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From Wikipedia, the free encyclopedia

Solder(/_f_s;Qq_I_QQ_/,[l] /_f_gp_l_qa_/[l] orin USA /_f_gp_qa__r_/[z]) is a fusible metal alloy used to join together metal
workpieces and having a melting point below that of the wa&e(s).

Soft solder is typically thought of when solder or solderimgentioned, with a typical melting range of 90 to
450 °C (190 to 840 °F[53.] It is commonly used in electronics, plumbing, and assembgheet metal parts. Manual
soldering uses a soldering iron or soldering gun. Alloys thelt between 180 and 190 °C (360 and 370 °F) are thels
most commonly used. Soldering performed using alloys wite#ting point above 450 °C (840 °F) is called 'hard

soldering', 'silver soldering', or brazing.

A soldered joint used to

For certain proportions an alloy becomes eutectic and raekssingle temperature; non-eutectic alloys have attach a wire to the pin of a
markedly differensolidusandliquidustemperatures, and within that range they exist as a pastdidfgrticles component on the rear of a
in a melt of the lower-melting phase. In electrical work Hétjoint is disturbed in the pasty state before it has  printed circuit board.
solidified totally, a poor electrical connection may reésuke of eutectic solder reduces this problem. The pasty

state of a non-eutectic solder can be exploited in plumbénig@lows molding of the solder during cooling, e.g. for enisg watertight joint of
pipes, resulting in a so-called 'wiped joint'.

For electrical and electronics work solder wire is avaidaibla range of thicknesses for hand-soldering, and withsoowataining flux. It is also
available as a paste or as a preformed foil shaped to matahatpiece, more suitable for mechanized mass-productibboys of lead and tin
were universally used in the past, and are still availabley tire particularly convenient for hand-soldering. Léa&- solder, somewhat less
convenient for hand-soldering, is often used to avoid therenmental effect of lead.

Plumbers often use bars of solder, much thicker than the wgieel for electrical applications. Jewelers often use safdihin sheets which they
cut into snippets.

The word solder comes from the Middle English waaldur, via Old Frenctsoldureeandsoulder from the Latinsolidare meaning "to make

solid" [

With the reduction of the size of circuit board features,stee of interconnects shrinks as well. Current densitiesatld A/cm? are often
achieved and electromigration becomes a concern. At sutartudensities the Sn63Pb37 solder balls form hillockshenanode side and voids

on the cathode side; the increased content of lead on theeael suggests lead is the primary migrating spéﬂes.

Contact with molten solder can cause 'solder embrittlehoémbaterials, a type of liquid metal embrittlemdfif2ion needel
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Lead solder

Tin/lead solders, also called soft solders, are commdyashilable with tin concentrations between 5% and 70%
by weight. The greater the tin concentration, the greatestiider’s tensile and shear strengths. Alloys commonly
used for electrical soldering are 60/40 Tin/lead (Sn/Phictvmelts at 370 °F or 188 °C and 63/37 Sn/Pb used
principally in electrical/electronic work. The 63/37 is atectic alloy, which:

1. has the lowest melting point (183 °C or 361.4 °F) of & tim/lead alloys; and
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2. the melting point is truly @oint— not a range.

In plumbing, a higher proportion of lead was used, commofOKs8. This had the advantage of making the alloy
solidify more slowly, so that it could be wiped over the joiatensure watertightness, the pipes being physically
fitted together before soldering. Although lead water pipere displaced by copper when the significance of lead\,
poisoning began to be fully appreciated, lead solder wsisgd until the 1980s because it was thought that the
amount of lead that could leach into water from the solder meggigible from a properly soldered joint. The
electrochemical couple of copper and lead promotes camaxfithe lead and tin, however tin is protected by
insoluble oxide. Since even small amounts of lead have tmerdfdetrimental to healffil lead in plumbing

solder was replaced by silver (food grade applicationshtimeny, with copper often added, and the proportion S Ph,, solder
of tin was increased (see Lead-free solder.)

The addition of tin—more expensive than lead—improvesingtproperties of the alloy; lead itself has poor wettingrelegeristics. High-tin tin-
lead alloys have limited use as the workability range canrbeigeed by a cheaper high-lead aIIBJ/.

In electronics, components on printed circuit boards (P@Bs connected to the printed circuit, and hence to othepooents, by soldered joints.
For miniaturized PCB joints with surface mount componesiiger paste has largely replaced solid solder.

Lead-tin solders readily dissolve gold plating and formtterintermetallicd®!

Sn60Pb40 solder oxidizes on the surface, forming a complayer structure: tin(IV) oxide on the surface, below it gdaof tin(ll) oxide with
finely dispersed lead, followed by a layer of tin(ll) oxidétivfinely dispersed tin and lead, and the solder aIonitBBUerneatHﬁ]

Lead, and to some degree tin, as used in solder contains lsaalignificant amounts of radioisotope impurities. Rébtopes undergoing alpha
decay are a concern due to their tendency to cause soft dhamium-210 is especially problematic; lead-210 betzage to bismuth-210 which
then beta decays to polonium-210, an intense emitter obghainticles. Uranium-238 and thorium-232 are other sigaift contaminants of alloys
of lead I

Lead-free solder

On July 1, 2006 the European Union Waste Electrical and Elpitt Equipment Directive (WEEE) and
Restriction of Hazardous Substances Directive (RoHS) datoeeffect prohibiting the inclusion of significant
quantities of lead in most consumer electronics producdkddarEU. Manufacturers in the U.S. may receive tax
benefits by reducing the use of lead-based solder. Leadsbiklers in commercial use may contain tin, copper,
silver, bismuth, indium, zinc, antimony, and traces of otetals. Most lead-free replacements for conventional
Sn60/Pb40 and Sn63/Ph37 solder have melting points fron26 t&€ highell,ll] though solders with much lower
melting points are available.

Pure tin solder wire
Drop-in replacements for silkscreen with solder pasteesolg operations are available. Minor modification to the
solder pots (e.g. titanium liners or impellers) used in wagklering operations may be desired to reduce
maintenance costs associated with the increased tin+sgiangeeffects of high tin solders. Since the properties of
lead-free solders are not as thoroughly known, they magfoex be considered less desirable for critical
applications, like certain aerospace or medical projéis. whiskers" were a problem with early electronic
solders, and lead was initially added to the alloy in parfitnieate them.

Sn-Ag-Cu (Tin-Silver-Copper) solders are used by two thisflJapanese manufacturers for reflow and wave
soldering, and by about 75% of companies for hand soldefihg.widespread use of this popular lead-free solderSoldenng copper pipes using
alloy family is based on the reduced melting point of the S€u ternary eutectic behavior (217 °C), which is | a propane torch and lead-free
below the Sn-3.5Ag (wt.%) eutectic of 221 °C and the Sn-0.8@tectic of 227 °C (recently revised by P. solder

Snugovsky to Sn-0.9Cu). The ternary eutectic behavior eA&TCu and its application for electronics assembly

was discovered (and patented) by a team of researchers froes Aaboratory, lowa State University, and from

Sandia National Laboratories-Albuquerque.

Much recent research has focused on selection of 4th eleadeittons to Sn-Ag-Cu to provide compatibility for the regd cooling rate of solder
sphere reflow for assembly of ball grid arrays, e.g., S/A8:8.74Cu-0.21Zn (melting range of 217—-220 °C) and Sig-8.85Cu-0.10Mn
(melting range of 211-215 °C).

Tin-based solders readily dissolve gold, forming brittieermetallics; for Sn-Pb alloys the critical concentrata$ gold to embrittle the joint is
about 4%. Indium-rich solders (usually indium-lead) areesuitable for soldering thicker gold layer as the dissofutate of gold in indium is

much slower. Tin-rich solders also readily dissolve sil¥er soldering silver metallization or surfaces, alloyshwaddition of silvers are suitable;
tin-free alloys are also a choice, though their wettabifitpoorer. If the soldering time is long enough to form theintetallics, the tin surface of

a joint soldered to gold is very duff

Flux-core solder

Main article: Flux (metallurgy)
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Flux is a reducing agent designed to help reduce (returrizeddmetals to their metallic state) metal oxides at the
points of contact to improve the electrical connection amimanical strength. The two principal types of flux are
acid flux, used for metal mending and plumbing, and rosir,flsed in electronics, where the corrosiveness of
acid flux and vapors released when solder is heated wolddiamaging delicate circuitry.

Due to concerns over atmospheric pollution and hazardosteveisposal, the electronics industry has been
gradually shifting from rosin flux to water-soluble fluxhich can be removed with deionized water and detergen

] lectrical solder with an
instead of hydrocarbon solvents.

integrated rosin core, visible

In contrast to using traditional bars or coiled wires ofratétal solder and manually applying flux to the parts being?S & dark spotin the cut end
joinec, much hand soldering since the mid-20th century has us&etfite solder. This is manufactured as a of the solder wire.

coiled wire of solder, with one or more continuous bodiesaf-acid flux embedded lengthwise inside it. As the

solder melts onto the joint, it frees the flux and releasasoh it as well.

Hard solder

Hard solders are used for brazing, and melt at higher terhpesa Alloys of copper with either zinc or silver are the trexmmon.

In silversmithing or jewelry making, special hard solders ased that will pass assay. They contain a high proporfitimeometal being soldered
and lead is not used in these alloys. These solders vary dnbas, designated as "enameling”, "hard", "medium" ansly"e&nameling solder has
a high melting point, close to that of the material itselfptevent the joint desoldering during firing in the enamglgmocess. The remaining
solder types are used in decreasing order of hardness aharmgocess of making an item, to prevent a previously seltlseam or joint
desoldering while additional sites are soldered. Easyesdtdalso often used for repair work for the same reason. Gluruge is also used to
prevent joints from desoldering.

Silver solder is also used in manufacturing to join metatgtrat cannot be welded. The alloys used for these purposgaic a high proportion
of silver (up to 40%), and may also contain cadmium.
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Solder alloys
M.P. . ,
Composition s °C & TC(J:XI . Eutcectl
SIL
200/300"
SMho Mgty 2] no
200/22%*
SryeZn,Cuy 2 o
PhySnyg 268/303L Pb  no
4]
275/30%*

5]

http://en.wikipedia.org/wiki/Solder

¢ Comments #| Sn#| Pb*

Galvanite Lead
free
galvanizing
solder
formulation
designed
specifically for
high quality
repairs to
galvanized
Steel surfaces.
Simple,
effective and 50
easy to use, in
both
manufacturing
and field
applications.
Metallurgically
bonds to the
Steel, fora
seamless
protective

barrier?]

Kapp Eco-
Babbitt (1!
Commonly
used in
capacitor
manufacturing
as protective
coating to
shield against
electromotive
force (EMF)
and
electromagnetic
interference
(EMI) with the
specified
performance of
the capacitor, to
prevent current 90
and charge
leakage out of
and within the
layers of the
capacitor, and
to prevent the
development of
electron flows
within the
coating
material itself,
that would
dimminish
capacitor
performance,
coating, and

capacitor life.
[13]

Sn1Q UNS 10 |90
L54520,

ASTM10B.

Balls for

CBGA
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components,
replaced by

Shys 503 Ll

6.[11] Low cost

and good
bonding
properties.
Rapidly
dissolves gold
and silver, not
recommended
for thosel1®!
Used for
fabrication of
car radiators
and fuel tanks,
for coating and
bonding of
metals for
moderate
service
temperatures.
Body soldert!’]
Has low
thermal EMF,
can be used as
an alternative to
Cd70 where
parasitic
thermocouple
voltage has to

be avoided!®!

Used for
fabrication of
car radiators
and fuel tanks,
1 for coating and
PhggSny, %54/29é Pb no bonding of 12 88
metals for
moderate
service
temperatures.
Body solder.

Used for
g coating tubes
227/28 and sheets and
Phy:S ot
BasSMs 7] Pb no fabrication of
car radiators.
Body solder.

Sn2Q UNS
" L54711 Used
183/28 for coating
PhsoSnyg 5] Pb no radiator tubes
for joining fins.
[17]

15 |85

20 |80

Crude solder
for construction
plumbing
works, flame-
melted. Used
for soldering
car engine
radiators. Used
for machine,
dip and hand

i soldering of

Pby5Sny5 }]83/26 Pb no ?Iumbmg 25 |75

ixtures and
fittings.
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Pb,oSny, 185/254t Pb
4]
183/25H
5]
Ph;gSn,, 253 Pb
185/243¢
PhsgSneSh, 5] Pb
177/28%
SnePlseZnyg 1 Pb
230/27%
Sn3PyeZnyg 1 Pb
Ph;/Sny, 187-230  Pb

http://en.wikipedia.org/wiki/Solder

no

no

no

no

no

no

Superior body
solder!!”]

Sn3Q UNS 30 |70
L54280 crude
solder for
construction
plumbing
works, flame-
melted, good
for machine
and torch
soldering[.lg]
Used for
soldering car
engine
radiators. Used
for machine,
dip and hand
soldering of
plumbing
fixtures and
fittings.
Superior body
soldert!]

"Plumber
solder", for
construction |32 |68

plumbing works
[20]

Pb68 30 |68

Kapp
GalvRepair
Economical
solder for
repairing &
joining most
metals
including 30 |50
Aluminum and
cast Iron. Have
been the used
for cast Iron
and galvanized

surface repair.
[21]

Economical
solder for
repairing &
joining most
metals
including
Aluminumand (|33 |40
cast Iron. Have
been the used
for cast Iron
and galvanized

surface repair.
[21]

PM 33, crude

solder for

construction

plumbing

works, flame- 33 |67
melted,

temperature

depends on

additives

20

28
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PhysSnss %]83/25(51 Pb
183/238!
4]

Ph;oSiyg

Pb
183/241
5]

183/221
PhysSnys 7 Pb
183/216"
SngoPhyg 41183- Pb
212191

http://en.wikipedia.org/wiki/Solder

no

no

no

no

Sn35 Used as a35
cheaper
alternative of
SngPhy, for
wiping and

sweating joints|
[17]

Sn4Q UNS
L54915. For
soldering of
brass and car
radiators®!
For bulk
soldering, and
where wider
melting point
range is 40
desired. For
joining cables.
For wiping and
joining lead
pipes. For
repairs of
radiators and
electrical

systemd!7!

For soldering
radiator cores,
roof seams, anth5
for decorative
joints.

Sn5Q UNS
L55030
"Ordinary
solder", for
soldering of
brass,
electricity
meters, gas
meters,
formerly also
tin cans.
General
purpose, for
standard tinning
and sheetmetal
work. Becomessgg
brittle below
150 °Cl8ll20]
Low cost and
good bonding
properties.
Rapidly
dissolves gold
and silver, not
recommended
for thosel®!

For wiping and
assembling
plumbing joints
for non-potable
water[7]

65

60

55

50
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SngPbyg LUy 5 183/21%2
2]
183/19¢"
4]

SfecPbio 183/188"
5]
183/19¢"

SnsoPssCly 5][24]

ShgPbsCly

http://en.wikipedia.org/wiki/Solder

Pb

Pb

Pb

Pb

no

near

no

Savbit, Savbit |50 |48.5
1, Savl
Minimizes
dissolution of
copper.
Originally
designed to
reduce erosion
of the soldering
iron tips. About
100 times
slower erosion
of copper than
ordinary tin/
lead alloys.
Suitable for
soldering thin
copper platings
and very thin

copper wires.
[23]

Sn6Q
ASTMG60A,
ASTM60B.
Common in
electronics,
most popular
leaded alloy for
dipping. Low
cost and good
bonding
properties.
Used in both
SMT and
through-hole
electronics.
Rapidly
dissolves gold
and silver, not 60 |40
recommended

for thosel'®l
Slightly
cheaper than
Sng4Ph;, often

used instead for
cost reasons as
the melting
point difference
is insignificant
in practice. On
slow cooling
gives slightly
duller joints
than Sg,Pb;.
[23]

Cu2. Copper
content
increases
hardness of the
alloy and
inhibits 60 |38
dissolution of
soldering iron
tips and part
leads in molten
solder.

60 | 39

"Tinman's
solder", used
for tinplate

Page 8
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SneaPb;; 182
183%°]

SngaP037P0 0015-0.04 18326

S PbyCuy 18324
183/193"
SnyPhsg 4]

http://en.wikipedia.org/wiki/Solder

Pb

Pb

Pb

Pb

yes

yes

yes

no

fabrication
work 20

Sn63 63 |37
ASTM63A,
ASTM63B.
Common in
electronics;
exceptional
tinning and
wetting
properties, also
good for
stainless steel.
One of most
common
solders. Low
cost and good
bonding
properties.
Used in both
SMT and
through-hole
electronics.
Rapidly
dissolves gold
and silver, not
recommended
for thosel'®l
SngPhyg is
slightly cheaper
and is often
used instead for
cost reasons, as
the melting
point difference
is insignificant
in practice. On
slow cooling
gives slightly
brighter joints
than SgPhy
[23]

Sn63PbR A
special alloy for
HASL
machines.
Addition of
phosphorus 63 37
reduces
oxidation.
Unsuitable for
wave soldering
as it may form
metal foam.

Similar to
SrygPbyy.
Copper content
increases
hardness of the
alloy and
inhibits 62 |37
dissolution of
soldering iron
tips and part
leads in molten
solder.

Sn70 70 |30

Page 9
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SnyPbyg %]83/21§1 Pb

SrysPhy 238 Pb

Phy,Sis AG; 5 286/3012 Pb

4]

PhyoSn ,Shy Pb
252/260!

PlsoSn Ad, 5] Pb

Pb;gSnyShy 184/270 | Pb

PhysSny3 55b; 5 Pb
- 144/163

SnyaPby3Bi4 4] Pb
1

SnyePlyeBig :%20/161} Pb

Big,Pbs,Snyg 96 Pb
: 100/10%

Bi6SM4Pbyg 5] Pb

Sng PhyeAg, 1794 | Pb

http://en.wikipedia.org/wiki/Solder

no

no

no

no

no

no

no

no

no

yes?

no

yes

formerly used
for joints in 90 |10
food industry

plumbing and

heating % |5
For higher- 5.5 |92
temperature
applications.

Used for

solderingiron (12 |80
and stedf’

Used for
solderingiron (18 |80

and stedf!
Sbil 20 |79

General
purpose solder,
Antimony
content
improves
mechanical
properties but 43.5 | 55
causes
brittleness
when soldering
cadmium, zinc,
or galvanized
metalsi?®!

Bil4. Good
fatigue
resistance
combined with
low melting
point. Contains|43 |43
phases of tin
and lead-
bismuth[?”]
Useful for step
soldering.

Bi8 46 46

Bi52. Good
fatigue
resistance
combined with
low melting
point.
Reasonable
shear strength
and fatigue
properties.
Combination
with lead-tin
solder may
dramatically
lower melting
point and lead

to joint failure.
[27]

16 |32

Bi46 34 |20

Sn62 Common|62 | 36
in electronics.

The strongest

tin-lead solder.
Appearance

identical to

2.5

15

14

52

46

Page 10

9.4.2014 14:24:54



Solder - Wikipedia, the free encyclopedia

Srg, P36AY; 5

PhygSm Ad,

PhyoSnsAds

Phy, SST5AY, 5

Phys sS5AY; 5

1794 Pb yes

268/290!
4]

Pb
267/29% no
8]

20414 'pp yes

287/296!
4]
Pb no
299/304!
5]
296/301%
4]
no

Pb
305/306!
5]

http://en.wikipedia.org/wiki/Solder

Sn60Pb40 or
Sn63Pb37.
Crystals of
AgsSn may be
seen growing
from the solder.
Extended heat
treatment leads
to formation of
crystals of
binary alloys.
Silver content
decreases
solubility of
silver, making
the alloy
suitable for
soldering

silver-
metallized
surfaces, e.g.
SMD capacitors
and other
silver-
metallized
ceramicg®ll
271 Not
recommended

for gold.[lﬁ]
General-
purpose.

23]

62.5| 36

SnlQ Pb88
Silver content
reduces
solubility of
silver coatings
in the solder.
Not
recommended |10
for gold.[lﬁ]
Forms a
eutectic phase|
not
recommended
for operation
above 120 °C.

Pbo3 5

Pb94, HMP
alloy, HMP .
Service
temperatures up
to 255 °C.
Useful for step
soldering. Also
can be used for
extremely low
temperatures as
it remains
ductile down to
—-200 °C, while
solders with
more than 20% 5
tin become
brittle below

88 |2

90 5

925 25

93515

2.5
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Phys sSHAY, 5 %99/3011 Pb
INg7Ad3 1439 -
143/23F
INgoAd19 0] -
156/165
In75PBy5 8] Pb
160/174
4]
7o 0%0 165178 7P
5][31]
174/18%
4]

"Neo”bs0 173188t 7P
5]

http://en.wikipedia.org/wiki/Solder

no

yes

no

no

no

no

-70 °C. Higher
strength and
better wetting
than Ply;Sre.
[23]

Wettability and
low-
temperature
malleability of
indium,
strength
improved by
addition of
silver.
Particularly
good for
cryogenic
applications.
Used for
packaging of
photonic
devices.

Nearly as
wettable and
low-
temperature
malleable as
indium. Large
plastic range.
Can solder
silver, fired
glass and
ceramics.

Less gold
dissolution and
more ductile
than lead-tin
alloys. Used for
die attachment,
general circuit
assembly and
packaging
closured®l

In70. Suitable
for gold, low
gold-leaching.
Good thermal
fatigue
properties.

In60. Low
gold-leaching.
Good thermal
fatigue
properties.

95.5 2.5
3
10

25

30

40
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IngoPhy, 180/208' Pb no
6]
178/210
5]
118/12%3
In5Sryg 3] - no
In7oSny sPhy 6Cds 4 125351 pb,Cd
250/264"
6]
Pb;5In,s no

Pb
240/260°
6]

http://en.wikipedia.org/wiki/Solder

In50. Only one 50 50
phase.
Resoldering
with lead-tin
solder forms
indium-tin and
indium-lead
phases and
leads to
formation of
cracks between
the phases,
joint weakening
and failurel?”!
On gold
surfaces gold-
indium
intermetallics
tend to be
formed, and the
joint then fails
in the gold-
depleted zone
and the gold-
rich
intermetallic.
32 Less gold
dissolution and
more ductile
than lead-tin

alloys.[lﬁ] Good
thermal fatigue
properties.

Cerroseal 35
Fairly well wets
glass, quartz
and many
ceramics.
Malleable, can
compensate
some thermal
expansion 50 50
differences.
Low vapor
pressure. Used
in low
temperature
physics as a
glass-wetting
soldert34

15 | 9.6 70

In25. Low
gold-leaching.
Good thermal
fatigue
properties.
Used for die
attachment of
e.g. GaAs dies,

32

(32 ysed also 75 o5
for general

circuit

assembly and

packaging

closures. Less

dissolution of

gold and more

ductile than tin+

lead aIon[.lﬁ]
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16414
SnyPbyging, 154/16F Pb
7]
Sz Pbsz dNnys 134/184* Pb
6]
PlygneAs 01t
300/310"
Phy, §NsAd; 5 4] Pb
300/310"
Phy, gnsAU, 5 5] Pb
305/364!
5]
P Pb
e\ 5 304/348
8]
3
Pl 051368
30314
30419
P
b7\ 304/574
0]
Srg7 POAY; 5 305 Pb

http://en.wikipedia.org/wiki/Solder

yes

no

no

no

no

no

no

yes no

yes

General
purpose. Good
physical
properties.

Good 375|375 25

wettability. Not
recommended

for gold.[lﬁ]

90 |5 5

UNS L5151Q
Minimal
leaching of
gold, good
thermal fatigue
properties.
Reducing
atmosphere
frequently
used..

92.5|25 5

In5 92.5 5

Ag5.5, UNS

50180 945|55

95 | 5

Ag2.5 UNS
L50132 Used
during World
War Il to
conserve tin.
Poor corrosion
resistance;
joints suffered
corrosion in
both 97525
atmospheric
and
underground
conditions, all
had to be
replaced with
Sn-Pb alloy
joints.[41] Torch
solder.

Important for
hybrid circuits 197.5 | 1 15

assemblﬁ]

70 |18 12
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Phy; A9 55Ny

Ph;,SnysAg,

PhysAg,

PlyeSnAg,

Srg1PyeAds
SnygP;0Ags
Sryghd,

SngsAd,55b

Srye 593 Clhp 5

3094 Pb
177-210  Pb
305 Pb

1
g]szlzgé Pb

Pb

Pb
233 _
217/220 —
217/218"
5][42]

http://en.wikipedia.org/wiki/Solder

yes

yes

near

Agl.5 1 975/ 15
ASTM1.5S.
High melting
point, used for
commutators,
armatures, and
initial solder
joints where
remelting when
working on
nearby joints is
undesirablé®]
Silver content
reduces
solubility of
silver coatings
in molten
solder. Not
recommended

for gold.[lﬁ]
Standard
PbAgSn
eutectic solder,
wide use in
semiconductor
assembly.
Reducing
protective
atmosphere
(e.g. 12%
hydrogen) often
used. High
creep
resistance, for
use at both
elevated and
cryogenic
temperatures.

exceptional

strength, silver

gives it a bright

long-lasting 45 54 1
finish; ideal for

stainless steel
[19]

high-
temperature 9 |4
joints[lg]

Pb9o6 2 96 |2

(8] 61 (36 3
(8] 5% (39 5
(8] 98 2

Very high
tensile strength.
For die
attachment.
Very brittle.

Old Motorola
die attach
solder.

SAC305 Itis |96.5 3
the JEITA

recommended

alloy for wave

and reflow

soldering, with

alternatives

65 25

0.5

10
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Snys g\d3 5Cly 7 217-218
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near

SnCu for wave
and SnAg and
SnZnBi for
reflow
soldering.
Usable also for
selective
soldering and
dip soldering.
At high
temperatures
tends to
dissolve
copper; copper
buildup in the
bath has
detrimental
effect (e.g.
increased
bridging).
Copper content
must be
maintained
between 0.4—
0.85%, e.g. by
refilling the
bath with
Sny,Ag, alloy.
Nitrogen
atmosphere can
be used to
reduce losses
by dross
formation. Dull,
surface shows
formation of
dendritic tin
crystals.

SN96C-Ag3.5
A commonly
used alloy.
Used for wave
soldering.
Usable also for
selective
soldering and
dip soldering.
At high
temperatures
tends to
dissolve
copper; copper
buildup in the
bath has
detrimental
effect (e.g.
increased
bridging).
Copper content
must be
maintained
between 0.4— 95.8 3.5
0.85%, e.g. by
refilling the
bath with

Siys A3 5

alloy
(designated e.g.
SN96Cs9.
Nitrogen
atmosphere can
be used to
reduce losses

0.7
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Snys g\93 5Clp 9 217
Srys 593 §C 7 21743
Shys 2393 §CU 751 25

Snys 93 Ll 6 21744

http://en.wikipedia.org/wiki/Solder

yes

almost

yes

by dross
formation. Dull,
surface shows
formation of
dendritic tin
crystals.

Determined by95.6 35 09
NIST to be
truly eutectic.

SN96C.
Preferred by
the European
IDEALS
consortium for
reflow
soldering.
Usable also for
selective
soldering and
dip soldering.
At high
temperatures
tends to
dissolve
copper; copper
buildup in the
bath has
detrimental
effect (e.g.
increased
bridging). 95.5 3.8 | 0.7
Copper content
must be
maintained
between 0.4—
0.85%, e.g. by
refilling the
bath with

Sy A3 g

alloy
(designated e.g.
SN96Cs9.
Nitrogen
atmosphere can
be used to
reduce losses
by dross
formation. Dull,
surface shows
formation of
dendritic tin
crystals.

Preferred by

the European

IDEALS 95.2 38 0.7
consortium for

wave soldering.

Recommended
by the US
NEMI
consortium for
reflow
soldering. Used
as balls for
BGA/CSP and
CBGA
components, a
replacement for
Sy Py
Solder paste for?2-> 3.9 06
rework of BGA

0.25
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Snys A9,Cly 5 2174

Sy A3 5 22114
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yes

yes

boards ¥

Alloy of choice
for general
SMT assembly|

Lead Free, 95.5
Cadmium Free
formulation
designed
specifically to
replace Lead
solders in
Copper and
Stainless Steel
plumbing, and
in electrical and
electronic

applicationéf‘ﬁ]

Sn96 Sn9%6.5 | 96.5
96S Fine

lamellar

structure of

densely

distributed

Ag,Sh.

Annealing at

125 °C

coarsens the
structure and
softens the
soldert!!]
Creeps via
dislocation
climb as a
result of lattice

diffusion [0
Used as wire
for hand
soldering
rework;
compatible with
SnCl 7

SnAGCly 5

SNAG Cly g
and similar
alloys. Used as
solder spheres
for BGA/CSP
components.
Used for step
soldering and
die attachment
in high power
devices.
Established
history in the
industry.[ll]
Widely used.
Strong lead-
free joints.
Silver content
minimizes
solubility of
silver coatings.
Not
recommended

for gold.[lﬁ]
Marginal
wetting. Good
for step
soldering. Used
for soldering

3.5

0.5
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SnygAg, 221-229 | —
221/254*

SnyAds 8 -
221/27¢"

StyAYe 8] -
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no

no

no

stainless steel
as it wets
stainless steel
better than
other soft
solders. Silver
content does
not suppress
dissolution of
silver
metallizations.
23] High tin
content allows
absorbing
significant
amount of gold
without

embrittlement.
[47]

ASTM96TS.
"Silver-bearing
solder". Food
service
equipment,
refrigeration,
heating, air
conditioning,
pIumbing.[lg]
Widely used. |96
Strong lead-

free joints.

Silver content
minimizes
solubility of

silver coatings.
Not
recommended

for gold.[lﬁ]

Widely used.
Strong lead-
free joints.
Silver content
minimizes
solubility of
silver coatings.
Not
recommended
for gold.
Produces strong
and ductile 95
joints on

Copper and
Stainless Steel|
The resulting
joints have high
tolerance to
vibration and
stress, with
tensile strengths
to 30,000 psi on

Stainless$?®!

Produces strong
and ductile
joints on

Copper and
Stainless Steel|
The resulting
joints have high
tolerance to
vibration and
stress, with 94
tensile strengths
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ShyAg, Ezﬂzuaoi“ -
SnyAg,Cyy -
Sn 232 -
Stpg £ 7 227 -
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no

pure

yes

to 30,000 psi on
Stainlesd*®l

Produces stron§3 7
and ductile
joints on
Copper and
Stainless Steel|
The resulting
joints have high
tolerance to
vibration and
stress, with
tensile strengths
to 31,000 psi on
Stainlesd*®l
Audio industry
standard for
vehicle and
home theater
speaker
installations. Its
7% Silver
content requires
a higher
temperature
range, but
yields superior
strength and
vibration

resistancé’™
95 4 1

Sn99 Good
strength, non-
dulling. Use in
food processing

equipment, 39'9

wire tinning,

and alloying.

1l Susceptible

to tin pest.

Sn99Cul Also |99.3 0.7

designated as
SnyCuy;. Cheap

alternative for
wave soldering,
recommended
by the US
NEMI
consortium.
Coarse
microstructure
with ductile
fractures.
Sparsely
distributed
Cu68r15.[50]
Forms large
dendritic B-tin
crystalsin a
network of
eutectic
microstructure
with finely
dispersed
CuysSny. High
melting point
unfavorable for
SMT use. Low
strength, high
ductility.

Page 20
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217/228
StygCly A 3 2] -
227/250°
3]
Sny-C _
o7t 232/33%

7]
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no

Susceptible to
tin pest[.lo]
Addition of
small amount

of nickel
increases its
fluidity; the
highest increase
occurs at 0.06%
Ni. Such alloys
are known as
nickel

modified or
nickel

stabilized.P1]

SCA, SAC, or
SnAgCu. Tin-
silver-copper
alloy.

Relatively low-
cost lead-free
alloy for simple
applications.
Can be used for
wave, selective
and dip
soldering. At
high
temperatures
tends to
dissolve
copper; copper
buildup in the
bath has
detrimental
effect (e.g.
increased
bridging).
Copper content
must be
maintained
between 0.4—
0.85%, e.g. by
refilling the
bath with

Sy A3 g

alloy
(designated e.g.
SN96Cs9.
Nitrogen
atmosphere can
be used to
reduce losses
by dross
formation. Dull,
surface shows
formation of
dendritic tin
crystals.

For high-
temperature
uses. Allows
removing
insulation from
an enameled
wire and
applying solder
coating in a
single
operation. For
radiator repairs,
stained glass

99 0.3

0.7
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Sny7C, 7679 25

VAT

Bijno

SnyZng

SrgsZny5

228/3141 -
7]

419 -

271 -

199°%%1 -

199/26® —
5]

http://en.wikipedia.org/wiki/Solder

pure

pure

yes

no

windows, and
potable water
plumbing.

High hardness, 97
creep-resistant.
For radiators,
stained glass
windows, and
potable water
plumbing.
Excellent high-
strength solder
for radiator
repairs. Wide
range of patina
and colors.

For soldering
aluminium.
Good
wettability of
aluminium,
relatively good
corrosion

resistanc&™

Used as a non-
superconductin
g solder in low-
temperature
physics. Does
not wet metals
well, forms a
mechanically
Weakjoint.[34]

KappAloy9
Designed
specifically for
Aluminum-to-
Aluminum and
Aluminum-to-
Copper
soldering. It has
good corrosion
resistance and
tensile strength.
Lies between
soft solder and
silver brazing
alloys, thereby
avoiding
damage to
critical
electronics and
substrate
deformation
and
segregation.
Best solder for
Aluminum wire
to Copper
busses or
Copper wire to
Aluminum
busses or

contactd®®
UNS#: L91090

KappAloyl5 85
Designed
specifically for
Aluminum-to-
Aluminum and
Aluminum-to-

91

0.25 2.75

100

100

15
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ZngAl 382 _
: 211/21%

Sryy Bls 6703 4 6] -
199/31%

ShyelNgg 5] -
199/28%

SEVAPY 5] -

http://en.wikipedia.org/wiki/Solder

yes

no

no

no

Copper
soldering. It has
good corrosion
resistance and
tensile strength.
Lies between
soft solder and
silver brazing
alloys, thereby
avoiding
damage to
critical
electronics and
substrate
deformation
and
segregation.
Has a wide
plastic range
this makes it
ideal for hand
soldering
Aluminum
plates and
parts, allowing
manipulation of
the parts as the

solder coold>®

For soldering
aluminium.

Good wetting.
[54]

Do not use on

lead-containing

metallizations.

U.S. Patent 91.8 3.4 4.8
5,439,639 (ICA

Licensed

Sandia Patent).

KappAloy30
For soldering of
aluminium.
Good wetting.
Used
extensively in
spray wire form
for capacitors
and other 70 30
electronic parts.
Higher
temperature
and higher
tensile strength
compared to
85Sn/15Zn and

91Sn/9zr?°

KappAloy20
For soldering of
aluminium.
Good wetting.
Used
extensively in
spray wire form
for capacitors
and other
electronic parts.
Higher
temperature |gg 20
and higher
tensile strength
compared to

95

Page 23
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SNoZNao

Phy3SnssSh,

Phy3Sn;.Zng

Phy,Cdy

SrygBi3, Py,

SngZngBis

Srg3 €Ny dlNg g

Srgg N5 5Ny Bis 5

199/34% - no
5]
%]85/24§1 Pb o

170/256 | Pb no

3107 Pb,Cd| ?

%]40/16@ Pb o

191-198 | —

2}]81/18‘155 ~ o

%]74/18é6 ~ o

http://en.wikipedia.org/wiki/Solder

85Sn/15Zn and
91Sn/9zr?°

KappAloy40 60
For soldering of
aluminium.
Good wetting.
Used
extensively in
spray wire form
for capacitors
and other
electronic parts.
Higher
temperature
and higher
tensile strength
compared to
85Sn/15Zn and

91Sn/9zr?°
Sb2 35

Poor wetting of
aluminium.
Poor corrosion

rating 41!

For soldering
aluminium. US
patent

1,333,668°"]

For low-
temperature
soldering of
heat-sensitive
parts, and for
soldering in the 48
vicinity of
already
soldered joints
without their
remelting.

Prone to
corrosion and
oxidation due to
its zinc content.
On copper
surfaces forms
a brittle Cu-Zn
intermetallic 89
layer, reducing
the fatigue
resistance of
the joint; nickel
plating of
copper inhibits
this 158l

High dross due

to zinc.

Covered by 83.6
U.S. Patent #
5,242,658.

Lead-free.
Corrosion
concerns and
high drossing
due to zinc
content.

34

86.5

63

63

92

32
3

8.8
35 45

40

7.6

55
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Shgg dN10Ad3 1 204/20%° —
1

SnysAg3 2N Cly 5 2211158
235/240!
4]

SneeS _

o550 232/240

5]

http://en.wikipedia.org/wiki/Solder

no

no

Potential use in86.9 3.1
flip-chip

assembly, no

issues with tin-

indium eutectic

phase.

95 3505

Sbs
ASTM95TA.
The US
plumbing
industry
standard. It
displays good
resistance to
thermal fatigue
and good shear
strength. Forms
coarse
dendrites of tin-
rich solid
solution with
SbSn
intermetallic
dispersed
between. Very
high room-
temperature
ductility.
Creeps via
viscous glide of
dislocations by
pipe diffusion.
More creep-
resistant than
SnAG; &

Antimony can
be toxic. Used
for sealing chip 95
packagings,
attaching 1/0
pins to ceramic
substrates, and
die attachment;
a possible
lower-
temperature
replacement of
Ausnltol High
strength and
bright finish.
Use in air
conditioning,
refrigeration,
some food
containers, and
high-
temperature
applicationé.lg]
Good
wettability,
good long-term
shear strength
at 100 °C.
Suitable for
potable water
systems. Used
for stained
glass,
plumbing, and
radiator repairs.

10
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Sny,Sb; %32/232&6 _

SiyeShy 3]32/23%6 _

ShygAdp sCl 7 -
217-225

Siyg A, sCYy g5hy 5 217151

Srgglng /AY3 Big 5 197-208 | -

137/139
Big, SN, ,Ag; %]39/14&" -
BiggSny, 13g14ILel —

http://en.wikipedia.org/wiki/Solder

no

no

yes

97 3

99 1

99 0.3 | 0.7

AgO3A.
Patented by |96.2 25 08| 05
AIM alliance.

Patented by
Matsushita/ 88 35 0.5
Panasonic.

Addition of
silver improves
mechanical
strength.
Established
history of use. 42 1 57
Good thermal
fatigue
performance.
Patented by
Motorola.

Bi58. 42 58
Reasonable
shear strength
and fatigue
properties.
Combination
with lead-tin
solder may
dramatically
lower melting
point and lead
to joint failure.
[27] Low-
temperature
eutectic solder
with high
strengtr !
Particularly
strong, very
brittle. 14 Used
extensively in
through-hole
technology
assemblies in
IBM
mainframe
computers
where low
soldering
temperature
was required.
Can be used as
a coating of
copper particles
to facilitate
their bonding
under pressure/
heat and
creating a
conductive
metallurgical
joint.[58]
Sensitive to
shear rate.
Good for
electronics.
Used in

Page 26

9.4.2014 14:24:54



Solder - Wikipedia, the free encyclopedia

BisgPhy,

INgoPby A5

Phyolngg

Pbyglngg

Sny7 Pb37 gnyg

SryPhyeingyg

PhyIngg

In5,Snyg

124/126
6]

142/148"
5]

149/154°
7

195/224t
5]

245/260
5]

134/181
5]

130/154
5]

140/15%
8]

270/280!
5]

260/27%°
9]

118

http://en.wikipedia.org/wiki/Solder

Pb

Pb

Pb

Pb

Pb

Pb

Pb

no

no

no

no

no

no

yes

thermoelectric
applications.
Good thermal
fatigue
performance.
6% Established
history of use.
Expands
slightly on
casting, then
undergoes very
low further
shrinkage or
expansion,
unlike many
other low-
temperature
alloys which
continue
changing
dimensions for
some hours
after

solidification.
[34]

42

In80.

Compatible

with gold,

minimum gold-
leaching. 15
Resistant to

thermal fatigue!

Can be used in

step soldering.

In40. Low
gold-leaching.

Good thermal 60
fatigue

properties.

In30 70

In26 375|375

In20 54 |26

In19. Low
gold-leaching.

Good thermal 81
fatigue

properties.

In52. Suitable |48
for the cases
where low-
temperature
soldering is
needed. Can be
used for glass
sealing[.58]
Sharp melting
point. Good
wettability of
glass, quartz,
and many
ceramics. Good

80

40

30

26

20

19

52
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low-
temperature
malleability,
can compensate
for different
thermal
expansion
coefficients of
joined
materials.

very low tensile
strength

118138

Srg,lngg 4] no 52 48

./
Stging, %]18/146 _ o - 42

General-
purpose.

S d 71] Maintains cree

ng; Pbyg Laig 5 149 Pb,Cd | yes strength well P512 306 18.2

Unsuitable for
gold.
Similar
mechanical
properties with

SrggPbyy,
Sng PyeAg,
and SpPhy,,

7 suitable lead-
Sty7.dN2AG 8 %]75/ 187" |_ no free 77.2 2.8 20

replacement.
Contains
eutectic Sn-In
phase with
melting point at
118 °C, avoid
use above 100
°C.

In7,Cdyg 123%1  cd yes 74 26
INg; Bizg dCr 5 g2 Cd yes 30.8 61.7 75
Bis7 Pbys Sy (g 5

Ng
BisgPly5 Sy, £ dNy 61/68761 Pb,Cd | no 12.8 25.4 48 9.6

Bi,gPbygSnyglnyg 58/697"1 Pb no 15 | 18 49| 18

Cerrolow 136.
Slightly
expands on
cooling, later
shows slight
BigPly S 4Ny 58 Pb  vyes igﬂg:‘fﬁgd?s 12 18 49 21
afterwards.
Used as a
solder in low-
temperature

physics[.34]
Bigo P75, L3 70/73781 Pb,Cd | no 12.4 27.8 50,5 9.3

Cerrobend.
Used in low-
0 Pb,Cd | yes temperature |13.3 | 26.7 50 10
physics as a
solder¥!
Cerrolow 117.

Used as a
solder in low-

57/687° |Pb,Cd no 12.6 25.4 475 5 9.5

BisoPhys Sz Lo

~
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INgoSMyo

Ing; PBiszp SNie s 60.5
Bisg P17 55n3 1Cdig 1 70.9

Bisg.Pbos 52 L 5

~

1

Biso P31 Shig g 97

BisoPh,gSmy, 109
338/393

CdysAgs [79]

Cdg, ZNy75 265801

http://en.wikipedia.org/wiki/Solder

113/12%
4] -

Pb,Cd

Pb,Cd

Pb

Pb

Cd

Cd

no

yes

yes

yes

no

no

no

yes

temperature
physics[.34]

40

Field's metal 16.5

Lipowitz Metal 13.1 27.3

Wood's metal,
mostly used for 12.5 | 25
casting.

Newton's metal 18.8 31.2

Rose's metal. It
was used to
secure cast iron
railings and
balusters in 2
pockets in stone2
bases and steps.
Does not

contract on
cooling.

KappTec
General
purpose solder
that will join all
solderable
metals except
Aluminum.
High
temperature,
high strength
solder. Itis
used in 5
applications
where alloys
melting higher
than soft
solders are
required, but
the cost and
strength of
Silver-brazing
alloys is not

necessaryg]

Medium
temperature
alloy that
provide strong,
corrosion-
resistant joints
on most metals.
801 A5 for
soldering
aluminium and
die-cast zinc

alloys.[zo] Used
in cryogenic
physics for
ataching
electrical
potential leads
to specimens of
metals, as this
alloy does not
become
superconductiv
e at liquid
helium

28
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Cd,Zns, (2)]65/30é8 Cd
265/316°

CdgoZNao ol Cd

Cd,gZn, Ads %49/31é8 Cd

http://en.wikipedia.org/wiki/Solder

no

no

no

temperatures.
[34]

Medium
temperature
alloy that
provide strong,
corrosion-
resistant joints
on most metals.
Works
especially well
on Aluminum-
to-Aluminum
and Aluminum-
to-Copper
joints, with
excellent
corrosion
resistance and
superior
strength in high
vibration and
high stress
applications in
electronics,
lighting and
electrical
products[.so]

Medium
temperature
alloy that
provide strong,
corrosion-
resistant joints
on most metals.
Works
especially well
on Aluminum-
to-Aluminum
and Aluminum-
to-Copper
joints, with
excellent
corrosion
resistance and
superior
strength in high
vibration and
high stress
applications in
electronics,
lighting and
electrical
products[.so]

KappTecZ

High
temperature,
high strength
solder that may
be used on most
metals, but
works

extremely well
on Aluminum,
Copper and
Stainless Steel|
It has a high
tolerance to
vibration and
stress, and good
elongation for
use on

30

40

17

70

60

78
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dissimilar
metals. Above
its liquidus of
600°F, this
solder is
extremely fluid
and will
penetrate the

closest joints.
[81]

KappRad[Bz]
Developed
specifically to
join and repair
Aluminum and
# Aluminum/
SNy oZN,-Colyy 1761260 cq no PP g 40 27 33
heat
exchangers. A
lower melting
point makes
delicate repair

work easief®?!

For soldering
aluminium.

Good wetting.
[54]

ZngCdy 265/399 | Cd 90 |10

For soldering
aluminium.
Very good

Wetting.[54]

Cd70,
thermal-free
solder.
Produces low
thermal EMF
joints in
Cd;oSy %]40/16(51 cd no copper, does
not form
parasitic
thermocouples,
Used in low-
temperature

physics[.34]
SnyPb;,Cdy g 1459181 Cd,Pb Cd18 50 32 18

Low melting
temperature
allows repairing
SnygPby,Cdi g 14983 Cd,Pb pewter and zinc40 42 18
objects,
including die-
cast toys.

For soldering
aluminium.
ZnyShy, 199/376 | — no Excelleatl | 30 70
wetting:
Good strength.
For soldering
aluminium.

Good wetting.
[54]

For soldering
aluminium.
Excellent

Wetting.[41]
SyeAl1g 21784 - yes 90 10

ZngCdyg 265/335 | Cd 60 |40

29.5 70.4
6 4

ZngoSiyg 199/341 | - no 40 60

ZNngsSny 382 - yes?
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AugaShyg 280 -
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yes

Au80. Good |20
wetting, high
strength, low
creep, high
corrosion
resistance, high
thermal
conductivity,
high surface
tension, zero
wetting angle.
Suitable for
step soldering.
The original
flux-less alloy,
does not need
flux. Used for
die attachment
and attachment
of metal lids to
semiconductor
packages, e.qg.
kovar lids to
ceramic chip
carriers.
Coefficient of
expansion
matching many
common
materials. Due
to zero wetting
angle requires
pressure to
form a void-
free joint. Alloy
of choice for
joining gold-
plated and
gold-alloy
plated surfaces.
As some gold
dissolves from
the surfaces
during
soldering and
moves the
composition to
non-eutectic
state (1%
increase of Au
content can
increase
melting point
by 30 °C),
subsequent
desoldering
requires higher
temperatu ré®]
Forms a
mixture of two
brittle
intermetallic
phases, AuSn

and AuSSn.[BG]

Brittle. Proper
wetting
achieved
usually by
using nickel
surfaces with
gold layer on
top on both
sides of the
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joint.
Comprehensive
ly tested
through
military
standard
environmental
conditioning.
Good long-term
electrical
performance,
history of
reliability.32!
Low vapor
pressure,
suitable for
vacuum work.
Generally used
in applications
that require a
melting
temperature
over 150°C%7]
Good ductility.
Also classified
as a braze.

Au98. A non-
eutectic alloy
used for die
attachment of
silicon dies.
Ultrasonic
assistance is
needed to scrub
the chip surface
SO a eutectic
(3.1% Si) is
reached at
reflow.

Au97.[8%1
AuSiy ,is a

eutectic with
melting point of
363 °C. AuSi
forms a
meniscus at the
edge of the
chip, unlike
AuSn, as AuSi
reacts with the
chip surface.
Forms a
composite
material
structure of
submicron
silicon plates in
soft gold
matrix. Tough,
slow crack

propagatior{.5°]

Au88. Used for
die attachment
of some chips.
14 The high
temperature
may be
detrimental to
the chips and
limits
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Notes on the above table

no

pure

reworkability.
[32]

Au82. High- 18
temperature,

extremely hard,

very stiff,

IN99. Used for
die attachment
of some chips.
More suitable
for soldering
gold,
dissolution rate
of gold is 17
times slower
than in tin-
based solders
and up to 20%
of gold can be
tolerated
without
significant
embrittlement.
Good
performance at
cryogenic
temperatures.
9 wets many
surfaces incl. 99.9
quartz, glass, 9
and many
ceramics.
Deforms
indefinitely
under load.
Does not
become brittle
even at low
temperatures.
Used as a
solder in low-
temperature
physics, will
bond to
aluminium. Can
be used for
soldering to
thin metal films
or glass with an
ultrasonic

soldering iron.
[34]

Temperature ranges for solidus and liquidus (the bounslafithe mushy state) are listed as soIidus/quuﬂﬁ]s.
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In the Sn-Pb alloys, tensile strength increases with irsinggtin content. Indium-tin alloys with high indium contdrave very low tensile

strengti1¥!

For soldering semiconductor materials, e.g. die attachwfesilicon, germanium and gallium arsenide, it is impottdmat the solder contains no
impurities that could cause doping in the wrong directiaor. $oldering n-type semiconductors, solder may be dopddamtimony; indium may

be added for soldering p-type semiconductors. Pure tin ang gold can be usedH

Various fusible alloys can be used as solders with very loWingepoints; examples include Field's metal, Lipowitzlley Wood's metal, and

Rose's metal.

Properties

The thermal conductivity of common solders ranges from 324toV/(m- K) and the density from 9.25 to 15.00 g?c,[ﬁ?]
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Material . Thermal conductivity . Melting point .

[W/(m*K)] [°C]
Sn-37Pb (eutectic) 50.9 183
Sn-2.8Ag-20.0In 53.5 175-186
Sn-2.5Ag-0.8Cu-0.5Sb 57.26 215-217
Pb-5Sn 63 310
Lead (Pb) 35.0 327.3
Tin (Sn) 73.0 231.9
Aluminum (Al) 240 660.1
Copper (Cu) 393 - 401 1083
FR-4 1.7
[91]
Solidifying

The solidifying behavior depends on the alloy compositPure metals solidify at a sharply defined temperature, fogrorystals of one phase.
Eutectic alloys also solidify at a single temperature, athponents precipitating simultaneously in so-called éedigrowth. Non-eutectic
compositions on cooling start to first precipitate the reariectic phase; dendrites when it is a metal, large crystiadsh it is an intermetallic
compound. Such a mixture of solid particles in a molten digtésreferred to as emushy state. Even a relatively small proportion of solids in the

liquid can dramatically lower its fluidity?l]
The temperature of total solidification is the solidus of #iloy, the temperature at which all components are modtéimei liquidus.

The mushy state is desired where a degree of plasticity isflwéal for creating the joint, allowing filling larger gapor being wiped over the joint
(e.g. when soldering pipes). In hand soldering of elect®itimay be detrimental as the joint may appear solidifiedenhis not yet. Premature
handling of such joint then disrupts its internal structainel leads to compromised mechanical integrity.

Alloying element roles

Different elements serve different roles in the soldenallo

= Antimony is added to increase strength without affectingtai®lity. Prevents tin pest. Should be avoided on zincpuad, or galvanized

metals as the resulting joint is britte]
= Bismuth significantly lowers the melting point and imprewsgettability. In presence of sufficient lead and tin, bishmforms crystals of
Sn, ¢Ph,,Bis, with melting point of only 95 °C, which diffuses along the igrdoundaries and may cause a joint failure at relatively low

temperatures. A high-power part pre-tinned with an alloleafi can therefore desolder under load when soldered winauth-containing
solder. Such joints are also prone to cracking. Alloys withrethan 47% Bi expand upon cooling, which may be used totaffieemal
expansion mismatch stresses. Retards growth of tin wiisRalatively expensive, limited availability.

Copper lowers the melting point, improves resistance tothécycle fatigue, and improves wetting properties of thatem solder. It also
slows down the rate of dissolution of copper from the boardi jzart leads in the liquid solder. Forms intermetallic comas. May promote
growth of tin whiskers. Supersaturated (by about 1%) safutif copper in tin may be employed to inhibit dissolutiontahtfilm under-

bump metallization of BGA chips, e.g. asgﬁAg3Cu3.[92]

Nickel can be added to the solder alloy to form a supersadrsdlution to inhibit dissolution of thin-film under-bumpxatallization[.gz]
Indium lowers the melting point and improves ductility. Irepence of lead it forms a ternary compound that undergaesepthange at

114 °C. Very high cost (several times of silver), low availidy. Easily oxidizes, which causes problems for repainsl reworks, especially
when oxide-removing flux cannot be used, e.g. during GaAsattachment. Indium alloys are used for cryogenic apptioat and for
soldering gold as gold dissolves in indium much less thamirdium can also solder many nonmetals (e.g. glass, raloaina, magnesia,
titania, zirconia, porcelain, brick, concrete, and marbRrone to diffusion into semiconductors and cause unelésioping. At elevated
temperatures easily diffuses through metals. Low vap@sune, suitable for use in vacuum systems. Forms brittégrimgtallics with gold;

indium-rich solders on thick gold are unreliable. Indiusbd solders are prone to corrosion, especially in pres#raddoride iond?3!

Lead is inexpensive and has suitable properties. Worséngettan tin. Toxic, being phased out. Retards growth of tiiskers, inhibits tin
pest. Lowers solubility of copper and other metals in tin.

Silver provides mechanical strength, but has worse dtyctilan lead. In absence of lead, it improves resistancetigufafrom thermal
cycles. Using SnAg solders with HASL-SnPb-coated leads$denPhAg, phase with melting point at 179 °C, which moves to the board-

solder interface, solidifies last, and separates from teedi*! Addition of silver to tin significantly lowers solubilityfosilver coatings in
the tin phase. In eutectic tin-silver (3.5% Ag) alloy it tertd form platelets of Agbn, which, if formed near a high-stress spot, may serve a:

initiating sites for cracks; silver content needs to be kegdow 3% to inhibit such problerﬂ%z.]

Tin is the usual main structural metal of the alloy. It hasdystsrength and wetting. On its own it is prone to tin pest, tin and growth of tin
whiskers. Readily dissolves silver, gold and to less bitsignificant extent many other metals, e.g. copper; thia particular concern for
tin-rich alloys with higher melting points and reflow termptures.

Zinc lowers the melting point and is low-cost. However itighly susceptible to corrosion and oxidation in air, therefzinc-containing
alloys are unsuitable for some purposes, e.g. wave sofflermd zinc-containing solder pastes have shorter shelfién zinc-free. Can
form brittle Cu-Zn intermetallic layers in contact with qogr. Readily oxidizes which impairs wetting, requires datle flux.
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= Germanium in tin-based lead-free solders influences foomaf oxides; at below 0.002% it increases formation ofdes. Optimal
concentration for suppressing oxidation is at 0.008%.

Impurities in solders

Impurities usually enter the solder reservoir by dissa@uime metals present in the assemblies being soldered.Ndrggof process equipment is
not common as the materials are usually chosen to be insdiuisblder®!

= Aluminium - little solubility, causes sluggishness ofdsal and dull gritty appearance due to formation of oxidedi\ah of antimony to
solders forms Al-Sb intermetallics that are segregatemldnbss.

= Antimony — added intentionally, up to 0.3% improves wedtilarger amounts slowly degrade wetting

= Arsenic — forms thin intermetallics with adverse effeatsnaechanical properties, causes dewetting of brass sserface

= Cadmium — causes sluggishness of solder, forms oxidesaamdhes

= Copper — most common contaminant, forms needle-shapedriatallics, causes sluggishness of solders, grittinfeskoys, decreased
wetting

= Gold — easily dissolves, forms brittle intermetallicsptamination above 0.5% causes sluggishness and decreetsiegw owers melting
point of tin-based solders. Higher-tin alloys can absorbengwmld without embrittlemerit]

= [ron — forms intermetallics, causes grittiness, but réwissolution is very low; readily dissolves in lead-tin aeci27 °clel

= Nickel — causes grittiness, very little solubility in St-P

= Phosphorus — forms tin and lead phosphides, causes ggitamd dewetting, present in electroless nickel plating

= Silver — often added intentionally, in high amounts formigimetallics that cause grittiness and formation of p@amin the solder surface

= Sulfur — forms lead and tin sulfides, causes dewetting

= Zinc — in melt forms excessive dross, in solidified joirapidly oxidizes on the surface; zinc oxide is insoluble uxés, impairing
repairability; copper and nickel barrier layers may be meleathen soldering brass to prevent nickel migration to thitasae

Intermetallics in solders

Many different intermetallic compounds are formed durinlidsfying of solders and during their reactions with thédssed surface8®!

The intermetallics form distinct phases, usually as iriohssin a ductile solid solution matrix, but also can form thatrix itself with metal
inclusions or form crystalline matter with different inteetallics. Intermetallics are often hard and brittle. Rirdistributed intermetallics in a
ductile matrix yield a hard alloy while coarse structuresgia softer alloy. A range of intermetallics often forms kegwthe metal and the solder,
with increasing proportion of the metal; e.g. forming a stawe of Cu-CySn-CySn.-Sn.

Layers of intermetallics can form between the solder andtiidered material. These layers may cause mechanicdiligjiazeakening and
brittleness, increased electrical resistance, or elgigmtion and formation of voids. The gold-tin intermeitzllayer is responsible for poor
mechanical reliability of tin-soldered gold-plated swda where the gold plating did not completely dissolve insibieler.

Gold and palladium readily dissolve in solders. Copper dokiehtend to form intermetallic layers during normal saidg profiles. Indium forms
intermetallics as well.

Indium-gold intermetallics are brittle and occupy abouitdets more volume than the original gold. Bonding wires apeemlly susceptible to
indium attack. Such intermetallic growth, together witartimal cycling, can lead to failure of the bonding wiFsd,

Copper plated with nickel and gold is often used. The thiml dayer facilitates good solderability of nickel as it pretethe nickel from oxidation;
the layer has to be thin enough to rapidly and completelyotlissso bare nickel is exposed to the soldé.

Lead-tin solder layers on copper leads can form coppemnterietallic layers; the solder alloy is then locally dégteof tin and form a lead-rich
layer. The Sn-Cu intermetallics then can get exposed taatinid, resulting in impaired solderabiliﬁz]

Two processes play role in a solder joint formation: intéoacbetween the substrate and molten solder, and soltd-gtawth of intermetallic
compounds. The base metal dissolves in the molten solder am@unt depending on its solubility in the solder. The a&ctionstituent of the
solder reacts with the base metal with a rate dependent csothbility of the active constituents in the base metal. Sbld-state reactions are
more complex - the formation of intermetallics can be inteidiby changing the composition of the base metal or the salti®y, or by using a

suitable barrier layer to inhibit diffusion of the met&i&!
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Tin Lead Indium
Copper | Cu,Sn,CugSng, Cu,Sn, Cu;Sry Cugln, Cuyln,
Nickel ~ NigSn, NiSn, NiSn, NiSn, Nisln, Niln Ni,Ing, Nigln,
Iron FeSn, FeSp
Indium | IngSn, InSny In;Pb —
Antimony| SbSn
Bismuth BiPb;
Silver  |AdgSn, AgSn Aggln, Agin,
Gold AuzSn, AuSn Ausn,, AuSn, Au,Pb, AuP  |Auln, Auln,
PalladiumPd;Sn, PdSn, PdSn,, PdSn, PdSy PdSnp Pd;In, Pd,In, Pdin Pgin,

Platinum | Pt;Sn, PtSn, PtSn, BSn,, PtSn, PtSn, | P,Pb, PtPb PtPpPLIn,, Ptin,, Ptin,

= CysSn, — common on solder-copper interface, forms preferegtimien excess of tin is available; in presence of nickel (Qdh

compound can be formed
= Cu;Sn — common on solder-copper interface, forms preferigntidnen excess of copper is available, more thermally stétin CySry,

often present when higher-temperature soldering occurred
= NizSn, — common on solder-nickel interface

= FeSn, — very slow formation

= Ag,Sn - at higher concentration of silver (over 3%) in tin forphatelets that can serve as crack initiation sites.

= AuSn, —B-phase - brittle, forms at excess of tin. Detrimental tgpréies of tin-based solders to gold-plated layers.

= Auln, — forms on the boundary between gold and indium-lead sptds as a barrier against further dissolution of gold

Glass solder

Glass solders are used to join glasses to other glassemicgranetals, semiconductors, mica, and other matermrabsprocess called glass frit
bonding. The glass solder has to flow and wet the solderdelcas well below the temperature where deformation or diegien of either of the
joinec materials or nearby structures (e.g., metallization layer chips or ceramic substrates) occurs. The usual tempeatachieving flowing
and wetting is between 450 and 550 °C.

Two types of glass solders are used: vitreous, and dewitgfyitreous solders retain their amorphous structuréenguremelting, can beeworkec
repeatedly, and are relatively transparent. Devitrifygofglers undergo partial crystallization during solidifyj forming a glass-ceramic, a
composite of glassy and crystalline phases. Devitrifyiigers usually create a stronger mechanical bond, but are tamperature-sensitive and
the seal is more likely to be leaky; due to their polycrystalistructure they tend to be translucent or opa{a?}e[)evitrifying solders are

frequently "thermosetting", as their melting temperatifter recrystallization becomes significantly higheistallows soldering the parts together
at lower temperature than the subsequent bake-out witkeoutlting the joint afterwards. Devitrifying solders fremily contain up to 25% zinc
oxide. In production of cathode ray tubes, devitrifyingdest based on PbO,B4-ZnO are used.

Very low temperature melting glasses, fluid at 200—400vf€xe developed for sealing applications for electroni¢gylcan consist of binary or

ternary mixtures of thallium, arsenic and sultt¥) Zinc-silicoborate glasses can also be used for passivafietectronics; their coefficient of
thermal expansion must match silicon (or the other semigctuds used) and they must not contain alkaline metals & tlvould migrate to the

semiconductor and cause failufeg!!

The bonding between the glass or ceramics and the glass saldée either covalent, or, more often, van der WHER The seal can be leak-
tight; glass soldering is frequently used in vacuum tecbgyl Glass solders can be also used as sealants; a vitremuglerpating on iron

lowered its permeability to hydrogen 10 time Glass solders are frequently used for glass-to-metal sedlglass-ceramic-to-metal seals.

Glass solders are available as frit powder with grain sizevb€0 micrometers. They can be mixed with water or alcohdbtm a paste for easy
application, or with dissolved nitrocellulose or othertable binder for adhering to the surfaces until being méf® The eventual binder has to
be burned off before melting proceeds, requiring carefuldiregime. The solder glass can be also applied from melizte to the area of the
future joint during manufacture of the part. Due to their laiacosity in molten state, lead glasses with high PbO cdr{téften 70-85%) are
frequently used. The most common compositions are baseghorblorates (leaded borate glass or borosilicate glassjlésrmmount of zinc
oxide or aluminium oxide can be added for increasing chelstedility. Phosphate glasses can be also employed. Ziide osismuth trioxide,
and copper(ll) oxide can be added for influencing the théerpansion; unlike the alkali oxides, these lower the softg point without
increasing of thermal expansion.

Glass solders are frequently used in electronic packa@B&DIP packagings are an example. Outgassing of water tierglaiss solder during
encapsulation was a cause of high failure rates of early ABRRegrated circuits. Removal of glass-soldered ceramiers, e.g., for gaining

access to the chip for failure analysis or reverse enginggis best done by shearing; if this is too risky, the cov@oished away instead®®!
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As the seals can be performed at much lower temperature tilalivect joining of glass parts and without use of flameirfgsa temperature-
controlled kiln or oven), glass solders are useful in agpians like subminiature vacuum tubes or for joining micadaws to vacuum tubes and
instruments (e.g., Geiger tube). Thermal expansion aoefft has to be matched to the materials being joined and &ftehosen in between the
coefficients of expansion of the materials. In case of hgqwincompromise, subjecting the joint to compression séressmore desirable than to
tensile stresses. The expansion matching is not criticapplications where thin layers are used on small areas fiegegble inks, or where the
joint will be subjected to a permanent compression (e.g., by armadtsteel shell) offsetting the thermally introducedsttenstressel %

Glass solder can be used as an intermediate layer whengaimaterials (glasses, ceramics) with significantly défercoefficient of thermal
expansion; such materials cannot be directly joined bydifin Weldin9[.1°6] Evacuated glazing windows are made of glass panels soldered
togethenllm]

A glass solder is used, e.g., for joining together parts tiade ray tubes and plasma display panels. Newer compusitavered the usage
temperature from 450 to 390 °C by reducing the lead(ll) exidntent down from 70%, increasing the zinc oxide contefdirgy titanium dioxide
and bismuth(lll) oxide and some other components. The Highhal expansion of such glass can be reduced by a suitablmicefiller. Lead-
free solder glasses with soldering temperature of 450 °@ akso developed.

Phosphate glasses with low melting temperature were deeeldne of such compositions is phosphorus pentoxide(lleaside, and zinc
oxide, with addition of lithium and some other oxide%¥!

Conductive glass solders can be also prepared.
Preform

A preform is a pre-made shape of solder specially designettiéoapplication where it is to be used? Many methods are used to manufacture
the solder preform, stamping being the most common. Thespl&form may include the solder flux needed for the soldgprocess. This can

be an internal flux, inside the solder preform, or extemiéth the solder preform coatdtt’!

See also

= Body solder
* ROHS

= Solderability
= Solder mask
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