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Descr ipt ion  

 

 

 

Device and  method for  injec t ion moulding  

 

 

The invent ion re lates to  a  method  and a  device for  inject ion moulding.  Injec t ion 

moulding as  product ion for  micro - repl icat ion i s  a  known technology.  With increasing  

demands on the precision  of  the p roduced inject ion moulded ar t ic les,  the  technology 

has reached the na tura l  l imi ts  of  the polymer -process ing industry .  In  par t icular ,  the 

increased demands on the shape and  posit ion to lerances of  in jec t ion mo ulded ar t icles 

produced with  in jec t ion moulding are no t  adequately  implemented wi th  the exis t ing 

methods.  I f ,  for  example ,  the f ront  side and the rear  side  of  an injec t ion mould  are to  

be al igned  wi th  one another ,  the in jec t ion  moulded ar t ic les can current ly  only be 

produced with  to lerances of  around 10 micrometres.  

 

For  in ject ion moulded ar t ic les which  are  used in  cer tain  branches of  industry  such as 

information technology,  laser  technology or  communica tion  network technology,  these 

orders o f  magnitude are  unaccep tab ly high,  s ince  the accuracy requ irements,  

especial ly  on l ight  conductors,  l ie  in  the micrometre  or  sub -micrometre  range.  With 

convent ional  production  methods of  machine construct ion,  no fur ther  improvements 

with  more accurate production c an be ach ieved on account of  the production 

tolerances of  the  plan ts.  



- 2 - 

 

Injec tion mould ing technology can be ex tended  by methods from the  semiconductor  

industry ,  in  order  to  be able to  produce in ject ion moulded ar t ic les with  increased 

accuracy.  

 

The production methods  and basic  approaches of  machine construct ion  and the 

semiconductor  industry  differ  f rom one another  so fundamental ly  that  the product ion 

methods or  the achievab le accuracies are no t  arb itrar i ly  sca lable .  In  o ther  words,  in  

the semiconductor  industry  in  par t icu lar ,  accuracies and  sur face  qual i t ies are ach ieved 

which  cannot be produced conventionally .  The  methods of  the semiconductor  industry ,  

however ,  cannot be transferred to  machine const ruction  on account of  the poten tial  

sca l ing  ( leng th:  l inear ,  a rea :  quadra tic ,  volume: cubic)  of  the  dimensions .  

 

The opportun ity  for  fur ther  commercial i sat ion of  novel  inject ion moulded ar t icles  i s  

thus opened up.  In  par t icular ,  the  al ignment of  the moulds or  any inser ts  inser ted 

there in  has h i ther to  been carr ied out  in  an inadequate  manner .  Use i s  normal ly  made 

of  moulds with  corresponding mould ing  surfaces  or  inser ts  with  corresponding 

moulding  surfaces,  in  order  to  transfer  the  desired s truc tures to  the  in ject i on mould ing 

compound subsequent ly  cur ing  in  the mould .  

 

The a l ignment of  the mould  or  the inser ts  takes place  in  an opened  s ta te ,  in  which  two 

or  more mould  ha lves or  mould  par ts  do no t  yet  provide an  in jec t ion moulding space 

for  the inject ion moulding com pound subsequently  introduced there in .  After  the  

transfer  into  the close d  state  of  the respect ive mould  for  the in ject ion moulding,  i t  i s  

no longer  possib le to  a l ign  the mould  ha lves or  the inser t / inser ts  arranged in  the 

inject ion mould ing space with  one  a nother .  Al ignment e rrors,  in  par t icu lar  those 

which  need to  be  
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correc ted for  the h igh demands on the micro - inject ion moulded ar t icle ,  can  thus on ly 

take p lace in  the  open ed  state  of  the mould .  An al ignment error  of  the mould or  the 

inser t / inser ts  can  aga in occur  during or  af ter  the  closing of  the  mould.  In  par t icular ,  

ser ies production  of  in ject ion moulded  ar t ic les with  the same mould or  the same 

inser t / inser ts  for  the inject ion mould ing cannot therefore be carr ied ou t  suff icient ly  

precise ly .  

 

I t  i s  therefore the prob lem of  the  presen t  invent ion to  spec ify  a  device and a method,  

which  at  leas t  par t ial ly ,  in  par t icu lar  completely ,  overcome the drawbacks of  the pr ior  

ar t .  I t  i s  a l so the prob lem of  the  presen t  invent ion to  spec ify  an  imp roved device for  

inject ion mould ing and  an improved method for  inject ion mould ing.  

 

In  par t icular ,  i t  i s  the problem of  the present  invention to  specify  a  dev ice and a 

method wi th  which the p roduction  prec ision of  the produced components  or  injec t ion 

moulded ar t icles  i s  increased.  

 

The presen t  problem is  solved with  the  fea tures of  the coordina ted claims.  

Advantageous developments of  the invent ion a re  specif ied in  the sub -cla ims.  All  

combinations of  at  leas t  two features spec if ied in  the descr ip t ion,  in  the  cla ims and /or  

the drawings also fal l  within  the  scope of  the invention.  In  the sta ted va lue ranges ,  

values lying wi thin the s tated l imi ts should also be deemed to  be disclosed as l imi t ing  

values and  can be c la imed in  any  combinat ion.  

 

Accord ingly,  the  inv en tion rela tes to  a  device fo r  inject ion moulding,  in  par t icular  for  

micro- inject ion moulding,  at  leas t  compr ising :  
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-  a  mould  with  a  f ir s t  mould hal f  and a second mould ha lf ,  where in the f irs t  mould 

half  and  the  second mould hal f  def ine an  in jec t ion mould ing  space in  the closed  s ta te  

of  the mould and  

 

-  a t  leas t  one inser t  arranged in  the inject ion moulding space,  wherein the at  leas t  one  

inser t  comprises  at  leas t  par t ial ly  a  polymer.  

 

The mould  compr ises  at  least  one inser t ,  which comprises  a t  least  par t ia l ly  a  po lymer.  

The dev ice can also comprise two inser ts  or  more,  which a t  leas t  par t ia l ly  comprise  a  

polymer.  

 

The a t  least  one inser t  can preferably be a l igned ,  in  par t icular  with  a  fur ther  inser t ,  in  

the c losed state  of  the mould.  

 

Furthermore,  the  inven tion rela tes to  a  method for  inject ion moulding,  in  par t icular  

micro- inject ion moulding,  wherein an in jec t ion  moulding space is  def ined by a  mould 

with  a  f ir st  mould ha lf  and a second mould ha lf  in  the c losed state  of  the mould,  

where in a t  least  one inser t  ar ranged in  the injec t ion moulding space at  leas t  par t ial ly  

comprises  a  polymer.  

 

Two or  more inser ts  can  also be arranged in  the inject ion mould ing space,  which are 

at  least  par t ia l ly  comprise  a  polymer.  

 

The a t  least  one inser t  i s  preferab ly a l igned  in  the closed  s ta te  of  the mould ,  in  

par t icular  with  a  fur ther  inser t .  
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In  a  par t icu lar ly  preferred embodiment  according to  the invent ion,  the a t  least  one 

inser t  comprises an e las t ic  surface  made  of  structured,  moulded polymer,  produced in  

par t icular  by means of  imprint  l i thography.  In  o ther  words ,  the a t  least  one inser t  or  

i t s  surface can represent  a  s truc tured sof t  stamp,  which i s  used as  a  master  for  the 

pr imary shap ing of  the injec t ion moulded ar t ic le .  

 

This elast ic  surface made of  a  s tructured,  moulded polymer i s  referred  to  in  the 

subsequent text  mere ly as elas t ic  s truc tures.  In  a  par t icu lar ly  preferred embodiment 

accord ing to  the inven tion,  the inser t  compr ises a  substrate  ( eng l . :  back plane) ,  in  

par t icular  a  p la te ,  s t i l l  more preferably  a  wafer ,  on which the po lymer to  be s truc tured 

is  deposi ted and  impr inted in  order  to  p roduce the elas t ic  structures.  In  this case,  the 

at  least  one inser t  i s  a  component group compris ing at  least  two components,  i .e .  a  

substra te  and a sof t  stamp impr inted  thereon.  The substrate  serves in  par t icu lar  as a  

carr ier  substra te  for  the  sof t  s tamp.  

 

In  par t icular ,  prov ision is  made such tha t  the a t  least  one inser t  comprises  at  leas t  

par t ial ly  a  po lymer ised mater ia l .  

 

In  a  par t icu lar  embodiment,  th e a t  leas t  one inser t  compr ises  a t  least  par t ia l ly  an 

elastomer.  

 

In  a  par t icu lar ly  preferred embodiment ,  the inser t ,  in  par t icu lar  the elas t ic  structures,  

comprises  a t  least  one of  the fo l lowing mater ials:  

 

•  s i l icones  

•  vinyl-functional  po lymers  
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•  vinyl  terminated  po lydimethyls i loxane s,   

in  par t icu lar  CAS: 68083-12-2 

•  vinyl  terminated  d iphenyls i loxane-  

dimethy lsi loxane  copolymers ,  in  par t icu lar   

CAS: 68951-96-2  

•  vinyl  terminated  po lyphenylmethyl s i loxanes ,  

 in  par t icu lar  CAS: 225927 -21-9 

•  vinylphenylme thyl  terminated  v inylphenylsi loxane copolymer,   

in  par t icu lar  CAS: 8027-82-1 

•  vinyl  terminated  tr if loropropylmethylsi loxanes-d imethy lsi loxane  

copolymer ,  in  par t icu lar  CAS: 68951 -98-4  

•  vinylmethyls i loxane -dimethyls i loxane  

 copolymer ,  t r imethyls i loxy terminated,   

in  par t icu lar  CAS: 67762 -94-1 

•  vinylmethyls i loxane –  d imethy lsi loxane  copolymer,  

 s i lano l  terminated ,  in  par t icu lar  CAS: 67923 -19-7 

•  vinylmethyls i loxane.  Dimethyls i loxane copol ymer,   

v inyl  terminated,  in  par t icular  CAS:  68083 -18-1  

•  vinyl  rubber  

•  vinyl  Q res in  dispers ions,  in  par t icu lar  CAS: 68584-83-8 

•  vinylmethyls i loxane homopolymers,  in  par t icular   

CAS: 68037-87-6  

•  vinyl  T-s truc ture po lymers,  in  par t icular   

CAS: 126681-51-9  

•  monovinyl  funct ionali sed  polydimethy ls i loxane,   

symmetr ica l  or  asymmetr ica l ,  in  par t icu lar   

CAS: 689252-00-1  
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•  v inylmethyls i loxane  terpolymers ,  

 in  par t icu lar  CAS: 597543-32-3 

•  vinylmethoxysi loxane  homopolymer ,   

in  par t icu lar  CAS: 131298-48-1 

•  vinyle thoxysi loxane  homopolymer ,  

 in  par t icu lar  CAS: 29434-25-1 

•  vinyle thoxysi loxane-propylethoxysiloxane   

copolymer  

•  hydrid-functional  po lymers  

•  hydrid  terminated  polyd imethy lsi loxane s,  

 in  par t icu lar  CAS: 70900-21-9 

•  polyphenylmethy lsi loxane,  hydrid  terminated  

•  methylhydrosiloxane-d imethyls i loxane copolymer,   

t r imethy ls i loxy  terminated ,  in  par t icu lar   

CAS: 68037-59-2  

•  methylhydrosiloxane -d imethyls i loxane copolymer,   

hydrid  terminated ,  in  par t icu lar  CAS: 69013 -23-6 

•  polymethy lhydrosi loxane,  t r imethylsi loxy  terminated   

in  par t icu lar  CAS: 63148-57-2 

•  polyethy lhydrosi loxane,  t r iethy ls i loxy  terminated ,   

in  par t icu lar  CAS: 24979 -95-1 

•  polyphenyl -d imethylhydrosi loxysi loxane,  hydrid  terminated  

•  methylhydrosiloxane -phenylmethyls i loxane  

copolymer ,  hydrid  terminated ,   

in  par t icu lar  CAS: 115487-49-5 

•  methylhydrosiloxane -oc tylmethyls i loxane  

copolymer  and terpolymer,   

in  par t icu lar  CAS: 68554 -69-8 

•  hydrid  Q resin ,  in  par t icular  CAS: 68988-57-8  

•  si lano l-functional  po lymers  
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•  si lano l  terminated  polyd imethy lsi loxane ,   

in  par t icu lar  CAS: 70131 -67-8 

•  si lano l  terminated  diphenyls i loxane –   

dimethy lsi loxane  copolymer,   

in  par t icu lar  CAS: 68951 -93-9 and/or  CAS: 68083 -14-7 

•  si lano l  terminated  polyd iphenyls i loxane,   

in  par t icu lar  CAS: 63148 -59-4 

•  si lano l  terminated   

polytr if luoropropylmethyls i loxane,  in  par t icular   

CAS: 68607-77-2  

•  si lano l- tr imethylsi lyl -modif ied  Q res in ,   

in  par t icu lar  CAS: 56275-01-5 

 •  amine-funct ional i sed  s i l icones  

•  aminopropyl  terminated  polydimethyls i loxane,   

in  par t icu lar  CAS: 106214 -84-0  

•  N-ethy laminoisobutyl  te rminated  po lydimethy ls i loxane,   

in  par t icu lar  CAS: 254891 -17-3  

•  aminopropylmethylsi loxane -  d imethylsi loxane  

 copolymer,  in  par t icu lar  CAS: 99363 -37-8  

•  aminoethylaminopropylmethyls i loxane -  d imethyls i loxane  

 copolymer,  in  par t icu lar  CAS: 71750 -79-3  

•  aminoethylaminoisobuty lmethy lsi loxane  -  dimethyls i loxane  

 copolymer,  in  par t icu lar  CAS: 106842 -44-8  

•  aminoethylaminopropylmeth oxysi loxane  -  dimethyls i loxane  

 copolymer,  in  par t icu lar  CAS: 67923 -07-3  

•  hindered amin e-functional i sed  s i loxanes  (English:  

 h indered amine functional  si loxanes)  
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•  te tramethylp ipr id inyloxypropylmethylsi loxane  -  dimethylsi loxane  

 copolymer,  in  par t icu lar  CAS: 182635 -99-0  

•  epoxy-funct ionali sed s i l icones  

•  epoxypropoxypropyl  terminated  

polymethylsi loxanes,   

in  par t icu lar  CAS: 102782 -97-8 

•  epoxypropoxypropylmehyls i loxane -  

dimethy lsi loxane  copolymer,   

in  par t icu lar  CAS: 68440 -71-7 

•  epoxypropoxypropyl  terminated  

 polyphenylmethy lsi loxanes,  in  par t icular  

CAS: 102782-98-9  

•  epoxypropoxypropyld imethox ysi lyl  terminated  

 polydimethyls i loxanes,  in  par t icular  

CAS: 188958-73-8  

•  t r i s(glycidoxypropyldimeth yls i loxy)phenylsi lane ,  

in  par t icu lar  CAS: 90393 -83-2 

•  mono-(2,3-epoxy)-propylether  terminated dimethoxsi loxane s,  

in  par t icu lar  CAS: 127947 -26-6 

•  epoxycyclohexylethy lmethylsi loxane -  

dimethy lsi loxane  copolymer,  

in  par t icu lar  CAS: 67762 -95-2 

•  (2-3% epoxycyclohexyle thylmethyls i loxane)(10 -15% 

methoxypolyalky leneoxymethyls i loxane) -d imethyls i loxane 

terpolymer,  in  par t icular  CAS: 69669 -36-9  

•  cycloa liphat ic  epoxy silanes and si l icones  

•  epoxycyclohexylethy lmethylsi loxane -  

dimethy lsi loxane  copolymer,  

in  par t icu lar  CAS: 67762 -95-2 
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•  (2-3% epoxycyclohexyle thylmethyls i l oxane)(10-15% 

methoxypolyalky leneoxymethyls i loxane) -  

dimethy lsi loxane  terpo lymer,  in  par t icu lar  CAS: 69669 -36-9  

•  epoxycyclohexylethy l  te rminated  

polydimethyls i loxanes,   

in  par t icu lar  CAS: 102782 -98-9 

•  carbino l -functional ised si l icones  

•  carbino lhydroxyl  terminated  

polydimethyls i loxanes,  in  par t icular  CAS:  

156327-07-0,  CAS: 10478066-7,  CAS: 68937-54-2,   

CAS: 161755-53-9,  CAS: 120359-07-1  

•  bis(hydroxyethy l)amine)  terminated  

polydimethyls i loxanes  

•  carbino l-functional ised methyls i loxane -  

dimethy lsi loxane  copolymers ,  in  par t icu lar  CAS:   

68937-54-2,  CAS: 68957-00-6,  CAS: 200443-93-2 

•  monocarbino l  terminated polydimethy ls i loxanes ,   

in  par t icu lar  CAS: 207308 -30-3 

•  monocarbino l  terminated  polydimethy ls i loxanes ,   

in  par t icu lar  CAS: 218131 -11-4 

•  methacrylate s and acrylate  funct ionali sed s i loxanes  

•  methacryloxypropyl  terminated   

polydimethyls i loxanes,  in  par t icular   

CAS: 58130-03-3  

•  (3-acryloxy -2-hydroxypropoxypropyl)  terminated   

polydimethyls i loxanes,  in  par t icular   

CAS: 128754-61-0  

•  acryloxy  terminated  ethyleneoxide -  

dimethy lsi loxanes-ethy leneoxides  ABA block  copolymers,   

in  par t icu lar  CAS: 117440 -21-9 
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•  methacryloxypropyl  terminated  branched  

polydimethyls i loxanes,  in  par t icula r   

CAS: 80722-63-0  

•  methacryloxypropylmethyls i loxane-dimethy lsi loxane  

copolymer ,  in  par t icu lar   

CAS: 104780-61-2  

•  acryloxypropylmethyls i loxane -dimethy ls i loxane  

copolymer ,  in  par t icu lar  CAS: 158061 -40-6  

•  (3-acryloxy -2-hydroxypropoxypropyl) methyls i loxane-  

dimethy lsi loxane  

copolymer  

•  methacryloxypropyl T -s t ructured s i loxanes,  

 CAS: 67923-18-6  

•  acryloxypropyl T-s tructured s i loxanes  

•  polyhedra l  ol igomer ic s i lsesqu ioxane (POSS)   

•  te trae thylor thosil ica te  (TEOS)  

•  poly(organo)si loxanes  

•  polyhedra l  ol igomer ic s i lsesqu ioxane (POSS)   

•  polydimethyls i loxane (PDMS)  

•  te trae thylor thosil ica te  (TEOS)  

•  poly(organo)si loxanes ( si l icone)  

•  perf luoropolyether  (PFPE).  

 

In  par t icular ,  prov ision is  made such tha t  the a t  least  one inser t  i s  inser ted and in  

par t icular  f ixed in  the  f i rst  mould half  o r  in  the second  mould half  in  an  opened sta te  

of  the mould.  In  the closed s ta te ,  the mould comprises  in  the inter ior  the  inject i on 

moulding space,  which i s  formed by the f irs t  and the second mould  half .  

 

The a t  least  one inser t  i s  arranged and can  preferably be  al igned in  the injec t ion 

moulding space.  In  th is  way,  an al ignment of  the at  leas t  one  inser t  can 

advantageously take  plac e  
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in  the  closed s ta te  of  the mould and an al ignment error  can be corrected .  

 

In  par t icular ,  prov ision is  made such tha t  the a t  least  one inser t  i s  movable in  one or  

more direct ions re la t ive  to  the  mould or  to  the in jec t ion moulding  space .  The 

al ignment er ror  is  preferably de termined by  measuring  an inject ion moulded ar t ic le  

produced by means of  in jec t ion moulding .  

 

The dev ice and the method are preferab ly des igned for  the ser ies product ion of  

inject ion moulded ar t icles wi th  par t icular ly  h igh  demands on the  accuracy of  the 

shape  of  the in jec t ion  moulded par t .  In  par t icu lar ,  in jec t ion moulded par ts  which 

comprise funct ional  areas can be  produced  by the device and  the  method.  These 

functional  areas are moulded onto  the  in jec t ion moulded par t  in  par t icular  by t he 

al ignable  at  least  one  inser t ,  in  par t icu lar  during  the curing  of  an in ject ion moulding  

compound in troduced  in to  the  mould.  

 

In  a  preferred embodiment of  the invent ion,  prov is ion i s  made such  tha t  the device 

comprises a t  least  one fur ther  inser t  arrange d in  the inject ion moulding space,  where in 

the inser t  and/or  the at  leas t  one  fur ther  inser t  can be a l igned in  the closed s ta te  of  the 

mould.  In  this way,  inject ion moulded  ar t ic les can be formed or  produced  wi th  a  

plural i ty  of  inser ts .  

 

Furthermore,  the  inser ts  are advantageously al igned with  one another  in  the c losed 

state  of  the mould .  Apar t  f rom a  f lexib le des ign of  the inject ion moulded  ar t icle ,  i t  is  

advantageous that  a  prec ise a l ignment for  the  production i s  enabled  by an al ignment  

of  the two inser ts .  In  th is embodiment,  an inser t  is  in  par t icular  arranged  in  the f ir s t  

mould  
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half  and  the  at  leas t  one  fur ther  inser t  i s  a rranged in  the second mould half .  

 

In  another  preferred embodiment  of  the invent ion,  provision i s  made such that  the  

inser t  and/or  the at  leas t  one fur ther  inser t  in  each case comprises /comprise a  

moulding surface wi th  e last ic  structures .  The shape of  the inject ion moulded ar t icle  

can advantageously be  predefined by the moulding surfaces.  

 

By means of  the e last ic  structures ,  par t icu lar ly  small ,  in  par t icu lar  microstructures  

and/or  nanostruc tures,  can advantageously be moulded onto  the  in jec t ion moulded par t  

in  an inject ion moulding  process .  The  elas t ici ty  of  the s tructures permits  even f iner  

and more precise mould ing of  the s truc tures o n the injec t ion moulded ar t icle .  

 

In  par t icular ,  shapes  which in ter lock  or  undercu t  can also be moulded.  Rig id 

structures  could  ei ther  des troy  the microstructures and/or  the nanostruc tures or  could  

be destroyed themselves  during removal f rom the mould.  Incl ined  microstructures  

and/or  nanostruc tures are ment ioned as an example.  

 

By means of  such a structured mould ing surface ,  a  plural i ty  of  in jec t ion  moulded 

ar t icles wi th  very high demands can  preferably be produced in  ser i es by means of  

inject ion mould ing.  A production  process  is  thus prov ided,  wi th  which injec t ion 

moulded ar t icles  can be produced cost -effect ive ly,  rapid ly and wi th  h igh  quali ty .  

 

The e last ic  structures  are preferably made of  a  polymer,  which i s  used  in  the 

semiconductor  industry  for  sof t  stamps .  Such po lymers are mentioned for  example  
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in  publ ica t ions WO2015078520 A1 and WO2014202127 A1.  

 

In  another  preferred embodiment  of  the inve nt ion,  provision i s  made such  that  the  

moulding surface of  the  at  least  one inser t  and the mould ing surface of  the at  leas t  

one fur ther  inser t  can be  al igned with  one ano ther  in  the c losed state  of  the mould.  

With the a l ignment  of  the mould ing surfaces of  the inser ts  with  one ano ther ,  the shape 

of  the inject ion moulded  ar t icle  can be predefined extremely  accurately .  By means of  

the a l ignment o f  the moulding surfaces of  the inser ts ,  which can be  al igned in  the 

closed state  of  the mould,  i t  i s  advantageously possib le to  predefine the posi t ion o r  

the loca tion of  the  moulding surfaces  par t icu lar ly  precise ly  wi th  respect  to  one 

another .  

 

In  another  preferred embodiment  of  the invent ion,  provision i s  made such  that  the  

structures  of  the mould ing surface of  the  at  leas t  one inser t  and the structures of  the 

moulding surface of  the  at  least  one fur ther  inser t  can be a l igned with  one another  in  

the c losed state  of  the mould .  

 

With the a l ignment  of  the elas t ic  structures arranged on the  mould ing surfaces wi th  

respect  to  one  another ,  the posit ions of  the moulded s truc tures,  on the f ront  and the 

rear  side of  the in ject ion moulded par t ,  can advantag eously be exac tly  adjus ted wi th  

respect  to  one  another .  In  par t icular ,  a  requ irement for  some applicat ions i s  tha t  not  

only are  the  speci f ic  shapes and struc tures par t icular ly  prec isely  moulded on the 

inject ion mould ing compound or  on the  in jec t ion moulded  par t ,  but  also  that  the  

respect ive posit ions o f  the moulded  shapes and  s tructures with  respec t  to  one another  

are moulded as exac tly  as possib le on the injec t ion moulded par t .  
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In  another  preferred embodiment  of  the invent ion,  provision i s  made such  that  at  least  

one hea ting element  i s/a re  in tegra ted into  at  leas t  one of  the mould halves and /or  into  

the a t  least  one inser t  and/or  in to  the a t  least  one  fur ther  inser t  and /or  in to  the 

respect ive s tructures,  so  that  the  in jec t ion mould ing space ,  in  par t icu lar  an injec t ion 

moulding compound conveyed in to  the in ject ion moulding space,  can be heated  in  a  

targe ted manner  by means of  the at  leas t  one heating element.  

 

The hea ting  element can  be any k ind of  heat ing.  A resis tance hea ting  element ,  or  an 

induct ion heat ing e lement ,  would for  example be conceivab le.  By  means  of  inductive 

heat ing,  the in terfaces  o f  the mould or  of  the  inser t  or  the inser ts ,  in  par t icular  the 

moulding surfaces wi th  elast ic  s truc tures which are direc t ly  in  con tac t  with  the 

inject ion mould ing compound during the in ject ion moulding ,  can advantageously be  

heated .  Uncontro lled curing  of  the in ject ion moulding compound,  in  par t icu lar  a t  the 

f ine structures  of  the moulding surface of  the inser ts ,  can thus be prevented and the 

f luid  moulding  compound  can advantageously be  kept  un iformly  hea ted during the 

inject ion mould ing process.  Furthermore ,  the moulding quali ty  is  increased or  a  

shap ing defect  on  the  in jec t ion moulded ar t ic le  to  be produced  i s  prevented.  In  

par t icular ,  moulding of  the micros truc tu res and /or  the nanostruc tures by  means of  the 

heated  mould ing surface  or  the hea ted structures  is  improved and s impl if ied.  

 

In  a  par t icu lar ly  preferred embodiment  according to  the invent ion,  the heat ing e lement 

is  incorporated in  the at  leas t  one inser t .  I f  the a t  least  one inser t  is  a  semiconductor ,  

the heat ing e lement is  des igned d irec t ly  as an ac tive component,  i .e .  metal l ic  s tr ip  

conductor s or  semiconductor  e lements,  which are su itable  for  convert ing  current  

eff ic ien tly  into  Jou le heat  and are produced d irect ly  in  a t  leas t  one inser t .  Very 

eff ic ien t  hea ting  i s  thus enabled .  The  hea ting i s  preferab ly designed as in  publicat ion 

WO 2019210976.  
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In  a  ano ther  preferred  embodiment of  the invent ion,  provis ion i s  made such tha t  the a t  

least  one inser t  and/or  the at  leas t  one  fur ther  inser t ,  in  par t icu lar  on  the respec tive 

moulding surface and/or  on a respect ive rear  side,  compr ise s/comprise a  the p lura l i ty  

of  al ignment marks.  The  al ignment  marks a re a  marking  which can  ass ign a spec if ic  

posi t ion on  the  inser t .  

 

In  par t icular ,  they are regular ly  arranged a l ignment marks,  in  par t icu lar  an al ignment 

mark f ield ,  in  which  each al ignment  mark can be  ass igned a  speci f ic  posi t ion in  the 

al ignment mark f ie ld .  In  the case of  the al ignment marks on the moulding sur face,  i t  

can in  par t icu lar  be structures a rranged on  the  moulding surface of  the  at  least  one 

inser t .  

 

The a t  least  one inser t  p referab ly has a l ignment  marks  on the mould ing surface and on 

the rear  side .  The  posit ions of  the al ignment  marks on the moulding  surface a re 

par t icular ly  preferably known to  the posit ions  of  the a l ignment  marks on  the rear  side 

of  the at  leas t  one inser t .  

 

The a l ignment marks can preferab ly be  detec ted ,  processed and  put  into  a  relat ionsh ip 

with  one another  by an optical  al ignment means .  The a l ignment  marks can for  example  

be arranged ins ide the mould ,  in  par t icu lar  on the rear  s ide of  the at  leas t  one inser t .  

A par t icu lar ly  precise and st raigh tforward a l ignment of  the at  leas t  one inser t  i s  

enabled  by the a l ignment marks.  
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In  another  preferred embodiment  of  the invent ion,  provision i s  made such that  the  

f irs t  mould ha lf  and /or  the second mould ha lf  comprises/comprise an inspect ion 

window, so that  the at  leas t  one inser t  and/or  the  at  leas t  one fur ther  inser t  can  be  

al igned and/or  c an be al igned with  one ano ther  in  the c losed state  of  the mould by 

means of  the plural i ty  o f  al ignment marks.  The inspec tion  window, there  are 

conceivably also a  plura l i ty  of  inspect ion windows,  are  arranged in  the  mould in  such 

a way  tha t  the a l ignment  marks of  the a t  least  one inser t  and /or  of  the a t  least  one 

fur ther  inser t  can be seen from outside the mould,  in  par t icular  are visib le  or  

detec tab le for  an op tical  al ignment  means.  

 

The inser t / the inser ts  can thus  be a l igned/al igned wi th  one another .  The  inspect ion 

window is preferab ly ar ranged in  the mould in  such a way that ,  in  the closed s tate  of  

the mould,  a t  least  the  a l ignment marks  on the rear  side  of  the a t  least  one inser t  can  

be seen.  A monitored re lat ive a l ignment of  the respec tive inser t  can thus 

advantageously be car r ied out .  

 

In  another  preferred embodiment  of  the invent ion,  provision i s  made such that  the  

f irs t  mould ha lf  and /or  the second mould ha lf  each compr ises /compr ise a t  least  one 

posi t ion ing mechanism, so that  the at  leas t  one inser t  and /or  the a t  least  one fur ther  

inser t  can be  al igned wi th  the a id  of  the p lura l i ty  of  al ignment marks in  the closed  

state  in  the mould.  The posi t ion ing mechanism is ab le ,  in  par t icular  in  an automated  

or  computer -con trol led  manner ,  to  advantag eously carry  out  the al ignment of  the a t  

least  one inser t  and/or  the at  leas t  one  fur ther  inser t  when the mould  i s  closed .  



- 18 - 

 

 

The a l ignment is  advantageously carr ied out  with  the a id  of  the al ignment marks.  In  

par t icular ,  the posi t ion ing mechanism is des igned such that  the at  leas t  one inser t  or  

the inser ts  can be al igned par t icular ly  p rec isely .  The posi t ion ing mechanism is 

preferab ly an al igner .  The inser t  to  be a l igned  i s  f ixed in  the  mould ,  but  can be 

al igned by means of  the posi t ion ing  mechanism.  The a t  least  one inser t  can thus 

advantageously also be al igned in  the closed  mould with  the aid  of  the  a l ignment 

marks .  

 

In  another  preferred embodiment  of  the invent ion,  provision i s  made such  that ,  with  

the a id  of  the p lura l i ty  o f  al ignment marks on the rear  s ide of  the at  leas t  one inser t  

and/or  on the rear  side o f  the at  leas t  one fur ther  inser t ,  the  s truc tures of  the moulding 

surface of  the at  leas t  one inser t  and the s tructures of  the  mould ing surface of  the  at  

least  one fur ther  inser t  can be a l igned with  one another  in  the c losed sta te  of  the 

mould.  In  this embodiment,  the posi t ion  of  the a l ignment marks  on the rear  side  of  the 

at  least  one inser t  i s  known in  relat ion to  the s tructures o n the moulding  surface of  the 

at  least  one fur ther  inser t .  The  inser t  and /or  the inser ts ,  in  par t icu lar  the structures  

important  for  the  mould ing on the inject ion moulded ar t ic le ,  can thus  advantageously 

be al igned or  al igned wi th  one ano ther  in  the closed mould ,  so lely  with  the aid  o f  the 

al ignment marks on the respect ive rear  s ide.  An al ignment o f  the s truc tures on  the  

moulding surface of  the  inser ts  is  thus advantageously possib le so le ly  by  means of  the 

al ignment marks on the rear  side.  An al ignment with  the  aid  of  th e a l ignment marks  

on the rear  side of  the inser t  can  for  example a lso be carr ied ou t  during  the in ject ion 

moulding.  

 

In  a  ano ther  preferred  embodiment of  the method accord ing to  the  inven tion,  

provis ion is  made such that  the a t  least  one inser t  and a t  leas t  one fur ther  inser t  

arranged in  the  
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in ject ion mould ing space,  in  par t icu lar  a  mould ing surface of  the  at  leas t  one inser t  

and/or  a  mould ing surface of  the a t  least  one f ur ther  inser t ,  are  al igned with  one 

another  in  the c losed sta te  of  the mould in  the in jec t ion moulding  space .  The 

moulding surface  of  the  inser ts ,  in  par t icular  the  st ructures arranged on the mould ing 

surface,  can thus  be a l igned or  a l igned  with  one another  wi th  the method .  As a resu lt ,  

the accuracy of  the shape of  the produced  in jec t ion moulded ar t ic le  is  advantageously 

increased in  the injec t ion moulding.  

 

In  another  preferred embodiment  of  the method  is  accord ing to  the invention,  

provis ion is  made such that  the a t  least  one inser t  and/or  the a t  least  one f ur ther  inser t  

is /are  al igned wi th  the a id  of  a  p lura l i ty  of  al ignment marks  provided on  the inser t  

and/or  the a t  least  one fur ther  inser t .  The at  least  one inser t  and/or  the at  least  one 

fur ther  inser t  can thus advantageously be al igned  wi th  the a id  of  the a l ignment marks .  

 

In  another  preferred embodiment  of  the method accord ing to  the inven tion,  provision 

is  made such tha t  an  al ignment of  the at  leas t  one inser t  and /or  of  the a t  least  one 

fur ther  inser t  i s  carr ied out  on the basis of  a  measurement  of  an injec t ion moulded 

ar t icle ,  produced accord ing to  the  method for  the injec t ion moulding .  Af ter  the 

production  of  an inject ion moulded ar t ic le ,  the lat ter  can be measured and analysed .  

The ac tua l  va lues of  the  shapes  o r  the geometr ies of  the inject ion moulded ar t ic le  are 

compared wi th  se t  va lues.  A defect  in  shape  can  be ascer ta ined and  a cor rect ion can 

be der ived  from this comparison.  By real ignment of  the inser t  or  o f  the  inser ts ,  th is  

error  can  be improved i terat ive ly by repeatedly carrying ou t  the a l ignment,  in  

par t icular  unt i l  the defect  in  shape  l ies wi thin  a  predefined to lerance range.  The 

regions of  the inject ion moulded ar t icle  are  



- 20 - 

 

preferab ly measured in  which  the s truc tures ar ranged on the moulding surfaces are 

moulded,  s ince the la t te r  are important  espec ial ly  for  the  funct ionali ty  o f  the 

produced in ject ion moulded ar t ic le .  An improvement in  the a l ignment with  the a id  of  

a  produced injec t ion moulded ar t icle  can  thus be  achieved.  

 

In  another  preferred embodiment  of  the method accord ing to  the inven tion,  provision 

is  made such tha t  a l ignment is  carr ied ou t  by the reworking  of  the at  least  one inser t  

and/or  of  the at  leas t  one fu r ther  inser t .  On the bas is  of  the ascer ta ined defec t  in  

shape ,  a  correc tion  i s  carr ied ou t  by a l ignment o f  the inser t  o r  the inser ts .  An 

al ignment can also be  achieved by reworking ,  in  par t icular  removing or  applying 

corresponding  mater ia l .  For  example,  a  defec t  in  shape of  the in ject ion moulded 

ar t icle  may be presen t  on account of  non -exac t  paral le l i sm of  the inser ts  with  respec t  

to  one ano ther  in  the case of  inser ts  ly ing mutual ly  opposite .  In  par t icu lar ,  th is  can 

take p lace by the removal of  mater ia l  of  the inser t ,  in  par t icular  on the rear  side.  

Laser  rad ia t ion,  for  example,  can be  used for  th is purpose.  Defects in  the shape of  the 

inject ion moulded ar t icle  can thus advantageously be compensa ted for ,  which  for  

example cannot be  compensa ted for  by a l ignment by means  of  a  posit ion ing 

mechanism.  

 

In  another  preferred embodiment  of  the method  accord ing to  the inven tion,  provision 

is  made such tha t  the method inc ludes at  leas t  the fol lowing steps,  in  par t icu lar  in  the 

fol lowing sequence:  

 i )  equ ipping the mould with  the  inser t  and /or  wi th  the  at  least  one fur ther  

inser t ,  

 i i )  c losing the mould,  

i i i )  production of  an inject ion moulded ar t icle ,  in  par t icular  by the 

introduction  of  an inject ion mould ing compound and cur ing  of  the in ject ion 

moulding compound,  

iv)  removal and measur ing of  the injec t ion moulded ar t ic le ,  
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v)  determination  of  an a l ignment e rror  by comparison  with  se t  va lues,  

v i)  a l ignment of  the inser t  and /or  of  the a t  least  second  inser t .  

 

The methods  for  in ject ion moulding can thus be advantageously adapted i terat ive ly to  

the process by  al ignment of  the inser ts .  

 

An aspec t  of  the present  invent ion is  based on a modif icat ion of  the inject ion  

moulding process or  of  the injec t ion moulding  device ,  so  that  surfaces with  

micrometre  or  nanometre s truc tures can be produced with  at  leas t  par t ia l ly  f lex ible  

inser ts ,  in  par t icular  inser t s  surface-structured  by means of  sof t  s tamp  technology.  For  

the increase in  injec t ion  moulding accuracy,  bas ic  approaches from the semiconductor  

industry  are  used in  order  to  al ign or  a l ign wi th  one another  moulded par ts  o r  the 

moulding surfaces.  By measuring the produced inject ion moulded ar t icle  o r  the end 

product  and  feedback,  the accuracy of  the  production process can be increased or  

adapted .  In  this connect ion,  feedback means  tha t  the inject ion moulded ar t ic le  

repea tedly  produced in  ser ies is  measured and any defec ts  tha t  may thus be found on 

the in ject ion moulded ar t ic le  are  compensa ted for  by al ignment of  the inser ts  and/or  

by rework ing  the inser ts ,  so  tha t  the quali ty  of  the injec t ion moulded ar t icle  produced 

in  each case can  be i tera t ive ly improved.  

 

A functionali sa t ion  of  the surface(s)  of  the  imprinted  workpiece  i s  enab led by the 

device  according to  the invent ion and the method accord ing to  the  inven tion,  so  tha t  

production  costs can be reduced by the op timisa t ion of  the giv en product ion process 

and at  the same t ime the  precis ion of  the workpiece is  increased.  In  other  words,  a  

convent ional  production  process  can be used for  the shap ing.  In  par t icu lar ,  the surface  
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functional isat ion i s  ach ieved with  the novel ,  h igh-precis ion a t  least  one inser t  in  the 

mould.  The production of  an in jec t ion  moul ded ar t ic le  wi th  functional  surfaces or  

micro-  and/or  nanostruc tured surfaces was not  h i ther to  possib le wi th  conventional  

inject ion mould ing dev ices  or  in jec t ion  mould ing methods.  

 

The presen t  invent ion re lates  to  a  method and a device  for  in ject ion mouldi ng,  in  

par t icular  micro - in ject ion moulding.  I t  thus involves the production of  the injec t ion 

moulded ar t icles  with  very small  s truc tures,  which are moulded  by the moulding 

surfaces on to  the  injec t ion moulding  compound o r  the corresponding  inject ion 

moulded  ar t icle .  

 

A known injec tion moulding device i s  designed such tha t  the accuracy  and/or  

dimensional  and posit ional  to lerances and/or  surface qual i ty  and/or  surface 

functional isat ion of  the produced in ject ion moulded ar t ic le  are improved  by means in  

par t icular  of  a t  least  par t ia l ly  elas t ic ,  preferab ly  micro -s tructured inser ts .  

 

In  inject ion moulding,  an inject ion moulded ar t icle  i s  general ly  produced in  a  mould 

in  a  pr imary  shape or  in jec t ion moulding  space  (also ca l led an inject ion moulding 

chamber) ,  wherein  the  mould i s  f i l led wi th  an injec t ion moulding  compound.  The 

inject ion mould ing compound exhib it s  spec if ic  state  var iables  with  regard to  the 

spec if ic  volume,  temperature and f i l l ing pressure.  The mould is  f i l led under  high 

pressure  with  a  compressib le  an d compressed in ject ion mould ing compound heated 

above the melt ing temperature o f  the in jec t ion  moulding compound and subjec ted to  a  

holding pressure.  The  temperature of  the inject ion moulding  compound l ies in  

par t icular  10°C,  preferably 25°C,  more preferab ly 50°C,  most  preferab ly 75°C above 

the melt ing temperature of  the inject ion moulding compound.  The melt  solidi f ies 

under  the  hold ing pressure  in  the mould.  
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After  the  phase transformation  in to  the sol id  s ta te  (wi th  physical ly  de termined,  

unavoidab le shr inkage)  and in  par t icular  af ter  atmospher ic  pressure i s  reached in  the 

mould,  the mould i s  opened at  leas t  in  a  mould par t ing  plane and the inject ion 

moulded ar t icle  removed or  ejected  in  an au tomated manner .  

 

The sta te-var iab le mater ial ,  tempera ture,  press ure as wel l  as des ign and /or  

functional isat ion of  the mould are responsib le for  the achievab le d imensional  

accuracy  of  the inject ion moulded ar t ic le .  

 

The f ir s t  d isc losed injec t ion moulding device contains at  leas t  one modif ied mould 

with  at  least  one inser t  for  the adaptat ion and /or  functional isat ion of  the mould and 

thus o f  the produced  in ject ion moulded ar t icle .  

 

The inser t  preferab ly has an in  par t icular  micro-  or  nanostruc tured  surface,  which i s  

replica ted  dur ing the production of  the in jec t ion moulded ar t ic le .  

 

The a t  least  one inser t  par t icular ly  preferably has a  coa ting,  preferably a  st ructured 

coat ing,  par t icular ly  preferably a  microstructured or  nanostruc tured  coa t ing,  which i s  

replica ted  dur ing the production of  the in jec t ion moulded ar t ic le .  

 

I t  i s  preferab le tha t  the at  least  one inser t  has  an elas t ic  s truc tur ing,  in  par t icular  with  

microstructures  and/or  nanostructures.  An,  in  par t icu lar ,  a t  least  par t ial ly  r igid  inser t  

with  f lexib le structures  on i t s  surface can thus p roduce a bet ter  moulding  of  injec t ion 

moulded ar t icles  with  h igh precis ion,  high demands on surface st ructur ing and/or   
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narrow shape or  posi t ion tole rances.  

 

A functional  separat ion is  p referably  made,  in  par t icular  be tween coarse  shap ing  and 

functional isat ion of  at  leas t  one  ar t ic le  surface,  whereby the shape and  des ign of  the 

mould and /or  of  the a t  leas t  one  inser t  establ i shes at  leas t  the coarse shaping  and the 

in  par t icu lar  elas t ic  structur ing  of  the inser t  surface,  which i s  repl ica ted  in  the  

inject ion moulded ar t icle ,  determines the surface of  the in jec t ion  moulded ar t ic le  o r  

the  functional isat ion of  the surface of  the inject ion moulded ar t ic le .  

 

I t  i s  conceivable for  an add it iona l ,  loca l  hea ting  element to  be  incorpora ted in  at  least  

one,  in  par t icu lar  micro -  or  nanostruc tured  inser t ,  in  order  to  increase the  contour  

accuracy  of  the shap ing  and to  ob tain  a  h igher  so -cal led aspect  ra t io ,  i .e .  in  order  to  

be able to  p roduce h igher  and narrower  s truc tures.  

 

I t  i s  a l so conceivable to  couple the hea ting element in to  the surface st ructur ing  of  the 

at  least  one inser t ,  in  order  to  beat  the  in jec t ion  moulding compound in  a  targeted 

manner  and  direct ly  in  the regions in  con tac t  wi th  t he  in jec t ion mould ing compound.  

The aspec t  rat io  of  the s tructure d moulding surfaces can thus be  fur ther  improved.  

 

In  par t icular ,  an independent invent ion i s  seen in  the mould of  an in jec t ion moulding  

device  according to  the invent ion.  The par ts  of  the mould no t  pr imar i ly  relevan t  for  

the function  of  the in jec t ion moulded ar t ic le  can  be designed with  conventional  

production  methods according to  ISO 2768 -1 and ISO 2768-2 c lassif ied in  par t icu lar  

as "f ine" or  "high" .  
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The mould  contains a t  leas t  one  inser t .  The a t  leas t  one  inser t  can be coated by means 

of  an impr int  process a t  least  on the surface of  the inser t  to  be moulded and can thus 

be funct ionali sed.  

 

The a t  least  one inser t  with  h igher  demands on surface qual i ty ,  funct ionali sa t ion ,  such 

as in  par t icular  microstructured per iod ic surface  st ructures,  i s  preferably  produced 

with  so -ca lled  micro -rep licat ion,  in  par t icu lar  micro -  or  nano- l i thographic impr int  

processes  and ,  in  the mould,  i s  in tegrated as at  leas t  one  par t ia l ly  elas t ic  inse r t  in to  

the mould .  As a resu lt  o f  this  surface coat ing by  means of  the imprin t  processes,  the  

at  least  par t ia l ly  elas t ic  structures  on the at  least  one inser t  can advantageously be 

replica ted  indiv idual ly  and precise ly  on the injec t ion moulded ar t ic le .  

 

The surface struc tures o f  the at  leas t  one inser t  are produced for  example by means of  

l i thographic  imprin t  technology on the given inser t ,  in  par t icu lar  l ike the technology 

that  i s  descr ibed in  de ta i l  in  the publ ica t ion  EP2870510B1.  

 

The a t  least  one inser t ,  which  can conta in  for  example inorgan ic carr ier s,  preferab ly 

semiconductor  mater ia ls ,  and/or  par t icu lar ly  preferably SiN and/or  SiC and/or  

diamond and/or  technica l  glass,  i s  f ixed in  the mould preferably  in  a  manner  capable  

of  being al igned.  The a t  least  one inser t  i s  therefore local ly  f ixed,  bu t  can be moved 

in  a  targe ted manner  and can thus be mounted f ixed at  another  posi t ion.  

 

I t  i s  a l so conceivable  fo r  an in  par t icu lar  elas t ic  st ructure to  be f irs t  produced on a 

carr ier  with  known impr int  l i thography  technology,  which i s  subsequently  transferred 

onto the  
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surface of  the at  leas t  one inser t .  For  the transfer  of  the struc ture ,  use may be made in  

par t icular  of  p lasma act ivation and/or  adhesive.  Preferably ,  however ,  the  elas t ic  

structures  are  p roduced dir ec t ly  on  the  surface  of  the at  leas t  one inser t .  An a l igner  

can be used  for  the a l ignment and /or  pref ix ing of  the s tructur ing on the  surface of  the 

at  least  one inser t .  For  example,  a  process ing laser  can be used for  the f ixing of  the 

carr ier  on the a t  lea st  one inser t  or  can be integrated in  the mould.  

 

In  a  par t icu lar ly  preferred advantageous embodiment of  the mould,  i t  i s  possib le  to  

al ign and f ix  the a t  least  one inser t  in  the  mould with  an a l igner  known f rom 

semiconductor  technology.  The a l ignment  accuracy of  the a t  least  one inser t  in  the 

mould i s  in  th is case be t ter  than 5 µ m, preferab ly better  than 1 µ m, par t icular ly  

preferab ly be tter  than 500 nm, very par t icular ly  preferab ly be tter  than 250 nm, in  

par t icular  in  the la tera l  plane of  the  mould.  The same a l ignment accuracy can be 

provided  by the al igner  or  other  al igners in  different  movement d irec t ions of  the 

mould.  

 

The a l ignment accuracy of  the at  leas t  one inser t  in  the mould  i s  preferably measured 

on the produced inject ion moulded ar t ic le .  In  a  ser ies product ion process ,  therefore,  

the f irs t  o r  the f ir st  produced in jec t ion  moulded  ar t icle  can be measured  and the  

al ignment accuracy can thus be de termined by a  comparison of  the  measured ac tua l  

values wi th  predefined  set  va lues.  

 

An a l igner  i s  preferab ly integrated in  the inject ion moulding  device as an al ignment  

module.  According ly,  with  a  modular  design ,  the devices with  modules such as  

measurement modules fo r  measuring  the  in jec t ion moulded ar t ic le ,  a  mater ia l  
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prepara t ion module ,  can  be  added to  the inject ion moulding device in  a  f lexib le 

manner  and  according to  the app lica t ion requirement.  

 

In  par t icular ,  i t  i s  conceivable to  modify a  so -ca lled mask a l igner  f rom the 

semiconductor  industry ,  so  that  exis t ing op tical  systems,  which genera te  

monochromatic  UV rad iat ion,  can be used.  Thus ,  i t  i s  a lso  conceivab le for  the 

inject ion mould ing dev ice to  contain  an a l igner  and impr inter  for  producing  an,  in  

par t icular ,  e last ic  micro -  or  nanostructured  sur face  on an inser t .  

 

Furthermore,  i t  i s  preferably co nceivable to  al ign the a t  leas t  one inser t  in  the  mould 

in  a  combined  al igner  and to  pref ix  the lat ter  in  the mould ,  in  par t icular  using  high -

energy rad ia t ion,  in  par t icular  with  a  laser  or  heating,  so  tha t  the inser t  with  an e las t ic  

surface coat ing i s  f ix ed in  the  mould in  the correct  posit ion and the mould can be 

moved.  

 

The f ix ing represents a  connect ion of  the at  leas t  one inser t  to  the mould ,  which i s  

adapted  or  designed for  operat ing condit ions  (excess pressure up to  over  2000 bar ,  

preferab ly over  2400 bar ,  tempera tures of  the imprint  compound and  o f  the mould up 

to  over  150 degrees Celsius,  preferably up to  over  200 degrees Cels ius) .  As a  resu lt  o f  

the f ixing,  the at  leas t  one inser t  i s  f ixed in  the mould in  the correct  location and 

posi t ion,  in  par t i cular  f ree f rom constra int .  

 

The constrain t -free f ix ing of  the at  leas t  one inser t  in  the mould means that  precise ly  

six  degrees o f  f reedom of  movement are taken f rom the at  leas t  one inser t .  

Deformations on  account of  paras i t ic  fo rces on the inser t  are thus advantageously 

prevented.  
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The a l ignment accuracy of  the inser ts  wi th  one  another ,  again  measured on the 

inject ion moulded ar t icle ,  i s  re ferred  to  by the person sk il led in  the ar t  as the 

resu ltan t  a l ignment  error .  The a l ignment  error  thus  ex ists  re la t ive ly be tween the inser t  

and a second  component ,  in  par t icular  a  fur ther  inser t .  

 

The a l ignment error ,  in  par t icular  re la t ive ly measured fo r  two inser ts  fac ing one 

another  wi th  their  respective mould ing surfaces,  on the inject ion moulded ar t icle  i s  

preferab ly less than 10  µ m, preferab ly less than  5 µ m, par t icular ly  p referably less  

than 1 µm, very  par t icu lar ly  preferab ly less than  500 nm, with  utmost  preference less 

than 200 nm.  

 

Smalle r  a l ignment errors are necessary for  special ,  and  in  par t icu lar  op tica l ,  

applicat ions.  The a l ignment e rror  on the inject ion moulded ar t ic le  is  thus less than  

150 nm, preferably  less than 100 nm, par t icu lar ly  pref erab ly less  than  50 nm.  

 

In  cases in  which per iod ic,  preferab ly ident ica l  or  per iod ica lly  repeating st ructures 

are moulded in  the in jec t ion moulded ar t ic le ,  i t  i s  importan t  for  the funct ional i ty  tha t  

the per iods are a l igned  with  one another .  

 

Whether  the p er iods are al igned to  one ano ther  as "peak to  peak" or  "val ley to  va lley" 

or  "val ley  to  peak" i s  no t  re levan t  for  the considerat ion of  the per iod ic e rror  on the  

inject ion moulded ar t icle .  The per iod ic error  is  thus to  be regarded as a  devia t ion 

from the ideal ,  p redef ined al ignment state .  Only  the dev ia t ion counts ,  i . e .  the  defect  

on the inject ion moulded ar t icle .  I t  i s  thus  advantageous ly  poss ible  to  indica te the 

al ignment s ta te  of  the  
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periods with  respec t  to  one another  as a  qual i ty  feature.  An  al ignment  e r ror ,  which is  

precise ly  one per iod ,  on ly causes an error  at  the  edge of  the imprin t  structures of  the 

inject ion moulded ar t icle ,  in  o ther  words an  offset  by the length  of  a  per iod.  

 

The a l ignment error ,  in  par t icular  per iodic error ,  should amount here t o  less  than  0.25 

per iods,  preferab ly less than 0.1  per iods,  par t icu lar ly  preferably less than 0.05 

per iods,  measured on the injec t ion moulded ar t icle .  

 

The a l ignment error  must  also be minimal in  re la t ion to  the rotat ion.  Over  a  distance  

of  50 mm, the structures  should  not  devia te  more than 0 .5  µm.  That  corresponds to  a  

maximum angle  of  10 - 5 ° .  The a l ignment  error  in  rela t ion to  the ang le i s  therefore less 

than 10 - 5° ,  preferab ly less than 10 - 6 °,  s t i l l  more preferab ly less than 10 - 7 °,  most  

preferab ly less  than 10 - 8 °,  with  utmost  preference less than 10 - 9° .  

 

In  other  words,  a  rota t ion error  with  a  reference length of  50 mm is less than 1 µ m, 

preferab ly less than 500  nm, par t icu lar ly  preferably less than 250 nm , very 

par t icular ly  preferably less than 100 nm,  measured at  the per iphery and /or  edge of  the 

ar t icle .  

 

In  a  preferred embodiment of  the in ject ion moulding device,  the injec t ion moulding 

compound can contain  a  l igh t -sensi t ive  curing ,  in  par t icular  UV-curing  component.  

With the use of  such an inject ion m ould ing compound,  no hea t -re lated curing  or  phase  

transi t ion  from a l iqu id into  a  so lid  of  the in jec t ion mould ing compound takes p lace,  

but  ra ther  a  phase transi t ion based on UV radia t ion.  
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The mould  in  this embodiment  of  the in ject ion  moulding device con ta ins in tegrated  

radia t ion sources and /or  radia t ion  windows which are transparen t  for  the  curing  

radia t ion and through  which the cur ing  rad ia t ion ir rad iates the in jec t ion moulding 

compound in  order  to  in i t ia te  cur ing .  The mould  is  t ransparent  in  a  preferre d 

embodiment.  

 

Technica l  polymers and /or  so -cal led commodi ty  plast ics,  in  other  words polymers 

f rom mass production,  can be used as  an inject ion moulding compound.  The mater ial  

se lec t ion i s  guided by the intended use  of  the in ject ion moulded ar t icle .  

 

Polymers and /or  their  mixtures and/or  b lends can be used  with  or  without f i l lers ,  

which  contain  in  par t icu lar  the fo l lowing mater ials:  

 

-  POSS 

-  polye thylene (LDPE, HDPE) and/or  

-  polypropylene (PP,  a lso  chlor inated PVC),  and /or  

-  polystyrene,  and /or  

-  methacrylate  (PMMA),  and/or  

-  tereph tha la te  (PET) ,  and/or  

-  f luorinated polymers (PTFE),  and/or  

-  TPO, CAB, ABS, PA-66,  POM, PC, PPS,  PES,  LCP, PEEK, PF,  UF,  UP,  EP,  PIB 

and/or  PIM.  

 

The shr inkage of  the inject ion mould ing compound used preferably amounts to  less  

than 5%, par t icular ly  preferab ly less than 3%, s t i l l  more preferably less than 1.7%, 

most  preferably less than 0.7%.  
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A second embodiment o f  an in jec t ion  mould ing device  contains at  leas t  one modif ied 

mould with  two inser ts ,  which  are to  be  al igne d with  one another  and which carry out  

the functional isat ion of  the in ject ion moulded ar t ic le  wi th  in  par t icu lar  the elas t ic ,  

preferab ly microstructured and/or  nanostructured surfaces.  

 

In  this embodiment of  the injec t ion moulding  device ,  a t  least  two  inse r ts  with  in  

par t icular  e last ic  micros tructured and /or  nanostructured inser t  surfaces  can be a l igned 

with  one another  and f ixed in  the mould.  

 

The a l ignment accuracy of  the inser ts  wi th  one  another  in  the mould  amounts to  the 

same as the a l ignment accuracy  of  one inser t  in  the mould.  

 

I t  i s  possib le  to  arrange the inser ts  in  the mould  in  such a way tha t  they fal l  on  

differen t  mould ha lves o f  the par t ing plane of  the mould.  The device and  the method 

for  inject ion moulding can thus be designed  par t icular ly  f le x ibly  wi th  regard to  the 

posi t ion of  the  inser ts  in  the mould.  

 

In  order  to  carry  out  the  al ignment  procedure of  the inser ts  wi th  one another  with  a  

high level  o f  accuracy ,  i t  i s  possib le  for  the mould to  be designed a t  leas t  par t ia l ly  

transparen t .  In  other  words,  the mould can have  removable support  par ts ,  which serve  

for  the transfer  of  force and uniform force distr ibution of  the contact  pressure ,  as  well  

as inspec tion windows or  al ignment windows,  wi th  the  aid  of  which an a l ignment  of  

the inser ts  o r  the s tructured sur faces o f  the inser ts  can take  place in  a  completely  

closed state  of  the  
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mould .  In  order  to  be ab le to  absorb the forces and temperature f luctuat ions of  the 

inject ion mould ing process  wi th  the in  par t icu lar  elas t ic ,  microstructured inser ts  a nd 

inspect ion windows and /or  al ignment windows,  the mould can con ta in  corresponding 

support  s truc tures.  The inspec tion  windows can in  par t icular  a lso be des igned for  the 

curing  of  the inject ion moulding compound with  UV radiat ion.  

 

In  order  to  be ab le to  c arry out  a  prec ise a l ignment of  the inser t / the inser ts  in  the a t  

least  two mould  halves  of  the mould,  i t  i s  necessary fo r  the inser ts  to  be  al igned with  

one another  in  the  close d mould.  I t  i s  thus poss ible to  compensate  for  or  to  correct  

al ignment errors o f  the inser t  or  the inser ts  wi th  one another ,  which  ar i se  during the 

closing or  in  the c lose d state  of  the mould  or  a lready during  the  f ix ing in  the mould.  

 

The a l ignment  can take place  for  example by means of  so -ca lled  al ignment marks or  

markings.  The lat ter  are  applied on the inser t  o r  on the inser ts .  There i s  preferab ly a t  

least  one marking on each inser t ,  which  can be al igned in  the closed  s ta te  of  the 

mould.  

 

The a l ignment preferab ly takes p lace by an  opt ical  al ignment of  a t  least  one mark ing,  

which  i s  arranged on the  rear  side of  the inser t ,  with  an a l ignment  mark which  i s  

arranged on  the rear  s ide of  a  fur ther  inser t .  The al ignment can thus advantageously 

take p lace via  the rear  s ides of  the inser ts  facing away  from the respect ive moulding 

surfaces .  
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In  the semiconductor  industry ,  the mark ings or  al ignment marks can inc lude  standard 

crosses,  propel ler - l ike a l ignment marks ,  c irc les,  polygonal  pat terns,  l inear  pat terns 

for  optical  in terference,  QR codes.  

 

The a l ignment marks as preferab ly arranged in  a  mark f ield ,  wherein  the  indiv idual  

al ignment marks have an information content ,  so  that  the  posit ion in  the ma rk f ie ld  

and therefore the posit ion of  the corresponding inser t  re la t ive  to  an opt ical  a l ignment 

means i s  known.  An a l ignment can then advantageously take p lace re lat ively,  on the 

bas is  of  the known posit ion o f  the ind ividual  marks in  the mark f ie ld .  

 

I t  i s  par t icular ly  advantageous  if  an inser t  con ta ins al ignment marks o r  markings on 

two surfaces lying  opposi te  one ano ther .  The lat ter  are preferab ly loca ted on the 

respect ive rear  s ide of  the inser t  and on  the respect ive side of  the mould ing surfaces  

of  the inser t .  Alignment  can thus advantageously take p lace from both s ides of  the 

inser t .  

 

I t  i s  very par t icu lar ly  preferab le for  the injec t ion moulding device to  comprise an 

al igner  and f ixing  for  two inser ts ,  wherein the al igner  carr ies  out  a  corre lat ion of  

surface structur ing s,  which then function  in  par t icular  as a l ignment  marks ,  on the 

moulding surface,  with  al ignment marks on the rear  side of  the inser t ,  wherein the 

correlat ion  i s  based in  par t icular  on image eva luation.  By means of  the correla ted 

data,  a  rear - side  to  rear - side a l ignment of  at  leas t  two inser ts  can be carr ied out .  The  

optical  al ignment means  for  the  detect ion of  the respect ive al ignment marks on the 

rear  side can  be ar ranged ins ide the mould.  The al ignment o f  the inser ts  with  one 

another  can thus  advantageously take p lace in  the closed  s ta te  of  the mould.  
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I t  i s  a l so conceivable fo r  the  al ignment to  take  p lace  by a l ignment means  arranged 

outs ide the mould,  which can de tec t  the a l ignment marks o r  the markings of  the 

inser ts  through channels  or  inspec tion windows for  example.  

 

A surface struc tur ing of  the inser t  can take p lace ,  in  par t icular  in  an a l igned  manner  

on the inser t  surface  or  the moulding surface,  so  that  the  posit ion and  locat ion of  the 

in  par t icu lar  sof t  surface s truc tures can be measured.  In  this case,  the surface 

structures  can advantageously serve as al ignment  ma rks or  markings.  In  par t icular ,  i t  

is  conceivab le for  the  inser ts  to  have fur ther  markings o r  a l ignment marks on the rear  

side,  which can be measured relat ive to  the surface structures .  When the  marking i s  

measured,  the posit ion of  the surface s tructures l ying opposite  i s  thus a lso known  and 

vice versa.  

 

The inser t  can compr ise differen t  reg ions or  d ifferent  layers  of  the surface struc tures.  

The lat ter  can con ta in  surface s tructures to  be replicated  and /or  surface  st ructures not  

to  be repl ica ted ,  in  par t icu lar  al ignment marks.  The surface struc tures can be crea ted 

in  a  so-cal led " f ir st  pr in t"  or  in  sequential  production.  

 

In  an advantageous  embodiment  of  the dev ice ,  markings,  in  par t icular  a l ignment 

marks ,  can be  prov ided and/or  app lied and /or  in troduced on  the  sur face  of  the inser t  

provided in  par t icu lar  with  sof t  s truc tures to  be replica ted  and  on the surface of  the  

inser t  opposite   
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the lat ter .  In  other  words,  the inser t  can conta in  al ignment marks and /or  al ignment 

mark f ields on bo th surfaces,  which  in  p ar t icular  by means of  l i thography or  electron  

beam qualify  the  inser t  for  al ignment in  an a l igner .  

 

The a l ignment marks of  the surface structur ing are preferably measured  in  rela t ion  to  

the same surface of  the inser t ,  in  order  to  be  able to  ver ify  the  posi t ion of  surface 

structures  on the inser t .  

 

Par t icu lar ly  preferab ly,  the measuring and the re ferenc ing of  the a l ignment marks of  

the surface structur ing  to  the a l ignment  marks o f  the non -surface s truc tured 

( imprin ted)  s ide of  the inser t  i s  prov ided.  In  other  words,  a  correla t ion  of  the surface 

structur ing ( in  par t icu lar  i t s  posi t ion  and/or  location)  with  the rear  side  of  the inser t  

is  crea ted .  I t  i s  thus possib le to  a l ign  the surface s truc tures of  the inser ts  with  one 

another  in  such a way that  they are not  direct ly  optical ly  accessib le  for  an al igner .  

With the correlat ion of  the front  s ide of  the inser t  with  the rear  s ide,  the  inser ts  can 

be al igned wi th  one another  on the basis of  the  non -surface st ructured ( imprinted)  rear  

sides ,  as though  the  sur face structur ing s were al igned direct ly  with  one another .  

 

Very par t icular ly  preferably,  the a l ignment  of  the inser ts  with  one ano ther  i s  carr ied 

out  in  the closed mould.  

 

Since a l l  the surface -s tructured inser ts  can be measured and  can in  themselves be 

correlated ,  the measured  al ignment  errors of  the inject ion moulded ar t icle  can be 

correc ted wi th  the a id  of  error  correc tion vectors ,  which are der ived from the 

al ignment errors of  the injec t ion moulded ar t ic le s,  the inser ts  being bette r  al igned 

with  one another .  
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The checking  of  the  al ignment success  resul t s  f rom the measurement o f  the produced 

inject ion moulded ar t icle s or  the  determinat ion of  the al ignment error  on the bas is  of  

a  produced injec t ion moulded ar t icle .  

 

In  par t icular ,  prov ision is  made such tha t  the inser ts  can be posi t ioned  or  can be  

al igned in  the closed  mould by a feed motion  of  less  than  1000 µm,  preferably less  

than 500 µm, par t icular ly  preferab ly less  than  250 µm, in  par t icu lar  by  means of  

f lexure bear ings ,  in  par t icular  play -free.  

 

In  a  fur ther  preferred embodiment,  a ir  bear ings  integrated in  the  mould  can promote 

the movement  of  the inser ts .  An eas i ly  and very precise al ignment i s  thus enabled .  

 

In  other  words,  the feed motion  means the maximum poss ible  travel  of  the inser t  in  

the mould during  the  al ignment.  

 

I t  fol lows from the maximum travel  o r  the  maximum poss ible  feed mot ion  that  the  

al ignment marks cover  a t  least  an area which i s  larger  than the vector  sum of  the  

trave l  vectors of  the posit ion ing dev ice o r  the a l ignment  device.  For  example,  i f  1  mm 

can be travel led in  the  x -direc tion and i f  1  mm can also be travel led in  the y -

direc tion,  the  al ignment marks  should be present  on an area greater  than 1 mm^2 in  

the f ield  of  vis ion of  the  al igner .  
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Provis ion i s  made such  that  the inser ts  can be posi t ioned by means  of  f ine -posit ioners,  

in  par t icu lar  wi th  p iezo dr ives and /or  d i f feren tia l -screw ac tua tors .  

 

For  example,  piezo dr ives,  l inear  p iezo  dr ives,  screw drives,  amongst  o thers,  can be 

used.  

 

Provis ion i s  a lso made such tha t  the inser ts ,  af te r  being al igned wi th  one  another  in  

the mould ,  are f ixed in  such a way that  the p roduction of  a  ser ies of  injec t ion moulded 

ar t icles o r  a t  least  the production of  an at  leas t  s tat i st ica l ly  relevant  sample of  

inject ion moulded ar t icles d isplaces the posi t ion  and the  locat ion of  the inser ts  by less 

than 1%, preferab ly by less than 50 ppm, par t icu lar ly  preferably by  less than 100 ppb.  

The displacement  re lates to  the  ideal  value of  the produced ar t ic les.  In  o ther  words ,  

the dispers ion  of  the produc tion errors  in  respect  of  the locat ion and /or  posi t ion of  the  

inser ts  is  kept  within  a  narrow tolerance f ield  below 1%,  preferably  less than 50 ppm,  

par t icular ly  preferably below 100 ppb.  

 

Once the i tera t ive  corrections in  the posi t ion and loca tion of  the inser ts  in  the  mould 

has been comple ted,  which as an effec t  is  accompanied by min imisa tion  of  the 

production  error  on  the injec t ion moulded ar t ic le ,  the inser ts  can be f ixed in  the 

mould for  an,  in  par t icu lar ,  ser ious product ion.  

 

Fix ing in  this case i s  un ders tood to  mean tha t  de tachment of  the  inser t  f rom the mould 

cannot  take  place wi thout damage to  the  inser t  ( in  par t icu lar  due to  a  h igh degree of  

adhesion to  the mould) .  

 

I t  i s  conceivable for  a  replacement  of  a  f ixed inser t  to  be requ ired.  In  th is case,  the 

inser t  may be destroyed ,  but  the functional i ty  of  the mould should remain  apart  f rom  
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necessary c leaning and can accommodate a  fur ther  inser t  without reworking of  the 

mould.  

 

In  a  preferred embodiment of  the mould in  the in jec t ion moulding  device ,  pr ovision i s  

advantageously made such tha t  in  par t icu lar  the shape  and loca tion tolerances of  the 

inject ion moulded ar t icle  are increased wi th  the disclosed method,  in  par t icu lar  by  

means of  rework ing  of  the elas t ic  surface structures of  at  leas t  one  of  the inser ts  

and/or  by means of  reworking  of  a t  least  one of  the inser ts .  In  par t icular ,  the p lane -

paral le l i sm of  the inject ion moulded ar t icle  can be improved.  

 

Furthermore,  provision  i s  made such that  the  mould o r  the arrangement o f  the inser t  o r  

the inser ts  are ad justed  in  an i tera t ive,  in  par t icu lar  approx imating  val ida tion process .  

 

A mould  i s  created  with  which  an,  in  par t icular ,  s tat is t ical ly  relevant  quanti ty  of  

inject ion moulded ar t icles,  in  par t icular  ser ies,  i s  produced.  

 

The in jec t ion  moulded ar t ic le s a re measured and  in  par t icular  s ta t i st ical ly  evaluated .  

An average al ignment er ror  can thus  advantageously be ascer tained .  

 

A correct ion of  the mould,  in  par t icu lar  an ad justment of  the  inser t ,  can  then be  

carr ied out  on  th is  basis .  This cor rec tion can consis t  for  example in  the fact  tha t  

mater ia l  i s  removed or  added and/or  the  or ien ta t ion i s  changed and/or  the locat ion  of  

the inser t  i s  adap ted.  
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Corrected in jec t ion  moulded ar t icles are produced and evalua ted in  a ,  in  par t icular ,  

s tat is t ical ly  relevant  quanti ty .  A fur ther  approximation  of  the idea l  in jec t ion moulded 

ar t icle  i s  e i ther  carr ied out  i tera t ively or  the  production of  the in jec t ion moulded 

ar t icle  i s  star ted.  

 

A s ta t i st ical  evaluat ion of  random samples of  the injec t ion mo ulded ar t icle  can be  

carr ied out  for  the fur ther  error  correc tion ,  in  o rder  to  be ab le to  car ry out  fur ther  

necessary adaptat ions.  In  par t icular ,  prov is ion i s  made such that  the  age ing inf luences  

and wear  on the mould can be de tec ted ear ly .  

 

In  other  words,  indiv idual  adapta t ion  and ad justment  for  each  mould of  the in ject ion 

moulding device takes p lace  before  ser ies  production of  the in jec t ion  moulded ar t icle ,  

which  improves  the qual i ty  of  the injec t ion moulded ar t ic le  and enab les narrower  

tolerances of  the  in jec t ion moulded ar t ic le ,  in  par t icular  in  the regions  produced by 

micro- technology .  

 

A f ir s t  preferred i l lustra t ive method  for  in ject ion moulding i s  carr ied ou t  in  par t ic u lar  

with  the  fol lowing steps ,  preferably wi th  the fol lowing sequence.  

 

-  The mould  i s  prov ided with  at  least  one e last ic  microstructured or  

nanostructured inser t .  

 

-  The mould  i s  c losed.  

 

-  In  par t icular  in  the in tegrated al igner  (al ignment  module) ,  the  i nser t  i s  a l igned  
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with the  mould and /or  the inser ts  are al igned wi th  one ano ther ,  in  par t icular  

rear  side to  rear  s ide ,  and f ixed in  the mould.  

 

-  The mould  i s  ins ta l led  in  the inject ion moulding  device.  

 

-  At leas t  one inject ion moulded ar t icle  i s  produce d in  par t icular  by means of  the 

inject ion mould ing process.  

 

-  The in jec t ion  moulded ar t ic le  i s  removed from the mould and measured in  

par t icular  in  a  3 -D coordinate measur ing machine.  The data  are  re layed  to  the 

data memory and da ta analysis dev ice .  

 

-  The in jec t ion  moulded ar t ic le  i s  examined  and /or  tested for  funct ion in  an 

optional  process s tep.  

 

-  An error -vec tor  f ield  i s  crea ted  by the computer ,  which i s  der ived from the 

measured va lues and from the se t  va lues.  The correct ion factors and correct ion 

measures are de termined .  

 

-  The targeted correc tions  are app lied .  

 

-  The targeted correc tions  include  the change in  the posit ion and locat ion  of  the 

at  least  one inser t  in  the  mould.  

 

-  A fur ther  i terat ion of  the adjus tment of  the mould and of  the inser t  i s  

optionally  carr ied ou t .  
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A fur ther  preferred i l lus trat ive method  for  in ject ion mould ing comprises in  par t icu lar  

the fo l lowing process s teps,  in  par t icular  with  the fol lowing sequence.  

 

The mould  i s  prepared  in  prepara tory process  s teps.  For  this  purpose ,  i t  is  necessary  

to  functionali se  the  inser ts  with  the surface s tructures.  The cor relat ion of  each inser t  

is  measured  from the surface s tructures to  the rear  s ide of  the  inser t  and processed in  

par t icular  in  a  computer  as a  da ta  memory and  data  analys is  device.  

 

-  The mould  i s  prov ided with ,  in  par t icu lar ,  e las t ic  microstructured or  

nanostructured inser ts .  

 

-  The mould  i s  c losed.  

 

-  In  par t icular  in  the a l igner  in tegra ted into  the inject ion mould ing dev ice 

(al ignment  module) ,  the  inser ts  are a l i gned with  one another ,  in  par t icular  rear  

side to  rear  s ide ,  and f ixed in  the mould.  

 

-  The mould  i s  ins ta l led  in  the inject ion moulding  device.  

 

-  At leas t  one inject ion moulded ar t icle  i s  produced in  par t icular  by means of  the 

inject ion mould ing process.  

 

-  The in jec t ion  moulded ar t ic le  i s  removed from the mould and measured in  

par t icular  in  a  3 -D coordinate measur ing machine.  The data  are  re layed  to  the 

data memory and da ta analysis dev ice .  
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-  The in jec t ion  moulded ar t ic le  i s  examined  and /or  tested for  funct ion in  an 

optional  process s tep.  

 

-  An error -vec tor  f ield  i s  crea ted  by the computer ,  which i s  der ived from the 

measured va lues and from the se t  va lues.  The correct ion factors and correct ion 

measures are de termined .  

 

-  The targeted correc t ions  are app lied.  

 

The correct ions can  inc lude  at  leas t  loca l  mater ial  bui ld-up or  at  leas t  local  mater ial  

removal  or  a  modif ica t ion of  the surface  s truc tur ing.  In  par t icular ,  the thickness 

var ia t ions of  the injec t ion moulded ar t ic le  or  waviness can  be cha nged with  a  targe ted 

mater ia l  removal o r  mater ia l  bui ld-up of  the rear  s ide of  the inser t .  

 

Press- in  pressure presen t  in  inject ion moulding  can be used ,  in  o rder  to  ut i l i se  the 

occurr ing deformation  of  the inser t  in  a  targeted  manner  and to  inf luence the s hape of  

the in ject ion moulded ar t ic le  at  leas t  local ly .  

 

I f  mater ial  is  removed a t  least  loca lly  f rom the rear  side  of  the inser t ,  the volume of  

the in ject ion moulded ar t ic le  i s  increased .  Local  depress ions  in  the  in jec t ion moulded 

ar t icle  can  thus be corr ected.  

 

I f  mater ial  is  bui l t  up  at  leas t  local ly  a t  the rear  side of  the inser t ,  the vo lume of  the 

inject ion moulded ar t icle  i s  reduced.  
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The person ski l led in  the ar t  can use  the  ta rgeted process ing methods to  build  up  the 

layer s such as  vapour  deposi t ion  or  PVD or  CVD or  molecular  beam ep itax y or  use 

discrete  under lay  f i lms.  Elec tron beam ab la t ion  or  laser  ablat ion  or  singeing  or  

lapping or  gr ind ing or  sand gr ind ing or  p lasma t reatment or  treatment wi th  an ion 

cannon are conceivable  for  the layer  removal.  In  the sense  of  the a l ignment,  the 

person sk il led in  the ar t  can use  a l l  known processing methods.  

 

-  The modif ied inser t  i s  instal led in  the mould  and a fu r ther  i terat ion of  

the production  of  the in ject ion moulded ar t icle  begins,  unt i l  a  

terminat ion  cr i ter ion i s  reached .  

 

A poss ible terminat ion  cr i ter ion is  the  reaching of  the qual i ta t ive,  func tional  cr i ter ia  

of  the inject ion moulded  ar t icle .  A fur ther  termination  cr i ter ion can be an ir reparable 

deter iora t ion in  the in ject ion moulded  ar t ic le ,  so  that  the  mould and /or  the inser t  are 

examined and replaced .  

 

Further  advantages ,  fea tures and de tai l s  of  the invention emerge from the fol lowing 

descr ipt ion of  p refer red examples  of  embodiment and wi th  the a id  of  the  drawing.  In  

the f igure,  d iagrammatically :  

 

Fig .  1  shows a mould  for  a  dev ice  accord ing to  the invention for  in jec t ion  

moulding.  

 

Identica l  components or  components wi th  the same function are denoted  wi th  the same 

reference numbers  in  the f igure .  

 

Mould 1 comprises f ir st  mould ha lf  2  and  a second mould ha lf  3 ,  which can be 

separated  from one ano ther  through mould par t ing plane E.   
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The technolog ical  des ign of  mould 1 determines  the number of  required  mould par ts  

and the number of  mould par t ing planes.  The necessary guides ,  pass-cones,  as wel l  as 

ejec tor  bo lt s ,  media supply for  coo ling and/or  heat ing,  e lec tron ic assemblies for  a  

heat ing e lement,  deburrers ,  cut t ing tool  for  t runcat ing  the f i l l ing channel ,  which are 

known to  the person sk il led in  the  ar t ,  are  not  represented p ic tor ial ly .  

 

Mould 1 comprises f ir st  inser t  5  and a second inser t  5’ .  According to  the  invent ion,  

inser ts  5 ,  5 ’  compr ise  a  polymer.  

 

Represented in  second mould ha lf  3  is  an inspection window 4,  which separa tes 

second  mould half  3  f rom an in jec t ion  mould ing  space 10 and from inser t  5’ ,  in  

par t icular  in  a  pressure - t ight  manne r .  Alignment  marks 5m’ of  inser t  5’  in  par t icular  

with  an a l igner  no t  represen ted can be observed  through inspect ion window 4 and 

adjusted  by means of  posi t ion ing mechanism 6.  

 

Pressure d is tr ibutor s  7  enable inspec tion window 4 and /or  the rear  side of  inse r t  5b’  

to  be covered wi th  a l ignment masks 5m’ during  inject ion mould ing,  in  o rder  to  keep 

the operat ing pressure during in jec t ion  mould ing up to  for  example 2500 bar ,  without 

the in ject ion mould ing compound (not  represen ted)  being  able to  escape  from mould  

1,  in  par t icular  in  an uncontrol led manner .  

 

Inser ts  5 ,  5’  are posi t ioned ,  in  an a l ignab le and adjustab le manner ,  with  structured 

moulding surface  5s,  5s’  in  the direc t ion of  injec t ion moulding space 10  in  mould 1 ,  

in  par t icu lar  in  mould halves 2 ,  3 .  
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Inser ts  5 ,  5’  can comprise al ignment marks 5m, 5m’ both on s tructured moulding 

surface  5s,  5s’  and a lso on the rear  side of  inser t  5b,  5b’ ,  const i tuted in  par t icular  as 

mark c lus ters,  in  order  in  par t icular  to  be ab le to  carry ou t  referenc ing or  corre lat ion 

of  moulding  sur face 5s ,  5s’  of  inser ts  5 ,  5’  with  rear  side 5b,  5b’  of  inser ts  5 ,  5’ .  The 

measurement does no t  necessar i ly  take p lace in  mould 1.  

 

In  a  par t icu lar ly  preferred embodiment  not  represen ted,  processing  of  rear  side  5b,  

5b’  of  inser t  5 ,  5’  can t ake place to  ach ieve f latness requ irements,  where in  mould ing 

surface 5s,  5s’  of  inser t  5 ,  5’  can be used wi thout s truc tur ing .  In  par t icular  cases,  

moulding surface 5s,  5s’  of  inser t  5 ,  5’  can be presen t  wi thout st ructur ing ir respect ive  

of  the processing or  p rocessabil i ty  of  rear  side  5b,  5b’  of  inser t  5 ,  5’ .  

 

Mould 1 i s  f i l led in  f i l l ing opening 8 wi th  the in jec t ion moulding  compound (not  

represented) ,  so  that  i t  passes into  inject ion mould ing space 10 and in  par t icu lar  

comple te ly  f i l l s  the cavi t ies of  injec t ion moulding space 10.  In  order  to  be able to  f i l l  

in ject ion mould ing space  10 of  mould 1 comple tely  without a ir  bubbles or  voids or  

inclus ions ,  vent ing ducts  9  in  par t icu lar  are formed in  mould 1.  

 

Inser t  5  wi thout an inspect ion window is dep ic ted  symbolica l ly  in  f i rs t  mould ha lf  2 .  

Channels are correspondingly formed in  mould 1 ,  in  order  to  be ab le to  observe in  

par t icular  rear  side  5b of  inser t  5  with  op tica l   
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means and to  a l ign inser ts  5 ,  5’  wi th  one another .  In  th is  embodiment ,  pressure 

dis tr ibu tors 7  support  in ser t  5 ,  5’ ,  in  order  to  protec t  i t  against  breakage  due to  

overload ing with  the  in ject ion mould ing compound.  

 

Overloads of  inser t  5 ,  5’  can include  a thermal overload and a mechanica l  over load,  

which  can be prevented  by constra int -free clamping and an  in  par t icu lar  ful l -a rea 

support  of  inser t  5 ,  5 ’  in  mould 1.  
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Lis t  of  reference numbers  

 

 

 

 

1   mould for  inject ion moulding  

 

2   f irs t  mould ha lf  

 

3   second  mould half  

 

4   inspect ion window  

 

5 ,  5’   inser t  

 

5s,  5s’   s tructured mould ing sur face of  the inser t   

 

5b,  5b’   rear  side of  the inser t  

 

5m, 5m’  al ignment marks of  the inser t   

 

6   posi t ion ing mechanism  

 

7   pressure  distr ibutor  

 

8   f i l l ing opening  

 

9   venting duct  

 

10  in ject ion mould ing space  

 

E  mould par t ing p lane  
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Claims  

 

 

 

1 .  A dev ice fo r  in jec t ion moulding,  in  par t icular  fo r  micro - injec tion moulding,  at  

least  compr is ing:  

 

-  a  mould  (1)  with  a  f ir s t  mould half  (2)  and a second mould ha lf  (3 ) ,  

where in the f i rs t  mould half  (2)  and the second  mould ha lf  (3)  def ine  an  

inject ion mould ing space (10)  in  a  c losed state  of  the mould (1)  and  

 

-  a t  leas t  one inser t  (5)  arranged in  the in ject ion  moulding space (10) ,   

 

charac ter i sed in  that  the  at  leas t  one inser t  (5)  i s  at  leas t  par t ia l ly  compr ises  a  

polymer.  
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2 .  The dev ice accord ing to  cla im 1,  compr is ing a t  leas t  one  fur ther  inser t  (5’)  

arranged in  the in ject ion  moulding space  (10) ,  wherein the at  leas t  one inser t  

(5)  and/or  the at  leas t  one fur ther  inser t  (5’)  can be al igned in  the c losed state  

of  the mould (1) .  

 

3 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the at  

least  one inser t  (5 )  and /or  the at  leas t  one fur ther  inser t  (5’)  in  each case 

comprises/comprise a  moulding surface (5s,  5s’)  wi th  e last ic  st ructures.  

 

4 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the 

moulding surface (5s)  of  the  a t  leas t  one inser t  (5)  and the mould ing sur face 

(5s’)  of  the at  leas t  one fur ther  inser t  (5’)  can be al igned wi th  one another  in  

the c losed state  of  the mould (1) .  

 

5 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the  

structures  o f  the mould ing surface (5s)  of  the  at  leas t  one inser t  (5)  and the 

structures  of  the mould ing surface (5s’)  o f  the a t  least  one fur ther  inser t  (5’)  

can be al igned wi th  one another  in  the c losed sta te  of  the  mould (1) .  

 

6 .  The dev ice accord ing to  at  leas t  o ne of  the p receding c la ims,  where in a t  leas t  

one a  heat ing e lement is /are integra ted into  the at  least  one inser t  (5 ) ,  in to  the  

at  least  one fur ther  inser t  (5’)  and /or  into  the respect ive structures ,  so  that  the 

inject ion mould ing  
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space (10) ,  in  par t icul ar  an in jec t ion mould ing compound which can be 

conveyed  through a f i l l ing opening  (8)  in to  the  injec t ion moulding  space  (10) ,  

can be heated in  a  targe ted manner  by means of  the at  leas t  one  hea ting 

element.  

 

7 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the at  

least  one inser t  (5 )  and /or  the at  leas t  one fur ther  inser t  (5’) ,  in  par t icular  on 

the respect ive moulding  surface (5s,  5s’)  and/or  on a respec tive rear  side  (5b,  

5b’) ,  compr ises /comprise a  plural i ty  of  a l ignment marks (5m, 5m’) .  

 

8 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the f ir st  

mould ha lf  (2)  and/or  the second mould ha lf  (3)  comprises/comprise an 

inspect ion window (4) ,  so  that  the at  leas t  one inser t  (5)  and/or  the at  leas t  one 

fur ther  inser t  (5’)  can  be al igned and/or  can be al igned with  one ano ther  by 

means of  the plural i ty  o f  al ignment marks (5m, 5m’)  in  the c losed state  of  the 

mould (1) .   

 

9 .  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in the  f ir st  

mould ha lf  (2)  and/or  the s econd mould ha lf  (3)  in  each case 

comprises/comprise a t  leas t  one  posit ioning mechanism (6) ,  so  that  the at  least  

one inser t  (5)  and/or  the  at  leas t  one fur ther  inser t  (5’)  can be al igned wi th  the  

aid  of  the p lura l i ty  of  a l ignment  marks (5m, 5m’)  in  the c losed state  in  the 

mould (1) .  

 

10.  The dev ice accord ing to  at  leas t  one of  the p receding c la ims,  where in ,  with  the  

aid  of  the p lura l i ty  of  a l ignment  marks (5m, 5m’)  on the rear  s ide (5b)  o f  the 

at  least  one inser t  (5 )  and/or  on the rear  side  (5b’)  of  the  at  leas t  one  fur ther  

inser t  (5 ’) ,   
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  the structures o f  the moulding surface (5s)  of  the at  leas t  one  inser t  (5)  and the 

structures  of  the mould ing surface (5s’)  o f  the  a t  least  one fur ther  inser t  (5’)  

can be al igned wi th  one another  in  the c losed sta te  o f  the mould (1)  

 

11.  A method for  inject ion moulding,  in  par t icular  for  micro - injec tion moulding,  

where in an injec t ion moulding space (10)  i s  def ined by a mould with  a  f i rst  

mould ha lf  (2)  and a second mould ha lf  (3)  in  a  closed state  of  the mould (1) ,  

 charac ter i sed in  that  a t  leas t  one  inser t  (5)  arranged in  the inject ion moulding 

space (10)  comprises  at  least  par t ia l ly  a  polymer .  

 

12.  The method according  to  cla im 11,  wherein the at  least  one inser t  (5 )  and at  

least  one fur ther  inser t  (5’)  arranged in  th e injec t ion moulding space (10) ,  in  

par t icular  a  moulding  surface (5s)  o f  the at  least  one inser t  (5)  and/or  a  

moulding surface (5s’)  o f  the at  leas t  one fur ther  inser t  (5’) ,  a re  a l igned with  

one another  in  the  closed state  of  the mould (1)  in  the  in jec t io n mould ing 

space (10) .  

 

13.  The method according  to  at  leas t  one of  the p receding cla ims,  where in the at  

least  one inser t  (5 )  and /or  at  leas t  one fur ther  inser t  (5’)  i s/are a l igned with  

the a id  of  a  plural i ty  of  al ignment marks (5m,  5m’)  provided  on the a t  leas t  

one inser t  (5)  and/or  the  at  leas t  one fur ther  inser t  (5’) .  

 

14.  The method according  to  at  leas t  one of  the p receding cla ims ,  where in  an 

al ignment o f  the a t  least  one inser t  (5)  and/or  o f  the a t  leas t  one fur ther  inser t  

(5’)  i s  carr ied  out  on  the basis of  a  measurement of  an injec t ion moulded 

ar t icle ,   
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produced according  to  a  method accord ing to  a t  least  one of  the preced ing 

cla ims.  

 

15.  The method according  to  at  leas t  one of  the p receding cla ims,  where in an 

al ignment i s  carr ied out  by a reworking of  the  at  leas t  one inser t  (5)  and /or  of  

the a t  least  one fur ther  inser t  (5’) .   


