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Nonlinear CMOS image sensor for lensless cell imaging application
LU Nan, YU Ningmei. ZHANG Hejiu
(School of Automation and Information Engineering,Xi’an University of Technology.Xi’an 710048 ,China)
Abstract: A nonlinear CMOS image sensor integrated with contrast stretch for lensless cell ima-
ging system is presented in this paper, with coarse quantified in the background light intensity
and fine quantified in the cell light intensity by using a configurable multi-frequency counter.
Compared with the conventional off-chip contrast stretching algorithm, using this method does
not degrade image quality at the interested light intensity range (cell) at the cost of unconsidered
range (background) in the same quantization precision. The static characteristics simulation re-
sults through spectre indicate that the nonlinear single-slope ADC is satisfied with 10-bit accuracy
for the three modes. Matlab simulation results show that the more details of cell image can be ob-
tained by this method, providing the higher precision of cell image for the image data processing.
Key words: lensless imaging; CMOS image sensor; nonlinear single-slope ADC; piecewise linear

contrast stretch; digital configurable multi-frequency counter
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Fig. 1 Block diagram of the proposed nonlinear column-parallel single-slope CMOS image sensor

Bl 2 A SCde th g AR Ak B R R ADC T AR IR
PR R . FRATTLA S Py A K S 1] B A A R 4 2
PR 2 T A PP A o AR SR H B A Lk R R
ADC A =Bl TAE 7 30 LR rp B2 S 8 2CAD
R R A 5

FELAME TARERE T, A SCHR i1 ADC 454 5
Gt R R ADC TAR R BEAH[A] . B4t oi e

L P SR I T BOR 58

EXF L BE LR SR 3 T 240 i A 4 R R
FRATHS B A G5 38 Bl 20y TSGR X (A] . 7 20 i A
1240 S5 P 7 F) D' 5 DX ] SR T — A SE DR 9 T O R
KARAFH R A/D e 5 5 7575 563 X R A
— N BE  TH BO AOR A — D ER A A/D B e

3.



EUAR L 45 LT T TGO B3 40 M 1R R e i Al 4t CMOS B 12 15 s 255

VAR O/AVA ¥

- 55 KRR ,
TR R A KK mmf;:: i

MR S —
A1 M 0 50) § ;
mpptzmpp sl 7 P
ML) § S S
LI aepanssnstanmnnpesssnsprsannnasenss |1 1]/

— =1024=4— >
o B A e ?'tnr!'u-u?mmp-u'i_mr!
CESGEE S innnd ]

APt |y =Pt C = (e [Pl e © )

B2 ARt g R CMOS B4 5 s T8 IR R & K
Fig.2 The working principle diagram of the proposed
nonlinear column-parallel single-slope CMOS image sensor
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Fig. 3 Block diagram of the proposed configurable

multi-frequency counter
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Fig. 4 The operation principle of the proposed configurable

multi-frequency counter in high-stretch mode
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Fig. 5 Layout of the proposed nonlinear single-slope
CMOS image sensor
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Tab.1 Summary of performances of nonlinear

single-slope CMOS image sensor
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Fig. 6 Simulation results for normalized static

characteristic in three different modes
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