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CMOS linear image sensors

S14416 series

Wide dynamic range and 400 dpi

The S14416 series are low current consumption CMOS linear image sensors with a 10 MHz video data rate. The pixel size is
63.5 x 63.5 pm.

== Features == Applications
= Pixel size: 63.5 x 63.5 pm =1 Position detection
514416'02: 256 plxels = object measurement

S14416-06: 768 pixels
=1 High speed data rate: 10 MHz max.
&l Single 3 V or 5 V supply voltage operation

= Built-in timing generator; requires only a start pulse
and clock pulse for operation

=l Low current consumption
£1 Simultaneous integration capable

=1 Various types of image readout

== Structure

Parameter 514416-02 514416-06 Unit
Number of pixels 256 768 -
Pixel pitch 63.5 pm
Pixel height 63.5 pm
Effective photosensitive area length 16.256 48.768 mm
Package Ceramic Glass epoxy -
Window material Borosilicate glass (Tempax) -

== Absolute maximum ratings

Parameter Symbol Condition Value Unit
Supply voltage Vdd Ta=25 °C -0.3to +6 V
Clock pulse voltage V(CLK) |Ta=25 °C -0.3to +6 V
Start pulse voltage V(ST) [Ta=25°C -0.3to +6 V
Operating temperature*! Topr -40 to +85 °C
Storage temperature*? Tstg -40 to +85 °C
Reflow soldering conditions*? *3 Tsol Peak temperature: 260 °C, three times (see P.12) -

*1: No dew condensation
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: JEDEC MSL 5
*3: 514416-02 only
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.
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I CMOS linear image sensors S14416 series
== Recommended terminal voltage
Parameter Symbol Min. Typ. Max. Unit
Supply voltage Vdd 3.0 5 5.25 Vv
High level 3.0 Vdd Vdd + 0.25
Clock pulse voltage Low level V(CLK) 0 - 04 \Y
High level 3.0 Vdd Vvdd + 0.25
Start pulse voltage Low level V(ST) 0 - 04 Vv
== Electrical characteristics (Ta=25 °C)
S$14416-02 S$14416-06 .
Parameter SRl | =T Typ. Max. Min. Typ. Max. unit
Clock pulse frequency f(CLK) 5k - 10 M 5k - 10 M Hz
Data rate DR - f(CLK) - - f(CLK) - Hz
Output impedance Z0 60 - 140 60 - 140 Q
C " e Vdd=3V I 8 12 16 24 36 48 A
drrent constmption vdd=5 V ¢ 14 18 2 42 54 66 m
*3: f(CLK)=10 MHz, dark state, V(CLK)=V(ST)=Vdd
== Electrical and optical characteristics [Ta=25 °C, V(CLK)=V(ST)=Vdd, f(CLK)=10 MHz]
Parameter Symbol Min. | Typ. | Max. Unit
Spectral response range A 400 to 1000 nm
Peak sensitivity wavelength Ap = 700 nm
Photosensitivity** S - 80 - V/(Ix-s)
Conversion efficiency*> CE = 0.75 = pv/e
Output offset voltage Voffset 0.5 0.8 1.1 V
Dark output voltage*® VD - 0.02 0.2 mV
) Vdd=3V 1.8 2.0 2.2
*7
Saturation output voltage Vdd=5V Vsat 37 2.0 43 Vv
Vdd=3V = 1.0 1.5
fea*8
Readout noise Vdd=5 v Nread - 07 1o mV rms
. Vdd=3V - 2000 - .
*9
Dynamic range 1 Vdd=5V Drangel . 5700 . times
Vdd=3V = 100000 =
A *10 5
Dynamic range 2 Vdd=5 Vv Drange2 . 200000 . times
Photoresponse nonuniformity** *!1 PRNU - +2 +10 %

*4: 2856 K, tungsten lamp

*5: Output voltage generated per electron
*6: Integration time=10 ms

*7: Voltage difference from Voffset

*8: Dark state

*9: DR1 = Vsat/Nread

*10: DR2 = Vsat/VD

*11: Photoresponse nonuniformity is the output non-uniformity when a uniform light with a light exposure that is 50% of saturation
output is incident on the entire photosensitive area. It is defined as follows for the 250 pixels excluding the three pixels at each

end of the sensor (S14416-02) and for the 762 pixels excluding the three pixels at each end of the sensor (514416-06).

PRNU = AX/X x 100 [%]

X: Average of the output of all pixels, AX: difference between the maximum or minimum output and X
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I CMOS linear image sensors

S14416 series

== Spectral response
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== Block diagram

KMPDB0527EA
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$14416-02
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GND1 Vddi
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Timing generator
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EOS2 Video2

Timing generator | |

Bias circuit
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Timing generator

Bias circuit | A

Shift register |

Hold circuit

—>| Shift register | —>| Shift register
—>| | | Hold circuit | | —>| | | Hold circuit
—>| A A Charge amp array A | —>| A A Charge amp array
| l | ; | Photodiode array | 127| 1£8| | 1£9 | 1;0| Photodiode array
KMPDCOGG9EA
| 514416-06 |
ST1 CLKI EXTSTL Vmst GND1 Vddi EOS1 Videol ST2 CLK2 EXTST2 Vms2 GND2 Vdd2 EOS2 Video2
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Timing generator

Bias circuit
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—>| Hold circuit
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_’| A A Charge amp array A A | —>| A A Charge amp array
| :IL | ; | Photodiode array |383 | 3£|;4| |3z|35 | 3£|;6| Photodiode array
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I CMOS linear image sensors S14416 series

== Output waveform of a pixel
The video signal is captured at the rising edge of the CLK signal (see the red arrow).
= Vdd=3V

[f(CLK)=VR=10 MHz]

CLK £

Video L A N _ _ S - e 2.8 V (saturation output voltage=2.0 V)

T s T AT st L 0 8 (output offset voltage)
1v/div. . A : ’ ; L : : ¢

> GND

20 ns/div.

® Vdd=5V
[f(CLK)=VR=10 MHz]

CLK [ |5V/div. . : ; I : ; ; . :
: 5 : : i 3 : : el » GND
iGN AT T — > 4.8 V (saturation output voltage=4.0 V
Video |- ; : W' s : ; ; ; ( P g )

ll-d ' — » 0.8 V (output offset voltage)

—»GND

.20 ns/div. - ;
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I CMOS linear image sensors S14416 series

== Timing chart

’ Parallel readout
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Serial readout
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I CMOS linear image sensors S14416 series

tHCLK) . . tr(CLK)
i J \_33_/—\\_ w N\
1/f(CLK)
()() /_ Video L v

st L ,JtvidZ

tr(ST) tf(ST) tvdl

thp(ST) tIp(ST)
tpi(ST)

Parameter Symbol Min. Typ. Max. Unit
Start pulse period tpi(ST) 36/f(CLK) - - S
High start pulse period thp(ST) 4/f(CLK) = = S
Low start pulse period tIp(ST) 32/f(CLK) - - S
Start pulse rise/fall times tr(ST), tf(ST) 0 10 15 ns
Clock pulse duty ratio - 45 50 55 %
Clock pulse rise/fall times tr(CLK), tf(CLK) 0 10 15 ns

vdd=3V - 60 -
i i *12
Video delay time 1 Vdd=5 v tvdl - 35 - ns
) . Vdd=3 V = 35 =
*12

Video delay time 2 Vdd=5 Vv tvd2 - 30 - ns

*12: Ta=25 °C, CLK=10 MHz, V(CLK)=V(ST)=Vdd

Note: If the start pulse period or high start pulse period is increased, the dark output increases.
The internal timing circuit starts operation at the rising edge of CLK immediately after an ST pulse goes low. This rising edge of
CLK is considered to be 1.
The integration time corresponds to high ST period + 14 CLK cycles - 100 ns.
If ST is set to low while the shift register is running, the shift register operation is reset and the next operation begins.
The integration time can be changed by changing the ratio of the high and low periods of ST.

HAMAMATSU |i

PHOTON IS OUR BUSINESS



I CMOS linear image sensors S14416 series

== Setting for each readout method

| 514416-02

The S14416-02 output terminals are divided into Videol consisting of 1 ch to 128 ch and Video2 consisting of 129 ch to 256 ch.
To read Videol and Video2 in parallel mode, use setting A in the following table.
To read Videol and Video2 in serial mode, use setting B in the following table for the first stage and setting C for the second stage.

Setting Readout method Vms EXTST
A |All stages of parallel readout GND GND
B  [First stage of serial readout GND Vdd
C |Second stage of serial readout vdd Preceding stage EOS is input.

= Connection examples

- Parallel readout method - Serial readout method
ST 2 [ST1 ST 2 |ST1
CLK 3 |CLK1 CLK 3 |CLK1
6 |EXTST1 6 |EXTST1
7 |Vmsl 7 |Vmsl
GND 8 |GND1 GND 8 |GND1
Vdd 9 |Vvdd1 vdd 9 |Vdd1
EOS1 10 | EOS1 10 |EOS1
Videol 11 |Videol 11 |Videol
16|ST2 16 |ST2
17 | CLK2 17 | CLK2
20 | EXTST2 20 | EXTST2
21 |Vms2 21 |Vms2
22 |GND2 22 |GND2
23 |Vvdd2 23 |Vvdd2
EOS2 24 |EOS2 EOS 24 |EOS2
Video2 25 [Video2 Video 25 |Video2
KMPDC0673EA KMPDCO674EA
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I CMOS linear image sensors S14416 series

$14416-06

The S14416-06 output terminals are divided into Videol consisting of 1 ch to 384 ch and Video2 consisting of 385 ch to 768 ch.
To read Videol and Video2 in parallel mode, use setting A in the following table.
To read Videol and Video2 in serial mode, use setting A in the following table for the first stage and setting B for the second stage.

Setting Readout method Vms EXTST
A |All stages of parallel readout, First stage of serial readout GND Vdd
B [Second stage of serial readout vdd Preceding stage EOS is input.

= Connection examples

- Parallel readout method - Serial readout method
ST 2 [ST1 ST 2 |ST1
CLK 3 |CLK1 CLK 3 |CLK1
4 |EXTST1 4 [EXTST1
5 |Vmsl 5 [Vmsl
GND 6 |GND1 GND 6 |GND1
vdd 7 |vddi vdd 7 |vddi
EOS1 8 |EOS1 8 |EOS1
Videol 9 [Videol 9 |Videol
12|ST2 12|ST2
13| CLK2 13| CLK2
14 | EXTST2 14 | EXTST2
15|Vms2 15|Vms2
16 | GND2 16 | GND2
17 |vdd2 17 |vdd2
EOQS2 18 | EOS2 EOS 18 | EOS2
Video2 19 |Video2 Video 19 |Video2
KMPDCO679EA KMPDCO680EA
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CMOS linear image sensors

S14416 series

== Dimensional outlines (unit: mm)

0.0

| 514416-02 |
20.0 1.1%3 P1.27 x 13 = 16.51
16.256
1.9 (63.5 pm x 128 pixels x 2 chips) 0.9* 1.27 .
‘ g 2
28 A 15 15 28 TS
!—h—U_U_V_U_U_V"U_\P—J_U_V_U— —
] ¥
|
| ¥
~ |
AE — |
1 K A 14 14 1 o~
1ch Photosensitive area 16.12 x 0.0635 1.5 (0.6) =
> 0.5*
Scan direction
Tolerance unless otherwise noted: +0.2 A-A’ cross section Pin no. | Symbol | I/O | Pin no. | Symbol | I/O
*1: Distance from the end of the package 1 NC 15 NC
to the center of the photosensitive area 2 ST1 1 16 ST2 1
*2: Distance from the end of_t_he package to 3 CLK1 I 17 CLK2 I
the end of the photosensitive area
) 4 NC 18 NC
*3: Distance from the glass surface to the
photosensitive area 2 EX"\IF(S:TI I ;g EX"\II'gTZ I
*4: Distance from the bottom of the substrate
to the photosensitive area 7 Vmsl | I 21 Vms2 | 1
*5: Glass thickness 8 GNDL | T | 22 | GND2 | I
9 Vddi I 23 Vdd2 1
10 EOS1 | O 24 EOS2 | O
11 Videol | O 25 Video2 | O
12 NC 26 NC
13 NC 27 NC
14 NC 28 NC
KMPDAOS586EA
S14416-06
61.2
57.15
48.768 1.8 + 0.2*°
(63.5 um x 128 pixels X 6 chips)
0.9 + 0.2*¢ 6.47 P2.54 x 19 = 48.26
Reference hole
4.22*4 (x2) $2.25 14 + 0.16 (x20) 1.5 (x20) ¢1.0
o N &
1 A 20 [ SJ 20 1 )
. E@@@@@@@@E@@@@E@E@ F E] E@@@@@@T@I@@@@@@E@
2 i ™~ = |
1ch Photosensitive area 48.36 x 0.0635 0.5 + 0.05*
> 3.00 £ 0.30
Scan direction
Tolerance unless otherwise noted: £0.2 A-A’ cross section Pin no. | Symbol | I/O | Pin no. | Symbol | I/O
*1: Distance from the center of the reference 1 NC 11 NC
o hole to the center of the photosensitive area 2 ST1 1 12 ST2 I
2: I?]lstance fro;n t:he efnd of thﬁ slubstrate to 3 CLK1 I 13 CLK2 i
. t e center of the reference hole _ 2 EXTSTL] 1 % TEXTST2| 1
3: Distance from the center of the terminal 5 Vsl I 5 Vms2 I
hole to the center of the reference hole 6 GND1 I 6 GND2 I
*4: Distance from the center of the reference
hole to the end of the photosensitive area 7 vdd1 I 7 vdd2 I
*5: Distance from the bottom of the substrate 8 EOS1 | O | 18 | EOS2 | O
to the photosensitive area 9 Videol | O 19 | Video2 | O
*6: Distance from the glass surface to the 10 NC 20 NC
photosensitive area
*7: Glass thickness KMPDAOSS7EB
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I CMOS linear image sensors S14416 series
== Photosensitive area layout (unit: pm)
| 514416-02
64 (2x) Photosensitive area
| | Z |
S$14416-06
(5x) 64 (6x) Photosensitive area
| | | Z | | |
== Enlarged view of photosensitive area (x1) (unit: um)
43 . 46 . 4 43
| ‘ H ‘ 59.5 59.5 59.5 595 .. 595 59.5 ‘ ‘ H ‘ |
1ch} 2ch| ‘ H H ‘ 127 ¢h 128 ch
o e | | | —T|[@a L
gl (3| Lall lall Ll eee| Lall Ll [all [E] #
. 1 | I e | | T
Ji 4 .Ui .Ui ﬂ. QJ. QJ. 41l
48.5 56.75 63.5 63.5 63.5 63.5 56.75 48.5
HAMAMATSU

PHOTON IS OUR BUSINESS



I CMOS linear image sensors S14416 series
== Application circuit example
+5V
0.1 pF
22 uF/25V
" -
ST :_ Yo
o—{>—-W STL
CK 'L 1 820
o—:{>—o—/\/\/\, CLK1
I
I
| : EXTST1
74HC541 . _ _
7J7 Vmsi —
GND1
r 0.1 pF
vddi ' +
he izz WF/25 V
EOS1 &
) +5V
Videol
ST2
CLK2
+5V EXTST2
0.1 pF Vms2
+ » GND2 +6V
S -
22 uF/25V i ;I 0.4 uF
Eos [ vaaz 1}'22 WF/25 V
N &
o— EOS2
| | 100 Q .
74HC541 . ;J; ! Video2 N L1818 Video

S14416 series

+
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I CMOS linear image sensors \ $14416 series

== Recommended temperature profile for reflow soldering (S14416-02, typical example)

300 °C
Peak temperature | | Peak temperature - 5 °C
260 °C max. 30 s max.
| : Cooling
Temperature increase
: 3 °C/s max. 6 °C/s max.
217 °C
200 °C
o
=]
©
@ 150 °C
Q
5
— Preheat Soldering
B 60 to 120 s 60 to 150 s
Time

KMPDBO0405EB

- This product supports lead-free soldering. After unpacking, store it in an environment at a temperature of 30 °C or less and a humidity
of 60% or less, and perform soldering within 24 hours.

- The effect that the product is subject to during reflow soldering varies depending on the circuit board and reflow oven that are used.
When you set reflow soldering conditions, check that problems do not occur in the product by testing out the conditions in advance.

== Recommended baking condition

See Precautions of surface mount type products (P13. == Related information).

== Precautions

(1) Electrostatic countermeasures

- This device has a built-in protection circuit against static electrical charges. However, to prevent destroying the device with electro-
static charges, take countermeasures such as grounding yourself, the workbench and tools to prevent static discharges.

- Also protect this device from surge voltages which might be caused by peripheral equipment.

(2) Light input window

If dust or stain adheres to the surface of the light input window glass, it will appear as black spots on the image. When cleaning, avoid
rubbing the window surface with dry cloth, dry cotton swab or the like, since doing so may generate static electricity. Use soft cloth, a
cotton swab, or the like moistened with alcohol to wipe dust and stain off the window surface. Then blow compressed air onto the win-
dow surface so that no dust or stain remains.

(3) Operating and storage environments
Handle the device within the temperature range specified in the absolute maximum ratings. Operating or storing the device at an exces-
sively high temperature and humidity may cause variations in performance characteristics and must be avoided.

(4) Soldering
To prevent damaging the device during soldering, take precautions to prevent excessive soldering temperatures and times. Soldering
should be performed within 5 seconds at a soldering temperature below 260 °C.

(5) Reflow soldering

Soldering conditions vary depending on the size of the circuit board, reflow oven, and the like. Check the conditions advance before
soldering. Note that the bonding portion between the ceramic base and the glass may discolor after reflow soldering, but this has no
adverse effects on the hermetic sealing of the product.

(6) UV light irradiation
This product is not designed to resist characteristic deterioration under UV light irradiation. Do not apply UV light to it.

HAMAMATSU B
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CMOS linear image sensors S14416 series

== Related information

www.hamamatsu.com/sp/ssd/doc_en.html

= Precautions

- Disclaimer

- Image sensors

- Surface mount type products

m Technical information

Information described in this material is current as of March 2018.

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
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