2126248 - 1 - (Title of the Invention) Soft Solder of Pb Alloy for

- Sem eenduct or Devices (Technical Field) The present invention relates to Pb
al | oys'suitable for use as a soft solder in assenbling various papts taq.
fabricate not only ordinary ICs but also VLSIs such as Iar%—’?_ﬁﬁ T.Zt.iu,
menor.i es including 64 KRAM and 256 KRAM (Background Art) An TC with
ceram c package, which is shown in cross,section in Fig. 1, is extensf
used in sem conductor devices. This ceranm ¢ package consists of a cer
case | with a cavity of a predeterm ned configuration, a silicon chif
sol dered on the bottomof this cavity, alum num bonding wires 3 and a
seal i ng pl ate 4{Tatx0ogoinder@endion)he top of the ceramc case 1. This
ceram c package i s assenbl ed. by di e-bonding silicon chip 2 and sealing
plate 4 with Au-Si al Seft Soldkor- &h Pal Alpy fSoi demiroaludtoesBevAdesl | oys ensure
hi gh device reliability, but-on the other hand, they are costly.

(Di scl osure of (ffﬁmwb#ﬁew have therefore made various studies to devel op
a sol der that ensures_high device reliability conparable to the
conventional Au al | oyShagesaRtcnvpation relatesci ERstIleYe i tehle Farter.

use as a soft solder in assembling various parts to fabricate

not only'ordinary_ICs but also VISIs such as large-capanity
.j ; memories including 64 KRAM and 256 KRAM.
(Background Art) |
An IC with ceramic package, which is shown in cross
section in Fig. 1; is extensively used in semiconductor
devices. This ceramic package consists of 2 ceramié case 1 with
a cavity of a predetermined.Qonfiguration. a gilicon chip 2
soldered on the bottom of this cavity, aluminum bonding wires 3
and a sealing plgte 4Ialso}soldered on the top of the.ceramic
. case 1. Tﬁis ceramic package is assembledjby die-bonding
silicon chip 2 and sealing plate 4 with Au-Si allﬁy or Au-Sn
?1 . alloy. Solders of these Au alloys ensure high device
reliability, but on the other hand, they'are costly.
(Disclosure of Invention)
We have therefore made various studies to develop 2
solder that ensures high device reliabilitj comparable to the
conventional Au alloys and.which Yet is less expensive than the

.latfer;



- 1A - In accordance with the present invention there is provided a.soft
sol der of Pb alloy for sem conductor. devices that contains 1 to 65 wt .% of,

"~ Sn or or the conbination of Sn'and In, and optionally 1 to 10 wt % Ag, ;.
t he e being Pb and incidenyal inpurities which include radioisotop&¥
sai d Di sot opes being present in an amount of |ess than 50 ppb and the
coun

adi Qﬁcpr&xedmcgpﬁgpffﬂé GhEsinel AGnRPdn MREE 3gthan 0.5 CPH cm .

nds for parts pe ton). Wien this Pb alloy is used as. R sol der
in asseglidud Se4UreOsuldet UF EBW1EE$H, foirl sétbbiidctogandivgs tability and,
adhesive strength, and at the same tinme, it ensures an extrenely high _
rel i abithit yeonith it €651 wig Saof SAeowITy €r rthe . cokdiaa fiont d2iSnadvant age, t he
cost of this alloy is very low-since it contains no precious netals such as
Au. Thendr bennd jopbeonaldn § sobkd ey Drkas hthe bhlaficagbeimgdPh he criticality of
the contents of the respective conponents is as follows. -2 - (n) Sn
and | n "PeincidenirondarEripias, Fehy 1agivde siddeisfiorss ¢588 wettability and
ensure rrz]ald Qisaéqggessl \éginsgt ';}?quatnqul fantahmeougsc)nc;[fe%ss' than 50 ppdb

and the count of radioactive alpha-partisles being no* more

than 0.5 CPH/cmz. (ppb stahdsﬁfbr parts per billion). When .

this Pb alloy is used as a solder in assembling semiconductor

S

devices, it exhibits'gobd wettability and adhesive strength,- . | _ *\)
and at the same time; it ensures an extremely high reliability
without causing any memory'errOr. As a further advéntage, the
cost of this alldy is very low-since it contains no precioﬁs
metals such as Au.

The present iﬁvention is based on this finding, and the
criticaiity'of the contents of the feépective components is as

follows.



of each elenment is less than 1 Wt % their desired properties are not
obtained. |f. used in-anmounts exceeding 65 wt % however, no correspondi ng
i nprvenent is achieved by their presence. Therefore, Sn or In or both
used in an anmount ranging from1l to 65 = % (b) Ag This elenment. is

effective in prqvjdin urther inproved wettability and adhesive strength
and may be inc(l"ﬁd%'lj"f‘ I,d‘articul_arly hi gh values of these properties ar¢
_ requl red. However, i E'és@ecéﬂoﬁgﬁﬁsﬁggm}iﬁelf%f{ %‘idlzr \Mit‘r%ogobﬁs desired

properties are not obtainéed. Ag content exceeds 10w %, no further
i nprovenent i §,.3¢M:9Ye0 ¥ ddstrddflishi AesiREEEERREn. fIrOMARREHRON Cal

Vi ewpoint, Ag Is contalned in an anmount ranging froml to 10 wt % (c)

Radi acti ve i SQifOpesh aSendhti (ieNbad thaDUN wti%s thead desiget Spypedticad by t he
conventional refining nmethod contain amounts of radioactive isotopes such
as urani um anckriehnst obtaieat Ifcasdid 50 Amobntsedcaddéne &mwtifhs produce a
count of radioactive al pha-particles which can range upward from several
CPH [err] to Sewevat, hermdreesropiinee inprovpremtyig|qchyavedohY d&Miihg Pb.of such
hi gh radi oactive isotope contents are used as a soft solder in the

assenbl i ng of WeRPREndtRarsfore, Sn oK In T, Petharg usgdin A AMOPRL (i ve:

(S,

al pha- parti cl ersan\égrllgct}rgxrﬁnhl_ _tg sgt s,
N (v) Ag
u/ This element is effective in providing further improved

wettability and adhesive stfength and may be included if
particularly high'valués of these properties are required.
However, if the Ag content is less than 1 wt 9, its desired
_propefties are not obtained. If the Ag content exceeds 10 wt_%,
no further improvemeﬁt is achieved by its addition..Thereforé,
from an economical viewpoint, Ag is confained ih an amount
fanging from 1 to 10 wt .
(¢) Radiactive isotopes as incidental impﬁritiés
Lead inéoté prodﬁced.by the conventional refining
St method contain amounté of radioactive isotopes such as uranium
and thorium of at least 50 pbb, and these amounts produce a
count of radioactive glpha-particles whiéh can range upward
: from several CPH/cmz'to several hundred CPH/cmz. If Pb
alloys containing Pb of such high radioactive isotope contents

are used as a soft solder in the assembling of semiconductor



qrrors and reduce the reliability of the devices. Therefore, +in.
d avoid this deleterious effect, the content of radi oactive isot opes

dental inpurities nust be reduced to |ess than 50 ppb, thereby ~i

i d

J the count. of -2 radi oact?hve al pha-particles to not nore than 0.5
CPHTerr]. (Brief Description of Drawings) Fig. 1 is_a schematic cross
sect i orlegicesheltomithimamacti e @éP‘aﬁﬁPGPbH‘dl%ag'gtlct‘B’é‘é-ﬂ— ®EW56di ment  of
Carrying Qut the Invention) Exanple.: The advantages of the soft sol der of
Pb al | BPmeXY eReons aRdb FedneR, &Rt i Tehiahid iRE Uy iR AL i bed in conparison
with - 3 - the conventional products. Melts.of Samples No. ‘1 to No. 12 ..
and conp&Feiarse ’é’aﬁﬁ'?eé's R '{?' 51 (igie'f’lﬂ?gs%ﬁ%fsz?'qﬁavi ng the

formil ALk el bPUaabAEVD (LBRbfbsl adrds RLARE' AfbublcdiCmpAnveNt | ONal

mel ting “process. e nmelts were cast 1nto ingots under conventi onal
condi t iQnsedadar @ hesk itAh® 50 P5b,Mhereb9eisiucing the &hgetsr were stanped intc
soft solders shaped Iike a window frame neasuring 15_mm x 10 mm x 1 mm '
These sagpbéetiversl phsadrtivieel thembhgnereatiangOHd aPetenfO oOnto ceranic cases

in assenbling | C ceram c packages havi ng
(Brief Description of Drawings) '

Fig. 1 is a schematic cross section of the conventional

IC ceramic package.

(Best Embodiment of Carrying Out the Invention) k,;
Example: _
The advantages of the soft solder of Pb alloy of the
present invention are hereunder described in comparison_with
L

a



the cross section shown in Fig. 1. The adhesive strength and wett abi
providded'. by ‘these sanples are shown in Table 1. They were al so ch
t he ®ount of al pha- particles and the occhrence of. menory errors.
rating 15 index of wettability was as follcws:[err] when the soft \sol
covered the entikg agg@ea§§g3§ar¥roaagtx when there was left any ar
was not covered by the so de - Tabl'e 1 conposition (w%

[ferr] - , ye §§nﬁFeSamples No. 1 to No., 12 and ﬁ%r@¢c¢el |
adhesi ve tabil sampiesoNpsNol to 12 of the PBURRisy 1"avr’xi Eﬂﬂn?ﬁrrnldt1oﬁs

strength it SN I soto
g0 Y 4gngigaged i ﬂ‘ﬁ’% 1 4l P"egar"g[é}’r % 3 Be'”l-z“ﬁgp Moty 25ne
bal. ~ 0.325 process. ThermglEsrwerd 84s6 iato 1n~otsZQvﬂrba¢onver£héMhl

g_erzr] Eel‘ rl 4?’ Géggfi.it'ions. iﬂdlrglﬁg& intcoT.é)% fjlm sheetsl4 8 = sllu-B% ty ‘b‘aw

0. 34 stamppdr ipthi gaft solderspshpped]lifea Vigwofrane meagiriy
bal . 0.25 1% mm x lbeﬁﬁ]x81 mm.64.7 - 11. 2 bal . 0.11
[err] [err] 9 5.0 2 - 40. 7 bal . 0, 36 err]

These samples were used in so lderlxg sealirg plates
10 onto ceramic cases in assembling IC ceramic packages having
the cross sectiqn shown in Fig. 1. The adhesive strergth
A - and wettability provided by these samples are shown in
A : Table 1. They were also checked for the coun it of alpha-
rarticles and the occurrence of memcry errors. The rating
15 index of wettability was as follows: ) when the soft solder
~ covered the entire area necessary, and X when there was left
any area that was not covered by the solder. '



1.1 38.6 bal. 037 [erfr] 11 : . - 5.0

EH

0.35 . o [err] .12 3.5 3.0 9.8 30:1 bal.
[err] 1 0.8 =4 . 119.0 bal.  1.21 ' “\__
0.8 -° 7fapdebal . 7.23 X 3 1.*1'_ 2
- 8.04 ~lerr] 4155 - - 549. 3 bal-.
—5—6d—— 205—3—pat— 583 [err]
y OothOIbdwt%) 11. 02 [efr] 7 | - 30.2 - =*
732.9 b |Sample']'eT'51 _ ferT i Qéagtlcle Bidbhésive] ¥eE3. - ; 0. 52
[err] No. | sonp_9 | 5. fradios oSk 8_Dpdtrengtr P81~ emt‘é [err] 10
10.0 -| 1.1| S&3|Inpde. Jsﬁ%ﬂl’b (CPH/ci2E| I ] ity ny 11 - 5.0
6.2 524.0 bal|. - }5.91 (b} T rert] 12 3]5.3.0[9.8 |73 .3 Hal. 0.83
[err] 11 R _ - -_'Ks4 3cer TrﬁrHTaole T, §anplefNos. 1 to 12 of
the Pb @ll oy gcTorfingltojth hi on exhijbi\éd|good vettability
and adhesive pLh. | Euft kgr §o 51 ng et hey contgingd fess than 50 ppb
Vs .
of radi ¢act Ly E"F'?g opek, h?g dlgﬁi g(e% emt nore_tNean}0.5 CRH cm of
radi oacli ge|ad|Bhgs part]-cl €s:22.4 |pa1.| 0.24 ' ®
§ 4/64.6 |- | - | 11.5 |bal.| 0.12 [®)
5 ' - _ '
§ 5| - |1.2| - | 47.2 bal - 0.44 [© .
6| - [4.8) - | 34.1 [pal.| o0.34 | ~
g . - — high @ no -~
g 7| - [30.2] - | 24.8 jpal.| 0.25 ©
4 8{ - [64.7| - | 11.2 [pal.| o0.11 ©)
w | 9 5.0]2.5{ - | 40.7 |bal.| 0.36 o)
3 -
s' 10{10.0| - = {1.1{ 38.6 |bal.| 0.37 Q)
11| - |5.0(6.2 37.2 |bal.| 0.35 0
12| 3.5 3.0{9:8] 30.1 fbal.| 0.28 ©
1| 0.8 - | - | 119.0 |bal.| 1.21 | x| some
: low '
2| - | 0.8 - | 714.2 |bal.| 7.23 X
3] L1 - |- |799.2 bal.| 8.04 0 e
g | 4{15.5| - | - | 549.3 [bal.| 6.58 o A
- - .
E‘ 5/64.6| - | - | 205.3 -|jbal. | 5.83 © |many
o | 6| - |1.2| - |1097.8 [pal.| 11.02 o)
23] - [s0-2| - | 732.9 [pal. | 10.51 | ©
— high |
8| - [64.7| - | 53.2 |pal.| 0.52 : O | some
9| 5.0| 2.5/ - | 508.8 |pal.| 5.54 o
10{10.0 - |1.1| 533.4 [bal.| 6.07 © | mny
11| - |5.0/6.2 524.0 [bal.| 5.91° o
12| 3.5| 3.0{9.8| 73.3 [bal.| o0.83 © |se




Therefore; none of these sanples caused nenory error due to radyoactiy
- isotepes. Oa the other hand, comparative sanples No. 1 and No. (2} ?%

out si,de the scope of the present inven- tion. in respect to thelS l/n
contents. Therefore, they 15 achieved | ow adhesive strength and p »
wettability. Conpara- tive sanples No. to No. 12 exhibited hhkgh esive

strengih and good wepLabL! bl dar MEY Sfantdoy, A0 SR ¢

tadi oactive isotopes ey caused sonme or naiy nmenory errors S Fénce
produced devi Besadloyoareerding| e ythe@Eresentusinventigpliaxbditiiitied, gord '
descri ?ed in ?Bétéﬁiﬁﬂeynﬂﬁdtﬁ&hﬁé’ix}e sgéfﬂ@:sgm.l E@'@dﬂlﬁﬂrngﬁ(&[ gigﬁle_t_?h@e
present invention ensyres hi adhesi ve sfren and good wettability. "
B ther mor o, | FPRIBLBSS 1858 chhan ol cBRh ot ?‘.’%‘%Gﬁ—?’{’e‘?er [ERstaReR o d1d
al pha- part scl ast 2hithmoeéotkant die5 sCPiléemT sofhirdd yoasatiitvablad pha-paze iicl eishe
assenbly of sgqi to vige 141, ' |.der.
manuf act ur ed ggbfg\?vgg%étﬁ?gg J-JEG&-Ie%{A%i' ]tlé.é)rhaéggfs“ge?'{otréé% e%rogﬂ%bt?%l | oy
for seni condutadiodetivesisatoresnt aPmsthe tarhes \iramd ofcompagatiivepsampd es
- conbi nation ofpon1apdal Re. t Dewbat abees Ned NEhEbs ik I IR piled iU Inkicds-
whi'ch 1 ncl ude radi Qi sotopes, sai d radioi so&o]pe‘s bei nrg:spres nt |fn_ an
tion in respect to the Sn an n conte . Therefore, they

15 achieved low adhesive strength and poor wettability. Compara-

tive samples No. 3 to No. 12 exhibited high adhesive strength

~ and good wettability. However, they contained so much of

radiocactive isotopes that they caused some or many memory
errors and hence produced devices of low reliability.
20 (Industrial Applicability)

As described in the foregoing, the soft solder of Pb
alloy'according to the present invention ensures high
adhesive stréngth énd,gboa wettability. Furthermore, it does
not emit more. than 0.5 CPH/cmz_of radioactive alpha-particleé.

25 Therefore, the solder is highly suitable for use in the
assembly of semiconductor devices. 1In addition, this soft
solder can be manufactured at low cost.



anoy, f |ess than 50 ppb and the count: of radi oactive' al pha- particles

bei nore than 0.5 CPH [err]x 2. - T A soft solder of Pb alloy f-or -
sg tor devices that contains | to 65°w .%of Sn or In or the =~ = ;
canbi in of Sn and In and I' tg 10 wt % of Ag, the bal ance being Pb and**

i ngi den¥al/ i mpurities which include radioi sotopes said radioi sot opes being
xugn anount of ‘1 ess than 50 ppb and._ the count of radioactive

al pha=pdarticles being not nore 2 than 0.5 CPH cm 3. A soft sol der of
Pb al |l 0oy. as clmisgeel sold&d aifrPHl abloyCifed BeBicamibetaniéwilcky as described with
reference to the Exanples. 4. A soft solder of Pb alloy as clainmed in
d ai m 1tivrt Ghbmiain®, 1 sabsh ant¥ il §n as In IomsthPat:mlbytmmyobr& of Sanpl e
nunbers | to 12. 5. A method of assenbling a sem conductor device

usi ng a?&bfln, st¥iedbrlanperkeine F> erfe ispidental H@P‘éﬂi%e%%élch soft solder of Pb
‘alloy as clainmed in any one of Clains 1 to A sem conduct or

devi ce %\H@Hd%b‘{a&%’e‘-’tﬂ’tﬂ?% ﬁél‘?ré'taﬁb?}selt%ﬁeﬁeheﬁnﬁ H"'&PFH* gn an

amount of less than 50 ppb and the count of radlqactlve alpha-
particles being not more than 0.5 CPH/cmz.

2. A soft solder of -Pb alloy.fér_semiconductbr devices

N

that contains 1 to 65 wt % of Sn or In or the combination of Sn

and In and 1 to 10 wt % of Ag, the balance being Pb and _ o

incidental impurities whiéh include radioisotopes said
_radioisotbpes being present in an'amount oflless than 50 ppb
and the count of radiodctive alpha-particles being not more
than 0.5 CPH/cmz.' |
3. A soft solder of Pb alloy as claimed in Claim ! or
Claim 2, substantially asidescfibéd wifh_reference to the
_ Examplés. |

4. A soft solder of Pb alloy as claimed in Claim 1 or

Claim 2, substantially as illustrated by any one of Sample A A_

numbers 1 to 12.

5. A method of assembling a semiconductor device using a
soft sblder wherein as the solder fhere is used a sof% solder
of Pb alloy as.claiméd in any one of Claims 1 to 4.-.

6. A semiconductor device ﬁhén Abtai#ed:by the method

claimed in Claim 5.
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