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Abstract

In this paper. we propose a new method of 8bir
Analog ro Digiral Conversion on an image sensor.
Inn this method, we nse small 1bit comparator which
detects each bit during integration, repeatedly.
Consequently. hoth the A/D conversion and the in-
tegration of the pixel value can be done in parallel.

We have designed a prototype by using colunm
parallel architecture, The prototype outputs ana-
log value and 8 bit digital valne of pixel data. It has
32 x 16 pixels and digital memory for each pixel,
We deseribe the processing scheme of our ADC and
the cirenit and lavout design of the prototype. We
show results of some experiments.

1 Introduction

Integration of sensing and processing is a novel
approach to enhance the performance of image sen-
sor and to extract primitive information such as mo-
tion and ecdge [1] [4]. The integration makes nse of
parallel nature of image signal on the focal plane
so that the processing gets remarkably faster com-
pared to ordinary image processing systems which
are based on a traditional sense-read-and-process
paracigni.

In this paper. we propose a new method of 8bit
Aunalog to Digital Converrer (ADC) on an image sen-
sor by using non-destructive read ont during infe-
gration. 8hit ADC can be done by nsing small 1hit
comparator which detects each bit, repeatedly,

We have designed a prototype by nsing column
parallel architecture. The prototype has 32 x 16
pixels and 8bit memory for cach pixel.  We deseribe
the processing scheme of onr ADC and the cirenit
and lavont design of the prototyvpe.

2 A/D conversion algorithm

Figure 1 shows the comparison between the con-
ventional method and the proposed method.  In
the conventional method. ADC is done after the in-
tegration of PD charge. On the other hand. the
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Fignre 1@ Comparison between the conventional

ADC and the proposed ADC

processing of owr proposal is divided into 4 steps
(sl.52.83.54) during the integration of PD valne, 2
hit of pixel value is determined at each step, There-
fore 8 bit value is determined when the integration
is inished. Beeanse we nse 1 bit comparator for 8bit
A/D conversion repeatedly. the processing cirenit of
A/D conversion is very small.

In our proposal. the interval of each step is not
equal. The processing of s1. 52, 53, 54 is done when
the integration time is 1/8. 1/4. 1/2 (1 friaume. re-
spectively, By this seheme. the munber of the ref-
crence values ave redueed from 14 ro 8 so thar the
peripheral cirenit to make the threshold voltage is
also small. Table 1 shows the reference valnes for
vach sub-frame.

Figure 2 shows an example of the proposed
method when the final pixel value is 200, Because
the object is not moving, pixel values for s1. 82, 53
and s4 are 25. 50. 100 and 200. vespectively. Table
2 shows the threshold of each step and rhe vesult of
A/D conversion,



Table 2: Threshold of each bit and the result of ADC

MSB LSB
bit8 bitT bitG bith hitd hit3 bit2 hitl
result 1 r 0o 0 1 0 0 0
SI(T/8) th1 [ 16 =106
th2 | 16 +8 =24
s2(1/4) th3 | 32 416 +8 =56
thi | 32 4160  +4 =52
s3(1/2) th5 [ 64 4320 0+ =100
thG | G4 4320 ) +4 42 =102
sH(1T) thT [128 4640 0 +8 0 +2 =202
th8 | 128 +640 0 +8 0 0 +1 =201
Table 1: Reference potential for each sub-frame (s1. [ Pixel value
s2. 83 84 RELL
- [NISB 1LsB 200{;;
bit& bitT bit6G bith bhitd bit3 bit2 bitl
“S1(1/8) -
16 8 128
20040 |
32 16 8 4
s3(1/2) . -
64 32 16 8 4 2
sd( 1) 0 51 5 3 4 :
128 64 32 16 8 ] 9 1 s B v B i Integration time
i ‘: L ’:’ J:l‘l‘.sf{
chl ‘l ch# ehS th?
3 Computer simulation of the pro- s 1 A6} 100 - 202
) ~. thg
posed ADC 1“: 4 S
Fignre 3 shows the simmlation results of onr A /D ol Lar-! g \'hzoo

conversion when the speed of the object is 12 pixels
/ frame and 120 pixels / frame. Fig.(a) and (¢) are
the results of the conventional method (A/D con-
version after integration) and Fig.(h) and (¢) arve
the results of the proposed method (A/D conversion
during, integration), It appeared that the results of
the proposed method is much clear compared to the
conventional approach.

In our proposal. higher bit (ex. NMSB) is deter-
mined when the integration time is shorter. There-
fore the motion blur is reduecd as shown in Fig,3.

4 Circuit design of on-sensor A/D
conversion

We have designed a prototype chip based on col-
i parallel architecture, Fignre 4 shows the block
diagram of the on-sensor A /D conversion. The pro-
totvpe is divided into three part which are trans-
ducer array. 8hit digital memory array and A/D con-
version cirenits, The pixels on each column shares
one A/D conversion circuit. Using two vertical shift
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Figure 2: Example of our ADC method when the
pixel value is 200

vegisters. the pixels and the memories are scanned
line by line. Power cirenit hetween two vertical shift
registers supplies the reference voltage for D/A con-
verter in the processing cirenit.

Fignre 5 shows the eirenits of the prototyvpe. Each
pixel has only a fransducer and a sepavate corve-
sponding 8bir digital memory and a processing eir-
cnit shared by the pixels on the colimun, The pro-
cessing cirenit has sample & hold eirenit. compara-
tor. temporal 2 bhit memorv. D/A converter and
switeh cirenit.

5 Prototype chip and experiment

We has fabricated a prototype chip by using 2-
poly 3-metal 0.6 jrm CMOS process. Table 3 shows



(d)proposed method (speed 120 pixels/frame)

Fignre 3: Simnlation result of A/D conversion: con-
ventional method: pixel intensity is determined af-
ter integration. proposed method: pixel intensity is
determined during integration.
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Fignre 4: Block diagram of the prototype chip
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Figure 5: Civenit for a pixel



Table 3: Ontline of the prototype of cohunn parallel
architecture

~unmber of pixels 32 x 16
~process(jim) 0.6
|'hdi]| s;m-{nun"!} 4.5 x 4.5
transducer(gim= /pixel) 20% 20)
menory (jrm? /pixel) 63 x 73
processing(yun? /eolunm) | 63 x 615

transducer( Ty, /pixel) 3

memory(Tr. /pixel) 72

processing(Tr. /eolunm) 266

fill factor('A) 41.2
power (V) 5

TETRTETT -
T3y 131011

Fignre 6: Layvonut of the prototype

the outline of the prototype. The sensor has 32 x
16 pixels and fill factor is 41.2%. Figure 6 shows
a lavout of the prototype and Figure 7 shows an
photograph of the prototype.

Fignre 8 shows rthe analog ontput images obtained
by the protrofvpe when “sensor” is moving from right
to left.

6 Conclusion

I this paper. we propose a new method of on-
sensor A/D conversion for digital smart image sen-
sor, In the method. integration of pixel value and
A/D conversion can be done in parallel. We have de-
signed and nnplemented a new prototype chip which
has 32 x 16 pixes. The prototype is now nnder for-
ther experinents,

The VLSI chip has bheen fabricated in the chip
fabrication program of VLSI Design and Ednea-
tion Center(VDEC). the University of Tokvo with
the collaboration by Rohm Corporation and Toppan
Printing Corporation.
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