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SPECIAL	
  THANKS	
  

We	
  remain	
  deeply	
  indebted	
  to:	
  

Mike	
  and	
  Ophelia	
  Lazaridis	
  
The	
  University	
  of	
  Waterloo	
  
Canada	
  Foundation	
  for	
  Innovation	
  
Ontario	
  Ministry	
  of	
  Economic	
  Development	
  and	
  Innovation	
  
Industry	
  Canada	
  

A	
  huge	
  debt	
  of	
  gratitude	
  is	
  owed	
  to	
  two	
  exceptional	
  people	
  whom	
  played	
  exceedingly	
  
important	
  roles	
  during	
  the	
  many	
  phases	
  of	
  the	
  Lazaridis	
  Quantum-­‐Nano	
  Centre	
  project:	
  	
  

Byron	
  Murdock	
   Senior	
  Projects	
  Construction	
  Co-­‐ordinator,	
  Plant	
  Operations,	
  for	
  
his	
  leadership,	
  perseverance,	
  diligence	
  and	
  outstanding	
  work	
  ethic	
  throughout	
  the	
  many	
  
challenging	
  chapters	
  of	
  the	
  building	
  construction	
  and	
  lab	
  fit-­‐out	
  projects.	
  	
  

Scott	
  Nicoll	
   Manager,	
  Space	
  Planning,	
  Office	
  of	
  the	
  Associate	
  Provost,	
  
Resources,	
  for	
  his	
  exceptional	
  and	
  innumerable	
  contributions	
  throughout	
  all	
  stages	
  of	
  
QNC	
  design,	
  construction	
  and	
  lab	
  fit-­‐out	
  activities.	
  His	
  role	
  in	
  successfully	
  and	
  safely	
  
ramping	
  up	
  lab	
  operations	
  post-­‐occupancy	
  cannot	
  be	
  overstated.	
  Special	
  thanks	
  for	
  being	
  
a	
  trusted	
  friend.	
  

Special	
  thanks	
  to	
  the	
  following	
  people	
  and	
  their	
  respective	
  teams	
  whom	
  together	
  
contributed	
  greatly	
  towards	
  the	
  implementation	
  of	
  our	
  excellent	
  infrastructure:	
  

Stephen	
  Cook	
   Manager,	
  Procurement	
  &	
  Contract	
  Services	
  
Dan	
  Parent	
   Director,	
  Design	
  &	
  Construction	
  Services,	
  University	
  Architect,	
  

Plant	
  Operations	
  
Rick	
  Zalagenas	
   Director,	
  Maintenance	
  &	
  Utilities,	
  Plant	
  Operations	
  

In	
  addition,	
  we	
  are	
  grateful	
  to	
  the	
  following	
  individuals	
  for	
  their	
  strong	
  support	
  throughout	
  
the	
  construction	
  and	
  fit-­‐out	
  phases	
  of	
  the	
  Quantum	
  NanoFab	
  facility:	
  

Arthur	
  Carty	
   Executive	
  Director,	
  Waterloo	
  Institute	
  for	
  Nanotechnology	
  (WIN)	
  
David	
  Cory	
   Faculty,	
  Quantum	
  NanoFab	
  Scientific	
  Director	
  (representing	
  IQC)	
  
George	
  Dixon	
   V.P.,	
  University	
  Research	
  
Dennis	
  Huber	
   V.P.,	
  Admin	
  and	
  Finance	
  
Raymond	
  Laflamme	
   Executive	
  Director,	
  Institute	
  for	
  Quantum	
  Computing	
  (IQC)	
  
Tong	
  Leung	
   Faculty,	
  Quantum	
  NanoFab	
  Scientific	
  Director	
  (representing	
  WIN)	
  
Terry	
  McMahon	
   Dean	
  of	
  Science	
  	
  
Adel	
  Sedra	
   Adjunct	
  Professor	
  and	
  Distinguished	
  Professor	
  Emeritus	
  
Pearl	
  Sullivan	
   Dean	
  of	
  Engineering	
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1. EXECUTIVE	
  SUMMARY	
  

This	
  report	
  summarizes	
  the	
  operational	
  activities	
  and	
  financial	
  highlights	
  of	
  the	
  Quantum-­‐
Nano	
  Fabrication	
  Core	
  Facility	
  (Quantum	
  NanoFab)	
  for	
  the	
  period	
  May	
  2012	
  to	
  August	
  2014.	
  Key	
  
construction	
  activities	
  and	
  milestones	
  related	
  to	
  the	
  final	
  implementation	
  of	
  the	
  QNC	
  cleanroom,	
  
prior	
  to	
  commencement	
  of	
  fab	
  operations	
  in	
  September	
  2014,	
  are	
  also	
  presented.	
  

The	
  Quantum	
  NanoFab	
  Team	
  grew	
  over	
  this	
  period	
  to	
  further	
  enhance	
  its	
  ability	
  to	
  provide	
  
excellent	
  service	
  to	
  its	
  broad	
  customer	
  base.	
  In	
  March	
  2014	
  Mai-­‐Britt	
  Mogensen	
  assumed	
  the	
  
role	
  of	
  Cleanroom	
  Certification	
  &	
  Inventory	
  Specialist.	
  In	
  December	
  2014	
  Matthew	
  Scott	
  
assumed	
  the	
  role	
  of	
  NanoFabrication	
  Equipment	
  Technologist.	
  

A	
  key	
  financial	
  highlight	
  over	
  this	
  reporting	
  period	
  was	
  a	
  formal	
  joint	
  agreement	
  between	
  the	
  
Deans	
  of	
  Engineering	
  and	
  Science	
  and	
  the	
  Executive	
  Directors	
  of	
  IQC	
  and	
  WIN	
  to	
  fund	
  the	
  
$2.34M	
  in	
  additional	
  monies	
  needed	
  to	
  complete	
  the	
  QNC	
  cleanroom	
  fit-­‐out	
  project.	
  The	
  
services	
  of	
  AdvanceTEC	
  LLC	
  were	
  secured	
  in	
  April	
  2013	
  to	
  complete	
  the	
  project	
  at	
  a	
  total	
  final	
  
cost	
  of	
  $3.95M.	
  This	
  exceeded	
  May	
  2012	
  estimates	
  by	
  7%.	
  

Many	
  challenges	
  were	
  faced	
  and	
  successfully	
  dealt	
  with	
  prior	
  to	
  and	
  during	
  the	
  nine	
  month	
  
cleanroom	
  fit-­‐out	
  project.	
  Some	
  of	
  these	
  included	
  augmenting	
  the	
  capacity	
  of	
  the	
  cleanroom	
  
power	
  feed,	
  stabilizing	
  facility	
  temperature	
  and	
  humidity	
  control,	
  designing	
  and	
  installing	
  an	
  
RO/DI	
  water	
  plant	
  and	
  distribution	
  loop	
  and	
  dealing	
  with	
  building	
  envelope	
  issues	
  which	
  
wreaked	
  havoc	
  with	
  fit-­‐out	
  activities	
  and	
  project	
  timelines.	
  	
  

Overall	
  use	
  of	
  the	
  RAC1	
  temporary	
  facility	
  grew	
  substantially	
  over	
  the	
  course	
  of	
  the	
  2012/13	
  
fiscal	
  year	
  to	
  over	
  6000	
  hours	
  of	
  lab	
  equipment	
  bookings.	
  This	
  was	
  up	
  from	
  just	
  over	
  3500	
  hours	
  
the	
  previous	
  fiscal	
  year.	
  Several	
  new	
  process	
  recipes	
  and	
  statistical	
  process	
  control	
  initiatives	
  
were	
  implemented	
  over	
  this	
  period	
  to	
  improve	
  the	
  Lab	
  Member	
  experience	
  and	
  to	
  increase	
  
research	
  output.	
  Some	
  of	
  the	
  devices	
  fabricated	
  by	
  the	
  facility’s	
  growing	
  membership	
  are	
  
detailed	
  in	
  section	
  5.1.	
  

Operating	
  costs	
  for	
  FY2013/14	
  grew	
  substantially	
  to	
  just	
  under	
  $800k.	
  This	
  was	
  largely	
  due	
  to	
  
the	
  acquisition	
  of	
  annual	
  service	
  contracts	
  for	
  five	
  of	
  the	
  lab’s	
  most	
  complex	
  and	
  widely	
  used	
  
systems.	
  Several	
  backup	
  roughing	
  pumps	
  were	
  also	
  acquired	
  with	
  an	
  aim	
  of	
  augmenting	
  lab	
  
equipment	
  uptimes	
  to	
  the	
  overall	
  benefit	
  of	
  the	
  Lab	
  Member	
  community.	
  	
  

Facility	
  access	
  fees	
  remained	
  stable	
  over	
  the	
  period	
  April	
  2012	
  to	
  December	
  2013	
  when	
  RAC1	
  
temporary	
  operations	
  were	
  suspended	
  in	
  preparation	
  for	
  the	
  move	
  to	
  QNC.	
  Revised	
  internal	
  and	
  
external	
  fees	
  were	
  implemented	
  on	
  September	
  1,	
  2014.	
  

Several	
  initiatives	
  were	
  not	
  fully	
  completed	
  as	
  originally	
  planned	
  prior	
  to	
  commencement	
  of	
  
QNC	
  operations.	
  The	
  decision	
  was	
  made	
  to	
  move	
  forward	
  with	
  the	
  published	
  September	
  2,	
  2014	
  
grand	
  opening	
  date	
  and	
  to	
  complete	
  these	
  on	
  a	
  priority	
  basis	
  over	
  the	
  course	
  of	
  the	
  ensuing	
  
months.	
  The	
  Quantum-­‐Nano	
  Centre’s	
  nanofabrication	
  toolset	
  is	
  nearly	
  triple	
  the	
  toolset	
  
available	
  at	
  the	
  old	
  RAC1	
  temporary	
  cleanroom.	
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2. GOVERNANCE	
  

The	
  facility's	
  organizational	
  structure	
  and	
  management	
  plan	
  received	
  the	
  approvals	
  of	
  
Raymond	
  Laflamme,	
  Executive	
  Director	
  of	
  IQC,	
  and	
  Arthur	
  Carty,	
  Executive	
  Director	
  of	
  WIN,	
  in	
  
October	
  2010.	
  This	
  organizational	
  structure	
  remains	
  in	
  place	
  in	
  its	
  original	
  form	
  (Appendix	
  A).	
  
The	
  detailed	
  plan	
  is	
  available	
  online:	
  	
  https://fab.qnc.uwaterloo.ca/governance	
  

3. PEOPLE	
  

The	
  Quantum	
  NanoFab	
  team	
  grew	
  by	
  two	
  people	
  in	
  2014.	
  Mai-­‐Britt	
  Mogensen	
  joined	
  the	
  
team	
  in	
  March	
  to	
  fill	
  the	
  role	
  of	
  Cleanroom	
  Certification	
  &	
  Inventory	
  Specialist.	
  Matthew	
  (Matt)	
  
Scott	
  joined	
  the	
  team	
  in	
  December	
  as	
  NanoFabrication	
  Equipment	
  Technologist.	
  

Quantum	
  NanoFab	
  Team:	
  
	
   Equipment	
  Technologists	
   Brian	
  Goddard	
  
	
   	
   Rodello	
  (Rod)	
  Salandanan	
  
	
   	
   Matthew	
  (Matt)	
  Scott	
  
	
   Process	
  Engineering	
   Nathan	
  Nelson-­‐Fitzpatrick	
  

	
   Cleanroom	
  Certification	
  &	
  Inventory	
  Specialist	
   Mai-­‐Britt	
  R.	
  G.	
  Mogensen	
  
	
   Information	
  Technology	
   Steve	
  G.	
  Weiss	
  

	
   Accounting	
   Mary	
  Lyn	
  Payerl	
  

	
   Director	
  of	
  Operations	
   Vito	
  Logiudice	
  

Management	
  Team:	
  
	
   Faculty,	
  Scientific	
  Director	
  (IQC)	
   David	
  Cory	
  

	
   Faculty,	
  Scientific	
  Director	
  (WIN)	
   Tong	
  Leung	
  

	
   Director	
  of	
  Operations	
   Vito	
  Logiudice	
  

Leadership	
  Team:	
  
	
   Executive	
  Director,	
  WIN	
   Arthur	
  Carty	
  

	
   Executive	
  Director,	
  IQC	
   Raymond	
  Laflamme	
  

	
   Faculty,	
  Scientific	
  Director	
  (representing	
  IQC)	
   David	
  Cory	
  

	
   Faculty,	
  Scientific	
  Director	
  (representing	
  WIN)	
   Tong	
  Leung	
  

	
   Director	
  of	
  Operations	
   Vito	
  Logiudice	
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4. KEY	
  ACTIVITIES	
  &	
  HIGHLIGHTS	
  

This	
  section	
  presents	
  a	
  summary	
  of	
  financial	
  highlights	
  as	
  well	
  as	
  QNC	
  cleanroom	
  
construction	
  and	
  fit-­‐out	
  activities	
  over	
  the	
  period	
  May	
  2012	
  to	
  November	
  2014.	
  Highlights	
  of	
  
RAC1	
  temporary	
  cleanroom	
  operations	
  are	
  also	
  presented.	
  

4.1. FINANCIAL	
  HIGHLIGHTS	
  

• Secured	
  $2.34M	
  in	
  additional	
  funds	
  needed	
  to	
  complete	
  QNC	
  cleanroom	
  fit-­‐out	
  	
  
• RAC1	
  temporary	
  cleanroom	
  continued	
  to	
  operate	
  until	
  November	
  2013.	
  All	
  

Principal	
  Investigators	
  received	
  monthly	
  invoices	
  for	
  their	
  respective	
  group’s	
  use	
  
of	
  the	
  facility	
  over	
  the	
  period	
  May	
  2012	
  to	
  November	
  2013.	
  	
  

• Starting	
  in	
  June	
  2012,	
  monthly	
  invoices	
  were	
  issued	
  together	
  with	
  detailed	
  
equipment	
  booking	
  activity	
  reports.	
  These	
  reports	
  detailed	
  the	
  time	
  booked	
  on	
  
each	
  piece	
  of	
  equipment	
  by	
  users	
  in	
  a	
  given	
  PI’s	
  research	
  group.	
  

• Expenses	
  related	
  to	
  salaries,	
  supplies	
  &	
  consumables,	
  equipment	
  repairs	
  and	
  the	
  
acquisition	
  of	
  backup	
  hardware	
  were	
  covered	
  as	
  follows:	
  

o Direct	
  Fab	
  Staff	
  salaries	
  were	
  charged	
  to	
  the	
  CFI-­‐IOF	
  fund,	
  with	
  
portions	
  covered	
  by	
  IQC	
  on	
  an	
  exceptional	
  basis	
  (see	
  section	
  7).	
  

o Indirect	
  Fab	
  staff	
  salaries	
  were	
  jointly	
  covered	
  by	
  a	
  combination	
  of	
  IQC	
  
and	
  WIN	
  support	
  (see	
  section	
  7).	
  

o Supplies	
  and	
  consumables	
  costs	
  were	
  covered	
  by	
  CFI-­‐IOF	
  funds,	
  IQC	
  
funds	
  (on	
  an	
  exceptional	
  basis)	
  and	
  by	
  access	
  fees	
  collected.	
  

o Equipment	
  upgrades	
  &	
  backup	
  hardware	
  (pumps,	
  e-­‐guns,	
  etc.)	
  were	
  
paid	
  for	
  primarily	
  via	
  access	
  fees	
  collected.	
  

4.2. QNC	
  CLEANROOM	
  &	
  FIT-­‐OUT	
  PROJECTS	
  	
  	
  

The	
  scope	
  of	
  work	
  relating	
  to	
  the	
  physical	
  implementation	
  of	
  the	
  QNC	
  cleanroom	
  
under	
  the	
  building	
  base	
  construction	
  project	
  was	
  limited	
  to	
  the	
  delivery	
  of	
  a	
  laboratory	
  
meeting	
  NIST	
  VC-­‐E	
  floor	
  vibration	
  specifications	
  with	
  ISO	
  5	
  and	
  ISO	
  6	
  certified	
  “clean”	
  
workspaces.	
  The	
  base	
  construction	
  project	
  also	
  included	
  the	
  installation	
  of	
  the	
  following	
  
basic	
  services	
  within	
  the	
  cleanroom	
  envelope:	
  

• House	
  nitrogen	
  gas	
  (HN2)	
  loop	
  beneath	
  the	
  raised	
  access	
  floor	
  
• Compressed	
  dry	
  air	
  (CDA)	
  loop	
  beneath	
  the	
  raised	
  access	
  floor	
  
• House	
  process	
  vacuum	
  (PVAC)	
  loop	
  beneath	
  the	
  raised	
  access	
  floor	
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• Domestic	
  water	
  lines	
  &	
  drains	
  beneath	
  the	
  raised	
  access	
  floor	
  
• Process	
  chilled	
  water	
  (PCW)	
  loop	
  beneath	
  the	
  raised	
  access	
  floor	
  (original	
  

cleanroom	
  portion	
  of	
  PCW	
  loop	
  necessitated	
  major	
  modifications	
  during	
  fit-­‐
out	
  as	
  detailed	
  below)	
  

• Power	
  panels	
  located	
  at	
  the	
  perimeter	
  of	
  the	
  cleanroom	
  (modifications	
  &	
  
additions	
  were	
  needed	
  post	
  base	
  construction	
  as	
  detailed	
  below)	
  

• Some	
  corrosives	
  and	
  flammables	
  12”	
  Phoenix	
  exhaust	
  valves	
  at	
  ceiling	
  height	
  
• Smoke	
  &	
  fire	
  detection	
  systems	
  
• Emergency	
  safety	
  showers	
  

Post	
  building	
  occupancy,	
  the	
  design,	
  supply,	
  installation	
  and	
  commissioning	
  of	
  the	
  
following	
  systems	
  and	
  services	
  were	
  undertaken	
  by	
  a	
  team	
  composed	
  of	
  the	
  University’s	
  
Plant	
  Operations	
  group	
  (Byron	
  Murdock),	
  Scott	
  Nicoll	
  and	
  this	
  document’s	
  author:	
  

• Reverse	
  Osmosis	
  (RO)	
  system	
  for	
  supplying	
  high	
  purity	
  water	
  to	
  labs	
  located	
  
throughout	
  the	
  building	
  and	
  to	
  the	
  DI	
  water	
  system	
  dedicated	
  to	
  cleanroom	
  
operations	
  

• De-­‐Ionized	
  (DI)	
  Ultra	
  Pure	
  Water	
  (UPW)	
  system	
  for	
  supplying	
  18	
  megohm	
  
water	
  to	
  the	
  cleanroom	
  

• Bead	
  &	
  crevice-­‐free	
  supply/return	
  loop	
  made	
  of	
  PVDF	
  material	
  for	
  distributing	
  
DI	
  water	
  throughout	
  the	
  cleanroom	
  

• Acid	
  Waste	
  Neutralization	
  (AWN)	
  system	
  for	
  treating	
  waste	
  water/chemicals	
  
from	
  the	
  cleanroom	
  

• Dedicated	
  drain	
  network	
  for	
  directing	
  chemical	
  waste	
  from	
  the	
  cleanroom	
  to	
  
the	
  AWN	
  system	
  

• Installation	
  of	
  additional	
  Phoenix	
  exhaust	
  valves	
  throughout	
  the	
  cleanroom	
  
• Installation	
  of	
  a	
  bulk	
  liquid	
  nitrogen	
  tank	
  and	
  evaporator	
  for	
  supplying	
  high	
  

purity	
  nitrogen	
  gas	
  to	
  all	
  occupants	
  of	
  the	
  building	
  and	
  ultra	
  high	
  purity	
  
nitrogen	
  gas	
  (UHP	
  N2)	
  to	
  the	
  cleanroom	
  

	
  

The	
  cleanroom	
  fit-­‐out	
  project	
  was	
  a	
  major	
  undertaking	
  for	
  which	
  the	
  services	
  of	
  a	
  
specialized	
  cleanroom	
  design	
  and	
  construction	
  firm,	
  AdvanceTEC	
  LLC,	
  were	
  secured.	
  
AdvanceTEC	
  had	
  originally	
  been	
  hired	
  by	
  the	
  general	
  contractor	
  to	
  build	
  the	
  cleanroom	
  
under	
  the	
  base	
  building	
  construction	
  project	
  and	
  was	
  therefore	
  already	
  familiar	
  with	
  the	
  
project.	
  The	
  scope	
  of	
  the	
  university’s	
  subsequent	
  fit-­‐out	
  contract	
  with	
  AdvanceTEC	
  
included	
  the	
  following:	
  

• Design,	
  procurement,	
  installation,	
  testing	
  and	
  commissioning	
  of:	
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o Automated	
  UHP	
  gas	
  cabinet	
  &	
  delivery	
  systems	
  
o UHP	
  gas	
  distribution	
  networks	
  to	
  multiple	
  points	
  of	
  use	
  throughout	
  the	
  

cleanroom	
  
o Exhaust	
  gas	
  abatement	
  systems	
  for	
  safe	
  disposal	
  of	
  toxic	
  by-­‐products	
  
o Fully	
  automated	
  toxic	
  gas	
  detection	
  system	
  for	
  active	
  monitoring	
  of	
  gas	
  

supply	
  &	
  exhaust	
  systems	
  throughout	
  the	
  cleanroom	
  and	
  its	
  peripheral	
  
support	
  labs	
  

o All	
  stainless,	
  all-­‐welded	
  UHP	
  nitrogen	
  distribution	
  loop	
  running	
  from	
  the	
  
exterior	
  bulk	
  N2	
  tank	
  out	
  to	
  each	
  existing	
  and	
  future	
  points	
  of	
  use	
  
throughout	
  the	
  facility	
  

o Upgraded	
  Process	
  Chilled	
  Water	
  (PCW)	
  distribution	
  loop	
  to	
  meet	
  
equipment	
  flow	
  and	
  pressure	
  requirements	
  as	
  well	
  as	
  the	
  low	
  conductivity	
  
requirements	
  of	
  process	
  equipment	
  making	
  use	
  of	
  RF	
  power	
  supplies	
  

o Custom	
  vibration	
  isolation	
  bases	
  for	
  sensitive	
  lithography	
  systems	
  
including	
  the	
  Suss-­‐Microtec	
  UV	
  mask	
  aligner	
  and	
  the	
  Raith	
  electron-­‐beam	
  
lithography	
  system	
  

• Creation	
  of	
  detailed	
  Process	
  &	
  Instrumentation	
  Diagrams	
  (P&ID’s)	
  for	
  each	
  
distinct	
  piece	
  of	
  lab	
  equipment	
  to	
  ensure	
  all	
  necessary	
  services	
  were	
  properly	
  
designed	
  for	
  and	
  installed.	
  These	
  services	
  included	
  power,	
  high	
  purity	
  gas	
  lines,	
  
compressed	
  air	
  lines,	
  chilled	
  water	
  lines,	
  domestic	
  water	
  lines,	
  DI	
  water	
  lines,	
  
house	
  vacuum	
  lines,	
  vacuum	
  pump	
  forelines,	
  house	
  exhaust	
  lines,	
  etc.	
  

• Uncrating	
  and	
  locating	
  all	
  new	
  nanofabrication	
  equipment	
  in	
  the	
  cleanroom	
  
• Moving	
  nanofabrication	
  equipment	
  from	
  the	
  old	
  RAC1	
  temporary	
  cleanroom	
  to	
  

the	
  new	
  QNC	
  cleanroom	
  
• Installing/connecting	
  all	
  services	
  to	
  and	
  powering	
  up	
  all	
  nanofabrication	
  

equipment	
  installed	
  in	
  the	
  QNC	
  cleanroom	
  
• Complete	
  post-­‐fit-­‐out	
  balancing	
  of	
  the	
  air	
  supply	
  and	
  exhaust	
  systems	
  
• Complete	
  post-­‐fit-­‐out	
  balancing	
  of	
  the	
  process	
  chilled	
  water	
  loop	
  
• Complete	
  post-­‐fit-­‐out	
  super-­‐clean	
  of	
  the	
  cleanroom	
  and	
  certification	
  to	
  ISO	
  5	
  and	
  

ISO	
  6	
  standards	
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4.2.1. MAJOR	
  MILESTONES	
  

	
   This	
  section	
  summarizes	
  the	
  major	
  milestones	
  achieved	
  prior,	
  during	
  and	
  after	
  
cleanroom	
  fit-­‐out	
  activities	
  started	
  in	
  June	
  2013.	
  	
  

• May	
  2012:	
  Secured	
  $2.34M	
  in	
  additional	
  monies	
  needed	
  for	
  the	
  cleanroom	
  fit-­‐out	
  
project.	
  This	
  was	
  accomplished	
  via	
  a	
  formal	
  joint	
  agreement	
  between	
  the	
  Deans	
  
of	
  Engineering	
  and	
  Science	
  and	
  the	
  Executive	
  Directors	
  of	
  IQC	
  and	
  WIN.	
  	
  

• October	
  2012:	
  Contract	
  awarded	
  to	
  Siemens	
  Water	
  Technology	
  for	
  the	
  supply,	
  
installation	
  and	
  commissioning	
  of	
  a	
  high	
  purity	
  RO/DI	
  water	
  system	
  as	
  well	
  as	
  an	
  
UPW	
  DI	
  water	
  distribution	
  loop	
  made	
  of	
  industry-­‐standard	
  bead	
  &	
  crevice-­‐free	
  
PVDF	
  tubing.	
  Siemens	
  also	
  selected	
  to	
  supply	
  and	
  install	
  a	
  chemical	
  waste	
  
treatment	
  and	
  drain	
  system	
  dedicated	
  to	
  cleanroom	
  operations.	
  

• November	
  2012:	
  	
  
o The	
  facility’s	
  “as-­‐built”	
  vibration	
  and	
  acoustic	
  performance	
  verified	
  by	
  

Colin	
  Gordon	
  &	
  Associates.	
  Results	
  confirmed	
  that	
  design	
  specifications	
  
were	
  met	
  (data	
  in	
  Appendix	
  B).	
  	
  
Of	
  note:	
  Mr.	
  Michael	
  Gendreau	
  of	
  Colin	
  Gordon	
  &	
  Associates	
  made	
  the	
  
comment	
  that	
  measurements	
  taken	
  in	
  the	
  e-­‐beam	
  lithography	
  bay	
  “are	
  
some	
  of	
  the	
  lowest	
  noise	
  levels	
  measured	
  in	
  a	
  Class	
  100	
  cleanroom”.	
  

o Pre-­‐fit-­‐out	
  cleanroom	
  power	
  distribution	
  changes	
  completed:	
  
§ eight	
  isolation	
  transformers	
  upgraded	
  to	
  45kVA	
  units	
  from	
  30kVA	
  
§ two	
  75kVA	
  transformers	
  &	
  related	
  panels	
  installed	
  
§ several	
  power	
  panels	
  relocated	
  to	
  better	
  match	
  lab	
  equipment	
  

locations	
  
§ low-­‐impedence	
  “clean”	
  and	
  “dirty”	
  earth	
  grounds	
  installed	
  to	
  meet	
  

the	
  requirements	
  of	
  both	
  sensitive	
  and	
  high	
  power	
  lab	
  equipment	
  

• December	
  2012:	
  	
  
o Completed	
  major	
  “slab-­‐to-­‐slab”	
  clean	
  of	
  the	
  entire	
  cleanroom	
  to	
  address	
  

serious	
  deficiencies	
  noted	
  during	
  an	
  earlier	
  site	
  survey	
  
o Temperature	
  trends	
  showed	
  the	
  20	
  +/-­‐	
  0.1°C	
  specification	
  in	
  e-­‐beam	
  litho	
  

bay	
  #	
  1701M	
  was	
  only	
  being	
  met	
  for	
  durations	
  of	
  24	
  to	
  36	
  hours.	
  Drifts	
  
beyond	
  this	
  specification	
  to	
  within	
  +/-­‐	
  1°C	
  was	
  noted	
  over	
  several	
  days.	
  
Fine	
  tuning	
  of	
  the	
  controls	
  sequence	
  and	
  final	
  air	
  balancing	
  during	
  the	
  
cleanroom	
  fit-­‐out	
  project	
  (Winter	
  2014)	
  resolved	
  the	
  issue.	
  

• January	
  2013:	
  Third	
  party	
  testing	
  of	
  “at	
  rest”	
  cleanroom	
  particle	
  counts	
  by	
  H.E.P.A	
  
Filter	
  Services	
  Inc.	
  confirm	
  ISO	
  Class	
  5	
  and	
  ISO	
  Class	
  6	
  rooms	
  are	
  within	
  limits	
  set	
  
forth	
  by	
  ISO	
  standard	
  14644-­‐1.	
  Test	
  data	
  included	
  in	
  Appendix	
  C.	
  

• March	
  2013:	
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o Karen	
  Jack,	
  Privacy	
  Officer,	
  UW	
  Secretariat,	
  and	
  Dan	
  Anderson,	
  Director	
  of	
  
UW	
  Police	
  Services,	
  formally	
  approved	
  the	
  use	
  of	
  closed-­‐circuit	
  cameras	
  
and	
  TV	
  panels	
  throughout	
  the	
  facility	
  to	
  enhance	
  operational	
  safety.	
  

o Entered	
  into	
  a	
  formal	
  agreement	
  with	
  Badger	
  LMS	
  to	
  implement	
  and	
  host	
  
the	
  Quantum	
  NanoFab’s	
  lab	
  management	
  software	
  backbone.	
  Key	
  
features	
  of	
  the	
  real-­‐time	
  Badger	
  Lab	
  Management	
  System	
  include:	
  

§ Equipment	
  scheduling	
  
§ User	
  permissions	
  tracking	
  
§ Equipment	
  Enabling/Interlocking	
  
§ Equipment	
  problem	
  reporting	
  	
  
§ Consumables	
  tracking	
  
§ User	
  fees	
  accounting	
  
§ Powerful	
  reporting	
  capabilities	
  

• April	
  2013:	
  $3.5M	
  contract	
  signed	
  with	
  AdvanceTEC	
  LLC	
  for	
  cleanroom	
  fit-­‐out	
  
project.	
  

• June	
  2013:	
  	
  
o Mechanical	
  &	
  electrical	
  portion	
  of	
  pre-­‐fit-­‐out	
  cleanroom	
  ventilation	
  

remedial	
  work	
  completed.	
  
o Cleanroom	
  fit-­‐out	
  engineering	
  &	
  design	
  activities	
  commence.	
  

• July	
  2013:	
  Routine	
  maintenance	
  of	
  cleanroom	
  ventilation	
  infrastructure	
  formally	
  
assumed	
  by	
  UWaterloo’s	
  Plant	
  Operations	
  Maintenance	
  &	
  Utilities	
  Group.	
  	
  

• August	
  2013:	
  AdvanceTEC’s	
  scope	
  of	
  work	
  expanded	
  to	
  include:	
  	
  
o Engineering	
  study	
  of	
  the	
  Process	
  Chilled	
  Water	
  (PCW)	
  distribution	
  loop	
  as	
  

required	
  to	
  confirm	
  its	
  ability	
  to	
  meet	
  the	
  requirements	
  of	
  existing	
  and	
  
future	
  nanofabrication	
  equipment.	
  	
  

o Design	
  and	
  installation	
  of	
  an	
  all-­‐stainless,	
  orbital-­‐welded,	
  UHP	
  nitrogen	
  gas	
  
distribution	
  network.	
  

• October	
  2013:	
  Construction	
  crews	
  mobilized	
  and	
  cleanroom	
  fit-­‐out	
  construction	
  
activities	
  started	
  (six	
  month	
  planned	
  duration).	
  

• November	
  2013:	
  Last	
  full	
  month	
  of	
  operations	
  in	
  RAC1	
  temporary	
  cleanroom.	
  

• December	
  2013:	
  Decommissioning	
  of	
  equipment	
  in	
  RAC1	
  cleanroom	
  started.	
  

• January	
  2014:	
  Discovery	
  of	
  water	
  damage	
  along	
  interior	
  north	
  wall	
  of	
  QNC	
  
cleanroom.	
  This	
  issue	
  delayed	
  fit-­‐out	
  activities	
  by	
  several	
  months.	
  Damage	
  caused	
  
by	
  leaking	
  skylight	
  at	
  the	
  building	
  main	
  entrance.	
  	
  

• March	
  2014:	
  Mai-­‐Britt	
  Mogensen	
  hired	
  on	
  the	
  Quantum	
  NanoFab	
  Team	
  to	
  fill	
  the	
  
newly	
  created	
  position	
  of	
  Cleanroom	
  Certification	
  &	
  Inventory	
  Specialist.	
  

• June	
  2014:	
  	
  
o Within-­‐cleanroom	
  remedial	
  activities	
  related	
  to	
  water	
  damage	
  completed.	
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o Fit-­‐out	
  construction	
  work	
  completed.	
  
o Final	
  cleanroom	
  “super-­‐clean”	
  completed.	
  
o Third	
  party	
  testing	
  of	
  post-­‐fit-­‐out	
  “at	
  rest”	
  particle	
  counts	
  by	
  SET3	
  confirm	
  

ISO	
  Class	
  5	
  and	
  ISO	
  Class	
  6	
  rooms	
  are	
  within	
  required	
  specification	
  limits.	
  
Test	
  data	
  included	
  in	
  Appendix	
  D.	
  

• July	
  2014:	
  	
  
o Integrity	
  of	
  UHP	
  gas	
  lines	
  re-­‐verified	
  after	
  delay	
  caused	
  by	
  water	
  damage.	
  
o Third	
  party	
  testing	
  of	
  DI	
  water	
  quality	
  by	
  Balazs	
  NanoAnalysis	
  confirms	
  

water	
  quality	
  is	
  within	
  acceptable	
  limits	
  (results	
  in	
  Appendix	
  E).	
  

• August	
  2014:	
  
o Updated	
  facility	
  access	
  fees	
  announced	
  &	
  published	
  on	
  facility	
  website	
  

(fees	
  in	
  effect	
  as	
  of	
  September	
  1,	
  2014	
  listed	
  in	
  Appendix	
  F).	
  
o New	
  facility	
  training	
  modules	
  and	
  access	
  protocols	
  announced	
  in	
  

preparation	
  for	
  September	
  2014	
  commencement	
  of	
  QNC	
  fab	
  operations.	
  

• September	
  2,	
  2014:	
  Quantum	
  NanoFab	
  opens	
  its	
  doors	
  for	
  business	
  in	
  the	
  
Lazaridis	
  Quantum-­‐Nano	
  Centre.	
  

4.2.2. NEW	
  EQUIPMENT	
  ADDITIONS	
  

	
   Appendix	
  G	
  lists	
  the	
  complete	
  set	
  of	
  nanofabrication	
  equipment	
  available	
  in	
  the	
  
Quantum	
  NanoFab.	
  New	
  additions	
  since	
  operations	
  were	
  relocated	
  include:	
  

• Two	
  J.A.	
  Woollam	
  M2000	
  ellipsometers:	
  one	
  stand-­‐alone	
  unit	
  and	
  one	
  unit	
  
permanently	
  mounted	
  to	
  the	
  existing	
  Oxford	
  Instruments	
  FlexAL	
  ALD	
  chamber.	
  
The	
  latter	
  enables	
  in-­‐situ	
  monitoring	
  of	
  film	
  parameters	
  during	
  deposition.	
  

• 4-­‐tube	
  furnace	
  stack	
  (Tystar	
  Tytan	
  4600)	
  for	
  the	
  deposition	
  of	
  multiple	
  thin	
  film	
  
materials	
  (LTO,	
  SiN,	
  Poly	
  Si,	
  SiC)	
  and	
  for	
  atmospheric	
  pressure	
  substrate	
  anneal	
  &	
  
thermal	
  silicon	
  dioxide	
  film	
  growth.	
  

• A	
  complete	
  ensemble	
  of	
  device	
  packaging	
  equipment	
  installed	
  in	
  the	
  Quantum	
  
NanoFab	
  Device	
  Assembly	
  &	
  Packaging	
  Lab.	
  

• A	
  twin	
  chamber	
  sputter	
  deposition	
  system	
  with	
  common	
  loadlock	
  acquired	
  from	
  
AJA	
  International.	
  One	
  chamber	
  dedicated	
  to	
  the	
  deposition	
  of	
  insulating	
  films	
  
and	
  the	
  second	
  chamber	
  dedicated	
  to	
  the	
  deposition	
  of	
  conducting	
  films.	
  The	
  
system	
  is	
  equipped	
  with	
  four	
  targets	
  per	
  chamber	
  plus	
  in-­‐situ	
  film-­‐stress	
  and	
  
RHEED	
  crystal	
  structure	
  monitoring	
  capabilities.	
  

• Ion	
  mill	
  also	
  acquired	
  from	
  AJA	
  International	
  equipped	
  with	
  a	
  22cm	
  ion	
  source.	
  
The	
  system	
  is	
  for	
  extremely	
  uniform	
  anisotropic	
  etching	
  of	
  a	
  wide	
  range	
  of	
  
materials	
  including	
  Pt,	
  Au,	
  NbN,	
  etc.	
  The	
  system	
  is	
  equipped	
  with	
  an	
  RF	
  sputter	
  
source	
  for	
  in-­‐situ,	
  post-­‐etch	
  surface	
  passivation.	
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• Two	
  Semitool	
  dual-­‐stack	
  rinser/dryers	
  for	
  batch	
  rinsing	
  and	
  drying	
  of	
  wafers	
  
ranging	
  in	
  size	
  from	
  3”,	
  4”	
  and	
  6”	
  diameter.	
  

• Nine	
  custom	
  wet	
  benches	
  and	
  fume	
  hoods	
  acquired	
  from	
  ReynoldsTech	
  in	
  support	
  
of	
  the	
  following	
  wet	
  processes:	
  

o Bulk	
  silicon	
  etch	
  
o Advanced	
  e-­‐beam	
  develop	
  technologies	
  
o Pre-­‐diffusion	
  RCA	
  cleans	
  
o Bulk	
  photoresist	
  strip	
  via	
  mixtures	
  of	
  sulfuric	
  &	
  H2O2	
  “piranha”	
  solutions	
  
o Metal	
  lift-­‐off	
  
o etc.	
  

4.2.3. FIT-­‐OUT	
  COST	
  SUMMARY	
  

	
   In	
  spring	
  2012	
  the	
  cost	
  of	
  the	
  cleanroom	
  fit-­‐out	
  project	
  was	
  estimated	
  to	
  be	
  
$3.69M	
  CAD.	
  The	
  budget	
  available	
  at	
  the	
  time	
  however	
  was	
  limited	
  to	
  $1.35M.	
  The	
  
funding	
  shortfall	
  was	
  ultimately	
  addressed	
  via	
  a	
  formal	
  joint	
  agreement	
  signed	
  on	
  
May	
  15,	
  2012	
  between	
  the	
  Dean	
  of	
  Science	
  (Terry	
  McMahon),	
  the	
  Dean	
  of	
  
Engineering	
  (Adel	
  Sedra	
  at	
  the	
  time),	
  the	
  Executive	
  Director	
  of	
  WIN	
  (Arthur	
  Carty)	
  
and	
  the	
  Executive	
  Director	
  of	
  IQC	
  (Raymond	
  Laflamme).	
  We	
  are	
  grateful	
  to	
  each	
  of	
  
these	
  individuals	
  for	
  their	
  strong	
  support	
  and	
  for	
  agreeing	
  to	
  fund	
  the	
  $2.34M	
  in	
  
additional	
  monies	
  needed	
  to	
  complete	
  the	
  project.	
  	
  

	
   In	
  the	
  end,	
  the	
  final	
  tally	
  for	
  the	
  cost	
  of	
  the	
  fit-­‐out	
  project	
  totaled	
  $3.95M	
  CAD.	
  
The	
  main	
  contributors	
  to	
  the	
  7%	
  over	
  expenditure	
  include:	
  

• The	
  cost	
  of	
  an	
  all-­‐stainless	
  steel,	
  orbital-­‐welded,	
  tested	
  and	
  independently	
  
certified	
  UHP	
  nitrogen	
  gas	
  distribution	
  network	
  ($103k).	
  	
  

• The	
  cost	
  of	
  verifying	
  the	
  capacity	
  of	
  the	
  process	
  chilled	
  water	
  (PCW)	
  
distribution	
  loop	
  together	
  with	
  the	
  cost	
  of	
  converting	
  the	
  cleanroom	
  portion	
  
of	
  the	
  loop	
  to	
  CPVC	
  plastic	
  (from	
  stainless	
  steel),	
  and	
  for	
  installing	
  multiple	
  
point	
  of	
  use	
  ports/valves	
  throughout	
  the	
  facility	
  ($63k).	
  	
  

• Engineering	
  design	
  &	
  construction	
  general	
  requirements	
  related	
  to	
  the	
  
previous	
  two	
  items	
  ($75k	
  approx).	
  

• Installation	
  of	
  five	
  better-­‐sized	
  airflow	
  stations	
  in	
  the	
  cleanroom	
  fandeck	
  
($20k).	
  These	
  units	
  played	
  an	
  important	
  role	
  in	
  further	
  augmenting	
  
temperature	
  and	
  airflow	
  control	
  within	
  the	
  cleanroom	
  as	
  needed	
  to	
  achieve	
  
and	
  maintain	
  lab	
  design	
  specifications.	
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4.3. RAC1	
  CLEANROOM	
  OPERATIONS:	
  MAY	
  2012	
  TO	
  NOVEMBER	
  2013	
  

• Implemented	
  statistical	
  process	
  control	
  charts	
  for	
  several	
  key	
  fabrication	
  recipes	
  
(see	
  section	
  4.3.1)	
  

• Created	
  and	
  documented	
  several	
  new	
  process	
  recipes	
  (see	
  section	
  4.3.2)	
  

• Substantial	
  growth	
  in	
  facility	
  use	
  (see	
  sections	
  5	
  and	
  6)	
  

• Publication	
  of	
  many	
  devices	
  built	
  by	
  Lab	
  Member	
  community	
  (see	
  section	
  5)	
  

• Good	
  equipment	
  uptime	
  on	
  entire	
  toolset.	
  Few	
  issues	
  resulting	
  in	
  extensive	
  
downtime	
  were	
  largely	
  due	
  to	
  failed	
  roughing	
  pumps	
  in	
  need	
  of	
  routine	
  
rebuilding.	
  Circumstances	
  have	
  been	
  significantly	
  improved	
  by	
  the	
  acquisition	
  of	
  
several	
  backup	
  pumps	
  in	
  2013	
  via	
  the	
  use	
  of	
  fab	
  access	
  fees	
  collected	
  in	
  the	
  
previous	
  fiscal	
  year.	
  

• Intlvac	
  e-­‐beam	
  &	
  thermal	
  evaporator:	
  	
  
o This	
  system	
  is	
  routinely	
  used	
  by	
  a	
  large	
  number	
  of	
  lab	
  members.	
  A	
  backup	
  

electron	
  gun	
  source	
  was	
  therefore	
  purchased	
  from	
  Island	
  e-­‐Beam	
  Thin	
  
Film	
  Technology,	
  also	
  via	
  the	
  use	
  of	
  fab	
  fees	
  collected	
  during	
  the	
  previous	
  
fiscal	
  year.	
  

o The	
  OEM	
  e-­‐gun	
  from	
  MDC	
  Vacuum	
  was	
  fine-­‐tuned	
  by	
  Intlvac	
  to	
  produce	
  a	
  
much	
  better	
  beam	
  spot	
  diameter	
  on	
  the	
  order	
  of	
  2-­‐3	
  mm	
  vs	
  its	
  original	
  6-­‐7	
  
mm	
  setting.	
  Subsequent	
  testing	
  confirmed	
  that	
  the	
  newly	
  tuned	
  gun	
  did	
  
not	
  exhibit	
  the	
  spurious	
  PMMA	
  exposure	
  issue	
  caused	
  by	
  excess	
  secondary	
  
electrons	
  consistently	
  witnessed	
  prior	
  to	
  the	
  adjustment.	
  	
  

• Raith	
  150TWO	
  E-­‐Beam	
  Lithography	
  system	
  (Nov.	
  2013):	
  	
  
o The	
  electron	
  beam	
  column	
  was	
  replaced	
  (under	
  warranty)	
  with	
  a	
  new,	
  

factory-­‐tested	
  unit	
  from	
  Zeiss.	
  This	
  closed	
  a	
  long-­‐standing	
  concern	
  with	
  the	
  
age	
  of	
  the	
  previous	
  column	
  which	
  had	
  in	
  turn	
  replaced	
  the	
  original	
  unit	
  in	
  
2011.	
  We	
  are	
  grateful	
  to	
  Raith	
  and	
  Zeiss	
  for	
  addressing	
  this	
  concern.	
  

o For	
  the	
  period	
  May	
  2012	
  to	
  April	
  2013,	
  system	
  usage	
  data	
  confirmed	
  an	
  
overall	
  system	
  uptime	
  in	
  excess	
  of	
  90%	
  on	
  a	
  24/7	
  basis.	
  

o The	
  150TWO	
  continued	
  to	
  be	
  one	
  of	
  the	
  most	
  widely	
  used	
  pieces	
  of	
  
equipment	
  with	
  30	
  lab	
  members	
  from	
  15	
  different	
  research	
  groups	
  trained	
  
and	
  registered	
  to	
  use	
  the	
  system.	
  

o The	
  next	
  two	
  graphs	
  show	
  machine	
  use	
  per	
  research	
  group	
  as	
  well	
  as	
  
overall	
  system	
  use	
  over	
  the	
  period	
  January	
  2013	
  to	
  November	
  2013.	
  	
  
The	
  second	
  graph	
  indicates	
  the	
  system	
  was	
  never	
  in	
  demand	
  more	
  than	
  
40%	
  of	
  the	
  time	
  it	
  was	
  available,	
  with	
  an	
  average	
  monthly	
  usage	
  rate	
  on	
  
the	
  order	
  of	
  25	
  to	
  30%.	
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4.3.1. STATISTICAL	
  PROCESS	
  CONTROL	
  (SPC)	
  INITIATIVES	
  

	
   The	
  Fab	
  Team	
  monitors	
  the	
  stability	
  of	
  a	
  select	
  group	
  of	
  baseline	
  recipes	
  via	
  
Statistical	
  Process	
  Control	
  (SPC)	
  charts.	
  The	
  data	
  is	
  accessible	
  to	
  all	
  lab	
  members	
  and	
  aims	
  
to	
  provide	
  an	
  ongoing	
  snapshot	
  of	
  individual	
  process	
  recipe	
  stability.	
  Sample	
  SPC	
  charts	
  
are	
  shown	
  below	
  for	
  reference.	
  	
  

 

	
  	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
   	
  



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2012/13	
  to	
  2013/14	
  	
  	
  	
  2-­‐year	
  Annual	
  Report	
   Page	
  17	
  of	
  80
	
   	
   	
  NanoFab

Quantum

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2012/13	
  to	
  2013/14	
  	
  	
  	
  2-­‐year	
  Annual	
  Report	
   Page	
  18	
  of	
  80
	
   	
   	
  NanoFab

Quantum

4.3.2. DEVELOPMENT	
  OF	
  NEW	
  PROCESS	
  RECIPES	
  

	
  The	
  Fab	
  Team	
  continues	
  to	
  develop	
  and	
  document	
  new	
  fabrication	
  processes	
  for	
  
the	
  benefit	
  of	
  the	
  facility’s	
  entire	
  membership.	
  The	
  following	
  shows	
  some	
  of	
  the	
  
work	
  completed	
  over	
  the	
  course	
  of	
  FY2012/13.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

E-­‐Beam	
  Lithography:	
  Large	
  stitch-­‐free	
  
structures	
  using	
  Raith	
  150TWO	
  Fixed	
  
Beam	
  Moving	
  Stage	
  (FBMS)	
  feature	
  

	
  
N.	
  Nelson-­‐Fitzpatrick	
  

E-­‐Beam	
  Lithography:	
  
Proximity	
  Error	
  Correction	
  
efforts:	
  detailed	
  technical	
  

report	
  available	
  online	
  to	
  lab	
  
member	
  community	
  

	
  
N.	
  Nelson-­‐Fitzpatrick	
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E-­‐Beam	
  Lithography:	
  1mm	
  long	
  grating,	
  100nm	
  pitch	
  (FBMS)	
  
N.	
  Nelson-­‐Fitzpatrick	
  

E-­‐Beam	
  Lithography:	
  Fresnel	
  Zoneplate	
  FBMS	
  Structure	
  (PMMA)	
  
N.	
  Nelson-­‐Fitzpatrick	
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UV	
  Lithography:	
  Development	
  of	
  PMGI/S1811	
  bilayer	
  process	
  which	
  
significantly	
  improves	
  metal	
  lift-­‐off	
  processes	
  	
  

N.	
  Nelson-­‐Fitzpatrick	
  

UV	
  Lithography:	
  S1811	
  lines,	
  1um	
  pitch,	
  ~	
  1.2um	
  tall	
  resist	
  	
  
N.	
  Nelson-­‐Fitzpatrick	
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UV	
  Lithography:	
  Ma-­‐N	
  1410	
  negative	
  UV	
  resist	
  
N.	
  Nelson-­‐Fitzpatrick	
  

UV	
  Lithography:	
  S1811	
  Image	
  reversal	
  
N.	
  Nelson-­‐Fitzpatrick	
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4.3.3. SAFETY	
  

No	
  injuries	
  to	
  report.	
  Only	
  one	
  incident	
  noted:	
  	
  

• July	
  2012:	
  a	
  trained	
  and	
  experienced	
  lab	
  member	
  did	
  not	
  follow	
  proper	
  fume	
  
hood	
  safety	
  procedures.	
  This	
  resulted	
  in	
  hydrofluoric	
  acid	
  residues	
  having	
  been	
  
left	
  behind	
  at	
  multiple	
  workstations	
  within	
  the	
  RAC1	
  cleanroom.	
  An	
  immediate	
  
and	
  thorough	
  response	
  by	
  members	
  of	
  the	
  Fab	
  Team	
  fortunately	
  kept	
  anyone	
  
from	
  being	
  injured	
  and	
  contained	
  the	
  damage	
  to	
  the	
  Olympus	
  microscope	
  and	
  	
  
Veeco	
  Dektak,	
  both	
  of	
  which	
  suffered	
  minor	
  damage	
  to	
  the	
  surface	
  finish	
  of	
  their	
  
respective	
  wafer	
  chucks.	
  Given	
  the	
  serious	
  nature	
  of	
  the	
  incident,	
  the	
  Fab	
  
Management	
  Team	
  suspended	
  the	
  member	
  in	
  question	
  for	
  two	
  months	
  and	
  
charged	
  the	
  individual’s	
  supervisor	
  a	
  total	
  of	
  $400	
  for	
  the	
  time	
  taken	
  by	
  staff	
  to	
  
decontaminate	
  and	
  secure	
  the	
  cleanroom	
  post-­‐incident.	
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5. LAB	
  MEMBERSHIP	
  

Table	
  1:	
  UW	
  Faculty	
  Registered	
  as	
  Lab	
  Members	
  as	
  of	
  November	
  30,	
  2013*	
  
*	
  Last	
  full	
  month	
  of	
  operations	
  in	
  RAC1	
  temporary	
  cleanroom	
  

Name	
   IQC	
   WIN	
   Other	
  UW	
  
Jonathan	
  Baugh	
   ✓	
   	
   	
  
David	
  Cory	
   ✓	
   	
   	
  
Bo	
  Cui	
   	
   ✓	
   	
  
Irene	
  Goldthorpe	
   	
   ✓	
   	
  
Jan	
  Kycia	
   ✓	
   	
   	
  
Raymond	
  Laflamme	
   ✓	
   	
   	
  
Zoya	
  Leonenko	
   	
   ✓	
   	
  
Adrian	
  Lupascu	
   ✓	
   	
   	
  
Raafat	
  Mansour	
   	
   	
   ✓	
   	
  
Matteo	
  Mariantoni	
   ✓ 	
   	
  
Guoxing	
  Miao	
   ✓	
   	
   	
  
Omar	
  Ramahi	
   	
   	
   ECE	
  
Safieddin	
  Safavi-­‐Naeini	
   	
   	
   ECE	
  
Simarjeet	
  Saini	
   	
   ✓	
   	
  
Shirley	
  Tang	
   	
   ✓	
   	
  
Mustafa	
  Yavuz	
   	
   ✓	
   	
  
John	
  Yeow	
   	
   ✓	
   	
  
TOTAL:	
   7	
   8	
   	
  	
  2	
  

	
  

 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

41%	
  

47%	
  

12%	
  

IQC	
  

WIN	
  

Other	
  UW	
  

Breakdown	
  of	
  Registered	
  Faculty	
  Lab	
  Members	
  



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2012/13	
  to	
  2013/14	
  	
  	
  	
  2-­‐year	
  Annual	
  Report	
   Page	
  24	
  of	
  80
	
   	
   	
  NanoFab

Quantum

Table	
  2:	
  Breakdown	
  of	
  Lab	
  Users	
  per	
  Institute	
  as	
  of	
  November	
  30,	
  2013*	
  
	
  *	
  Last	
  full	
  month	
  of	
  operations	
  in	
  RAC1	
  temporary	
  cleanroom	
  

Category	
   IQC	
   WIN	
   Other	
  
UW	
  

TOTAL	
  

Co-­‐op	
  Students	
  	
   9	
   	
  	
  	
  	
  	
  	
  3	
   	
   12	
  
Graduate	
  Students	
   16	
   27	
   12	
   55	
  
Post-­‐Doctoral	
  Fellows	
   9	
   9	
   4	
   22	
  
TOTAL:	
   	
   	
  34	
   39	
   16	
   89	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

38%	
  

44%	
  

18%	
  

IQC	
  

WIN	
  

Other	
  UW	
  

Breakdown	
  of	
  Lab	
  Users	
  per	
  Institute	
  

13%	
  

62%	
  

25%	
  
Co-­‐op	
  

Graduate	
  Students	
  

Post-­‐Doctoral	
  Fellows	
  

Breakdown	
  of	
  HQP	
  Categories	
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5.1. SAMPLE	
  DEVICES	
  FABRICATED	
  BY	
  LAB	
  MEMBERSHIP	
  

The	
  examples	
  shown	
  in	
  this	
  section	
  represent	
  a	
  small	
  portion	
  of	
  the	
  work	
  carried	
  by	
  the	
  
Quantum	
  NanoFab’s	
  membership	
  over	
  the	
  period	
  May	
  2012	
  to	
  April	
  2013.	
  	
  

5.1.1. J.	
  BAUGH	
  GROUP	
  

	
  

 	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

The	
  SEM	
  image	
  shows	
  an	
  InAs	
  nanowire	
  across	
  a	
  series	
  of	
  bottom	
  gates	
  (~25nm	
  wide	
  
with	
  a	
  60nm	
  pitch).	
  

The	
  colourscale	
  plot	
  shows	
  device	
  resistance	
  versus	
  gate	
  voltage	
  where	
  the	
  dark	
  blue	
  
region	
  in	
  the	
  middle	
  corresponds	
  to	
  nearly	
  zero	
  resistance,	
  due	
  to	
  proximity	
  effect	
  
superconductivity	
  in	
  the	
  nanowire	
  channel.	
  The	
  critical	
  current	
  of	
  this	
  Josephson	
  
junction,	
  seen	
  as	
  the	
  red	
  line	
  at	
  the	
  boundary	
  of	
  this	
  region,	
  is	
  modulated	
  by	
  the	
  local	
  
gate.	
  

The	
  successful	
  observation	
  of	
  proximity	
  superconductivity	
  in	
  this	
  device	
  opens	
  up	
  
many	
  new	
  doors,	
  including	
  our	
  ability	
  to	
  search	
  for	
  Majorana	
  fermions,	
  exotic	
  
quasiparticle	
  states	
  that	
  have	
  been	
  proposed	
  for	
  fault	
  tolerant	
  quantum	
  computing.	
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5.1.2. D.	
  CORY	
  GROUP	
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5.1.3. B.	
  CUI	
  GROUP	
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5.1.4. A.	
  LUPASCU	
  GROUP	
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5.1.5. 	
  S.	
  SAINI	
  GROUP	
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6. EQUIPMENT	
  BOOKINGS	
  

Table	
  3:	
  User	
  Equipment	
  Bookings	
  (hours)	
  	
  

2009/10	
   2010/11	
   	
  2011/12	
   2012/13	
   	
  2013/14*	
   TOTAL**	
  	
  
**since	
  start	
  of	
  operations	
  

235	
   	
  	
  	
  	
  	
  	
  1073	
   3551	
   6153	
   3985	
   14997	
  

*Fab	
  in	
  operation	
  for	
  only	
  7	
  of	
  12	
  months	
  during	
  2013/14	
  fiscal	
  year	
  

Table	
  4:	
  Equipment	
  Hours	
  Booked	
  per	
  Faculty	
  Member	
  in	
  2012/13	
  

Name	
   IQC	
   WIN	
   Other	
  UW	
  
Jonathan	
  Baugh	
   1481	
   	
   	
  
David	
  Cory	
   216	
   	
   	
  
Bo	
  Cui	
   	
   553	
   	
  
Irene	
  Goldthorpe	
   	
   36	
   	
  
Jan	
  Kycia	
   6	
   	
   	
  
Raymond	
  Laflamme	
   3	
   	
   	
  
Adrian	
  Lupascu	
   1475	
   	
   	
  
Raafat	
  Mansour	
   	
   74	
   	
  
Guoxing	
  Miao	
   29	
   	
   	
  
Omar	
  Ramahi	
   	
   	
   17	
  
Safieddin	
  Safavi-­‐Naeini	
   	
   	
   598	
  
Simarjeet	
  Saini	
   	
   1463	
   	
  
Shirley	
  Tang	
   	
   191	
   	
  
Mustafa	
  Yavuz	
   	
   11	
   	
  
TOTAL:	
   3210	
   2328	
   	
  	
  615	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

52%	
  
38%	
  

10%	
  

IQC	
  

WIN	
  

Other	
  UW	
  

Breakdown	
  of	
  Hours	
  Booked	
  in	
  2012/13	
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Table	
  5:	
  Equipment	
  Hours	
  Booked	
  per	
  Faculty	
  Member	
  in	
  2013/14	
  

Name	
   IQC	
   WIN	
   Other	
  UW	
  
Jonathan	
  Baugh	
   687	
   	
   	
  
David	
  Cory	
   79	
   	
   	
  
Bo	
  Cui	
   	
   681	
   	
  
Irene	
  Goldthorpe	
   	
   19	
   	
  
Jan	
  Kycia	
   18	
   	
   	
  
Raymond	
  Laflamme	
   9	
   	
   	
  
Adrian	
  Lupascu	
   524	
   	
   	
  
Raafat	
  Mansour	
   	
   10	
   	
  
Matteo	
  Mariantoni	
   175	
   	
   	
  
Guoxing	
  Miao	
   327	
   	
   	
  
Omar	
  Ramahi	
   	
   	
   15	
  
Safieddin	
  Safavi-­‐Naeini	
   	
   	
   521	
  
Simarjeet	
  Saini	
   	
   852	
   	
  
Shirley	
  Tang	
   	
   50	
   	
  
Mustafa	
  Yavuz	
   	
   3	
   	
  
John	
  Yeow	
   	
   15	
   	
  
TOTAL:	
   1819	
   1630	
   	
  	
  536	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

46%	
  

41%	
  

13%	
  

IQC	
  

WIN	
  

Other	
  UW	
  

Breakdown	
  of	
  Hours	
  Booked	
  in	
  2013/14	
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7. EXPENSES	
  &	
  REVENUES	
  	
  

Expenses	
  are	
  divided	
  into	
  direct	
  and	
  indirect	
  costs.	
  Indirect	
  costs	
  were	
  equally	
  covered	
  by	
  	
  
IQC	
  and	
  WIN;	
  direct	
  costs	
  were	
  paid	
  out	
  of	
  a	
  combination	
  of	
  CFI-­‐IOF	
  funds	
  and,	
  on	
  an	
  
exceptional	
  basis,	
  IQC	
  funds.	
  Facility	
  access	
  fees	
  were	
  collected	
  throughout	
  this	
  reporting	
  period	
  
as	
  a	
  function	
  of	
  the	
  fee	
  schedule	
  published	
  on	
  the	
  public	
  portal	
  of	
  the	
  facility	
  website.	
  	
  

Indirect	
  Costs	
  

Table	
  6:	
  Indirect	
  Costs	
  covered	
  by	
  IQC	
  &	
  WIN	
  *	
  
*	
  These	
  costs	
  are	
  not	
  CFI-­‐IOF	
  admissible	
  and	
  are	
  therefore	
  directly	
  and	
  equally	
  borne	
  by	
  both	
  institutes	
  

Category	
   IQC	
   WIN	
  
Salary	
  &	
  Benefits,	
  Director	
  of	
  Operations	
  	
  
	
  

50%	
   50%	
  

Salary	
  &	
  Benefits,	
  Accounting	
  Support	
  **	
  	
  
	
  	
  	
  	
  	
  	
  **	
  1	
  day	
  per	
  week	
  

50%	
   50%	
  

Salary	
  &	
  Benefits,	
  Information	
  Technology	
  Support	
  **	
  	
  
	
  	
  	
  	
  	
  	
  	
  **	
  1	
  day	
  per	
  week	
  

50%	
   50%	
  

	
  

7.1. 2012/13	
  FISCAL	
  YEAR	
  

Direct	
  Costs	
  

Table	
  7:	
  Breakdown	
  of	
  Direct	
  Costs	
  -­‐	
  FY2012/13	
  	
  

Category	
   Cost	
   %	
  of	
  	
  
total	
  

	
  
Salaries	
  &	
  Benefits:	
  (Direct	
  personnel	
  only)	
  	
  
	
  

	
  
$274,113	
  

	
  
69%	
  

	
  
Supplies,	
  Maintenance	
  &	
  Repairs:	
  cleanroom,	
  chemicals,	
  
process	
  gases,	
  lab	
  equipment	
  repairs	
  	
  
	
  

	
  
$94,373	
  

	
  
24%	
  

Supplies:	
  Bulk	
  nitrogen	
  gas	
   $27,898	
   7%	
  

TOTAL	
  ($):	
   $396,384	
   	
  

NOTES:	
   A)	
  	
   On	
  May	
  15,	
  2009,	
  UW’s	
  Office	
  of	
  Research	
  confirmed	
  	
  “there	
  
is	
  no	
  expiration	
  date	
  on	
  the	
  IOF,	
  however	
  funds	
  are	
  expected	
  to	
  be	
  
used	
  within	
  5	
  years	
  or	
  “within	
  reasonable	
  life	
  expectancy	
  of	
  the	
  CFI	
  
equipment”.”	
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   B)	
   As	
  mentioned	
  by	
  this	
  document’s	
  author	
  at	
  the	
  WIN	
  Board	
  of	
  
Directors	
  meeting	
  held	
  on	
  June	
  10,	
  2015,	
  IQC	
  wishes	
  to	
  preserve,	
  
as	
  long	
  as	
  reasonably	
  possible,	
  the	
  CFI-­‐IOF	
  funds	
  allocated	
  to	
  the	
  
Quantum	
  NanoFab.	
  IQC	
  has	
  therefore	
  paid	
  a	
  significant	
  portion	
  of	
  
the	
  Quantum	
  NanoFab’s	
  operating	
  costs	
  since	
  FY2011/12	
  (year-­‐
by-­‐year	
  breakdown	
  to	
  end	
  FY2014/15	
  included	
  in	
  Appendix	
  H).	
  
IQC	
  aims	
  to	
  initiate	
  discussions	
  with	
  WIN	
  to	
  elaborate	
  a	
  plan	
  for	
  
equitable	
  sharing	
  of	
  these	
  costs.	
  

	
  

	
  

Revenues	
  

A	
  total	
  of	
  129	
  invoices	
  were	
  issued	
  over	
  the	
  fiscal	
  period	
  May	
  1,	
  2012	
  to	
  April	
  30,	
  
2013.	
  The	
  total	
  amount	
  invoiced	
  was	
  $157,915.	
  A	
  breakdown	
  of	
  fab	
  charges	
  per	
  faculty	
  
member	
  for	
  this	
  period	
  is	
  included	
  in	
  Appendix	
  I.	
  

Revenues	
  are	
  deposited	
  in	
  a	
  fund	
  100	
  operating	
  account	
  dedicated	
  to	
  Quantum	
  
NanoFab	
  operations.	
  In	
  FY2013/14,	
  revenues	
  were	
  used	
  to	
  purchase	
  service	
  contracts	
  for	
  
several	
  critical	
  pieces	
  of	
  equipment	
  as	
  well	
  as	
  spare	
  roughing	
  pumps	
  and	
  other	
  
equipment	
  sub-­‐assemblies.	
  These	
  service	
  contracts	
  and	
  spare	
  parts	
  further	
  bolstered	
  the	
  
Fab	
  Team’s	
  ongoing	
  goal	
  of	
  maximizing	
  equipment	
  uptime	
  to	
  the	
  overall	
  benefit	
  of	
  the	
  
Lab	
  Member	
  community.	
  	
  

The	
  balance	
  of	
  CFI-­‐IOF	
  funds	
  granted	
  against	
  CFI	
  project	
  #	
  11544	
  continues	
  to	
  be	
  
dedicated	
  to	
  the	
  operations	
  of	
  the	
  two	
  IQC	
  &	
  WIN	
  jointly	
  shared	
  facilities.	
  These	
  include:	
  	
  

• The	
  Quantum	
  NanoFab	
  
• The	
  QNC	
  Metrology	
  Facility	
  

These	
  funds	
  remain	
  primarily	
  earmarked	
  for	
  the	
  salaries	
  of	
  technical	
  staff	
  dedicated	
  
to	
  the	
  operation	
  &	
  maintenance	
  of	
  both	
  shared	
  facilities.	
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7.2. 2013/14	
  FISCAL	
  YEAR	
  

Direct	
  Costs	
  

Table	
  8:	
  Breakdown	
  of	
  Direct	
  Costs	
  -­‐	
  FY2013/14	
  

Category	
   Cost	
   %	
  of	
  	
  
total	
  

	
  
Salaries	
  &	
  Benefits:	
  HQP	
  dedicated	
  to	
  infrastructure	
  
operations	
  &	
  maintenance	
  	
  
	
  

	
  
$290,309	
  

	
  
36%	
  

	
  
Supplies,	
  Maintenance	
  &	
  Repairs:	
  cleanroom,	
  chemicals,	
  
process	
  gases,	
  equipment	
  spares,	
  service	
  contracts	
  
	
  

	
  
$486,462	
  

	
  
61%	
  

Supplies:	
  Bulk	
  nitrogen	
  gas	
   $20,494	
   3%	
  

TOTAL	
  ($):	
  
	
  

$797,285	
   	
  

NOTES:	
   A)	
  	
   On	
  May	
  15,	
  2009,	
  UW’s	
  Office	
  of	
  Research	
  confirmed	
  	
  “there	
  
is	
  no	
  expiration	
  date	
  on	
  the	
  IOF,	
  however	
  funds	
  are	
  expected	
  to	
  be	
  
used	
  within	
  5	
  years	
  or	
  “within	
  reasonable	
  life	
  expectancy	
  of	
  the	
  CFI	
  
equipment”.”	
  	
  

	
   B)	
   As	
  mentioned	
  by	
  this	
  document’s	
  author	
  at	
  the	
  WIN	
  Board	
  of	
  
Directors	
  meeting	
  held	
  on	
  June	
  10,	
  2015,	
  IQC	
  wishes	
  to	
  preserve,	
  
as	
  long	
  as	
  reasonably	
  possible,	
  the	
  CFI-­‐IOF	
  funds	
  allocated	
  to	
  the	
  
Quantum	
  NanoFab.	
  IQC	
  has	
  therefore	
  paid	
  a	
  significant	
  portion	
  of	
  
the	
  Quantum	
  NanoFab’s	
  operating	
  costs	
  since	
  FY2011/12	
  (year-­‐
by-­‐year	
  breakdown	
  to	
  end	
  FY2014/15	
  included	
  in	
  Appendix	
  H).	
  
IQC	
  aims	
  to	
  initiate	
  discussions	
  with	
  WIN	
  to	
  elaborate	
  a	
  plan	
  for	
  
equitable	
  sharing	
  of	
  these	
  costs.	
  

	
   C)	
  	
   The	
  substantial	
  increase	
  in	
  “Supplies,	
  Maintenance	
  &	
  Repairs”	
  
costs	
  during	
  this	
  particular	
  fiscal	
  period	
  are	
  due	
  to	
  the	
  acquisition	
  
of:	
  

• Annual	
  support	
  agreement	
  for	
  Raith	
  150TWO	
  E-­‐Beam	
  Litho	
  
system	
  ($91k	
  US)	
  

• Annual	
  support	
  agreement	
  for	
  Oxford	
  Instruments	
  reactive	
  
ion	
  etch	
  (RIE)	
  systems	
  (2)	
  and	
  PECVD/ALD	
  deposition	
  
cluster	
  system	
  ($86k	
  US)	
  

• Pump	
  upgrade	
  &	
  spare	
  pump	
  acquisition	
  for	
  Oxford	
  ALD	
  
deposition	
  system	
  ($69k)	
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• Spare	
  pump	
  for	
  Oxford	
  PECVD	
  deposition	
  system($26k)	
  
• Spare	
  pump	
  shared	
  between	
  both	
  Oxford	
  ICP	
  RIE’s	
  ($20k)	
  
• BCl3/Cl2	
  gas	
  cabinet	
  upgrade	
  for	
  QNC	
  ($22k)	
  
• 99.999%	
  purity	
  gold	
  pellets	
  for	
  e-­‐beam	
  evaporator	
  ($29k)	
  
• High	
  purity	
  process	
  gases	
  for	
  QNC	
  startup	
  ($20k)	
  
• 99.99%	
  purity	
  platinum	
  for	
  e-­‐beam	
  evaporator	
  ($11k)	
  
• Miscellaneous	
  spare	
  parts	
  and	
  repairs	
  such	
  as	
  RIE	
  wafer	
  

clamp	
  ($4k),	
  loadlock	
  spare	
  pump	
  ($6k),	
  wafers	
  for	
  
furnace	
  commissioning	
  ($8k)	
  ,	
  roughing	
  pump	
  repair	
  ($4k),	
  
etc.	
  

	
  

Revenues	
  

A	
  total	
  of	
  90	
  invoices	
  were	
  issued	
  over	
  the	
  period	
  May	
  1,	
  2013	
  to	
  November	
  30,	
  2013.	
  
The	
  total	
  amount	
  invoiced	
  was	
  $111,333.	
  A	
  breakdown	
  of	
  fab	
  charges	
  per	
  faculty	
  member	
  
for	
  this	
  period	
  is	
  included	
  in	
  Appendix	
  J.	
  

	
  
	
  

8. ACCESS	
  FEES	
  FOR	
  2013/14	
  &	
  INCREASES	
  PLANNED	
  FOR	
  2014/15	
  

Historical	
  access	
  fees	
  in	
  effect	
  for	
  FY2013/14	
  are	
  included	
  in	
  Appendix	
  K.	
  	
  

Access	
  fees	
  for	
  the	
  2013/14	
  fiscal	
  year	
  were	
  not	
  increased	
  from	
  the	
  previous	
  fiscal	
  year;	
  
they	
  remained	
  unchanged	
  since	
  April	
  1,	
  2012.	
  Access	
  fees	
  remain	
  highly	
  subsidized	
  by	
  IQC,	
  WIN,	
  
the	
  University	
  of	
  Waterloo	
  and	
  the	
  CFI-­‐IOF	
  fund	
  associated	
  with	
  CFI	
  project	
  #	
  11544.	
  The	
  
estimated	
  extent	
  of	
  these	
  subsidies	
  was	
  detailed	
  in	
  the	
  individual	
  monthly	
  invoices	
  sent	
  to	
  
Principal	
  Investigators	
  over	
  this	
  period.	
  

Some	
  of	
  our	
  infrastructure	
  had	
  been	
  in	
  operation	
  in	
  the	
  RAC1	
  temporary	
  facility	
  for	
  3	
  to	
  4	
  
years	
  prior	
  to	
  being	
  moved	
  to	
  QNC.	
  The	
  odds	
  of	
  their	
  suffering	
  potentially	
  expensive	
  repairs	
  with	
  
resulting	
  extended	
  downtimes	
  are	
  steadily	
  increasing.	
  As	
  a	
  hedge	
  against	
  these	
  growing	
  
probabilities,	
  service	
  contracts	
  have	
  been	
  acquired	
  for	
  five	
  of	
  the	
  facility’s	
  most	
  complex	
  and	
  
most	
  widely	
  &	
  frequently	
  used	
  pieces	
  of	
  equipment.	
  	
  

The	
  addition	
  of	
  many	
  new	
  pieces	
  of	
  lab	
  equipment	
  in	
  the	
  QNC	
  cleanroom	
  have	
  further	
  
increased	
  annual	
  operating	
  costs	
  since	
  many	
  new	
  expensive	
  gases,	
  materials	
  and	
  chemicals	
  are	
  
typically	
  used	
  by	
  these	
  machines	
  on	
  a	
  routine	
  basis.	
  In	
  addition,	
  QNC	
  cleanroom	
  operations	
  are	
  
more	
  expensive	
  than	
  they	
  were	
  at	
  RAC1	
  given	
  the	
  QNC’s	
  enhanced	
  certification	
  levels	
  and	
  its	
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surface	
  area	
  which	
  is	
  800%	
  greater	
  than	
  it	
  was	
  at	
  RAC1.	
  These	
  factors	
  contributed	
  to	
  the	
  decision	
  
to	
  adjust	
  facility	
  access	
  fees	
  prior	
  to	
  commencement	
  of	
  QNC	
  fab	
  operations.	
  	
  	
  	
  

Final	
  remarks:	
  

As	
  has	
  been	
  the	
  case	
  since	
  temporary	
  operations	
  first	
  started	
  in	
  the	
  RAC1	
  cleanroom	
  in	
  
November	
  2009,	
  a	
  single	
  access	
  fee	
  structure	
  remains	
  in	
  place	
  for	
  all	
  academic	
  members,	
  
regardless	
  of	
  affiliation	
  (IQC,	
  WIN,	
  other	
  academic),	
  and	
  regardless	
  of	
  PI	
  status	
  (junior	
  or	
  
senior	
  faculty).	
  	
  

Over	
  the	
  course	
  of	
  FY2014/15,	
  Management	
  intends	
  to	
  define	
  and	
  implement	
  the	
  
necessary	
  protocols	
  and	
  procedures	
  needed	
  to	
  permit	
  facility	
  access	
  to	
  other	
  academic	
  
institutions,	
  government	
  labs	
  and	
  private	
  sector	
  companies.	
  This	
  will	
  allow	
  the	
  facility	
  to	
  
fulfill	
  access	
  requirements	
  dictated	
  by	
  its	
  federal	
  and	
  provincial	
  funding	
  agencies.	
  It	
  will	
  
also	
  allow	
  for	
  the	
  generation	
  of	
  much	
  needed	
  additional	
  revenues	
  to	
  fund	
  its	
  expanding	
  
operating	
  costs.	
  	
  

As	
  shown	
  in	
  Appendix	
  F,	
  industrial	
  access	
  rates	
  have	
  been	
  set	
  to	
  3x	
  the	
  academic	
  rates.	
  
This	
  is	
  in	
  line	
  with	
  trends	
  observed	
  at	
  other	
  similar	
  institutions,	
  and	
  is	
  subject	
  to	
  future	
  
review/adjustment.	
  

	
  

9. 2014/15	
  KEY	
  OBJECTIVES	
  &	
  ACTIVITIES	
  	
  

Some	
  portions	
  of	
  the	
  QNC	
  infrastructure	
  were	
  not	
  100%	
  ready	
  for	
  commencement	
  of	
  
operations	
  on	
  September	
  2,	
  2014,	
  the	
  Quantum	
  NanoFab’s	
  grand	
  opening	
  date.	
  Completion	
  of	
  
these	
  final	
  elements	
  remained	
  the	
  Fab	
  Team’s	
  main	
  focus	
  after	
  the	
  facility’s	
  doors	
  were	
  opened	
  
for	
  business.	
  These	
  included	
  the	
  following	
  major	
  objectives:	
  

Building	
  &	
  Cleanroom	
  Infrastructure	
  

• Ensure	
  completion	
  of	
  fandeck	
  (interior)	
  wall	
  repairs	
  	
  
• Complete	
  modifications	
  to	
  gowning	
  room	
  main	
  access	
  door	
  &	
  sliding	
  door	
  

assembly	
  
• Install	
  stand-­‐alone	
  temperature	
  monitor	
  in	
  gas	
  bunker	
  1709	
  
• Complete	
  Packaging	
  Lab	
  &	
  Sample	
  Prep	
  Lab	
  setups	
  
• Eliminate	
  facility	
  access	
  for	
  all	
  construction	
  trades	
  
• Ensure	
  Process	
  Chilled	
  Water	
  (PCW)	
  resistivity	
  set	
  point	
  maintained	
  at	
  acceptable	
  

level	
  prior	
  to	
  powering	
  lab	
  equipment	
  with	
  RF	
  power	
  supplies	
  
• Ensure	
  facility	
  “clean	
  steam”	
  humidification	
  capability	
  tested	
  and	
  enabled	
  prior	
  to	
  

start	
  of	
  dry,	
  winter	
  season	
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• Per	
  safety	
  code	
  requirements,	
  implement	
  protocol	
  for	
  annual	
  verification	
  of	
  fume	
  
hood	
  face	
  velocities,	
  monthly	
  inspection	
  of	
  fire	
  extinguishers	
  and	
  monthly	
  testing	
  
of	
  emergency	
  safety	
  showers	
  

• Establish	
  content	
  for	
  &	
  activate	
  TV	
  panels	
  located	
  at	
  cleanroom	
  gowning	
  room	
  
entrance	
  and	
  along	
  centre	
  aisle	
  within	
  cleanroom	
  

• Establish	
  detailed	
  procedure	
  for	
  safely	
  charging	
  toxic	
  &	
  corrosive	
  gas	
  lines	
  
• Install	
  nitrogen	
  and	
  house	
  vacuum	
  ports	
  to	
  hoods	
  in	
  labs	
  1508	
  and	
  1707	
  
• Work	
  with	
  UW	
  Plant	
  Operations	
  to	
  devise	
  a	
  plan	
  &	
  procedure	
  for	
  routinely	
  

maintaining	
  cleanroom	
  ventilation	
  infrastructure	
  all	
  while	
  minimizing	
  impact	
  to	
  
fab	
  operations	
  	
  

Cleanroom	
  Operations	
  -­‐	
  General	
  

• Install	
  additional	
  chemical	
  storage	
  cabinets	
  
• Acquire	
  chemical	
  transport	
  carts	
  
• Devise	
  &	
  implement	
  plan	
  for	
  keeping	
  fire	
  extinguishers	
  off	
  the	
  floor	
  as	
  required	
  to	
  

comply	
  with	
  UW	
  Safety	
  Office	
  guidelines	
  
• Establish	
  plan	
  for	
  cleanroom	
  gowning	
  gear	
  laundering	
  protocol	
  &	
  frequency	
  	
  
• Establish	
  &	
  implement	
  protocol	
  and	
  schedule	
  for	
  ongoing	
  cleaning	
  of	
  cleanroom	
  

walls,	
  floors	
  and	
  ceilings	
  
• Establish	
  facility	
  safety	
  inspection	
  plan	
  and	
  commence	
  monthly	
  inspections	
  

starting	
  September	
  2014	
  
• Streamline	
  website	
  to	
  facilitate	
  retrieval	
  of	
  information	
  on	
  public	
  and	
  password-­‐

protected	
  portals	
  
• Acquire	
  additional	
  chemical	
  spill	
  kits	
  
• Establish	
  online	
  quiz	
  for	
  “HF	
  Acid	
  Handling	
  Best	
  Practices”	
  training	
  module	
  
• Roll-­‐out	
  mechanism	
  for	
  generating	
  new	
  user	
  ID	
  badges	
  and	
  facility	
  access	
  FOB’s	
  
• Create	
  job	
  description	
  for	
  new	
  Nanofabrication	
  Equipment	
  Technologist	
  position	
  
• Expand	
  facility	
  access	
  policies	
  to	
  allow	
  non-­‐UWaterloo	
  access	
  (including	
  non-­‐UW	
  

academic	
  and	
  private	
  sector	
  applicants)	
  
• Establish	
  facility	
  checklist	
  and	
  commence	
  weekly	
  and	
  monthly	
  datalogs	
  
• Establish	
  temporary	
  monthly	
  invoicing	
  mechanism	
  via	
  support	
  from	
  Badger	
  LMS	
  
• Roll	
  out	
  Badger	
  Dashboard	
  on	
  fab	
  website	
  
• Order	
  additional	
  cleanroom	
  gowning	
  gear	
  

Lab	
  Equipment	
  

• Complete	
  all	
  remaining	
  ESA	
  certifications	
  
• Commission	
  all	
  tools	
  previously	
  available	
  in	
  RAC1	
  temporary	
  facility	
  on	
  a	
  priority	
  

basis:	
  
o Oxford	
  silicon	
  etcher	
  (Si	
  DRIE)	
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o Oxford	
  metal	
  etcher	
  (RIE	
  for	
  metals	
  &	
  III-­‐V	
  materials)	
  
o Oxford	
  ALD/PECVD	
  cluster	
  deposition	
  system	
  
o YES	
  Oxygen	
  plasma	
  etch	
  system	
  

• Commission	
  newly	
  installed	
  equipment	
  including:	
  
o Rapid	
  Thermal	
  Processor	
  
o AJA	
  Twin-­‐chamber	
  sputter	
  
o AJA	
  Ion	
  mill	
  
o Four-­‐tube	
  furnace	
  stack	
  
o Ellipsometers	
  
o Wet	
  benches	
  
o Film	
  stress	
  measurement	
  system	
  
o Packaging	
  Lab	
  equipment	
  

	
  

	
  
	
  
	
  

Submitted	
  by:	
  	
   Vito	
  Logiudice	
  	
  P.Eng.	
  
Director	
  of	
  Operations,	
  Quantum	
  NanoFab	
  
June	
  30,	
  2015	
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APPENDIX	
  A:	
  ORGANIZATIONAL	
  STRUCTURE	
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APPENDIX	
  B:	
  QNC	
  CLEANROOM	
  VIBRATION	
  &	
  ACOUSTIC	
  TEST	
  DATA	
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APPENDIX	
  I:	
  FAB	
  FEES	
  INVOICED	
  PER	
  FACULTY	
  MEMBER	
  IN	
  2012/13	
  

Table	
  9:	
  Total	
  Fab	
  Fees	
  Invoiced	
  per	
  Faculty	
  Member	
  in	
  2012/13	
  

Name	
   IQC	
   WIN	
   UW	
  
(ECE)	
  

Jonathan	
  Baugh	
   $35,684	
   	
   	
  
David	
  Cory	
   $4,583	
   	
   	
  
Bo	
  Cui	
   	
   $21,768	
   	
  
Irene	
  Goldthorpe	
   	
   $863	
   	
  
Jan	
  Kycia	
   $342	
   	
   	
  
Raymond	
  Laflamme	
   $116	
   	
   	
  
Zoya	
  Leonenko	
   	
   	
   	
  
Adrian	
  Lupascu	
   $33,594	
   	
   	
  
Raafat	
  Mansour	
   	
   $3,209	
   	
  
Guoxing	
  Miao	
   $1,359	
   	
   	
  
Omar	
  Ramahi	
   	
   	
   $963	
  
Safieddin	
  Safavi-­‐Naeini	
   	
   	
   $15,444	
  
Simarjeet	
  Saini	
   	
   $34,567	
   	
  
Andrei	
  Sazonov	
   	
   	
   	
  
Shirley	
  Tang	
   	
   $4,712	
   	
  
Mustafa	
  Yavuz	
   	
   $713	
   	
  
TOTAL:	
   $75,677	
   $65,832	
   $16,407	
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Table	
  10:	
  Total	
  Fab	
  Fees	
  Invoiced	
  per	
  Faculty	
  Member	
  in	
  2013/14	
  

Name	
   IQC	
   WIN	
   UW	
  
(ECE)	
  

Jonathan	
  Baugh	
   $17,437	
   	
   	
  
David	
  Cory	
   $1,570	
   	
   	
  
Bo	
  Cui	
   	
   $25,155	
   	
  
Irene	
  Goldthorpe	
   	
   $376	
   	
  
Jan	
  Kycia	
   $709	
   	
   	
  
Raymond	
  Laflamme	
   $260	
   	
   	
  
Adrian	
  Lupascu	
   $10,174	
   	
   	
  
Raafat	
  Mansour	
   	
   $348	
   	
  
Matteo	
  Mariantoni	
   $5,440	
   	
   	
  
Guoxing	
  Miao	
   $8.157	
   	
   	
  
Omar	
  Ramahi	
   	
   	
   $552	
  
Safieddin	
  Safavi-­‐Naeini	
   	
   	
   $16,016	
  
Simarjeet	
  Saini	
   	
   $23,451	
   	
  
Shirley	
  Tang	
   	
   $1,065	
   	
  
Mustafa	
  Yavuz	
   	
   $99	
   	
  
Mustafa	
  Yavuz	
   	
   $827	
   	
  
TOTAL:	
   $43,746	
   $51,322	
   $16,568	
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