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ELECTRONIC COMPONENT INCLUDING 
SOLDERED ELECTRICAL LEADS 

BACKGROUND OF THE INVENTION 

This invention relates to electronic components and, 
in particular, to micro-electronic circuits which include 
soldered electrical leads. 
Many types of electronic components utilize a 

soldered lead for electrical connection to the outside 
world. Such components include thin ?lm, thick ?lm, 
and hybrid integrated circuits where circuit elements 
are formed on an insulating substrate and leads are 
soldered to contact pads formed around the periphery 
of the substrate. The leads are usually formed from lead 
frames with the end of each individual lead shaped into 
a jaw con?guration for clipping onto the contact pad. 
The leads usually include either a slug of solder posi 
tioned above the jaw or a solder cladding inside the jaw, 
which solder is re?owed during a heating step subse 
quent to the attachment of the leads. (See, e.g., Keller, 
"Signi?cant Features of Solder Connections to Gold 
Plated Thin Films," IEEE Transactions on Components. 
Hybrids and Manufacturing Techno/0p, Vol. CHMT-S, 
No. 4, pp. 408-419, (December l982).) 
The leads are usually made of an alloy including 

copper, such as phosphor bronze which comprises ap 
proximately 95 percent copper and 5 percent tin. The 
solder is usually a mixture of Pb and Sn. It has been 
found that during aging, copper from the lead and tin 
from the solder form brittle intermetallic compounds on 
the lead surface which tend to weaken the bond and 
cause detachment of the leads. This effect is particularly 
important where the lead design does not include a clip 
member embedded within the solder to provide addi 
tional mechanical strength. The problem is also signi?~ 
cant where the component must function at elevated 
temperatures for extended periods of time. In some 
applications, it is desirable that bonds withstand I00’ C. 
aging for at least 40 years. 

It is therefore a primary object of the invention to 
provide electronic components which include strong, 
reliably bonded leads for external electrical connection. 

SUMMARY OF THE INVENTION 

This and other objects are achieved in accordance 
with the invention which is an electronic component 
including an insulating substrate and a plurality of cir 
cuit elements formed on the substrate. The component 
also includes a plurality of contact pads formed at the 
periphery of the substrate and electrically connected to 
the circuit elements. A plurality of electrical leads are 
provided, each clipped onto at least one corresponding 
contact pad. Each lead includes a layer of nickel on the 
surface in at least some area of the portion clipped to the 
pad. 

BRIEF DESCRIPTION OF THE DRAWING 

These and other features of the invention are delin 
eated in detail in the following description. In the draw 
ing: 
FIG. 1 is a cross-sectional schematic view of an elec 

tronic component in accordance with one embodiment 
of the invention; 7 

FIG. 2 is an enlarged view of a portion of the compo 
ncnt of FIG. 1; 
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FIG. 3 is a plan view of a lead frame in accordance 

with the same embodiment at an earlier stage of fabrica 
tion; 
FIG. 4 is a cross-sectional view taken along line 4—4 

of FIG. 3; 
FIG. 5 is a graph of pull strength versus aging time 

for leads in accordance with the same embodiment as 
compared to other leads; and 
FIG. 6 is a graph of pull strength versus the number 

of temperature cycles for leads in accordance with the 
same embodiment as compared to their leads. 

It will be appreciated that for the purposes of illustra 
tion these ?gures are not drawn to scale. 

DETAILED DESCRIPTION ‘ 

FIG. 1 illustrates, in a cross-sectional schematic view, 
a portion of an exemplary thin ?lm hybrid circuit incor 
porating the invention in accordance with one embodi 
ment. It will be appreciated that such circuits usually 
include many more elements. Further, the invention is 
also applicable to thick ?lm circuits, hybrid thick ?lm 
circuits, and combinations of thin and thick ?lm cir 
cuits, as well as other components which require 
soldered electrical connections. 
The circuit is fabricated on an insulating substrate 10. 

which is usually ceramic having a thickness of 0.7 mm. 
The portion of the circuit shown includes a thin ?lm 
resistor 11, a semiconductor integrated circuit chip 12. 
and a thin ?lm capacitor 13. The thin ?lm resistor typi 
cally comprises a patterned layer of tantalum nitride 14. 
The semiconductor chip comprises a silicon integrated 
circuit which is electrically coupled to interior contact 
pads 15 and 16 on the thin ?lm circuit by wire bonds 
and bonded to the substrate surface by an epoxy layer 
37. These contact pads typically comprise multilayers 
of titanium-palladium-gold or titanium-palladium-cop 
per-nickel-gold. Alternatively, the chip would be pro 
vided in a chip carrier which is soldered to the contact 
pads. The capacitor typically includes a bottom elec 
trode 17 comprising tantalum, an insulating layer 18 
comprising tantalum oxide, and a counter-electrode 
comprising successive layers of tantalum nitride 14 and 
titanium-palladium-gold, the latter three layers shown 
as composite layer 19. 

Contact pads, four of which are shown as 20-23, are 
included at the periphery of the substrate. These pads 
are electrically coupled to the circuit elements on the 
substrate. In this example, pads are formed on both 
major surfaces of the substrate since elements can also 
be formed on both surfaces, although no elements are 
shown on the underside for the purpose of clarity in the 
illustration. The contact pads typically measure approx 
imately 1.2 max 1.5 mm and are approximately 2 pm 
thick. 
As shown in more detail in FIG. 2, the pads are actu 

ally a multi-level structure including a layer 17 of tanta 
lum which was used for fabricating the capaeitor’s bot 
tom electrode, a layer 14 of tantalum nitride which was 
used for fabricating the resistors, and layers of titanium 
24. palladium 25 and gold 26, which were used in fabri 
cating the capacitor’s counter-electrode. The pads were 
de?ned by successively depositing a layer 24 of titanium 
to a thickness of‘- typically 900 , a layer 25 of palladium 
which is typically 3000 A and a layer of gold 26. to a 
thickness of approximately 1.5 pm. Alternatively, a 
typical pad could include successive layers of titanium, 
palladium, copper, nickel and gold (see, for example, 
Keller, “Signi?cant Features of Solder Connections to 



H498 
3 

Gold-Plated Thin Films," IEEE Transactions on Cam 
ponents, Hybrids and Manufacturing Technology, Vol. 
CHMT-S, No. 4, pp. 408-419, (December 1982)). 

In order to provide electrical connection of the cir 
cuit shown to printed circuit boards and the like, electri 
cal leads such as 30 and 31 are provided as shown in 
FIG. 1. These leads are of the clip-on type. That is, they 
include a jaw portion (32 and 33) which clips onto the 
contact pads. The leads are also soldered to the contact 
pads by means of a solder layer 34 and 35, which is 
usually a combination of Sn and Pb and in this example 
comprises approximately 60 percent Sn and 40 percent 
Pb. The electrical lead itself is made of phosphor bronze 
and the solder is provided by cladding the inside of the 
jaw with the solder during the fabrication of the lead as 
discussed in more detail below. 

In accordance with a main feature of the invention, as 
best seen in FIG. 2, a nickel layer 36 is included be 
tween the lead and the solder layer. In this example, the 
layer extends over only the jaw portion of the lead, but 

' it may also be desirable to form the layer over the entire 
surface of the lead. The nickel layer functions to isolate 
the copper in the phosphor bronze lead from the tin of 
the solder and thereby prevents the formation of any 
signi?cant amount of brittle Cu-Sn intermetallics which 
causes bond failures. 

It is known that nickel itself will form a brittle inter 
metallic with tin. (See, e.g., Olsen et al, "Effects of 
Intermetallics in the Reliability of Tin Coated Cu, Ag, 
and Ni Parts," 13!]: Annual Proceedings of Reliability 
Physics Symposium pages 80-86 (April 1975).) How 
ever, by using a sufficiently thin nickel layer and keep 
ing the temperature below a certain level, the formation 
of the Ni-Sn intermetallic can be controlled so as not to 
signi?cantly affect the bond strength. In particular, a 
layer thickness of l-4 um appears to be useful, although 
thicknesses outside this range might also be used. In 
order to keep the growth rate of the Ni-Sn inter-metallic 
at a reasonably low level, it is recommended that the 
temperature of the lead be kept below 280' C. during 
soldering and later circuit processing. 
The lead including the nickel layer may be fabricated 

by a number of methods. Typically, the leads are 
formed from a lead frame con?guration such as shown 
in FIGS. 3 and 4 where elements similar to those of 
FIGS. 1 and 2 are similarly numbered. Each ?nger of 
the lead frame will constitute a separate lead once the 
connecting portions 40 and 41 are severed. As shown in 
FIG. 4, the end portion of each ?nger includes a layer 
of nickel 36 of the type described above. Further, a 
layer of solder 34 is formed over the nickel layer. These 
layers are usually formed before the stamping out of the 
lead frame con?guration while the metal is in the form 
of a continuous sheet. In order to form the nickel layer, 
the metal sheet can be dipped into a typical matte nickel 
plating bath such as a sulfamate or watts bath. The 
solder layer can then be applied by means of a cladding 
operation where the solder is provided as a solid strip 
applied to the metal sheet under pressure while the 
metal is heated to a temperature below the melting point 
of the solder so that the solder is bonded to the underly 
ing nickel layer. 
FIGS. 3 and 4 illustrate each ?nger after stamping the 

lead frame pattern. Subsequently, the portions 32 of the 
?ngers are bent into the jaw con?guration and the jaws 
are clipped onto respective contact pads on the circuit 
component. The structure is then heated for a time and 
temperature suf?cient to melt the solder and form the 
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bond. In this example. heating is typically to a maximum 
temperature in the range 210‘ C.-280' C. and the time 
that the temperature is above the melting point of the 
solder is 0.5-2.0 min. The connecting portions 40 and 41 
are then severed and the leads bent at an angle of ap~ 
proximately 90' C. to form the completed component. 
The leads in accordance with the invention were 

tested by attaching them to contact pads comprising 
successive layers of titanium-palladium-copper-nickel 
gold on a sample ceramic substrate and soldering at a 
maximum temperature of 240' C. and a time above the 
solder melting point of 0.6 minutes. FIGS. 5-6 show 
comparisons between these leads (Curve A) and leads 
with no Ni layer (Curve B). FIG. 5 illustrates the mean 
pull strength of both types of leads as a function of 
aging time when the leads were aged at 150' C. It will 
be noted that after 3,000 hours, the leads including the 
nickel layer show no signi?cant reduction in pull 
strength. FIG. 6 illustrates the mean pull strength of the 
leads when subjected to temperature cycling from 
—40' C. to 130' C., with the number of such cycles 
given on the ordinate. Again, it will be noted that a 
signi?cant improvement is realized by use of the nickel 
layer. 

Leads including a nickel layer are believed to be most 
advantageous when provided with a solder cladding 
layer over the nickel as described above. This is because 
the solder layer is believed to prevent any signi?cant 
oxidation of the nickel layer which would otherwise 
occur and adversely affect the soldering operation. 
However, it may also be possible to use the nickel layer 
with other types of clip-on leads where the solder is 
provided as a slug over the jaw region rather than as a 
layer within the jaw. 

Various additional modi?cations of the invention will 
become apparent to those skilled in the art. All such 
variations which basically rely on the teachings through 
which the invention has advanced the art are properly 
considered within the scope of the invention. 
What is claimed is: 
1. An electronic component comprising: 
an insulating substrate; 
a plurality of circuit elements formed on the sub 

strate; 
a plurality of contact pads formed at the periphery of 

said substrate and electrically connected to said 
circuit elements; 

a plurality of electrical leads comprising copper each 
clipped onto at least one corresponding contact 
pad and soldered thereto with a solder including 
tin, said leads comprising a layer consisting essen 
tially of nickel on the surface of the lead with a 
thickness of 1-4 pm in at least some area of the 
portion clipped to said pad in order to prevent 
signi?cant formation of copper-tin interrnetallics. 

2. The device according to claim 1 wherein the solder 
further comprises Pb. 

3. The device according to claim 1 wherein the sub 
strate comprises two major surfaces and the contact 
pads are formed on both major surfaces. ‘ 

4. An electrical lead comprising copper for attach 
ment to a contact pad formed on a substrate comprising 
a portion adapted for clipping onto the pad, a layer 
consisting essentially of nickel formed over at least 
some area of said portion with a thickness of 1-4 pm, 
and a layer of solder including tin formed over said 
nickel layer. 
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