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In order to achieve extreme high readout speed and low power consumption, many researches are focused on data sparsification and data compression during the

signal readout.

Mimosa: Rolling shutter readout [1]

weixm@nwpu.edu.cn

Signal Readout of CMOS Pixel Sensors

ALPIDE: Priority Address Encoder and Reset

Orthopix: Four direction projection readout [3]

: Decoder data-driven readout [2]
5 0 | 511 double columns  Pixels T 1T -
[ g ) | i 0 TATE rater) VALID[0] 1 o e i
pQ [ | | \ ( Resad SYNCIO] , ‘
’ g- | STATE sraTer SYNCI0]
Reset| SYNCII] bl
Pixel Array : = STATE
. @ STATE STATE STATE|  [STATE STATE STATE 2 —: SNCD ADDRPIX(10] h b
< & ese BEE
= 512 512 512 STATE [
g @ 512 512 512 ATEL STATER) | : , |
02 o |2 o ele o 2 = 2 2 4 X5 STATEQl  vAUD[) [ BIASblock 1
" ~ G [RESET | '|RESET | G | G [RESET | ' |RESET | G G |ReseT | O|REsET | G Reset| SYNCIO] JTSTATED] Ao 1 VALID . » -
' = [EEST e E ESsI8 A S SRR S g SATE staer s SYNC[O) 1 | Column —level comparator|
i w | L iy o = iy Reset | SYNCII] 1 = e
X i X |X < x| X < X STATE seti] el e | Digital periphery logic |
. L 5 3 |l 5 — = LATEL STATE[2) : ;
Column-Level Discriminators & ol = - - 6 o] SYNCI2 ADDRPIX[I0] STATER] E S A A
L STATE), s rares —>SYNC[2] DR ragrese| B T- {‘ $
Zero suppression 7 Reser| S > | D — foo”| & clock bias data out
STATE{ STATE[0] VALID[0] [ SNCD q
L.iz y - . cset| SYNCIO]
el STAT
Memory Memory2 el == e
i L TEHE TEHE MTEHE STATE .
% >U-) i‘\l,g\/ >(; ;L\I’S(J/ >U-) é’g\/ IO m :3:125[[22]] ADDRPIX[1:0] g d ‘ .
, - STATE < aTep3] =
16 bit parallel to serial converter x 2 [ Periphery Digital Readout J I e e ADDR<3:2> |
¥ od e STAT - ¢
LVDS transmitter x 2 O 2 al O STATE| sraer] syncpol —
7 7 v 13 S| svNetl .
} 60 MHz STATE} STATE[2]]
|14 m SYNC[2] ADDRPIX[I:0] ADDR<1:0> :
. . . STATE] ' -
Classical Readout: High speed readout systems: 15 e S oo - |
L 4 |
Data compressed after readout « Signal compressed during readout x T TIITTETT]
* Readout performances depends on « Signal readout related with the hit : > A simulation system with proper input particle images will be

helpful for high speed and low power readout system design.

the size of pixel array. number and distribution

Simulation System

Start Flow of simulation

Hit
M

Define an imaging matrix and §V7
initialize the parameters &
including:
Size of pixel array: M, N I
Frames of imaging: K PIBN

Obtain an initial matrix

Hit number distribution : — ) .
sigma_hit, mu_hit (empty or with noise)
The pixel number for one hit:
sigma_pix, mu_pix
The. amplitude for one hit: Image model of impinging particles Two of the generated images, 5 hits for pixel array 256x256
sigma_amp, mu_amp
| 9.4747 128.1320 121.2816 122.8111 104.6441
113.4754 167.1953 151.1748 146.3838 87.5557
‘ 1304340  168.9054  195.8484| 101.9875  98.8287
125.2401 147.4193 1442929 154.3764 70.5217
93.3197 110.8500 105.7145 126.0343 1143229
Generate the number of hits (H) ( (
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l Example of a hit, 5 x 5 cluster, analog signal (a), digital signal (b)
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into the initial matrix
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K frame data?
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Generate the scales of the fired
pixels with Gaussian random
number

|

Generate the matrix
representing the amplitude of

Obtain H matrixes Different shapes of the hits in an image

the fired pixels according  ——> rzlr)rl].eiietl:lt(ilelgo:'hli li;lil:;d End _ _ _ _
Landou distribution P The simulation system can well generate particle images.
Applications of the Simulation system
. _ 3 I I I I I I I I I I
According to the readout strategies of the = Simulation of the fired pixel in one column with 10000 frames, pixel array 1024x1024. hit number = 20, cluster size = 2.2 =

CPS, we can utilize the simulation system for
characterization of the data in the matrixand ¢°
for the evaluation of data recovery efficiency.
*In advance, the simulation system can be
used for studying other readout strategies,
such as compressive sensing readout.
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Simulation results of Orthopix: = S R |
The detection efficiency of Orthopix design is simulated with various images of
different signal cluster sizes, signal distribution and signal occupancy. The results |
are consistent with [3]. This recovery efficiency is high enough for small cluster and
ultra low occupancy. In advance, the efficiency is simulated for some other cases. m
The efficiency is sharply decrease when the number of hits larger than 30 in an -

matrix of 1024 x1024 with cluster size of 4.
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Orthopix readout simulation: efficiency versus hit per frame with different pixels and cluster sizes
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