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©  Electronic  device  and  its  production  method. 
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©  An  electronic  device  comprises  a  housing  made 
of  a  polycarbonate  resin,  and  a  novel  double-sided 
printed  circuit  board.  The  printed  circuit  board  (32) 
has  one  side  (32a)  embedded  in  the  housing  (30), 
and  the  other  side  (32b)  exposed  to  the  interior  of 
the  housing  (30).  A  plurality  of  refractory  electronic 
components  are  mounted  onto  one  side  (32a)  of  the 
printed  circuit  board  and  include  a  resistor  (34)  and 
a  capacitor  (36).  A  plurality  of  lower  refractory  elec- 
tronic  components  are  mounted  onto  the  other  side 
(32b)  of  the  pinted  circuit  board  (32)  and  include  a 
semiconductor  integrated  circuit  (38),  and  a  trans- 
former  (40).  Preferably,  an  insulating  layer  (42)  is 
applied  to  cover  the  one  side  (32a)  of  the  printed 
circuit  board  (32)  and  the  refractory  electronic  com- 
ponents.  Also,  a  metal  layer  (44)  is  applied  to  cover 
the  insulating  layer  (42)  and  the  inner  surface  of  the 
housing  (30). 

F i g .   3  

34  36  42  32a  3 0  

Rank  Xerox  (UK)  Business  Services 



1 EP  0  521  343  A1 2 

The  present  invention  relates  to  an  electronic 
device  wherein  a  housing  and  a  printed  circuit 
hoard  are  integrally  formed  together,  and  a  method 
of  manufacturing  the  same. 

A  conventional  electronic  device  includes  a 
housing  made  of  synthetic  resin,  and  a  flexible 
printed  circuit  board  integrally  mounted  in  the 
housing,  as  disclosed  in  Japanese  Laid-Open  Pat- 
ent  Publication  No.  63/80597.  The  printed  circuit 
board  has  one  side  embedded  in  the  housing  and 
the  other  side  exposed  to  the  interior  of  the  hous- 
ing.  An  aluminum  foil  is  placed  between  the  one 
side  of  the  printed  circuit  board  and  the  housing.  A 
plurality  of  electronic  components  are  mounted 
onto  the  other  side  of  the  housing,  only.  In  the  prior 
art  device,  substantial  space  is  required  for  a  large 
number  of  electronic  components.  In  such  a  case, 
the  size  of  the  device  increases. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  an  electronic  device  and  a  meth- 
od  of  manufacturing  same,  which  allow  mounting  of 
a  greater  number  of  electronic  components  than 
the  prior  art  device  without  bringing  about  an  in- 
crease  in  size,  and  which  is  highly  reliable  in 
operation. 

According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  an  electronic  device  com- 
prising  a  housing  made  of  synthetic  resin,  a  printed 
circuit  board  having  one  side  embedded  in  the 
housing,  and  the  other  side  exposed  to  the  interior 
of  the  housing,  wherein  a  plurality  of  refractory 
electronic  components  are  mounted  onto  the  one 
side  of  the  printed  circuit  board,  and  a  plurality  of 
lower  refractory  electronic  components  are  moun- 
ted  onto  the  other  side  of  the  printed  circuit  board. 
The  electronic  device  of  the  present  invention  pro- 
vides  a  novel  double-sided  printed  circuit  board  to 
allow  mounting  of  more  electronic  components 
than  in  a  presently  available  single-sided  printed 
circuit  board  without  increasing  its  size. 

Preferably,  an  insulating  layer  is  applied  to 
cover  the  one  side  of  the  printed  circuit  board  and 
the  refractory  electronic  components.  The  insulat- 
ing  layer  may  be  made  of  the  same  resin  as  the 
housing,  for  example,  a  polycarbonate  resin.  Also, 
a  metal  layer  is  applied  to  cover  the  insulating 
layer  and  the  inner  surface  of  the  housing  so  as  to 
provide  an  electromagnetic  shield. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  method  of  manufac- 
turing  an  electronic  device,  comprising  the  steps  of 
mounting  a  plurality  of  refractory  electronic  compo- 
nents  onto  one  side  of  a  printed  circuit  board, 
attaching  the  printed  circuit  board  to  a  male  mold 
so  as  to  face  the  one  side  of  the  printed  circuit 
board  against  a  female  mold,  cooperating  with  the 
male  mold  and  the  female  mold  to  define  a  cavity 
therebetween,  introducing  a  resin  into  the  cavity  to 

mold  a  housing  such  that  the  one  side  of  the 
printed  circuit  board  is  embedded  in  the  housing, 
and  the  other  side  of  the  printed  circuit  board  is 
exposed  to  the  interior  of  the  housing,  and  mount- 

5  ing  a  plurality  of  lower  refractory  electronic  compo- 
nents  onto  the  other  side  of  the  printed  circuit 
board. 

According  to  a  further  aspect  of  the  present 
invention,  there  is  provided  a  method  of  manufac- 

io  turing  an  electronic  device,  comprising  the  steps  of 
mounting  a  plurality  of  refractory  electronic  compo- 
nents  onto  one  side  of  a  printed  circuit  board, 
attaching  the  printed  circuit  board  to  a  male  mold 
so  as  to  face  the  one  side  of  the  printed  circuit 

75  board  against  a  female  mold,  applying  an  insulating 
layer  to  cover  the  one  side  of  the  printed  circuit 
board  and  the  refractory  electronic  components, 
applying  a  metal  layer  to  cover  the  insulating  layer 
and  at  least  part  of  the  male  mold,  cooperating  with 

20  the  male  mold  and  the  female  mold  to  define  a 
cavity  therebetween,  introducing  a  resin  into  the 
cavity  to  mold  a  housing  such  that  the  one  side  of 
the  printed  circuit  board  is  embedded  in  the  hous- 
ing,  and  the  other  side  of  the  printed  circuit  board 

25  is  exposed  to  the  interior  of  the  housing,  and 
mounting  a  plurality  of  lower  refractory  electronic 
components  onto  the  other  side  of  the  printed 
circuit  board. 

The  refractory  electronic  components  are  sol- 
30  dered  to  the  one  side  of  the  printed  circuit  board.  A 

solder  material  preferably  includes  an  alloy  of  lead 
and  silver  when  the  housing  is  made  of  a  polycar- 
bonate  resin.  The  insulating  layer  and  at  least  part 
of  the  male  mold  are  first  electrolessly  plated  with 

35  copper  or  aluminum,  and  then,  electrolytically  plat- 
ed  with  the  same  metal  to  form  a  metal  layer  on 
the  insulating  layer.  Alternatively,  copper  or  alu- 
minum  may  be  vapor  deposited  on  the  insulating 
layer  and  at  least  part  of  the  male  mold.  Also,  a 

40  copper  or  aluminum  foil  may  be  provided  on  the 
insulating  layer  and  at  least  part  of  the  male  mold. 

These  and  other  objects,  and  advantages  of 
the  present  invention  will  be  apparent  from  the 
following  detailed  description  of  preferred  embodi- 

45  ments  when  taken  in  conjunction  with  the  accom- 
panying  drawings. 

Fig.  1  is  a  sectional  view  of  an  electronic  device 
made  according  to  one  embodiment  of  the 
present  invention; 

50  Fig.  2  is  a  sectional  view  showing  the  manner  in 
which  the  electronic  device  shown  in  Fig.  1  is 
manufactured; 
Fig.  3  is  a  sectional  view  of  an  electronic  device 
made  according  to  another  embodiment  of  the 

55  present  invention;  and 
Fig.  4  is  a  sectional  view  showing  the  manner  in 
which  the  electronic  device  shown  in  Fig.  3  is 
manufactured. 
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Fig.  2  illustrates  a  method  of  manufacturing  the 
electronic  device  of  Fig.  1.  Specifically,  the  resistor 
14,  the  capacitor  16  and  other  refractory  compo- 
nents  are  first  soldered  to  the  one  side  12a  of  the 
printed  circuit  board  12.  The  solder  should  stand  a 
temperature  at  which  a  resin  used  to  mold  the 
housing  may  flow  and  is,  preferably,  an  alloy  of 
lead  and  silver  (2  to  4  percent  by  weight)  when  a 
polycarbonate  resin,  which  flows  at  a  temperature 
of  300  °C,  is  used.  Also,  when  a  resin  having  a 
higher  melting  point  than  a  polycarbonate  resin 
may  flow  is  used,  an  alloy  of  gold  and  silicon  (5  to 
7  percent  by  weight)  or  germanium  (10  to  15 
percent  by  weight)  is  preferred.  The  printed  circuit 
board  12  is  then  tentatively  attached  to  the  bottom 
of  a  male  mold  22,  for  example,  by  an  adhesive  so 
as  to  face  the  one  side  12a  of  the  printed  circuit 
board  12  against  a  female  mold  24.  The  male  mold 
22  and  the  female  mold  24  cooperate  together  to 
define  a  cavity  26  therebetween.  A  polycarbonate 
resin  is  introduced  through  a  gate  28  into  the  cavity 
26  to  mold  the  housing  10  such  that  the  one  end 
12a  of  the  printed  circuit  board  12  is  embedded  in 
the  housing  10,  and  the  other  side  12b  of  the 
printed  circuit  board  12  is  exposed  to  the  interior  of 
the  housing  10.  Finally,  the  semiconductor  inte- 
grated  circuit  18,  the  transformer  20  and  other 
lower  refractory  components  are  mounted  onto  the 
other  side  12b  of  the  printed  circuit  board  12  by 
resistance  welding  or  similar  means. 

Fig.  3  shows  a  modified  form  of  the  electronic 
device  shown  in  Fig.  1.  In  the  illustrated  embodi- 
ment,  the  electronic  device  generally  includes  a 
housing  30  made  of  resin,  and  a  printed  circuit 
board  22  mounted  in  the  housing  30.  The  printed 
circuit  board  32  has  one  side  32a  embedded  in  the 
housing  30,  and  the  other  side  32b  exposed  to  the 
interior  of  the  housing  30.  A  resistor  34,  a  capacitor 
36  and  other  refractory  electronic  components  or 
chips  are  mounted  onto  the  one  side  32a  of  the 
printed  circuit  board  32.  A  semiconductor  inte- 
grated  circuit  38,  a  transformer  40  and  other  lower 
refractory  electronic  components  are  mounted  onto 
the  other  side  32b  of  the  printed  circuit  board  32. 
An  insulating  layer  42  is  applied  to  cover  the  one 
side  32a  of  the  printed  circuit  board  32  and  the 
resistor  34,  the  capacitor  36  and  other  refractory 
electronic  components.  In  addition,  a  metal  layer 
44  is  applied  to  cover  the  inner  surface  30  of  the 
housing  30  and  the  insulating  layer  42. 

Referring  to  Fig.  4,  the  resistor  34,  the  capaci- 
tor  36  and  other  refractory  components  are  first 
soldered  to  the  one  side  32a  of  the  printed  circuit 
board  32.  The  solder  should  stand  a  temperature  at 
which  a  resin  may  flow  and  is,  preferably,  an  alloy 
of  lead  and  silver  (2  to  4  percent  by  weight)  when  a 
polycarbonate  resin,  which  may  flow  at  a  tempera- 
ture  of  approximately  300  °C,  is  used.  Also,  when  a 

resin  having  a  higher  melting  point  than  a  polycar- 
bonate  resin  may  flow  is  used,  an  alloy  of  gold  and 
silicon  (5  to  7  percent  by  weight)  or  germanium  (10 
to  15  percent  by  weight)  is  preferred.  The  insulat- 

5  ing  layer  42  is  preferably  made  of  a  polycarbonate 
resin  and  applied  to  cover  the  resistor  34,  the 
capacitor  36  and  other  refractory  electronic  compo- 
nents.  The  male  mold  50  includes  a  base  50a,  and 
a  rectangular  projection  50b  extending  from  one 

io  side  of  the  base  50a.  The  insulating  layer  42  and 
the  projection  50b  are  first  electrolessly  plated  with 
copper  or  aluminum.  The  electroless  plating  has  a 
thickness  of  approximately  0.5  to  1  urn.  The  in- 
sulating  layer  42  and  the  projection  50b  are  then 

is  electrolytically  plated  with  the  same  metal.  The 
electrolytic  plating  has  a  thickness  of  approximately 
10  to  30  urn.  The  electroless  plating  and  the  elec- 
trolytic  plating  together  form  the  metal  layer  44.  As 
an  alternative,  the  metal  layer  may  be  made  by 

20  spraying  or  vapor  deposition.  A  copper  or  alu- 
minum  foil  having  a  thickness  of  approximately  10 
to  30  urn  may  also  be  used  to  form  the  metal 
layer.  The  female  mold  52  has  a  gate  or  opening 
54  and  cooperates  with  the  male  mold  50  to  define 

25  a  cavity  56  therebetween.  A  polycarbonate  resin  is 
introduced  through  the  gate  54  into  the  cavity  56  to 
mold  the  housing  30  such  that  the  one  end  32a  of 
the  printed  circuit  board  32  is  embedded  in  the 
housing  30,  and  the  other  side  32b  of  the  printed 

30  circuit  board  32  is  exposed  to  the  interior  of  the 
housing  30.  Finally,  the  semiconductor  integrated 
circuit  38,  the  transformer  40  and  other  lower  re- 
fractory  components  are  mounted  onto  the  other 
side  32b  of  the  printed  circuit  board  32  by  resis- 

35  tance  welding  or  similar  means. 
While  the  methods  and  devices  manufactured 

by  the  methods  herein  disclosed  form  preferred 
embodiments  of  the  invention,  it  is  not  limited  to 
those  specific  methods  and  devices,  and  various 

40  changes  and  modifications  may  be  made  therein 
without  departing  from  the  spirit  and  scope  of  the 
invention. 

Claims 
45 

1.  An  electronic  device  comprising: 
a  housing  having  an  interior;  and 
a  printed  circuit  board  integrally  mounted 

in  said  housing,  said  printed  circuit  board  hav- 
50  ing  one  side  embedded  in  said  housing,  and 

the  other  side  exposed  to  the  interior  of  said 
housing; 

said  printed  circuit  board  including  a  plu- 
rality  of  refractory  electronic  components  on 

55  said  one  side,  and  a  plurality  of  lower  refrac- 
tory  electronic  components  on  said  other  side. 

2.  The  device  of  Claim  1  ,  wherein  said  plurality  of 
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refractory  electronic  components  include  a  re- 
sistor,  and  a  capacitor,  and  said  plurality  of 
lower  refractory  electronic  components  include 
a  semiconductor  integrated  circuit,  and  a  trans- 
former.  5 

3.  A  method  of  manufacturing  an  electronic  de- 
vice,  comprising  the  steps  of: 

mounting  a  plurality  of  refractory  electronic 
components  onto  one  side  of  a  printed  circuit  10 
board; 

attaching  said  printed  circuit  board  tenta- 
tively  to  a  male  mold  so  as  to  face  said  one 
side  of  the  printed  circuit  board  against  a  fe- 
male  mold;  75 

cooperating  with  said  male  mold  and  said 
female  mold  to  define  a  cavity  therebetween; 

introducing  a  resin  into  said  cavity  to  mold 
a  housing  such  that  said  one  side  of  the  print- 
ed  circuit  board  is  embedded  in  said  housing,  20 
and  the  other  side  of  the  printed  circuit  board 
is  exposed  to  an  interior  of  said  housing;  and 

mounting  a  plurality  of  lower  refractory 
electronic  components  onto  the  other  side  of 
said  printed  circuit  board.  25 

in  said  housing,  said  printed  circuit  board  hav- 
ing  one  side  embedded  in  said  housing,  and 
the  other  side  exposed  to  the  interior  of  said 
housing; 

said  printed  circuit  board  including  a  plu- 
rality  of  refractory  electronic  components  on 
said  one  side,  and  a  plurality  of  lower  refrac- 
tory  electronic  components  on  said  other  side; 

an  insulating  layer  applied  to  cover  said 
one  side  of  said  printed  circuit  board  and  said 
plurality  of  refractory  electronic  components; 
and 

a  metal  layer  applied  to  cover  said  insulat- 
ing  layer  and  the  inner  surface  of  said  housing. 

9.  The  device  of  Claim  8,  wherein  said  plurality  of 
refractory  electronic  components  include  a  re- 
sistor,  and  a  capacitor,  and  said  plurality  of 
lower  refractory  electronic  components  include 
a  semiconductor  integrated  circuit,  and  a  trans- 
former. 

10.  The  device  of  Claim  8,  wherein  said  housing 
and  said  insulating  layer  are  made  of  a  poly- 
carbonate  resin. 

4.  The  method  of  Claim  3,  wherein  said  resin  is  a 
polycarbonate  resin,  and  said  plurality  of  re- 
fractory  electronic  components  are  soldered  to 
said  one  side  of  said  printed  circuit  board  by  a 
solder  material,  said  solder  material  including 
an  alloy  of  lead  and  silver. 

5.  The  method  of  Claim  3,  wherein  said  resin  has 
a  higher  melting  point  than  a  polycarbonate 
resin,  and  said  plurality  of  refractory  electronic 
components  are  soldered  to  said  one  side  of 
said  printed  circuit  board  by  a  solder  material, 
said  solder  material  including  an  alloy  of  gold 
and  silicon. 

11.  The  device  of  Claim  8,  wherein  said  metal 
layer  includes  an  electroless  plating  of  copper, 
and  an  electrolytic  plating  of  copper  placed  on 

30  said  electroless  plating. 

12.  The  device  of  Claim  8,  wherein  said  metal 
layer  includes  an  electroless  plating  of  alu- 
minum,  and  an  electrolytic  plating  of  aluminum 

35  placed  on  said  electroless  plating. 

13.  The  device  of  Claim  8,  wherein  said  metal 
layer  includes  a  copper  foil. 

40  14.  The  device  of  Claim  8,  wherein  said  metal 
layer  includes  an  aluminum  foil. 

15.  A  method  of  manufacturing  an  electronic  de- 
vice,  comprising  the  steps  of: 

45  mounting  a  plurality  of  refractory  electronic 
components  onto  one  side  of  a  printed  circuit 
board; 

attaching  said  printed  circuit  board  tenta- 
tively  to  a  male  mold  so  as  to  face  said  one 

50  side  of  the  printed  circuit  board  against  a  fe- 
male  mold; 

applying  an  insulating  layer  to  cover  said 
one  side  of  the  circuit  board  and  said  refrac- 
tory  electronic  components; 

55  applying  a  metal  layer  to  cover  said  in- 
sulating  layer  and  at  least  part  of  said  male 
mold; 

cooperating  with  said  male  mold  and  said 

6.  The  method  of  Claim  3,  wherein  said  resin  has 
a  higher  melting  point  than  a  polycarbonate 
resin,  and  said  plurality  of  refractory  electronic 
components  are  soldered  to  said  one  side  of  45 
said  printed  circuit  board  by  a  solder  material, 
said  solder  material  including  an  alloy  of  gold 
and  germanium. 

7.  The  method  of  Claim  3,  wherein  said  plurality  50 
of  lower  refractory  electronic  components  are 
mounted  to  the  other  side  of  said  printed  cir- 
cuit  board  by  resistance  welding. 

8.  An  electronic  device  comprising:  55 
a  housing  having  an  interior,  and  an  inner 

surface: 
a  printed  circuit  board  integrally  mounted 

4 
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female  mold  to  define  a  cavity  therebetween; 
introducing  a  resin  into  said  cavity  to  mold 

a  housing  such  that  said  one  side  of  the  print- 
ed  circuit  board  is  embedded  in  said  housing, 
and  the  other  side  of  the  printed  circuit  board 
is  exposed  to  an  interior  of  said  housing;  and 

mounting  a  plurality  of  lower  refractory 
electronic  components  onto  the  other  side  of 
said  printed  circuit  board. 

10 
16.  The  method  of  Claim  15,  wherein  said  resin  is 

a  polycarbonate  resin,  and  said  plurality  of 
refractory  electronic  components  are  soldered 
to  said  one  side  of  said  printed  circuit  board 
by  a  solder  material,  said  solder  material  in-  is 
eluding  an  alloy  of  lead  and  silver. 

17.  The  method  of  Claim  15,  wherein  said  insulat- 
ing  layer  and  said  at  least  part  of  the  male 
mold  are  first  electrolessly  plated  with  a  metal,  20 
and  then,  electrolytically  plated  with  a  same 
metal. 

18.  The  method  of  Claim  15,  wherein  a  metal  is 
vapor  deposited  on  said  insulating  layer  and  25 
said  at  least  part  of  the  male  mold. 

19.  The  method  of  Claim  15,  wherein  a  copper  foil 
is  placed  on  said  insulating  layer  and  said  at 
least  part  of  the  male  mold.  30 

20.  The  method  of  Claim  15,  wherein  an  aluminum 
foil  is  placed  on  said  insulating  layer  and  said 
at  least  part  of  the  male  mold. 
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