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Goals:  Providing  answers  to  the  ques6ons

What	  are	  the	  typical	  limita.ons	  of	  classical/basic	  fluorescence	  
imaging	  regimes?	  
	  
	  
Can	  I	  use	  my	  commercial	  microscope	  to	  implement	  this	  fancy	  
microscopy	  technique	  I	  read	  about?	  
	  
	  
I	  am	  building	  my	  own	  microscope	  for	  a	  new	  imaging	  
technique.	  Do	  I	  have	  to	  write	  my	  own	  soAware?	  
	  
	  
	  



I	  found	  this	  fancy	  science	  paper,	  what	  the	  heck	  are	  they	  talking	  about?	  
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Confocal	  
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Basic  Fluorescence  Microscopy
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Simultaneous	  
	  
	  or	  
	  

Sequen/al?	  

Each	  illumina/on	  corresponds	  to	  exactly	  	  one	  
camera	  frame	  



  

Illumina.on	   Cameras	  

Commercial	  So:ware	  for	  Basic	  Imaging	   Bespoke	  Imaging	  Regimes	  for	  Advanced	  Imaging	  

Illumina.on	   Cameras	  

Advanced	  imaging	  modali.es	  may	  require	  more	  
flexibility!	  
	  
Think	  first	  about	  your	  applica.on	  and	  then	  
about	  how	  to	  best	  implement	  the	  
measurement	  control.	  
	  
Try	  to	  be	  efficient:	  full	  flexibility	  comes	  at	  a	  high	  
cost	  (e.g.	  wri.ng	  your	  own	  soAware)	  

Works	  well	  for	  certain	  advanced	  imaging	  
methods	  like	  widefield	  deconvolu.on,	  PALM	  
and	  STORM	  because	  these	  methods	  rely	  mostly	  
on	  sample	  prepara.on	  and	  post-‐processing.	  



  

RESOLFT	  =	  REversible	  Saturable	  Op.caL	  Fluorescence	  Transi.ons	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  =	  molecular	  switches	  

405nm 

491nm 

491nm Fluorescence ON	  

OFF	  

Grotjohann,	  Hell,	  et	  al.,	  Nature	  478,	  p.	  204	  (2011)	  

Example:  RESOLFT  Imaging

Reversibe	  switchable	  fluorescent	  proteins:	  
Switching	  through	  e.g.	  cis-‐trans	  isomeriza.on	  



  

Grotjohann,	  Hell,	  et	  al.,	  Nature	  478,	  p.	  204	  (2011)	  

Switching	  kine.cs:	  ON	  …	  100	  µs	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  OFF	  …	  1-‐10	  ms	  

Example:  RESOLFT  Imaging

Applica.on:	  Super-‐Resolu.on	  

Switch	  on	   Switch	  off	   Collect	  fluorescence	  



  Example:  RESOLFT  Imaging

Iden.fica.on	  of	  special	  imaging	  requirements:	  
	  
1)  Three	  sequen.al	  illumina.on	  but	  just	  one	  camera	  exposure	  

2)  Individual	  dura.ons	  of	  illumina.ons	  

3)  Illumina.on	  two	  and	  three	  with	  same	  colour	  (but	  not	  
necessarily	  same	  power	  and	  with	  the	  same	  beam	  profile)	  	  

Switch	  on	   Switch	  off	   Collect	  fluorescence	  

100	  µs	   10	  ms	   1	  ms	  

How?	  

Mechanical	  shufers	  and	  filters?	  
Too	  slow!	  
	  
Directly	  triggering	  the	  lasers?	  
Depends	  on	  laser!	  
	  
Acousto-‐op.cs?	  
Expensive	  but	  powerful!	  
	  



  Acousto-‐op6cal  tunable  filter

AOTF:	  Acousto-‐op/cal	  tunable	  filter	  

Advantages:	  
-‐  Up	  to	  8	  channels/colours	  
-‐  Amount	  of	  diffracted	  light	  can	  be	  set	  

individually	  
-‐  Very	  fast:	  rise	  .me	  of	  <2µs	  

Working	  principle	  

Piezoelectric	  transducer	  afached	  to	  a	  crystal	  is	  
used	  to	  excite	  a	  sound	  wave	  with	  a	  frequency	  
of	  the	  order	  of	  100	  MHz	  
	  
Light	  gets	  diffracted	  at	  the	  traveling	  periodic	  
refrac.ve	  index	  gra.ng	  generated	  by	  the	  
sound	  wave	  

AOM:	  Acousto-‐op/cal	  modulator	  
-‐	  Only	  one	  channel	  but	  much	  cheaper	  



  Example:  RESOLFT  Imaging

Iden.fica.on	  of	  special	  imaging	  requirements:	  
	  
1)  Three	  sequen.al	  illumina.on	  but	  just	  one	  camera	  exposure	  

2)  Individual	  dura.ons	  of	  illumina.ons	  

3)  Illumina.on	  two	  and	  three	  with	  same	  colour	  (but	  not	  
necessarily	  same	  power	  and	  with	  the	  same	  beam	  profile)	  	  

Switch	  on	   Switch	  off	   Collect	  fluorescence	  

100	  µs	   10	  ms	   1	  ms	  

How?	  

AOTF	  

How	  to	  get	  two	  laser	  lines?	  
	  



  How  to  extract  two  beam  lines  out  of  one  laser?

491	  nm	   HWP	  

Polarizing	  
beam	  splifer	  Linear	  polariza.on	  

How?	   Genera.ng	  two	  491	  nm	  laser	  lines	  
-‐  Buying	  two	  laser	  (expensive)	  
-‐  Exploi.ng	  polariza.on	  

Op.on	  1:	  Two	  acousto-‐op.cal	  devices	   Op.on	  2:	  Electro-‐op.cal	  modulator	  (EOM)	  

AOM	  

AOM	  

EOM	  =	  device	  which	  can	  be	  used	  for	  controlling	  the	  
power,	  phase	  or	  polariza.on	  of	  a	  laser	  beam	  with	  
an	  electrical	  control	  signal.	  

Principle	  of	  opera.on	  =	  based	  on	  linear	  electro-‐
op.c	  effect,	  the	  modifica.on	  of	  the	  refrac.ve	  
index	  of	  a	  nonlinear	  crystal	  by	  an	  electric	  field	  

Half	  wave	  plate	  



  How  to  extract  two  beam  lines  out  of  one  laser?
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AOTF/EOM	  

  SeMng  up  a  measurement  –  The  problem  of  hardware  synchroniza6on

XYZ	  Sample	  Stage	  

Spa.al	  light	  modulator	  

Etc.	  

	  
	  
	  
S	  
O	  
F	  
T	  
W	  
A	  
R	  
E	  
	  
	  
	  

Commercial:	  
Leica,	  Olympus,	  
Zeiss,	  API,	  etc	  
	  
Free:	  
µManager,	  
Home-‐built	  

Computer	  sends	  commands	  
to	  the	  devices	  each	  .me	  a	  
change	  is	  required.	  
	  
This	  will	  cause	  latencies	  (up	  to	  
100	  ms)	  since	  the	  applica.on	  
soAware	  run	  on	  a	  standard	  
desktop	  opera.ng	  system	  can	  
not	  produce	  accurate	  .mings.	  

Two	  solu.ons:	  
	  
1)  Addi.onal	  hardware	  
2)  Advanced	  triggering	  



AOTF/EOM	  

Hardware  synchroniza6on

XYZ	  Sample	  Stage	  

Spa.al	  light	  modulator	  

Etc.	  

	  
	  
	  
S	  
O	  
F	  
T	  
W	  
A	  
R	  
E	  
	  
	  
	  

Commercial:	  
Leica,	  Olympus,	  
Zeiss,	  API,	  etc	  
	  
Free:	  
µManager	  
(depends),	  
	  
Home-‐built	  

Na.onal	  Instuments	  Data	  
Acquisi.on	  (NIDAQ)	  is	  a	  low	  
cost	  input,	  output	  device	  with	  
analoge,	  digital	  and	  counters.	  
Control	  through	  Labview.	  
	  
A	  digital	  signal	  processor	  (DSP)	  
is	  a	  specialized	  microprocessor	  
with	  its	  architecture	  op.mized	  
for	  the	  opera.onal	  needs	  of	  
digital	  signal	  processing.	  
	  
	  
A	  field-‐programmable	  gate	  
array	  (FPGA)	  is	  an	  integrated	  
circuit	  designed	  to	  be	  
configured	  by	  a	  customer	  or	  a	  
designer	  aAer	  manufacturing	  –	  
hence	  "field-‐programmable".	  
	  

Solu/on	  1:	  Using	  an	  addi/onal	  piece	  of	  hardware	  

NI	  
D	  
A	  
Q	  
	  
OR	  
	  
D	  
S	  
P	  
	  
	  OR	  
	  
F	  
P	  
G	  
A	  

Very	  powerful,	  but	  /me	  consuming	  to	  integrate.	  



  Hardware  synchroniza6on

	  
S	  
O	  
F	  
T	  
W	  
A	  
R	  
E	  
	  

Commercial:	  
Leica,	  Olympus,	  
Zeiss,	  API,	  etc	  
(depends)	  
	  
	  
	  
Free:	  
µManager,	  
Home-‐built	  

SoAware	  delegates	  control	  to	  
camera,	  which	  provide	  fast	  and	  
accurately	  .med	  opera.on	  

Solu/on	  2:	  Clever	  triggering	  

Master	  clock:	  
camera	  

Digital	  delay	  pulse	  generator	  
	  
	  
	  
	  
	  
	  

Spa.al	  light	  modulator	  

NI	  DAQ	  card	  

AOTF	  

Synchroniza.on	  between	  the	  
devices	  is	  achieved	  by	  rou.ng	  TTL	  
pulses	  over	  signal	  cables	  (BNC)	  	  

A	  digital	  delay	  pulse	  generator	  creates	  
the	  bespoke	  pulse	  sequence	  for	  the	  
par.cular	  imaging	  applica.on	  



  

Building  your  advanced  imaging  system

Iden.fy	  the	  imaging	  requirements	  of	  your	  applica.on,	  
including	  sequence	  and	  dura.on	  of	  illumina.on	  and	  detec.on.	  

Generate	  a	  pulse	  schema.c.	  
Does	  the	  current	  implementa.on	  supports	  it?	  

Can	  you	  set	  up	  a	  trigger	  sequence	  using	  the	  
camera	  as	  a	  master	  clock?	  

No	  

Yes	  

Yes	  

No	  

You	  need	  to	  write	  your	  own	  program	  controlling	  the	  hardware	  (DAQ)	  
card.	  



  

Take  home  messages

•  Find  out  what  your  applica6on  needs.

•  Clever  triggering  can  save  you  a  lot  of  work.

•  If  you  need  a  very  flexible  illumina6on  regime  you  need  to  
write  your  own  measurement  soTware.



Now  you  are  ready  to

understand  this.    


