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ATLAS	
  Tracker	
  Layouts	


•  Current	
  inner	
  tracker	
  
–  Pixels:	
  5-­‐12	
  cm	
  
•  Si	
  area:	
  2.7	
  m2	
  	
  
•  IBL(2015):	
  3.3	
  cm	
  

–  Strips:	
  30-­‐51	
  (B)/28-­‐56	
  (EC)	
  cm	
  
•  Si	
  area:	
  62	
  m2	
  	
  

–  TransiOon	
  RadiaOon	
  Tracker	
  (TRT):	
  
56-­‐107	
  cm	
  
•  Occupancy	
  is	
  acceptable	
  for	
  <3x1034	
  
cm-­‐2s-­‐1	
  

•  Phase-­‐II	
  at	
  HL-­‐LHC:	
  5x1034	
  cm-­‐2s-­‐1	
  	


•  Phase-­‐II	
  upgrade	
  (LF	
  Step1	
  e.g.)	
  
–  Pixels:	
  4-­‐27	
  cm,	
  5	
  layers	
  
•  Si	
  area:	
  16.4	
  m2	
  

–  Strips:	
  40.-­‐100	
  (B)	
  cm,	
  4	
  layers	

•  Si	
  area:	
  122	
  (B)+71(EC)=138	
  m2	
  	
  

•  Major	
  changes	
  from	
  LHC	
  
–  All	
  silicon	
  tracker	
  
–  Large	
  increase	
  of	
  Si	
  area	
  
•  Pixels:	
  ~	
  6	
  ×	
  LHC	
  ATLAS	
  
•  Strips:	
  ~2.2	
  x	
  LHC	
  ATLAS	
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Preliminary	




Quad	
  FE-­‐I4	
  ASIC	
  FC	
  module	

•  Less	
  assembly	
  cost	
  
–  Less	
  parts	
  ==	
  larger	
  objects	
  

•  ASIC	
  
–  Full	
  reOcle	
  size	
  ~	
  20	
  x	
  20	
  mm2	
  (in	
  6-­‐in.	
  

wafer)	
  
–  ATLAS	
  IBL:	
  FE-­‐I4	
  ASIC	
  Ref.[1]	
  (50x250	
  µm2	
  

pixel,	
  330x80	
  pixels,	
  19x20.2	
  mm2)	
  
–  Phase-­‐II	
  upgrade:	
  RD53	
  ASIC	
  (50x50	
  µm2	
  

pixel,	
  330x400	
  pixels(?))	
  
•  Sensor	
  
–  Large	
  enough	
  but	
  not	
  too	
  large(?)	
  
–  Size:	
  quad	
  FE-­‐I4	
  ASIC,	
  	
  
–  ≥	
  34x41	
  mm2,	
  depending	
  on	
  edge	
  space	
  

•  Bumpbonded	
  object	
  
–  called	
  “quad-­‐sensor	
  flipchip	
  (FC)”	
  

modules	
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5th-­‐1	
  wafer	
  layout	
  -­‐Quad	
  Sensors	


Type	
 A	
 B	
 C	


Pixel	
  structure	
  Ref.[2]	
 #10,	
  #12	
 #9,	
  #19	
 #10,	
  #12	


No.	
  ganged	
  pixels	
 4/4	
 3/3	
 2/2	
  

No.	
  pixels	
  in	
  interval	
 8/3	
 8/3	
 8/3	


Readout	
  Pixels	
  with	
  ganging	
 6th-­‐9th/
1st-­‐4th	


7th-­‐9th/
2nd-­‐4th	


8th-­‐9th/
3rd-­‐4th	


Bump	
  gap	
  (µm)	
 450,	
  350	
 350,	
  350	
 250,	
  250	


Pixel	
  length	
  at	
  boundary	
  (µm)	
 400	
 400	
 350	


PIXEL2016	
  at	
  Sestri	
  Levante,	
  2016/9/5-­‐9	
 4	


Type	
  A:	
 Type	
  B:	
 Type	
  C:	

(Pixel	
  structure	
  #10)	


(Pixel	
  structure	
  #12)	


(Pixel	
  structure	
  #9)	


(Pixel	
  structure	
  #19)	


(Pixel	
  structure	
  #10)	


(Pixel	
  structure	
  #12)	


Readout	
  pixels	
  of	
  the	
  ganged	
  pixels	


6-­‐in.	
  wafer	


A	

B	


C	


Type	
  B:	




Hybrid	
  Planar	
  Pixel	
  Sensor	
  Module	


•  Advantages:	
  
–  ASIC	
  and	
  Pixel	
  sensor	
  can	
  be	
  opOmized	
  independently.	
  
–  VersaOlity	
  of	
  sensor	
  material	
  
•  could	
  be	
  a	
  real	
  advantage	
  in	
  industry,	
  e.g.	
  infra-­‐red	
  light	
  detecOon	
  with	
  InGaAs	
  pixels	
  
•  in	
  turn,	
  we	
  (HEP)	
  benefit	
  from	
  the	
  industrialized	
  technology	
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R&D	
  of	
  Bumpbonding	
  (BB)	

•  PIXEL2010	
  Ref.[2]	
  	
  
–  Lead	
  (PbSn)	
  solder	
  bumps	
  
•  Thick	
  Sensor/ASIC:	
  320	
  µm/~700	
  µm	
  	
  
•  Basically,	
  no	
  issue	
  

•  HSTD8-­‐2011	
  Ref.[3]	
  	
  
–  Lead-­‐free（SnAg)	
  solder	
  bumps	
  
•  Lead-­‐free	
  is	
  mandatory	
  in	
  industry	
  

–  Observed	
  large	
  bump-­‐resistance	
  
–  Solved	
  with	
  
•  new	
  under-­‐bump-­‐metalizaOon	
  (UBM)	
  
•  together	
  with	
  the	
  removal	
  of	
  surface	
  

oxide	
  layer	
  with	
  Plasma	
  etching	
  (top-­‐right	
  
Figure)	
  

•  2012-­‐2015	
  
–  Thick	
  sensor/Thin	
  ASIC:	
  320	
  µm/150	
  

µm	
  has	
  been	
  successful,	
  but	
  
–  Thin	
  sensor/Thin	
  ASIC:	
  150	
  µm/150	
  µm,	
  

and	
  four	
  ASIC’s	
  
•  Observed	
  disconnected	
  bumps	
  in	
  large	
  

area	
  
•  Then,	
  sequence	
  of	
  R&D’s	
  ...	
  this	
  report	
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4.2. Parylene coating

Two FE-I3 1-chip pixel modules, KEK1 and KEK2, were
assembled on FE-I3 single chip cards (SCCs) [3]. The vicinities of
the pixel modules in the SCC’s were conformally coated with
Parylene-C of ! 3 mm in thickness [16], for which the breakdown
voltage is expected to be 41000 V [17]. These Parylene-coated
SCC’s were irradiated using 70 MeV protons to 1:1" 1015 neq=cm2

[18]; no damage to the parylene was observed. The leakage
currents as a function of the bias voltage are shown in Fig. 10;
the breakdown was observed at approximately 700 V, which was
consistent with the known breakdown voltage of the card. These
FE-I3 1-chip modules were in the test beams at CERN in 2010 and
2011 [11]. In retrospect, the softer Parylene-N might be better
suited for our application than the harder Parylene-C, as the
Parylene-N produces a highly conformal thin coating.

5. Bump-bonding at HPK

5.1. SnAg bump-bonding

We have been developing bump-bonding technology at
HPK. The FE-I3 1-chip pixel modules in Section 4.2 were bump-
bonded at HPK, using the pixel sensors applied with electroless

under-bump-metallization (UBM) at HPK and FE-I3 read-out chips
applied with electro-plating UBM and lead–tin (PbSn) solder
bumps at IZM.

Because industrial bump bonding has begun shifting towards
lead-free materials, we performed tin–silver (SnAg) solder bump
bonding with the FE-I3 and the FE-I4 dummy sensors and the
dummy read-out chips with daisy-chain patterns. The FE-I4
1-chip and the 4-chip bump-bonded modules are shown in
Fig. 11, (left) 1-chip with 150 mm-thick chips and (right) 4-chip
with 320 mm-thick chips. The UBM of one side was electroless and
the other side of the SnAg bumps was electroplated. We have
previously reported a high resistance per (SnAg) bump, likely
because of the (possible) existence of a thin insulating layer [3].
The issue has been resolved by including a plasma-etching
process. The resistances of the daisy chains of the new FE-I4
1-chip dummy module are shown in Fig. 12. The resistance per
bump was ! 0:28 O, comparable to the resistance of PbSn of
! 0:14 O reported in Ref. [3].

5.2. Thermal cycling

The pixel modules are to be cooled to, e.g., #40 1C to reduce
the leakage current after heavy irradiation. Thermo-mechanical
resistance to the thermal cycling is an issue in bump-bonded
modules. To achieve a high cool-down/warm-up slew rate, a
simple setup consisting of climate chambers was prepared: one
chamber with a low (#40 1C) and the other with a high (þ50 1C)
temperature; each condition included a large aluminum block
placed inside the chamber to act as a heat capacitor. Six FE-I4
1-chip dummy modules were subjected to 10 thermal cycles. The
samples were placed in an aluminum box. The aluminum box was

Fig. 9. HV encapsulation of FE-I4 module for use with test beam.
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Fig. 10. Leakage current as a function of the bias voltage of FE-I3 module after
Parylene-C (! 3 mm) coating.

Fig. 11. FE-I4 1-chip and 4-chip dummy modules.
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Fig. 12. Resistances of SnAg solder bumps of FE-I4 1-chip dummy module.

Y. Unno et al. / Nuclear Instruments and Methods in Physics Research A 699 (2013) 72–7776

HSTD8-­‐2011:	
  Y.	
  Unno,	
  et	
  al.,	
  	
  
Nucl.	
  Instr.	
  Meth.	
  A699	
  (2013)	
  72-­‐77	
  

Daisy-­‐chain	
  samples	


2x2	
  FE-­‐I4	
  
	
  
90Sr	
  source	
  
response	


Example	
  of	
  disconnected	
  bumps	
  in	
  SnAg	
  BB	




Bumpbonding	
  technology	
  in	
  HPK	

•  BB	
  objects:	
  
–  ASIC’s	
  with	
  UBM+bumps	
  
–  Sensor	
  with	
  UBM	
  

•  BB	
  steps:	
  
–  Vacuum-­‐chuck	
  jig	
  (top&boxom)	
  to	
  hold	
  

and	
  flaxen	
  the	
  object	
  
•  Jig	
  size:	
  20	
  x	
  20	
  mm2	
  =	
  one	
  FE-­‐I4	
  size	
  

–  ASIC’s	
  are	
  bump-­‐bonded	
  one-­‐by-­‐one,	
  
with	
  heat	
  process	
  while	
  bumping	
  

•  Issues	
  idenOfied:	
  
–  Warpage	
  of	
  objects	
  
–  Surface	
  oxidaOon	
  
•  ApplicaOon	
  of	
  plasma-­‐etching	
  (PE)	
  was	
  

effecOve	
  but	
  oxidated	
  a{er	
  certain	
  Ome	
  a{er	
  
PE,	
  then	
  observed	
  BB	
  deficiency	
  

•  Not	
  only	
  of	
  SnAg	
  bumps	
  but	
  also	
  of	
  the	
  UBM	
  
on	
  sensor	
  

•  UBM	
  of	
  sensor	
  experiences	
  several	
  Omes	
  of	
  
heaOng	
  –	
  mulL-­‐chip	
  bumpbonding	
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UBM	
  
(MulO	
  layer	
  of	
  

metals)	


Sensor	


ASIC	


Bump	


Sensor	


ASIC	




Warpage	

•  Bi-­‐metal	
  effect	
  
–  Coeff.	
  of	
  thermal	
  exp.:	
  	
  
•  Bulk	
  (Si):Surface	
  passivaOon	
  (SiO2)=	
  2.8-­‐7.3	
  :	
  0.51-­‐0.58	
  ppm/K	
  
•  OxidaOon	
  process	
  (high	
  temp.)	
  →	
  room	
  temp	
  

–  Warpage	
  ~	
  (thickness)~3	
  	
  
•  Sensor:	
  320	
  →	
  150	
  µm：	
  3	
  →	
  25	
  µm	
  

•  Flatness	
  in	
  BB	
  
–  HPK’s	
  BB	
  uses	
  vacuum-­‐chuck	
  jig	
  to	
  flaxen	
  the	
  object	
  
•  cf.	
  Temporarily	
  support	
  wafer	
  (thick	
  glass)	
  axachment	
  and	
  

removal	
  

–  Warpage	
  needs	
  to	
  be	
  <<BB	
  gap	
  (~20	
  µm)	
  
•  ASIC	
  (150	
  µm,	
  a{er	
  reflow	
  of	
  bump	
  deposiOon)	
  ~40	
  µm	
  
•  Another	
  way	
  of	
  helping	
  flaxening	
  -­‐	
  DeposiOon	
  of	
  compensaOon	
  

layer	
  to	
  backside	
  of	
  ASIC	
  –	
  effecOve	
  but	
  seems	
  unnecessary	
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(AcLve	
  face	
  top)	
 Free	
 ANer	
  reflow	
 Vacuum	
  chuck	


Sensor	
  (150	
  µm)	
 ~30	
  µm凸	
 N/A	
 ~5	
  µm凸凹	


Sensor	
  (320	
  µm)	
 ~3	
  µm凸凹	
 N/A	
 N/A	


ASIC	
  (150	
  µm)	
 ~10-­‐15	
  µm凹	
 ~50	
  µm凹	
 ~5	
  µm凹	


ASIC	
  (150	
  µm)+Backside	
  compensat’n	
 ~10	
  µm凸凹	
 ~10	
  µm凸凹	
 ~8	
  µm	
  凸凹	


Quad	
  sensor	
  
One	
  FE-­‐I4	
  area	
  
凸30	
  µm	
  →凸凹5	
  µm	
  
	




•  R&D’s	
  
–  Using	
  solder	
  flux,	
  Indium	
  BB,	
  Hydrogen-­‐reflow	
  

	
  
•  ValidaOon	
  
–  Thermal	
  cycling	
  (TC):	
  [-­‐40,	
  +40]°C,	
  5	
  Omes	
  
–  IrradiaOon	
  (IR):	
  3x1015	
  neq/cm2	
  at	
  -­‐15	
  °C	
  
•  Irradiated	
  spot	
  is	
  heated	
  to	
  several	
  10	
  °C,	
  induces	
  thermal	
  stress	
  

–  60Co	
  !	
  source	
  response	
  for	
  bump	
  connecOon	
  test	
  (SS)	
  

IdenOfying	
  and	
  solving	
  the	
  issue	
  of	
  
surface	
  oxidaOon	
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UBM	
  

Sensor	


ASIC	


Bump	


UBM	
  

Method	
 Quad	
  samples	
  
(#ASIC’s)	
  

Bump	
  
(ASIC)	


1 Solder	
  flux,	
  with/without	
 2	
  (8),	
  1	
  (4)	
 SnAg	


2 Indium	
  BB	
 3	
  (12),	
  4	
  (16)	
 In,	
  Ni-­‐In	


3 Hydrogen-­‐reflow	
 4	
  (16)	
 SnAg	




Solder	
  flux	

•  Solder	
  flux	
  is	
  known	
  to	
  remove	
  

surface	
  oxidaOon	
  
–  in	
  retrospect,	
  both	
  surfaces	
  (ASIC	
  and	
  

sensor)	
  
•  ValidaOon	
  
–  Sample	
  of	
  “No	
  flux”	
  showed	
  large-­‐area	
  

bump	
  disconnecOon	
  in	
  number	
  of	
  chips.	
  
–  Samples	
  “With	
  flux”	
  developed	
  no	
  large-­‐

area	
  bump	
  disconnecOon,	
  in	
  2	
  quad-­‐
sensor	
  FC’s	
  (8	
  ASIC’s)	
  

•  AddiOonal	
  validaOon	
  
–  Concerns:	
  
•  Amount	
  of	
  flux	
  –	
  issue	
  of	
  BB	
  QC	
  
•  Residue	
  a{er	
  cleaning	
  –	
  dixo	
  
–  tested	
  in	
  another	
  one	
  sample	
  
–  TC	
  [-­‐40,+85]°C,	
  100	
  Omes	
  –	
  passed	
  
–  Temp-­‐Humidity	
  test	
  [+40°C,	
  RH90%],	
  1000	
  hrs	
  –	
  

passed,	
  no	
  short	
  between	
  pixels	
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SS	
  a{er	
  irrad.	
  	
  
KEK98	
  (No	
  flux)	


KEK99	
  (flux)	




Indium	
  BB	

•  Indium	
  BB	
  is	
  a	
  well-­‐established	
  

technology.	
  
–  (relaOvely)	
  insensiOve	
  to	
  surface	
  

oxidaOon	
  
•  Two	
  indium	
  bumps	
  tried:	
  
–  (1)	
  Indium	
  ball	
  (abbreviated	
  as	
  “In”)	
  
–  (2)	
  Ni-­‐pillar	
  +	
  Indium	
  cap	
  (“Ni-­‐In”)	
  
•  Reducing	
  amount	
  of	
  In.	
  for	
  reducing	
  cost	
  
and	
  chance	
  to	
  capturing	
  sharp-­‐angle	
  
debris	
  

•  ValidaOon	
  
–  No	
  large	
  area	
  bump	
  disconnecOon	
  in	
  7	
  

quad-­‐sensor	
  FC’s	
  (28	
  ASIC’s)	


PIXEL2016	
  at	
  Sestri	
  Levante,	
  2016/9/5-­‐9	
 11	


SS	
  a{er	
  irrad.	
  –	
  KEK97	




Hydrogen-­‐reflow	
  SnAg	

•  No	
  solder	
  flux	
  
•  Hydrogen-­‐radical	
  reflow	
  process	
  
–  A	
  technology	
  to	
  deoxidize	
  the	
  surface	
  

with	
  Hydrogen-­‐radicals	
  (H*)	
  
•  4H*+SnO2	
  →	
  Sn	
  +	
  2H2O	
  
•  2H*+SnO	
  →	
  Sn	
  +	
  H2O	
  

–  Applied	
  to	
  the	
  objects	
  just	
  before	
  BB	
  
•  Equipment	
  is	
  small	
  enough	
  to	
  use	
  at	
  next	
  to	
  
BB	
  machine	
  (No	
  with	
  plasma-­‐etching)	
  

•  ValidaOon	
  
–  No	
  large-­‐area	
  bump	
  disconnecOon	
  in	
  4	
  

quad-­‐sensor	
  FC’s	
  (16	
  ASIC’s)	
  
–  In	
  addiOon,	
  we	
  have	
  had	
  addiOonal	
  16	
  

single-­‐sensor	
  FC’s	
  (16	
  ASIC’s)	
  –	
  No	
  large	
  
area	
  disconnecOons.	
  

•  HPK	
  has	
  established	
  a	
  technology	
  
for	
  large-­‐volume	
  producOon	
  of	
  thin/
thin	
  (150/150	
  µm)	
  with	
  SnAg	
  bumps	
  
successfully.	
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SS	
  a{er	
  irrad.	
  –	
  KEK107	




EvaluaOon	
  with	
  beams	


•  POSTER	
  by	
  K.	
  Nakamura	
  

•  Irrad.:	
  2.7x1015	
  neq/cm2	
  	
  
•  Under	
  the	
  traces	
  ganging	
  

pixels,	
  efficiency	
  loss	
  is	
  
confirmed	
  at	
  the	
  boundary	
  of	
  
pixels;	
  lixle	
  loss	
  over	
  pixels,	
  as	
  
expected.	
  
–  sOll	
  eff.	
  loss	
  ≤	
  1%	
  

•  Also,	
  lixle	
  loss	
  in	
  non-­‐irrad.	
  
module.	
  	
  

•  ExplanaOon:	
  
–  POSTER	
  by	
  Y.	
  Unno	
  and	
  R.	
  Hori	
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Quad:	
  TypeB	
  
Pixel:	
  Type19	
  
Gang:	
  3	


2.7x1015	
  neq/cm2	
  	
  
-­‐800	
  V	


2.7x1015	
  neq/cm2	
  	
  
-­‐800	
  V	


(a)	


(b)	


(a)	
  along	
  over	
  pixels	




Summary	

•  We	
  have	
  produced	
  5th-­‐1	
  wafer	
  layout	
  in	
  a	
  6-­‐in.	
  wafer	
  with	
  7	
  

large-­‐format	
  of	
  quad-­‐FE-­‐I4	
  n+-­‐in-­‐p	
  pixel	
  sensors.	
  	
  
–  Pixel	
  structures	
  are	
  adapted	
  the	
  designs	
  of	
  PolySi	
  biasing	
  resistor	
  

network	
  miOgaOng	
  the	
  efficiency	
  loss	
  at	
  the	
  pixel	
  boundary,	
  together	
  
with	
  those	
  without	
  biasing	
  network	
  for	
  a	
  reference.	
  	
  

•  We	
  have	
  worked	
  on	
  the	
  bumpbonding	
  of	
  thin	
  (150	
  µm)	
  sensor	
  
and	
  thin	
  (150	
  µm)	
  ASIC’s	
  with	
  lead-­‐free	
  (SnAg)	
  bumps.	
  	
  
–  We	
  have	
  encountered	
  BB	
  deficiency	
  of	
  large-­‐area	
  bump	
  disconnecOons,	
  

a{er	
  thermal	
  stress	
  including	
  irradiaOon.	
  	
  
–  The	
  deficiency	
  is	
  idenOfied	
  to	
  be	
  caused	
  by	
  several	
  factors:	
  warpage,	
  

surface	
  oxidaOon,	
  mulO-­‐chip	
  bumpbonding.	
  	
  
–  Warpage	
  is	
  miOgated	
  with	
  a	
  bexer	
  vacuum-­‐chuck	
  jig,	
  without	
  support	
  

wafer.	
  
–  The	
  surface	
  oxidaOon	
  is	
  idenOfied	
  as	
  a	
  fundamental	
  source	
  of	
  the	
  issue	
  

with	
  sequence	
  of	
  R&D’s	
  and	
  solved,	
  with	
  using	
  solder	
  flux,	
  with	
  indium	
  
BB,	
  or	
  applying	
  Hydrogen-­‐radical	
  reflow	
  to	
  the	
  objects	
  just	
  before	
  the	
  
bumpbonding	
  in	
  SnAg	
  Bumps.	
  	
  

– We	
  have	
  established	
  a	
  technology	
  for	
  large-­‐volume	
  
producOon	
  of	
  thin/thin	
  ASIC/sensor	
  mulO-­‐chip	
  flux-­‐less	
  SnAg	
  
bumbponding.	
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•  ATLAS	
  detector	
  to	
  design	
  for	
  
–  Instantaneous	
  lum.:	
  7x1034	
  cm-­‐2s-­‐1	
  

–  Integrated	
  lum.:	
  6000	
  W-­‐1	
  (including	
  safety	
  factor	
  2	
  in	
  dose	
  rate)	
  
–  Pileup:	
  200	
  events/crossing	


ParOcle	
  fluences	
  in	
  ATLAS	


•  PIXELs	
  (HL-­‐LHC)	
  
–  Inner:	
  r=3.7	
  cm	
  	
  ~2.2x1016	
  	
  
–  Medium:	
  r	
  =	
  7.5	
  cm,	
  ~6x1015	
  
–  Med/Out:	
  r=15.5	
  cm	
  ~2x1015	
  	
  
–  Outer:	
  r	
  =	
  31	
  cm	
  (?)	
  	
  ~1x1015	
  	
  
–  Charged:Neutrons	
  ≥	
  1	
  

•  STRIPs	
  (HL-­‐LHC)	
  
–  Replacing	
  Strip	
  and	
  TRT	
  
–  Short	
  strip:	
  r	
  =	
  30	
  cm,	
  e.g.	
  
•  ~1x1015	
  	
  

–  Long	
  strips:	
  r	
  =	
  60	
  cm,	
  
•  ~5×1014	
  	
  

–  Neutrons:Charged	
  ≥	
  1	
  
•  IBL	
  (LHC)	
  
–  Insertable	
  B-­‐layer	
  pixel	
  
–  r	
  =	
  3.3	
  cm	
  
•  Flunece	
  ~3x1015	
  neq/cm2	
  	
  
•  at	
  Int.L~300	
  �-­‐1	
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Short	
  strips	


Long	
  strips	




Towards	
  “Flux-­‐less”	
  SnAg	
  BB	

•  Issue	
  in	
  making	
  good	
  solder	
  wetness	
  is	
  “removing	
  
surface	
  oxide	
  at	
  the	
  Ome	
  of	
  bumpbonding	
  (BB)”	
  
– How	
  can	
  it	
  be	
  done?	
  
–  Panasonic	
  in	
  literature:	
  	
  
•  M.	
  Matsumoto	
  et	
  al.,	
  “High-­‐Speed	
  ReducOon	
  of	
  Oxide	
  Film	
  
Using	
  Atmospheric-­‐Pressure	
  InducOvely	
  Coupled	
  Microplasma	
  
Jet”,	
  Panasonic	
  Technical	
  Journal	
  Vol.	
  57	
  No.	
  2	
  Jul.	
  2011	
  

–  Perhaps,	
  the	
  Panasonic	
  Bumpbonder	
  is	
  equipped	
  with	
  
this	
  device	
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Ar	
  plasma→	
  Ar/H2	
  →	
  H*	
  radical	
  
SnO2	
  +	
  4H*	
  →	
  Sn	
  +	
  2H2O	
  
SnO	
  +	
  2H*	
  →	
  Sn	
  +	
  H2O	


HPK	
  has	
  a	
  similar	
  device	
  and	
  
will	
  try	
  in	
  the	
  next	
  SnAg	
  BB.	



