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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific”” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Facsimile Image Data Processor
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Description

The M66335 is a facsimile image processing controller to turn into binary signals analog signals which have been
output through photo-electric conversion by the image sensor.

The image processing functions includes peak value detection, uniformity correction, resolution change, MTF
compensation, y correction, detection of background/character levels, error diffusion, separation of image zones, and
designation of regions.

This controller contains not only the analog processing circuit, the A/D converter of a 7-bit flash type and image
processing memory, but also the image sensor and the interface circuit to the CODEC (Coder and Decoder). Therefore,
this LSI alone is capable of image processing.

Features

e High speed scan (Max 2 ms/line, Typ 5 ms/line)
o Compatibility with up to the B4 (8 pixels/mm, 16 pixels/mm) image sensor
e Generation of control signals for the image sensor (CCD, CIS)
For CCD: SH, CK1, CK2, RS
For the contact sensor (CIS): SH, CK1, CK2
e Built-in analog processing circuit (equivalent to the M64291)
Sample and hold circuit
Gain control circuit
Black level clamping circuit
Reference internal power supply for the A/D converter
e Built-in A/D converter of a 7-bit flash type
e Built-in image processing memories
Uniformity correction memory, Line memory, Error memory, y correction memory
e External output interface for converted binary data
Serial output (— M66330)
DMA output
e External output interface for multivalued data
DMA transfer of data compensated for uniformity
e Various image processing functions
Uniformity correction
Resolution change from 50% to 200% (by the 1% step)
MTF compensation (2-dimensional processing, capable of correction for each character/photo)
vy correction (capable of correction for each character/photo)
Detection of background/character levels
Change to pseudo-halftone
— Error diffusion (64 tone steps through 6-bit processing)
— Organized dither (64 tone steps through the 8 x 8 matrix)
Image zone separation (2-dimensional processing)
e 5V single power supply

Application

Facsimile, word processor and image scanner

REJ03F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
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Block Diagram
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Table 1 Image Processing Functions

Image Processing Functions

Specifications

Remarks

Reading range

A4, B4

Resolution

8 pixels/mm, 16 pixels/mm
(for the horizontal scanning direction)

Reading speed

Typ: 5 ms/line; Max: 2 ms/line

Controlled through the system
clock

Uniformity correction

White correction, black correction
Correction range: 50%

Correction memory is built-in
Readable from/writable in MPU

y correction

Logarithmic correction

y correction memory is built-in
Capable of correction for each
character/photo

MTF compensation

Laplacian filter circuit through 2-
dimensional processing

Correction memory is built-in
Capable of correction for each
character/photo

Simple conversion to binary

Floating slice system through the
detection circuit for
background/character levels

Pseudo-halftone

Error diffusion: 6-bit processing (for 64
tone steps)

Organized dither: 8 x 8 matrix (for 64
tone steps)

Error buffer memory is built-in
64 W x 6 bits dither memory is
built-in

Image zone separation

2-dimensional processing through
luminance difference

Image reduction

Range of the reduction rate: 50% to
100%

(by the 1% step)

Capable of outputting the average
line of a dropped line and the
subsequent line instead of both
lines

Image enlargement

Range of the enlargement rate: 100% to
200%

(by the 1% step)

Capable of outputting the average
line of a repeated line and the
subsequent line instead of the
repeated line

Image sensor control signal

CIS image sensor (clock duty: 75%)
CCD image sensor

Analog processing

The sample/hold circuit, gain control
amplifier, black level clamping circuit,
and 7-bit A/D converter are built-in.

REJO3F0276-0200 Rev.2.00 Jun 16, 2008
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Pin Description

ltem Pin Name Input/Output Function
Sensor SH Output Outputs the shift pulse signal to transfer electric charges from the
interface sensor’s photoconductor component to its transferring component for
CCD and the start signal to start the sensor reading circuit for CIS.
CK1 Output Outputs the clock pulse signal to sequentially transfer out signaling
electric charges from the sensor’s transferring component for CCD and
the clock pulse signal for the shift register of the sensor reading circuit for
CIs.
CK2 Output Reversed-phase pulses of CK1
RS Output Outputs the reset pulse to return the voltage at the floating capacitor of
the CCD sensor to the initial one.
PTIM Output Outputs the pulse motor control signal for the reading roller.
CODEC SRDY Input Transfer start ready signal for data from CODEC
interface STIM Output Defines the data transfer section to CODEC
SCLK Output Clock signal to transfer image data to CODEC
SVID Output Outputs image data in serial to CODEC
DMA DRQ Output DMA request signal to the external DMA controller to output in parallel
interface image data through the MPU bus
DAK Input DMA acknowledge signal from the external DMA controller in response to
the above DRQ signal
INT Output Single-line termination interrupt
Clock SYSCK Input System clock input pin
ACCK Output Single-line cycle clock
MPU RESET Input Input of the system reset. The cycle counter, register, F/F, and latch are
interface reset.
CS Input Chip select signal for MPU to access the M66335
RD Input Control signal for MPU to read data from the M66335
WR Input Control signal for MPU to write data to the M66335
A0 to A4 Input Address signal to access various registers inside the M66335
DO to D7 Input/Qutput | 8-bit two way buffer
Others Vee — Positive power supply pin
GND — GND pin
TESTI,0t0 6 Input Test input pin. Hold this at "L".
TESTO Output Test output pin. Set this open.
Power AVcc — Analog power supply pin (rated supply voltage: 5 V)
supply DVcc — Digital power supply pin (rated supply voltage: 5 V)
GND AGND — Analog ground pin
DGND — Digital ground pin
Sensor AIN Input Pin to input analog signals output from CCD or CIS (Signals from CCD
signal are input through capacity coupling and those from CIS, with no
input part clamping levels, are input directly.)
Gain C1,C2 Input Pin to control the frequency characteristic of the gain control circuit
control LEVAJ Input Pin to control the DC level of output signals of the gain control circuit.
circuit The output voltage, Vacao, is obtained by the following equation:
Vacao = Vievay + Gy x Vi,
where,
Vi evas: voltage at LEVAJ
Vn: input signal
Gv: gain of the gain control circuit
Vin is the signal element corresponding to the signal level clamped
through the input clamping circuit for CCD e CIS3 input or to the GND
level for CIS1 e CIS2 input.
GCAO Output Signal output pin of the gain control circuit

REJO3F0276-0200 Rev.2.00 Jun 16, 2008
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Pin Description (cont.)

ltem Pin Name | Input/Output Function
Black level BCMI Input Signal input pin to the black clamping circuit. Use this with capacity
clamping coupling with the GCAO pin.
circuit BCMV Input Pin to set the black level clamping voltage. Sets the black level of signals
output from the BCMO pin for CCD signal processing.

BCMO Output Signal output pin of the black level clamping circuit

A/D converter | Vri+ Input Output of the circuit to generate the A/D full-scale point reference voltage
(3.8 V). Connected with VWL through the buffer inside the IC. To change
the A/D reference voltage range, input a DC voltage from this pin.

Vri— Input Output of the circuit to generate the A/D zero point reference voltage (1.8
V). Connected with VBL through the buffer inside the IC. To change the
A/D reference voltage range, input a DC voltage from this pin.

ADIN Input Signal input pin to the A/D converting circuit. Use this by connecting with
the BCMO pin for CCD or with the GCAO pin for CIS. Input signals in the
voltage range (1.8 V to 3.8 V) set through VWL and VBL.

VWL Output Output of the circuit generating the A/D full-scale reference voltage (3.8
V). Connected inside the IC with the A/D converter.

VBL Output Output of the circuit generating the A/D zero point reference voltage (1.8

V). Connected inside the IC with the A/D converter.

Absolute Maximum Ratings

(Ta =-20 to +75°C, unless otherwise noted)

ltem Symbol Ratings Unit
Supply voltage Vce —0.3to +6.5 Vv
Input voltage \% —0.3to Ve + 0.3 \"
Output voltage Vo 0to Vce \Y
Analog supply voltage AVce Vee —0.3t0 Vee + 0.3 \
Supply voltage DVce Vee—0.3t0 Vee + 0.3 \
Reference voltage (white) Vw —0.3to AVcc + 0.3 \
Reference voltage (black) VL —0.31t0 AVce + 0.3 \"
Analog input voltage Vain —0.3t0 AVgc + 0.3 \
Storage temperature Tstg -55to +150 °C
Recommended Operational Conditions

ltem Symbol Min Typ Max Unit

Supply voltage (for the digital system component) Vee 4.75 5.0 5.25 \Y
GND voltage GND — 0.0 — \
Input voltage Vi 0 — Vee \
Analog supply voltage AVcc 4.75 5.0 5.25 \Y
Analog GND voltage Acnp — 0.0 — \Y
Supply voltage (for the digital system component) DVce 4.75 5.0 5.25 \
GND voltage Danp — 0.0 — \
Input range: VweL < AVce; Ve = Agnp Vain 1.8 2.0 2.2 Vp-p
Operating temperature Topr -20 — +75 °C

Note:

evaluation board for noise prevention.

Connect the analog system component and the digital system component separately to power supply on the

REJO3F0276-0200 Rev.2.00 Jun 16, 2008
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Electrical Characteristics
(Ta=-20to +75°C, Vcc =5 V £ 5%, unless otherwise noted)

Item Symbol Min Typ Max Unit Test Conditions
"H" input voltage Vin 2.0 — — \
"L" input voltage Vi — — 0.8 \"
Positive direction input threshold VT+ — — 2.4 \"
Negative direction input threshold | VT— 0.6 — — \"
Hysteresis value Vu — 0.2 — \
"H" output voltage VoH Vee—0.8 — — \" lon =-12 mA
"L" output voltage VoL — — 0.55 \ lo =12 mA
"H" output voltage Vo Vee—0.8 — — \" lon = —4 mA
"L" output voltage VoL — — 0.55 \ lo=4 mA
"H" input current m Vec=5.25V
- - 1.0 MA vos25v
"L" input current mn Vec =525V
— — —1. A
0 m Vi=0V
"H" input current in the off state loz Vec=5.25V
- - >0 MA Vo525V
L" input current in the off state lozL . . 50 mA Vec =525V
Vo=0V
Analog input current IaIN — — 1.0 mA
Reference resistance R — 120 — Q
Differential non-linear error Ed — +1.0 — LSB
Stat!c current dissipation lccs . o1 35 mA Vec=5.25V
(during standby) V) = Vg, GND

Timing Conditions
(Ta=-20to +75°C, Vcc =5 V £ 5%, unless otherwise noted)

ltem Symbol Min Typ Max Unit

System clock cycle tc (sys) 50 — — ns
System clock "H" pulse width tws (sYS) 25 — — ns
System clock "L" pulse width tw—(svs) 25 — — ns
System clock rise time tr sys) — — 20 ns
System clock fall time tf (svs) — — 20 ns
Read pulse width tw mD) 100 — — ns
Set-up time before read | CS tsu CSFD) 20 — — ns
Set-up time before read | A0 to A4 tsu (A-RD) 20 — — ns
Set-up time before read | DAK tsu (OAK-AD) 20 — — ns
Hold time after read CS th DY) 10 — — ns
Hold time after read A0 to A4 th ®D-A) 10 — — ns
Hold time after read DAK th (RD-DAK) 10 — — ns
Write pulse width tw W) 100 — — ns
Set-up time before write | CS tsu CSWR) 20 — — ns
Set-up time before write | A0 to A4 tsu (AWR) 20 — — ns
Set-up time before write | DO to D7 tsu (0-WR) 50 — — ns
Hold time after write CS th WR-CS) 20 — — ns
Hold time after write A0 to A4 th wr-A) 10 — — ns
Hold time after write DO to D7 th WR-D) 0 — — ns
Hold time after STIM SRDY th (sTIvi-SRDY) 0 — — ns
REJO3F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
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Switching Characteristics

(Ta=-201to +75°C, Vcc =5 V *+ 5%, unless otherwise noted)

ltem Symbol Min Typ Max Unit Test Conditions
Enable time for data output trzL (RD-D) — — 75 ns CL =150 pF
after read tpzH ®D-D) ns
Disable time for data output trLz (RD-D) 10 — 50 ns
after read trrz ®D-D) ns
Propagation time of DRO output | tpHL ®B-DRO) — — 50 ns CL=50pF
after read
Test Circuit
Input Vee Output Vee Item Swi1 SwW2
o (o]
T teLH, tPHL Open Open
RL=1kQ | t5, Closed Open
tpHz Closed Closed
; ﬁ/SV\” t Closed Open
P.G Tested device PzZL P
Sw2 tpzy Open Closed
§ —c (1) Characteristics (10% to 90%) of the pulse generator
500 iGND i RL=1kQ (PG):ty=3ns;tt=3ns
7T (2) Capacitance Ci (= 150 pF) includes the stray
capacitance of connections and input capacitance of
the probe.
System Clock
tc (sys)
tf (SYS) tr(svs)
tw+ (SYS) tw- (sYs)
[ 3V
90% -—90%
SYSCK4~ 13V 1.3V 413V
10% . 7— 10%
—_— oV
REJ03F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
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(1) Operation Mode

The M66335 has three basic operations.

o Peak value detection: Adjusting the peak value of analog signals output from the analog circuit to the white
reference voltage (VWL) of the A/D converter built in the M66335.

e Generation of data for uniformity correction: Generating data on a white reference original sheet for uniformity
correction by the sensor unit and writing them to the memory for correction built-in the M66335.

e Read: Reading original sheets, performing image processing of the read image data, and outputting in serial or
parallel the indicated converted binary data.
The M66335 is capable of performing the DMA transfer of multivalued data (6-bit data = D7 to D2, D1 = D0 = 0)
after correction about uniformities.

These three basic operations are performed in the following mode sequences for the CCD sensor and CIS sensor. The

sensor is set through the register 00 (SENS).

For the CCD Sensor

| AGC mode |

UNIF mode (white)

| SCANmode

For the CIS Sensor

| AGC mode

UNIF mode (black) |

UNIF mode (white) |

The peak value of the 16 line cycle is detected by setting the AGC command in
the register 00 at "H".

To escape this mode, set the AGC command at "L" after a 20 line cycle (or a
cycle of 16 lines or more) passed since the start.

This operation mode is started by setting the UNIF command in the register 00 at
"H" after setting UMODE: "H" (white correction) in the register 00 and UNIFM:
"L" (only white correction) in the register 01.

Starting by the UNIF command also makes the system generate data for non-
uniformity correction for white correction (for the 8 line cycle).

To escape this mode, set the UNIF command at "L" after a 10 line cycle (or a
cycle of 8 lines or more) passed since the start.

The read operation mode is started by setting the SCAN command in the register
00 at "H". To escape this mode, set the SCAN command at "L".

The peak value of the 16 line cycle is detected by setting the AGC command in
the register 00 at "H".

To escape this mode, set the AGC command at "L" after a 20 line cycle (or a
cycle of 16 lines or more) passed since the start.

When this operation mode is started by the UNIF command after setting
UMODE: "L" (black correction) in the register 00 and UNIFM: "H" (black and
white correction) in the register 01, the system also generates black data for non-
uniformity correction for black correction (for the 8 line cycle).

To escape this mode, set the UNIF command at "L" after a 10 line cycle (or a
cycle of 8 lines or more) passed since the start.

In the case of only white correction, the setting is not necessary. Follow the
instruction below.

When this operation mode is started by the UNIF command in the register 00
after setting UMODE: "H" (white correction) in the register 00 and UNIFM: "L"
(only white correction) in the register 01, the system also generates white data for
non-uniformity correction for white correction (for the 8 line cycle).

To escape this mode, set the UNIF command at "L" after a 10 line cycle (or a
cycle of 8 lines or more) passed since the start.

The reading operation is started by setting the SCAN command in the register 00

SCAN mode .
at "H". To escape this mode, set the SCAN mode at "L".
The signal operations and data flow in each basic operation are shown in the page
9 and 10, and the flowchart is in the page 26 and 27.
REJ03F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
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Operations of Signals in the Peak Value Detection Operation
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Flow of Data in the Reading Operation (for Output in Serial: Binary Data)
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BCMV ! 7-bit AD g rone |SVID
BCMI ! converter Detection of \l/ jmage bus |
% lc):;lr(agc'?eurn\:zels sf;i:!gc\g',m l—pl interface ISRDYB CODEC
i > Analog signal Uniformity »| Resolution MTF »|7 correction Error g:;f/mm ’ IINT
@ AIN i a9 correction change compensation table diffusion 'DRQ
8 | A A KA DMA DAKB
@ ' ' R L] | pmmm e | control
S | \'s v v h |IRESETB
£ ' Sensor Correction Conversion Line Error Dither Organized 'CSB
- SH | control data memory table memory memory memory matrix dither |WRB
CKI T T ]‘ T {RDB
Cka MPU bus AQ to Ad
RS | interface |DO to D7 MPU
PTIMB | « »
L T [
— :image data
---> : correction of compensation data
Flow of Signals in the Reading Operation (for Multivated Data)
BCA! VWL, VBL
GCAO ADIN  Vri+, Vri—
_________________________________________________________ -
| 'ACCK
i control | Image processing sequence control signal SYSCK
o IsTivB
c2 ' Image zone |SCLK
BCMV | 7-bit A/ID sepgration SVID
BCMI converter Detection of \|; Image bus |
k -
LEVAJ \Li gg:rzgcr:zr::(/e\s g%ggggirtllgoqore interface 'SRDYB CODEC
| i \ . _ _ g?nrgllsrslon to :INT
= nalog signal Uniformity Resolution MTF ¥ correction Error I
8 | AIN | Precessing correction change compensation table diffusion DRQ
|  — |5 7 ous, [ o
3 | [ v ¥ Y 'RESETB
£ ! Sensor Correction Conversion Line Error Dither Organized |CSB
- SH control data memory table memory memory memory matrix dither v '"WRB
OKI | T T ’I‘ T IrDB
CK2 »| MPUbUs jAO to A4
RS | i 7| interface :DO to D7 MPU
PTIMB 1 >
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(2) Line Cycle and Reading Sequence
The relationship between the line cycle and the reading sequence of the M66335 is shown in figure 1.

The relationship between the CODEC interface operations and the reading sequence is shown in figure 2 and that
between the DMA interface operations and the reading sequence is shown in figure 3.

e Single-line cycle (1/ACCK)
Defines the processing time per line of the M66335.
The single-line cycle is decided by the line cycle counter value registers 03 and 04 (PRE_DATA), and the pixel
transfer clock.
The pixel transfer clock is 1/16 of SYSCK.
1 line cycle (1/ACCK) [NS]

= line cycle counter value x pixel transfer clock cycle [NS]
= (PRE_DATA + 1) x pixel transfer clock cycle [NS]
= (PRE_DATA + 1) x 16/SYSCK [NS]

After loading the PRE_DATA value, the line cycle counter generates the addresses of the following gate signals
while counting down with the pixel transfer clock.

e Sensor start pulse (SH)
Image sensor start pulse. The point of the start pulse is decided by the uniformity correction range (UNIFG) and the
value of the register 05.
[ST_PL]
The ST_PL value must be set according to the following formulas for each image sensor type.
CCD: ST_PL = dummy pixels of the sensor + 2

CIS: ST_PL=2

e Uniformity correction range (UNIFG)
Defines the range where uniformity correction is performed. This range corresponds to the width of the sensor (B4
to A4).
For the relationship between the sensor width and the uniformity correction range, see table 2.

o AGC range (AGCG)
Defines the range where peak value detection is performed. This range corresponds to the sensor width (B4 to A4).

Auto gain control is performed for the whole width of the sensor (solid line) in the AGC mode and for the narrower
width (dashed line) than the sensor width in the SCAN mode.
For the relationship between the sensor width and the AGC range, see table 2.

e Original sheet reading width
Defines the reading width for original sheets.
For original sheet widths narrower than the sensor width, the reading range (dashed line) is set, using the sensor
center as the base center point. Therefore, the points for the original sheet should be based on the sensor center.
For the relationship between the sensor width and the original sheet reading width, see table 3.

e Pulse motor control signal (PTIM)
Generates control signals for the pulse motor for the reading roller.
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PRE_DATAloading _ _ _ _ _ _ _ _ _ =0 Relationship with the registers
Countdown
Line cycle « Registers 03 and 04
(ACCK) \ ) \ (PRE_DATA)
\ \
Register 00 (SENS_W)
ayor startpulse } !_l « 1 [L Regiter o5 (ST PO
| \
| IST_PL ‘ « \
Uniformity | | R ]| Register 00 (SENS_W)
correction range -
(UNIFG) } |
\
(( |
AGC range )) Register 00 (SENS_W)
|}— Register 01 (SOURCE)
\
\

|
L
|

(AGCG) —} } -
L
|
\

- Register 00 (SENS_W)

T )] T
Original sheet | | ) 1 Register 11, 12 (OFFSET)
reading range

Pulse motor ( }
o = L
1line cycle
Figure 1 Line Cycle and the Reading Sequence
ACCK | | l | |
o n ]l n l ]

B L
(SSCAN) 1]

ome Lo [Tl | |/ Hﬁ —
PTIMB | | I U

<INTCLR>

I S
A~ 4
SR

[T : Output section  <INTCLR> : Register setting
(SSCAN) : Internal signal

SRDYB: L is taken in with a T flow of SH, when scanning is started and PTIMB is output. (SSCAN: H)

During the period that STIMB is L, converted binary data are output.

SRDYB: H is taken in with a T flow of ACCK, when the reading of one line ends. (SSCAN: L)

INT is asserted with a { flow of SSCAN. (INT: H)

When CPU is ready for reading the next line, INTCLR is generated and INT is negated, and then SRDYB is set L.

akrwp~

Figure 2 CODEC Interface Operations and the Reading Sequence (Binary Data Output: Serial Output)
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ACCK | | | | |
SH | H | M |
<SRDYB> 1 :

(SSCAN) H M
INT / _ \ /
onc B |
ar L
(Counter reset) 3 |l # / I é/
(DMAFIN)

5
<INTCLR> 6 H

PTIMB I I

[T : Output section <SRDYB>, <INTCLR> : Register setting
(SSCAN), (DMAFIN), (counter reset) : Internal signal

SRDYB: L is taken in with a T flow of SH, when scanning is started and PTIMB is output. (SSCAN: H)

SRDYB: H is taken in with a T flow of ACCK, when the reading of one line ends. (SSCAN: L)

The internal counter reset signal is generated with a ¥ flow of SSCAN, and DRQ is asserted with a T flow of SSCAN.
After the internal counter is reset, DMA transfer is started. (The internal counter is counted up by one each time a
pixel is transferred.)

When the value of the internal counter reaches the output pixel number, DMAFIN shifts to H, and DRQ is negated
with a T flow form DMAFIN and INT is asserted with a { flow of DMAFIN.

When CPU is ready for reading the next line, INTCLR is generated and INT is negated, and then SRDYB is set L.

o o ko~

Figure 3 DMA Interface Operations and the Reading Sequence (Multivated Data Output)

Table 2 Gate Signal Ranges for the Sensor Widths

Sensor Width
Gate Signal Resolution B4 A4
Uniformity correction range (UNIFG) 200 dpi 2103/55 1943/215
400 dpi 4207/111 3887/431
AGC range (AGCG) AGC mode 200 dpi 2103/55 1943/215
400 dpi 4207/111 3887/431
SCAN mode 200 dpi 2018/130 1584/564
400 dpi 4037/261 3169/1129

Table 3 Original Sheet Reading Widths According to the Original Sheet Widths for the Sensor Widths

Sensor Width
Original Sheet Width Resolution B4 A4
B4 200 dpi 2102/54 —
400 dpi 4206/110
A4 200 dpi 2102/54 1942/214
400 dpi 4206/110 3886/430

When original sheets narrower than the sensor width, cut out the original sheet width with the registers 11 to 14.
(OFFSET, OUTLENGTH): (Region designation function)

XY X M
X: Left end address
Y: Right end address
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(3) Image Processing Function

The M66335 converts image signals input from the image sensor into binary data. This includes the simple conversion
of characters and the change of images with various densities into pseudo-half-tone.

Before the conversion, distortions and characteristic degradations which signals from the image sensor almost always
have must be corrected or compensated.

Image zone separation must also be performed to realize optimal conversion-to-binary of the image for the possible
shortest transmission time.

Functions required for image processing are as follows.

e Peak value detection
e Uniformity correction
e Resolution change (enlargement, reduction and averaging)
e MTF compensation
e vy correction
e Background/character level detection (simple conversion to binary)
e Change to pseudo-halftone
Organized dither
Error diffusion
e Image zone separation
e Designation of regions

Peak Value Detection

Because the A/D converter of the M66335 uses the input dynamic range at 2 Vp-p, the reference voltages (Vwr, Vir)
corresponding to the peak value are fixed. The peak value of analog signals output from the analog processing circuit
must be detected before those signals are input to the A/D converter in order to adjust the analog signal peak value to
the full-scale value of the converter.

The peak value detection is performed by reading white data from the sensor in the AGC mode selected from its three
modes (AGC, UNIF and SCAN) of the M66335.

As shown in figure 4, preprocessing of peak value detection to increase the gain at the gain control is performed for a 8
line cycle and gain control processing to decrease the gain when the A/D converter over-flows is performed for another
8 line cycle after the start command (register 00: AGC) in the AGC mode.

As a result, the gain changes as shown in figure 5.

Peak value detection

123 45 6 7 8910111213 141516
Line oycle ———————t——F———+1—

Preprocessing of peak Gain control on the
value detection peak value
(increasing the gain) (decreasing the gain)

Figure 4 Peak Value Detection
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Preprocessing of peak value detection Gain control on the peak value
After the completion of After the completion of
preprocessing of peak | gain control on the
value detection )}L peak value

Vwe Vwe
The peak value of the
White data The output level of the sensor output in the
last pixel of the line line is adjusted to VwL.
is adjusted to Vwt.

One line One line

Figure 5 Changes of the Gain in Peak Value Detection

Uniformity Correction

Uniformity correction is to correct shading distortion due to less light at each end of the light source and faded light
around the lens, or high frequency distortion due to characteristic variations pixel by pixel in the image sensor.

As shown in figure 7, the M66335 makes blocks each of two pixels, creates a set of uniformity correction data for each
block, and write them to the built-in correction memory (SRAM: 1024 word x 6 bits) in the UNIF mode selected from
its three modes (AGC, UNIF and SCAN).

The correction data created each for two pixels are read from the built-in correction memory to correct the input image
data consecutively in the SCAN mode. With the register 01 (UNIFS) set at "1", the uniformity is not implemented.

With the register 02 (RES) set at "1", uniformity correction is performed on a block for 4 pixels.

For uniformity correction, white correction or the combination of black correction and white correction can be selected
according to the types of image sensors as shown in table 4.

This is set in the register 00 (SENS, UMODE) and register 01 (UNIFM).
To perform both black correction and white correction, the black correction must be done first.

The M66335 implements the correction in the correction range of 50% as shown in figure 7. If a set of white correction
data is beyond the correction range of 50%, the correction are not exactly performed as shown in figure 7. Therefore,
ensure that input signals are within the range.

Black level

High frequency
distortion

Shading distortion

ﬁ—k/\

White leve] ——-———————————————— |

| 1 line |

Figure 6 Waveform of White Data Output from the Image Sensor

REJ03F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
Page 15 of 58




M66335FP

Table 4 Uniformity Correction due to the Image Sensor

Register
Creation of Uniformity Selection of
Type of the Sensor Correction Data Correction Mode
Image Sensor Correction Register 00 (SENS) Register 00 (UMODE) Register 01 (UNIFM)
CCD White correction 0 1 0
CIS White correction 1 1 0
Black correction 1 Period of black correction: 0 1
White correction Period of white correction: 1
| White correction + black correction |
Analog signal input  White data Analog signal input  White data
" / 7&27_1 b / K27_1
50% 26 -1 50% 261
VeL — 0 VeL 0
Black data i
1line 1 line

| Correction on over-range data (in white correction)|
Analog signal input \White data

Vwe / /L 27 _ A

50% ———————————— — 25— 1
=" White data over the
VaL 0 correction range
-—>
Section over the correction range
1 line
Figure 7 Uniformity Correction
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Resolution Change

Resolution change is controlled through H/W in the horizontal scanning direction and through S/W in the vertical
scanning direction.

The sequence for resolution change is shown in figure 8.

Horizontal Scanning Direction

The scaling factor is written from the register 15 (CNV_D) to the built-in resolution change memory (100 W x 1 bit) bit
by bit by 100 operations.

MSSEL of the register 6 must be set at "0" (which specifies the horizontal scanning direction) before the scaling factor
is written in the memory.

The procedure to specify CNV_D is as follows.

In the Case of Reduction

Data written in the resolution change memory have the following meaning.
"0": 1 pixel is output.

"1": No pixel is output.

(Example of reduction to 75%)

75 0's and 25 1's are written in the memory. The intervals of 1's should be as equal as possible to obtain the image with
better quality.

In the Case of Enlargement

Data written in the resolution change memory have the following meaning.
"0": 1 pixel is output.

"1": 2 pixels are output.

(Example of enlargement to 150%)

50 0's and 50 1's are written in the memory. The intervals of 1's should be as equal as possible to obtain the image with
better quality as in the reduction.
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Vertical Scanning Direction

Processing of lines to implement the scaling factor in the vertical scanning direction is decided for each line through the
register.

MSSEL of the register 6 must be set at "1" (which specifies the vertical scanning direction), and either "0" or "1"
written in the register 15 (CNV_D) before the processing of each line.

The timing for this setting is in the period between the first transition of the INT signal (synchronized with that of
ACCK) and that of the SH signal (the start of taking the SRDY signal in).

The procedure to specify CNV_D is as follows.

In the Case of Reduction
CNV_D indicates the current line read.
"0": 1 line of data are output.

"1": No line of data are output.

In the Case of Enlargement

CNV_D indicates the next line read.

"0": 1 line of data are output with PTIM generated (paper driven).
"1": 1 line of data are output with PTIM generated (paper not driven).

(Paper not driven: the same line is read again.)

Resolution change

Enlargement/reduction Specifying enlargement/reduction
is set in CONVX/CONVY. | for horizontal/vertical scanning

[ wssELissetato. | Specifying horizontal scanning

Data setting in CNV_D Setting the scaling factor for
(100 bits in quantity)_ resolution change in the
| horizontal scanning direction

| MSSEL is set at 1. | Specifying vertical scanning

—]
=1

Data setting in CNV_D
(1 bit in quantity)

| Setting of SRDY | Start of reading a single line

m INT generated?

YES

YES

END

Setting the scaling factor for
resolution change in the vertical
scanning direction

End of reading a single line

Figure 8 Sequence of Resolution Change Setting

Use the PTIMB signal as control signals for the pulse motor for the reading roller. The sequence for reduction is shown
in figure 9 and that for enlargement in figure 10.
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ACCK ﬂ " "

SH | |]

<SCAN>  _1 | 8

1

| 4

(START) ___ |2

|

<SRDYB>
(SSCAN) 3

N A

INT

STIMB

SCLK
SVID

PTIMB

<CNV_D> 0

<INTCLR>

1. At the initial setting, the enlargement/reduction setting (CNV_D) in horizontal scanning is implemented. Then, after the system is switched into

[T : Output section  <SCANs, <SRDYBs, <CNV_D>, <INTCLRs:
(START), (SSCAN):

the setting mode for enlargement/reduction in vertical scanning, the first line is set.
2. With a | flow of ACCK, the SCAN command is taken in, when the system comes into the standby mode for SRDYB. (START: H)
3. With a 1 flow of SH, SRDYB: L is taken in, when scanning starts and PTIMB is output. (SSCAN: H)

4. During the period that STIMB is at L, converted binary data are output while the data for reduced lines are not output because STIMB for them

are at H.

5. With a 1 flow of ACCK, SRDYB: H is taken in, when the reading of the single line is completed. (SSCAN: L)

6. With a | flow of SSCAN, INT is asserted. (INT: H)
7. With CPU ready for reading the next line, the enlargement/reduction setting (CNV_D) in vertical scanning is implemented; INTCLR is generated;

INT is negated; and then SRDYB is set at L.

register setting
internal signals

Figure 9 Reduction Processing Sequence

ACCK J'| " "

—
—
—
—

|

—
-

M

<SCAN> 1 |

(START) [2 (

>

5

<SRDYB> LI

;4 \
L ‘ /H

(SSCAN) 3
INT

{

Enlarged
6L | line i

STIMB

SCLK
SVID

—

PTIMB

<CNV_D> 0

<INTCLR>

—_

u]]]]]]]II] : Output section

mode for enlargement/reduction in vertical scanning, the first line is set.

With a { flow of SSCAN, INT is asserted. (INT: H)

NoO O R WN

negated; and then SRDYB is set at L.

. With a | flow of ACCK, the SCAN command is taken in, when the system comes into the standby mode for SRDYB. (START: H)

. With a | flow of SH, SRDYB: L is taken in, when scanning starts and PTIMB is output while it is not output for enlarged lines. (SSCAN: H)
. During the period that STIMB is at L, converted binary data are output.

. With a T flow of ACCK, SRDYB: H is taken in, when the reading of the single line is completed. (SSCAN: L)

<SCAN>, <SRDYB>, <CNV_D>, <INTCLR>:
(START), (SSCAN):

register setting
internal signals

. At the initial setting, the enlargement/reduction setting (CNV_D) in horizontal scanning is implemented. Then, after the system is switched into the setting

With CPU ready for reading the next line, the enlargement/reduction setting (CNV_D) in vertical scanning is implemented; INTCLR is generated; INT is

Figure 10 Enlargement Processing Sequence
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MTF Compensation

As shown in figure 11, image data of characters or pictures photoelectrically converted by the sensor unit show
degradation in resolution.

MTF compensation function of the M66335 restores the resolution of those data and expands the apparent dynamic
range by strengthening the high-pass frequency constituent with the Laplacian filter.

Photoelectric conversion

Photoelectric
conversion

Original (character) Image signal

MTF
compensation

Data after compensation

Photoelectric
conversion

Original (photo) Image signal

MTF
compensation

Data after compensation
Resolution compensation

X'=X+a(X-A)+(X-B)+(X-C)+(X-D))
Where, o: MTF compensation coefficient in the register 08 (MTF_C, MTF_1I)
In the above equation, o is set according to the register 07: MODE (selection of conversion-into-binary mode) as follows:

MODE: 00 (simple binary) o=MTF_C

MODE: 01 (organized dither) a=MTF_I

MODE: 10 (image zone separation) separation (character) o = MTF_C for image zone
separation (photo) o = MTF_| for image zone

MODE: 11 (error diffusion) a=MTF_I

Figure 11 MTF Compensation
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y Correction

y correction according to the sensitivity characteristics (logarithmic characteristics) of human eyes is implemented to
approximate the image data to natural images.

To do this, the M66335 writes the y correction table to the built-in SRAM and read the corrected values corresponding
to read image data values from the SRAM.

y = 0.45 is considered to be the optimal for y correction for thermal head printers. Figure 12 shows a characteristics
example at y = 0.45.

y correction processing is set through the register 06: GAMMA as follows.

GAMMA: 00
GAMMA: 01
GAMMA: 10

GAMMA: 11

v=1

Y = conversion table value
v = 1 for image zone separation (character)
Y = conversion table value for image zone separation (photo)

y = conversion table value for image zone separation (character)
v =1 for image zone separation (photo)
For the procedures of inputting/outputting of data, refer to the section on writing to/reading from the y correction

memory.
A<5,0> DO<5,0> 6
Image data (Address)  (Output) Data aft?r
y correction memory ¥ correction
White 63
56
o
2
© _ 47 !
82 |
>3 =0.45 |
82 gk |
® 5 ;
E % \ Y= 1 !
© ! '
o° E ' '
°E 25 : :
o ! '
© ! '
E | :
Black 0 ! ' : .
Black: 0 8 16 32 48 White: 63

Image data (address)

Figure 12 y Correction by Means of the Conversion Table

Dour

IF (DN < Dlow)
Dout =0

IF (Dlow < DIN < Dup)

[ DIN—Dlow \vY
Dour = ( Dup — Dlow )

IF (Dup < DiN)
Dout =1.0
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Background/Character Level Detection

The M66335 uses not the fixed threshold system but the floating threshold system, where the optimal threshold for
simple conversion-to-binary of objective pixels are continually generated by constantly detecting background/character
levels.

Accordingly, the threshold value proper for image data is generated without processing the data.

The threshold value is used for the areas to be converted to binary when simple conversion-to-binary or image zone
separation is selected as the mode of conversion to binary in reading data.

: register 07 (MODE)

e Background level counter
When image data greater (lighter in light) than the current value are input, this counter counts up to approximate to
the data.
When image data smaller (darker in light) than the current value are input, this counter counts down to approximate
to the data.
— Setting of the rate of count-up/count-down following data input: register 0C (MAX_UP, MAX_DOWN)
— Setting of the lowest limit for background levels: register OE (LL_MAX)

e Character level counter
When image data greater (lighter in light) than the current value are input, this counter counts up to approximate to
the data.
When image data smaller (darker in light) than the current value are input, this counter counts down to approximate
to the data.
— Setting of the rate of count-down following data input: register 0C (MIN_UP)
— Setting of the highest limit for character levels: register 0D (UL_MIN)

Im dat Background level
age dala detection counter
Generation of c g
the threshold ; _ Converte
=| value Compatison binary data
Character level
detection counter
This slope is decided through MAX_UP.
This slope is decided through Fixing of the background level
MAX_DOWN. White level
/ > y Background level
777777777777 B <— Lowest limit of the
background level
/ (LL_MAX)
\/\/\/—
\/’
Threshold
nout dat e level —
pwdaa Ll B S [ R < Highest limit of
L7/ Character level — ] the character level
/ aracter leve (UL_MIN)
This slope is decided Fixing of the Black level
through MIN_UP. character level
Threshold level = (background level point — character level) x K + character level
K = threshold factor for conversion to binary: register 07 (SLICE)
Lowest limit of the background level (LL_MAX) > highest limit of the character level (UL_MIN)
Figure 13 Background/Character Levels
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Error Diffusion

The error diffusion, which is a conditional determination method, locally diffuses density errors between the original
image and the result to obtain the best approximation. This generates images with good compatibility of gradation and
resolution.

This is operated by selecting the error diffusion in conversion-into-binary mode selection.
: register 07 (MODE)

In error diffusion, dithers as well as density errors are added to image data. The dithers are data as commonly used for
the dither matrix.

: register 08 (ERROR)

y correction must be performed in the error diffusion.

e Organized dither
The M66335 has built-in SRAM with a configuration of 64 words X 6 bits for organized dither memory.
In the initial setting, write the threshold value proper for the preferred dither pattern to the dither memory after
setting the dither matrix size.
: register 07 (DITH)
: register 10 (DITH_D)
For the procedure of inputting/outputting data, refer to the section on writing to/reading from the dither memory.

Dither matrix

1719 |12 120 |25

10|11 8 [15[19 K2

Fmn Fmn Gmn
2|5 | {

n n

O|O|@
Ol @O
O
o
o

A
*

A
-/

Integrated error
SoKIEm —k, n — 1 (Note 2)

K1 O Fmn > 32 — Gmn = 63 (white)
+1- Fmn <32 - Gmn =0 (black)
Weighting ofthe| 1 | 2 | 4 | 2 | 1 Error Emn = Fmn — Gmn (Note )
error filter
okl 2 |4
Notes 1: Characterized by using the difference
Error buffer memory from the corrected value Fmn rather
o than that from the original pixel Fmn.
Preceding line 2: Errors before the point of remark are
. % integrated.
Current line

Fmn =Fmn + K1 (1 /k21ockl) ngklEm -k, n—1 + K2 (dither — 32)

K1 = register 08 (error)
K2 = register 08 (dither addition factor)

Figure 14 Error Diffusion Method
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Image Zone Separation

To make data conversion fit for each image zone, a black and white image is separated into the zones to be converted to
binary and the gradation zones. The binary zone is processed through simple conversion to binary and the gradation
zone through the error diffusion.

: register 08 to OE

In the black and white image, each window of the gradation zone (photo) does not have a large difference of luminance in it.
With this characteristic of the gradation zone, it is distinguished from the conversion-into-binary zone through the following method.

Lmax: maximum illumination in window
Lmin: minimum illumination in window

Determining inequality 1: Lmax — Lmin > A (because the zone to be converted to binary has
a large difference in luminance in it.): register 09 Difference (SEPA_A)

Determining inequality 2: Lmin > B (for the wholly white area): register 0A Minimum (SEPA_B)
Determining inequality 3: Lmax < C (for the wholly black area): register 0B Maximum (SEPA_C)

If the window satisfies determination inequalities 1, 2 or 3, simple conversion to binary is applied.
If the window does not satisfy any of determination inequalities 1, 2 and 3, change to pseudo-halftone is applied.

White level = 63 Difference Minimum Lmin Maximum

Black level = 0 /
Lmax — Lmin

Lmax

Figure 15 Image Zone Separation

Region Designation Function
The sensor width is fixed for A4 and B4.

The region designation function is to output only the data for a region defined and designated in terms of output data
after resolution change (or after uniformity correction for multivalued data).

Registers 11 to 14 (OFFSET, OUTLENGTH)

Output width
Designated region

oY

'{OFFSET! OUTLENGTH

'
>
'
'

Figure 16 Cut-out Function
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(4) CODEC Interface (Binary Data Output)

Serial Output

SRDYB —|_ SS

SH

STIMB

(Equal
SCLK

SVID

(Enlarged scale) ! !
SCLK 1 2,

SVID

Note: A

| ; |

_ 10 4. 12 ‘ SS !
reducesdcgclgle) 2|_| , |_| USS |_| |_|2
T § j(—x—\“
VAN S O ?
FAKRIARR SS !

COCOOCOO0n.

is decided through the registers 05 (ST_PL) 11 and 12 (OFFSET), and B through the registers 13 and 14

(OUTLENGTH).

Parallel Output

Pixel 1 2 3 4 5 6 7 8

SCLK —|_/| [ A o N O O O |7’ LI
sviD n-1 XN X Net X Ns2 X N3 X Nea X Nes X Nes X Ne7 X N+s

DRQ _\| &17

DAK I I
RD I) |
Do K/ N-1 \i
D1 < N-2 /
D2 4 N-3 >
D3 < N-4 >
D4 < N-5 D
Ds 4 N-6 >
De 4 N-7 >
D7 < N-8 >
Note:  The 3-line handshake of SRDY, SH and STIM, which is the interface with CODEC, is the same as serial output.
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(5) DMA Interface (Multivalued Output)

The DMA transfer of data after non-uniformity correction can be performed by setting P_O) of the register O1: at "1"
(existence of DMA output) and M_B of that register at "1" (multivalue). With this setting, neither enlargement, nor
reduction, nor 400 dpi of resolution can be set.

SSCAN —l )

DRQ (g
2 \ ) \

(DMA counter 7 «
reset signal) )
b
DAKB ) 4 | (
/ / ))
RDB 3 | \ « | k
o — —y

counter signal) (4

(DMAFIN)

INT

{
D <7:2> b

IR
J

(XXXX): internal signal

1. On completion of reading one line, with a 4 flow of SSCAN, the reset signal is entered in the DMA counter.

2. With a T flow of the reset signal, DRQ shifts to "H", when the DMA transfer becomes ready.

3. With DAKB at "L" and a 4 flow of RDB, DRQ shifts to "L", when multivalued data are output to D <7:2> during
the period that RDB is at "L".

4. Witha T flow of DAKB, the DMA counter counts up and DRQ shifts to "H", when the DMA transfer becomes
ready again.

5. The cycle of the above 3 and 4 is repeated until the DMA counter counts up to reach the number of output pixels set
in the registers 13 and 14 OUTLENGTH subtracted by one. By that repetitive operation, DMAFIN shifts to "H" to
terminate the DMA transfer when it reaches the set number.

6. With a { flow of DMAFIN, INT shifts to "H", when CPU has an interrupt.

7. Reading is resumed from the next line by negating the INT signal through the register 17 (INTCLR).

REJO3F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS
Page 26 of 58



M66335FP

(6) Writing to/Reading from the Dither Memory, y Correction Memory, Uniformity

Correction Memory, and Resolution Change Memory

The sequences of writing a dither pattern to and reading it from SRAM with a configuration of 64 words x 6 bits which
is built in the M66335 for organized dither are shown below.

Writing to the dither memory (MPU — M66335)

. Initial setting (1) |

Initial setting (2) : Memory address (0) : Memory address (1) :

CSB
A4 to A X o7H X X 01H X 1 X 10H X X 10H X
WRB | | ! | | | | | | | | 1
I(ZI)ZF:SUDO { D6, D5 } {D0="1") {DATA (0)} {DATA (1))}

1 2 | 3 | 3

Reading from the dither memory (M66335 — MPU)

Initial setting (2)

| Initial setting (1) |

|
L ——
|

Memory address (0) : Memory address (1) |

CSB
mioro | Xem X Won X Yoo X \ o )
WRB ] | | ; | | : | |
D7 to DO [\ /—\
(Input) \ D6, D5 } {Do="1"}
RDB | | | | | | | | |
D7toD0 ‘ 3 — ; 1
(Out(;))ut) 1 \DATA (0)f {DATA (1) ,‘

1 2 4 4

1. D6 and D5 (DITH) of the register 07 are set to define the dither matrix size.
2. DO (CNTRST) of the register 01 is set at "1" to reset the address counter of the dither memory.

3. DITH_D is selected in the register 10, and DATA (0) of the MPU bus (D5 to DO) is written in the memory. The

address counter of the dither memory is incremented at the edge of the first transition of WR. (For writing)
4. DITH_D is selected in the register 10, and DATA (0) of the dither memory is read into the MPU bus (D5 to DO0).

The address counter of the dither memory is incremented at the edge of the first transition of RD. (For reading)

A0 A1 A2 A3 A0 A1 A2 A3 A4 A5 A6 A7

A4 A5 A6 A7 A8 A9 A10 | A11 A12 | A13 | A14 | A15

Dither Matrix Addresses A8 A9 A10 Al A16 | A17 | A18 | A19 | A20 | A21 A22 | A23

A12 A13 Al14 A15 A24 | A25 | A26 | A27 | A28 | A29 | A30 | A31

A0 A1l A2 A3 A16 A17 A18 A19 A32 | A33 | A34 | A35 | A36 | A37 | A38 | A39

A4 A5 A6 A7 A20 A21 A22 A23 A40 | A41 A42 | A43 | Ad4 | A45 | A46 | A47

A8 A9 A10 Al A24 A25 A26 A27 A48 | A49 | A50 | A51 A52 | A53 | A54 | A55

A12 A13 Al14 A15 A28 A29 A30 A31 A56 | A57 | A58 | A59 | A60 | A61 AB2 | A63

4 x 4 Matrix 4 x 8 Matrix 8 x 8 Matrix

REJO3F0276-0200 Rev.2.00 Jun 16, 2008 RENESAS

Page 27 of 58




M66335FP

The sequences of writing y correction table to and reading it from SRAM with a configuration of 64 words x 6 bits
which is built in the M66335 for y correction are shown below.

Writing to the ¥ correction memory (MPU — M66335)

Initial setting (1) N Memory address (0) | Memory address (1) |

CsB : } 3 |

A4t10A0 | X 01H X } X OFH X } X OFH X |

WRB | | | L L] |

D7toDO | o Y A\ Y Awn\ |

(Input) —@ | ARy T |
! 1 2 2

Reading from the y correction memory (M66335 — MPU)

Initial setting (2) N Memory address (0) Memory address (1)

CSB

A4 to AO

WRB

(Input)

RDB

D7 to DO
(Output)

D7 to DO | D
‘ DO ="1"
1

1. DO (CNTRST) of the register O1 is set at "1" to reset the address counter of the y correction memory.

2. GAMMA_D is selected in the register OF, and DATA (0) of the MPU bus (D5 to DO0) is written in the memory. The
address counter of the y correction memory is incremented at the edge of the first transition of WRB. (For writing)

3. GAMMA_D is selected in the register OF, and DATA (0) of the y correction memory is read into the MPU bus (D5
to DO0). The address counter of the y correction memory is incremented at the edge of the first transition of RDB.
(For reading)
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Uniformity correction data can be written to and read from SRAM for uniformity correction built in the M66335
through the MPU bus. With this operation, the uniformity data can be temporarily saved in the backup memory when
the power is off. The sequences of writing and reading uniformity correction data are shown below.

Writing to the uniformity correction memory (MPU — M66335)

. Initial setting (1) | Initial setting (2) : Memory address (0); Memory address (1) |

CSBE||3||3||3||3

AdtoAD XOOHX } XO1HX } X19HX } X19HX }
wo [ L L L
e o —

! 1 2 3 3

CSBE||3||3||3||3

A4toAD X 00H X ! X01H X ; X 19H X } X 19H X |
WRB | | | | | | 1 3 3
D7to DO | —\ ; — | | :
(Input) ! \ P/ : {00 =17} : : :
RDB } | : | | 3 | i
D7t0D0 | | | | |
(Output) : : | DATA (0) : {oATA (1 )\, :

3 1 | 2 } 4 | 4 :

1. "0" (black correction) or "1" (white correction) is set in D1 (Umode) of the register 00.

2. DO (CNTRST) of the register 01 is set at "1" to reset the address counter of the uniformity correction memory.

3. UNIF_D is selected in the register 19, and DATA (0) of the MPU bus (D5 to DO) is written in the memory. The
address counter of the uniformity correction memory is incremented at the edge of the first transition of WRB. (For
writing)

4. UNIF_D is selected in the register 19, and DATA (0) of the uniformity correction memory is read into the MPU bus
(D5 to DO). The address counter of the uniformity correction memory is incremented at the edge of the first
transition of RDB. (For reading)
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The sequences of writing a resolution change table to and reading it from SRAM with a configuration of 100 words x 1
bit which is built in the M66335 for resolution change are shown below.

Writing to the resolution change memory (MPU — M66335)

. Initial setting (1) Initial setting (2) iMemoryaddress(O) Memory address (1) |

|
I
>

|
e P ——

CSB | | | | |

A4 to AO X 06H X X 01H X X 15H X X 15H X

WRB ! | | ! | | ! | | ! | | !
D7 to DO j [\ 3 [\ 3 [\ 3 [\ 3
(Input) {D7="0") { DO ="1") {DATA (0) } {DATA (1))}

! 1 ; 2 : 3 : 3 1

Reading from the resolution change memory (M66335 — MPU)

i Initial setting (1) : Initial setting (2) : Memory address (O)J Memory address (1)J
CSB | | | | |
A4 to AD X 06H X X 01H X X 15H X X 15H X
WRB ! | | ! | | ! ! !
D710 DO | {b7 =0} : {Do="1") ‘ : ‘
(Input) 3 —/ 3 — / ! 3 !
RDB | | | | | | | | |
D7toD0 ! : : o\ : o\ !
(Output) \DATA (0)) \DATA (1)}

| 1 | 2 | 4 | 4 |

1. "0" (horizontal scan) is set in D7 (MSSEL) of the register 06.

2. DO (CNTRST) of the register 01 is set at "1" to reset the address counter of the resolution change memory.

3. CNV_D is selected in the register 15, and DATA (0) of the MPU bus (DO0) is written in the memory. The address
counter of the resolution change memory is incremented at the edge of the first transition of WRB. (For writing)

4. CNV_D is selected in the register 15, and DATA (0) of the resolution change memory is read into the MPU bus
(DO0). The address counter of the resolution change memory is incremented at the edge of the first transition of RDB.
(For reading)
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List of the M66335FP Registers

RW | A4to A0 | Default D7 D6 D5 D4 D3 D2 D1 DO
RW | 00H 00H | RESET | SENS | SENSW | AGC UNIF SCAN | UMODE L
RW | otH 00H | SOURCE | SHW | SHW | UNIFs PO M_B UNIFM | CNTRST
w 02H 00H RES | LcMPs | BLS | BLCMPS | ccD cls3 cls2 Clst
w 03H 00H PRE_DATA (7:0)
w 04H 00H | PRE_DATA (13:8)
w 05H 00H ST_PL (7:0)
w 06H 00H | MSSEL | AVE | CONVX<1:0> | CONVY<i:0> | GAMMA<1:0>
w 07H 00H POL DITH <1:0> MODE <1:0> SLICE <2:0>
w 08H 00H ERROR<1:0> | MTF.C<i0> |  MTFI<10>
w 09H 00H SEPA A (5:0)
w 0AH 00H SEPA_B (5:0)
w 0BH 00H SEPA_C (5:0)
w 0CH 00H MAX_UP <1:0> MAX_DOWN <1:0> |  MIN_UP <1:0>
w 0DH 1FH UL_MIN <5:0>
w OEH 20H LL_MAX <5:0>
RW | OFH — GAMMA _D (5:0)
RW [ 10H — DITH_D (5:0)
w 11H 00H OFFSET <7:0>
w 12H 00H OFFSET <12:8>
w 13H 00H OUTLENGTH <7:0>
w 14H 00H OUTLENGTH <12:8>
w 15H — CNV_D
RW | 16H 00H AGCSTP | SRDYS | SRDYB
w 17H — INTCLR
RW | 18H 00H GAIN <7:0>
RW | 1oH 00H UNIF_D <5:0>
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Register Structure

Address | R/W Description
004 R/W
D7 D6 D5 D4 D3 D2 D1 DO
| RESET | SENS [sensw| AGC | UNIF | SCAN |UMODE | L' |(Defaultvalue: 00y)
D7 RESET: System Reset With D7 = 1, the system is reset during the
0 | Normal mode period that the write pulse is "L".
1 | Reset mode (*) Write only
D6 SENS: Sensor Type
0 CCD
1 CIS: (75% of clock duty)
D5 SENS_W: Reading Width of the Sensor
0 A4
B4
D4 AGC: AGC Mode Controls start/stop of the AGC mode.
0 Stop
1 Start
D3 UNIF: UNIF Mode Controls start/stop of the UNIF mode.
0 Stop
1 Start
D2 SCAN: SCAN Mode Controls start/stop of the SCAN mode.
0 Stop
1 Start
UMODE: Uniformity Correction in the UNIF Mode
D1 Black Correction + White Correction Only White Correction
0 Black correction —
1 White correction White correction
01y R/W
D7 D6 D5 D4 D3 D2 D1 DO
SOURCE | SHW | SHW | UNIFS | P.O | M_B | UNIFM |CNTRST | (Default value: 00,)
D7 SOURCE: Reading Width of the Original
0 A4
1 B4
D6 S/H_W: S/W Pulse Width
0 Normal (quadruple the system clock cycle)
Normal multiplied by 0.5
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Address | R'W Description
01h R/W -
D5 SH_W: SH Pulse Width
0 Normal (16 times the system clock cycle)
1 Reverse of normal multiplied by 2
D4 UNIFS: Uniformity Correction
0 Valid
1 Invalid
D3 P_0O: DMA Output DO is output in the form of LSB and D7 in the
0 | Without DMA output form of MSB.
1 With DMA output
D2 M_B: Processing Mode With the multivalue selected, data (6-bit) after
0 Binary nonuniformity correction can be output through
1 Multivalue the DMA transfer.
D1 UNIF: Uniformity Correction in SCAN
0 White correction
1 Black correction + white correction
DO CNTRST: Address Counter Reset With DO = 1, the counter is reset during the
0 Normal mode period that the write pulse is "L".
1 Reset mode All the built-in RAM addresses are reset.
(*) Write only
024 W
D7 D6 D5 D4 D3 D2 D1 DO
RES |LomPs | BLs |siomps| ccb | ciss | cis2 | cist | (Defautt value: 00y)
D7 RES: Resolution D6 LCMPS: Line Clamping
0 200 dpi 0 Invalid
1 400 dpi 1 Valid
D5 BLS: Bit Clamping D4 BLCMPS: Black Level Line Clamping
0 Invalid 0 Invalid
1 Valid 1 Valid
D3 D2 D1 DO Sensors Compatible with Image Sensor Interfaces
0 0 0 1 CIS1: sensors with the input level of 2 V or higher
0 0 1 0 CIS2: sensors with the input level of under 2 V
0 1 0 0 CIS3: sensors capable of line clamping
1 0 0 0 CCD
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Address | R/'W Description
03H W
D7 D6 D5 D4 D3 D2 D1 DO
PRE_DATA <7:0> | (Default value: 00,)
D7 to DO: PRE_DATA <7:0> the lowest order 8 bits of the single-line cycle counter value
04n W
D7 D6 D5 D4 D3 D2 D1 DO
T~ [ ] PRE_DATA <13:8> | (Default value: 00,)
D5 to DO: PRE_DATA <13:8> the highest order 6 bits of the single-line cycle counter value
05H W
D7 D6 D5 D4 D3 D2 D1 DO
ST_PL <7:0> (Default value: 00y)
D7 to DO: ST_PL <7:0> start pulse position to the sensor
Set ST_PL = (dummy pixels of the sensor + 2).
06H W
D7 D6 D5 D4 D3 D2 D1 DO
| MSSEL | AVE | convx CONVY |  GAMMA | (Default value: 00,)
D7 MSSEL: Horizontal and Vertical Setting
0 Horizontal
1 Vertical
D6 | AVE: Averaging Processing | When "with averaging" selected:
0 | With averaging For enlargement: inserted lines are the average of the
] Without averaging . preceding ong and the current ong.
For reduction: the subsequent lines from removed lines
are the average of the removed one and
the current one.
CONVX: Enlargement/Reduction Mode RES =1
D5 D4 in the Horizontal Scanning Direction With the setting of 400 dpi,
0 0 Original scale enlargement cannot be set.
0 1 Enlargement
1 0 Reduction
1 1
CONVY: Enlargement/Reduction Mode
D3 D2 in the Horizontal Scanning Direction
0 0 Original scale
0 1 Enlargement
1 0 Reduction
1 1
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Address | R/'W Description
06H W - -
D1 DO GAMMA: y Correction Processing
0 0 Character, photo: y = 1
0 1 Character, photo: y = download value
1 0 Character: y = 1; photo: y = download value
1 1 Character: y = download value; photo: y = 1
Note: Judgment between character and photo is based on the result of image zone separation.
07x W
D7 D6 D5 D4 D3 D2 D1 DO
POL | DITH MODE SLICE | (Default value: 004)
D7 POL: Conversion-to-Binary Output Mode
0 White: 1; black: 0
1 White: 0; black: 1
D6 D5 DITH: Dither Matrix Size
0 0 4x4
0 1 4x8
1 0 8x8
1 1| —
D4 D3 MODE: Selection of the Conversion-to-Binary Mode
0 0 Simple binary
0 1 Organized dither
1 0 Image zone separation (simple binary + error diffusion)
1 1 Error diffusion
D2 D1 DO SLICE: Threshold Factor for Conversion to Binary
0 0 0 6/16
0 0 1 7116
0 1 0 8/16
0 1 1 9/16
1 0 0 10/16
1 0 1 11/16
1 1 0 12/16
1 1 1 13/16
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Address | R/'W Description
08H W
D7 D6 D5 D4 D3 D2 D1 DO
T~ ] ERROR MTF_C MTF_I | (Default value: 00,)
ERROR
D5 D4 Error (Base) Rate of Dither Addition to Errors
0 0 Strong (7/8) Weak (1/8)
0 1 Strong (7/8) Strong (1/4)
1 0 Weak (3/4) Weak (1/8)
1 1 Weak (3/4) Strong (1/4)
D3 D2 MTF_C: MTF Compensation Factor
0 0 1/4
0 1 1/2
1 0 1
1 1 0
Note: This is valid when MODE is simple binary or image zone separation (character).
D1 DO MTF_I: MTF Compensation Factor
0 0 1/4
0 1 1/2
1 0 1
1 1 0
Note: This is valid when MODE is organized dither, error diffusion or image zone separation (photo).
094 w
D7 D6 D5 D4 D3 D2 D1 DO
N\l SEPA_A | (Default value: 00)
D5 to DO: SEPA_A Image zone separation parameter (differential)
0AH w
D7 D6 D5 D4 D3 D2 D1 DO
T~ [~ SEPA B | (Default value: 00,)
D5 to DO: SEPA_B Image zone separation parameter (minimum)
0BH W
D7 D6 D5 D4 D3 D2 D1 DO
N\l SEPA_C | (Default value: 00)
D5 to DO: SEPA_C Image zone separation parameter (maximum)
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Address | R/'W Description

0CH W
D7 D6 D5 D4 D3 D2 D1 DO

T~ ] MAX_UP MAX_DOWN MIN_UP | (Default value: 00,)

D5 D4 MAX_UP: Background Level Detection Clock for the Up Counter
0 0 Ordinary (T = (single pixel cycle) x 32)

0 1 Slow (T = (single pixel cycle) x 64)
1 0

1 1

Fast (T = (single pixel cycle) x 16)
Fastest (T = (single pixel cycle) x 8)

D3 D2 MAX_DOWN: Background Level Detection Clock for the Down Counter
0 0 Ordinary (T = (single pixel cycle) x 128)

0 1 Slow (T = (single pixel cycle) x 256)
1 0

1 1

Fast (T = (single pixel cycle) x 64)
Fastest (T = (single pixel cycle) x 32)

D1 DO MIN_UP: Character Level Detection Clock for the Up Counter
0 0 Ordinary (T = (single pixel cycle) x 128)
0 1 Slow (T = (single pixel cycle) x 256)
1 0 Fast (T = (single pixel cycle) x 64)
1 1 Fastest (T = (single pixel cycle) x 32)
0D W
D7 D6 D5 D4 D3 D2 D1 DO
T~ [ ] UL_MIN (Default value: 1Fy)
D5 to DO: UL_MIN Detection of background/character levels
Highest limit of character levels
(0] = W
D7 D6 D5 D4 D3 D2 D1 DO
T~ ] LL_MAX | (Default value: 20,)
D5 to DO: LL_MAX Detection of background/character levels
Lowest limit of background levels
Lowest limit of background levels (LL_MAX) > highest limit of character levels (UL_MIN)
OFH R/W
D7 D6 D5 D4 D3 D2 D1 DO
T~ ] GAMMA_D <5:0> |
D5 to DO: GAMMA_D Built-in y memory data
104 R/W
D7 D6 D5 D4 D3 D2 D1 DO
T~ [ ] DITH_D <5:0>
D5 to DO: DITH_D Built-in dither memory data
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Address | R/'W Description
114 w
D7 D6 D5 D4 D3 D2 D1 DO
OFFSET <7:0> | (Default value: 00,)
D7 to DO: OFFSET <7:0> Offset for cut-out Lowest order 8 bits
124 w
D7 D6 D5 D4 D3 D2 D1 DO
T~ [ [ OFFSET <12:8> | (Default value: 00,)
D3 to DO: OFFSET <12:8> Offset for cut-out Highest order 5 bits
13H W
D7 D6 D5 D4 D3 D2 D1 DO
OUTLENGTH <7:0> (Default value: 00y)
D7 to DO: OUTLENGTH <7:0> No. of output pixels Lowest order 8 bits
14y w
D7 D6 D5 D4 D3 D2 D1 DO
T~ [~ [ —_] OUTLENGTH <12:8> | (Defautt value: 00,)
D3 to DO: OUTLENGTH <12:8> No. of output pixels Highest order 5 bits
Note: OUTLENGTH <12:8> must be a multiple of 8. If a number of output pixels is not a multiple of 8,
the remainder of the division must be omitted.
154 R/W
D7 D6 D5 D4 D3 D2 D1 DO
[T~ [~ [~ [~ [owp]
D0: CNV_D Indication of enlargement/reduction
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Address | R/'W Description
161 R/W
D7 D6 D5 D4 D3 D2 D1 DO
[~ [~ [~ ]~ ] ] AGCsTP | SRDYS | SRDYB | (Default value: 00,)
D2 AGCSTP: Gain Control Counter
0 Gain control counter valid.
1 Gain fixed.
D1 SRDYS: SRDY Control
0 SRDY control through the register
SRDY control through the external pin
DO SRDYB: Data Transfer Start Ready In the case of data control through the
0 | Transfer allowed. register, the SDRYB input pin must be
1 Transfer not allowed. always set at "H".
For the control through the register, the
SRDY register must be controlled line by
line.
(*) Write only
174 w
D7 D6 D5 D4 D3 D2 D1 DO
INTCLR
INT signals are negated by accessing to this address.
18H R/W
D7 D6 D5 D4 D3 D2 D1 DO
GAIN <7:0>
In reading: the current gain value of the gain control counter can be read.
In writing: the gain value of the gain control counter can be set.
However, this is valid only if AGCSTP = 1.
194 R/W D7 D6 D5 D4 D3 D2 D1 DO With UMODE =0,
’\N UNIE <5:0> access to the
(e . ) ) uniformity correction
D5 to DO: UNIF_D Built- in uniformity correction memory data memory for black
correction is available.
With UMODE = 1,
access to the
uniformity correction
memory for white
correction is available.
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Description of the Operations of the Analog Circuits

The configuration of the analog processing circuits is shown in figure 17.

(1) Sensor Selection Circuit

The four types of sensors in the table can be connected to the circuit.

Register 024 Sensor Type
ceo ]! CCDsensor
CIst CIS sensor which outputs light voltages (white voltage) of 3.5 V or lower
cs2 ] CIS sensor which outputs light voltages (white voltage) of 2 V or lower |
cs3s ] CIS sensor which output shielding pixels for eachline ]
<CCD mode>
Black “JLL-I-I_I_LIJ-U The amplitudes of sensor signals are multiplied by —4 through
Max 500 mvp_pI the two operating amplifiers directly after the switch to select
White the CCD mode. (The waveforms of the signals are inverted at

Blanking element > 15 ‘ Signaling element

Shielding pixel part N Effective pixel part

<CIS1 mode>
White Max 3.5V

Black +200 mV —,_IJ_I—I_I—I_I—l_I—

g Signaling element

<CIS2 mode>
White Max 2V

Black +200 mV —,_IJ_I—I_I—I_I—l_I—

< Signaling element

<CIS3 mode>

White
2 Vp-p [

Black

Clamping level ‘

Shielding pixel parti Effective pixel part

(2) Line Clamping Circuit

<> Signaling element

the same time.)

As aresult, the sensor signals input to the sample and hold
circuit have a dark voltage of 2.2 V.

The amplitude of signals input from the sensor are halved.
Then, their reference potential is shifted up to 2.2 V.

As aresult, the sensor signals input to the sample and hold
circuit have a dark voltage of 2.2 V.

The reference potential of signals input from the sensor is
shifted up to 2.2 V.

As aresult, the sensor signals input to the sample and hold
circuit have a dark voltage of 2.2 V.

Sensor signals with a dark voltage of 2.2 V clamped by line
clamping input are directly input to the sample and hold circuit.

This circuit is used for CCD (line clamping mode) and CIS3.

The reference voltage (dark voltage) output in the shielding pixel part of the sensor is sampled by LCMP (line clamping
pulses) and shifted up to the internal reference voltage of 2.2 V. This is not used for the CIS1 or CIS2 input sensor (set

off constantly).

: register 02 (LCMPS)
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(3) Sample and Hold Circuit and Bit Clamping Circuit

In the CCD mode, bit clamping, as well as line clamping, can be performed. The blanking elements of each pixel of
sensor output is sampled by BTCMP (bit clamping pulses). The differences of signals from the reference potential
sampled by the bit clamping circuit are input to the gain control circuit of next step as signaling elements. To turn off bit
clamping, set BLS invalid, so that the reference potential will be fixed at the internal reference potential of 2.2 V.

: register 02 (BLS)

(4) Gain Control Circuit

The amplifying factor (gain) must be adjusted so that the amplitudes of sensor signals can come within the dynamic
range of the A/D converter. The gain is set through the automatic gain control in the AGC mode (register 00) or directly
through the register 18 (GAIN <7:0>).

The gain changes within the following ranges according to the sensor used.

Mode Amplifying Factor of Signals (Gain)
ceb s 41020 ]
CIs 0.5t02.5
cs2 | 1to5
css | 1to5

In the AGC mode, the gain control counter is set at the greatest gain in the initial state and then counted down each time
an overflow bit is output from the A/D converter. The count (gain) of the gain control counter is directly read/written
through the register 18 (GAIN <7:0>). The counting operation of the counter can be controlled through the register 16
(AGCSTP).

(5) Internal Reference Voltage

Internal reference voltage source for the analog circuits:
this generates the reference voltage (2.2 V) for the line clamping circuit, the sample and hold circuit, and the bit
clamping circuit.

A/D converter reference voltage generation circuit:
this generates VWL (white level reference voltage of 3.8 V) and VBL (black level reference voltage of 1.8 V) for
the A/D converter.

(6) Black Level Clamping Circuit
This circuit adjust the level of reference voltage to the A/D converter from analog circuits.

The black clamping circuit is used in the CCD or CID3 mode. (See figure 18, 19 and 22) The GCAO pin and the BCMI
pin are capacity-coupled. The output reference potential in the shielding pixel part of sensor signals are applied to the
BCMV pin as the VBL (black level reference voltage of 1.8 V) for the A/D converter.

BLCMP (black level clamping pulses) are generated concurrently with the shielding pixel part of each line. To turn off
this circuit, set BLCMPS invalid and apply the black level reference voltage of the A/D converter to the BCMV pin.

: register 02 (BLCMPS)

In the CIS1 or CIS2 mode, the LEVAIJ pin is used. (See figure 20 and 21) Voltage is applied to the LEVAIJ pin so that
the reference potential of output at the GCAO pin can be adjusted to the VBL (black level reference voltage of 1.8 V) of
the A/D converter. Set voltage input to the LEVAJ pin as follows.

VLEVAJ = VVBL-A x Gy + 0.2 [V]
VGCAO = VLEVAJ + Gy x V| [V]
where,

A: the lowest limit of dark voltage of the sensor [V]
Gy: gain (multiplying factor) of the gain control circuit
Vn: signals input from the sensor [V]
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AIN

AVce DVce Vee

GCAO
C1 G2 LEVAJ BCMV BCMI BCMO
Oo—0

AVE‘)D J\MCIS <3:1>, MCCD

S/H BTCMP BLS
o

C1 C2 GCAO, LEVAJ BGMV BLCMP BCMI BCMO

Bit clamping circuit

Sample and hold circuit - \ /‘ ‘\

Gain control circuit Black level
clamping circuit

Vce

22V

|

Input clamping circuit

()

Internal reference voltage
source for the analog circuits

AGCSEL <7:0>
AVAVAV AVAVAV

Reference voltage generating circuit
for the A/D converter

oy

\ Vrie Vrel- Vrir Vref+
AGND : } |
AVce DVce
1 1
VREFH OF
VREFL B <7:1>
ADIN A/D converter
ADCK
RESET

1.8V 38V

AGND DGND

LCMP
MCIS <3:1>, MCCD

S/H
BTCMP
BLS
BLCMP

RESET
ADCK

GAIN <7:0>

Digital circuit

OF
DIN <6:0>

GND

\ \ \
AGND DGND GND

O——O O0—O
Vri- Vri+ VBL VWL

VvBL = 1.8 [V]

ADIN
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Analog Circuit Timing Chart (for CCD Mode/Bit Clamping)

Register | Address 00H 02H
Bit D6 D6 D5 D4 D3 D2 D1 DO
Mode Signal SENS | LCMPS BLS BLCMPS | CCD CIS3 CIS2 CIS1
CCD (bit clamping) Setting 1 1 1 1 1 0 0 0
Non-signaling part ) Shielding pixel part ) Effective pixel part
o |
CKi1 | | | | | | |_SS_| | | | | | | | |
cCch
ignaloutput -~ 7~ 7 77 Wl Z
signal outpu é é é é é é 2 2 2 é
Z / Z 7 Z Z 7 7 Z Z
LCMP LN A A B B R R LR A
2.7 7
BTC(MP — U1 U U U U US4 U
S/H 'uu‘u‘uy-l!-l‘uu'ssll‘ﬂuuuu‘ul-ll-l'
GCAO R
signal output
BLCMP - 1 I@ |
BCMO
signal output
A/D clock . \ . . . . . . . .
AID output KKK KK XK KK X X X X o
Non-signaling part Shielding pixel part Effective pixel part Unit: 1/8YSCK
T~
SH
CK1
ccb

signal output

LCMP

BTCMP

S/H

GCAO
signal output

BLCMP

BCMO
signal output

A/D clock
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Analog Circuit Timing Chart (for CCD Mode/Line Clamping)

Register | Address 00H 02H
Bit D6 D6 D5 D4 D3 D2 D1 DO
Mode Signal SENS | LCMPS BLS BLCMPS | CCD CIS3 CIS2 CIS1
CCD (line clamping) Setting 1 1 0 1 1 0 0 0

Non-signaling part Shielding pixel part

Effective pixel part

SH
CKA1
CCD Py B - -
i A A 7 7
signal output é 2 2 2 2 2 2

7 7 Z 7 7 4 7
LCMP u %] 7] 7] U u u —r—d
BTCMP = "H" —mmm @ @8 —
S/H I u I} ] ] U 1 1 1 1] 1] u u 1] U u i
GCAO R " — !
signal output L v o ] ! T T
BLCMP ] § | — !
BCMO - ‘ - i I N N S o el

signal output | | | i |

A/D clock

A/D output CX:)C)C)C)C}CM DDDDCHC}CSCDC)C » » » » » » » »

Non-signaling part Shielding pixel part Effective pixel part

Unit: 1/SYSCK

SH

CK1

CCD
signal output

|
LCMP \ \ ! \
BTCMP = "H" ——————— S —— E‘/,WWWJ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
! ’#—H ! i ! !
S/H [ - L [ - g - | - [ - L L
| | | h 13 9 } : : :
\ \ \ ! e ‘ | !
GCAO | \ ! b | I—,i—l
signal output : - : T — . ,f,f,f,ﬂ,,,{ ,,,,,,, B ——
BLOMP  —— | | i(;) | ‘ :
\ i \ \ 1 B — 1
BCMO S ! ! g I —
signal output \ \ \ - |
A/D clock ‘l\\ [ l\\ [ lx\ [ [ ;;\ [ _ [ I‘x [ | . [ |
| \\‘*—\‘ - i - \\“\~J B - B - L.
A/D output X X X X X X X v X
U
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Analog Circuit Timing Chart (for CIS1 Mode)

Register | Address 00H 02H
Bt | D6 | D6 D5 || Da | D3 | | b2 | D1 | | Do .
Mode Signal SENS | LCMPS BLS BLCMPS | CCD CISs3 CIs2 CIst
Clst Setting 0 0 0 0 0 0 0 1
SH | |
CK M rrnrrrnrrrernrr.
cls ] | | 1 | |_| I_l |_l' L] |—| I—l I—I I—l
signal output
.emP='w" _____ - - - _
gTCMP="H" —_ . —
S v
GCAO } } ,——| j : ‘ j
signaloutput 2+ [ T e
A/D clock | | | | | | |‘ | | | |‘ | | | | | |‘ | | | | | | | | | | |
apoutput X X X XT X X X X X X X X XX
; ! Unit: 1/SYSCK
SH ﬁ
CK1 - it [t ! 1 1 ! 1
cis 1 i
signaloutput | I_, ,,,,, ,'\L - % ,,,,, ,_,TL ,,,,, _
LCMP="H" _ __ o _h /; ,,,,,,,,,,,,,,,,,,,,,,,,
BTCMP="H" _ ,,,,,,,,,,,,,,,, o f ,,,,,,,,,,,,,,,,,,,,,,,,
| 16 { 7 : /1
‘ : | ‘
S/H LI L || | - ! |- |- I_I
GCAO | : | N
signal output ! I S _
mooosc [ L[ L[ L[ L[ L [ L I 1|
A/D output X X X X X X X N X
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Analog Circuit Timing Chart (for CIS2 Mode)

Register | Address 00H 02H
Bit D6 D6 D5 D4 D3 D2 D1 DO
Mode Signal SENS LCMPS BLS BLCMPS | CCD CISs3 CIs2 CIst
CIs2 Setting 0 0 0 0 0 0 1 0
SH [ |
CKi1 mnJrrrrrnrJrernrnrerrrrri
cls
signal output
LemvP=4r -~ _ - - _
greMP =W — . —
SH 1 i u
GCAO } } | : ! |
signaloutput .+ [———— i ——— o+ i =
A/D clock |_| |_|‘ |_| [_l‘ l_l‘ l_l‘ l_l‘ I_l‘ l_l‘ l_l‘ [_l‘ [" | |‘ | I‘ |
ADoutpt XX ) G G Gl Gl Gl Gl Gl Gl Gl Gl (
SH ﬁ Unit: 1/SYSCK
CK1 i i ! 1 . ! 1
e Sl >ilc -~
! 10 ] ! 16 |
cls } ;
signal otput I Ll i . Ll
LCMP="H" _ Lf,f,f,fj ,,,,,,,, . /; ,,,,,,,,,,,,,,,,,,,,,,,,
BTCMP="H" ___ __ __ __ . . f ,,,,,,,,,,,,,,,,,,,,,,,,
| 16 | i 7 ! /i
SH L1 ; LT 3 L — 1 ! LI LI L
R
GCAO o | N |
signal output w . . _
AID clock L 4 4 4 4 °L—/ L[]
A/D output X X X X X X X N X
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Analog Circuit Timing Chart (for CIS3 Mode)

Register | Address 00H 02H
Bit D6 D6 D5 D4 D3 D2 D1 DO
Mode Signal SENS LCMPS BLS BLCMPS | CCD CISs3 CIs2 CIst
CISS3 Setting 1 1 0 1 0 1 0 0
Non-signaling part Shielding pixel part ‘ Effective pixel part
\ \
SH | p— i
CK1 _l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_l_|_
cis | |
signal output
p— i 32“7‘”“"—""'—”—'
LCMP i 5] u u
BTCMP ="H ‘
SH T U U U I u
GCAO ! ! ! \ ‘ ‘
signal output ¢ ! ! [ . | N
[
BLOMP ~ — 1
\
BCMO o !
signal output !
\
A/D clock
A/D output X )‘( X X X * X X X X X X
Non-signaling part ‘ Shielding pixel part 5 Effective pixel part Unit: 1/SYSCK
SH —|:| )
| 16 h ;
CKA1 1 L ‘l_i‘l 1 !_I 1 1 1
et | 16
CIs 10 14 |
signal output i S— S I I _IT\I
| o | 3
LCMP LI I_I‘ ! LI ; 11 1
BICMP="H" — e S
DR B I e | |
S/H L | S — I ‘ =1 . — — !_I
L e | |
GCAO Lo ; - l_,_‘ : | |_
signal output L | ——— 7!’ — N R L
8 | e ! !
BLCMP | g I ; ! ;
: \ | 1 ‘ ?
BCMO | ! | f |—
signal output —-—-—-—-—-—- ‘ ! {( ‘ e —
r T » i !
\ « |
ADcock [ | [ 1 [ | . S R o A e O
\\‘\\ \\‘\~\\“ I S \\j‘ - =, - e, o,
A/D output X X X X(:(; X X X N X
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0.1 uF

Sensor output

Max 500 mVp-p

Blanking element

0.1 puF
Levas-veL | | | BOMV=-VE
i [
GCAO
LEVAJ BCMV ~ BCMI BCMO

W CIS <3:1>, MCCD

/MCIS1

ool Level shift
circuit (2.2 V)

O]
MCCD

Input clamping
circuit
L

|
|
v
C1.C2 GCAO LEVAJ BCMV BLCMP BCMI BCMO
=000 S————a——o—

|
|
v
S/H _BTCMP BLS
‘
|
|

Sample and hold circuit

Bit clamping circuit

Gain control circuit

W

>
s
=

P-
3
=

Bt ]

Black level
clamping circuit

(bold line): signal line

77777 (dashed line): clock line

Vce

22V

>
S
<

AGCSEL <7:0>

AM

<
3
p-

Internal reference voltage
source for the analog circuits

W

Reference voltage generating circuit
for the A/D converter

AGND

AGND DGND GND

VREFH OF

VREFL B <7:1>

1.8V 38V

Vri-  Vri+  VBL VWL ADIN

»| ADIN
ADCK
RESET

A/D converter

AGND DGND

LCMP
MCIS <3:1>, MCCD

S/H
BTCMP
BLS
BLCMP

RESET
ADCK

GAIN <7:0>

Digital circuit

OF
DIN <6:0>
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Max 500 mVp-p

Signaling element
Blanking element

AVce DVecc  Vee

—————— L L

0.1 uF
BCMV = VBL

LEVAJ=VBL | ||

| i I

GCAO
LEVAJ BCMV BCMI BCMO . o ;
Ci1Cc2 -J)O (])_ (bold line): signal line

O G-QO0—-—0O—-—-— -0 - —-—-—-—-—| ‘ ,

A4 ] S AT (dashed line): clock line

‘ W CIS <3:1>, MCCD

MCIS1
L

Level shift
circuit (2.2 V)

Input clamping
circuit
L

Bit clamping circuit

W

s
=

<
3
=

Black level

C1.C2 GCAO_LEVAJ BCMV BLCMP BCMI BCMO
é——o——a—0

By ]

Gain control circuit
clamping circuit

Vee

22V

>
S
<

A

<
3
p-

Wy

Reference voltage generating circuit
for the A/D converter

AGCSEL <7:0>

AGND DGND GND

Vri-  Vri+  VBL VWL AIIDIN

Internal reference voltage ; "
source for the analog circuits
\ Vii- Vref— Vri+ Vref+
AGND : | | ‘
AVce DVce
1 1
VREFH OF
VREFL B <7:1>
»| ADIN A/D converter
ADCK
RESET
1.8V 3.8V

AGND DGND

LCMP
MCIS <3:1>, MCCD

SH
BTCMP
BLS
BLCMP

RESET
ADCK
GAIN <7:0>

Digital circuit

OF
DIN <6:0>
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Max 5 pF BCMV = VBL
|
A
GCAO
LEVAJ BCMV BCMI BCM . . "
Avic D\fc ij cic2 Cl c CMO (bold line): signal line

———————- —- —00- S—O - ——- O -—O—-—-—-—-— i ) 1
| T 7T 7 r - (dashed line): clock line ) !
i |
. S —— I e — B P—— ‘ |
| | ! i
i 4 ! ! Vee .
. ® : : \ |
. AVDD ) v ! |
| | MCIS <3:1>, MCCD S/H BTCMP BLS C1.C2 GCAQ, LEVAJ BGMV BLCMP BCMI BCMO ! !
. ? SRt ! |
| oM ! LcMpP |
i LeISH W 1 L—{Mcis <3:1>, MCCD |
' -~ {SH |
Sensoroutput ~ AIN | !
., BTCMP |
|
. P> o BLS |
Sensor output ! BLCMP i
| LCMP L b " Gain control circuit Black level '

2o Max35V vy > clamping circuit RESET
2 MCCD< . r— P |
S | b Bit clamping circuit AT |
' ; GAIN <7:0> |
< | | | | ! Input clamping AGCSEL <7:0> '
g U UL el 22V '
o _ AAAS Yy '
w200mv | |
| Reference voltage generating circuit '
. for the A/D converter |
| } } Digital circuit i

|

|
! Internal reference voltage w ." % .‘ i
| source for the analog circuits '
i \ Vri— Vref- Vri+ Vref+ !
, AGND : | | ‘ |
1 1
AVce DVce |
Set R1 and R2 so that the following equation will hold. 1 1 |
Vievas=VveL-A B+0.2 [V] VREFH OF OF i
Where (1.8V) VREFL B <7:1> DIN <6:0> |
) »| ADIN A/D converter i
A: minimum limit for dark voltage of the sensor ADCK i
. ) o RESET '
Gr: gain of the gain control circuit 18V 38V I I Gl\lD !
. AGND DGND |
I 1

AGND DGND GND  Vri- Vi VBL VWL  ADIN

d4S€E€99IN

VLEVAJ




86 Jo |G abed

8002 ‘9L unr 00°2'A8d 0020-9.204€0r3y

SVSINIR"

(apo 2SI 3y} 10)) Mied Bojeuy ayj JO SUOIOBUUOY Uld [eusd)X] |Z ainbig

BCMV = VBL
Max 5 pF |
(In the case of the pixel clock of 1 MHz) <| |
GCAO
LEVA. BCMV BCMI BCM . . "
Avic D\fc ij cic2 J C c CMO (bold line): signal line

—————-—- e — - -0 O- -— == o-—O0—-—-—-—-— . . 1
| ) N A S (dashed line): clock line | !
. |
I I e —— I A E—E—— — ‘ |
| 1 ‘ i
i 4 ! ! Vee .
O : : ‘ !

! AVDD . U !
| | MCIS <3:1>, MCCD S/H BTGMP BLS C1 G2 GCAO, LEVAJ BGMV BLCMP BCMI_BGMO ! :
| | LCMP !
. MCIST WA ‘ I

L - | MCIS <3:1>, MCCD
b ol MCIS2 BTCMP |
|
' L MCIS3 5 2l 4 BLS |
Sensor output | BLCMP |
i LCMP 2 E“ & Gain control circuit Black level !
o Max2V . MCC clamping circuit RESET |
S | ’ Bit clamping circuit ADCK !
= . Input clamping GAIN <7:0> |
> | circuit AGCSEL <7:0> '
gl UL | 22v !
o . . vy Yy H
w200mv | |
| Reference voltage generating circuit '
. for the A/D converter |
| } } Digital circuit i
|

|
! Internal reference voltage w ." % .‘ i
| source for the analog circuits '
|
i ‘ Vri— Vref— Vri+ Vref+ '
, AGND : | | ‘ |
1 1
. AVce DVce |
Set R1 and R2 so that the following equation will hold. 1 1 |
VLEVAJ = VVBL JIA B+0.2 [V] VREFH OF OF i
Where 1.8 V) VREFL B <7:1> DIN <6:0> |
) ! »| ADIN A/D converter i
A: minimum lirhit for dark voltage of the sensor ADCK i
. P o RESET '
Gr: gain of the g%aln control circuit 18V 38V I I GLD !
: AGND  DGND |
I 1

AGND DGND GND  Vri- Vi VBL VWL  ADIN
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(bold line): signal line

77777 (dashed line): clock line
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| 0] Levelshift \ ! '
o 1 ||
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i |
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i oo O L N Gain control circuit Black level
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> :
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g I | CIrc‘UIt s b 2 MW A
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Internal reference voltage i "
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\ Vri- Vref- Vris Vref+
AGND : |
AVcc DVce
[ [
[ [
VREFH OF
VREFL B <7:1>f
»| ADIN A/D converter
ADCK
RESET

1.8V 38V

'_'_F_'_F_'_F_'_O_"O'_"O'_é_'_'
AGND DGND GND Vri- - Vri+

AGND DGND

VBL VWL ADIN

LCMP
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S/H
BTCMP
BLS
BLCMP

RESET
ADCK
GAIN <7:0>

Digital circuit
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Flowchart

Reading Operations (for the CCD Sensor)

| Power on | Q
|
| Software reset | Register 00 .
T | Image processing function | Register 06 and 07
1
| sH:sHpusewidth | Register 01 ' .
T | Reading an original sheet starts. | Register 00
. ———>
| Sensor control | Register 02 s
Specifying the scaling factor : o
l for vertical scanning Register 15 8._
| Cycle counter | Register 03 and 04 | a
QO
: | SRDY setting | Register 16 e
| Start pulse | Register 05 <
| - °
] ) ]
| Image processing parameters | Register 08 to OE 5 Register 17 )
é} 73
=
| Writing the dither pattern | Register 10 g
Completed?
v | Reading the original sheet ends.l Register 00
| Writing y correction table | Register OF
1 line cycle
- x 2 wait
Next original sheet The light source
The light source is turned on. is turned off.
(white reference) AGC starts. | Register 00 0T
(0]
Becomes stable. | AGC: 16 times % 3
Q<
1 line cycle | | i oL i
x 20 (or 16 or more) wait AGClends. Register 00 -6 's\lf'leexétonglnal Y Next original
. E sheet?
| Uniformity correction starts. | ReQISter 00 i EX N
White correction @
| : 8 times g
l 'jge(gg’g'%r more) wait | Uniformity correction ends. | Register 00 é —
| El | Power off |
Specifying the vertical f
scanning resolution Register 06 End
Specifying the horizontal g
pecifying the horizontal f e
scanning resolution Register 15 g
<)
Completed? =
[v]
Y S
Q.
Specifying the vertical " 3
scanning resolution Register 06 "
[ 3
’@'_
Original sheet width Registers 01
and output width and 11 to 14
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Reading Operations (for the CIS Sensor)

| Power on |
| Soﬁwalre reset
[ sm:sH plulse width
|
|

| Register 00

| Register 01

Sensor control
|
Cycle counter
|
| Start pulse

| Image processing parameters | Registers 08 to OE

| Register 02

| Registers 03 and 04

| Register 05

| Writing the dither pattern | Register 10

Completed?

Y

| Writing y correction table | Register OF

Completed?

Y

Next original sheet

The light source is turned on.
(white reference) AGC starts. | Register 00
Becomes stable. .
| AGC: 16 times
1 line cycle .
S ormorey wait | AGC ends. | Register 00

The light source is turned off. H

Uniformity correction
mode (black)

| Uniformity correction starts. | Register 00

Becomes stable. Registers 00 and 01

[ Black correction: 8 times

1 line cycle | f i ; | i
X 10 (of 8 or more) wait Uniformity correction ends. Register 00

The light source is turned on.H

(white reference) Uniformity correction
Becomes stable. mode (white)

| Uniformity correction starts. |Register 00

Registers 00 and 01

| White correction: 8 times

1 line cycle

x 10 (or 8 or more) wait | Register 00

| Uniformity correction ends.

Specifying the horizontal
scanning resolution

Register 06

|Writing the resolution change tablel Register 15

Completed?

Y

Specifying the vertical
scanning resolution
|

Original sheet width

Register 06

Registers 01

Bumes [eniu

uonoalep
anjea yeod

UOI108.1100 Yoe|g

UON28.100 BIYM

198ys [euiBLo 8y} oy Bumes

®

| Image processing function |
T

1 line cycle
x 2 wait
The light sourc
turned off.

Next original
sheet

| Reading an original sheet starts.l

S —

Specifying the scaling factor
for vertical scanning

| SRDY setting |

e is
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M66335FP

MPU Interface

Timing for Read Operation (M66335 — MPU)

3V
cs
ov
3V
A0 to A4 1.3V 1.3V
ov

tsU (A-RD) tw (RD) th (RD-A)

3V
RD 1_3VXR —Z1.3V

ov

|

x|

tPZL (RD-D) tPLZ (RD-D)

K 50% —10% VoL

tPZH (RD-D) tPHZ (RD-D)

VoH
DO to D7 _Z 50% 90%—~<

DO to D7

Timing for Write Operation (MPU — M66335)

3V
cs
oV
3V
A0 to A4 1.3V 13V
oV

ov

| tsU (D-WR) tSU (WR-D,

|
3V
DO to D7 1.3V Effective data 1.3V
oV
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M66335FP

DMA Timing

Timing for Read Operation (M66335 — System Bus)

VOH
DRQ 50% 50%
VoL
120/ SYSCK
» tPHL (RD-DRQ)
X 3V
DAK R1.3V 1_3\/_7/
oV
tSU (DAK-RD) tw (RD) th (RD-DAK)
RD R1.3 Vv 1.3V
oV
tPZL (RD-D) tPLZ (RD-D,
DO to D7 _K 50% 7( 10% VoL
tPZH (RD-D tPHZ (RD-D
VoH
DO to D7 7[ 50% QQ%AK
Timing of CODEC
th (STIM-SRDY)
I \ 3V
SRDY 13V
oV
VoH
STIM —‘50%
VoL
VOH
SCLK \ / \ / \
VoL
VOH
S /< ><
VoL
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M66335FP

Cautions for Use

(1) Access to Address 00h
To gain access to address 00h, the value of built-in GCC (gain control counter) may be set to FFh.

This requires to read GAIN value at address 18h before access to address 00h and write the GAIN value at address 18h
after the access (see flowchart A).

| Read GAIN value at address 18h |
[
| Access address 00h |
[
| Write GAIN value at address 18h |

End

Flowchart A Address 00h Access Flow

(2) Reset
The M66335FP adopts the two types of reset. These reset functions are provided in table A.

Table A Reset Functions

Function Register Internal F/F GCC
Reset Type Initialization Initialization Initialization
Hardware reset (RESET) O O O
Software reset register 0 (RESET) @) O
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M66335FP

Package Dimensions

JEITA Package Code

RENESAS Code |

Previous Code

[ MASS[Typ.] |

P-QFP80-14x20-0.80

PRQP0080GB-A | 80PBN-A

\ 169 |
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Index mark
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NOT!
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1. DIMENSIONS "*1" AND "2"

DO NOT INCLUDE MOLD FLASH.

2. DIMENSION "*3" DOES NOT

INCLUDE TRIM OFFSET.

Dimension in Millimeters
Symeel "Min | Nom| Max
D [19.8]20.0]20.2
E [13.8]14.0] 14.2
A | — | 28| —
Hp | 22.5]22.8 | 23.1
He [16.5]16.8]| 17.1
A | — | — 1305
A1 0 01 ] 0.2
bp | 0.3 ]0.35]0.45
c |013[0.15] 0.2
[ 0° | — | 10°
e 10.65| 0.8 0.95
y — | — ] 0.10
Zp | — | 08| —
Ze | — | 10| —
L 04| 06| 0.8
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RenesasTech nOIOgy Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Notes:
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1

o

11.

12.
13.

This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain

rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

This document may not be ref)roduced or duplicated, in any form, in whole or in part, without prior written ap:froval from Renesas.

Please contact a Renesas sales office if you have any questions regarding the information contained in this document, Renesas semiconductor products, or if you have
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