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Visual processing system

~\Vertebrate visual system

using 3-Dimensional Custom-Stack System
Cross-section of the retina Brain(Visual Cortex 1) .
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The vertebrate visual system processes visual information extraction and
its binding by massively parallel neural network arranged hierarchically in Power of the 3-D integration is demonstrated by engineering realization of the architecture and algorithm
real-time and adapts to a rapidly changing visual environment by an of the vertebrate visual system
adaptive mechanism.
¢Visual processing chip using the 3DCSS configuration with 0.35um CMOS process
A visual processing chip, a 3VP3D chip, was developed to configure the 3DCSS. LWI transmitter and receiver
-Cell array : massively parallel image processing -GWI circuit : global chip control by transmitting instruction code Apulse w'd‘_h signal f.rom the P'xe! clrcult. s transfe'rred from the LW/ tran.smltte.rto the rec.elver
-LWI circuits, PWM and PWD circuits : high speed data transfer by line parallel arrangement between adjacent chips by using inductive coupling. And then, the received signal is fed into the
. R pixel circuit.
Block diagram of the 3DCSS chip The 3DCSS chip can be applied to processing mimicked " P . . .
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i Vo An analog output from the cell array must be converted into a digital data in order to use
Meander dipole antenna the LWI circuits. The PWM circuit modulates the analog output to a pulse width signal,
GWI receiver and the PWD circuit demodurates. The PWM circuit was embedded a compensation circuit
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~Development of the 3DCSS test module - — |
A 3DCSS test module using 3DCSS chip was developed by ultrasonic flip chip bonding process. esponses obtained '°'getn:ertiiitpm°du eReciever chip
Cross section of the 3DCSS test module Photo graph of the 3DCSS test module ™ kg K @ Aninputimage was fed into the sendor chip.
5 = The center images show outputs from the
ultrasonic flip chip bonding . s dor chi - without thi
Input image g sendor chip. (upper : without smoothing,
£ bottom : with smoothing) These images were
(flexible printed circuit) xvirg (Au) £ _ & transmitted to the receiver chip by using line
1C pad- 11 3 parallel LWI circuits. The right images show
contact pin £ output from the receiver chip.
solder thinned 3DCSS chip =
Ndon % _ 90um 160um o The outputs had good transmitted parts and
+ %—L £ some incorrect parts. If bias voltages of the
. % LWI were changed the incorrect parts showed
| 3DCSS chip | :[SOOUm '_*'30 x 80 pllxel_s g correct responses. The cause of this problem
exagonal grid @ is thought that the distance between two
printed-circuit board £ spiral inductors of the test module had
3 exceed the design value.
Specifications of the VP3D chip Wi receiver cirauit Visual processing chip redeveloped Specifications of the re-VP3D chip Wi receiver circuit

Process CMOS 0.35um 2 Poly 3 Metal Antenna length 8010 [um] i Process CMOS 0.18um 1 Poly 6 Metal Antenna length 3990 [um]

Die size 9.8 x 9.8 [mm?] Size™! 858.1(H) x 820.0(V) [um?] Wlth 0 ) 1 8U m C MOS prOCESS Die size 5.0 x5.0 [mm?] Size'! 872.9(H) x 409.6(V) [um?]

Number of pixels 80(H) x 80(V) [pixel] Power consumption 40 [mW] imil ; ; ; ; Number of pixels 84(H) x 84(V) [pixel] Power consumption 54 [mW]

Number of LWIs | 20 x 2 [cell] (transmitter and receiver) | pp o™=~ ;—:velo ed wit;hg g5um CMgStherglcs::sl F:?I?:::;n?'oc:;zsin Number of LWIs | 21 x 2 [cell] and receiver) Power supply 1.8[V]

Power supply 33 Sze 7R X 8620 o] (re-VPgD) e fc;r IDOSS e 2edeveio o witz o 18u?n LWI transmitter & receiver circuit _ Pixel circuit _
WI transmitter & receiver circut Output accuracy™ 6~8 [bit] P P - Size 552.8(H) x 190.0(V) [um?] Size ) 32.6(H) x 29.1(V) [un?]
MSze | 1o xaoo) ] ] | Power 64.7 CMOS process. (Inductor) (200.0(H) x 180.0(V) [um?]) Output accuracy™ 6~8 [bit]

(inductor) (300(H) x 300(V) [um?)) consumption (readout) 78.9 [uWipixel] Number of turns | 9 (Top-3rd metal: 2, 2nd metal: 1) Power ((processing) 1.5 [uW/pixel

Number of turns 6 (Top metal: 3, 2nd metal: 3) And then, a 3DCSS test module using the re-VP3D chips C";’r:’si’mpﬁon.z ("arjéi?n[g"f’f:c‘giver) ;Z’\‘::;’;Z""’I' “e"“’““');g’[‘vguw""xe‘l

Power 5.6 [mWicell *1 Except antenna and wire areas. was redeveloped. The thickness of the thinned re-VP3D Power suppl 18[V] e -

S e P + receiver) 2Pulse oycle = 2.0us, Pulse width - 1.0us. chip was about 50um because the small die size makes PWM & PWD ciroail *1 Except antenna and wire areas.
circut *3 Maximum pulse width = 1.0us, Maximum P : ; i . “2 Pul e = 1.5us, Pulse width = 1.0us.

Sizo T3 XA o voltage magnitude = 1.0V. thinning of the chip easier. Additionally, the thickness of Size 284.6(H) x 130.4(V) [um?] a3 M‘;jifnzy;zulse ;if:thzieov-jls, Maxim::‘

Resolution 8 [bit] *4 Depend on an input image, a smoothing the FPC and the height of the Au bump were reduced Resolution 8 bit voltage magnitude = 1.0V.

Power (PWM) 0.66 [mW/cell] area of the resistive network, and etc. 30um and 20um, respectively. The distance between two :;’:’si'mmlon,, (Zg\i);[tv;@%"% *4 Depend on an input image, a smoothing

consumption™ (PWD) 1.70 [mW/cell] spiral inductors was below the design value. Power suppl 181V] area of the resistive network, and etc.
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