CCD Linear Image Sensor Panasonic

M N3672 R E (Preliminary)

Color CCD Linear Image Sensor
with 5000 Bits each for R, G, and B Colors

B Overview MPin Assignments
The MN3672RE is a high speed high responsivity CCD color .
linear image sensor with 5000 pixels for each of the colors R, ze'sie:‘l'fﬁes 1
G, and B. This device consists of a photodetector region position. — n
having low dark output floating photodiodes and a CCD analog 05, -— |1 40] —» OS;
shift register in the read out region. 05, «— |2 39— D8
It is possible to read out an A3 size color document with a high Vop —* | 3 38|+ Vs
. ) , ) b1 — | 4 37|+ ¢,
quality and a high resolution of 400dpi. Vs —» | 5 36| «— Vi
— -
HFeatures rfkc _ 3 ii _:}'é
@ 5000 floating photodiodes for each color R, G, and B, and an ¢ —™ | 8 33| 4,
n-channel buried type CCD shift registers for read out are $a —™ |9 32— 4
integrated in a single chip. $p —> |10 3w ¢
@ Since the photodiode lines for each color are neighboring $ — |11 30| — ¢y
{with a line spacing of 14 xm), it is possible to greatly reduce be —= |12 29—
the memory for compensation between lines. be : :i 35 :___ i
@ The configuration of the signal processing circuits such as i“ —» 15 26| «— iz
the preamplifier, sample and hold circuit, etc., becomes SG’B_, 16 25| — nC
simpler since the separate signal output pins are provided for NC — |17 24| — NC
the pixels of each of the colors R, G, and B. Vi — |18 23| —NC
@ RGB primary colors type on chip color filters are used for Ves — |19 2| -— ¢
color separation. e 21 |- ¢
@ The dark signal output voltage has been suppressed to a o
very low level due to the use of photodiodes with a new 2000
structure. (0.2mV (typ.) at accumulation time of 10ms.) (Top View)
@ Large signal output of typically 1.0V at saturation can be
obtained. ©) WDIP040-C-0400

@ Operation with a single +12V positive power supply.

M Application
@® Color graphic read out in color copying machines, color
scanners, and color fax machines.
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MBlock Diagram
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B Absolute Maximum Ratings (Ta=25T, Vss=0V)
Parameter Symbol Rating Unit
Power supply voltage Voo —0.310 +17 \Y
Input pin voltage Vi —0.3t0 +17 A
Output pin voltage Vo —0.31t0 +17 v
Operating temperature range Topr 0to +60 T
Storage temperature range Tag —251t0 +85 T
B Operating Conditions
@ Voltage conditions (Ta=0 to +60TC, Vss=0V)
Parameter Symbol Condition min typ max | Unit
Power supply voltage Voo 11.0 | 120 | 13.0 v
CCD shift register clock High level Viu ($ia™~ d1L, $2a~ $20) — 10.0 11.0 \Y%
CCD shift register clock Low level | Vi (¢r1a~ ¢, $2a~ Pom) 0 05 0.8 \'2
Vsin ($san) — |Vyut2[ — A\
Shift gate clock High level Vs ($sc2) 9.0 100 | 110 \'%
Van | ($sc3) — 4.0 — \%
Shift gate clock Low level Vs ($sai™ Psos) 0 0.5 0.8 v
Reset gate clock High level Vra (¢n) Vop— 1| Voo | Voo Vv
Reset gate clock Low level Vi (4») 0 0.5 0.8 A
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@Timing conditions (Ta=0 to +60C)

Parameter Symbol Condition min typ max | Unit
Shift register clock frequency fc See drive timing diagram (2) fc=1/2T 0.1 1.0 5.0 MHz
Reset clock frequency (=data rate) fr See drive timing diagram (2) fg=1/2T 0.1 1.0 5.0 MHz
Shift register clock rise time ter See drive timing diagram (2) fx=1/2T 0 10 20 ns
Shift register clock fall time ter 0 10 20 ns
Shift clock 1 rise time tsGir 0 20 50 ns
Shift clock 1 fall time tsair 0 20 50 ns
Shift clock | set up time tsGts ps
Shift clock 1 pulse width tsGiw See drive timing diagram (1) 7777
Shift clock 2 rise time tsGar 0 15 50 ns
Shift clock 2 fall time tsgor 0 t5 50 ns
Shift clock 2 pulse width t5G2w See drive timing diagram (1} | zs
Shift clock 3 rise time tsGar 0 20 50 ns
Shift clock 3 fall time tsgat 0 20 50 ns
Shift clock 3 set up time tsG3s us
Shift clock 3 pulse width tsGaw See drive timing diagram (1) | xS
Shift clock 3 hold time sG3n Ms
Reset clock rise time tRr 0 10 ns
Reset clock fall time tre 0 10 ns
Reset clock set up time tRs See drive timing diagram (2) 0.7T ns
Reset clock pulse width trw 10 ns
Reset clock hold time tRn 10 ns
BElectrical Characteristics
@Clock input capacitance (Ta=0to +60TC)
Parameter Symbol Condition min typ max | Unit
CIA’ C 1B
Shift register clocks Ato D Cic.Cip
input capacitance Cia, Caop - 160 — pF
CZC 3 C 2D
. . glE » 8 1F
oot CrCyr | V=12V, f=IMHz ol B e B
CZGs C2H
Shift register final stage clock input capacitance Cu — 10 — pF
Reset clock input capacitance Chrs — 10 — pF
Shift clocks 1, 3 input capacitance | Csci, Csas — 150 — pF
Shift clock 2 input capacitance Csaz — 250 — pF
@DC characteristics
Parameter Symbol Condition min typ max | Unit
Power supply current Ipp Vop=-+12V — 15 — mA
@AC characteristics
Parameter Symbol Condition min typ imax Unit
Signal output delay time tos — 50 — ns

Se
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B Optical Characteristics

<lnspection conditions>

@®Ta=25T, Vpp=i2V,
Pulse: V 4 5=10V, Veu=12V, V5,y=12V, V=10V, V3uy=4V, fo=fe=1MHz, T; (accumulation time)=10ms

@ Light source: A light source with IR cutting filter (CM-5008)

@ Optical system: A slit with an aperture dimensions of 20mm X 20mm is used at a distance of 200mm: from the sensor (equivalent
to F=10).

@ Load resistance = 100k Ohms

@ These specifications apply to the 5000 valid pixels for each color excluding the dummy pixels D1 to D6.

Parameter Symbol Condition min typ max | Unit

Rg Note 1 1.2

Responsivity R Note 1 1.5 Vix-s
Rg Note 1 1.3

Photo response non-uniformity PRNU | Note 2 10 %

Saturation output voltage Vsar Note 3 1.0 Vv
SEg Note 4 0.83

Saturation exposure SEq Note 4 0.67 Ix's
SEj Note 4 0.77

Dark signal output voltage Vbrk Dark condition, see Note 3 0.2 2.0 mV

Dark signal output non-uniformity DSNU | Dark condition, see Note 6 0.1 20 mV

Shift register total transfer efficiency STTE 92 %

Output impedance Zo 1 kQl

Dynamic range DR Note 7 5000

Signal output pin DC jevel Vos (0S1,/082,,083) /see Note 8 4.5 v

Compensation output pin DC level Vs Note 8 4.5 v

Signal ang compensation output pin DC level difference |Vos— Vos| | Note 8 300 mV

Connect all NC pins externally to Vgs (GND).

Note 1) Responsivity (R)
This is the value obtained by dividing the average output voltage (V) of all valid pixels of each of the colors R, G, and B
by the exposure (1x*s). The exposure is the product of the incident light intensity (1x) and the accumulation time (s).
Since the responsivity changes with the spectral distribution of the light source used, care should be taken when using a
light source other than the daylight type fluorescent lamp specified in the inspection conditions.

Note 2) Photo response non-uniformity (PRNU)
This is defined by the following equation where X,.. is the average output voltage of the active pixels of each of the colors
R, G, and B, and Ax is the difference between the output voltage of the maximum (or minimum) output pixel and X,..,
when the photodetector region is illuminated with light of a uniform illumination intensity distribution.

PRNU= % X100 (%)

ve

The incident light intensity shall be 50% of the standard saturation llight intensity.

Note 3) Saturation output voltage (Vsar)
This is the output voltage at the point beyond which it is not possible to maintain the linearity of the photoelectric
conversion characteristics as the exposure is increased. (The exposure at this point is called the saturation exposure.)

Note 4) Saturation Exposure (SE)
This is the exposure beyond which it is not possible to maintain the linearity of the output voltage as the exposure is
increased. When designing the equipment using these devices, make sure that the incident light exposure is set with
sufficient margin so that the CCD never gets saturated.

Note 5) Dark signal output voltage (Vprg)
This is defined as the average of the output from all the valid pixels in the dark condition at Ta=25C, Ti,=10ms.
Normally, the dark signal output voltage gets doubled for every 8 to 10°C increase in Ta and is proportional to Tiy.

Note 6) Dark signal nen-uniformity (DSNU)
This is defined as the difference between the maximum value among the output voltages of the all valid pixels Bt Easidset
and T;,,.=10ms and VDRI{-

'VbrK
) . ™ | g TR
DSNU
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M Optical Characteristics (continued)
Note 7) Dynamic range (DR)
This is defined by the following equation.

DR= —YsaT_
Vork

Since the dark signal output voltage is proportional to the accumulation time, the dynamic range becomes wider when the

accumulation time is shorter.

Note 8) The signal output pin DC level (Vos) and the compensation output pin DC level (Vps) are the voltage values given in the

following figure.

08,
0S,
0S,

waveform
Vss

4 | Reset feed
through level

Vos

B Construction of the Image Sensor

The MN3672 can be made up of the three sections of—a)
photo detector region, b) CCD transfer region (shift register),
and ¢) output region.

a) Photo detector region

@ The photoelectric conversion device consists of an 11z m
floating photodiode and a 3 4 m channel stopper (isolation
region) per pixel, and 5000 pixels’ lines of each of the colors
R, G, and B are arranged neighboring.

@There is a spacing of one line between B-R in the sideways
scanning direction (center to center spacing of 14 2 m) and a
similar one line spacing between R-G in the sideways
scanning direction (center to center spacing of 14 ;2 m).

@The photodetector window is a rectangle of dimensions 8 #m
(Horizontal) X 11 2 m (Vertical), and the areas other than the
photodetector window are optically shielded.

@®The photodetector region has 24 optically shielded (black
reference) pixels for each color that can be used as the black
level reference.

b) CCD Transfer region (anaiog shift register)

@The signal charges obtained by photoelectric conversion are
transferred to the CCD transfer regions of the respective
colors during the period when the shift gate ( ¢sg) is at the
High level. The signal charges transferred to this analog
shift register are successively transferred to the output
region.

® A buried type CCD that can be driven by a two phase clock
( ¢1, ¢2) is used for the analog shift register.

DS waveform

Vss

g S oy, EENEE o, SR

Vos

®In the CCD transfer region, since each CCD shift register is
divided into four segments each of which are provided with
separate ¢1, ¢ clock pins, it is possible to reduce the heat
generation in the chip and the load on the clock driver circuit
by providing separate clock driver circuit for each pin during
high speed operation.

@The last gate of the CCD transfer region is connected to an
independent pin ( ¢i). By driving this pin independent of
the other pins by a clock driver, it is possible to speed up the
flow of signal charge into the charge to voltage conversion
region thereby making the output waveform rise sharply.
This makes it easy to obtain margin of the signal processing
time during high speed drive operation.

¢) Output region

@ The signal charge transferred to the output region is first sent
to the charge to voltage conversion region where it is
converted into a voltage level corresponding to the amount
of the signal charge, and then output after impedance
conversion in a two stage source follower amplifier.

@ The DC level component not containing the optical signal
and the clock noise component are output at the DS pin.

@It is possible to obtain a signal with a high S/N ratio with
reduced clock noise, etc., by carrying out differential
amplification of the OS and DS outputs externally.

rl.g
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BPin Descriptions

Pin No. Symbol Pin name Condition
1 08, Signal output 1 (Red)
2 08, Signal output 2 (Green)
3 Voo Power supply
4 $sci Shift clock gate 1 Internally connected to pin 20.
5 Vs Ground
6 $e Reset clock
7 NC Non connection
8 $aa CCD clock (Phase 2) )
9 $ia CCD clock (Phase 1)
10 $in CCD clock (Phase 1)
11 bon CCD clock (Phase 2) | All pins are independent.
12 b2 CCD clock (Phase 2) (Separate drivers can be used)
13 $ic CCD clock (Phase 1)
14 $in CCD clock (Phase 1)
15 $ CCD clock (Phase 2) |
16 SUB Substrate Should be left open.
17 NC Non connection
18 Vss Ground Connected to the aluminum layer for optical shielding.
19 Vss Ground
20 bsa Shift clock gate 1 Internally connected to pin 4.
21 bsa2 Shift clock gate 2
22 $sas Shift clock gate 3 Internally connected to pin 37.
23 NC Non connection
24 NC Non connection
25 NC Non connection
26 - CCD clock (Phase 2) ]
27 . CCD clock (Phase 1)
28 . CCD clock (Phase 1)
29 b CCD clock (Phase 2) | All pins are independent.
30 . CCD clock (Phase 2) (Separate drivers can be used)
31 . CCD clock (Phase 1)
32 i CCD clock (Phase 1)
33 fn CCD clock (Phase 2) —
34 NC Non connection
35 L CCD final stage clock (Phase 1)
36 Vs Ground Connected to the aluminum layer for optical shielding,
37 s Shift clock gate 3 Internally connected to pin 22.
38 Ves Ground
39 DS Compensation output
40 0S, Signal output 3 (Blue)

Note) Connect all NC pins externally to Vss (GND).
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BTiming Diagram
(1) /O timing
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(2) Drive timing 1
(during shifting signal charge to CCD)
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(2) Drive timing 2
(during repeated pattern)
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M Graphs and Characteristics
Spectral Response Characteristics
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