| NTEGRATED Cl RCUI T DEVI CES W TH SOLDERABLE LEAD FRAME Technical Field This
sinvention concerns integrated circuit devices .in which an integrated
circuit unit and a lead frane are sealed within a protective encl osure.
Background of the Invention Int egrated circuit (I C) devices, having an
integrated circuit (1C) unit and a leaq frame which are seal ed within a
protective enclosure, find wide use in products including consumer
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by stamping or etching a metal blank into a plurality of leads (or lead fingers)

defining a central area in which the IC unit is mounted. The lead frame comprises
typically a mounting paddle and a plurality of separate lead members extending
away from a location adjacent to the paddle. In those instances where the paddle is
absent, the leads are formed so that the IC unit is supported by the ends of the leads
or the ends of the leads are positioned in an abutting or spaced position with the IC
unit or the ends of the leads are overlapping the periphery of the IC unit.

The blanked lead frames are, typically, plated in a conventional manner .
with a layer of nickel over the surface of the lead frame. Nickel plating was intended
to serve as a barrier to diffusion of copper to and formation of reactive copper
products, such as copper oxides and sulfides, on the surface of the lead frame.
Unfortunately, nickel layer in thickness of less than 400 microinches (10.2
micrometers) contains pores through which migration and diffusion of copper to the
surface of the lead frame takes place. However, a layer having thickness of greater
than 400 microinches tends to crack when the leads are eventually bent.

' An attempt to eliminate or at least reduce effects of diffusion of copper
through a less than 400 microinches thick nickel layer was made by depositing a thin
layer of palladium or palladiumv/nickel alloy on top of the nickel layer. (See
European Patent Application No. 0 250 146 published December 23, 1987).
However, copper corrosion products, including oxides, sulfides and other reaction
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Summary of the Invention

The present invention embodies a packaged device with a lead frame, a
lead frame and an article of manufacture comprising a base metal, a layer of nickel
on the base metal, and a protective composite of metal layers on the nickel. The
composite includes, in succession from the nickel layer, a layer of palladium or soft
gold strike, a layer of palladium-nickel alloy, a layer of palladium and a layer of
gold. The palladium or soft gold strike layer acts primarily as a bonding (an
adhesive) layer between the Ni and Pd-Ni alloy layers and as a layer that enhances
reduction in porosity of subsequent layers, Pd-Ni alloy layer acts as a trap for base
metal ions, Pd layer acts as a trap for Ni ions from the Pd-Ni alloy layer, and gold
layer synergistically enhances the quality to the Pd layer. The various layers are in
thickness sufficient to effectively accomplished each of their designated roles,
depending on the processing and use conditions. Pd or Au strike may be deposited
in thickness from 1 to S microinches, Pd-Ni alloy from 4 to 100 microinches, Pd
from | to 100 microinches and the outer gold layer from Lo 100 microinches in
thickness.

Brief Description of the Drawilgg _
FIG. | is a schematic representation of a top view of a typical lead frame

with an IC unit mounted thereon; _
FIG. 2 is a schematic cross-sectional side view of a portion of an
encapsulated device taken along the 2-2 line of FIG. 1;
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o/ P I&1&: IC unit is bonded. and leads, 13. Dam bars, 14, which interconnect leads 13 at
this stage, are trimmed away after a packaging medium has been applied over an
area shown in phantom lines, 15. '

For illustration purposes, this invention will be described with reference
to an IC packaging in which the packaging medium is a molded plastic material,
such as epoxy. However, this invention is applicable to such other embodiments in
which the [C unit and the leads are enclosed in a ceramic or a hybrid ceramic and
metallic package. |

In FIG. 2 is shown a schematic cross-sectional side view of a package
16. The package includes IC unit 11, paddle 12, and leads 13. The IC unit which is
bonded on the paddle by solder or adhesive, 17, is electrically connected via wires or
tabs 18, to the leads. IC unit 11, paddle 12, wires 18, and portions of the leads
adjacent to the paddle are enclosed in a molded packaging medium, 19. The leads
include a base metal, 20, a layer of nickel, 21, on the base metal, and a protective
composite, 22, on the nickel layer.

" The base metal, 20, is typically a copper or a copper alloy. Copper
alloys, such as CDA No. 102 (99.95% Cu, remainder including Ag), CDA No. 103
(99.95% Cu, plus 0.001-0.005 P, and Au), No. 151 (99.9 Cu, 0.1% Zn), No. 155
(97.8 Cu, 0.034 Ag, 0.058 P, 0.11 Mg), No. 194 (97.5 Cu. 2.35 Fe. 0.003P. 0.12 Zn),
and KLF 125 (94.55 Cu, 3.2 Ni, 1.25 Sn, 0.7 Si), are representative of the materials
‘being used for the lead frames. Other alloys, such as iron-nickel alloys may also be
used as the base metal. '

The above-identified EP patent applications were primarily concerned
with metal coatings suitable for preventing or at least reducing diffusion of copper
and copper products from the base metal to the surface of the leads of the lead frame.
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a portion of lead 13. Composite 22 includes, in an ascending order from nickel layer
21, a palladium or soft gold strike layer 23, a palladium nickel alloy layer 24, a
palladium layer 25, and a gold layer, 26. The composite is deposited in a total
thickness varying from about 10 microinches to 300 microinches and thicker. The
composite is on a nickel layer ranging typically from 20 to 200 microinches in
thickness (510 to 5100 nanometers).

Palladium orsoft gold strike layer 23, which acts as a bonding
(adhesive) layer between nickel and palladium-nickel alloy layer is deposited in a
thickness ranging from 1 to 5 microinches (25 to 102 nanometers). Layers thinner
than | microinch may be insufficient for bonding purposes, while layers 5
microinches and thicker would not add any additional advantage. Pd or Au strike
layer is a low porosity layer which, in addition to its bonding characteristics,
contributes to an enhancement in growth of subsequent layers with reduced porosity,
which in turn contributes to the reduction in potential diffusion of copper and nickel
toward upper layers. Preferably, Pd strike layer is deposited from a palladium strike
solution described in U.S. Patent No. 4,178,475 issued on January 12, 1993 to J.A.
Abys et al., which is incorporated herein by reference. Examples of compositions
and electroplating conditions for depositing soft gold are disclosed in a book by
Frank H. Reed and William Goldie, "Gold Plating Technology", Electrochemical
Publications Limited, 8 Barns Street, Ayr, Scotland, Third printing 1987, pages 26
and 46.
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down diffusion of nickel from palladium nickel alloy layer 24 to the surface which is

to be used for soldering. Layers thinner than 1 microinch may be insufficient to act

as a barrier to the diffusion of nickel from the palladium nickel alloy layer, while

layers thicker than 100 microinches would not add any additional advantages. The
thickness of this layer depénds on the thickness and the Ni content in the Pd-Ni alloy

layer. The higher the Ni content in the alloy layer, the thicker the Pd layer should be

to prevent or at least to slow down the diffusion of Ni into and through the Pd layer.

The alloy is preferably deposited from palladium electroplating solution described in

U.S. Patent 4,911,799 issued on March 27, 1990 to J.A. Abys_ etal, whichis
incorporated herein by reference.

- Gold layer 26 is deposited in a thickness ranging from 1 to 100
microinches (25 t0 2540 nanometers). Layers thinner than | microinch may be
insufficient to provide in combination with the other layers of the composite a
desired diffusion barrier effect while layers thicker than 100 microinches may add
additional expense of the costly gold without adding any. additional advantages in
solderability, solder wettability and bondablhty of the outer surface. For economical
reasons, the use of the expensive gold layer may for most purposes. be kept at a
minimum such as at | or 2 microinches (25 to 51 nanometers). The gold layer may
deposited from any conventional solutions for electroplating gold. Preferably, the
gold layer is deposited as a soft gold strike. Examples of compositions and
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10 in a known manner, e.g., by solder or by an adhesive. The electrical connection is
made between the IC units 11 and leads 13 by means of wires or tabs 18. It is
important that the surface of the leads be bondable' to the wires. A solderable
surface, which is free of undesirable products of copper and/or nickel, will be also
suitable for bonding of wires thereto. A surface with 'undesirgble products of copper
or nickel may not be wire bondable or may be poorly bondable so that a viable
connection may not be estabhshed or if established it could become disconnected in
operation. Especially poor contact would be made if the outer surface of the lead at
the place of bond has a thin layer of nickel oxide. Copper products, such as oxides
and sulfides, are removable by cleaning the surface prior to the [C unit mounting,
wire bonding and soldering. However, such nickel by-products as nickel oxides are
quite tenacious and are hard to remove with conventional cleaning solutions.

Each assembly is then placed in a molding apparatus, and plastic
encapsulating material is injected around each IC unit and adjacent parts of the leads
and forms an external IC unit package. After removing the assembly from the
molding apparatus, the molded IC packages are separated from the lead frames by
separating the ends of the leads from the lead frame and by removing dam portions
between the leads. The leads are then bent into a desirable configuration, e.g., gull
wing, “J" or butt form. Portions of the leads exposed from the molding compound

- are cleaned by acid washing and soldered to pads on a mounting board. In one
instance the cleaned leads are placed in contact with solder bumps or solder paste on
the mounting board and are soldered to pads on the board by refluxing. In another
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e doposi ¢ eanETIRER bithEScaginy Fhe bcfiine ok ovin® iR agig
| ayer in a thdmwplaseis maferiabto foemsa plhstiv flame (@ G BOminutes), Rifcuit
attachment, heat spreader attachment (150 °C, 30 minutes), trim and form leads.
oxygen plasma clean or laser H, O clean to remove any organic impurities, device
attachment inciuding die bond epoxy cure (165 °C, 1 hour), cover attach (165 °C, 1
hour), and burn-in (125 °C/24 hours) to effect structure stress release and integrity
test. These processing steps are well known in the art and do not need any further
detailing. Formation of plastic molded packaging and soldering steps may involve
temperatures as high as 250°C. The processing of ceramic packaging which includes
encapsulation with low-melting glasses may exceed 400°C, falling into a |
temperature range of 400 to 800°C for a period of 0.5 hour and longer. These
processing steps and resultant un_favorable thermal and oxidation effects on the
material of the lead frame result in reduced solderability quality of the lead frame.
To determine whether or not the surface of the lead frame would be

grer my

suitable for a reliable connection, the lead frames with or without the encapsulating
material are subjected to reliability tests. One of the tests is a Military Specification
883C. Method 2003 which is used as a qualifying criterion for acceptability. This
standard involves steam aging at 95 °C and 95% relative humidity for 4, 8 or 16
hours. This is presumed to simulate a shelf life of at least 6 months. Thereafter. the
samples are subjected to an application of non-activated rosin-flux to exposed metal
leads and immersion in solder at 250 °C for 5 seconds. Samples are then evaluated
for solder coverage at 10x magniﬁcétion. 'Coatings to be solderability acceptable
must have at least 95% coverage of high-quality smooth solder with a porosity count



layer in a thickness of at least | and preferably at |east 3 nicroinches,
.and the outer gold layer in a thickness of at least | mcroinch. For

* processing requiring tenperatures approaching 450[err]C, the Pd or Au
strike may be within the range of fromIl to 5 mcroinches. while the

m ni mum t hi ckness of the Pd-N alloy |ayer, Pd |ayer and outer gold |ayer
are increased to a range of from 20 to 30 m croi nches each. After
conpleting the netal deposition, the | ead franmes undergo the IC unit
nmount i ng praddexer. tharc§rdD¢ pretierably deweruhane2S porep periquargpientiogter.1 Althpughead
frames 10 i VRE chad) ek oiar | e
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- In contact WckdindRs Ihe BNBSsif inSIAUEE 'in BRZE&idH from the nickel layer. a 3
microinch Pd strike layer, a 4 microinch Pd-Ni (80/20) alloy layer, a 3 microinch Pd

layer and a | microinch soft gold flash. The sample had greater than 98% solder

coverage, as plated. The sample retained its >98% solder coverage when thermally
~ treated at 200°C for a period of 1, 2 and 5 hours and at 250°C for a period of 2 and 5

hours. The solder coverage also remained as high (>98%) when the sample was

steam aged (95°C, 95% humidity) for 8 hours.

For comparison, samples were tested having the same Pd strike, Pd-Ni

alloy and Pd thicknesses, but no outer soft gold flash. These samples, rated >98%

solder coverage, as plated, were rated at greater than 98% when exposed at 200°C

for periods of 1 and 2 hours, and greater than 95% when exposed at 200°C for 2

period of 5 hours but fell to an unacceptable value of less than 90% when exposed at

a temperature of 250°C for periods of 2 and 5 hours. Steam aging for 8 hours also

reduced the solderability to a value of less than 90%.

In FIGs. 4 and 5 are shown plots of an Auger depth profile analysis of a

composite having the multilayer composition with in succession from a 20

microinch nickel layer, a 3 microinch Pd strike layer, a 4 microinch Pd/Ni alloy

(80/20) layer, a 3 microinch Pd layer and | microinch of soft gold layer. The

composite was subjected to a thermal heat treatment at 250°C for 5 hours. The



the nmounting board and are soldered to pads on the board by refluxing. In.
anot her -7 - instance; the cleaned |eads are inmmersed into a nolten bath
.'of solder and then are placed in contact with fluxed term nal pads on the
nmounting board. It is inperative that to have reliable connection between,
the IC unit and the nounting board, 99 | eads shoul d have sol derabl e
surface. This neans that the surface of” these portions of the |eads which
are to be secured to pads on the board should be capable to receive a
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exceed 400f 1%’5 Beperation was @‘@‘Q@%@W@cmé&@ér@ﬁ“ﬂ@@@\ﬁe%[ err]C for
a period Ofntﬂxiﬁcxhg 20 ridEbiheles ©F golih®t®p of 20 microinches of palladium. In

comparison, 100 microinches of gold alone, that is without the Pd strike. Pd-Ni alloy

the same

and Pd layers, on top of nickel could not prevent the loss of solderability after
 thermal exposure at 450°C for only 10 minutes.

In another specific exemplary embodiment individual layers of
composite 20 were deposited in succession upon the surface of nickel layer [9. The
composite was deposited in a total thickness of about 12 microinches (about 310_ .
nanometers) upon a nickel layer 20 microinches (510 nanometers) in thickness.

\ Table I
\/_ Combination No.
1 2 3

Layer Thickness in microinches
Pd Strike 1 1 2
Pd/Nialloy 7.5 75 15
Pd | 1 2 1
Au Strike 2 R 1

The following layered finish, identifiable as combination No. 4

representative of prior art coatings. was used as a control:



processi ng steps and resultant unfavorable thernmal and oxidation effects on
the material of the lead frame result in reduced solderability quality of
“the lead frane. To determ ne whether or not the surface of the |lead frane
woul d be suitable for a reliable connection, the'lead frames with or

wi thout the encapsulating material are gubjected to reliability tests. One
of the tests is a Mlitary Specification 883C. Mthod 2003 which is used as
a qualifying criterion for acggg&abilityrigh{ ¢ Standard invol ves steam '
aging at 95 [err]C-and 95% rel ative huniihgﬁéiﬂgmé, 8 or 16 hours. This is
presuned to sinulate a shelf |life of at | east 6 nonths. Thereafter, the
sanpl es are subjected to an appNi éHikéon df non-activated rosin-flux to
exposed netal |eads and i nmer 'g$lin sol d8r at 250 [err]C for 5 seconds.
Sanpl es are then evaluated fo dsol der co erage at 10x magni fication.
Coatings to be solderability acceptabl e nust have at | east .95% coverage of
hi gh-quality snooth solder with a porosity count . -8 - of fewer than

50 ST i BB 5 i S A TRCrehl ?)
opP! o201 © Rod S 18 PR hePOhed oL RE Ry ARl it o L oot 70

sol der. Th [ egt i j ' utlined in
ASTM E709. S8 PRI Neg THY sbiehBilf ShaRoNRy feitSinichc ARAKs BWBL ' 001 Lie
t her mal exmﬂgglﬁergm#;&@h@qmqgglefﬁ_arre, di ffusion of netal between the
| ayers under thernal aging conditions nmay cause a | oss of surface quality
if the underlying netal diffuses into the nore noble surface layer. e.g.,
ni c¥€l into gold. Therefore, in additTghetflo steamaging. it is desirable to
subj ect the plated surfaces to a thermal aging. Standardi zed thermal aging
requi renments do not exist @bmblNo.presdnt t3me.31n o4der to judge the
suitability of the coatings according to this invention for solderability
under different thernal % Coverage _

as-plated 9 99 98 97

% Coverage
steam aged 98 97 97 85

Porosity
count '
- pores/ cm” 11 13 23 >100
Additional advantages and modifications will readily occur to those

skilled in the art. Therefore, the invention in its broader aspects is not limited to the
specific details, representative devices, and illustrated examples shown and .
described. Accordingly, various modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the appended claims

-

and their equivalents.



conditions, the coatings were subjected to thermal testing at 150[err]C
200[err]C and 250[err]C for a period of 1, 2 and 5 hours, and at 450[err]C
“for one hour. The thermal testing was conducted on copper panels having a
20 m croinch thick nickel |ayer coated vvith a conposite having a total
t hi ckness of 11 microinches. The conposj e included, in succession fromthe
ni ckel layer. a 3 microinch Pd strike~l a 4 mcroinch Pd-N (80/20)
alloy layer, a 3 mcroinch Pd | ayer and a 1 m croi nch soft gold flash. The
-sanpl e had greater than 98% sol der coverage, as plated. The sanpl e retained
its >98% sWeddaimover age when thermally treated at 200[err]C for a period
of 1, 2 and 5 hours and at 250[err]C for a period of 2 and 5 hours. The
- sol der coverage al so remmi ned as high (>98% when-the sanple was steam aged
(95[err] C,195% thnc,deaa g€ Qonfbrisiig! &t 128t o MOANIS Uhd RaAIPs&Ied\W¥ithih &St ed.
having the same Pd striké, Pd-N alloy and Pd thi ¢knesses, but no outer
soft gold flashpromt;mepmw g8 which said mw/smp@@rabmemglealwrpfamt wer e

Lat ed at great e‘g%& ﬁ 8% en (ﬁxposedége ?250'?%%{ é%%]';t:%;‘ol %;ItSBH( nd 2
ours, and grea e‘f?ﬂb%o
hours but fell éd?noiﬁﬁxté”iﬁﬁf(ﬁﬁé il sBceeadion fim hitkel, alpalladiftd oot SNAGETE at a

- tenperature of 25 err]Cfor periods of 2 and 5 hours. Steam aging for 8
hours al so redu’@w,ml?élﬁbulnemdtﬂ lailpy layer having 10 to190| weight: praeeny miekel, PyF| Gs.

d hown.
having the. mil t PPEe Bl 10k tpd Aol BBt ooy BRR 8L Palfioin R,
ni ckel |ayer, ageldgirikedhyetlis %Joﬁitéd ifea thiokaess ﬁ:fﬁcxeincrochdaaipaﬂddxmn-ﬁbkay

(8Q/ 20) Iayer a 3 mcroinch | ayer _and | _mcroinch of soft_gold |ayer.

Th(eL%o nposi t e M@Y%mréemnm&eldamé%pﬂmmw@@! gHay layer Lsa@qpeﬁlﬁqdonf or 5

hours. The I t & Wﬁflég I
conducted at a rZ‘P eg fggrfgé%‘gg@r%%geﬁl% nlﬂ’{ (?!{s otgebg%é ﬁi@e
that no nickel susfadebf diecldads) siitigaladium layer is deposited in a thxckness sufﬁcxent

to at least slow down diffusion of nickel to the surface of the lead, and said

outer gold layer is deposited in a thickness sufficient to further bar diffusion

of any nickel to the surface of the lead.

2. The IC package of claim 1, in which said composite is deposited in a total
‘thickness ranging from 10 to 300 microinches.

_ 3. The IC package of claim 1, in which said composite is deposited in 2 minimum
el total thickness of 10 microinches.

4. The IC package of claim 1, in which said palladium or soft gold strike layer
is at least 1 microinch in thickness, said palladium-nickel alloy layer is at least
4 microinches in thickness, said palladium layer is at least one microinch in

thickness, and said outer gold léyer is at least one microinch in thickness.

5. The IC package of claim 1, in which for use at temperature at 250° C. and Iess,
said palladium strike layer is at least 3 microinches in thickness, said
palladium-nickel alloy layer is at least 4 microinches in thickness, said

palladium layer is at least 3 microinches in thickness, and said outer gold layer



| ayer for a period of about 3.5 m nutes which corresponds to a Pd | ayer

thi ckness of .about 70 nanoneters (approximately 3 m croi nches). However..
FIG 5 reveals that when a conposite with Pd strike |layer. Pd-N all oy

| ayer and Pd | ayer of the sane thickness as. above, but w thout an outer
soft gold layer. is analyzed. Ni is present at the surface of the Pd | ayer.
- Thus, in 5 hours at 250[err]C nickel fromPd-N alloy wll diffuse into the
surface |ayer of a 2-3 mcroinches thickipalladiumlayer and interfere with
sol derability. However, a 1 mcroinch thick layer of gold on top of the

pal | adi um | ayer I§ratJeast ene migroinchrigdn shickmess.al | ons perfect solderability. A
simlar situation would arise when the conposite with and wi thout the outer
gold layer is subjected to nmuch hi gher tenperatures. For exanple, in

anot her exp@r i neThe ¥Ctpackdgenobitlaith 1R vetich Gor Qi kelenfiRpRbfeabC 50N omgh 20
m croi nches of Pd and 3 mcroinches of gold. This penetration was
elimnated and c¥resadalladinmmer safy galdhstake daysy is withinda eangg ¢fofrom 1 to

m cr oi nches of ' i | |l adi.um .l conppari sgon,
100 ni cr o nchesg’é*lﬂ %@&ghgﬁgﬁésa}wlﬁ@gm{\}ﬁlggbﬂq}ﬁ YPel S%‘ﬁrﬂ%&“wd- T34 oy
and Pd | ayers, osaid omtepigold kel haveul thiclalessd FANSS withhit alrasde of ariehsi0ady | ity
after thermal exposure at 450[err]C for only 10 m nutes. 1n another

speci fic exenpl dPIFTURENSE §3”Rt i ndi vi dual | ayers of conposite 20 were
deposited in succession upon the surface of nickel l[ayer 19. The conposite
was deposited in a total thickness of about 12 m croi nches (about 310

nanonet er s)7-uporThe I package agfeclaitd) 1{ri il bad Habd Gndldneimprives Jcopper and
t hickness. Table | ﬁ&r&isﬂgtion No. 8_ ) 2 . 3 Layer
Thi Ckness in ni cPB y enfains,20 weight percent pickel. 2 Pd/Ni alloy

7.5 7.5 7.5 Pd 1 2 1 Au Strike 2
1 1 The follow ng | ayered finish, identifiable as conbination No. 4
8. The IC package of claim 1, in which said outer gold layer comprises soft gold
strike. ' '
9.  Alead frame for providing an electrical contact to an integrated circuit unit,

comprising a plurality of leads electrically connected to the integrated circuit,
each lead comprising a base metal, a nickel layer on the base metal, and a
composite of metal layers deposited on the nickel layer, wherein said
composite comprises in succession from the nickel layer a palladium or soft
| gold strike layer, a palladium-nickel alloy layer having from 10 to 90% nickel,
A by weight, a palladium layer, and a gold layer, in which said palladium or soft
gold strike layer is deposited in a thickness sufﬁcienf to bond palladium-nickel
alloy layer to the nickel layer, said palladium-nickel alloy layer is deposited in
a thickness sufficient to at least slow down diffusion of the base metal to the
surface of the leads, said palladium layer is deposited in a thickness sufficient
to at least slow down diffusion of nickel to the surface of the lead, and said
gold layers in a thickness sufficient to further bar diffusion of any nickel to the

surface of the lead.



representative of prior art coatings. was used as a control: - 10- Layer
Thi ckness in mcroinches PdANi Strike 3 N ckel - 20 Pd 3
Sanpl es were tested for solderability as-plated and following 8 hours steam
aging. Porosity testing was -perforned on sections cut fromthe sane panel
used for the solderability testing. The §0I derability and porosity

per formance resul ts of the rrultl pl e Iay& s are presented in Tabl e |l. Table
1 Conb. No. 3 4 % Coverage as-pl ated 99 98
97 % Cover age steam _ 97 97 85 Porosity count ores/crr[ err]
11 13 . ﬂlmlemgérmmnélclzmuv&nmaghmhamﬂ reonipbsiteals dmmsmnf) in aectathl | y

occur to those F Iedfln ttlﬂg Q Ther fore, the invention in its broader
aspects is not &Yy o ?B e i ails, representative devices, and

il lustrated exanpl es shown and descrlbed Accordi ngly, various
nodi fications may be nade without departing fromthe spirit or scope of the
general inddatiV edmmeagcml%mwmcmm eqpposite ds deposived andmutnmum

equi val ents. total thickness of at least 10 microinches. -

12.  The lead frame of claim 9, in which said palladium or soft gold strike layer is
at least 1 microinch in thickness, said palladium-nickel alloy layer is at least
4 microinches in thickness, said palladium layer is at least one microinch in

~ thickness, and said outer gold layer is at least one microinch in thickness.

~ 13.  The lead frame of claim 9, in which for use at temperatures at 250° C. and
less, said palladium strike layer is at least 3 microinches in thickness, said
palladium-nickel alloy layer is et least 4 microinches in thickness, said
palladium layer is at least 3 microinches in thickness, and said outer gold layer

is at least one microinch is in thickness.

14.  The lead frame of claim 9, in which for use at temperatures of 450° C. and

greater said palladium or soft gold strike layer is within a range of from 1 to

. S microinches, and said pilladium-nickel alloy layer, said palladium layer and
N~ said outer gold layer have a thickness falling within range of at leest 20-30

microinches each.

15. The lead frame of claim 9, in which said base .me'tal comprises copper and said

Pd-Ni alloy contains 20 weight percent nickel.

16.  The lead frame of claim 9, in which said outer gold layer comprises soft gold

strike.

17.  An article of manufacture 'cemprising a base metal, a layer of nickel upon the

base metal, and a composite of layers on the nickel layer, said composite



W claim 1. An | C package conprising at |least one IC unit, and | eads

sealed within a protective package, in which said | eads conprise a base

netal, a |ayer of nickel on the base netal, and a conposite of netal |ayers

. on top of nickel, said conposite including, in succession fromnickel, a

. pall adiumor soft gold strike |layer, a QaLigdiun}nickel al l oy layer having
10 to 90 wei ght percent nickel, by weight,” a palladiumlayer, and a gold

| ayer, in which said palladiumor soft gold strike layer is deposited in a

thi ckness sufficient to bond palladi umnickel alloy |ayer to the nickel

| ayer, said pal | atclugding; éxsyccessiony fromy the nickel dayesi 2 pallidium ortsofk geld sstrike

~sufficient to at d i £fusi f. b t al t he surf f
the | eads, said paffaa iRl oy Jurs sving o T0oR 000 nicket Y pifit o
~at |east sl ow dov pslitddiues il9yer @ndri gélal 1aj&}, 6418 pagladiafieniekelt 1Ry Balflg apdssai d

outer gold layer is deposited in a thickness sufficient to further bar
di f fusi on of any himigeoinches thiek,sandf saié pafladinm pegdld strike layenesaid palladiome of

From 10 t0 300 e ReraEP SR ol pfer g S ieid e by bh i Rickhd, o

conposite is deposited in a mninumtotal thickness of 10 m croinches. 4.
The IC packaﬁg of _claim1, in which sai d_@gal | adi um or soft gold strike
layer is at FeastThe gticloiofcglainn 17hiinkwhich, said epmpesiteds idepesitadelin 4 Itesgl

| ayer is at | eas“hﬁékffés?rﬁﬁ@ﬁ%??mﬂ Qot i%n‘ﬁﬁ: oi I.d palladium | ayer is at
| ute

| east one microinch int €ss, “and ‘sal gold layer is at |east one
m croi nch in thickness. 5. The |1 C package of claim1, in which for use
at tenperature at_250[err]C.. and_|l ess, .said palladium strjke |ayer is at
least 3 m cridhne heRe c{"h‘;fc@ﬁ’& 47, w,whicho $9id gompesife erlepesitesd, in 2 minimymay
| east 4 mi croi nchggy kfickddsE kP86 SnickAhdhep?! | @di um layer is at least 3
m croi nches in thickness, and sai 8 outer gold | ayer
20.  The article of claim 17, in which said palladium or soft gold strike layer is at
least 1 microinch in thickness, said palladium-nickel alloy layer is at least 4
.microinches in thickness, said palladium layer is at least one microinch in

thickness, and said outer gold layer is at least one microinch in thickness.

21. The article of claim 17, in which for usé at temperature at 250° C. and less,
said palladium or soft gold strike layer is at least 3 microinches in thicknesé,
said palladium-nickel alloy layer is at least 4 microinches in thickness, said
palladium layer is at least 3 microinches in thickness, and said outer gold layer

is at least one microinch in thickness.

22. The article of claim 17, in which for use at temperature of 450° C. and greater,
said palladium or soft gold strike layer is within a range of from 1 to 5
microinches, and said-palladium-nickel alloy layer, said palladium layer and
said gold layer have a thickness falling Wit_hin a range of at least 20-30

microinches each.

23.  The article of claim 17, in which said base metal comprises copper and said

Pd-Ni alloy contains 20 weight percent nickel.



This is the replacenent sheet - 12 - is at least one microinch is in

t-hi ckness. 6. The |1 C package of claiml1, in which for use at tenperature
of 450[err]C. and greater said palladiumor soft gold strike layer is
within a range of from1l to 5 mcroinches, and said pall adi um nickel alloy
| ayer, said palladiumlayer and said out gold [ ayer have a thickness:
falling within a range of at |east 20-30~m croi nches each. 7. The 1 C
package of claim 1, in which said base netal conprises copper and said
Pd-Ni all oy contains 20 wei ght percent nickel. 8. The | C package of
claim1, ird4whichhesattigleoaf shimold inaykich caithpitse gokblayer obmipesesi soft g6ld A
| ead frame for R viding an el ectrical contact to an integrated circuit
unit, corrprisingsr ﬁMLwaIity of | eads electrically connected to the
integrated circuit, each |ead conprising a base netal, a nickel |ayer on
the base netal, and a conposite of netal |ayers deposited on the nickel

| ayer, wherein said conposite conprises in succession fromthe nickel |ayer
a palladiumor soft gold strike |ayer, a palladiumnickel alloy |ayer .
having from 10 to 90% ni ckel, by weight, a palladiuml|ayer, and a gold

| ayer, in which said palladiumor soft gold strike layer is deposited in a
t hi ckness sufficient to bond pall adiumnickel alloy |ayer to the nickel

| ayer, said palladiumnickel alloy |ayer is deposited in a thickness
sufficient to at |east slow down diffusion of the base netal to the surface
of the leads, said palladiumlayer is deposited in a thickness sufficient
to at | east slow down diffusion of nickel to the surface of the |ead, and
saigégold layers in a thickness sufficient to further bar diffusion of any
nickél to the surface of the |ead. :



- 13 - 10. The lead frame of claim9, in which said conposite i s

deposited in a total thickness from 10 to 300 m croinches. 11. The | ead
‘franme of claim9, in which said conposite is deposited in a mninmmtotal
t hi ckness of at |east 10 m croinches. 12. The lead frame of claim9, in

whi ch sai d pal |l adium or soft gold strike layer is at least 1 microinch in
t hi ckness, said palladi umnickel all oy éez_i_yer is at least 4 mcroinches in
t hi ckness, said palladiumlayer is af Y3st one microinch in thi ckness, and

said outer gold |ayer Ilﬁﬁyﬁ?&ﬁ%%@g{ Biﬁéﬁge‘}fs;wﬂﬁkness. 13. The

| ead frame of claim9, in tures at 250[err] C. and

| ess, said palladiumstri keS{)ﬁﬁfRAﬁLﬁLFﬂﬁng%ﬁhcrm nches in thickness,

said pal | adiumni ckel alloy l'ayer 1's at Ieas mcroi nches in thickness,.
sai d pal | ad\pea@yer is at least 3 microinches in thickness, and said outer
gold layer Tsat—least one mcroinch is in thickness. 14. The | ead frane

of claim9, in whicl fQkassRde¥icelwiIPS leall afte, 8lleAHPARE hid &n arfitg 97 eat er
said palladiumor soft gold strike layer 1s wthin a range of from1l to 5

m cr ol nchesmarmifactai dnipisidi base MaKeh 1kt p/nibiei Oh thé Base mxsthll asli 4m | ayer
and said outer gold | ayer have a thicknéss falling within range of at | east

20- 30 mi cr ojrorbeige ednpositd of metalNgydread themi¢iRl.0The tamposie ih¢luddd| mh sai d base
nmetal conprises copper and said Pd-Ni alloy contains 20 wei ght percent
ni ckel . 16.succeébkien|froml tHer kel ddyer,| adlayer®f pailaditninadr softigbldsitike, adayet of ayer
conprises soft gold strike. 17. An article of manufacture conprising a
base net al ,padlatdimprenickél alloyka layepofpalladiurmamd atayat of gold. The palfrdging or of
| ayers on the nickel |ayer, said conposite
N soft gold strike layer acts primarily as a bonding (an adhesive) layer between the Ni

and Pd-Ni alloy layers and as a layer that enhances reduction in porosity of

subsequent layers, Pd-Ni alloy layer acts as a trap for base metal ions, Pd layer acts

as a trap for Ni ions from the Pd-Ni alloy layer, and the outer gold layer

synergistically enhances the quality to the Pd layer. The various layers are in

thickness sufficient to effectively accomplish each of their designated roles,

depending on the processing and use conditions. Pd on soft Au strike layer may be

1-5 microinches thick, Pd-Ni alloy layer from 4 to 100 microinches, Pd layer from 1

to 100 microinches and the outer gold layer from 1 to 100 microinches in thickness.

Figure 3



- 14 - including, in succession fromthe nickel |ayer, a palladiumor soft
gold strike layer, a palladiumnickel alloy layer having from 10 to 90%

ni ckel by weight, a palladiuml|ayer and a gold |ayer, said palladi um nickel
all oy being at |east 4 mcroinches thick, and said palladiumor gold strike
| ayer, said palladiumlayer and said outer gold | ayer being at |east one

m croi nch each in thickness. 18. The article of claim 17, in which said
conposite is deposited in a total thickness ranging from10 to 300

m croi nches. 19. The article of claim17, in which said conposite is
deposited in a mninmumtotal thickness of 10 m croinches. 20.  The article

of claim17, in which said palladiumor soft gold strike layer. is at |east
1 microinch in thfgkess,fsaid pal | adi umnickel alloy layer is at |east 4
nmi croi nches in thicknéss, said pal |l adium layer is at |east one mcroinch
in thickness, and said outer gold layer is at |east one mcroinch in

t hi ckness. 21. - The article of claim17, in which for use at tenperature
at 250[err] C and Iess sai d pa#kﬁﬂlun1or soft gold strike layer is at

| east 3 microinches in ckness i ?*paltdi um ni ckel alloy layer is at

| east 4 m croinches in thickness, said palladiumlayer is at |east 3

m croi nches in thickness, and said outer gold layer is at |east one

m croi nch in thi)C . . The article 01 claim17, in . € Jat
t enper at ure of ' } } riyke
| ayer is within a npT T f 1 '
pal | adi um ni cke
a thickness falli
The article of cl
Pd-Ni all oy conta
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- 15 - 24. The article of claim 17, in which said outer gold |ayer
conprises soft gold strike. - 16 - | NTEGRATED CI RCU T DEVI CES W TH
SOLDERABLE LEAD FRAME Abstract A packaged device with a lead frane, a | ead
frame and an article of manufacture conprising a base netal, a |ayer of

ni ckel on the base netal, and a protective conposite of netal | ayers on the
ni ckel . The conposite includes, in succession fromthe nickel |ayer, a

| ayer of palladiumor soft gold strike, a |ayer of palladiumnickel all oy,
a |ayer of palladi qﬁd aézayer of gold. The palladiumor soft gold strike
| ayer acts primarily as a bondi ng (an adhesive) | ayer between the Ni and
Pd-Ni alloy layers and as a | ayer {§hat enhances r-ouctlon in porosity of -
subsequent |ayers, Pd-N alloy |ayer acts as a trap for base netal ions, Pd

| ayer acts as a trap for N__ion omthe Pd-Ni Alloy |ayer, and the outer
gol d I ayer synerglstlgpyaﬁ' S ee 2 "1/£t490 {?e Pd | ayer. The
various |ayers are i 655/ p #’ 27 vely acconplish each

~of their designated K&
" Pd on soft Au strikg
. from4 to 100 micro

“gold layer froml t?

2ekgXing and use conditions.
; /4}% ck, Pd-N alloy |ayer
A‘ﬁ& roi nches and the outer
fn s
“““““““““““ 13
:::&):&::::::.&_\\\

FIG. 3
.26

22

, 2‘

”I
¥ L\‘\“‘\““‘\‘\‘\‘ ““‘\““‘\“‘\“

2



FIG 1 [err] FIG 2 18 13 FIG 326 25222526 3 FIG 4
TO.PEAK FIG 5 PEAK TO PEAK [err] SPUTTER TIME (nin.)

-3

FIG. 4

[err] PEAK

1.00

- 6.00 -

| 5.00 -

PEAK TO PEAK  4.00 |-
3.00 -

- 2.00 c

1.00 N{A
.00

"=J‘_ "_‘ﬂ

00 400 8.00 12.00 16.

| ~ SPUTTER TIME (min.)
FIG. §

00 20.00

7.00

~ 6.00 |-
_ 5.00 |-

PEAK TO PEAK ~ 4.00 |-

3.00

2.00
1.00

{ 1 1t N

Ni

l

00 400 8.00 12.00 16.00 20.00

SPUTTER TIME (min.)



