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•  The	  inlet	  micro-‐orifices	  are	  required	  in	  order	  to	  prolong	  the	  lifeJme	  of	  
future	   3D	   interlayer	   cooling	   systems	   and	   to	   extend	   their	   stable	  
operaJon.	  	  

•  In	   addiJon	   to	   the	   two-‐phase	   flow	   pa[ern,	   the	   overall	   stability	   of	  
refrigerant	   flows	   in	  mulJ-‐microchannel	   evaporator	   was	   invesJgated	  
and	  eight	  different	  operaJng	  regimes	  were	  disJnguished.	  The	  flashing	  
two-‐phase	  flow	  without	  back	  flow	  was	  found	  to	  provide	  the	  best	  flow	  
and	  thermal	  stabiliJes.	  

•  The	  outlet	   restricJon	  pressure	  drop	  due	   to	   the	  complex	  geometry	   is	  
correlated	  based	  on	  the	  outlet	  condiJons	  measured	  within	  the	  outlet	  
manifold’s	  plenum.	  	  

This	   research	   is	   founded	   by	   the	   Nano-‐Tera	   RTD	   project	   CMOSAIC	   (ref.	   123618)	   financed	   by	   the	   Swiss	  
ConfederaJon	   and	   scienJfically	   evaluated	   by	   SNSF.	   The	   authors	   would	   like	   to	   thank	   the	   Microelectronic	  
Systems	  Laboratory	   (LSM,	  EPFL)	  and	  Advanced	  Thermal	  Packaging	  group	   (IBM	  Zürich)	   for	  manufacturing	   the	  
test	  secJons	  and	  the	  workshop	  of	  Heat	  and	  Mass	  Transfer	  Laboratory	  for	  the	  work	  done	  on	  the	  experimental	  
facility.	  

Significant	   flow	   instabiliJes,	   vapor	   back	  
flow,	   and	   non-‐uniformity	   of	   the	   flow	  
among	  the	  channels	  were	  observed	  in	  the	  
test	  secJon	  without	  any	  inlet	  restricJons.	  
In	   order	   to	   prevent	   these	   phenomena,	  
100,	   75,	   50,	   25	   μm-‐wide,	   100	   μm-‐long,	  
and	   100	   μm-‐deep	   inlet	   restricJons	   were	  
successfully	  uJlized.	  	  

Snapshots	  of	  the	  high-‐speed	  flow	  visualizaJon	  and	  the	  Jme-‐averaged	  IR	  temperature	  maps	  provided	  by	  the	  two-‐phase	  flow	  boiling	  of	  
R245fa	   in	   the	   test	   secJon	  without	   any	   inlet	   restricJons	   (top	   line),	   and	  with	   the	  50	  μm-‐wide,	   100	  μm-‐deep,	   and	  100	  μm-‐long	   inlet	  
micro-‐orifices	  (bo[om	  line).	  The	  flow	  is	  from	  leh	  to	  right	  in	  all	  the	  presented	  images.	  Gch=2’035	  kg/m2s	  and	  qb=36.5	  W/cm2.	  
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Experiments	  
Eight	  different	  operaJng	  regimes	  of	  the	  two-‐phase	  flow	  boiling	  of	  R245fa,	  
R236fa	  and	  R1234ze(E)	  in	  the	  micro-‐evaporator	  with	  the	  inlet	  restricJons	  
were	  disJnguished:	  (1)	  single-‐phase	  flow	  in	  the	  test	  secJon	  with	  the	  vapor	  
bubbles	  at	  the	  outlet	  manifold’s	  plenum,	  (2)	  single-‐phase	  flow	  followed	  by	  
two-‐phase	  flow	  with	  back	  flow,	  (3)	  unstable	  two-‐phase	  flow	  with	  back	  flow	  
developing	   into	   jet	   flow,	   (4)	   jet	   flow,	   (5)	   single-‐phase	   flow	   followed	   by	  
two-‐phase	  flow	  without	  back	  flow	  (presented	  below),	   (6)	  two-‐phase	  flow	  
with	   back	   flow	   triggered	   by	   bubbles	   formed	   in	   the	   flow	   loop	   before	   the	  
test	   secJon,	   (7)	   flashing	   two-‐phase	  flow	  with	  back	  flow,	   and	   (8)	  flashing	  
two-‐phase	  flow	  without	  back	  flow	  (most	  desirable	  operaJng	  regime).	  	  

Snapshot	  of	  the	  high-‐speed	  flow	  visualizaJon	  and	  the	  Jme-‐averaged	  IR	  temperature	  map	  of	  the	  test	  secJon’s	  base	  provided	  by	  the	  
two-‐phase	  flow	  boiling	  of	  R236fa	  in	  the	  mulJ-‐microchannel	  evaporator	  for	  Gch=1’299	  kg/m2s,	  qb=13.5	  W/cm2.	  
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Mo,va,on	  
3D	   IC	   stacked	   architectures	   with	   interlayer	   cooling	   offer	   an	   excellent	  
opportunity	   to	   conJnue	   the	   CMOS	   performance	   trends	   over	   the	   next	  
decades.	   The	   difficulJes	   and	   costs	   in	   designing	   and	   fabricaJng	   such	   3D	  
systems	  do	  not	  allow	  sufficient	  devices	  to	  be	  tested	  in	  order	  to	  determine	  
their	   opJmal	   geometries	   and	   operaJon.	   Therefore,	   there	   is	   a	   need	   to	  
accurately	  measure	  the	  performance	  of	  the	  individual	  layers	  beforehand.	  	  
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The	   outlet	   restricJon	   pressure	   drop	   is	   correlated	   based	   on	   the	   outlet	  
plenum	  condiJons.	  For	  R236fa	  and	  the	  expansion	  raJo	  of	  e=2:	  

where:	  

The	  lateral-‐averaged	  wall	  heat	  transfer	  coefficient	  provided	  by	  the	  two-‐phase	  flow	  of	  R236fa	  in	  the	  test	  secJon	  with	  the	  50	  μm-‐wide	  
100	  μm-‐long,	  and	  100	  μm-‐deep	  inlet	  restricJons,	  thus	  e=2,	  for	  Gch=2’299	  kg/m2s,	  qb=48.6	  W/cm2	  as	  a	  funcJon	  of	  local	  vapor	  quality.	  
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