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(549) METHOD AND APPARATUS FOR MOUNTING INTEGRATED
CIRCUIT SEMI-CONDUCTOR DEVICES ON A SUBSTRATE

(71) We, COMPAGNIE INTERNATIONALE POUR L’INFORMATIQUE CII-
HONEYWELL BULL, a French Body Corporate, of 94 Avenue Gambetta, 75020 Paris,
France, do hereby declare the invention for which we pray that a patent may be granted to
us and the method by which it is to be performed to be particularly described in and by the

5 following statement:- 5

The present invention relates to a method and apparatus for mounting integrated circuit
semi-conductor devices on a substrate.

In the modern tehcniques which are currently employed for producing electronic
equipment, and particularly data processing assemblies, increasingly frequent use is being

10 made of integrated-circuit semiconductor devices which are not enclosed. These unenclosed 10
devices are normally referred to as integrated circuit chips. They are generally rectangular ‘
in shape and are provided on at least one of their sides with output conductors. Such devices
are distinguished on the basis of their operational type or the categories into which their
dimensions fall (these dimensions generally being of the order of a few millimeters).

15 In order to make such devices easier to handle, it has been proposed to attach themtoa 15
flexible plastics film containing a plurality of rectangular openings which each have a device
at their centre. This device is attached to the film by an array of conductors which each have
one end soldered to a contact on the chip and the other end attached to an edge of the
opening. To obtain one of the chips it is merely necessary to cut through the conductors in

20 the gap between the chip and the film. 20

Also known is the use of connecting substrates, which frequently take the form of a
board generally made of an insulating material, which is provided with connecting
conductors produced in the form of circuits printed on the board. These conductors
generally extend from connecting areas distributed around spaces each reserved for one

25 type of chip and they terminate either at similar connecting areas or at outward connecting 25
terminals intended to link the substrate to an item of electronic equipment.

Accordingly from a first aspect the present invention consists in a method of mounting
different integrated semiconductor devices on a substrate having a plurality of spaces each
intended to receive one of said devices, comprising positioning the substrate with regard to

30 a first geometrical coordinate reference system, selecting the appropriate device for each of 30
said spaces, positioning said selected devices with respect to a second geometrical
coordinate reference system, successively shifting the substrate by altering the first
reference system relative to the second reference system so as successively to line up each
space on the substrate with the device selected therefor, successively positioning each

35 device on its respective space, and attaching to the substrate each device which has been 35
positioned on it. ’

From a second aspect the invention consists in apparatus for carrying out the aforesaid
method comprising a table movable in a first direction and carrying a plate for supporting a
substrate which is movable in a second direction transverse to said first direction, a plurality

40 of tools for attaching devices of different dimensions to said substrate arranged in at least 40
one line, and control means operative to position each space on said substrate in register
with an appropriate attaching tool and to actuate said tool.

In order that the invention may be more clearly understood an embodiment thereof will
now be described by way of example and with reference to the accompanying drawings.
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In the drawings: )
Figure 1 is a perspective view of a film supporting integrated-circuit semiconductor
devices co-operating with a connecting substrate, '

Figure 2 is a perspective view of an embodiment of apparatus according to the invention

consisting of a soldering machine and a monitoring and control unit,

Figure 3 is a side view of the machine shown in Figure 2,

Figure 4 shows an embodiment of reel-identifying tag according to the invention,

Figure 5 is a longitudinal sectional view of a cutting head according to the invention of
line V-V of Figure 6, .

Figure 6 is a section on line VI-VI of the head shown in Figure 5, -

Figure 7 is a front view looking along arrow VII of Figure 5, and illustrates the systems
associated with the tool, i

Figure 8 is a partially cut-away perspective view of the U-piece which is associated with
the table for supporting the substrate and which is intended to cooperate with perforated
plates carried by the cutting and soldering heads,

Figure 9 is a schematic view of the electrical circuit associated with each photo-electric
cell carried by the U-piece shown in Figure 8.

Figure 10 is a schematic view of the means for setting up the substrate on the plate of the
machine shown in Figures 2 and 3, :

Figure 11 shows a means of defining positions representing the centres of the spaces for
the semi-conductor devices with which the substrate is to be equipped,

Figure 12 shows a slotted abscissa plate resulting from the application of the method of
definition illustrated by Figure 11, this slotted plate being intended to co-operate with the
U-member shown in Figure 8,

Figure 13 shows a slotted ordinate plate resulting from the application of the method of
definition illustrated in Figure 11, this plate being intended to co-operate with the
U-member on the substrate-supporting plate, :

Figure 14 is a block diagram of the circuits for monitoring and controlling the apparatus
shown in Figure 2,

Figure 154 shows another example of a connecting substrate to be equipped by means of
an apparatus according to the invention,

Figure 15B shows an external equipping plan for the substrate shown in the Figure 15A,

Figure 15C shows an internal equipping plan intended for the monitoring and control unit -

of the machine shown in Figure 14,
Figure 15D shows a non-optimised cutting sequence for the substrate shown in Figure

15A,

Figure ISE shows a cutting sequence which has been optimised by the monitoring and

control unit,

Figure 15F shows the cutting path resulting from implementing the optimised sequiences
shown in Figure 15E, :

Figure 15G shows a non-optimised soldering sequence for the substrate shown in Figure 15A,
- Figure 15H shows a soldering sequence which has been optimised by the monitoring and
control unit, ) : ‘

Figure 151 shows the soldering path resulting from implementing the optimised soldering
soldering sequence shown in Figure 15H, » ‘

Figure 16 illustrates, by way of example, a manner of relating the designations for the

positions used in drawing up the equipment programs shown in Figures 15 and the relativex

and y co-ordinates associated with the substrate,

Figure 17 illustrates relationships which enable a changeover to be made from the relative
x axis of the first reference system to the absolute X axis of the second reference system for
the substrate-supporting table,

Figure 18 shows an example of the path which will be used to show how the optimum
sequences are defined as this affects the Y axis movements of a substrate,
_ Figure 19 is a general flow-chart for the operation of a machine according to the
invention, ' ‘

Figure 20 is a flow chart relating to the drawing up and optimisation of the cutting
sequence of a machine according to the invention,

Figure 21 is a flow chart representing the beginning of the cutting sequence and of the
positioning of the table, the plate and the films,

Figure 22 is a flow-chart relating to the advance of the strip and the check that the
semiconductors devices are satisfactory,

Figure 23 is a flow-chart relating to the descent of a cutting head,

Figure 24 is a flow-chart relating to the linking-up and formulation of the soldering
sequence,

Figure 25 is a flow-chart relating to the positioning of the table and the plate and the
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descent of the soldering head,

Figure 26 is a flow-chart relating to the soldering and the cooling of the soldered joints,

Figure 27 is a flow-chart relating to the ascent of a soldering head,

Figure 28 is a flow-chart relating to the conclusion of operation of the machine, and

Figure 29 shows the successive positions of the head to which Figures 29 to 28 relate.

The object of the invention is clearly illustrated by Figure 1 of the drawings. This Figure
shows a connecting substrate 10 having an array of internal conductors 12 which originate
from connecting areas 14 distributed around the various spaces 16 which are each intended
to receive a device or component. In the present case this device or component is a
semiconductor device 18 of a certain type which is more generally referred to as a chip.
Certain of the conductors 12 lead to terminals 20 for external connections which are
intended to be connected into an item of electronic equipment, such as a data processing
assembly for example.

The chips 18 may be classified in two ways. A first way is to consider them from the point
of view of their operational type. As an example, chips 18a and 18'a may be of a first type
whilst chip 18b may be of a second type. A second way is to categorise them by their
dimensions. In the example illustrated, chips 184 and 18b belong to first and second
categories respectively. It is however possible for devices of different types to belong to the
same category. ' :

Devices of any one type which are intended for placing on the substrate 10 are obtained
from a support member 22 such as a film or strip which is made from an non-extensible
flexible material. Along each of its edges this film is provided with a series of equidistant
perforations 24 which are symmetrical about the longitudinal axis of the film. In addition,
the film contains, in its central portion, a series of rectangular openings 26 around each of
which is an array of conductors 28. At the beginning, each opening is occupied by a chip of
the same type (type 18a in the present case), as shown in openings 26a and 26b. The
conductors forming the arrays 28 rest on the overhang from the film 22 in order to support
the chip by respective ones of its output contacts. A special feature of the film 22 is that it
incorporates marks associated with those chips on the film 22 which have not met
predetermined criteria in an operating test which is performed beforehand on all the
devices on the film. The drawing shows one of these marks identified by the reference
numeral 30. In the example illustrated, this mark is a small hole made in the edge of the
film, between the perforations at the corresponding edge and the array 28 associated with
the chip in opening 26a. Any other type of mark may of course be used. In other words, the
device 18 in opening 26a has been judged unsatisfactory during a test performed
beforehand on the film 22. The operation of the other devices 18 shown in Figure 1 has been
judged satisfactory.

Thus, using a film 22, and with reference to opening 26c¢, the substrate 10 is shifted so as
to align the centre of opening 26¢ with the centre 34 of a space (space 16¢ in the presence
case), along the axis 32 shown in chain lines. Chip 18'a is then separated from the film 22 by
cutting the array 28 between the chip and the edges of opening 26¢, the conductors attached
to chip 18’a being referred to in the text as the chip’s external conductors. Chip 18'a is then
set down in space 16¢. As a result of this operation, chip 18'a will be disposed in the same
way as chip 18a in Figure 1, this latter chip being assumed to have come from opening 26d in
the film 22. Following this, an attaching tool, such as a soldering tool (not shown) will be
pressed against the external conductors to attach them to the appropriate connecting areas
14 associated with space 16¢. The final state is demonstrated in Figure 1 by chip 18b, which
has its output conductors soldered to the conductors of the substrate 10.

In conclusion, the foregoing description shows that it is necessary to have a different film
22 for each type of chip required by the substrate. Consequently, as many cutting tools will
be needed as there are types of chip required for a substrate, to enable the chips to be cut
from the corresponding films. Conversely, given that the soldering is performed by applying
pressure and heating the external conductors of a chip, it is only the dimensions of the chips
which determine the number of soldering tools required. In other words, at least as many
soldering tools are required as there are categories of device required to equip a substrate
10 with all its devices.

In what follows, the respective centres 34 of the spaces 16 on a substrate will be referred
to as the “predetermined positions” on a connecting substrate.

Figures 2 and 3 given an overall view of an embodiment of apparatus according to the
invention which is intended to solder the external conductors of semiconductor devices to a
connecting substrate. The method of solder-mounting will be described below on the basis
of this apparatus. :

The apparatus 40 consists of a soldering machine 42 associated with a monitoring and
control unit 44 which is designed to monitor and control the operation of the machine 42. In
the present instance, unit 44 is a computer manufactured by the American Honeywell
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Company and designated H316. An outline description of this unit is given below with
reference to Figure 14.

The machine 42 illustrated in Figures 2 and 3 has a chassis 46, on which can be mounted
cutting heads 48 and soldering heads 50 the number of which, in the embodiment being
described, is equal to a maximum of ten, this number not being limiting. The description of
Figure 1 showed that the number of cutting heads and the number of soldering head were
functions respectively of the number of types and the number of categories of device
required to fully equip a substrate. In the example being described, it will be assumed that
five types of device and four categories of device are required. Consequently, the machine
has to have five cutting heads 48A to 48E and four soldering head 50a to 50d. The tenth

head 48F is not required and is not involved in the normal operation of the machine 42. For

reasons which will be given below, it will be assumed that it is a cutting head.

The chassis 46 also incorporates a movable table 52 which carries a movable plate 54

intended to hold a connecting substrate 56 such as the substrate 10 shown in Figure 1. The
table 52 moves on a threaded spindle 58 which is driven by a motor 60 controlled by unit 44.
It is useful for the motor 60 to be a motor of low inertia such as a DC motor having a flat

rotor. Plate 54 moves on a threaded spindle 62 which is driven by a motor 64 controlled by

unit 44. It is useful for the motor 64 controlled by unit 44. It is useful for the motor 64 to be
a low-inertia motor such as a DC bell motor (having an iron-free rotor).

Secured to the table 52 is a U-member 66 whose two sides are paralle to the threaded
spindle 58 and which is intended to co-operate with first slotted plates 68 connected to
respective cutting and soldering heads 48 and 50, as will be described below. Similarly, plate
54 has secured to it a U-member 70 whose sides are parallel to threaded spindle 62 and
which is intended to co-operate with a second slotted plate 72, which is fixed to, but
detachable from, table 52.

Figures 2 and 3 also show that the table 52 moves on two guides 74 parallel to the
threaded spindle 58 by means of a bearing system employing mutually inclined rollers, such
systems being well known in the art by reason of the stability which they confer on a moving
part. Similarly, plate 54 moves on two guides 76 by means of a similar bearing system.

The chassis 46 also includes means for unrolling the films step-by-step, these means being
formed in the present case by ten step-by-step film unrolling devices 78 associated

respectively with the said heads of the machine. The unrolling devices 78 are of .

conventional construction and are each driven by a system provided with a motor 80, such a
system being described in French patent No. 2,225,977 for example.

Figure 3 also illustrates the position of the film corresponding to each cutting head 48. In

this Figure, the film 22, which is of the kind shown in Figure 1, is unrolled from a reel 82.

The chassis 46 includes ten shafts 84 each able to hold one reel 82. Associated with the reel

82 is a tag 86 which identifies the reel by means of any desired code and this tag is connected
to unit 44. Figure 4 shows an embodiment to the tag 86. This tag has a common line 88 and
seven lines 90 which end in terminals 92. The connection or not by a link 93 to the common
line 88 represents a binary number. A link may designate binary “0” for example and the
absence of a link binary “1”. With the tag shown in Figure 4, 126 different types of

semiconductor chip can be identified by the unit 44 to which lines 88 and 90 are connected. |

With this code, it would also be possible for example to indicate the absence of a reel by the
code 0000000 and the absence of coding by the 11111111. In other applications, the code

~ could of course be selected as a function of the number of types of chip for the purpose of

identifying them.

Returning to Figure 3, it can be seen that the film 22 from reel 82 runs on various rollers
94. The machine 42 also includes a detector 96, for detecting the end of the strip, which is
electrically connected to unit 44. '

Figure 5 is a schematic sectional view of the structure of a cutting head 48. Similar heads
have already been described in British Patent Specification No. 1444406. The head 48 in
Figure 5 has a substantially rectangular body 98 which is provided on one side with a groove
100 intended to be co-operatively engaged with a rib 102 (Figure 2) on the chassis 46 of the
machine 42 to enable the head to be detachably mounted on the chassis 46. The side of the
head 48 opposite from that bearing the groove 100 contains an opening 104 through which
passes a support member 106 which is secured on one side to a slider 108 carrying a cutting
tool 110 and on the other side to a leaf spring 112. The other end of the leaf spring is

attached to a transmission piece 114 which co-operates with a threaded spindle 116 which is

driven by gearing 118 coupled to a DC motor 120. The threaded spindle 116 is coupled to
upper and lower stop members 122. The threaded spindle 116 passes through the
transmission piece 114 and the latter i§ prevented from turning to enable the rotary
movement produced by the motor 120 to be converted into a linear movement of
transmission piece 114 along the axis of the threaded spindle. On the side facing member
106, the transmission piece 114 incorporates pressure detecting means which are formed in
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the present case by a linear potentiometric sensor which, in the example illustrated, has its
fixed part secured to piece 114 and connected to a source of voltage (not shown) and its

moving part 126 (the moving contact of the potentiometer) attached to the support member )

106. Member 106 also incorporates the moving part (moving contact) 128 of a means of
monitoring the travel of the tool, which is formed in the present case by a linear
potentiometer 130 which is attached to the body 98 of the head 48 and is connected to a
source of voltage (not shown), the moving contacts 126 and 128 are individually connected
to unit 44 by means which are not shown.

Unit 44 is also electrically connected to the motor 120 in order to control it.

The bottom wall of the body 98 of the head 48 contains a slot 132, intended for a film 22
to pass through as shown in Figure 3. Under the tool 110, the bottom wall is extended to
form a die 134 which will be described below in detail in reference to Figure 7. However,
mention will be made of the presence of a detector 136 for checking the quality of chips,
which is intended to co-operate with the holes 30 (Figure 1) which are formed in a film 22 to
indicate that a semiconductor device is unsatisfactory. In the example illustrated, the
detector 136 is a micro-switch which receives a member which acts by means of the pressure
of a gas to detect the presence of a hole 30. The means of supplying this detector are now
shown. The detector is connected to unit 44 and to the step-by-step unrolling device 78
corresponding to head 48 to enable it to cause the unrolling device to skip the unsatisfactory
semiconductor device and to bring a satisfactory semiconductor device under the tool 110.

Figure 6 is an enlarged scale sectional view on line VI-VI- of Figure 5.

The Figure 6 shows in detail the way in which the support member 106 is guided in the
opening 104 in the body 98 of the cutting head 48. Member 106 contains two opposing
lateral grooves 138 which co-operate with respective ones of two other V-shaped grooves
140 in the sides of opening 104. Coupling is by ball-bearings 142 which use the V-grooves
138 and 140 as guides. The slider 108 shown in Figures 5 and 6 contains a tool supporting
member 144 which is made of a mechanically rigid material.

Figures 5 and 7 show the structure associated with the tool 110. As shown in Figure 5, the
cutting tool 110 contains a central passage 146 which is connected to an external duct 148
which communicates with a suction source (not shown). The purpose of this is to retain the
semiconductor device which has been cut free during the travel of the tool towards the

substrate 56. This feature is described in the aforementioned French Application No. 72- -

39747. .

With the cutting tool 110 is associated a system 150 for positioning the film 22 and holding
it in position. System 150 includes two shafts 152 which are provided with respective
retaining heads 154 and respective coiled return springs 156, of which one end bears against
the lower end of the slider 108. The two shafts 152 are fixed to a bar 158 against which the
other ends of the springs 156 bear. This bar is intended to press against the film 22, while
the shafts are intended to be thrust a little way into the perforations 24 in the film, in order
to ensure that the position of the film is steady whilst a chip 18 is being cut free. The bar 158
and die 134 are of course provided with central holes to allow the tool 110 to pass through.
The die 134 is also provided with orifices 160 which are intended to accept the ends of the
shafts 152 and to locate them and the film 22 during the cutting operation.

The soldering heads 50 may be of the same type as the head 48 shown in Figures 5 to 7,
although in the case of the former, the tool 110 is a soldering tool. In the example being
described, the soldering tool is one associated with an electrical heat element. The time for
which current flows can be monitored in a known fashion by means of a thermocouple (not
shown). It is also possible to add to the head a circuit for cooling the soldered joints by
means of nitrogen Fnot shown). In addition, since the soldering head 40 does not co-operate
with a film 22, it will incorporate neither the slot 132 nor a system 150 for positioning the
film and holding it in position. -

Finally, the cutting and soldering heads 48 and 50 are both provided at the bottom with a
rib 162 ;ntended to act as an adjustable seating for a removable slotted plate 68 (Figures 2, 8
and 12).

Figure 8 illustrates the transmitter/receiver system which is associated with a U-member
66 co-operating with a slotted plate 68. It will be assumed that the plates 68 contain four
rows of oblong slots 164 (see Figure 12) which all have their major axis parallel to a given
direction (the vertical direction in the drawings). The transmitter/receiver system consists of
a transmitting device which, in the present example, is formed by an electric lamp 166 of
elongated form which is orientated in the given direction (vertically in the drawings), and
the length of which is sufficient for it to extend across all four rows of slots 164. This lamp is
mounted in one side of the U-member 66 and is electrically connected to a source of
electrical energy (not shown). The transmitter/receiver system also includes a receiver
device 168 which takes the form of a panel 170 containing four photoelectric cells 172 which
are in line in the said given direction (the vertical direction in the drawings). Each of these
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cells has two adjacent receiving areas 174a, 174b which are separated along a line parallel to
the said given direction. The panel 170 is mounted in the other side of the U-member 66 in
such a way that the light beam 176 which passes through a slot 164 (a slot in row R4 in
Figure 12) covers the entire length of the areas 174 in the said given direction but only a
proportion of the width of these areas.

Figure 9 is a schematic illustration of the electrical circuit associated with each of the cells
172. The areas 174a, and 174b are connected, by connecting lines 176a and 176b
respectively, to the positive and negative inputs of an operational amplifier 178 which is also
connected to two voltage sources +V and —V. The output of the operation amplifier 178 is
connected to an energising terminal of motor 60, whose second energising terminal is
connected to earth. The lines 176a and 176b are also coupled to the control unit 44, which
latter selects the row of slots which is to be looked at counts the number of slots in this row
which pass by, as will be described below. .

The positioning of the U-member 66 relative to a slot 164 takes place as follows. When
the light beam 176 inpinges in a random fashion on the two areas 174a and 174b, the latter
generate electrical currents which are of different respective values. The difference between
the currents results, via operational amplifier 178, in motor 60 being energised to drive the
table 52 and the U-member 66 in a direction which depends on the sign of the difference
between the currents. In this way, the table 152 and the U-member 66 will come to a halt
when areas 174a and 174b are receiving equal luminous fluxes and emitting electrical signals
of equal magnitude.

The plate 54 is positioned by means of U-member 70, which has a transmitter/receiver
system similar to that of U-member 66. Its photoelectric cells are similarly connected by
operational amplifiers to the motor 64 driving the plate. Similarly, the U-member 70 will
stop at a slot in the plate 72 determined by unit 44.

A description will now be given of the means of positioning the substrate 56 on the plate
54 of the machine 42. Figure 10 illustrates these means. Before these means are described,
it should be mentioned that the positioning of a substrate 56 takes place with reference to a
system consisting of three selected points 180a, 180b and 180c at the periphery of the
substrate. In order better to bring out one of the features of the invention, the irregularity
of the edges of the substrate 56 is exaggerated in Figure 10. The three points 180a to c are
three points at these edges which have been defined in relation to a given reference system
so that when transposed into a similar reference system, the substrate occupies precisely the
same position as that which was defined with reference to the original reference system. In
the case of Figure 10, this reference system is formed by three rollers 182a, 182b and 182¢
which are free to pivot on fixed shafts. When substrate 56 is in place, the points 180a, b and
¢ should correspond with points on the peripheries of rollers 1824, b, and c respectively.
This is a convenient means of reproducing the position originally selected. To set up the
substrate 56 in this way and hold it in position, three other rollers 184 are provided, these
rollers being free to rotate on respective shafts which are able to move in slots 186. By
withdrawing the rollers 184, the substrate 56 can be inserted between rollers 182 and 184
and a mechanical system (not shown), when released, then draws the shafts of rollers 186
towards rollers 182, thus automatically positioning the substrate. Figure 10 shows an
intermediate stage of this positioning operation. From Figure 10 can be seen that the
movement of the long edge of the substrate in response to the pressure from rollers 184, will
cause the rollers 182 to turn as dictated by the irregularities. It should be mentioned that if
the rollers 182 were pegs incapable of rotation the edges would rub against them.
Depending upon the irregularities countered, the frictional forces would be more or less
pronounced and would hamper the movement of the substrate. In addition, there would be
a danger of removing material from the irregularities, which might detract from the
accuracy with which the substrate needs to be positioned. The use of movable rollers solves
all these problems. Once the substrate has been positioned on the plate, it is held in position
by a suction system (not shown) which acts from below the substrate.

Now that all the details of the structure of the machine 42 have been described, the
operation of the machine will be described with reference to a particular substrate, which is
given solely by way of example. It will be recalled that reference numeral 34 was used for
the centres of the spaces reserved for each chip on the substrate shown in Figure 1. In the

case of the substrate 56 which is shown in Figure 11, the centres 34 of these areas are -

identified by references (relative co-ordinates) relating to a first reference system which is
defined in the example being described, where the co-ordinates are cartesian, by two
mutually perpendicular axes Ox and Oy which represent two adjoining edges of the
substrate. In this way the centres 34 may be defined by the points of intersection of pairs of
lines parallel to these axes. For reasons which will because clearer at a later stage, the
substrate is divided into four rows (also referred to as “corridors”) R1, R2, R3 and R4, and
four columns C1, C2, C3 and C4, the centres 34 thus each occupying a single box defined by
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a a column and a row. For convenience when discussing the positions 34, they will hereafter
be referred to by the letter P followed by the figures for their columns and rows. In each
box, the positions (centres 34) are defined by the points of intersection of two line-segments
parallel to the axes. The horizontal segments are marked by the letter H followed by the
same references as are used for the corresponding positions, and the vertical segments by
the letter V plus the corresponding references. As an example, position P44 has
corresponding segments H44 and V44. The slots in the plates 68 are formed by using the
vertical segments V as a basis as shown in Figure 12. The length of the slots is of course
independent of the length of the segments V. Similarly, slots in plate 72 are formed by using
the H segments, as illustrated in Figure 13.

The types of chip intended for the substrate 56 are then determined as a function of the
respective positions P of the chips 18 intended for the substrate 56. It was assumed above
that five types of chip were needed to equip the substrate, which called for five cutting
heads 48A to 48E. It was also assumed that these five types represented four dimensional
categories, requiring there to be four soldering heads 50a to 50d. The table below gives an
example of correspondences between the positions P and the types and categories of chips
to be positioned on the substrate. The cutting and soldering heads are referred to by letters
corresponding to the types and categories.

Type Category Positions

A a Py Pz Py

B b Py Pz Py Py
C a P32

D c Pyy Py Piz Py
E d Py Py

In this example it is assumed that types A and C are of the same category a.

To produce the machine 42, a second reference system (absolute co-ordinates x, y) is
established which is independent of the first reference system and with reference to which
are defined the sitings of the devices intended to be positioned on the substrate and the
points where soldering is to take place. In the machine 42, the said sitings correspond to the
axes of the cutting tools of heads 48A to 48E and the said soldering points correspond to the
axes of the soldering tools of the heads 50a to 50d (Figure 2).

In the present embodiment, the axes of the cutting tools are arranged in a first straight
line, and the axes of the soldering tools in a second straight line which coincides with the
first. As can be seen in the drawings, the cutting and soldering tools lie along a line parallel
to the threaded spindle 58 for moving the table 52. In the present case, this also corresponds
to a direction parallel to the axis Ox defined above by the substrate 56 (Figure 11) when the
substrate is mounted on the plate 54 in the way shown in Figure 10. The slotted plates 68 are
aligned in this direction.

It is now a simple matter to explain the operation of the machine 42. First of all, the
substrate 56 is set up on the plate 54 in an extremely accurate fashion, as shown in Figure
10. In the example illustrated, this means that the substrate 56 is disposed in such a way that
its x-axis is parallel to the common line of alignment of the cutting and soldering tools. At
the beginning, the table 52 and the plate 54 also occupy absolutely precise positions (Xo,
Yo) relative to the line of alignment of the tools. This position is determined by unit 44 as
indicated below.

With the table and the plate in the starting position (Xo, Yo), the unit 44 brings the
motors 60 and 64 into operation to position the substrate correctly under the tool of head
484. Assuming that the types and categories which appear in the table above correspond to
respective ones of the heads shown in Figure 2, unit 44 will operate the motor 60 and 64 in
such a way as to line up the axis of the tool of head 48a with, for example, position P14. The
table and the plate 54 then adjust themselves respectively to the slot V14 in the plate 68
associated with head 48A and to slot H14 in plate 72, in the fashion which was described
above with reference to Figures 8 and 9. The slots are known to unit 44, which has been
provided with details of the first reference system, the types and categories of
semiconductor device to be used, the correspondence between the positions P and the types
and categories, and the arrangement of heads relative to one another. Assuming that the
plate 68 for head 48A takes the form shown in Figure 12, unit 44 selects the first slot in the
complete row R4 formed by a line of plates 68. After bringing the substrate to a halt with
position P14 on an axis similar to axis 32 in Figure 1, unit 44 actuates head 48A to cut the
device from the film 22A (for devices of type A). The operation of this head will be
described further on. When the chip has been laid down at position P14, unit 44 then selects
position P34 (see the above table), for example, and operates motors 60 and 64 accordingly.
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Position P34 (the third position in the present case) is selected by unit 44 by counting the
slots in row R4 in plate 68, whilst the ordinate position remains the same. After all the

operations involving- head 48A have been performed, the table and the plate position

themselves relative to the head 48B in conformity with the above table. This involves
shifting the substrate and the first reference system in relation to the line of alignment of the
tools which defines the said second reference system, in order to line up each position with
the corresponding semiconductor device 18.

Once the substrate has received its last device 18 from head 48A,, it then passes under the
corresponding soldering heads. Head 50a for example, which is for category a, will operate
at positions P14, P34, P42 and P32.

Some comments may now be made regarding the sub-division into rows and columns of
the x and y axes defined on the substrate, as shown in Figure 11. If this subdivision were not

made, plate 68 for example could contain a series of slots 164 occupying the entire width of

the plate. As a result, the slots corresponding to line segments V34 and V32, for example,
would be very close together, and this would upset the positioning of the substrate and the
servo-control of the motors. By virtue of the subdivision shown in Figure 11 for example,
the slots in each row are sufficiently far apart for the servo-control to be satisfactory and to
allow the substrate to be properly positioned. ,

The operation of a head 48 will now be described with reference to Figures 5 to 7. When a
desired position P on the substrate is on the axis 32 of the tool 110, unit 44 operates the
motor 120 to cause transmission piece 114 to descend together with, via leaf spring 112, the
tool 110. The travel of the tool 110 is represented in Figure 5 by an axis 88 whose origin 190
is situated at the lower level of tool 110 when the latter is in its initial raised position. A
mark 192 corresponds substantially to the plane of the array of the conductors 28 on the
substrate 22 (Figures 1 and 7). Between 190 and 192, the tool does not encounter any
obstacles and the leaf spring 112 is thus under a normal stress of a magnitude which is
indicated electrically by the moving contact 126 of potentiometer 124. At the same time, the
movement of piece 114 is indicated electrically by the moving contact 128 of potentiometer
130. The positions 190 and 192 are shown close to potentiometer 130 in Figure 5 by the
corresponding positions of its moving contact. Consequently, over the predetermined
interval 190 to 192, unit 44 monitors the stress on leaf spring 112 by means of
potentiometers 124 and 130. When the tool reaches level 192, it comes into contact with the
conductors Forming array 28 which are attached to a chip 18, whilst a drop in pressure is
brought about in passage 146. The force of impact of the tool against the array 28 is
reflected via leaf spring 112 at moving contact 126 and is translated into an electrical value
by potentiometer 124. Unit 44, which knows position 192 from potentiometer 130, is in a
position to evaluate the magnitude of the force of impact. If for example such a force had
been produced in the interval 190 to 192, the impact force would have been considered as a
fault on the part of the machine and would have caused head 48 to be stopped. Similarly,
unit 44 recognises the force of impact at level 192, and is advised of its magnitude by
potentiometer 124. Means are provided in unit 44 to compare the magnitude of this force
with a predetermined upper-limit value. Should the force of impact exceed the limit value,
unit 44 would consider the force of impact to be a fault on the part of the apparatus and
would stop head 48 from operating. Between level 192 and the level 194 representing the
upper face of substrate 56, the tool descends with its chip 18 held suspended from it by
means of the reduced pressure in passage 146. The travel involved as detected by
potentiometer 130 and the pressure is measured by means of potentiometer 124. In this case
too the unit makes the same checks on pressure. When unit 44 knows from potentiometer
130 that the tool has reached the level 194 representing the upper face of the substrate 56,
the reduced pressure in passage 146 ceases in order to drop the chip 18, whilst unit 44
returns the tool 110 to its original position 190. At level 194, it also checks the force with
which the tool presses against the substrate.

The soldering heads 50 may be similar to the heads 48 with tool 110 and its passage 146
replaced by a soldering tool associated with leads for supplying power to the electrical
soldering heating element. When this is the case, level 192 no longer has to be allowed for.
The soldering operation may be controlled by a thermocouple associated with the soldering
tool 110, or as a function of the time for which the soldering current is applied.

The unit 44 will now be described. The above description has set out the functions by
which it monitors and controls the operation of the machine 42. Unit 44 is also provided
with a programme for optimising the performance of the machine, by selecting the way in
which the operating sequences succeed one another and by reducing to a minimum the
amount of time they take. In other words, unit 44 calculates the shortest path to equip a
given substrate in a minimum time. It does so on the basis of a plan for equipping the
substrate, as illustrated by Figure 11 and the above table, on the basis of the arrangements
of the heads, and on the basis of monitoring data which the unit at all times receives from
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machine 42 (the pressure exerted by the tools, whether the semiconductor devices 18 are
satisfactory, whether the end of the film has been reached, etc.). If, for example in the
course of an operation the detector 96 for detecting the end of the strip should make such a
detection, the process would continue while the operator was replacing the film, either on
the appropriate head or on another head such as head 48F which had been kept in reserve.

Figure 14 is a block diagram of the apparatus 40 as seen by unit 44. Figure 14 shows the
principal components of the unit 44 operating in relation to machine 42. In block form, unit
44 considers unit 42 as being formed by a monitoring block 196 connected to the mechanical
assembly 198 of machine 42, this assembly consisting in particular of the cutting and
soldering heads, the means for shiting the substrate, the means for advancing the strips and
so on. As for unit 44, it was stated above that it was formed in essence by the computer
H316 already mentioned. In Figure 14, this computer is represented by a cabinet 200. This
cabinet contains a power supply block 202 connected to a desk 204 which communicates
with an interface block 206 which acts as an interface between unit 44 and machine 42. The
interface block 206 communicates with a memory block 208 which, in the example
illustrated, has a capacity of 8K words. The monitoring and control - block 196
communicates with the desk 204 and the interface block 206, and vice versa. The memory
block receives from a tape reader 210 information relating to the equipment plans for the
substrates, represented by block 212, and information relating to the monitoring by
calculator 200 of the operation of machine 42, this information being represented by block
214. This monitoring is performed by means of a programme which will be termed the

“monitor” in what follows. The memory block 208 is also in communication with a -

teleprinter 216. In addition, a tape perforator 218 receives from the memory block
information for safeguarding the monitor, this information being represented by block 220.

Certain preliminary remarks should be made before examining the way in which the
process is monitored by the computer. The operation of the machine, from the operator’s
point or view is as follows. He first of all ensures that the machine 42 is loaded with reels 82.
No specific station is alloted for a given type of chip. The operator is under no obligation,
before starting the process, to check that all the types of chip required are present, that the
numbers available are adequate, that the chips available at a station are compatible with the
type of cutting head at the station, or that all the soldering heads required are present. The
operator then places the substrate which is to be equipped on plate 54. He feeds in the type
of substrate using the teleprinter 216 and initiates the process. From this moment the
operator will have no more to do except in case of incident. Any action taken by him will
however still be monitored by the ‘computer. ‘

The computer extracts from its memory 208 the plan for equipping the substrate to be

eguipped, checks whether all the types of chip 18 required are present by means of the tags -
86,

determines the shortest path which the table will have to follow, and starts up the
process.

The substrate is equipped as described above.

With the machine described above, it takes approximately ten minutes to equip a
substrate having sixty-four positions, during which time the operator has nothing to do.

It is possible for the operator to interrupt the automatic process of equipping a substrate
at any time during its course. This interruption is however monitored by the computer so
that the process can be resumed and finished in the normal way.

It was stated above that the process was monitored by the computer by means of a
programme termed the monitor. The general organisation of this programme and details of
how it is put into effect appear in the flow charts shown in Figures 19 to 29, which form part
of the text of the specification. Certain additional pieces of information will be given here.

Regarding the general organisation of the monitor, the equipment plans are fed into the
monitor either “on line” from the teleprinter in the case of occasional simple plans, or
individually from punched tape for use in sequence, or collectively from punched tape so that
the computer can assemble a file of equipment plans. The section of the memory block 28
not used by the monitor is set aside for such a file. Approximately fifty equipment plans for
substrates having sixty-four positions may be stored there. Loading such a file takes only
approximately thirty seconds and can be done independently of the loading of the monitor.
Under production conditions, it is obviously the third method of feeding in equipment plans
which will be used as a rule.

The working options provided are the equipment of substrates as a main option and, as
service options; the up-dating in the monitor of a table containing the recognised types and
categories of device and the associated types of cutting and soldering heads, which table is
used when checking the feasibility of the equipment plan and when drawing up the
equipment sequences; printing out the state of this table; printing out a list of equipment
plans contained in the memory file; printing out the state of the machine 42, the kinds and
categories of devices 18 and the kinds and categories of cutting heads 48 and the welding
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heads 50 present, and the state of the reels; and finally safeguarding the monitor, this
option enabling the monitor to be preserved in its current state in the form of a self-loading
punched tape, in particular after the table of devices and heads has been up-dated or the
parameters of the process have been altered.

Some space will now be devoted to the tasks performed by the monitor. The list below
presents a summary of the operations which are described in greater detail in the
flow-charts shown in the accompanying drawings (Figures 19 to 28).

Before starting the equipment process, the monitor:

- calls up the equipment plan (from the memory file or from outside).

- checks the general state of the machine, -

- checks whether the types of device required are present (which types need not be
mounted in the machine in any specific way), .

- checks for compatibility between types of device and types of cutting head,

- checks that the requisite soldering tools are present (which tools need not be mounted
in any specific way in relation to one anotherﬁ,

- 1indicates to the operator any corrective action to be taken and monitors this action,

- and determines a sequence for equipping the substrate which minimises the time taken
to do so, given that equipment the plan may be given in any order and allowing for the siting
of the tools.

Whilst the equipping process is going on, the monitor;

1) In the cutting phase:

- brings about and monitors the XY movements of the table which bring the position P
to be equipped under the requisite cutting head,

- checks the state of the supply reel, warns the operator if the reel becomes empty, and
if necessary re-optimises the cutting sequence in the event of a change of reel,

- simultaneously with the movement of the table, it causes the film 22 to be advanced
until a satisfactory device is reached.

- checks the descent of the cutting tool, the suction on the device which is cut free, the
tool’s arrival against the substrate with a monitored force, and then the ascent of the tool,

- and links up with the next cutting and positioning operation.

2) It automatically links up the cutting phase with the soldering phase.

3) In the soldering phase it:

- brings about the monitors the X, Y movements of the substrate which bring the device
to be soldered under the requisite soldering tool,

- brings down the tool and brings it to a halt against the substrate with a monitored
force,

- monitors the welding of the device with reference either to temperature or time, with
the parameters depending upon the type of soldering tool employed,

- monitors the cooling of the soldered joints and then the upward movement of the tool,

- links up with the next soldering operation.

4) It keeps a permanent watch on the safety functions of the machine (that suction is
present, that there are no excessive strains on the tools, that the electrical soldering
generator is in a satisfactory state) and intervenes in case of incident to warn the operator
and inform him of the corrective action which needs to be taken, and then monitors this
action.

At the end of the equipping process, it returns the substrate to the loading point, links up
with the next job and increments.

Details will now be given on how the sequences are drawn up and optimized.

All the states through which the data passes whilst operations are going on are shown in
Figure 15, using a simple example which is different from that already given above so that
the invention can be more satisfactorily illustrated.

Let it be assumed that the substrate is to be equipped with devices of given types 3 and 5
at the points indicated in Figures 15A. It will be assumed that these devices are avilable at
two stations 4 and 5 which are represented in Figure 2 by the positions of heads 48D and
48E. It will also be assumed that the two kinds 3 and 5 belong to the same category and are
dealt with by a soldering head of type 1 which is located at a station 1 occupied in Figure 2
by head 48A.

The equipment plan, in its external format, (Figure 15B) gives for each position to be
equipped the type of device which is to be installed there. This list may be in any order
whatever. In the monitor it will be in the internal format shown in Figure 15C.

Each position to be equipped has associated with it one memory word in the computer
200 which consists of the X, Y co-ordinates of the position on the substrate and a code for
the type of device.

The relationship between the designations for the positions used in drawing up the
equipment plans and the relative X, Y co-ordinates is shown in Figure 16. _
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The transition from the equipment plan to the cutting and soldering sequences consists in
replacing the data (x, y, type of device) given by the quipment plan by the absolute
co-ordinates X, Y for the position which the plate needs to occupy if the x, y position to be

?guipped is to be situated under the head of a tool containing the reciuisit'e type of device -

uring the cutting sequence) and under a compatible soldering head
sequence). .

Consideration will now be given to the system of absolute X, Y co-ordinates for plate 54.
The monitor knows the position of the plate by means of a system of absolute co-ordinates
or scales XY. The X scale will first be considered. The various aspects of the X scale are
shown in Figure 17. When the table is moving forward, a scale is used in which the
successive positions in which the table is to stop, are numbered 1, 2, etc. from the loading
point Xo = O. ‘

It has been seen that each row or corridor on a slotted plate has its own scale, with points
in the same serial position not necessarily occupying the same physical position. In the case
gvhllc(l)l is él(;)w being considered the maximum value of X on the “forward” scale is

x10 = 80. :

during the soldering

When a table is moving backwards, the scale used is one in which the successive positions

in which the table stops are measured from an imaginary point on the extreme right of the
machine 42, as seen in Figure 2, (Xn = 128) and they are numbered 129, 130 etc. Each row
obviously has its own scale for backward movement.

From the monitor’s point of view, the forward and backward scales form a single scale
with intersecting abscissas. This expedient makes it possible to use the same algorithm for
optimising the equipment sequences whether the table moves forwards or backwards.

The correlations which make it possible to change from the relative x axis position to the
absolute X position of the table are illustrated in Figure 17.

As regards the Y scale, the relative y axis position and the absolute Y position of the table
correspond (Y = y).

There will now be described the transition from the equipment plan to the un-optimised
cutting sequence. In all cases, the cutting sequence is always drawn up and initiated by
pre-planning for the table a succession of movements in the forward direction.

In the case of the example selected, a transition will be made from the equipment plan
(Figure 15C), to the un-optimised cutting sequence (15D), using the equations (1) from
Figure 17, with: .

- the station 4 address for devices of type 5

- the station 5 address for devices of type 3. '

It will be noted that in both tables in Figures 15, the various positions to be equipped
appear in the same order.

Before being carried out, the cutting sequence is optimised.

The optimising procedure consists in minimising the distance travelled by the table and
plate assembly both in the abscissas direction and in the ordinate direction.

Since the two movements are independent and simultaneous, the X path and the Y path
are minimised independently of one another.

Consideration will first be given to the X optimisation. In the case of X, the practical
situation which exists is one which simplifies the operation; the distance between two
successive heads (55 millimeters in the examples selected) is greater than the size of the
largest substrate accepted by the machine (approximately 50 millimeters). As a result, if the
table is shifted with a movement in a constant direction from one end of the machine to the
other, the substrate which it carries is completely clear of one head before arriving under
the next head. Consequently, to minimise the X path, it is merely necessary to control the
table in such a way that it travels from the loading point Xo to the requisite point furthest to
the right in a succession of advances (with halts at the required points), and then to cause it
to return to Xo in a succession of backward steps (with halts at the requisite points).

This result is achieved by arranging the various items in table 15D in order of ascending
value. The result of this arrangement is an optimised cutting sequence in the X direction. It
will be noted that, as a result of this re-arrangement, all the Y plots which share the same X
plot are likewise in ascending order. :

The & optimisation will be understood by referring to Figure 18, which shows the
following general case. With a certain X measurement Xo, the last position YO to be
equipped has been equipped. The next positions are situated at X measurements X1, and
then X2. The measurements XO X1, and X2 not necessarily contiguous. Between the
extreme positions Y11 and Y1n, there may be any number of positions to be equipped. The
same applies between the Y21 and Y2n.

To minimise the Y path, the following rules are applied,

1) If the path (YO, Y11) < the path (YO, Y1n), the course will be from YO to Yil.....
Yn. . v
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2) Ifthe path (YO, Y11) < the path (YO, Y1n), the course will be from YO to Yin .....
Y11

line. o o
3.1) the shorter of the the shorter of
If the paths Y11, Y21 < the paths (Yln,
and (Y11, Y2n) Y21) and (Y1n, Y2n)
the course will be from YO to Yin ..... Y11.
3.2 the shorter of the the shorter of the
If paths (Y11, Y21) VB- paths (Y1n, Y21)

and (Y11, Y2n) and (Y1n, Y2n)

the course will be from YO to Y11 ..... Yln. :

Bearing in mind the fact that after the X optimisation all the Y measurements on the
same X line will already be in ascending order, the application of the foregoing rules will
result either in all the Y measurements on the same X line being left in this order, or in this
order being reversed in the equipping sequence. The application of this Y optimisation to
the example in Figure 15A results in the Y measurements crossed through in table 15E
being reversed.

As a consequence of this optimisation, the devices are cut free and positioned in the .

order indicated by the cutting path shown in Figure 15F.

Whilst the cutting sequence is being carried out, it is altered if at any given moment the
reel at the station which is supplying the devices 18 empties and if the monitor finds
identical devices available at another station either to the right or left of the station which
has emptied. To allow for this new situation, the part of the cutting sequence which has not
yet been carried out is re-evaluated and re-optimised. In cases where the new station is to
the left of the old one, the positions which it has not been possible to equip will be so
equipped during the return phase of the table before the soldering sequence. In all cases,
the re-optimisation employs the same algorithm as was used for the firsrt optimisation. This
operation may be performed repeatedly with the single proviso that, during the return
phase of the table, the monitor must not look for a replacement cutting station to the right
of that which has emptied.

After the cutting sequence has been completed, the monitor returns to the equipping
plan (Figure 15C), and, for each device to be soldered, looks for the address of a soldering
station which has a soldering tool compatible with the category of the device. In the present
example, all the devices require the same soldering head, which is situated at station 1. The
soldering sequence always takes place during the return phase of the table. The X positions
will thus be defined on the return scale. By applying equation (2) in Figure 17 with the
address of station 1 a change is made from the equipment plan (Figure 15C) to an
un-optimised soldering sequence (15G). By applying the optimising algerithm to this
sequence, an optimised soldering sequence (Figure 15H) is obtained. To carry out the
optimised sequence it is necessary to follow the soldering path indicated in (Figure 151).

The apparatus 40 which has just been described may be subject to many modifications.
As an example, when associated with a circular substrate, the first reference system will
preferably be a reference system employing polar co-ordinates. Similarly, the lines defining
the second reference system associated with the cutting and soldering tools may be different
and may be other than straight lines.

. In addition, the cutting and soldering may be performed with the same tool without'
exceeding the scope of the invention. This will be clearly apparent from the preceeding
description. ’

Broadly speaking, the invention is in no way restricted to the embodiments described and
illustrated and in fact covers all means which form technical equivalents of the means
described, as well as combinations thereof, if these are within the scope of the invention as
defined in the following claims.

WHAT WE CLAIM IS: :

1. A method of mounting different inegrated semiconductor devices on a substrate
having a plurality of spaces each intended to receive one of said devices, comprising
positioning the substrate with regard to a first geometrical coordinate reference system,

3)' If the two paths are the same, consideration will be given to the situation on the X2
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selecting the appropriate device for each of said spaces; positioning said selected devices
with respect to a second geometrical coordinate reference system, successively shifting the
substrate by altering the first reference system relative to the second reference system so as
successively to line up each space on the substrate with the device selected therefor,
successively positioning each device on its respective space, and attaching to the substrate
each device which has been positioned on it.

2. A method according to claim 1, wherein the first reference system is a system
employing cartesian coordinates with respect to the centres of said spaces.

3. A method according to claim 1, wherein the first reference system is a system
employing polar coordinates.

A method according to any of claims 1 to 3, of the kind in which the said devices are
of various types, and devices of the same type are mounted on a supporting element and are
cut free from this element by a cutting tool, and including positioning the cutting tools for
different types of device along at least a first line belonging to the said second reference
system.

5. A method according to claim 4, wherein the devices are divided into various
categories determined by their dimensions, and the devices, once cut free, are mounted on
the substrate by attaching tools each corresponding to one category, and including
positioning said attaching tools on at least a second line belonging to the said second
reference system.

6. A method according to claim 5, wherein said first and second lines correspond.

7. A method according to any of claims 1 to 6, wherein the setting up the substrate in
relation to the second reference system consists of using a third reference system involving
three fixed points which respectively correspond to three predetermined points on the
substrate, and defining each of the fixed points as any point on the circumference of a
member which is rotatable so as to facilitate the setting up of the substrate and to increase
the accuracy thereof. :

8. A method according to one of claims 1 to 7, wherein shifting the substrate relative to
the second reference system comprises shifting the substrate relative to a set of slots
through which radiation representing the movement of the substrate successively passes,
and the lining up a position on the substrate with the corresponding device comprises
balancing the radiant flux passing through a given slot, which flux is received on two
adjoining reception areas which are separated in a direction substantially normal to the
plane of movement of the said substrate.

9. A method according to claim 8, wherein at least one of the axes of the first reference
system is parallel to one of the aforesaid lines of the second reference system, and,
comprising associating a first group of the said slots with each of the said tools, each of the .
said slots representing an abscissa meaurement for the said positions, and associating with the .
plate supporting the substrate a group of slots which represent ordinate measurements for
respective ones of the said positions of the substrate.

10. A method according to claim 9, including dividing each group of slots into a
plurality of parallel sub-groups of slots.

11. "A method according to one of the preceding claims, comprising performing the
positioning and attaching the devices on the substrate by following a path which involves
the minimum movement of the substrate relative to the second reference system.

12. A method according to claim 11, wherein the minimum-path movement involves
continuously monitoring the arrangement of the tools relative to one another and the types
and categories of device which correspond to them, as well as the said substrate positions
intended for the said devices, and controlling the tools and shifting the substrate in
accordance with the results of the said monitoring.

13. A method according to claim 12, wherein said monitoring includes monitoring the
pressure experienced by the cutting tool along its travel.

14. A method according to claim 13, wherein the monitoring of pressure consists of
monitoring the travel of the tool, defining predetermined sections of travel corresponding
to predetermined pressures, monitoring the pressure in at least one of the sections, and
providing means for halting the travel which are triggered when the observed pressure
exceeds a predetermined limit for each section.

15. A method according to one of claims 12 to 14, wherein said attachment phase
includes monitoring the pressure exerted by the attaching tool against the substrate.

16. Apparatus for carrying out the method claimed in claim 1, and comprising a table
movable in a first directon and carrying a plate for supporting a substrate which is movable
in a second direction transverse to said first direction, means for positioning a substrate with
regard to a first coordinate geometry system, means for selecting and positioning an
appropriate device with reference to the spaces on said substrate, means for positioning
each selected device on its respective space, a plurality of tools for attaching devices of
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different dimensions to said substrate arranged in a line, and control means operative to

position each space on said substrate in register with an appropriate attaching tool and to

actuate said tool.

17.  Apparatus as claimed in claim 16, wherein devices of the same type are mounted on
a flexible supporting element rolled on a reel, and including a cutting tool associated with
each type of device, and means for unrolling each supporting element so as to bring each -
device on a supporting element successively into line with a cutting tool.

18. Apparatus as claimed in claim 17, including means for detecting marks indicating
faulty devices on said supporting elements. T

19. Apparatus as claimed in any one of claims 16 to 18, including positioning means for
controlling the position of said table and said plate, said positioning means comprising fixed
slotted means, and movable means for emitting radiation and receiving radiation which has
passed through said slotted means. :

20. Apparatus as claimed in claim 19, wherein the fixed slotted means comprise first
slotted plates respectively coupled in an adjustable fashion to the said cutting and attaching
tools and movable means comprise a first radiation emitter receiver system coupled to the
table.

21. Apparatus as claimed in claim 20, wherein said fixed slotted means further comprise
at least one second slotted plate coupled to the said table, and the said movable means
further comprise a second radiation emitter/receiver system coupled to the said plate.

22. Apparatus according to claim 20 or 21, wherein the radiation emitter receiver
systems each include a receiving device having two adjoining radiation-sensitive reception
areas separated along a line parallel to the slots of the slotted plate associated therewith.

23. Apparatus as claimed in claim 22, wherein the positioning means include means for
servo-controlling means for shifting the table and the plate, the said servo-control means
including means for counting the slots in the said slotted means.

24. Apparatus as claimed in claim 23, wherein the means for shifting the table and plate
comprise first and second electric motors coupled to the table and plate respectively.

25. Apparatus as claimed in any one of claims 16 to 24, including means for monitoring
the pressure exerted by said tools. ,

26. Apparatus as claimed in claim. 25, wherein the means for monitoring pressure
include flexible means having one end connected to a transmission piece and the other end
connected to a tool, the said other end being connected to means for detecting pressure.

27. Apparatus as claimed-in claim 26, wherein the means for detecting pressure
comprise a sensor whose fixed part is secured to the said transmission piece and whose
moving part is coupled to the said other end of said flexible means.

28. Apparatus as claimed in any one of claims 23 to 27, wherein the said means for
monitoring pressure includes means for monitoring the travel of a tool.

29. Apparatus according to claim 28, wherein the means for monitoring travel consist of _
a sensor having a part which is fixed in relation to the body of the head carrying the tool and
having a moving part connected to the tool.

30. Apparatus as claimed in any one of claims 16 to 29, wherein the plate incorporates
three rollers mounted with freedom to rotate on fixed shafts for accurately positioning a
substrate thereon.

31. Apparatus as claimed in any one of claims 16 to 30, and including means for
continuously monitoring the operation of the apparatus which are connected to means for
determining the minimum path of movement of the substrate. :

32. Apparatus as claimed in claim 31, characterised in that the means for monitoring
the operation include means for identifying the reels.

33. Apparatus according to claim 31 or claim 32, wherein said operation monitoring
means are connected to the said pressure monitoring means and to the said shifting and
positioning means.

34. A method of mounting integrated semiconductor devices on a substrate substantial-
ly as hereinbefore described with reference to the accompanying drawings. ,

35. Apparatus for mounting integrated semiconductor devices on a substrate substan-
tially as hereinbefore described with reference to.the accompanying drawings.

BARON & WARREN,
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