
EP 0 323 671 B1 Description The invention relates to moulded printed
circuit boards of a thermoplastic polyamide polymer material. In principle,
such printed circuit boards present great advantages with respect to the
currently used flat 5  printed circuit boards of glass-fibre reinforced
thermosetting resins, such as phenol and epoxy resins. An example of such a
moulded printed circuit board is to be found in the lecture:
Thermoplastische Werkstoffe fur gedruckte Schaltungen by Dr. U. Zwick, held
at the Fachtagung Polymerwerkstoffe fur die Elektronik, Wurzburg, 14-16
October, 1987. Important advantages of these printed circuit boards are the
greater freedom of design and the possibility of injection moulding various
functional parts, such as sockets, to integrally with the board, whereas in
the case of the conventional flat printed circuit boards of thermosetting
resin these must be applied separately. The thermoplastic polymers must
meet a series of requirements to be suitable for moulded printed circuit
boards. Besides a high heat deflection temperature and good processability,
particularly in injection moulding, these are metallizability, dimensional
stability, chemical resistance, dielectric properties that are 15 not
affected by temperature or frequency and flame retardance. Zwick mentions
polyetherimide (PEI), polyether sulphone (PES) and polyphenylene sulphide
(PPS), all glass-fibre reinforced, as suitable thermoplastics that are
resistant to high temperatures. Of these potential thermoplastic materials
only PEI, polyetherimide, appears to be resistant to the high temperatures
required for soldering. Less special polymers such as ABS and polycarbonate
that are very 20 suitable to also serve as casings, cannot be used until
the soldering techniques requiring high temperature resistance have been
replaced by reliable low-temperature electrical sealing techniques. Another
disadvantage of the aforementioned polymers in moulded printed circuit
boards is sometimes the poor adhesion of the metals used for the circuits.
This is particularly the case if these are applied with vacuum plating or
sputtering techniques, and is due to the evolution of volatile components
from the 25 polymer under the processing conditions. Because of this,
polyetherimide is not suitable either. According to J.H. Levy, in his
lecture in Engineering Plastics II, "The growing E/E Market for High
Perfor-mance Plastics, which he held at the Engineering Plastics Seminar -
Shaping the future 11, on 2nd November, 1987, at Solihull, UK, research has
come close to producing a performance plastic for moulded printed circuit
boards, but a plastic that meets all the requirements has not yet been
found. 30     CH-A-475 846 discloses copper-clad polyamide substrates for
printed circuits, the polyamide being composed of hexamethylene
terephthalamide or isophthalamide units. The aim of the invention, now, is
a thermoplastic polymer which meets all the requirements for application in
moulded printed circuit boards, in particular the requirements of high heat
deflection temperature, solderability and adhesion to metals and which, if
used as casing, has a fine appearance. 35     The moulded printed circuit
board of a thermoplastic polyamide polymer composition according to the
invention is characterized in that the polymer is composed substantially of
tetramethylene adipamide units. The polymer consisting substantially of
tetramethylene adipamide nay also contain other monomers which partly
replace the tetramethylene diamine or adipic acid. In principle, the
copolymer is only limited to such concentrations that the mechanical and
thermal properties of the material are not adversely affected too 40 much.
In practice, this concentration will not exceed 30%, and will preferably be
less than 20%. Examples of copolymers are amide-forming compounds such as
lactams, dicarboxylic acids and diamines, imide- forming compounds and
ester-forming compounds such as ethylene terephthalate and butyl
terephthalate. Copolymers may, for example, be used to improve the
processability in injection moulding or to influence the water-absorbing
behaviour. 45     It is particularly advantageous if the moulded printed
circuit board is composed of several layers. The polymer may consist also
of a mixture of polytetramethyleneadipamide and polymers based on the above
monomers, for instance 6, 6.6, 12, polyimides and polyesters, or mixtures
with other polymers for instance polysulfones, polyethersulfones and
polyphenylenesulfide that may offer specific advantages. The moulded
printed circuit board according to the invention preferably contains a
layer filled with 50 reinforcing fillers. Suitable reinforcing fillers are,
for example, fibres, such as inorganic fibres or polymer fibres, and/or
plate-shaped fillers such as mica, clay and talc, and/or spherical fillers
such as glass beads, and/or rod-shaped fillers and/or powdered fillers,
such as chalk. Preferably a combination of fibrous and non-fibrous fillers
is used. The best dimensional stability is obtained when the fibrous filler
material is present in minor amounts, as a result of which the effect of
anisotropy is suppressed. The percentage of 



55 fillers may vary within wide limits, for example from 15 to 80 wt.%,
based on the total weight of the layer containing the reinforcing filler.
The choice of the amount of reinforcing filler is partly determined by the
nature and the shape of the filler, the desired mechanical properties and
the processing conditions. 2    EP 0 323 671 B1 In addition to this, the
composition may contain the usual additives, such as stabilizers,
lubricants, flame retardants, release agents, colourants and pigments. The
printed circuit board preferably contains at least one layer which contains
a material that provides protection against electromagnetic interference.
Such a material may consist of, for example, metal fibres or 5  plates, for
example steel and nickel fibres or aluminium flakes, metallized fillers,
such as plastic or carbon fibres and mica covered with for instance nickel.
In such cases the printed circuit board can also serve as casing. The
moulded printed circuit board may have various shapes and can be produced
by for instance compression moulding of solid particles of the polyamide,
by (co-) extrusion of flat plates, by pressing 10  plates of the polyamide
and injection moulding. By plating with for instance copper and further
treatment, for instance machining, the final moulded circuit board may be
obtained. For small series it may prove advantageous to obtain the moulded
printed circuits by machining stock shapes (for instance extruded rods)
which shapes are consequently metallized. The following example will
demonstrate the particular advantages of moulded printed circuit boards 15
manufactured from thermoplastic polymer which contains substantially
tetramethylene adipamide units as compared with printed circuit boards
according to the state of the art. Test boards were injection moulded using
a number of compositions. The following properties were determined of these
test boards, see Table 1. 20
TABLE 1 COMPOSITION          Standard    units   PA 4.6 30%  PA 4.6 20%
PA      Epoxy (FR4) Property                                  Glass fibre
mica 15%   4.6/MXD.6   20% glass Glass fibre  80/20 30%   fibre fabric 25
Glass fibre Melting point                      [err]C       292         292
272     not relevant IZOD notched         ASTM D180  KJ/[err]      10
10           -              3 HDT at 1.8 MPa       ASTM D648  [err]C
284         286         262 30   CUT 10,000 hr         UL 746B     [err]C
150        150         150            125 coefficient of expansion[err]
ASTM D696  [err]/[err]K  30         30           -             20
coefficient of expansion[err] ASTM D696  [err]/[err]K  55         35
-             77 volume resistivity   ASTM D257  [err] cm      [err]
[err]        [err]         < [err] surface resistance   ASTM D257  [err]
[err]       [err]     [err]         < [err] 35  tracking resistance CTI
ASTM D3638 V         225        225         220 dielectric constant 1 KHz
DIN 53483                4.4         4.4         3.0 1 MHz
4.2         4.2                      < 5.5 40   Water absorption 24 hr
ASTM D570  wt.%        0.9        1.0         0.6            0.03 PA 4.6:
STANYL R produced by DSM, the Netherlands heat stabilized. [err] = 3.0 PA
4.6/MXD: copolyamide of tetramethylene adipamide and metaxylidene adipamide
in the molar ratio 80 : 20. [err] = 2.8 45   Epoxy FR 4: standard printed
circuit board of epoxy resin reinforced with glass fibre CUT: continuous
use temperature at which the tensile strength has decreased to 50% of the
original value after 10,000 hours. All properties were determined using dry
samples. 50   [err] in injection moulding direction [err] perpendicular to
injection moulding direction The test boards have a smooth surface and
present no discolorations. Thanks to its relatively high 



concentration of amine end groups, the polyamide surface can be well
metallized. An even better surface is obtained if, as outer layer, a layer
consisting of non-reinforced polyamide is produced with a multilayer
injection moulding technique. 3    EP 0 323 671 B1 However the electrical
properties of polyamides in humid conditions seem to prejudice the
application of polyamides in general, and more specifically
polytetramethylene adipamide in circuit boards. Characteris- tic date are
shown in this respect in Table 2. 5
TABLE 2 Influence of moisture content on electrical properties and
dimensional stability of polyamide 4.6 10
D                                 C *) volume resistance [err]       [err]
[err] surface resistance [err]      [err]                            [err]
swell %                                                         0.6 15    D
= dry C = conditioned according to ISO 1110, accelerated method; 70[err]
C/62% relative humidity *) The resistance values found after conditioning
vary considerably, depending on the additives (fillers and/or stabilizers).
20 Very to his surprise the inventor has found that this problem does not
exist in practice. An explanation for the surprising finding can be the
fact that in electric or electronic installations heat is dissipated,
resulting in an increase of temperature. and consequently a lowering of the
relative humidity, causing the volume and surface resistance to remain
high. 25     Intermittent use of a 3-dimensional printed circuit board
according to the invention, which results in a temperature cycle, even
appears to present particular advantages, as will become apparent from the
following example. Example 30 A 1.6 mm thick test board moulded from
STANYL[err]*250 F6 is subjected to the following temperature cycle: 16
hours at room temperature (23[err]C) in the prevailing relative humidity of
54%, after which the temperature is raised to 70[err]C and maintained at
this temperature for 8 hours (the relative humidity then decreases to 35
2%), and is then reduced to room temperature again, etc. Figure 1 presents
the water content of the test board at different points in the board during
the cycles. This shows that the bulk of the board always has a very low
water content and that only a very thin layer at the surface has a varying
water content. The dimensions of the board are hardly affected by this. The
bulk electric resistance properties of the test board are hardly affected
either and remain at a high 40 value required for electronic applications.
The water-containing surface layer, however, causes the surface conductance
to increase. This increase in surface conductance, which is restricted in
time and magnitude can. however, in many cases be advantageous in
preventing static charging and does not have a negative effect on the
operation of the circuits. 45 Claims 1. Moulded printed circuit board of a
thermoplastic polyamide polymer composition, characterized in that the
polymer is composed substantially of tetramethylene adipamide units. 50  2.
Moulded printed circuit board according to claim 1, characterized in that
the printed circuit board contains at least one layer filled with
reinforcing materials. 3. Moulded printed circuit board according to claim
2, characterized in that the reinforcing material contains at least one
fibrous and one non-fibrous filler. 55 *STANYL[err] 250 F6
Polytetramethyleneadipamide of DSM, Netherlands. containing 30% (wt) glass
fiber and 20% 



(wt) flame retardant 4    EP 0 323 671 B1 However the electrical properties
of polyamides in humid conditions seem to prejudice the application of
polyamides in general, and more specifically polytetramethylene adipamide
in circuit boards. Characteris- tic date are shown in this respect in Table
2. TABLE 2 Influence of moisture content on electrical properties and
dimensional stability of polyamide 4.6 10
D                                 C *) volume resistance [err]       [err]
[err] surface resistance [err]       [err]                           [err]
swell %                                                          0.6 15
D = dry C = conditioned according to ISO 1110, accelerated method;
70[err]C/62% relative humidity *) The resistance values found after
conditioning vary considerably, depending on the additives (fillers and/or
stabilizers). 20 Very to his surprise the inventor has found that this
problem does not exist in practice. An explanation for the surprising
finding can be the fact that in electric or electronic installations heat
is dissipated, resulting in an increase of temperature, and consequently a
lowering of the relative humidity, causing the volume and surface
resistance to remain high. 25     Intermittent use of a 3-dimensional
printed circuit board according to the invention, which results in a
temperature cycle, even appears to present particular advantages, as will
become apparent from the following example. Example 30 A 1.6 mm thick test
board moulded from STANYL[err]*250 F6 is subjected to the following
temperature cycle: 16 hours at room temperature (23[err]C) in the
prevailing relative humidity of 54%, after which the temperature is raised
to 70[err]C and maintained at this temperature for 8 hours (the relative
humidity then decreases to 35 2%), and is then reduced to room temperature
again, etc. Figure 1 presents the water content of the test board at
different points in the board during the cycles. This shows that the bulk
of the board always has a very low water content and that only a very thin
layer at the surface has a varying water content. The dimensions of the
board are hardly affected by this. The bulk electric resistance properties
of the test board are hardly affected either and remain at a high 40 value
required for electronic applications. The water-containing surface layer,
however, causes the surface conductance to increase. This increase in
surface conductance, which is restricted in time and magnitude can,
however, in many cases be advantageous in preventing static charging and
does not have a negative effect on the operation of the circuits. 45 Claims
1. Moulded printed circuit board of a thermoplastic polyamide polymer
composition, characterized in that the polymer is composed substantially of
tetramethylene adipamide units. 50  2. Moulded printed circuit board
according to claim 1, characterized in that the printed circuit board
contains at least one layer filled with reinforcing materials. 3. Moulded
printed circuit board according to claim 2, characterized in that the
reinforcing material contains at least one fibrous and one non-fibrous
filler. 55 *STANYL[err] 250 F6 Polytetramethyleneadipamide of DSM,
Netherlands, containing 30% (wt) glass fiber and 20% (wt) flame retardant 4



EP 0 323 671 B1 4. Moulded printed circuit board according to claim 3,
characterized in that the fibrous filler is present in minor amounts than
the non-fibrous filler. 5. Moulded printed circuit board according to any
one of the above claims, characterized in that the 5      printed circuit
board contains at least one layer containing an electro magnetic
interference shielding material chosen from the group of metal fibres or
plates. 6. Moulded article comprising a casing that consists of a moulded
printed circuit board according to any one of the claims 1-5. 10
Patentanspr~iche 1. Gegossene, gedruckte Schaltungskarte aus einer
thermoplastischen Polyamid-Polymerzusammenset- zung, dadurch
gekennzeichnet, dag das Polymer im wesentlichen aus
Tetramethylenadipinsaureamid- t5     Einheiten zusammengesetzt ist. 2.
Gegossene, gedruckte Schaltungskarte nach Anspruch 1, dadurch
gekennzeichnet, daG die gedruckte Schaltungskarte mindestens eine Schicht
enthalt, die mit verstarkenden Materialien gefUllt ist. 20  3. Gegossene,
gedruckte Schaltungskarte nach Anspruch 2, dadurch gekennzeichnet, daB das
verstarken- de Material mindestens ein faseriges und ein nichtfaseriges
FUllmittel enthalt. 4. Gegossene, gedruckte Schaltungskarte nach Anspruch
3, dadurch gekennzeichnet, dalg das faserige FUllmittel in geringeren
Mengen als das nichtfaserige FUllmittel vorhanden ist. 25 5. Gegossene,
gedruckte Schaltungskarte nach irgendeinem der obigen AnsprUche, dadurch
gekennzeich- net, daB die gedruckte Schaltungskarte mindestens eine Schicht
enth~lt, die ein Material zum Abschir- men der elektromagnetischen
Beeinflussung enthalt, welches Material aus der Gruppe von Metallfasern
oder -platten ausgewahlt ist. 30 6. Gegossener Gegenstand mit einem
Gehause, welches aus einer gegossenen, gedruckten Schaltungs- karte nach
irgendeinem der AnsprUche 1-5 besteht. Revendications 35 1. Circuit imprime
moule fait d'une composition de thermoplastique polyamide polymbre,
caract6ris6 en ce que le polymbre est composW sensiblement d'6lments de
tetram6thylbne adipamide. 2. Circuit imprim6 moule selon la revendication
1, caracterise en ce que le circuit imprim6 contient au 40     moins une
couche remplie de mat6riaux de renfort. 3. Circuit imprim6 moule selon la
revendication 2, caracterise en ce que le materiau de renfort contient au
moins un produit de remplissage fibreux et un produit de remplissage non
fibreux. 45  4. Circuit imprim6 moul6 selon la revendication 3, caract6rise
en ce que le produit de remplissage fibreux est present en plus petite
quantit6 que le produit de remplissage non fibreux. 5. Circuit imprim6
moule selon l'une quelconque des revendications prec6dentes, caract6ris6 en
ce que le circuit imprime contient au moins une couche contenant un
materiau de protection contre les 50     interflrences 6lectromagn6tiques
choisi dans le groupe des fibres ou des plaques m6talliques. 6. Objet moule
comportant un bottler constitu6 d'un circuit imprim6 mould selon lune
quelconque des revendications 1-5. 55 5    


