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Organic FET (OFET)

Pentacene: organic semiconductor (p-type)

' o 90000

L>20um
= 630nm

on/off > 10°
Transistor yield > 99% @ tgate

Gold (source / drain)

Base film: polyethylegnhe naphthalate (PEN )

Polyimide (gate dielectric)/
Gold (gate)
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Sheet-type scanner

*ISSCC 2004

Electronic artificial skin (e-skin)
- |[EDM 2004

Sheet-type scanner

- Large area, low cost
* Mechanically flexible
=> fits on curved surface.

* Black-&-white image

* No mechanical parts / lens
*Weight: 1g

* Thickness: 0.4mm

* Bending radius: 30mm
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Novel features

*Double wordline & bitline in large-area sensor
High speed
Low power

* 3D stack integration

* New decoder

* Photocurrent sensing
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Organic photodiode (OPD)

Laser via
Top metal Parylene
Au (cathode) (passivation)

Base film: PEN

/

PTCDI (n)
CuPc (p)
ITO (anode)
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Operation principle

Light to be sensed Direct

incident
light

thode = light shielc

Photodiode

Base film: PEN

Paper: o] F-Ted white
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Double wordline & bitline structure

2WL decoders

Total: 64 x 64 pixels
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First wordline delay optimization
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Scanner layout

Separate
& stack
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 Logical device

Pixel
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* Physical device 10

© 2005 IEEE International Solid-State Circuits Conference © 2005 IEEE



Organic FET sheet#1

8 x 8 pixel selectors in a block
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Organic FET sheet#2
32 OFETs in a block

§1WL selector
_-_1 BL selector
_%_Amplifier
lPrecharge OFET

2WLs{ :
<= [nterconnect =>

B g Biag T &ﬁ
3 <= Interconnect =>

M <= Interconnect =>
Nﬁ @ i ey Tl

<= Interconnect =>
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Scanner Picture

Pixel size:
1.27 x 1.27mm?2
(20dpi)

OFET sheet#2
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3D stack integration

* Top view

Cathode:
900 x 900um?

Open-area ratio:
45%

* Side view
Silver paste

OFET sheet#2 ]|

OFET sheet#1

OPD sheet
Paper: black
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New dynamic decoder

« Conventional

Parallel
A E«[TEA
2WL
V|3|As—‘i SmaII

* Sizing required
*Slow

*Vgas adjustment
*1uA active leakage

* New

M[L
2WL

Ay
A
A

L U Leee

Series

D
*No active leakage
* Fast

* Ratioless

* Wide margin
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Cut-&-paste customization

Cut 3 switching OFETs out.
5 A1 A2 A3 A4 A5
_ J . d b5 Al S 4
(I)—C t’_L|€I U uJ oy U L
= +—2wL
3— . .
— 2|3 switching [ ]
A, }
5 O|OFETs
1—9L
< Paste them to 2WL pad.
1 out of 8 6 A A, A3
decoder 4 4 44  2WL pad
?_I_L|€I L U

Reduces mask & NRE costs.
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Photocurrent sensing

* Charge transfer
Precharge

TWL \__{

Precharge 4 Amplifier

1BLS——H—=%

2BL

Charge-to-voltage
conversion

 Photocurrent

Precharge
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Current I{LV

Current-to-time
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2BL
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Photocurrent

20V

Precharge iq%ér:plifier
: =k
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Scanned image

1.Scan pure black paper & pure white paper.
2.Scan image.
3. Calibrate data by interpolating them
between pure black & pure white.
* Original “F” *Scanned “F”
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First wordline delay

Double WL Singlg WL

10 ﬁoc%
B LRS-
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3mj . | | Time
. 17ms>
* 6x faster

* Agrees with simulation.
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Second bitline delay
/Double BL (white)
/

Double BL (black)

ZL‘.-.?. i i N S \"'-"-" M e R S

/ ...‘ LLAE S S S A i S S AT LI
-
o -
o -

N
o
T

w

o

CD
D
-
7))
oD
<
@)

-
Q
«Q
@D
|

Voltage [V]
N
o

Sln le BL (white
f \ g ( )

13 W* Single BL (black)
3ms . | | | | Time
} 18ms _
* 6x faster

21

© 2005 IEEE International Solid-State Circuits Conference © 2005 IEEE



Cycle time & power improvement

Cycle time

Single WL/BL: WL 17ms + BL 18ms + recovery 4ms = 39ms
Double WL/BL: WL 3ms + BL 3ms +recovery 1Ims = 7ms

Single Double WL/BL
WL/BL | High speed | Low power
Cycle 39ms 7ms 39ms
time \m]
Total | 25mW | 900uW | 350pW
power \ ]
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Future directions

* Organic scanner in future
Pixel size: 15x smaller => 300dpi
# of pixels: 32x larger => 2048 x 2048 pixels

 Compared to single wordline & bitline scheme,
double wordline & bitline structure improves...
Scan-out time: 1000 seconds => 40x faster
Power: 40x less

Double WL/BL is essential for large-area sensors.

23
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Summary

* 3D stacked sheet-type scanner
1 organic photodiode sheet &
2 organic FET sheets

*New high-speed, low-power & wide-margin decoder
cut-&-paste customization

 Double wordline & bitline structure
Delay: 5x faster
Power: 7x less

Essential for future large-area sensors
24
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