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CMOS area image sensors

N

S10831 S$10835-12

CMOS area image sensors for X-ray imaging

The S10831 is CMOS area image sensor suitable for intra-oral X-ray imaging in dental diagnosis. The S10831 has 2.21
megapixels (1300 x 1700) with a pixel size of 20 x 20 ym. An FOP (fiber optic plate) is used as an input window, making
$10831 high image-quality and long-term X-ray life. The S10835-12 is an easy-to-use X-ray imaging module using the S10831
with a cable. The S10831 has 14-bit A/D converter on chip and LVDS digital output signal. These features are to contribute
cost reduction in a user’s system. The S10830-12 and S10834-12 (1000 x 1500 pixels) are also available.

== Features

=1 Pixel size: 20 x 20 pm

£1 1300 (H) x 1700 (V) pixel format

=1 High resolution: 20 Lp/mm typ.

£ 14-bit A/D converter (virtual dynamic range: 58 dB)
£J Global shutter operation

=1 Photodiode placed outside the active area to monitor
x-ray irradiation

== Structure

== Applications

£ Intra-oral X-ray imaging dental diagnosis
=] General X-ray imaging
=) Non-destructive inspection

These products are components for incorporation into medical
and industrial devices.

Parameter 510831 S10835-12 Unit
Product type Without cable With cable -
Image size (H x V) 26 x 34 mm
Pixel size (H x V) 20 x 20 pgm
Pixel pitch 20 pum
Number of total pixels (H x V) 1300 x 1706 pixels
Number of effective pixels (H x V) 1300 x 1700 pixels

. . . Uper part: 756, 758, 760 .

Number of light-shielded pixels ioer part: 1300 x 3 pixels
Window material FOS -
Scintillator type Csl -
Interface LVDS -
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I CMOS area image sensors

| $10831, S10835-12

== Absolute maximum ratings (Ta=25 °C unless otherwise noted)

Parameter Symbol Condition Min. Typ. Max. Unit
Supply voltage vdd -0.5 5 6 Vv
Operating temperature Topr |No dew condensation*! 0 = 35 °C
Operating humidity Hopr |No dew condensation*! - - 70 %
Operating pressure Popr 700 - 1060 hPa
Storage temperature Tstg  |No dew condensation*! -20 - 70 °C
Storage humidity Hstg [No dew condensation*! - - 70 %
Storage pressure Pstg 700 - 1060 hPa
Tensile strength TS 2 - - 100 N
X-ray tube voltage Ex-ray 20 70 90 kv
Total dose irradiation D g - - 57.6 Gy

*1: When there is a temperature difference between a product and the surrounding area in high humidity environment, dew condensation

may occur on the product surface. Dew condensation on the product may cause deterioration in characteristics and reliability.

*2: Connection between the CMOS sensor and the cable
*3: Tube voltage=60 kV, no Al added filter
Note: Exceeding the absolute maximum ratings even momentarily may cause a drop in product quality. Always be sure to use the product

within the absolute maximum ratings.

== Recommended operating conditions

Parameter Symbol Min. Typ. Max. Unit

Power supply Vvdd 4.75 5.0 5.5 Vv
I o High Vsigi(H) 2.4 3.3 Vdd + 0.25

Digital input voltage Low Vsigi(D) 0 - 04 Vv
*4: Vsigi(H) is a “High” period voltage of MST and MCLK, Vsigi(L) is a “Low” period voltage of MST and MCLK.
== Electrical characteristics (Ta=25 °C, Vdd=5 V)

Parameter Symbol Min. Typ. Max. Unit
Master clock pulse frequency f(MCLK) 1 20 40 MHz
Digital output format - LVDS differential output -
Digital output |Image sensor*> f1(DO) - f(MCLK) MHz
frequency Monitoring photodiode*®| f2(DO) - f(MCLK)/56 -
Digital output voltage*” V(Domag) - 350 - mV
Digital output rise time*” *8 tr(DO) - 2 5
Digital output fall time*” *8 tf(DO) - 2 5 ns
Video data Image sensor*? VR1 - f(MCLK)/14 - MHz
rate Monitoring photodiode VR2 - f(MCLK)/7168 -
Start pulse interval*10 T(ST-I) 3.28 x 107 - - MCLK
Integration  |Image sensor*!! Tintl - PW(MST) + 394/f(MCLK) -
time Monitoring photodiode*'2|  Tint2 - 6608/f(MCLK) - Hs
Consumption |Image sensor*!3 P1 - 55 110 mA
current Monitoring photodiode*! P2 - 25 50

*5: Refer to “Timing chart (D).”
*6: Refer to "Timing chart (A).”

*7: The output voltage difference between LVDS differential terminals with 100 Q termination
*8: The time in output from 10% to 90% or from 90% to 10%
*9: It takes 14 master clock pulse cycles to read out 1 pixel.

*10: It takes 3.28 x 107 master clock pulse cycles to read out an image. The readout of the next frame must be started after finishing

the readout of previous frame.

*11: Refer to “Timing chart”. PW(MST) is “Low” period of MST (master start pulse).
e.g.: When the PW(MST) is 10 ms and f(MCLK) is 20 MHz: Integration time=10 ms + 394/20 MHz=10.0197 ms

*12: Refer to “Timing chart”. The monitoring photodiode outputs every 7168 cycles of MCLK. The integration time is 6608 cycles of
MCLK, and resetting the monitoring photodiode takes 506 cycles of MCLK.
e.g.: Integration time=6608/20 MHz=330.4 ps when f(MCLK) is 20 MHz

*13: The consumption current of image sensor chip only. f(MCLK)=20 MHz

*14: The consumption current of image sensor chip only. Without 100 Q termination (see “Output format” in P.7). f(MCLK)=20 MHz
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== Resolution (S10835-12)

CMOS area image sensors \ $10831, S10835-12

== Response (S10835-12)

Typ. Typ.
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== Electrical and optical characteristics (image sensor, Ta=25 °C, Vdd=5 V)
Parameter Symbol Min. Typ. Max. Unit
X-ray sensitivity*!® DRES 13 19 25 LSB/uGy
Saturation output Dsat 3280 4900 = LSB
Saturation dose*!> Lsat 130 260 380 UGy
X-ray response nonuniformity*!> *16 *17 XRNU - - +30 %
Dark output effective pixels*16 Ddark - 200 490 LSB/s
Readout noise DNread - 6.2 18 LSB rms
Dynamic range*8 DR 45 58 - dB
X-ray resolution*1% Resox-ray 15 20 - Lp/mm
Contrast transfer function*!° CTF 0.15 0.23 - -
Point White spot = = 20
defect*20 Black spot - - 20
ich*15 - -
Blemish Cluster defect*?! - - 3
Column defect* - - 0
Defect line*!> *23 DL - - 15 lines
X-ray life*?* - - 144000 - shots
*15: Tube voltage=70 kV, tube current=6 mA, SID=510 mm, no Al added filter

*16:
*17:

*18:
*19:
*20:

*21:
*22:
*23:

*24:

Average value, excluding defect pixels

XRNU (%) = (AS/S) x 100

S is the average value of an X-ray output signal.

AS is the difference between S and the maximum or the minimum value of X-ray output signals.
AS is calculated from an X-ray image corrected by dark subtraction excluding any defect.

XRNU specification is not applied to 5 pixels from the edge of effective pixels.

DR=20 x log (Dsat/DNread)

10 line pairs/mm

White spot > 4900 LSB/s at effective pixels: 10 times of the maximum of dark output

Black spot > 50% reduction in response relative to adjacent pixels, measured at half of the saturation output
Continuous 2 to 9 point defects

Continuos 10 or more point defects (except a defect line)

A defect line consists of 10 or more point defects in 1 pixel width.

400 uGy/shot, 60 kVp, no Al added filter
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I CMOS area image sensors

$10831, S10835-12

== Electrical and optical characteristics (monitoring photodiode, Ta=25 °C, Vdd=5 V)

Parameter Symbol Min. Typ. Max. Unit
X-ray sensitivity*25 S_MPD - 63 - LSB*26
Saturation output*?> Dsat_MPD - - 1023 LSB
A/D converter offset*?” Offset_MPD 426 432 438 LSB
Random noise*28 Nmd_MPD 0.1 0.4 1.0 LSB rms

*25: Tube voltage=70 kV, tube current=6 mA, SID=510 mm and no Al added filter

*26: The unit means the output of the monitoring photodiode when the dose rate is 1 uGy/ms.

*27: An A/D converter offset is a mode value of monitoring photodiode data without X-ray irradiation. “Mode” is a statistic term and the
number that appears the most often in a set of numbers. This value is dependent on the PC and environment, and varies per sensor.
*28: Random noise is a standard deviation of a series of monitoring photodiode data without X-ray irradiation.

== Electrical and optical characteristics (A/D converter, Ta=25 °C, Vdd=5 V)

Parameter Symbol Image sensor Trigger photodiode Unit

Resolution RESO 14 10 bit
Connection time tCON 14/f(MCLK) 7168/f(MCLK) S
Conversion voltage range - 0to4 0 to vdd V
== Block diagram
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: Timing generator A/D converter :

. Prettetts :

X L= Horizontal shift register .
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KMPDC0405EB
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CMOS area image sensors

$10831, S10835-12

== Timing chart

|

Total timing chart

X-ray
MCLK (input) 20 MHz (3.3 V)
MST (input) I I
B) OX
Outclk (output) 0:357 MHz [20 MHz LVDS [0.357 MHz
Data | Data | Data | Data | Data | Data | Data | Data Data Data Data Data | Data | Data | Data | Data | Data
Outdata (output) | (ig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.) rgf, ?gﬁ 17rg$3vth (Trig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.) | (Trig.)
(A
State of image sensor | Reset Integration Image readout
Tran.|Read| Tran. [Read[ Tran. Tran. | Read ; ;
1300 x 1700 (+6) pixels | (electrical shutter is closed) | (electrical shutter is open) | | 1st | st | 2nd | 2nd | 3rd | - - - |1706th | 1706en| | Reset (electrical shutter is closed)
FOW | FOW [ rOW | rOW | rOW row row
(D)
State of trigger photodiode Integration and readout Reset only Integration and readout
(E)
F
1 4 ().
Mok [ | [} [ ] [
MST
Outdata | D3 | D2 | DI | DO

(A) Continuously checking some X-ray radiation with monitoring the data of trigger photodiode by an external circuit
(B) The MST should be set at low and integration of each pixel is to start when X-ray input is detected.
The Integration time is almost same as the low width of the MST. It can be controlled by an external circuit
(software, firmware, etc.).
(C) Just after the MST is set at high, the integration is to finish and readout starts.
(D) Each readout row has a header part, which consists of 28 high levels of the Outdata.
(E) (F) After completion readout, the Outclk and the Outdata automatically move to state of trigger photodiode
Note: For details of timing charts (A) to (F), see P.6 to 7.

KMPDCO406EA
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I CMOS area image sensors $10831, S10835-12

’ (A) Trigger photodiode data readout ‘

MCLK |20 MHz [ i\g
MST \\
______ 1 21 129
Outclk —0.357 MHz
Outdata —0.357 MHz | BZIE5HBRII0] %2 ]
(Vsync) (
(Hsync) {(
Pixel Reset \/\/
Trigger photodiode Integration | Reset [ Integration \\ [Reset
Trigger photodiode l Readout | Reatort
readout

KMPDCO358EA

’ (B) Image data integration start ‘

1 14
MCLK
MST |

Outclk =0.357 MHz
Outdata —0.357 MHz

(Vsync)
(Hsync)
Pixel Reset [ Integration

Trigger photodiode Reset or integration

Trigger photodiode
readout

KMPDCO359EA

’ (C) Image data readout start ‘

1 4 10 408 1362 1390
MLk g AU A A AT AU T
MST ' ) ) )
Outclk 50,357 Mz —EZOZMBZUUUUUUU§?JUUUUUUUUU§
Outdata —0.357 MHz [20 MHz \ \ 13[12111]10/9187161

\ \ A}
17 17 17
(Vsync) |

(Hsync)

Pixel Integration \ [
1))

[
\{
\: \) Reset

_ | 7] Readout
Pixel readout Hold on Transfer of | 1st row

all pixels the 1st row 1st pixel
Trigger photodiode | Reset or integration [ \\ \ \,\, Reset

Trigger photodiode
readout

-~

Note: All on-chip timing circuits are reset at rise of MST, and the operations of trigger photodiode readout are stopped at this time.

KMPDCO360EB
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I CMOS area image sensors $10831, S10835-12

’ (D) Image data readout ‘

MCLK B0 @H;mﬂmmmmmmmwwwmmmmﬁmw
MST

_____ 18229 19209
Outclk =520 MHz ?nﬂﬂm}
Outdata {20 MHz [[ﬂ@@l@ﬁi]ll[l@]lll[[ﬂlﬂlll[ﬂ] 2[10
(Vsync)
(Hsync)
eadou Read ut
Pixel readout [ 1st row \ Tg?‘nt%feer 2nd row
[ 1st pixel [ 2nd (\(\ [ 1300th pixel an row
Trigger photodiode Reset I
Trigger photodiode )
readout

KMPDC0370EB

’ (E) Image readout end ‘

MCLK [20 M&mnmnmnmnmmﬁumﬂmm&mm&nﬂmmmmmm&nﬂmwmwmmmw

MST

Outclk 20 MHz %E —>0 357 MHz
Outdata 520 MHz [BR21T0] \ »0.357 MHz
(Vsync)

(Hsync) |
Pixel

-

Reset

. Readout
Pixel readout 1706th row

1300th pixel
Trigger photodiode Reset \ Integration

Trigger photodiode
readout

KMPDC0371EB

’ (F) Image readout end (trigger photodiode) ‘

MCLK 20 MHz ||||||||||||||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
MST \\

_____ 1 21 129
Outclk —>_0-§5_7MHZ]UUUUUUUUUUUUUUU““““““““““““““““““““““““““““““”““““““é@““““““““““““““”
Outdata POMHz —0.357 MHz | PlR[7elEI43121[0] ) [

(Vsync) =]

(«
(Hsync) ))
((
Pixel Reset ))
) Readout
Pixel readout ~ 1706th row
1300th pixel
Trigger photodiode Reset [ Integration [ Reset [ Integration \{ [Reset
2
Trigger photodiode | Readout | esdt

readout

Note: Just after image data is finished, the 1st readout of trigger photodiode is not valid, because integration time is shorter than others.

KMPDC0372EB
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I CMOS area image sensors

$10831, S10835-12

== Output format (Ta=25 °C, Vdd=5 V)
= With 100 Q termination (LVDS output mode)

Parameter Symbol Min. Typ. Max. Unit
Differential output swing Vod 247 - 454 mV
Offset voltage Vos - 1.2 - Vv
Current (100 Q termination) 1100 - 3.5 - mA
= Without 100 Q termination (CMOS output mode)
Parameter Symbol Min. Typ. Max. Unit
High level Vod - 24 - \Y
Output voltage Low level Vos - 0 0.4 vV
== Dimensional outlines (unit: mm)
| 510831
27.3 Scintillator
5.5+ 0.5 5.5+ 0.5
(26.0) 3.5
FOP
Y/ N\
/ N L1
Photosensitive area
/
Connector

Molex 52745-1497

= 9
,c:- @ E;/ IS s
™M I |
! 1
"= - T T
i 14 2
b\
CMOS chip
[s2]
1.7
Tolerance unless otherwise noted: £0.3
Values in parentheses indicate reference.
Weight: 11.3 g
KMPDA0270ED
= Pin connections
Pin no. Description 1/0 Function
1 Vdd I Power supply voltage (5 V)
2 Vss I Ground
3 Outdata a 0 Video output signal (LVDS, positive)
4 Reserve =
5 Outdata b 0 Video output signal (LVDS, negative)
6 Reserve =
7 Outclk a 0 Trigger signal (LVDS, positive)
8 Reserve =
9 Outclk b 0 Trigger signal (LVDS, negative)
10 Reserve =
11 MST I Master start signal
12 Reserve =
13 MCLK I Master clock signal
14 Reserve =
HAMAMATSU
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I CMOS area image sensors $10831, S10835-12

|

$10835-12

= Entire view

Connector
(CL232-0001-4-50 8 terminals)

Heat shrink tubing

CMOS sensor

Cable AD
N

Ferrite
1000 + 100

Pin no. | Description | Pin no. | Description

1 vdd (5V) 5 Outdata b

H H H H H H H 2 |vss(ground)| 6 Outclk a

S 3 MST 7 Outclk b

4 Outdata a 8 MCLK
Pin no. 1 Shroud Cable diameter: ¢3.7 £ 0.3

= CMOS sensor

Material of CMOS sensor package: ABS
Material of cable sheath: PVC
Weight: 48 g

KMPDA0254EC

p
Q ! ) 3
N
419 +0.3

A

13.4£0.3

D
o— j]

5.7 +0.3

Standard packing: polypropylene box in moisture-proof bag
[1 product/bag, bag size (W x H x D): 200 x 50 x 150
gross weight: about 320 g]

KMPDA0255EC
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CMOS area image sensors $10831, S10835-12

== Effective photosensitive area

Upper light-shielded pixels
269 pixels 269 pixels (756, 758, 760 pixels)

-

/, \/

/ N\

Vertical shift register

Effective pixels - s
scanning direction

(1300 x 1700 pixels)

269 pixels

1700 pixels

Monitoring photodiode
all around effective pixels (red line)

S@

Lower light-shielded pixels
(1300 x 3 pixels)

Horizontal shift register
scanning direction

KMPDC0449EA

== Labelings
- Documents (precautions for using image sensors, final inspection sheet)

== Notice

This product is warranted for a period of 12 months after the date of the shipment.

The warranty is limited to replacement or repair of any defective product due to defects in workmanship or materials used in manufacture.
The warranty does not cover loss or damage caused by natural disaster, misuse (including modifications and any use not complying
with the environment, application, usage and storage conditions described in this datasheet), or total radiation dose over 57.6 Gy (tube
voltage=60 kV) even within the warranty period.

== Estimated useful life*2°

5 years
(if you keep the product safely according to this datasheet)

*29: Estimated useful life does not mean a warranty period.

== Related information
www.hamamatsu.com/sp/ssd/doc_en.html

= Precautions
- Disclaimer

Information described in this material is current as of August 2020.

Product specifications are subject to change without prior notice due to improvements or other reasons. This document has been carefully prepared and the
information contained is believed to be accurate. In rare cases, however, there may be inaccuracies such as text errors. Before using these products, always
contact us for the delivery specification sheet to check the latest specifications.

The product warranty is valid for one year after delivery and is limited to product repair or replacement for defects discovered and reported to us within that
one year period. However, even if within the warranty period we accept absolutely no liability for any loss caused by natural disasters or improper product use.
Copying or reprinting the contents described in this material in whole or in part is prohibited without our prior permission.
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HAMAMATSU PHOTONICS K.K., Solid State Division
1126-1 Ichino-cho, Higashi-ku, Hamamatsu City, 435-8558 Japan, Telephone: (81)53-434-3311, Fax: (81)53-434-5184

U.S.A.: Hamamatsu Corporation: 360 Foothill Road, Bridgewater, N.J. 08807, U.S.A., Telephone: (1)908-231-0960, Fax: (1)908-231-1218, E-mail: usa@hamamatsu.com
Germany: Hamamatsu Photonics Deutschland GmbH: Arzbergerstr. 10, D-82211 Herrsching am Ammersee, Germany, Telephone: (49)8152-375-0, Fax: (49)8152-265-8, E-mail: info@hamamatsu.de
France: Hamamatsu Photonics France S.A.R.L.: 19, Rue du Saule Trapu, Parc du Moulin de Massy, 91882 Massy Cedex, France, Telephone: (33)1 69 53 71 00, Fax: (33)1 69 53 71 10, E-mail: infos@hamamatsu.fr
United Kingdom: Hamamatsu Photonics UK Limited: 2 Howard Court, 10 Tewin Road, Welwyn Garden City, Hertfordshire AL7 1BW, UK, Telephone: (44)1707-294888, Fax: (44)1707-325777, E-mail: info@hamamatsu.co.uk
North Europe: Hamamatsu Photonics Norden AB: Torshamnsgatan 35 16440 Kista, Sweden, Telephone: (46)8-509 031 00, Fax: (46)8-509 031 01, E-mail: info@hamamatsu.se
Italy: Hamamatsu Photonics Italia S.r.l.: Strada della Moia, 1 int. 6, 20020 Arese (Milano), Italy, Telephone: (39)02-93 58 17 33, Fax: (39)02-93 58 17 41, E-mail: info@hamamatsu.it
China: Hamamatsu Photonics (China) Co., Ltd.: 1201 Tower B, Jiaming Center, 27 Dongsanhuan Beilu, Chaoyang District, 100020 Beijing, P.R.China, Telephone: (86)10-6586-6006, Fax: (86)10-6586-2866, E-mail: hpc@hamamatsu.com.cn
Taiwan: Hamamatsu Photonics Taiwan Co., Ltd.: 8F-3, No. 158, Section2, Gongdao 5th Road, East District, Hsinchu, 300, Taiwan R.O.C. Telephone: (886)3-659-0080, Fax: (886)3-659-0081, E-mail: info@hamamatsu.com.tw
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