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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 sal es 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.

Y ou should not ater, 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. Y ou 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. 'Y ou 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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HD49338F/HF
CDS/PGA & 12-bit A/D Converter

REJO3F0107-0200
Rev.2.00
May 20, 2005

Description

The HD49338F/HF isa CMOS I C that provides CDS-PGA analog processing (CDS/PGA) suitable for CCD camera
digital signal processing systems together with a 12-bit A/D converter in asingle chip.

Functions

Correlated double sampling

PGA

Offset compensation

Serial interface control

12-bit ADC

Operates using only the 3V voltage

Corresponds to switching mode of power dissipation and operating frequency
Power dissipation: 150 mW (Typ), maximum frequency: 36 MHz
Power dissipation: 100 mW (Typ), maximum frequency: 25 MHz

ADC direct input mode

Y-IN direct input mode

QFP 48-pin package

Features

Suppresses low-frequency noise output from CCD by the S/H type correlated double sampling.

The S/H response frequency characteristics for the reference level can be adjusted using values of external parts and
registers.

High sensitivity is achieved due to the high S/N ratio and a wide coverage provided by a PG amplifier.

Feedback is used to compensate and reduce the DC offsets including the output DC offset due to PGA gain change and
the CCD offset in the CDS (correlated double sampling) amplifier input.

PGA, standby mode, etc., is achieved viaa serial interface.
High precision is provided by a 12-bit-resolution A/D converter.
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HD49338F/HF

Pin Arrangement

= ) [a} O = E % o n u
VRM {37 24— DVpp
VRT ]38 23 (NC)
VRB {39 22[1SPSIG
DVpp 140 211 SPBLK
DVgg 41 20— OBP
OEB {42 19— PBLK
DVpp 143 18 DVpp
DVpp 44 17F1DVpp
DVgg 145 16 ADCLK
CS 46 15— DVsg
SDATA 47 Q 141 DVgg
SCK 48 13[1DRDVpp
1 23 456 7 8 9101112
ala)
(Top view)
Pin Description
Analog(A) or
Pin No. Symbol Description 110 Digital(D)
1 DO Digital output (LSB) (@) D
2to 11 D1 to D10 Digital output @) D
12 D11 Digital output (MSB) (@) D
13 DRDVpp Output buffer power supply (3 V) — D
14 DVss Digital ground (0 V) — D
15 DVss Digital ground (0 V) — D
16 ADCLK ADC conversion clock input pin | D
17 DVopp Digital power supply (3 V) — D
18 DVpp Digital power supply (3 V) — D
19 PBLK Preblanking input pin | D
20 OBP Optical black pulse input pin | D
21 SPBLK Black level sampling clock input pin | D
22 SPSIG Signal level sampling clock input pin | D
23 NC No connection pin — —
24 DVopp Output power supply (3 V) — D
25 AVss Analog ground (0 V) — A
26 AVss Analog ground (0 V) — A
27 AVpp Analog power supply (3 V) — A
28 BLKSH Black level S/H pin — A
29 BLKFB Black level FB pin — A
30 CDSIN CDS input pin | A
31 BLKC Black level C pin — A

Rev.2.00 May 20, 2005 page 2 of 22

RENESAS




HD49338F/HF

Pin Description (cont.)

Analog(A) or

Pin No. Symbol Description 110 Digital(D)
32 BIAS Internal bias pin — A
Connect a 33 kQ resistor between BIAS and AVss.
33 AVpp Analog power supply (3 V) — A
34 Y IN Y input pin — A
35 AVss Analog ground (0 V) — A
36 ADCIN ADC input pin — A
37 VRM Reference voltage pin 1 — A
Connect a 0.1 pF ceramic capacitor between VRM and AVss.
38 VRT Reference voltage pin 3 — A
Connect a 0.1 pF ceramic capacitor between VRT and AVss.
39 VRB Reference voltage pin 2 — A
Connect a 0.1 uF ceramic capacitor between VRB and AVss.
40 DVopp Digital power supply (3 V) — D
41 DVss Digital ground (0 V) — D
42 OEB ** Digital output enable pin — D
43 DVopp Digital power supply (3 V) — D
44 DVopp Digital power supply (3 V) — D
45 DVss Digital ground (0 V) — D
46 CS Serial interface control input pin | D
a7 SDATA Serial data input pin | D
48 SCK Serial clock input pin | D
Note: 1. With pull-down resistor.
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HD49338F/HF

I nput/Output Equivalent Circuit

Pin Name Equivalent Circuit
Digital output DO to D11 DVpp
DIN 7:' )o
D> Digital
output
stBY +— ) >
Digital input ADCLK, OBP,
SPBLK, SPSIG, Diaital
CS, SCK, SDATA, ir?put
PBLK, OEB
Note: Only OEB is pulled down to about 70 kQ.
Analog CDSIN = Internally
AVpp W connected
*  toVRT
CDSIN ]
£
"
ADCIN AVpp = Internally
—’\N\,—CE)— connected
to VRM
ADCIN t .
i,
Y IN AVpp
% .
5 DI
BLKSH, BLKFB =
AVpp };}T
F T BLKSH
BLKFB
|>

VRT, VRM, VRB

BIAS
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HD49338F/HF

Block Diagram

[a)
Y ) S
X >
O @ o 588 88
< N O < 00«0
ADCIN
Y IN Timing
generator
PBLK I l
CDSIN e !
DS S PGA 12 bit
BLKSH HEA as E
(8]
BLKC <
=
O
kS
5
o
5
DC offset ; i B
. Serial Bias
BLKFB () Comgfé‘j‘;"“o” interface | |generator
M D,
/
o Y o< 0 ()} = =
& O E O < Txg
o ) g m > > >
)

OEB

D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO
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HD49338F/HF

Internal Functions

Functional Description

CDS input
CCD low-frequency noiseis suppressed by CDS (correlated double sampling).
Thesignal level isclamped at 56 LSB to 304 LSB by resister during the OB period.
Gain can be adjusted using 10 bits of register (0.033 dB steps) within the range from —2.36 dB to 31.40 dB. **
ADC input
The center level of the input signal is clamped at 2048 LSB (Typ).
Gain can be adjusted using 10 bits of register (0.00446 times steps) within the range from 0.57 times (—4.86 dB) to
5.14 times (14.22 dB). **
Y-IN input
Theinput signal isclamped at 280 LSB (Typ) by SYNC Tip clamp.
Automatic offset calibration of PGA and ADC
DC offset compensation feedback for CCD and CDS
Pre-blanking
CDS input operation is protected by separating it from the large input signal.
Digital output isfixed at 32 LSB.
Digital output enable function

Note: 1. Full-scaledigital output is defined as 0 dB (onetime) when 1V isinput.
Operating Description
Figure 1 shows CDS/PGA + ADC function block.

ADCIN
¢ PG 12bit DO to D11
i €DS AMP. ADC
Cc2 AMP
CDSIN % ! ‘ T ——
Gain setting DAC T Cal;gr?élon -
Cl (register) 9
Clamp data
Current (register) | DC offset

feedback

DAC logic

BLKFB ( ) BLKSH ( ) BLKC é}
OBP

Figurel HD49338F/HF Functional Block Diagram

1. CDS (Correlated Double Sampling) Circuit
The CDS circuit extracts the voltage differential between the black level and asignal including the black level. The
black level isdirectly sampled at C1 by using the SPBLK pulse, buffered by the SHAMP, then provided to the
CDSAMP.
Thesignal level isdirectly sasmpled at C2 by using the SPSIG pulse, and provided to CDSAMP (seefigure 1). The
difference between these two signal levelsis extracted by the CDSAMP, which also operates as a programmable
gain amplifier at the previous stage. The CDS input is biased with VRT (2 V) during the SPBLK pulse validation
period. During the PBLK period, the above sampling and bias operation are paused.

Rev.2.00 May 20, 2005 page 6 of 22
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HD49338F/HF

2. PGA Circuit
The PGAMP is the programmable gain amplifier for the latter stage. The PGAMP and the CDSAMP set the gain
using 10 bits of register.
The equation below shows how the gain changes when register value N isfrom 0 to 1023.
In CDSIN mode: Gain = (—2.36 dB + 0.033 dB) x N (LOG linear).
In ADCIN mode: Gain = (0.57 times + 0.00446 times) x N (linear).
Full-scale digital output is defined as 0 dB (onetime) when 1V isinput.
3. Automatic Offset Calibration Function and Black-Level Clamp Data Setting
The DAC DC voltage added to the output of the PGAMP is adjusted by automatic offset calibration.
The data, which cancels the output offset of the PGAMP and the input offset of the ADC, and the clamp data (56
LSB to 304 LSB) set by register are added and input to the DAC.
The automatic offset calibration starts automatically after the RESET mode set by register 1 is cancelled and
terminates after 40000 clock cycles (when fclk = 20 MHz, 2 ms).
4. DC Offset Compensation Feedback Function
Feedback is done to set the black signal level input during the OB period to the DC standard, and all offsets
(including the CCD offset and the CDSAMP offset) are compensated for.
The offset from the ADC output is calculated during the OB period, and SHAMP feedback capacitor C3 is charged
by the current DAC (seefigure 1).
The open-loop differential gain (AGain/AH) per 1 H of the feedback loop is given by the following equation. 1H is
the one cycle of the OBP.
AGain/AH = 0.078/(fclk x C3) (fclk: ADCLK frequency, C3: SHAMP external feedback capacitor)

Example:When fclk = 20 MHz and C3 = 1.0 pF, AGain/AH = 0.0039

When the PGAMP gain setting is changed, the high-speed | ead-in operation state is entered, and the feedback loop
gainisincreased by a multiple of N. Loop gain multiplication factor N can be selected from 2 times, 4 times, 8
times, or 16 times by changing the register settings (see table 1). Note that the open-loop differential gain
(AGain/AH) must be one or lower. If it istwo or more, oscillation occurs.

The time from the termination of high-speed |ead-in operation to the return of normal loop gain operation can be
selected from 1 H, 2 H, 4 H, or 8 H. If the offset error is over 64 LSB, the high-speed |ead-in operation continues,
and when the offset error is 64 LSB or less, the operation returns to the normal loop-gain operation after 1H, 2 H, 4
H, or 8 H depending on the register settings. Seetable 2.

Table 1 Loop Gain Multiplication Factor during Table 2 High-Speed Lead-In Operation
High-Speed Lead-In Operation Cancellation Time
HGain-Nsel HGstop-Hsel
(register settings) Multiplication (register settings) Cancellation
[0] [1] Factor N [0] [1] Time
L L 4 L L 1H
H L 8 H L 2H
L H 16 L H 4 H
H H 32 H H 8 H

5. Pre-Blanking Function
During the PBLK input period, the CSD input operation is separated and protected from the large input signal. The
ADC digital output isfixed to clamp data (56 to 304 LSB).
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Operating Mode
Low-power wait state

Qutput Hi-Z

D1 DO

Normal operation
D2

Normal operation
Pre-blanking
Pre-blanking

ADC Digital Output
D11:D10' D9 1 D8 ' D7 : D6 ' D5 : D4 : D3 ' D2 ' D1 ' DO

L |Test mode

D3

H

D8 D7 D6 D5 D4

D9

H [D11is inverted in table 4.

H |D10 to DO are inverted in table 4.

H [D11 to DO are inverted in table 4.

L [Output code is set up to Clamp Level.
H [Same as in table 5.

H [D11 is inverted in table 5.

H [D10 to DO are inverted in table 5.

H [D11 to DO are inverted in table 5.

L Outppt coqe is set up to Clamp Le:vel.

H [Same as in table 4.

X [Hi-Z

X |Hi-Z
D10

2
= o

X
L
H
L
H
X
H
L
H
X

D11

ANIT

A TAT 14T d---T - 4T J4T

N N [ [ U N PN (s i b s e

D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

D11

T1s3l

ADC Digital Output Functions

01s3l1

ADC Output Code

4930

2. Mode setting for the OEB and the PBLK are done by external input pins.

3. The polarity of the PBLK pin when the register setting is SPinv is low.

1. STBY, TEST, LINV, and MINV are set by register.

N N [ [ U N PN (s i b e e

ADC Output Code (TEST1)

The ADC digital output includes the functions output enable, code conversion, and test mode. Tables 3, 4 and 5

show the output functions and the codes.

HD49338F/HF

6. ADC Digital Output Control Function

Table 3

AdlS

Notes:
Output Pin

OAdNMIWO© 0D N LD
S 9900
oo 0000
NN S99

»

o

9]

g

n

-

S50

gy

=

o

oo

O NMI N O--

2047
2048
4092
4093
4094
4095

Output Pin

Table5

Table4

Output | Steps

codes

RENESAS
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HD49338F/HF

7. Adjustment of Black-Level S/H Response Fregquency Characteristics
The CR time constant that is used for sampling/hold (S/H) at the black level can be adjusted by changing the register
settings, as shown in table 6.

Table6 SHSW CR Time Constant Setting
SHSW-fsel (Register setting)
[O][[]j(2] (31Ol ] )r2]|3] o111 2131|014 (21|31 [ON[4]|[21)[31|[O1)[1]|[2]|[3]|[O] [ L]|[2] [3]|[O] [ 1][2]|[3]
LiL|L|L|H|L|L|L|L|{H|L|L|H|H|L|L|L|JL|{H|L|H|L|H|L|L|H|H|L|H|H|H|L
CR Time Constant (Typ) 2.20 nsec |2.30 nsec |2.51 nsec |2.64 nsec |2.93 nsec |3.11 nsec |3.52 nsec |3.77 nsec
(cutoff frequency conversion) | (72 MHz) |(69 MHz) |(63 MHz) |(60 MHz) |(54 MHz) |(51 MHz) |(45 MHz) |(42 MHz)
SHSW-fsel (Register setting)
[Ol[]i(2] f31jfol 2131 o1 1] 2131|014 (2] )( 3] [ON[4]|[21)[31|[O1)[1]|[2]|[3]|[O] [ 1]|[2] [3]|[O] [ 1][2]|[3]
LiL|L|H/H|L|L|H|L|H|L|H/H|H|L|H|L|L|{H/H|H|L|H|H|L|H|H|H|H|H|H|H
CR Time Constant (Typ) 4.40 nsec |4.80 nsec |5.87 nsec |6.60 nsec |8.80 nsec |10.6 nsec |17.6 nsec |26.4 nsec
(cutoff frequency conversion) | (36 MHz) |(33 MHz) |(27 MHz) |(24 MHz) |(18 MHz) |(15 MHz) |(9 MHz) |(6 MHZz)
8. The SHAMP frequency characteristics can be adjusted by changing the register settings BLKC
and the C4 value of the external 31st pin.
The settings are shown in table 7. ca
Values other than those shown in the table 7 cannot be used. o
Table?7 SHAM P Frequency Characteristics Setting
SHA-fsel (Register setting)
LoPwr (9] (1] (9] (1] (0] (1]
(Register setting) H L L H H H
"Lo" 116 MHz 75 MHz 56 MHz
10000 pF 13000 pF 18000 pF
(270 pF) (300 pF) (360 pF)
"Hi" 49 MHz 32 MHz 24 MHz
15000 pF 22000 pF 27000 pF
(620 pF) (750 pF) (820 pF)

Note: Upper line : SHAMP cutoff frequency (Typ)
Middle line : Standard value of C4 (maximum value is not defined)
Lower line : Minimum value of C4 (do not set below this value)
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HD49338F/HF

Timing Chart
Figure 2 shows the timing chart when CDSIN and ADCIN input modes are used.

0 1 g
e When CDSIN input mode is used

Note: The phases of SPBLK and SPSIG are those when the serial data SPinv bit is set to low.

Figure2 Output Timing Chart when CDSIN and ADCIN Input Modes are Used

The ADC output (DO to D11) isoutput at the rising edge of the ADCLK in both modes.
Pipe-line delay is twelve clock cycles when CDSIN is used and eleven when ADCIN is used.
In ADCIN input mode, the input signal is sampled at the rising edge of the ADCLK.
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RENESAS




HD49338F/HF

Detailed Timing Specifications

Detailed Timing Specificationswhen CDSIN Input Modeis Used

Figure 3 shows the detailed timing specifications when the CDSIN input mode is used, and table 8 shows each timing

specification.

Black Signal

Jevel  level
CDSIN ‘ ‘ ‘

L et e

SPBLK ‘ ‘ w \ ! ‘ L vith
SPSIG
ADCLK
DOto D11 ! X 1 ! X

Note: 1. When serial data Spinv bit is set to low. (When the Spinv bit is set to high, the polarities
of the SPBLK and the SPSIG are inverted.)

Figure3 Detailed Timing Chart when CDSIN Input Modeis Used
Table8 Timing Specificationswhen the CDSIN Input Modeis Used

No. Timing Symbol Min Typ Max Unit
Q) Black-level signal fetch time tcost — (1.5) — ns
2 SPBLK low period ** teps2 Typ x 0.8  1/4fcik Typx1.2 ns
3) Signal-level fetch time tcoss — (1.5) — ns
4) SPSIG low period «1 tcosa Typ x 0.8 1/4fcik Typ x 1.2 ns
5) SPBLK rising to SPSIG rising time «1 tcoss Typx0.85 1/2fcik x0.90 Typx1.00 ns
(6) SPBLK rising to ADCLK rising inhibition time L tepse 1 5 9 ns
(7), (8) ADCLK twn min./tw min. tcps7, 8 11 — — ns
9) ADCLK rising to digital output hold time tcHLDY 3 7 — ns
(10) ADCLK rising to digital output delay time tcob1o — 16 24 ns

Note: 1. SPBLK and SPSIG polarities when serial data Spinv bit is set to low.

OBP Detailed Timing Specifications
Figure 4 shows the OBP detailed timing specifications.

The OB period is from the fifth to the twelfth clock cycle after the OB pulseisinput. The average of the black signal

level istaken for eight input cycles during the OB period and becomes the clamp level (DC standard).

OB pe@ *1
CDSIN N N+1 N+5 N+12 N+13
osp | ‘\’ ”
EOB pulse > 2 clock CVC'*’SE This edge is used, when OBP pulse-width period is clamp-on.

When serial data OBPinv bit is set to low
(When the OBPiInv is set to high, the polarity of the OBP is inverted.)

Note: 1. Shifts £1 clock cycle depending on the OBP input timing.

Figure4 OBP Detailed Timing Specifications
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HD49338F/HF

Detailed Timing Specifications at Pre-Blanking
Figure 5 shows the pre-blanking detailed timing specifications.

‘ ‘ VoHr
Digital output ADC >< Clamp level | >< ADC

(DO to D11) data data
— T — VoL
tPBLK ADCLK x 12 clocks
ADCLK x 2 clocks (shifts one clock cycle depending

on the PBLK input timing)

When serial data SPinv bit is set to low
(When the SPinv is set to high, the PBLK polarity is inverted.)

Figure5 Detailed Timing Specificationsat Pre-Blanking

Detailed Timing Specificationswhen ADCIN Input Modeis Used
Figure 6 shows the detailed timing chart when ADCIN input mode is used, and table 9 shows each timing specification.

ADCIN /\@3\—/

L@ ) i

ADCLK

DOtoD1l N M Vppl2

Figure6 Detailed Timing Chart when ADCIN Input Modeis Used
Table9 Timing Specificationswhen ADCIN Input Modeis Used

No. Timing Symbol Min Typ Max Unit
Q) Signal fetch time tapci — (6) — ns
(2),(3) ADCLK twn min./tw min. tapcz, 3 Typ x 0.85 1/2fapcik  Typ x 1.15 ns
4) ADCLK rising to digital output hold time taHLD4 10 145 — ns
5) ADCLK rising to digital output delay time taops — 23.5 315 ns

Detailed Timing Specificationsfor Digital Output-Enable Control

Figure 7 shows the detailed timing specifications for digital output enable control. When the OEB pin is set to high,
output disable mode is entered, and the output state becomes High-Z.

iz, tz
OEB  Vith -\ measurement load
: DVpp

DVop 2kQ

10 pF
v v
oL DVSS

Digital output g iz
(DO to D11) | i tyz, tzu
! measurement load

i ———_——— DVss 1

}H—Z» L—»IZH DVss DVss

Vo

10 pF= 2 kQ

Figure7 Detailed Timing Specificationsfor Digital Output Enable Control
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Serial Interface Specifications

Table 10 Serial Data Function List

. . . . Resister 4to 7
Resister 0 Resister 1 Resister 2 Resister 3 Test Mode (can not be used)
DI 00 (LSB) Low High Low High Low to High
DI 01 Low Low High High Low to High
DI 02 Low Low Low Low High
; : %5 Low: Normal operation mode . R 4 N
DI 03 PGA gain setting (LSB) *°[SLP High: Sleep mode Clamp-level [0] (LSB) YC-Bias off
; iy %5 Low: Normal operation mode .
DI 04 PGA gain setting STBY High: Standby mode Clamp-level [1] Gray code [0] (TEST1)
DI 05 PGA gain setting *® Output mode setting (LINV) | Clamp-level [2] Gray code [1]
DI 06 PGA gain setting *® Output mode setting (MINV) | Clamp-level [3] Average4, 4 lines average
DI 07 PGA gain setting *® Output mode setting (TESTO0) | Clamp-level [4] (MSB) Gray_test [0]
DI 08 PGA gain setting *® SHA-sel [0] (LSB) @&“ﬁﬁ; HGstop-Hsel [0] ﬁgdh,ffe“\ Gray_test [1]
character- o
; I . istics ! cancellation Cannot be used. *’
DI 09 PGA gain setting SHA-fsel [1] (MSB) witchirlg/ HGstop-Hsel [1] @e / Gray_test [2] All low
DI 10 PGA gain setting *® SHSW-fsel [0] (LSB) 7)) HGain-Nsel [0] @g-iipeed\ Cannot be used. **  Low
SHSW gain
DI11 PGA gain setting *° SHSW-fsel [1] frequency |HGain-Nsel [1] \qultplication/ Cannot be used. ** Low
character- -
DI 12 PGA gain setting (MSB) * SHSW-fsel [2] istics LoPwr qu.lNormaI mode Cannot be used. ** High
switching High: Low power mode
y SPinv, *8
DI 13 X SHSW-fsel [3] (MSB) \ / SPSIG/SPBLK/PBLK inversion Cannot be used. Low
DI 14 YSEL LQW:_CDS!N input mode / OBPinv, OBP inversion |Cannot be used. *¢ Low
High: YIN input mode Cannot be used. *’
Low: CDSIN input mode All low Low: Reset mode %8 :
DI 15 (MSB) | CSEL High: YIN input mode /| RESET High: Normal operation mode Cannot be used. **  High N /|
Latches SDATA Data is determined ——
CS _‘ at SCK rising edge at CS rising edge
tinTl) Hfsck: UnT2
> | e ,<—>:
SCK |
tgy™
™ tho
DI
SoATA 30\ B1K 8o A% e85 36 2 3 %0 N B N T 22 B N Ll
Figure 8 Serial Interface Timing Specifications
Notes: 1. 2 byte continuous communications. Timing Specifications
2. SDATA is latched at SCK rising edge. Min Max
3. Insert 16 clocks of SCK while CS is low. f — 5 MHz
4. Data is invalid if data transmission is aborted during transmission. SC'& 5 0
5. The gain conversion table differs in the CDSIN input mode and the ADCIN input mode. tintd, ns —
6. STBY: Reference voltage generator circuit is in the operating state. tsu 50 ns —
SLP: All circuits are in the sleep state. tho 50 ns _
7. This bit is used for the IC testing, and cannot be used by the user.
Please do not set up in addition to "ALL Low".
8. This bit is used for the IC testing, and cannot be used by the user.

It is set to the state on the right of a column when RESET bit is set to low. The register

3 should transmit by setup on the right of a column.
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Explanation of Serial Data of CDS Part
Serial data of CDS part has the following functions.

PGA gain (D5 to D12 of register 0)
Details are referred to page 6 block diagram.
At CDS_in mode: -2.36 dB + 0.132 dB x N (Log linear)
At ADC_in mode: 0.57 times + 0.01784 times x N (Times linear)
*: Full-scale digital output is defined as 0 dB when 1 V is input.
Above PGA gain definition meansinput signal 1 Vp-pto CDS in, and set N = 18 (correspond 2.36 dB), and then
PGA outputsthe 2 V full-range, and also ADC out puts the full code (1023).

This mean offset gain of PGA has 6 dB —2.36 dB = 3.64 dB, therefore it should be decided that how much dB add
on.

1.0V) (2.0V) (1023)

(1.0V)

—> CDS PGA ADC

)

0 dB when set N = 18 which correspond to 2.36 dB
(1) Level dia explain

/ | —> CDS PGA ADC

(CDS =0 dB) A
3.64dB +0.132dB x N
(2) Level dia on the circuit

Figure9 Level Diaof PGA
CSEL (D15 of register 0)
Data = 0: Select CDSIN
Data = 1: Select ADCIN

Address STD1[7:0] (L) STD2[15:8] (H)
1111 fofofo]1 | | |p4|b3|[D2]|D1]|Do|D15/D14|D13|D12|D11|D10] D9 | D8
A F ——
o testI2 SHSW_fsel SHA_fsel
(%2}

testO
MINV

LINV >
STBY

SLPand STBY (D3, D4 of register 1)

SLP:  Stoptheall circuit. Consumption current of CDS part islessthan 10 pA.

Start up from offset calibration when recover is needed.
STBY: Only the standard voltage generating circuit is operated. Consumption current of CDS part is about 3 mA.
Allow 50 H time for feedback clamp is stabilized until recover.
Output mode (D5 to D7 of register 1 and D4 of register 3)

Itisatest mode. Combination details aretable3to 5. Normally set to al 0.
SHA-fsel (D8 to D9 of register 1)

It isa LPF switching of SH amplifier. Frequency characteristics are referred to page 9. To get rough idea, set the
double cut off frequency point with using.

SHSW-fsel (D10 to D13 of register 1)

It is atime constant which sampling the black level of SH amplifier. Frequency characteristics are referred to page

9. To get rough idea, set the double cut off frequency point with using. S/N changes by this data, so find the
appropriate point with set data to up/down.
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HD49338F/HF

Clamp (D3 to D7 of register 2)
Determine the OB part level with digital code of ADC output.
Clamp level = setting data x 2 + 14
Default data is 9 = 32 LSB.

HGstop-Hsel, HGain-Nsel (D8 to D11 of register 2)
Determine the lead-in speed of OB clamp. Details are referred to page 7. PGA gain need to be changed for switch
the high speed leading mode. Transfer the gain +1/-1 to previous field, its switch to high speed |eading mode.
Low PWR (D12 of register 2)
Switch circuit current and frequency characteristic.
Data = 0: 36 MHz guarantee
Data = 1: 25 MHz guarantee
SPinv (D13 of register 2)
SPSIG/SPBLK/PBLK input signal inverted switching.
Data = 1: Normal
Data = O: Inverted

Reset (D15 of register 2)
Software reset.
Data = 1: Normal
Data = 0: Reset

Offset calibration should be done when starting up with using this bit. Details are referred to page 19.
C Bias off (D3 of register 3)
Center biasisturned off in ADCIN mode.
Data = 0: Normally on
Data = 1: Off

Ave 4H (D6 of register 3)
Clamp detection datais averaged 4H.
Data = 0: 1H
Data = 1: Averaged 4H

Differential Code and Gray Code (D4 to D5 and D7 to D9 of register 3)

Gray code (D4 to D5 of register 3)
DC output code can be change to following type.
Gray Code [1] Gray Code [0] Output Code

0 0 Binary code

0 1 Gray code

1 0 Differential encoded binary
1 1 Differential encoded gray

Serial data setting items (D7 to D9 of register 3)

Setting Bit Setting Contents

Gray_test[0] Standard data output timing control signal

Gray_test[1] (Refer to the following table)

Gray_test[2] ADCLK polar with OBP. (Lo—Positive edge, HI—>Negative edge)

e Standard data output timing
Gray_test[1] Gray_test[0] Standard Data Output Timing

Low Low Third and fourth
Low High Fourth and fifth
High Low Fifth and sixth
High High Sixth and seventh
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Ripple (pseudo outline made by quantized error) occurres on the point which swithing the ADC output multiple bit in
paralel. When switching the several of ADC output at the same time, ripple (pseudo outline caused by miss
guantization) occurs to the image.

Differential code and gray code are recommended for this countermeasure.

Figure 10 indicates circuit block. When luminance signal changes are smoothly, the number of bit of switching digital
output bit can be reduced and easily to reduce the ripple using this function.

Thisfunction is especialy effective for longer the settings of sensor more than clk = 30 kHz, and ADC outpui.

Figure 11 indicates the timing specifications.

10 Digerential SW(D5)

ADC +O\o + Standard Gray SW(D4) 10-bit
2clk_DL data O\Oi Gray—Binary)|
Carry bit selector conversion
round .

Standard data
control signal

(D9,D8,D7)
Figure 10 Differential Code, Gray Code Cir cuit
(In case of select the positive edge of ADCLK with D8)
ADCLK
OBP (In case of select the positive polar)f ‘ (Beginning edge of OBP and standard edge of ADCLK should be exept £5 ns) |—

Digital output X X XX X1X2x3X4X5X6X7X8X9X10X11><
Differential data ! Stréndard ! Differential data
! ata

>t
L] L

A\

Figure 11 Differential Code Timing Specifications

To use differential code, complex circuit is necessary at DSP side.

o - > D9 D9
From ADC carty bit D8
O Gray o round D8
o— o +
Binary L Standard D7
> data D7
Standard data selector ‘
control signal o §
)00
2clk_DL Do
(1) Differential coded (2) Gray — Binary conversion

Figure 12 Complex Circuit Example
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Absolute Maximum Ratings

(Ta=25°C)
Item Symbol Ratings Unit
Power supply voltage Vpp(max) 4.1 \%
Analog input voltage Vin(max) —0.3to AVpp +0.3 \%
Digital input voltage Vi(max) —0.3to DVpp +0.3 \%
Operating temperature Topr -10to +75 °C
Power dissipation Pt(max) 400 mw
Storage temperature Tstg —55to +125 °C
Power supply voltage range (HD49338HF)  Vopr 2.85t03.3 \%
Power supply voltage range (HD49338F) 2.70t0 3.3

Notes: 1. Vpp indicates AVpp and DVpp.
2. AVpp and DVpp must be commonly connected outside the IC. When they are separated by a noise filter, the
potential difference must be 0.3 V or less at power on, and 0.1 V or less during operation.

Electrical Characteristics

(Unless othewide specified, Ta= 25°C, AVpp =3.0V, DVpp = 3.0V, and Rgjas = 33 kQ)
Items Common to CDSIN and ADCIN Input Modes

Item Symbol Min Typ Max Unit Test Conditions Remarks
Power supply voltage Vob 2.85 3.00 3.30 \% LoPwr = low
range
Conversion frequency fok low 5.5 — 25 MHz LoPwr = high
ferk hi 25 — 36 MHz LoPwr = low
Digital input voltage Vi 20x DVpp — DVpo \% Digital input pins
3.0 other than CS,
Vi 0 — 0.8 x Ds\’/gD \Y SCK and SDATA
Vinz 295 Dg/go — DVoob \Y CS, SCK, SDATA
— DV,
Viz 0 06x 5 Y
Digital output voltage Von DVpp —0.5 — — \ lon ==1 mA
Voo — — 0.5 \Y lo. =+1 mA
Digital input current I — — 50 pA Viu=3.0V
Iz — — 250 pA Vip=3.0V
I -50 — — HA Vii=0V
Digital output current lozn — — 50 pA Vou = Voo
lozL -50 — — pA Vo=0V
ADC resolution RES 12 12 12 bit
ADC integral linearity INL — (8) — LSBp-p  fcik =20 MHz
ADC differential linearity+ DNL+ — 0.6 0.95 LSB fok = 20 MHz *1
ADC differential linearity— DNL— -0.95 -0.6 — LSB fok = 20 MHz *1
Sleep current Istp -100 0 100 pA Digital input pin is
setto 0V, output
pin is open
Standby current IstBY — 3 5 mA Digital I/O pin is set
to0V
Digital output Hi-Z thz — — 100 ns RL =2 kQ, See figure 7
delay time tz _ _ 100 ns C.=10pF
tzn — — 100 ns
tz — — 100 ns

Notes: 1. Differential linearity is the calculated difference in linearity errors between adjacent codes.
2. Values within parentheses () are for reference.
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Electrical Characteristics (cont.)

(Unless othewide specified, Ta=25°C, AVpp =3.0V, DVpp = 3.0V, and Rgjas = 33 kD)
Items for CDSIN Input Mode

Item Symbol Min Typ Max Unit Test Conditions Remarks
Consumption current (1) Ibp1 — 57 68 mA LoPwr = low
fok = 36 MHz
Consumption current (2) Ibp2 — 37 46 mA LoPwr = high
fek = 250 MHz

CCD offset tolerance range Veep (-100) — (100) mV
Timing specifications (1) tepsi — (1.5) — ns See table 8
Timing specifications (2) teps2 Typ x 0.8 1/4fc 1k Typ x 1.2 ns
Timing specifications (3) tcoss — (1.5) — ns
Timing specifications (4) tepsa Typ x 0.8 1/4fcik Typ x 1.2 ns
Timing specifications (5) tepss Typ x 0.85  1/2fcik x 0.90  Typ x 1.00 ns
Timing specifications (6) tcoss 1 5 9 ns
Timing specifications (7) teps? 11 — — ns
Timing specifications (8) tepss 11 — — ns
Timing specifications (9) teHLpe 3 7 — ns C.=10pF
Timing specifications (10) tcobio — 16 24 ns
Clamp level CLP(00) — (56) — LSB

CLP(09) — (128) — LSB

CLP(31) — (304) — LSB
PGA gain at CDS input AGC(0) -4.4 -2.4 -0.4 dB

AGC(256) 4.1 6.1 8.1 dB

AGC(512) 125 145 16.5 dB

AGC(768) 21.0 23.0 25.0 dB

AGC(1023) 29.4 314 334 dB

Note : Values within parentheses () are for reference.

Items for ADCIN Input Mode

Item Symbol Min Typ Max Unit Test Conditions Remarks
Consumption current (3) Ibp3 — 39 49 mA LoPwr = low
fek = 36 MHz
Consumption current (4) Ibpa — 21 26 mA LoPwr = high
fok = 20 MHz
Timing specifications (11) tapci — (6) — ns See table 9
Timing specifications (12) tance Typ x 0.85  1/2fapcik Typx1.15 ns
Timing specifications (13) taocs Typ x 0.85  1/2fapcik Typx1.15 ns
Timing specifications (14) taHLD4 — 14.5 — ns C.=10pF
Timing specifications (15) taops — 235 315 ns
Input current at ADC input 1INein -110 — 110 uHA Vn=10Vto20V
Clamp level at ADC input OF2 — (2048) — LSB
Clamp level at YIN input OF1 — (280) — LSB
PGA gain at ADC input GSL(0) 0.45 0.57 0.72 Times
GSL(256) 1.36 171 2.16 Times
GSL(512) 2.27 2.86 3.60 Times
GSL(768) 3.18 4.00 5.04 Times
GSL(1023) 4.08 5.14 6.47 Times

Note : Values within parentheses () are for reference.
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Operation Sequence at Power On

+ Must be stable within the operating

.,/ power supply voltage range

VDD

1 | . _ . .
L msormore;  High-speed pulse is the right phase

SP !
Start control SPSIG :

BLK
of TG and
camera DSP ':tECLK — ‘
Eé?ig'g't'on OBP is started within this period | _ OBP is the right phase
OBP
| 2 ms or more | 10 ms
; 1 10r more .
HD49338F/HF ‘ (3) Registers 0
serial data transfer (1) Register 2 setting |/\|(2) Register 2 setting; and 1 settings
| 2 ms or more | !
RESET bi ‘
SET bit RESET ="Low" RESET ="High"
(RESET mode) ! (RESET cancellation) |
Automatic offset (4)Offset calibration
calibration (automatically starts

. after RESET
cancellation)

' Ends after
1 40000 clock cycles

The following describes the above serial data transfer. For details on registers 0, 1, and 2, refer to table 10.

(1) Register 2 setting : Set all bits in register 2 to the usage condition, and set the RESET bit to low.
(2) Register 2 setting : Cancel the RESET mode by setting the register 2 RESET bit to high.

Do not change other register 2 settings. Offset calibration starts automatically.
(3) Register 0 and 1 settings : After the offset calibration is terminated, set registers 0 and 1.
(4) Please perform an offset calibration in the period which avoided PBLK of V.
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Noticefor Use

L
2.
3.

Careful handling is necessary to prevent damage due to static electricity.

This product has been developed for consumer applications, and should not be used in non-consumer applications.
Asthis|IC is sensitive to power line noise, the ground impedance should be kept as small as possible. Also, to
prevent latchup, a ceramic capacitor of 0.1 yF or more and an electrolytic capacitor of 10 uF or more should be
inserted between the ground and power supply.

Common connection of AVpp and DV pp should be made off-chip. If AVpp and DVpp are isolated by a noise filter,
the phase difference should be 0.3 V or less at power-on and 0.1 V or less during operation.

If anoise filter is necessary, make a common connection after passage through the filter, as shown in the figure
below.

oV ey se f
+3.0V Tm +30V Noise filter Example of noise filter
-
AVpp DVpp DVpp AVpp i 100 pH i
HD49338F/HF HD49338F/HF 0.01 uF l

0.01 pF

9.

AVss DVss DVss AVss l
7 7 7 7

Connect AV ss and DV g off-chip using a common ground. If there are separate analog system and digital system

set grounds, connect to the anal og system.

When Vpp is specified in the data sheet, thisindicates AVpp and DV pp.

No Connection (NC) pins are not connected inside the | C, but it is recommended that they be connected to power

supply or ground pins or left open to prevent crosstalk in adjacent analog pins.

To ensure low thermal resistance of the package, a Cu-type lead material isused. Asthis material islesstolerant of

bending than Fe-type lead material, careful handling is necessary.

10. Theinfrared reflow soldering method should be used to mount the chip. Note that general heating methods such as

solder dipping cannot be used.

11. Serial communication should not be performed during the effective video period, since this will result in degraded

picture quality. Also, use of dedicated ports is recommended for the SCK and SDATA signals used in the
HD49330AF. If ports are to be shared with another IC, picture quality should first be thoroughly checked.

12. At power-on, automatic adjustment of the offset voltage generated from PGA, ADC, etc., must be implemented in

accordance with the power-on operating sequence (see page 16).
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Example of Recommended External Circuit

e At CDS Input A R10 100
A R11 100
R12 100 from
m R13 100 Timing generator
R14 100
C13 Cl2 C11 W
0.1 0.1 0.1
1 1T 1L c10
T 1T ToL
o o o
o o o
> > >
o o o
from CCD out
to
HD49338F/HF Camera
(CDS/PGA+ADC) signal
RIS 33K processor
C15 0.1t 1+
o 8 8 8
£z 33
L2
(39(a0XaT)a2)a3)a4) 47u
c16 1 1T ca21
476 7T T TTT TT 47/6 GND
L1 C17C18C19 C20 C21C22
47 n 01010101 0101
3.0 Vj—/ﬁﬁ\— —— Serial data input

Notes: 1. For C4, see table 5.
2. For C3, see page 8 "DC Offset Compensation Feedback Function”.

e At ADC/Yin Input AAA from
C13 Cl2 C11 Timing generator
0.1 0.1 0.1
1 1 T 1
T TT T
o o (=]
=] o
53 5
x D11
[=)

D10
D9
D8

Cl4 0.1

D7
to
HD49338F/HF D6 Camera
(CDS/PGA+ADC) D5 signal
processor
R15 33k D4
C15 0.1 D3
with Y input — | D2
C23 0.47
D1
+, 1
with ADC input ——H
C2 2.2/16

L1 Cl7C18C19C20  C21C22
47 1 01010101 0101

— . Unit: R: Q
3.0 Vj—/fm\— —— Serial data input CF

Note: External circuit is same as above except for ADC/Y input.
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Package Dimensions

48

“p

ARRAARARRRAR

HAAAAARAARRR |

Q

24

13

WREEEEEERELL:

i

1

L —

X

:

_ 120 Index mark
[] \
—o
[e] 3 b,
Dy

He

JEITA Package Code | RENESAS Code | Previous Code [ MASS[Typ] |
P-LQFP48-7x7-0.50 | PLQPOO48KD-A | FP-48C/FP-48CV | 0.29 |
Ho

NOTE)

1. DIMENSIONS"*1"AND"*2"
DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT

INCLUDE TRIM OFFSET.
bp
b Reference Dimension in Millimeters
Symbol | pin Nom Max
o D e 7.0 e
3| of
E E— 7.0 E—
A, e 140 E—
. . Hp 8.8 9.0 9.2
Terminal cross section
He 8.8 9.0 9.2
A E— — 170
AL 0.08 0.13 0.22
by 0.16 0.21 0.26
b1 e 0.19 E—
c 0.12 0.17 0.22
< o ¢, | — | 015 | —
r 0 0 ) —_— 8
_ R B — o [ —
<
L x — | — | oo08
. y e —_— 0.10
Detail F
Zp e 0.75 E—
Ze e 0.75 —_—
L 0.40 0.50 0.60
L1 e 1.00 e
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RenesaSTeChnOIOgy Corp. Sales Strategic Planning Div.  Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1.

Renesas Technology Corp. puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble
may occur with them. Trouble with semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i) placement of substitutive, auxiliary circuits,
(ii) use of nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials
1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. product best suited to the customer's

~No

application; they do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-party's rights, originating in the use of any product data,

diagrams, charts, programs, algorithms, or circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents information on products at the time of

publication of these materials, and are subject to change by Renesas Technology Corp. without notice due to product improvements or other reasons. Itis
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means, including the Renesas Technology Corp. Semiconductor
home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and algorithms, please be sure to

evaluate all information as a total system before making a final decision on the applicability of the information and products. Renesas Technology Corp. assumes
no responsibility for any damage, liability or other loss resulting from the information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life

is potentially at stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when considering the use of a
product contained herein for any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater
use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in whole or in part these materials.
. If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license from the Japanese government and

cannot be imported into a country other than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products contained therein.
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