillator may

43



4

46 CLAI VE: 1. A piezoelectric oscillator unit
conpri si ng: a piezoelectric oscillator; a cap having
a substantially cylindrical shape open at one 5 end, for accomopdati ng

sai d piezoelectric oscillator; _
be of any other type, for instance tuning-fork piezoelectric

oscillator, as well without substantial changes in the obtainable
effects. Inaddition, the piezoelectricoscillator may be secured
at both ends according to the internal structure. Furthermore,
5 the leads of the gas-tight sealer terminal may not be of the
; circular sectional profile. still further, the inner leads may
not be in the opposite sides of the piezoelectric oscillator, but
may be disposed side by side on one side of the piezoelectric
osc111atorforsupportingthepiezoeTectriCosci11atorviaso1dé;.

10 In this case, since the supports are provided on one side of the
piezoelectric oscillator, the compliance can be reduced, thus
providing more pronounced effect of using the high temperature
solder. still further, the terminal base of Kovar or the 1ike
may be preliminarily plated with a ground Tayer of copper or the

15 1ike before the plating with solder. still further, the cap may
be formed from materials more inexpensive than gerﬁan silver, for
instance iron, ion alloys, aluminum, aluminum alioys, copper, SuUS
and copper-nickel-tin alloys (vh' th or without plating W'f th nickel
or Tike material).

20 As has been described above, the supports supporting the
piezoelectric oscillator have a large volume, so that the lead
content will be sufficient, thus providing such heat resistance
that it can be mounted in SMD. In addition, the high 1ead content
of the supports permits a great buffering effect to be obtained

25 by the overall action of the low Young's modulus, non-linear

44



a gas-tight sealer termnal sealing the open end of said cap and
form ng a gas-tight casing together with said cap, said . gas-ti ght
sealer termnal including a plug having substantially t he sane
cfoss-sectional profile as the i nner di ameter of the open 10 end of said

o 60" per cittigiad Eher@PF, alfaiacig b s Tnttial fiigeidn R it

portion in contact wi.th the,inne en.end af said

rf f. t
tap, and a GNGENGRALIGN |aé%§$ir%%aﬁ§h39hdﬁegree ofi shosky Nesdistance

second |l ayer fornmed fromsolder with a |lead 15, content of 60 percent
bywei ght orthuss<ayrld henabtained tim the gxperimentah daka ofrénéxta:frfcﬁqu
fromthe plug; and supports forned fromsolder with a | ead
content beteddani réited the pasid iagiadedewnathbonviei the mouort inguis ting adhesive
securing said pi ezoel ectric oscillator to inner |eads as portions of
sai d feads fof0 buffettiengiing the predrd agas- dnghtredaiedd fluctuations »f Te
pi ezoel ectric oscillator unit according to claiml, wherein said
plug furtheg dr?ﬁ% érit rr‘b§‘?§‘@e[néegra{‘l?ckﬁé %ﬁn@'éjﬁrthe resoNdnde P akddco
content of nore t an 60 percent by wei ght, underlying said first
| ayer. (inter-electrode capacitance). Furthermore, unlike the prior
art, no intermediate buffering part need be attached t0'the'1nner
Teads, so that it is possible to avoid complication of structure,
10 assembling cost increase, increase of the total Tlength of the
piezoelectric oscillator, remaining solder balls and so forth.
Because high temperature solder is used for supporting the
piezoelectric oscillator, spattering and attachment of solder can
be eliminated. |
15 where the terminal base (i.e., gas-tight sealer terminal) is
placed by two-layer plating with high temperature solder as an
inner layer and low temperature older as an upper layer, the
structure could directly maintain satisfactory property of
soldering the piezoelectric oscillator with the outer leads.
20 Unlike the prior art, it was possible to dispense with removal
of plating layer of high lead content solder and preclude the
difficulty of the process of bending leads and the re-mounting
process in the prior art case, in which silver requiring high
material cost is used to place surface (thinly). Furthermore,
25 it was possible to further improve the lead content of solder mass
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25 3. The piezoelectric oscillator unit according to claim 2,

47 wherein said plug further has a fourth layer formed from
sol der with a |l ead content of nore than 60 percent by weight,
unider | yi ng the second | ayer on said | eads. 4. A

iezoel ect g cC (of! r. unit hSLRY.. ' i
gch | at or BS’ the dﬂsa&ﬂg rg%r?fhﬁllggéﬁ gkgﬁg&%ﬁQ?%Iq@ t&@l ?hﬁé?i\?g@%m t&‘ﬁen
at one ~end,, fqor a co_mmd:ilti nﬂ sai d, pi ezoel.ectric., oscill a.} or;
2 gas-ti ghiassal othe dWATIAY TRl RO Fa 6 O i -3 mP 1€ Progess
formng a gas-tight casing together, wwth said cap, said 10 gas-tight
seal er ter Wikl thecplatigch lZﬁl%u kbspesesd in &ahiag.y and does MO%anme

cross-sectional profile as the inner diameter of the open end of
said cap asubszahtgad lyajead doredsitr dncdas®. with a | ead

5 Moreover, where the inner surface of the cap is not plated
.with solder or Tike low melting point soft metal or plated with
nothing, it is possible to practically eliminate generation of
metal vapor from the inside of the piezoelectric oscillator unit
when the same 1is heated, and thus realize a piezoelectric

10 oscillator unit having heat resistance suited for being mounted

on an SMD.
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content of nore than 60 percent by weight, on a portion in contact
with the inner surface of the open end of said cap, and a plurality 15
of leads penetrating said plug having a | ayer forned from sol der

wi'th a |l ead content of 60 percent by weight or less or fromtin or a
tin all oy, og Iﬁg[tions extending fromthe plug; and , supports

f or med frordbMer with a | ead content between 85 and 98 percent by

wei ght, for bopdi ng and securing said. .FO pi ezoel ectric oscillator to

i nner | ead porti ofs R¥EZ08 GG 0SCT1TatQr JHl hCOMRET SN gas-t i ght

casi ng. . 5. The piezoelectric oscillator unit according to claim
1, wher@i piiezeelecppdet escibiatarial |y cover said inner |eads, and

have extensions extending fromends of said | eads toward the 25
centroi d of saidcap craeirgtai substantiadlyaaoyl fndirigad skapehopen at one
greater than one half the dianeter of said | eads.

5 end, for accommodating said piezoelectric oscillator;

a gas-tight sealer terminal sealing the open end of said cap
and forming a gas-tight casing together with said cap, said
gas-tight sealer terminal including a plug having substantially |
the same cross-sectional profile as the 'inne.r' diamei:er‘ of the open

10 end of said cap and having a first layer formed from solder with
a lead content of 60 percent by weight o.r' less or from tin or a
tin alloy, on a portion in contact with the inner surface of the
open end of said cap, and a plurality of leads penetrating said
plug and having a second layer formed from solder with a Tead

15 content of 60 péfgent'by weight or Tess or from tin or a tin alloy,
on portions ekteﬁding from the plug; and

supports formed from solder with a lead content between 85
and 98 percent by weight, for bonding and securing said
piezoelectric oscillator to inner leads as portions of said leads

20 extending into said gas-tight casing. |

2. The piezoelectric oscillator unit according to claim 1,
wherein said plug further has a third layer formed from solder
with a Tead content of more than 60 percent by weight, underlying

said first layer.

25 3. The piezoelectric oscillator unit according to claim 2,
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'6. The piezoelectric oscillator unit according to claim4, wherein

.said supports substantially cover said inner |eads, and . have
extensions extending fromends of said | eads toward the 5 centroid of
.sdid piezoelectric oscillator and having a length greater than one

b ezocl ect METedn $aid hlvgr Rikshsr hasa Fostli faver forngd from solder
formed from.a,co -ni ckel al

.oV, 8. _The pi | i .
osci 11 at of WAEEGAUI A (PN trof Mare than BRopercest bl et o kA Ying,

ni ckel - copper all oy. 9. The piezoelectric oscillator according
to clai m1thensesond Tayer o $adigh | % nickel layer formed from ni cke
on its surface.. 10. The piezoelectric oscillator according to
cl ai m 4, 4 .wharpiezeeal dctapchascalhatkeel unagecomprisdngrom ni ckel on
its 15 surface. 11. A gas-tight sealer termnal having a
subst@antially g piezoeleicttiicc dscifldpecomen at one end and seal ing an open
end of a cap accomodating an electric el enment, sai d

gas-tight seal gr chpr Ra¥dhgt @mMRULS AT alyd cyFihddical shape open at one
end, for accommodating said piezoelectric oscillator;
a gas-tight sealer terminal sealing the open end of said cap
and forming a gas-tight casing together with said cép, said |
10 - gas-tight sealer terminal including a plug having substantially
the same cross-sectional profile as the inner diameter of the open
end of said cap and having a layer formed from solder with a lead
content of more than 60 percent by weight, on‘a portion in contact
with the 'in.ner surface of the open end of said cap, and a plurality
15. of leads penetrating said plug having a layer formed from solder
with a Tead content of 60 percent by weight or less or from tin
or a tin alloy, on portions extending frpm thé plug; and
supports formed from solder with a lead content between 85
and 98 percent by weight, for bonding and securing said
20 piezoelectric oscillator to inner lead portions of said leads
extending into said gas-tight casing.
5. The piezoelectric oscillator unit according to claim 1,
wherein said supports substantially cover said inner 1eads; and
have extensions extending from ends of said leads toward the

25  centroid of said piezoelectric oscillator and having a length
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20 substantially the sane cross-sectional profile and the inner

di aneter of the open end of said cap and having a first layer forned
fromsolder with a | ead content.of 60 percent by weight or |ess or
fromtin or atin alloy, on a portion in connect with the inner :

et ot | e B ﬁlﬁﬁﬁ Se T Tie “BR Blanr8b O Satd T epdl o) oy
AP Sl J?f& BReERRTRELrT b pEre batgr unic Sccordivig.Be olaim 4.

havingathird Iayer rmed fromsolder with a | ead content of 6
percent by WRERgtN &ai mefrTcﬁerslu%Sﬁgné’é lyi cover said jnger S | S
having a fourth layer formed fromsolder with a |l ead content of

nore than dayerextengiongiextendingr fyomgesds dof said leadsntowaydrthe
12. A method of manufacturing a piezoelectric oscillator unit
havi ng a picawetreitd rof swid | piéase becoredasei]l 1atergandthging a Tength
greater than one: half the diameter of said Tleads.
7. The p'iezoe1 ectricoscillator according toclaiml, wherein
said cap is formed from a copper-nickel alloy.
8. The piezoelectricoscillator accordingtoclaim4, wherein
10 said cap is formed from a nickel-copper alloy.
9. _The piezoelectric oscillator according toclaiml, wherein
said cap has a nickel Tayer formed from nickel on its surface.
10. The piezoelectric oscillator according to claim 4,
wherein said cap has a nickel Tayer formed from nickel on 1its
. 15 surface. |
11. A gas-tight sealer terminal having a substantially
cylindrical shape open at one end and sealing an open end of a
cap accommodating an electric element,
said gas-tight sealer terminal comprising a plug having
20 substantially the same cross-sectional profile and the <inner
diameter of the open end of said cap and having a first layer formed
f‘r‘om solder with a lead content of 60 percent by weight or less
or from tin or a tin alloy, on a portion in connect with the inner
surface of the open end of said cap, and a plurality of leads

25 penetrating said plug and having a second layer formed from solder
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10 casing formed by a cap and a gas-tight sealer termnal, conprising
the steps of: securing said piezoelectric oscillator to said

gas- ti ght seal er terminal by coupling |eads of said gas-tight sealer
terminal and el ectrode filns of said pi ezoel ectric oscillator to 15 one

oL e Eh°BShal O PehE e SEhe e % BREEARE Y UEPY: rromsd
ai d cap vPIRtili 8108Y5¢ PhnPOSIIOBS EXUANENG oM the PTG, The method of
pi ezoel ectric osgillator unit manufacture - according_to claim12,
which further §3W@rR g hawingacthprdilayer formed firom saddeviwttisa dead
with a |l ead content of 60 percent by weight or less prior to said
step of secaonteytsafd6@ipeoeerttby weight oroabiovest ande?ying saiddfiFke
met hod of piezoelectric oscillator unit manufacture
50 s Tayer, said leads having a fourth layer formed from solder with
a lead content of more than 60 percenf by weight, underlying said
second Tlayer.
12. A methéd of manufacturing a piezoel ect ricoscillatorunit
having a piezoelectric oscillator accommodated in a gas—tigﬁfww

10 casing formed by a cap and a gas-tight sealer terminal, comprisi ng

the steps of:
securing said piezoelectric oscillator to said gas-tight
sealer terminal by coupling leads of said gas-tight sealer
terminal and electrode films of said piezoelectric oscillator to

15 one another with solder with a Tead content of 88 percent by weight
or more, supplied to between the leads and the electrode films;
and

accommodating said piezoelectric oscillator in said cap and
sealing said cap with said gas-tight sealer terminal.

20 13. The method of piezoelectric oscillator unit manufacture
according to claim 12, which further comprises a step of plating
said leads with solder with a Tead content of 60 percent by weight
or less prior to said step of securing said piezoelectric

oscillator.

25 14. The method of piezoelectric oscillator unit manufacture

so | [N D NN TR
* c L M S *



according to claim 12 which further conprises: a first plating
step of plating said gas-tight sealertermnal - with solder with a
| ead.content of nore than 60 percent by wei ght or prior to said step
of “securing said piezoelectric oscillator; 5 and a second

pl ating step of plating sajd gas-tjght, sealer ., termnal wth sol der
with-a | eareutdidg @ @tﬁ%r&dﬂhb&v@‘ﬂﬁﬁher compryp€bess prior to said
first plating step. ) 15. The net hod of piezoelectric oscillator
uni t nanuf act @ €irse platingstepef plating saidwgas-gightsealgrstegmbnal
securing said pi ezoel ectric oscillator said | eads and said el ectrode
filnms arewith soldeupwétht a eed aosttent bf mapel ghany 6dbpeecenitt by awe tolait
cont ent bet ween 85 an 98 percent by weight. 16. The

met hod of g} eaqRIreeb 41459t p BPKeetirt ngpsdf dopiezoelectricasc Titator;
claim112, wherein said step of securing said pi ezoel ectric

osciyancnaﬁé carried out such that the vol ume of

a second plating step of plating said gas-tight sealer
terminal with solder with a lead content of 60 percent by weight
or less prior to said first plating step.

15. The method of piezoe1ectr1c:osc111atbﬁ unitlhénufacthfép'

10 according to claim 12, wherein in said step of securing said
piezoelectric oscillator said Teads and said electrode films are
coupled to one anothef by supplying solder with a lead content
between 85 an 98 percent by weight.

16. The method of piezoelectric oscillator unit manufacture

15 according to claim 12, wherein said step of securing said
piezoelectric oscillator is carriéd out such that the volume of
the solder coupling said leads and said electrode films to one
another is above double the volume of the solder plating portions
of said leads inside said gas-tight casing.

20 17. The method of piezoelectric oscillator unit manufacture
according to claim 12, wherein said step of securing said
piezoelectric oscillator is carried out such that the volume of
the solder coupling said leads and said electrode films to one
another is above the volume of portions of said leads within said

25 gas-tight casing.

o
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t he sol der coupling said | eads and said electrode films to one

anot her is above double the volune of the 'solder plating portions of
sajd-l eads inside said gas-tight casing. 20 17. The nethod of
plezoelectrlc OSC|IIator uni t manuf acture according to claim12,

wherein said secu plezoelegérlc oscillator is

a

cakri‘ed out s tﬁgf- F‘HEF‘QQ G%iapaﬁzoe-'e‘:tr'ﬂﬁe%&" Atdumanufastiure eads
and said el ectrpde fil t,0 anot her is above the vol ume of
portions &CCL] ngeéd’s”&ﬁf'ﬁ‘i ﬂrzsaWh"Cbeur'tbﬁﬁ comprisesiadeat treatment 18.
The nmethod of piezoel ectric oscillator manufacture according to claim12,
whi ch fur tStep canpi edeaut atteattempextatitime betwpen80 aad M40 Catfor & pardiod ur e
bet ween 80 and 140[err]C for a period between 1 and 5 days.

between 1 and 5 days.

. I



< 4 oYV

10

15

ABSTRACT
A base (10) has a substantially cylindrical plug (12)

penetrated by two leads 14. A piezoelectric-oscillator (24) is

'secured to and supported on ends of the two leads by supports (26).

The supports (26) are formed from solder having as high Tead content
of more than 60 % by weight, preferably 85 to 98 % by weight. A
cap (28) open at one end is fitted on the piezoelectric oscillator
(24). The pl ﬁg (12) seals the open end of the cap (28) and forms
a gas-tight casing, thus forming a piezoelectric oscillator unit
with piezoelectric oscillator (24) held gas-tight in the inside.
The high 'Iéad content solder is soft and has a Tow Young's Modulus,
so that it can disperse stress when the piezoelectric oscillator
experiences. It is thus possible to evade stress concentration
on the piezoelectric oscillator (24) and improve shock resistance.
A layer of a solder with a Tead content of 60 % by weight or less
or of tin or a tin alloy, is formed on the surface of the Tleads

(14), and ensures solder wetting property.
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(57) Abstract

A base (10) is provided with a plug (12) having a
substantially cylindrical shape and two lead wires (14) passed
through the plug (12). A piezoelectric vibrating body (24) is
fixed to the front ends of the lead wires (14) with a supporting
member (26) composed of a soldering material containing lead
with the ratio of more than 60 wl.%, preferably 85-98 wt.%. A
cap (28) which is opened on one side is put on the vibrating
body (24). The cap (28) forms an airtight container when the
opened end is scaled with the plug (12) and, also, a piezoelectric
vibrator airtightly housing the vibrating body (24). Since the
solder containing a high percentage of lead is soft and low in
Young's modulus, the solder disperses stresses when shocks are
applied to the piezoelectric vibrator. Therefore, the
concentration of stresscs to the vibrating body (24) can be
avoided and the shock resistance of the piezoelectric vibrator
can be improved. In addition, since layers of solder containing
< 60 wt.% lead, tin, or tin alloy are formed on the surfaces of the
lead wires (14), the solder wettability of the lead wircs (14) can
be secured. '
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