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Dffice  europeen  des  brevets 

©  A  pair  of  solder  coating  rolls  are  disposed  hori- 
zontally  adjacent  one  another  for  rotation  about  par- 
allel  horizontal  axes,  and  are  spaced  apart  to  define 
a  narrow  vertically-oriented  nip  therebetween  for  ac- 
commodating  a  lead  frame  therein.  Lower  parts  of 
the  rolls  contact  a  solder  bath,  and  counter  rotation 
of  the  rolls  carries  the  solder  upwardly  on  the  pe- 
riphery  of  the  rolls  to  create  a  small  pool  of  solder  at 
the  upper  end  of  the  nip.  The  lead  frame  is  driven 
vertically  upwardly  through  the  nip,  which  nip  has  a 
minimal  dimension  greater  than  the  lead  frame  thick- 

^ness .   The  lead  frame  is  driven  vertically  upwardly  at 
^ a   linear  speed  which  is  different  from,  and  preferably 

slower  than,  the  peripheral  speed  of  the  solder  coat- 
ifling  rolls.  This  enables  preheating  of  the  surface  of 
00  the  lead  frame  due  to  its  longer  exposure  to  and 
{^contact  with  the  hot  solder  which  coats  the  periphery 
Wlof  the  rolls,  thereby  improving  the  wetability  of  the 
TO  lead  frame  surface.  At  the  same  time,  this  upward 
©movement  of  the  lead  frame  through  the  nip  and 
-through  the  pool  of  liquid  solder  permits  a  solder 
yj  coating  of  high  quality  and  uniformity  to  be  applied 

to  the  lead  frame. 
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METHOD  AND  APPARATUS  FOR  SOLDER  COATING  OF  LEADS 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  a  method  and  appara- 
tus  for  solder  coating  leads  associated  with  a  lead 
frame  which  mounts  thereon  a  plurality  of  I.C.  de- 
vices. 

BACKGROUND  OF  THE  INVENTION 

An  I.C.  (integrated  circuit)  device  is  formed  by 
an  I.C.  chip  capsulated  within  a  resin  package,  as 
by  a  molding  operation,  and  the  chip  connects  to  a 
plurality  of  pins  (generally  referred  to  as  "leads") 
which  project  outwardly  beyond  the  sides  of  the 
resin  package.  These  leads  are  part  of  an  elongate 
lead  frame  such  that  several  such  I.C.  devices  are 
formed  longitudinally  in  spaced  relationship  therea- 
long,  with  the  I.C.  devices  thereafter  being  severed 
from  the  longitudinally  extending  edge  strips  of  the 
lead  frame. 

As  is  well  known,  the  leads  are  typically  coated 
with  solder,  with  the  coating  generally  occurring  in 
one  of  two  different  ways.  In  a  first  common  tech- 
nique,  each  I.C.  device  is  separated  from  the  lead 
frame,  its  leads  are  then  bent  downwardly  substan- 
tially  at  right  angles,  and  the  bent  leads  are  then 
dipped  into  a  bath  of  liquid  solder.  The  second 
conventional  technique  involves  maintaining  the 
plurality  of  I.C.  devices  integrally  connected  to  the 
elongate  lead  frame  so  as  to  define  a  relatively  flat 
package  having  a  plurality  of  I.C.  devices  thereon, 
with  this  package  in  its  entirety  then  being  dipped 
into  a  bath  of  liquid  solder. 

The  above  techniques  are  known  to  possess 
several  disadvantages.  In  an  attempt  to  improve 
thereon,  the  Assignee  of  this  invention  developed 
various  apparatus  for  permitting  solder  coating  of 
solely  the  leads  while  maintaining  a  plurality  of  I.C. 
devices  connected  to  a  common  elongate  lead 
frame.  In  one  such  apparatus,  rolls  are  disposed  in 
pairs  vertically  disposed  one  above  the  other,  with 
the  lowermost  rolls  having  their  lower  parts  dipping 
into  a  solder  bath,  and  the  lead  frames  are  fed 
horizontally  through  a  narrow  nip  defined  between 
the  vertically-opposed  pairs  of  rolls.  With  this  ap- 
paratus,  however,  only  one  side  of  the  lead  frame 
can  be  solder  coated  at  a  time,  and  hence  each 
lead  frame  has  to  be  reversely  oriented  and  again 
passed  between  the  pair  of  rolls  to  coat  the  other 
side.  Such  is  highly  inefficient  and  undesirable. 

The  Assignee  of  this  invention  also  developed 
another  apparatus  wherein  pairs  of  rolls  are  dis- 
posed  in  horizontally  opposed  relationship  and  low- 

er  parts  thereof  dip  into  a  solder  bath.  A  lead  frame 
is  fed  vertically  through  the  nip  between  the  rolls  to 
permit  simultaneous  solder  coating  of  both  sides  of 
the  lead  frame.  In  this  apparatus,  the  rolls  are 

5  rotatably  driven,  and  the  rolls  act  either  directly  on 
or  through  the  viscous  properties  of  the  solder  to 
effect  driving  of  the  lead  frame  through  the  nip. 
This  arrangement,  however,  also  has  proven  to 
possess  operational  characteristics  which  are  less 

10  than  optimum. 
More  specifically,  in  the  solder  coating  pro- 

cess,  an  alloy  component  of  the  solder  material 
dissipates  into  the  metallurgical  structure  of  the 
substrate  metal,  and  at  the  same  time  metallic 

15  molecules  of  substrate  material  dissipate  into  the 
solder  material  which  has  a  low  melting  point.  For 
example,  the  solder  material  composed  of  tin  or 
lead  changes  to  alloys  composed  of  tin  or  lead  and 
the  metal  component  of  the  substrate.  Accordingly, 

20  the  substrate  metal  surface  must  be  heated  to  a 
temperature  almost  equal  to  the  melting  point  of 
the  solder  material  during  the  soldering  process, 
although  the  amount  of  heating  of  the  substrate 
metal  surface  is  obviously  different  depending 

25  upon  the  type  of  solder  material,  the  type  of  sub- 
strate  metal  and  the  thickness  of  the  substrate 
metal. 

Because  of  the  above,  and  particularly  when 
using  the  aforementioned  apparatus  wherein  the 

30  lead  frame  is  driven  through  the  nip  by  the  solder 
coating  rolls,  optimum  soldering  conditions  often 
can  not  be  achieved.  For  example,  if  the  peripheral 
speed  of  the  roll  is  too  fast,  the  surface  of  the  lead 
frame  can  not  be  heated  to  a  temperature  near  that 

35  of  the  melting  point  of  the  solder  material,  whereby 
the  wetability  of  the  surface  of  the  lead  frame  is 
insufficient.  On  the  other  hand,  if  the  rolls  are 
driven  with  too  slow  a  peripheral  speed,  whereby 
the  surface  of  the  lead  frame  is  properly  heated  so 

4o  as  to  have  good  wetability,  nevertheless  under  this 
situation  the  amount  of  solder  material  picked  up 
by  the  rolls  and  carried  upwardly  into  a  pool  at  the 
upper  end  of  the  nip  is  decreased  and  is  often  not 
sufficient  to  create  a  sufficient  coating  so  as  to 

45  properly  cover  the  lead  frame,  particularly  where 
the  leads  border  or  join  to  the  resin  package. 

The  lead  frame  which  is  to  be  subjected  to  the 
solder  coating  operation  conventionally  comprises 
either  a  strip  type  or  a  ribbon  type,  each  type 

so  having  the  plurality  of  resin  packages  mounted  at 
longitudinally  spaced  intervals  therealong.  The 
ribbon-type  lead  frame  is  of  great  length  and  hence 
is  conventionally  stored  by  being  wound  on  a  coil, 
and  for  purposes  for  the  present  description  is 
referred  to  as  being  "substantially  continuous" 
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since  it  does  permit  a  coating  operation  of  long 
juration  to  be  carried  out.  The  strip-type  lead 
rame,  on  the  other  hand,  is  of  a  rather  short 
Dredetermined  length  having  a  predetermined  num- 
ber  of  resin  packages  mounted  in  longitudinally  5 
spaced  intervals  thereon,  and  these  strip-type  lead 
rames  are  sequentially  fed  through  the  nip  be- 
ween  the  solder  coating  rolls.  With  the  strip-type 
ead  frame,  however,  it  has  been  observed  that 
sxcess  solder  tends  to  build  up  at  the  trailing  end  10 
Df  the  lead  frame  and  thus  creates  a  small  bump  or 
snlargement.  This  buildup  of  solder  at  the  trailing 
snd  of  the  strip  is  undesirable  since  not  only  can  it 
sometimes  effect  the  quality  of  the  leads  disposed 
nost  closely  adjacent  the  trailing  end,  but  it  also  75 
nterferes  or  complicates  further  processing  and 
landiing  of  the  strips. 

Accordingly,  the  present  invention  relates  to 
mprovements  with  respect  to  a  method  and  ap- 
Daratus  for  solder  coating  of  leads  associated  with  20 
a  plurality  I.C.  devices  as  mounted  on  a  common 
lead  frame,  which  method  and  apparatus  overcome 
nany  of  the  disadvantages  associated  with  known 
methods  and  apparatus. 

In  the  improved  method  and  apparatus  of  this  25 
invention,  a  pair  of  solder  coating  rolls  are  dis- 
posed  horizontally  adjacent  one  another  for  rotation 
about  generally  parallel  horizontal  axes,  and  are 
slightly  spaced  apart  to  define  a  narrow  vertically 
oriented  nip  therebetween  for  accommodating  the  30 
lead  frame  therein.  The  lower  parts  of  these  rolls 
contact  a  solder  bath,  and  the  counter  rotation  of 
the  rolls  carries  the  solder  upwardly  on  the  periph- 
ery  of  the  rolls  through  the  nip,  thereby  creating  a 
small  pool  of  solder  at  the  upper  end  of  the  nip.  35 
The  lead  frame  is  driven  vertically  upwardly 
through  the  nip,  and  the  nip  has  a  minimal  dimen- 
sion  which  is  greater  than  the  lead  frame  thickness. 
The  lead  frame  is  driven  vertically  upwardly  by  a 
driving  device  which  drives  the  lead  frame  at  a  40 
linear  speed  which  is  different  from,  and  preferably 
slower  than,  the  peripheral  speed  of  the  solder 
coating  rolls.  This  enables  a  proper  preheating  of 
the  surface  of  the  lead  frame  due  to  its  longer 
exposure  to  and  contact  with  the  hot  solder  which  45 
coats  the  periphery  of  the  rolls,  thereby  improving 
the  wetability  of  the  lead  frame  surface.  This  up- 
ward  movement  of  the  lead  frame  through  the  nip 
and  through  the  pool  of  liquid  solder  maintained  at 
the  upper  end  of  the  nip  permits  a  solder  coating  50 
of  high  quality  and  uniformity,  and  particularly  of 
desired  thickness,  to  be  applied  to  the  lead  frame 
and  specifically  the  leads. 

Further,  in  the  improved  method  of  this  inven- 
tion,  particularly  when  solder  coating  strip-type  lead  55 
frames,  the  coating  rolls  and  the  strip-type  lead 
frame  are  preferably  independently  driven  at  dif- 
ferent  velocities  as  the  lead  frame  enters  into  and 

jasses  partially  through  the  nip  between  tne  soiaer 
;oating  rolls.  However,  before  the  entire  length  of 
he  strip  has  passed  through  the  nip,  such  as  after 
about  one-half  of  the  strip  length  as  passed 
tirough  the  nip,  then  the  solder  coating  rolls  are 
xeferably  stopped  while  the  strip  continues  to 
nove  upwardly  at  its  predetermined  velocity.  This 
lence  enables  the  pool  of  solder  at  the  upper  end 
3f  the  nip  to  partially  leak  downwardly  into  and 
tirough  the  nip  while  at  the  same  time  effectively 
:oating  the  remainder  of  the  lead  frame  as  it 
aasses  upwardly  through  the  nip  as  now  defined 
Detween  the  stationary  rolls.  This  has  been  ob- 
served  to  substantially  eliminate  the  bump  or  buil- 
dup  of  solder  material  at  the  trailing  end  of  the  lead 
rame,  while  at  the  same  time  permitting  a  proper 
:oating  of  the  lead  frame. 

Other  objects  and  purposes  of  the  invention 
/vill  be  apparent  to  persons  familiar  with  methods 
and  apparatus  of  this  general  type  upon  reading 
the  following  specification  and  inspecting  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  front  view  of  a  preferred  em- 
bodiment  of  the  solder  coating  apparatus; 

Figure  2  is  a  top  view  thereof; 
Figure  3  is  a  sectional  view  taken  substan- 

tially  along  line  A-A  in  Figure  1  ; 
Figure  4  is  a  sectional  view  taken  substan- 

tially  along  line  B-B  in  Figure  2; 
Figure  5  is  a  sectional  view  taken  substan- 

tially  along  line  C-C  in  Figure  2; 
Figure  6  is  a  fragmentary  side  view,  partially 

in  cross  section,  diagrammatically  illustrating  the 
vertical  upward  feeding  of  a  ribbon-type  lead  frame 
through  the  nip; 

Figure  7  is  an  enlarged  plan  view  of  the  rolls 
shown  in  Figure  6  for  illustrating  the  relationship  of 
the  nip  and  the  lead  frame;  and 

Figure  8  is  a  view  similar  to  Figure  6  but 
illustrating  the  independent  vertical  upward  feeding 
of  a  strip-type  lead  frame. 

DETAILED  DESCRIPTION 

Figures  1  and  3  diagrammatically  illustrate  a 
lead  frame  I  which,  as  is  generally  conventional, 
has  a  plurality  of  resin  packages  1a  disposed  in 
spaced  relationship  longitudinally  therealong.  Leads 
project  outwardly  from  opposite  sides  of  the  resin 
package  and  are  joined  to  elongated  edge  strips 
which  extend  longitudinally  along  and  define  the 
lead  frame.  The  lead  frame  may  comprise  either  an 
individual  elongate  strip  of  predetermined  length 
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having  a  plurality  of  resin  packages  thereon,  or  an 
elongate  substantially  continuous  ribbon  (or  hoop), 
both  types  being  conventional. 

To  effect  coating  of  the  lead  frame,  the  appara- 
tus  includes  a  pair  of  rolls  2,2'  which  are  disposed 
horizontally  sidewardly  in  closely  adjacent  relation- 
ship  to  define  a  narrow  vertically-extending  nip  or 
gap  4  therebetween  for  accommodating  the  lead 
frame  1.  The  rolls  typically  have  an  outer  cylin- 
drical  profile  which  includes  a  recess  5,5  which 
surrounds  the  roll  and  is  axially  bordered  by 
flanges,  which  flanges  on  the  outer  cylindrical  sur- 
faces  6,6  are  adapted  for  effecting  solder  coating 
of  the  leads  associated  with  the  lead  frame.  The 
recess  5,5'  is  designed  to  loosely  accommodate 
the  resin  package  1a  so  that  the  latter  will  be  free 
of  exposure  to  the  molten  solder. 

To  effect  rotational  driving  of  the  rolls  2,2'  in 
opposite  rotational  directions,  the  apparatus  in- 
cludes  a  drive  motor  7  attached  to  a  bracket  8 
which  is  fixed  to  and  projects  upwardly  from  a  base 
or  support  plate  9,  the  latter  constituting  a  part  of 
the  frame  or  housing  of  the  apparatus.  The  drive 
shaft  of  motor  7  has  a  clutch-type  coupler  11 
secured  thereto,  and  the  latter  is  adapted  to  be 
directly  drivingly  engaged  with  a  driving  gear  12  to 
effect  rotation  of  the  latter.  This  driving  gear  1  2  in 
turn  is  directly  meshingly  engaged  with  a 
sidewardiy-adjacent  driving  gear  12  .  These  gears 
12,12  are  rotatably  supported  on  the  outer  ends  of 
generally  parallel  and  horizontally  disposed  support 
spindles  13,13',  which  spindles  are  nonrotatably 
secured  on  spaced  upwardly-projecting  brackets 
14  which  are  fixed  to  the  base  plate.  The  spindles 
13,13'  can  be  suitably  nonrotatably  fixed  relative  to 
the  brackets  14  in  any  conventional  manner,  such 
as  by  locking  screws  15,15  . 

The  driving  gears  12,12  in  turn  respectively 
directly  meshingly  engage  driven  gears  16,16 
which  are  disposed  substantially  directly  over  the 
driving  gears.  These  driven  gears  16,16'  are  slight- 
ly  sidewardly  spaced  apart,  and  in  turn  are  non- 
rotatably  secured  to  the  rearward  ends  of  drive 
shafts  17,17'.  These  shafts  17,17  have  the  rolls 
2,2'  respectively  nonrotatably  secured  thereto  adja- 
cent  the  forward  ends  thereof. 

The  drive  shafts  17,17  are  respectively 
rotatably  supported  on  lever-like  supports  18,18 
which  are  disposed  for  individual  pivotal  movement 
relative  to  the  housing  and  relative  to  one  another. 

The  support  18  at  its  upper  end  includes  a 
generally  elongate  sleeve-like  housing  part  19 
which  defines  an  elongate  bore  21  extending  there- 
through.  The  drive  shaft  17  is  rotatably  supported 
within  this  bore  and  disposed  so  as  to  project 
outwardly  from  opposite  ends  thereof,  with  the  for- 
ward  end  portion  of  the  drive  shaft  being  cantile- 
vered  outwardly  (leftwardly  in  Figure  3)  a  substan- 

tial  extent  beyond  the  sleeve  part  19.  The  support 
18  also  has  several  downwardly  projecting  bracket 
arms  22  provided  with  appropriate  journal  bearings 
23  which  rotatably  (i.e,  pivotally)  mount  the  support 

5  18  for  arcuate  swinging  movement  substantially 
about  the  axis  24  of  the  stationary  spindle  13. 

The  other  support  18'  is  similarly  constructed 
and  is  supported  for  swinging  movement  about  the 
axis  of  the  other  stationary  spindle  13  . 

10  The  supports  18,18'  are  normally  biased  to 
swing  inwardly  toward  one  another  to  cause  the 
rolls  2,2'  to  approach  one  another,  and  for  this 
purpose  a  biasing  means  formed  as  a  spring  25 
extends  between  the  sleeve  parts  19,19  so  that 

rs  the  supports  are  urged  in  opposite  rotational  direc- 
tions  toward  one  another  to  maintain  a  minimum 
nip  4  between  the  rolls  2,2  . 

To  adjustably  control  the  width  of  the  nip  4  and 
the  opposed  inward  approach  of  the  supports 

20  18,18'  and  drive  shafts  17,17  toward  one  another, 
there  is  provided  an  adjustable  stop  arrangement. 
This  adjustable  stop  arrangement  includes  a  stop 
block  26  which  is  fixed  to  the  stationary  bracket  14 
and  a  pair  of  adjustable  stop  members  (specifically 

25  screws)  27,27'  which  are  respectively  threadedly 
mounted  on  the  supports  18,18'  and  have  the  free 
ends  thereof  disposed  for  abutting  contact  with 
opposite  side  surfaces  of  the  stop  block  26.  With 
this  arrangement,  the  spring  25  urges  the  supports 

30  18,18'  inwardly  toward  one  another  until  the  screws 
27,27'  abut  opposite  sides  of  the  stop  block  26  to 
hence  define  a  desired  minimum  nip  4  between  the 
solder  coating  rolls  2,2  . 

The  sleeve  parts  19,19  of  the  movable  sup- 
35  ports  are  also  connected  by  a  fluid  pressure  cyl- 

inder  28,  the  latter  having  one  end  of  the  housing 
joined  to  one  sleeve  part  1  9  and  the  free  end  of  the 
piston  joined  to  the  other  sleeve  part  19  .  The 
cylinder  28  can  be  rapidly  pressurized  to  effect 

40  outward  separation  between  the  rolls  2,2  when 
desired,  such  as  for  maintenance  or  adjustment 
purposes,  or  for  initial  insertion  of  the  lead  frame 
into  the  nip. 

The  solder  coating  apparatus  also  includes  a 
45  pair  of  molten  solder  baths  31,31  which,  in  the 

illustrated  embodiment,  are  defined  by  separate 
sidewardly-disposed  tank  structures  32,32  which 
have  a  clearance  space  33  therebetween  for  per- 
mitting  vertical  passage  of  the  lead  frame.  How- 

50  ever,  it  will  be  appreciated  that  the  two  baths  can 
be  united  within  a  single  tank  so  long  as  the  tank 
has  an  upwardly  opening  tunnel  or  passage  there- 
through  equivalent  to  the  space  33  for  permitting 
passage  of  the  lead  frame. 

55  The  movable  supports  18,18  are  swingably 
supported  closely  adjacent  one  side  of  the  molten 
baths,  and  the  driven  shafts  17,17  project  in  a 
cantilever  fashion  outwardly  so  as  to  overhang  the 

4 
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Daths,  whereupon  the  rolls  2,2  are  disposed  di- 
ectly  over  the  baths.  The  elevation  of  the  rolls  2,2 
•elative  to  the  surface  level  of  the  molten  solder  is 
such  that  the  lower  parts  of  the  rolls  2,2  dip  into 
tie  molten  solder  so  as  to  permit  solder  to  be 
Dicked  up  onto  the  rolls  during  rotation  thereof. 

In  operation,  the  lead  frame  1  can  be  either 
manually  or  automatically  fed  into  the  nip  4  be- 
iween  the  rolls  2,2',  and  in  some  instances  the  lead 
rame,  particularly  when  of  an  elongated  ribbon 
:orm,  is  provided  with  a  dummy  leader  on  the  end 
:o  facilitate  initial  feeding  into  the  nip  between  the 
@oils.  In  many  instances,  the  cylinder  28  is  ac- 
:ivated  to  separate  the  rolls  2,2'  to  facilitate  the 
nitial  positioning  of  the  lead  frame  therebetween, 
following  which  the  cylinder  is  de-energized  so  that 
the  spring  25  retracts  the  rolls  until  the  stop  screws 
27,27  contact  the  stop  block  26. 

The  stop  screws  27,27'  are  preferably  initially 
adjusted  relative  to  the  stop  block  26  so  that,  due 
to  the  urging  of  the  spring  25,  the  screws  normally 
abut  the  stop  block  and  maintain  a  predetermined 
width  of  the  nip  4  which  slightly  exceeds  the  thick- 
ness  of  the  lead  frame.  This  predetermined  nip 
width  preferably  equals  the  thickness  of  the  lead 
frame  plus  twice  the  desired  coating  thickness.  In 
this  respect,  the  preferred  coating  thickness  is  nor- 
mally  about  .03  mm  to  about  .08  mm,  so  that  the 
nip  width  between  the  rolls  exceeds  the  thickness 
of  the  lead  frame  by  about  .06  mm  to  about  .016 
mm. 

During  the  counter  rotation  of  the  rolls  2,2  ,  the 
rolls  dip  into  the  solder  baths  and  then  carry  solder 
on  the  surface  of  the  rolls  upwardly  into  the  nip  4 
for  applying  a  film  coating  of  solder  to  opposite 
sides  of  the  lead  frame.  By  controlling  the  nip  width 
relative  to  the  lead  frame  thickness,  such  as  within 
the  range  specified  above,  the  solder  effectively 
creates  a  film  on  opposite  sides  of  the  lead  frame 
and  hence  effectively  maintains  the  lead  frame  in  a 
centered  relationship  between  the  rolls  as  it  passes 
through  the  nip. 

The  cylinder  28  can  also  be  energized  to  sepa- 
rate  the  rolls  when  excessive  solder  tends  to  build 
up  at  the  upper  end  of  the  nip  between  the  rollers. 

With  the  apparatus  of  the  present  invention,  the 
leads  on  the  packaged  I.C.  device  can  be  desirably 
and  simultaneously  coated  on  both  sides  with  melt- 
ed  solder  since  the  lead  frame  is  passed  between 
the  opposed  solder  coating  rolls  which,  due  to  their 
lower  parts  being  immersed  in  the  melted  solder 
bath,  simultaneously  apply  a  thin  film  of  solder  on 
the  opposite  surfaces  of  the  leads.  The  control  over 
the  nip  between  the  opposed  rolls  permits  control 
over  the  film  of  solder  applied  to  the  leads,  thereby 
achieving  desired  uniformity  of  the  film  to  achieve 
a  proper  coating  of  the  leads  without  causing  un- 
desired  bridging  of  solder  in  the  gaps  between 

adjacent  leads,  and  without  causing  application  ot 
hot  solder  to  the  resin  package.  Control  is  further 
enhanced  not  only  due  to  the  precise  adjustability 
of  the  nip  between  the  rolls,  but  also  by  regulating 

5  the  roll  speed  such  as  due  to  the  adjustability  of 
the  speed  of  the  drive  motor  7,  and  by  also  adjust- 
ing  the  depth  of  immersion  of  the  rolls  into  the 
baths,  such  as  by  providing  the  baths  on  vertically 
adjustable  legs  39. 

w  Further,  the  manner  in  which  in  the  rolls  are 
rotatably  driven,  coupled  with  the  manner  in  which 
the  rolls  are  supported  adjacent  the  outer  ends  of 
the  cantilever  drive  shafts,  greatly  facilitates  the 
manufacture  and  maintenance  of  the  apparatus, 

75  and  in  particular  facilitates  the  interchangability  of 
the  solder  coating  rolls  to  accommodate  lead 
frames  of  different  configurations. 

Referring  now  to  Figures  6  and  7,  the  present 
invention  will  be  explained  in  greater  detail,  particu- 

20  larly  with  reference  to  the  solder  coating  apparatus 
wherein  the  lead  frame  is  driven  independently  of 
the  solder  coating  rolls,  and  wherein  the  lead  frame 
constitutes  a  substantially  continuous  or  elongate 
element  commonly  referred  to  as  a  ribbon  or  hoop. 

25  As  illustrated  by  Figure  6,  the  ribbon-like  lead 
frame  is  arranged  so  that  a  section  thereof  projects 
generally  vertically  upwardly  through  the  nip  as 
defined  between  the  pair  of  opposed  solder  coating 
rolls  2,2'.  The  lead  frame  is  supplied  from  an 

30  uncoiler  diagrammatically  illustrated  at  41  and,  after 
passing  through  a  spraying  station  51  which  coats 
the  lead  frame  with  a  flux,  then  passes  over  a  lower 
guide  roll  -42  for  movement  upwardly  through  the 
passage  33  and  thence  upwardly  through  the  nip 

35  between  the  solder  coating  rolls.  The  lead  frame 
then  passes  around  a  further  guide  roll  43  which  is 
positioned  upwardly  above  the  nip,  after  which  the 
lead  frame  is  then  rinsed,  cleaned  and  dried,  and  is 
then  fed  to  a  conventional  coiler  as  indicated  dia- 

40  grammatically  at  44  for  winding  up  of  the  coated 
lead  frame.  The  lead  frame  is  moved  at  a  linear 
velocity  or  speed  Vw  which  is  independent  of  the 
rotational  peripheral  velocity  VR  of  the  rolls  2.  For 
this  purpose,  the  velocity  of  the  lead  frame  can  be 

45  controlled  by  means  of  a  conventional  drive  which 
drives  the  coiler  44.  Alternatively,  the  speed  of  the 
lead  frame  can  be  controlled  by  passing  the  lead 
frame  between  a  pair  of  opposed  counter-rotating 
driving  rolls,  such  rolls  for  example  being  disposed 

50  for  driving  engagement  with  the  lead  frame  at  a 
location  disposed  between  the  guide  roll  43  and 
the  coiler  44. 

Typically,  the  ribbon-type  lead  frame  is  pro- 
vided  with  a  row  of  small  square  holes  extending 

55  longitudinally  along  one  side  thereof,  which  holes 
engage  a  driving  sprocket  or  other  suitable  toothed 
wheel  52.  This  driving  sprocket  52  is  driven  from  a 
conventional  motor  (not  shown),  and  hence  effects 

5 
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driving  of  the  lead  frame  at  the  desired  linear 
velocity  Vw.  This  drive  sprocket  is  normally  dis- 
posed  either  at  or  just  upstream  of  the  coiler  44  so 
as  to  be  disposed  substantially  at  the  downstream 
snd  of  the  processing  line  to  effect  the  desired 
movement  of  the  ribbon-type  lead  frame  through- 
out  the  solder  coating  process. 

The  drives  for  both  the  lead  frame  and  the 
solder  coating  rolls  are  preferably  adjustable,  such 
adjustable  speed  drives  being  conventional,  to 
hence  permit  each  to  be  independently  adjusted, 
and  at  the  same  time  to  permit  the  relative  speeds 
of  the  lead  frame  and  solder  coating  rolls  to  be 
adjusted  to  provide  a  desired  ratio  therebetween. 
The  lead  frame  1  and  rolls  2,2'  are  preferably 
moved  with  different  peripheral  speeds,  and  in  fact 
it  is  preferred  that  the  lead  frame  be  moved  at  a 
velocity  which  is  significantly  slower  than  the  pe- 
ripheral  velocity  of  the  solder  coating  rolls. 

The  arrangement  of  Figures  6  and  7  was  ex- 
perimentally  evaluated.  For  example,  the  workpiece 
velocity  Vw  was  in  the  range  of  about  1  to  about  2 
meters  per  minute,  and  the  solder  coating  rolls 
were  rotated  so  that  the  peripheral  velocity  VR 
thereof  was  in  the  range  of  from  about  3  to  about  8 
meters  per  minute.  Under  these  conditions  it  was 
determined  that  the  higher  speed  of  the  solder 
coating  rolls,  and  the  fact  that  these  rolls  contin- 
ually  dip  into  the  solder  bath  and  pick  up  a  layer  of 
hot  solder  on  the  periphery  thereof,  was  significant 
to  effect  a  desirable  heating  of  the  lead  frame  so 
as  to  significantly  improve  the  wetability  of  the  lead 
frame  surface.  In  this  manner,  the  solder  coating  as 
applied  to  opposite  sides  of  the  lead  frame  was  of 
fine  quality.  At  the  same  time,  the  quantity  of 
solder  material  picked  up  from  the  bath  by  the  rolls 
and  carried  upwardly  to  the  nip  was  sufficient  to 
create  a  small  pool  45  of  solder  material  at  the 
upper  end  of  the  nip.  This  pool  45  of  solder  ma- 
terial,  through  which  the  lead  frame  passes  upwar- 
dly,  acts  to  permit  a  sufficient  coating  film  to  be 
formed  on  the  lead  frame  surfaces  to  such  a  de- 
gree  that  the  film  also  effectively  coats  the  roots  of 
the  leads,  that  is  the  point  where  the  leads  pene- 
trate  into  the  encapsulated  resin  package. 

In  view  of  the  experimental  tests,  it  was  in- 
dicated  that,  assuming  the  center-to-center  dis- 
tance  between  the  rolls  2  and  2  is  L,  the  thickness 
of  the  lead  frame  as  defined  between  the  opposed 
surfaces  is  t,  and  d  is  a  diameter  of  the  roll,  then  L 
=  d  +  t  +  (0.03  to  0.08)  mm  is  preferably 
maintained,  whereby  the  spacing  between  each  roll 
surface  and  the  opposed  lead  frame  surface  is 
maintained  between  about  0.015  mm  and  about 
0.040  mm.  Under  such  conditions,  the  rotation  of 
the  roll  does  not  hinder  or  restrict  the  independent 
movement  of  the  lead  frame  through  the  nip,  and  at 
the  same  time  the  pool  45  of  liquid  solder  of 

sufficient  quantity  is  formed  between  the  rolls  at 
the  upper  end  of  the  nip. 

Referring  now  to  Figure  8  this  now  illustrates 
the  present  invention  when  applied  to  a  strip-type 

5  lead  frame,  that  is,  a  lead  frame  having  a  predeter- 
mined  and  much  shorter  length.  When  working  with 
a  conventional  strip-type  lead  frame,  it  is  preferably 
vertically  moved  and  guided  upwardly  through  the 
nip  by  being  passed  between  a  lower  pair  of 

w  counter-rotating  pinch  rolls  48  which  are  spaced 
downwardly  from  the  nip  and  guide  the  lead  frame 
upwardly  through  the  nip.  The  lead  frame  then 
passes  between  a  further  pair  of  counter-rotating 
pinch  rolls  49  which  are  located  upwardly  above 

75  the  nip.  At  least  one,  and  preferably  both,  of  the 
pinch  rolls  sets  48  and  49  are  driven  by  a  conven- 
tional  and  preferably  adjustable  variable  speed 
drive  apparatus  (not  shown)  so  that  the  upward 
linear  velocity  of  the  lead  frame  is  different  from, 

20  and  preferably  slower  than,  the  peripheral  velocity 
of  the  solder  coating  rolls,  consistent  with  the  pre- 
ferred  ratios  as  described  above. 

When  solder  coating  strip-type  lead  frames  ac- 
cording  to  the  process  and  apparatus  illustrated  by 

25  Figure  8,  the  solder  coating  rolls  2,2'  are  driven  at 
a  peripheral  velocity  Vr  which  is  independent  of 
and  different  from  (preferably  faster  than)  the  ve- 
locity  Vw  of  the  strip-type  lead  frame.  These  in- 
dependent  and  differential  velocities  VR  and  Vw  are 

30  maintained  as  the  strip-type  lead  frame  is  fed  into 
and  partially  through  the  nip.  However,  before  the 
trailing  (that  is,  lower)  end  of  the  strip-type  lead 
frame  reaches  the  nip,  the  drive  to  the  rolls  2,2  is 
stopped  and  the  rolls  preferably  held  stationary, 

35  but  the  lead  frame  strip  continues  to  move  upwar- 
dly  at  its  velocity  Vw.  This  stoppage  of  the  rolls  2,2' 
preferably  occurs  after  about  one-half  of  the  lead 
frame  length  has  passed  through  the  nip.  Upon 
stoppage  of  the  rolls,  this  thus  prevents  further 

40  solder  from  being  carried  upwardly  into  the  pool  45 
and,  in  fact,  this  pool  then  tends  to  leak  downwar- 
dly  into  the  nip  to  effectively  coat  the  side  surfaces 
of  the  lead  frame  as  it  continues  to  move  upwardly 
through  the  nip.  This  process  has  been  observed 

45  to  result  in  a  desirable  and  proper  coating  of  the 
lead  frame,  but  at  the  same  time  is  effective  in 
eliminating  the  buildup  or  enlargement  of  solder 
material  which  has  been  otherwise  observed  to 
develop  at  the  lower  free  end  of  the  strip-type  lead 

so  frame. 
The  solder  baths  are  preferably  provided  with 

an  oxidation  preventive  compound  F  floating  there- 
on,  the  use  and  purpose  of  such  compound  being 
well  recognized. 

55  While  the  apparatus  has  been  described  illus- 
trating  the  rolls  with  their  lower  parts  immersed  in 
the  liquid  solder  of  the  bath,  it  will  be  appreciated 
that  the  apparatus  could  be  provided  with  a  foun- 
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ain  of  liquid  solder  material  disposed  adjacent  the 
ower  part  of  each  roll  so  that  the  roll  contacts  the 
Drest  of  the  solder  fountain  to  pick  up  the  solder 
material.  In  such  case,  immersion  directly  into  the 
aath  is  unnecessary. 

As  described  above,  the  present  method  and 
apparatus  is  able  to  create  a  solder  coated  film  on 
apposite  sides  of  the  lead  frame  of  very  high  grade 
sr  quality.  This  is  due  in  large  part  because  the 
wetability  of  the  surfaces  to  be  coated  with  liquid 
solder  material  is  significantly  increased  by  prop- 
3rly  preheating  the  lead  frame  surfaces  by  passing 
tie  lead  frame  through  the  nip  between  the  op- 
Dosed  walls  of  the  rolls,  which  walls  are  coated  with 
melted  solder.  To  control  this  preheating,  the  ve- 
locity  of  the  lead  frame  can  be  controlled  relative  to 
the  peripheral  velocity  of  the  rolls,  and  in  fact  the 
velocity  of  the  lead  frame  is  preferably  less  than 
that  of  the  rolls  to  provide  a  longer  time  during 
which  the  lead  frame  contacts  the  hot  solder  film 
on  the  rolls  so  as  to  achieve  proper  preheating  to 
thus  improve  wetability  and  ultimate  solder  coating. 
In  addition,  the  pool  of  liquid  solder  material 
formed  at  the  upper  end  of  the  nip  between  the 
rolls  is  increased  and  maintained  with  a  desirable 
amount  of  solder  by  controlling  rotation  speed  of 
the  rolls,  such  as  by  increasing  or  maintaining  the 
roll  speed  so  as  to  be  greater  than  the  lead  frame 
speed.  This  pool  of  liquid  solder  permits  coating  of 
solder  material  onto  the  lead  frame  with  an  even 
yet  sufficient  thickness,  and  permits  coating  even 
at  the  roots  of  the  leads. 

Although  a  particular  preferred  embodiment  of 
the  invention  has  been  disclosed  in  detail  for  illus- 
trative  purposes,  it  will  be  recognized  that  vari- 
ations  or  modifications  of  the  disclosed  apparatus, 
including  the  rearrangement  of  parts,  lie  within  the 
scope  of  the  present  invention. 

Claims 

1.  In  a  solder  coating  machine  for  simulta- 
neously  applying  thin  solder  coatings  to  opposite 
sides  of  leads  associated  with  a  plurality  of  I.C. 
devices  as  mounted  in  longitudinally  spaced  rela- 
tionship  on  an  elongate  lead  frame,  said  machine 
including  frame  means,  tank  means  including  first 
and  second  sidewardly  spaced  chambers  contain- 
ing  a  molten  liquid  solder  bath  therein  and  dis- 
posed  on  opposite  sides  of  a  narrow  vertically 
extending  passage  for  permitting  a  lead  frame  to 
pass  vertically  therethrough,  the  level  of  the  molten 
solder  bath  in  said  compartments  being  substan- 
tially  the  same  and  at  an  elevation  slightly  below 
the  elevation  of  the  upper  end  of  the  passage,  first 
and  second  supports  mounted  on  said  frame 
means,  first  and  second  drive  shafts  respectively 

rotatably  supported  on  said  first  and  second  sup- 
ports  and  respectively  defining  first  and  second 
rotational  axes  which  extend  generally  horizontally 
in  sidewardly  spaced  and  parallel  relationship  with 

5  one  another,  first  and  second  solder  coating  rolls 
respectively  nonrotatably  secured  to  said  first  and 
second  drive  shafts,  said  first  and  second  rolls 
being  disposed  sidewardly  closely  adjacent  but 
slightly  spaced  from  one  another  to  define  a  narrow 

w  nip  therebetween  which  is  vertically  aligned  above 
said  passage,  said  first  and  second  rolls  being 
vertically  disposed  relative  to  the  chambers  so  that 
only  the  lower  portions  of  said  rolls  contact  the 
molten  solder  in  the  bath,  said  roll  defining  therein 

15  a  radially  inwardly  directed  recess  which  extends 
around  the  periphery  thereof  for  loosely  accom- 
modating  the  resin  package  therein  to  prevent  ap- 
plication  of  hot  molten  solder  to  the  resin  package, 
the  improvement  comprising  first  drive  means 

20  drivingly  connected  to  said  first  and  second  rolls 
for  causing  simultaneous  and  synchronized  rotation 
of  said  drive  shafts  and  of  said  rolls  in  opposite 
rotational  directions  at  a  predetermined  peripheral 
speed,  and  second  drive  means  for  drivingly  and 

25  guidingly  moving  a  lead  frame  vertically  upwardly 
through  said  passage  and  thence  through  said  nip 
for  causing  said  rolls  to  apply  a  thin  solder  coating 
to  opposite  sides  of  said  lead  frame,  said  second 
drive  means  causing  said  lead  frame  to  be  moved 

30  vertically  upwardly  at  a  linear  velocity  which  is 
independent  of  and  significantly  different  from  the 
peripheral  velocity  of  said  rolls. 

2.  A  machine  according  to  Claim  1,  wherein 
said  second,  drive  means  causes  said  lead  frame  to 

35  be  moved  vertically  upwardly  through  the  nip  at  a 
linear  velocity  which  is  substantially  less  than  the 
peripheral  velocity  of  said  rolls. 

3.  A  machine  according  to  Claim  2,  including  a 
supply  coil  having  an  elongate  and  substantially 

40  continuous  ribbon-type  lead  frame  supported  there- 
on,  first  and  second  guide  members  supported 
respectively  vertically  above  and  below  said  nip 
substantially  in  alignment  therewith  for  vertically 
guidably  moving  an  elongate  portion  of  said  lead 

45  frame  vertically  upwardly  through  said  passage  and 
through  said  nip,  and  coiling  means  for  collecting 
the  ribbon-type  lead  frame  after  it  passes  over  said 
first  guide  member. 

4.  A  machine  according  to  Claim  3,  wherein 
so  said  second  drive  means  includes  a  sprocket-type 

drive  wheel  disposed  for  driving  engagement  with 
said  ribbon-type  lead  frame  at  a  location  disposed 
downstream  of  said  nip. 

5.  A  machine  according  to  Claim  1,  including 
55  selectively-energizable  cylinder  means  coupled  be- 

tween  said  first  and  second  drive  shafts  for  permit- 
ting  selective  movement  of  said  drive  shafts  out- 
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wardly  away  from  one  another  to  permit  the  solder 
material  between  said  rolls  to  be  discharged  back 
into  the  bath. 

6.  A  method  of  simultaneously  applying  a  sol- 
der  coating  to  opposite  sides  surfaces  of  leads 
which  project  outwardly  from  a  resin  package,  said 
leads  and  said  resin  package  being  joined  to  an 
elongate  lead  frame  having  a  plurality  of  such  leads 
and  resin  packages  mounted  thereon  in  longitudi- 
nally  spaced  relationship  therealong,  comprising 
the  steps  of: 
providing  a  pair  of  solder-coating  rolls  supported 
for  rotation  about  generally  parallel  horizontal  axes 
with  said  rolls  being  disposed  with  the  annular 
peripheral  surfaces  thereof  disposed  in  sidewardly 
closely  adjacent  relationship  to  define  a  narrow 
vertically-oriented  nip  therebetween; 
aligning  a  generally  elongate  lead  frame  section 
below  said  nip  so  that  the  elongate  direction  of  said 
section  is  generally  vertically  aligned  with  said  nip; 
providing  a  bath  of  molten  solder  material  in  close 
proximity  to  but  generally  below  said  rolls; 
applying  molten  solder  material  from  said  bath 
solely  onto  the  lower  parts  of  said  rolls; 
simultaneously  rotating  said  rolls  in  opposite  rota- 
tional  directions  at  a  predetermined  peripheral  ve- 
locity  to  cause  the  molten  solder  material  to  tem- 
porarily  coat  at  least  a  part  of  the  periphery  of  said 
roils  and  be  carried  upwardly  into  said  nip;  and 
moving  said  lead  frame  section  vertically  upwardly 
into  and  through  said  nip  at  a  linear  velocity  which 
is  significantly  different  from  the  peripheral  velocity 
of  said  rolls  for  causing  thin  layers  of  molten  solder 
material  to  coat  the  opposite  sides  of  said  leads 
and  lead  frame. 

7.  A  method  according  to  Claim  6,  including 
the  step  of  rotating  said  rolls  at  a  peripheral  ve- 
locity  sufficient  to  create  a  small  pool  of  liquid 
solder  at  the  upper  end  of  said  nip. 

8.  A  method  according  to  Claim  7,  wherein  the 
upward  linear  velocity  of  said  lead  frame  is  sub- 
stantially  smaller  than  the  peripheral  velocity  of 
said  rolls. 

9.  A  method  according  to  Claim  8,  wherein  said 
lead  frame  is  of  the  strip-type  of  predetermined 
length,  and  said  strip-type  lead  frames  are  sequen- 
tially  fed  upwardly  through  said  nip. 

10.  A  method  according  to  Claim  8,  wherein 
said  lead  frame  comprises  an  elongate  and  sub- 
stantially  continuous  ribbon-like  flexible  strip. 

11.  A  method  according  to  Claim  10,  including 
the  step  of  spraying  flux  onto  the  moving  lead 
frame  at  a  location  upstream  of  the  nip. 

12.  A  method  according  to  Claim  6,  including 
the  steps  of: 
providing  a  strip-type  lead  frame  of  predetermined 
length  having  leading  and  trailing  edges,  the  strip- 
type  lead  frame  having  a  predetermined  number  of 

said  resin  packages  mounted  thereon  in  longitudi- 
nally  spaced  relation  therealong; 
feeding  the  leading  end  of  said  lead  frame  into  the 
nip  at  said  linear  velocity  while  said  rolls  are  being 

5  rotated  in  opposite  rotational  directions  at  said  pre- 
determined  peripheral  velocity; 
then  stopping  the  rotation  of  said  rolls  after  said 
strip-type  lead  frame  has  been  linearly  moved  up- 
wardly  so  that  only  a  part  of  the  overall  length  of 

w  the  lead  frame  has  been  moved  through  the  nip; 
and 
continuing  the  upward  linear  movement  of  the  strip- 
type  lead  frame  while  the  rolls  are  stopped  to 
effect  solder  coating  of  the  lead  frame  throughout 

rs  the  complete  length  thereof. 
13.  A  method  according  to  Claim  12,  wherein 

the  rotation  of  the  rolls  is  stopped  when  about  one- 
half  of  the  length  of  the  strip-type  lead  frame  has 
been  moved  through  the  nip. 

20  14.  A  method  according  to  Claim  6,  wherein 
the  peripheral  velocity  of  said  roils  is  at  least  about 
twice  the  linear  velocity  of  the  lead  frame. 
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