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Asymmetric-detection Time-stretc
Optical Microscopy (ATOM)

- An ultrafast optical imaging technology for
biomedical diagnosis
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T / Q . - - ol s
’ "“t?’fﬂz %%mﬁb&fﬁ(Optlcal microscopes)

.-”F?E.{%*E&(Webcams (Smartphone cameras)

Z 0315 CCD and CMOS S {& B fEZS

Core technologies: CCD and CMOS image sensors

Anal Iog-to-Dlglul Conversi ion

Z"E‘l-._‘?ﬁ';E'f%(Consumer-grade):
o FIBIRE (frame rate):B#1-10’s 18 (1-10’s Hz)
o MRYEHSME (exposure time): 1-100 ZEF (1-100 ms)

= ImE & (Advanced-grade):
o  FN{EIZEE (frame rate):5F1000’s fiF (1000’s Hz)
o MRYEHFRI (exposure time): 0.001 ZE# (0.001 ms)
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A% Fundamental limitation in current image sensors — vs sensitivit
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tRF - 7

(Shutter opened)

RFT - B

(shutter closed) ng_ FEﬂ (Time) HEI_-':_ Fﬂﬁ (Time)
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Also applied to biological cell imaging

15 R

=5 1me g 10m
Frame rate : 0.1 Hz Frame rate : 1Hz Frame rate : 10Hz
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High throughput + High-content diagnostics
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flow cytometry
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E£Y% ?(blomolecules)
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#H he (cells)
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Whole-slide imaging

#8 45 (tissues)
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Example: Detecting rare cancer cells

° EIHHEEH%, ﬂ]lif&":F' Rg*ﬁﬁi%’;mﬂi H@ (Circulating tumor cells (CTCs) are extremely rare)

>KAB—EAMRPME—E = (~ 1 cell in milliliter of blood)
>E—=HM&ESD, & 811 ...\ﬂﬁlﬂ]l,fﬂ..‘ﬂlﬂﬂ (1 mL = few billions of blood cells)

Congratulations,\ <
it only took you
65299 seconds

« FMAIRSSEFIBEIE:S (today’s fastest cameras):
— JZEASKEYWRE 1000 E R ZEE

(<1000 cells per seconds is possible.)

— REPAMAEAR > FiS52EA! !

(2 months to find a single cell)
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EFEEREETE (ATOM)

An entirely new imaging concept — ATOM
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Step 2: Wavelength-to-time mapping by stretching flash light (chromatic dispersion)

i (>100ER)

Optical fiber spool (>10km)

=17
KB E
Brightness .

BY—BEBRHTTE

1 — 10 millions Hz

B R 2
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Step 2: Wavelength-to-time mapping by stretching flash light (chromatic dispersion)

St (>10AEE) - PeEER

Optical fiber spool (>10km) | B Image processor

BBENEAZE

Single-pixel detector

KB E
Brightness

Hg.l:' Fﬂﬁ (time)

[0 R 1% #4% B [ ﬁﬁ%ﬁ’]ﬁﬂﬁ'ﬁw = 1538
> RS RER 2R - R RS BMEE

Optical amplification in the same fiber to obtain brighter image
— overcome speed-versus-sensitivity trade-off!!
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( Schlieren photography )

1S BB B R S SE REEE - B 8IF 8" (Schlieren photography)
petafREM S ERHIRZERARKEANSETE

(visualize the transparent cells at ultrahigh speed)

SErEEIF BN B AREIE, o ARZEERZER

(Simultaneously obtain more image contrasts which can be indicators for diseases diagnosis)

N

4B o S TR U BT R

Absorption contrast Gradient-phase contrast
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In-house fabricated microfluidic chip for ATOM system

Thin PDMS




ATOM £ 53%E cMmOS 1H1#E 7 EE#R

ATOM vs high-speed CMOS camera

ATOM
e BERHZRE: BV _T/\858
Frame rate: 26 millions Hz

o MBS 207 F0

Exposure time :~20 x 1012 sec
o M B¥WIK
Flow speed: 10 m/s

CMOS 7I‘E*%(CMOS camera)
- RIBEE: BV _B=7T
Frame rate : 23,000Hz
- BREIE: 0.001 E®
Exposure time: 0.001ms
o M BWRK

Flow speed : 2 m/s

Kevin Tsia tsia@hku.hk
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Imaging blood cells in ultrafast flow

B M %4 e

leukemic monocytes

0123 0123
lime (ns) Time (ns)

R ZREW1K > HERES
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Human whole blood (red blood cells (RBCs))
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Détector

Flow speed: 1-4 m/s

ik 5> SEEHE

Throughput: > 50,000 cells/s

Fluidic Optical :
system Filters .

R TR
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o

Neutrophil

i

Monocyte

Lymphocyte

Side scatter o€ Complexity

0 50 100 150 200

Forward scatter oC Size

ATOM - "Ei(2 ) mENdliniE
e HiEBEsHREEISVWT+EEME

Imaging throughput ~100,000 particles/sec

e K {T{a[CCD/CMOSS & B FE 38 7l = i3]

Not achievable by any CCD/CMOS cameras
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. WEHAYREEERE - EEUJEE % LRt Defects on hard-aisk cylindes
ﬁn-'-'--]we (EE EE}:IIﬁglj & ﬁk n" EI]F'U &m 3 ‘) stationary

Surface inspection — a nondestructlve evaluatlon method which is crucial for
semiconductor wafer, paper, thin film production.

rotating at 7200 rpm.

o ATOMOIRZR (B> 100 k) #HHEMIRE A (A& < 0.01 mm?)

ATOM can easily locate defects with area <0.01 mm? (with the rolling speed > 100 m/s)
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