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A method of manufacturing SIL hybrid circuits wherein a hybrid circuit (1) is attached to the corresponding clip members (25) of
a lead frame (20), and excessive parts (21, 22, 26, 27) are removed from the lead frame (20) so that the clip members (25) attached to
said hybrid circuit (1) and the corresponding foot members (24) are left, is characterized in that the lead frame (20) is manufactured and/or
the excessive parts are removed therefrom so that one or more support members (26°, 30; 31, 32) are left with respect to one SIL hybrid
circuit (1) for supporting the same during positioning and surface mounting. The method makes possible the efficient utilization of SIL
hybrid circuits in the packaging technology in which the components are mounted from a tape by means of automatic machines and then
connected by surface mounting techniques.
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Method of manufacturing surface-mountable SIL hybrid circuit

The invention is related to a method of manufacturing surface-mountable SIL hybrid
circuits, and, especially, to the manufacturing phase in which the SIL hybrid circuits are
provided with external contacting leads by means of a lead frame. The invention relates also
to mounting of SIL hybrid circuits on a base substrate, e. g. a printed circuit board, by means
of surface mounting techniques.

Even in the past decade hybrid circuits were used widely in the electronic equipment
because by using hybrid circuits the packaging density was multiplicated in relation to a
technique in which mainly separate components provided with contact terminals were
mounted directly on a printed circuit board. It is obvious that packaging density is most
easily increased by using so called SIL hybrid circuits (SIL, single in-line), i. e. edge-
mountable hybrid circuits, the conventional packaging technology of which is illustrated in
Fig. 1. One edge of a SIL hybrid circuit 1 is provided with contact areas 7, 7'. The leads 3, 4,
which are to be connected to the contact areas, are arranged to form a continuing lead frame
2, and they are connected, usually by soldering, without separating them from the frame. In
Fig. 1, this is shown as a front view (above left) and as a side view (above right). After
connection of the leads, the side bands 5, 6 holding the frame together are removed, and the
leads 3 connected to the contact areas 7, 7' by means of the clip parts 4a, 4b remain at the
edge of the hybrid circuit 1. Below left in Fig. 1, mounting of the hybrid circuit separated
from the frame 2 on a circuit board 11 is shown schematically. The holes 12 which receive
the leads 3 of the hybrid circuit are advantageously so called plated through holes for making
the solder joints reliable.

Today the packaging technology of electronic equipment often includes multilayer
circuit boards and surface mounted components on both sides of the circuit board. There are
several reasons which make the SIL hybrid technology described above not very suitable for
present packaging technology. Firstly, the borings necessary in the circuit board reduce the
area available for inner circuit layers. Secondly, instead of wave soldering normally used
when mounting components to plated through holes, reflow soldering methods, which are
more suitable for surface mounting, are used in the present packaging technology. In the
wave soldering process the components on the lower side of the circuit board are immersed
in the liquid solder, whereby the thermal shock may damage them. If hybrid circuits are used,
they are often mounted separately and soldered manually to avoid reliability risks.

The use of hybrid circuits in electronic equipment is remarkably reduced also beacause a
high enough packaging density is achieved by mounting small size surface-mount components

directly on a multilayer circuit board. In the design of many electronic devices it is, however,
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“still desirable to improve packaging density, and by means of SIL hybrid circuits it would be

possible. Only a new advantageous solution, suitable for the present packaging technology,
for mounting SIL hybrid circuits on printed circuit boards is needed. An object of the
invention is to provide such a solution.

According to the invention the method of manufacturing SIL hybrid circuits, wherein for
providing a hybrid circuit with terminal leads (legs):

- alead frame is manufactured including side bands and between the side bands several
members including a clip member for making a joint to a hybrid circuit and a foot member for
surface-mount to a base substrate, €. g. a printed circuit board;

- a hybrid circuit is attached to the clip members of the lead frame by means of the
corresponding contact areas; and

- excessive parts are removed from the lead frame so that the clip members attached to
said contact areas and the corresponding foot memebers are left,
is characterized in that the lead frame is manufactured and/or the excessive parts are removed
therefrom so that one or more support members are left with respect to one SIL hybrid
circuit for supporting the same during positioning and surface mounting to a base substrate.

In accordance with a preferred embodiment of the invention the lead frame is
manufactured to include strip-like members connecting the foot members to the side band so
that at least one strip-like member may be left as a support member with respect to one
hybrid circuit during the removing of the excessive parts.

In accordance with another preferred embodiment of the invention strip-like members
are left which extend from a foot member to both sides of the SIL hybrid circuit. The strip-
like member left as the support member may be bent towards the base substrate for the
purpose that, during mounting the SIL hybrid circuit, it is positioned into a corresponding
hole formed in the base substrate. The bent part of the strip-like member may also be twisted
around the longitudinal axle thereof, whereby the bent parts twisted to different directions
improve the alignment of the hybrid circuit.

In accordance with a further embodiment of the invention the location of the support
member to be left is selected with respect to any SIL hybrid circuit to be advantageous with
respect to the mounting, so that, for example, in the mounting of the SIL hybrid circuit on the
base substrate the position of the support member is different from the positions of the
support members of the adjacent hybrid circuits.

The method according to the invention makes possible to utilize SIL hybrid circuits
efficiently in surface-mount based assembling of electronic equipment. The circuits may be
mounted by automatic mounting machines, and they are well enough supported so as to

remain stationary during reflow soldering.
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The invention and some embodiments thereof are described in further detail in the
following with reference to the accdmpanying drawings, wherein:

Fig. 1 presents a prior art manufacturing method and use of SIL hybrid circuits;

Fig. 2 presents an embodiment of a lead frame and illustrates final stages of
manufacturing a SIL hybrid circuit wherein external contacting leads are attached thereto;

Fig. 3 shows a top plan view (above) and a side view (below) of the SIL hybrid circuit
manufactured in accordance with the method of the invention illustrated in Fig. 2;

Figs. 4(a) and 4(b) show sectional side views of the hybrid circuit of Fig. 3 along lines
A-A and B-B, respectively;

Fig. 5 presents a schematical and enlarged side view of the SIL hybrid circuit of Fig. 2
positioned for surface mounting;

Figs. 6(a) and 6(b) show enlarged views of contacting leads (legs) and support members
of Figs. 4(a) and 4(b) and show also schematically the mounting of the SIL hybrid circuit on a
printed circuit board,

Figs. 7 and 8 show perspective views of a contacting lead (leg) cut from the lead frame
with a support member and without a support member, respectively;

Figs. 9 and 10 show some embodiments of a contacting lead (leg) with a support
member and embodiments in which the strip-like members, functioning as support members,
are bent towards the base substrate for positioning into the holes in the base substrate; and

Fig. 11 shows schematically an ambodiment of the method of the invention.

The prior art of the manufacturing of SIL hybrid circuits is described above in the
introductory part of the description.

Fig. 2 presents a schematical plan view of a lead frame 20 and hybrid circuits 1
connected thereto. Figs. 3, 4(a), and 4(b) present a side view and a sectional view of one of
the hybrid circuits 1 after removing the excessive parts of the lead frame. A lead frame 20
includes side bands 21 and 22 and members 23, 23' therebetween which include a clip
member 25 for connecting the hybrid circuit thereto, and a foot member 24 for surface
mounting and connecting a contacting lead, connected to the hybrid circuit by a clip member,
to a base substrate, usually a printed circuit board. The clip member 25 forms a slot to which
the edge 13 of the hybrid circuit 1 is tightly fitted so that the arms of the clip member are set
against the contact areas 7, 7' and may be connected thereto by soldering or other suitable
manner. The side bands 21 and 22 are usually provided with perforations (not illustrated)
which are at a certain distance from each other for the purposes of mechanical handling.
Besides the clip members 25 and foot members 24, the members 23, 23' between the side
bands include strip-like members 26 at both sides of the foot member and a further strip-like
member 27 adjacent to the side band 22. At the left in Fig. 2 the excessive parts to be-
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‘removed from the lead frame are illustrated by a broken line, and the parts which remain as

contacting leads or other parts in the hybrid circuit are illustrated by a solid lline. In the
example of Figs 2 - 4 the strip-like members 26' extending to both sides from the foot
member 24 are left as support members at the sixth contacting lead from left hand. The
meaning of the support members 26' is illustrated by sectional views 4(a) and 4(b). A normal
foot member (Fig. 4(b)) has tabs 29 at both sides of the hybrid circuit, the tabs being set
against the base substrate for making an electrical and mechanical connection between the leg
member and a corresponding contact area on the base substrate. Normally, the base substrate
is a printed circuit board to which the connection is made by some reflow soldering method.
The support members 26' (Fig. 4(a)) have a significant stabilizing effect to a hybrid circuit 1
placed on a base substrate, and they confirm that the circuit is standing and keeps the position
thereof during handling and soldering.

Figs. 5, 6(a) and 6(b) present schematically, in enlarged size and in more detail the
mounting of the hybrid circuit on the printed circuit board and the structure and meaning of
the support members. The printed circuit board has corresponding contact areas 15 for the
tabs 29 of the foot members 24. Around the contact areas the printed circuit board is covered
by conventional protective coating 14 on which the support members 26' are extending. In
this phase, the clip members are already attached by soldering to the corresponding contact
areas 7, 7' of the hybrid circuit. Contact areas 15 and tabs 29 may have a tin-coating for
soldering, or there may be solder paste printed on the contact areas for soldering. The
soldering may be made by focus-technique, for example.

Figs. 7 - 10 show in more detail some possible structures of the contacting leads and
support members. Fig. 8 presents a contacting lead separated from the lead frame and with no
support member. The clip member is formed by arms 25 cut out from the foot member 24
and bent suitably to form a slot 31 for the edge of the hybrid circuit. The foot member 24
could be straight, too, but the form shown in the figures in which there are tabs 29 at both
ends of the foot member, which are at a little lower level than the center part 28, is more
advantageous as far as soldering is concerned. It makes possible also to draw conductors on
the printed circuit board between the contact areas 15. The support members 26', 30 may be
left to extend straight to both sides from the foot member 24 so that they, while resting
against the printed circuit board, normally the protective coating thereof, support the hybrid
circuit. In the embodiment of Fig. 9, the support members 26', 30 are bent to extend at an
essentially right angle towards the base substrate. In the base substrate, corresponding holes
are formed for receiving the support members. It is not necessary to attach the support
members to the holes by soldering, and so the holes must not be of plated through type. It is
clear that a hybrid circuit supported in this way keeps its position during the handling after
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placing even better than when supported by support members extending to the sides only.
This solution may be advantageous also in relation to the space utilization of a printed circuit
board though the holes always take some space away from routing conductors on the surface
or in the inner layers of the printed circuit board. Fig. 10 shows an embodiment in which the
support members 31, 32 and 33, 34 are formed so that they provide gripping to the holes to
which the peak parts 32, 34 are tightly fitted. Moreover, the support members 31, 33 are
twisted about 45° around the longitudinal axle thereof in different directions by means of
which free motion of the support members 31, 33 fitted to the holes is further reduced and
the alignment of the hybrid circuit mounted on the printed circuit board is further improved.

Fig. 11 shows schematically hybrid circuits H1 ... H2 which are mounted on a base
substrate, e. g. printed circuit board, the hybrid circuits being manufactured according to the
present invention. For the sake of clarity, and as it is not necessary for describing the
invention, no contact areas, conductors or other components are shown on the base
substrate. As shown in the figure, the support members 26' are selected to be situated in the
middle area in SIL hybrid circuits H1 ... H6 and, moreover, so that the support member 26' is
laterally aligned not with the corresponding support member 26' but with a foot member 24
of the adjacent hybrid circuit. In longer SIL hybrid circuits H7 ... H12 a support member 26'
is situated at both ends of the circuit for keeping the circuit more accurately at the aimed
position during mounting. Also in hybrids H7 ... H12 the situation of the support members
26' in different circuits is selected so that they are not laterally aligned in hybrid circuits which
are side by side.

In conventional hybrid circuit technology the substrate is of aluminum oxide and the
normal thickness thereof is about 0.6 mm, and the lead frame is made of phosphor-bronze,
the thickness thereof is typically about 0.25 mm, and it is often plated with a conventional tin-
lead coating for soldering purposes. It is clear that the method according to the invention is
not restricted to above mentioned materials. The invention may as well be applied to hybrid
circuit technology utilizing more or less polymer based materials. The method of the
invention is not restricted to soldering as a connection method either, but it may be applied
also when the connections are made by conductive adhesives, for example. Furthermore, the
invention is not restricted to support member solutions described above. As far as
manufacturing of the lead frame is concerned and also for other reasons, it is practical that
support members which are to be left in a hybrid circuit are in connection with foot members,
but it is clear that support members may be included in a lead frame also in other ways, like
separate members with no leads in connection therewith for mechanical and electrical

connection, for example. Normally, one support member or a couple of them is enough for
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one hybrid circuit, but if a hybrid circuit is very long, for example, e. g. two pairs of support
members may be left for one hybrid circuit.

The invention may vary within the scope of the accompanying claims.
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Claims

1. A method of manufacturing SIL hybrid circuits, wherein for providing a hybrid circuit (1)
with terminal leads (legs):
a lead frame (20) is manufactured including:
side bands (21, 22), and
between the side bands several members (23) including a clip
member (25) for making a joint to a hybrid circuit (1) and a foot member (24)
for surface-mount to a base substrate, e. g. a printed circuit board,
a hybrid circuit (1) is attached to the clip members (25) of the lead frame (20)
by means of the corresponding contact areas (7, 7'); and
excessive parts (21, 22, 26, 27) are removed from the lead frame (20), so that
the clip members (25) attached to said contact areas (7, 7') and the corresponding foot
memebers (24) are left,
characterized in that the lead frame (20) is manufactured and/or the excessive parts are
removed therefrom so that one or more support members (26', 30; 31, 32) are left with
respect to one SIL hybrid circuit for supporting the same during positioning and surface

mounting to a base substrate.

2. The method of claim 1, characterized in that the lead frame (20) is manufactured in such
a way that it includes strip-like members (26) connecting the foot members (24) to the side
band (21, 22), so that at least one strip-like member may be left as a support member (26')

with respect to one hybrid circuit (1) during the removing of the excessive parts.

3. The method of claim 2, characterized in that strip-like members (26') which extend from

a foot member (24) to both sides of the SIL hybrid circuit (1) are left as support members.

4. The method of claim 2 or 3, characterized in that the strip-like member (26', 31) left as a
support member is bent to extend towards the base substrate (Figs. 8 and 9) for the purpose
that during mounting the SIL hybrid circuit (1) it is positioned into a corresponding hole
formed in the base substrate.

5. The method of claim 4, characterized in that the bent part (31, 32) of the strip-like

member is twisted around the longitudinal axle thereof’
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6. The method of claim 5, characterized in that the bent part (31, 32) of the strip-like

member is twisted about 45 degrees around the longitudinal axle thereof,

7. The method of claim 5 or 6, characterized in that at the different sides of the hybrid
circuit (1) the bent parts (31, 32; 33, 34) of the strip-like member are twisted to different

directions.

8. The method of any claim 4 - 7, characterized in that the part to be bent (31, 32) is

formed to cause a grip when inserted to the hole.

9. The method of any preceding claim, characterized in that the location of the support
member to be left is selected with respect to any SIL hybrid circuit to be advantageous with

respect to the mounting.

10. The method of claim 9, characterized in that the location of the support member to be
left is selected so that in the mounting of the SIL hybrid circuit on the base substrate the
position of the support member is different from the positions of the corresponding support

members of the adjacent hybrid circuits.
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