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ABSTRACT

Rice has important role in Thai’s life and Thailand economic. Rather than local
consuming, Thailand is number one of rice exporter which is very important for Thailand’s
economic. A contaminant, such as a black dot on rice or a piece of stone, will lower the value of
the rice product. Therefore, a machine that can separate rice contaminant is used to increase the
value of rice product.

A process for rice contaminant detection start from rice and contaminant are falling pass
trough the image captured device, which is a line-scan CCD camera. A signal from line-scan
CCD camera are amplified and the compared with the reference threshold level. Results from
comparator are displayed with LED, which will light up when a contaminant detected, and 7-

Segment to display the count of contaminant.
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ENTITY component_name IS
Irput and output ports
Physical and other parameters

END [component_name] ;

ARCHITECTURE identifier OF component_name IS
[declartion]

BEGIN
specification of the functionality of the component
in terms of its input lines and as inf luenced
by physical and other parameters

€MD [identifier]
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CLOCK
en ——p»  APackoged ——p» clk
Component

ENTITY clock_component IS
PORT (en: IN BITck: OUT 8IT)
END clock_name;
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ARCHITECTURE behavioral OF clock_component IS

BEGIN
PEOCESS
VARIABLE periodic : BIT:='0";
BEGIN
IFen='t"' THEN
periadic := Not periodic;
END IF;
ck <= periodic;
WAIT FOR 1 US;
END PROCESS:
END behavioral;
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PACKAGE package_name IS
Package_declarative_part

iEND package_name;
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PACKAGE BODY package_name 1S :
declarative part
| END package_name;

] » o
317 3.11 Tnseadrevesuedunining

4) %1UWNIODNIUY Configuration

o o o ] e P ] <@ ]

Fainswiuedrhszuvdieeagiuuunilslihesdiueslsfiam wwawnsofinioe

. & v e 4 . . 4 -

A1500NULY Entity 1atiesvilufonniniu ¥elunizeniseeniuy Eatity vilaniisiionnes
= o ﬂ 1 L ] [ : 3 - L] .
faoflavnssuiidurulssesldvatonuin duluszdveflivniiiun1sesnuuu Configuration
uuRef1MuA5 1% Configuration ¥83n15U52 AR Entity AUKUIBNIT0OALLVEOIRENT U

wirelag @i

COMFIGURTRION identifier OF entiry_name IS
Configuretion_declarative_part
TEND ;
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TYPE byte 1S ARRAY (7 DOWNTO 0) OF BIT:

PROCEDURE byte_to_integer (ib : TN byte; oi : OUT INTEGER) IS
VARIABLE result: INTEGER := Q;
BEGIN
FORiINOTO 7 LOOP
IF ib(i) = '’ THEN
result = regult + 2*%i;

END IF;
END LOOP;
ol = result;

END byte_to_integer

Ui 3.13 m3ldInsdees

FUNCTION f (o, b, :BIT)RETURN BIT IS
VARIABLE x:BIT;

BEGIN
x = {{(NOT a) AND (NOT b) AND c};
RETURN x;

END f;
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PREDEFIND OPERATORS

LOGICAL OPERATORS : NOT AND OR NAND NOR XOR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIOMAL OPERATORS & = f2c <=1 =
OPERAND TYPE : any type
RESULT TYPE : Boolen

ARITHMETIC OPERATORS : +-™ /™ MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTESER REAL Physical

CONCANTENATION OPERATOR : &
OPERAND TYPE : ARRAY of any type
RESULT TYPE : array of any type
RESULT TYPE: array of any type

o o
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Taofidgganmanaqmadi 151 181199102993 Drive CCD
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DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1 PD8861

5400 PIXELS x3 COLOR CCD LINEAR IMAGE SENSOR

DESCRIPTION

The yPD8861 is a color CCD {Charge Coupted Device) linear image sernsor which changes optical images to
alectrical signal and has the function of color separation,

The ¢ PD8861 has 3 rows of 5400 pixels, and each row has a single-sided readout type of charge transfer register.
And it has reset feed-through ievel clamp circuits and voltage amplifiers. Therefors, it is suitable for 600 dpi/A4 color
image scanners, color facsimiles and so on.

FEATURES

« Valid photocell
« Photocsll pitch
« Photocell size
» Line spacing

« Color filter

» Resolution

» Drive clock level
« Data rate

» Power supply

« On-chip circuits

15400 pixals x 3

525 um

:5.25 x5.25 um-

: 42 um {8 lines) Red line - Graen ling, Green line - Blue line

: Primary colors (red, green and biue), pigment filter (with light resistance 10’ ixshour)-
: 24 dot/mm A4 (210 x 297 mm) size (shorter sids)

600 dpi US letter (8.5" x 11"} size (shorter sida)

: CMOS output under 5 V operation

: 6 MHz Max.

t+12V

: Reset feed-through leve! clamp circuits

Voltage amplitiers

ORDERING INFORMATION

Part Number

Package

uPD8861CY

CCD finear image sensor 22-pin plastic DIP {10.16 mm {400))

The information In this document I8 subject to changs without notice. Before using this document, please
‘confirm that this is the tatest version.

Not all devicesftypes avallable In every country. Please check with local NEC reprecentative for
avallability and additionat infarmation.

Document No. S15167EJ2V0DS00 (2nd edition)

Date Published June 2001 NS CP (K)
Printed in Japan

The mark % shows major revised points. .
© NEC Corporation 2000
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NEC uPD8861

PIN CONFIGURATION (Top View)

CCD linear image sensor 22-pin ptastic DIP (10.16 mm (400))

« uPD8861CY
o/
Qutput signal 3 (Red) Va3 E E‘ Vour2  Output signal 2 (Green)
Ground GND IZ EI Vouri  Output signal 1 (Blus)
Reset gate clock ¢RB E B E Voo Qutput drain voltage
Reset feed-through level clamp clock  ¢CLB E E NC No connection
Last stage shift register clock 1 il E E NC No connection
No connection NC E E £ 2 I‘:I NC No connection
No connection NC E : 8 = E‘ NC No connection
Shift register clock 2 92 E EI 92 Shitt register clock 2
Shift register clock 1 a1 E 1__4| o1 Shitt register clock 1
EroarnFleeJ)gate cioek 3 0TG3 o] 22| E oTGH ?\:::arnl;f:;)gma tlock 1
soa ano [11] [%|®]®] [rz] evee Jravser e ook
PHOTOCELL STRUCTURE DIAGRAM PHOTOCELL ARRAY STRUCTURE DIAGRAM

{Line spacing)

5.25 pm : Blus photocell array E’_ 'y

8 linea
{42 pm)
5.25 uml i Green photocel! array li L
Channel stopper i P - —d
8 lines
(42 pm)
5.25 pm Red photocell array ' L

Y Aluminum’ / /.
shteld

LAY R A

T
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NEC 1 PD8861
ABSOLUTE MAXIMUM RATINGS (Ta=+25°C)
Parameter ~ Symbal Ratings Unit

| Output drain voltage Voo —0.310+15 v
Shift register clock voltage V1, Vg2, Veit —-0.3t10+8 v
Resel gate clock voltage Vyre —-0.310+8 v
Raset feed-through leve! clamp clock | Vean —0.310+8 Vv
voltage
Transfer gate clock voltage Vytar 1o Vetas -0.3t0 +8 A

| Operating ambient temperature Ta QG to +60 °C
Storage temperature Teg ) —40 10 +70 °C

Caution Product quality may suffer if the absotute maximum rating is exceeded even momentarily for any
parameter. That s, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

RECOMMENDED OPERATING CONDITIONS (Ta = +25°C)

Parameter Symboal Min. Typ. Max. Unit
| output drain vottage Voo 11.4 12.0 12,6 v
Shift register clock high level VeiH, Vezr, VeiLH 4.5 5.0 55 A"
Shift register clock low level Vo1, Vea, Ve -0.3 0 +0.5 v
Reset gate clock high level Veran 4.5 5.0 5.5 Vv
Reset gate clock low level VRt -0.3 )] +0.5 v
Rosat faad-through level clamp clock | Vecuen 45 5.0 5.5 v
high level
Reset feed-through level clamp clock | VeclaL -0.3 0 +0.5 v
low fevel
Transfer gate clock high level Vstamm 10 Vetom 45 Vo™ Ve v
Transfar gate clock low lavel VymaiL to Vo, -0.3 ] +0.3 A
Data rata form - 1.0 6.0 MHz

Note When Transfer gate clock high level (VeTatH to VeTaan) is higher than Shift register clock high level (Ve1H),

Image lag can increase.

Data Stheet S15167EJ2VODS



NEC

uPD8861

ELECTRICAL CHARACTERISTICS
[TA = +25°C, Vob = 12 V, data rate {{sas) = 1 MHz, storage time = 5.5 ms, input signal clock = 5 Vpp,

light source : 3200 K halogen lamp + C-5008 (infrared cut fllter, t = 1 mm) + HA-50 (heat absorbing filter, t = 3 mm)

)

Parameter Symbol Test Conditions Min. Typ. Max. Unit
Saturation voltage Veat 2.0 2.5 - v
Saturation exposure Red SER - 0.420 - ixes
Green SEG - 0.429 - bees
Blue SEB - 0.732 - hees
Photo response non-uniformity PRNU [ Vour=1.0V - 6 20 %
Average dark signal ADS Light shielding - 02 20 | mv
Dark signal non-uniformity DSNU | Light shielding - 1.5 5.0 my
Power consumption Pw - 360 540 mwW
Qutput impedance Zo - 0.35 1 K
Response Aed Ar 415 5.94 1.72 Vies
Green Ra 4.07 5.82 7.57 Viixes
Blue Rs 2.36 3.38 4.29 Vixes
Image tag IL Vor=10V - 1.5 7.0 %
Offsot tovel "™ Vos 40 5.5 7.0 v
Output fall delay time "**? te Vour=1.0V - 25 - ns
Total transfer efficiency TTE Vour = 1.0V, data rate = 6 MHz 22 98 - %
Response peak Red - 630 - nm
Green - 540 - nm
Blue - 480 - nm
Dynamic range DR Vs DSNUY - 1860 - times
DR2 Va/gCDS - 2777 - times
Reset feed-through noige "™’ RFTN | Light shietding 0 750 1500 mv
Random noise (CDS) oCDS | Light shielding, bit tlamp mode - 0.9 - mV

Notes 1. Refer to TIMING CHART 2, 3.
2. When the fali time of ¢1L (11°) is the Typ. vaiue (refer to TIMING CHART 2, 3}.

Data Shest S15167EJ2V0DS



NEC uPD8861

INPUT PIN CAPACITANCE (Ta=+25°C,Voo=12V)

Paramater Symbol | Pinname | Pin No. Min, Typ. Max. Unit

Shift register clock pin capacitance 1 Ca1 91 4] - 300 - pF
14 - 300 - pF

Shift register ¢lock pin capacitance 2 Cse2 [ ¥ 8 - 300 - oF
15 - 300 - pF

Last stage shift register clock pin capacitance CoL ¢1L 5 - 10 - pF
Reset gate clock pin capacitance Corn ¢FRB K| - 10 - pF
Raset fesd-through level clamp ciock pin capacitance | Cycie ¢CLB 4 - 10 - pF
| Transfer gate clack pin capacitance Cy1a ¢ TG1 13 - 100 - pF
9TG2 12 - 100 - pF

#TG3 10 - 100 - pF

Remark Pin 9 and 14 (¢1), 8 and 15 (¢2) are each connected inside of the device.

Data Sheet S15167EJ2VODS
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1 PD8861

TIMING CHART 2 (Bit clamp mode, for each color)

#1

$2

o1l

#RB

#CLEB

90%

H

'

t4

90% 3
10%

LT

90%
10%

9
t?J

18

110
t11

0%
10%

Symbot Min. Typ. Max Unit
11, 12 0 25 - ns
tr, 2 0 S - ns
t3 20 200 - ns
t4 40 300 - ns
15, 16 0 5 - ns
17 -5 50 - ns
8 35 200 - ns
3, t10 0 5 - ns
11 10 50 - ns

Note Min. of t7 shows that the ¢ RB and ¢ CLB overlap each other.

80%
#RB

7

20% % /

¢CLB

8 Data Sheet S15167TEJ2V0ODS




NEC 11PD8861

TIMING CHART 3 (Line clamp mode, for each color)

H 2

] —
20%
10% ¥

90% 3
v2 10% 7

¢1

1’ ) - 2"

00% 3

et 10% %

(

"

5 18
AR Y
90%

o w

e

¢CLB

Symbol Min Typ. Max Unit
ti, t2 0 25 - ns
tr, 2’ 0 5 - ns
3 20 200 - ns
14 a0 00 = ns
15, t8 0 S - ns

Data Sheet S15167E.J2V0DS




NEC

* TIMING CHART 4

#TG1 10 TGS

t13

t12

t14

90% f
10%

&

116

t15
0%
e N\ /T \ N/
90% X%
gL
117 Note 1 t1e
%
$RB 1\ f \_] > \_/ 1
0%
w T\ Y \J
(Bit clamp mode)
22} w25 Note 2 24103
o/ X '
sCLB 9100/:& \k j

{Line clamp mode} i _— i

19 119 t10
Symbol Min. Typ. Max. Unit
7 —g "N? 50 - ns
8, 110 0 5 - ns
t11 10 50 - ns
t12 3000 10000 50000 ns
113, t14 4] 50 - ns
115, t16 900 1000 - ns
117,118 200 400 - ns
119 112 t12 50000 ns
120, 21 0 50 - ns
120, 123 0 350 - ns

Notes 1. Setthe ¢RB and ¢ CLB (Bit clamp mode) to high level during this period.

2. Stop the $RB pulse during this period,
3. Min. of t7 shows that the ¢ RB and ¢ CLB overlap each other.

Remark Inverse pulse of the $ TG1 to ¢ TG3 can be used as ¢ CLB.

10
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1 PD8861

* &1, ¢2 ¢cross points

¢t
X[Lov:omv ﬁmvwa.ov

82
¢1L, ¢ 2 cross points

2
; ; I 2.0 V or more [_ 0.5 V or more

oL

Remark Adjust cross points (¢1, ¢2) and (¢ 1L, ¢2) with input resistance of each pin.

Data Sheel S15167EJ2VODS
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1 PD8861

DEFINITIONS OF CHARACTERISTIC ITEMS

1. Saturation voitage : Ves

Output signal voltage at which the response linearity is l1ost.

2. Saturation expasure : SE

Product of intensity of illumination {x} and storage time (s) when saturation of output voltage occurs.

3. Photo rasponse non-uniformity : PRNU

The output signal nan-uniformity of all the valid pixels when the photosensitive surface is applied with the light

of uniform ilumination. This is calcuiated by the following formula.

PRNU (%) =-‘1Y3‘- %100

Ax : maximum of fx—% |
5400
>
i=1
5400
% : Quiput voitage of valid pixel number |

xX=

Vol —m—— e e
Register Dark x
DC level AX 1 l
W

4, Average dark signal : ADS

Average output signal voltage of all the valid pixels at light shielding.

formula.
5400
Y.
j=1
ADS (mV) =
' 5400

d; : Dark signal of valid pixel number |

12 Ogta Sheet S15167EJ2VODS
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NEC uPD8861

5. Dark signal non-uniformity : DSNU
Absolute maximum of the difference between ADS and voltage of the highest or lowest output pixel of all the
valid pixels at light shielding. This is calculated by tha following formula.

DSNU (mV) : maximum of |di— ADS |« 1105400

d; : Dark signal of valid pixel number j

Vour —p————1 — ——— — e —— — —

Register Dark ad ~— ~ ~
DC level \/- I L
DSNU

i

6. Output impedance : Zo
Impedance of the output pins viewed from outside.

7. Response: R
Output voltage divided by exposure (Ixes).

Note that the response varies with a light source (spectral characteristic).

8. Image fag : IL
The rate between the last output voltage and the next one after read out the data of a line.

¢7G __r] [ [
gt | ON { OFF

] [t

o

Vi1 % 100
ouT

IL (%)=

Data Sheet S15167EJ2VODS 13



NEC 1 PD8861

9. Random noise (CDS) : oCDS
Random noise cCDS is defined as the standard deviation of a valid pixel output signaf with 100 times (=100

lines) data sampling at dark (light shialding). 6CDS is cakculatad by the following procedure.

1. One valid photocell in one reading is fixed as measurement point,
2. The output level is measured during the reset feed-through period which is averaged over 100 ns to get
“vDr.

3. The output leve! is measured during the video output time averaged over 100 ns to get "VO©.
4, The correlated double sampling output is defined by the following formuta,

VCDS: = VD - VQ:

5. Repeat the above procedura {1 to 4) for 100 timas (= 100 lines).
6. Calculate the standard deviation o CDS using the following formula equation.

100

- 100
- 2 —_—
5CoS (mv)= _ | & (VCDS -V g__ 1} vcos
- 1005
100 i
| Reset feed-through l
1 L]
L L - e
o R ; : Nt
[ video outpun

14 Data Sheat S15167EJ2VODS
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STANDARD CHARACTERISTIC CURVES (Nominal)

DARK OUTPUT TEMPERATURE

CHARACTERISTIC
8t 2
At
1
- -
3 2
- -~
3 F
- D R 5
& ! &
2 ! s
5 ps5 | 5
£ : g
4
0.25 : 02
i
|
i
] 1 L 1 L
%150 =20 30 40 50 o1,

Operating Ambient Temperature Ta (°C}

STORAGE TIME OUTPUT VOLTAGE
CHARACTERISTIC (Ta = +25°C)

3
1
|
1
¢
|
|
1
|
|
1
|
|
1
|
i
|
|
|
1
|
|
i
]

10
Storage Time {ms)

TOTAL SPECTRAL RESPONSE CHARACTERISTICS
(without Infrared cut filter and heat absorbing fiiter) (Ta = +25°C)

100 ~:
R £ e
/ ~——
B G ’ \\
80 - ' \\
/ N
2 / ~d
5 60 |
k]
: :’
[+1]
a
g
o 40
o
G
20
B
0 1 / ] ]
400 500 600 700 800
Wavelength {nm)
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NEC 1 PDB861

APPLICATION CIRCUIT EXAMPLE

f J% 1PDBBE1 .
” 1 \_/ 22
10 4F6 V 0.1 4F 3 Vour3 Vour2 E} O

2 21
GND Vourt B» 0
- ! » 470 g 20 ‘
ofB O———— ! ¢RB Voo T
' 1 +
sclBE O————— 1 ¢CLB NC |—— L

11500 ! g 18 0.1 uF 10 uFNEV

: 1L NC
! 17 !
1 ® | ne NC J % i

+
[4,]
<

l

Tl’+

0.1 uF 10 uFH6V

NC NC |-—

:
i
]
) 4710 8 15 | 470 ;
i ¢2 $2 MA— :
1 i +
1470 4740 ‘
¢ 2 14 [ ; —
| 1 1 MWy—-o<_ 1 O ¢
1 1
1 ]
| :
' )
i
[l

100 10Q
10 13 —
v $TG3 ¢ TG “v\/\:—'r°< ; O TG
100 ;
lemm 11 i2 ;
GND 7GR AWy :o<

RAemark The inverters shown in the above application circuit example are the 74HC04 (data rate < 2 MHz) or the
74AC04 (2 MHz < data rate < 6 MHz).

B1 to B3 EQUIVALENT CIRCUIT

12V

-
AT uFRR25 Y

ccH

Vour

16 Data Sheet $15167EJ2VODS



NEC 1 PD8861

PACKAGE DRAWING

CCD LINEAR IMAGE SENSOR 22-PIN PLASTIC DIiP (10.16 mm (400))

{Unit : mm)
1bit
- = 05103
[ B O o O o B B o B o B B B X
o
ot F
D | I ] S
&
N 5 (5 [ 15 S U5 15 5 [N U5 5 B 4 !
- 37.5 .
- 44 0+0.3 _
10.16 ‘
L)
)
' i
i ¥
(5.42}
- = 1,02x0.15 254 -~ -
. 4.2120.5
- = 0.46+0.1 4.39+0.4
254
Name Dimensions Refractive index
Plastic cap 42.9 x 8.35 x 0.7 %2 1.5

1 The bottomn of the package - ~ The surface of the chip

w2 The thicknaess of the cap over the chip

22C-1CCD-PKG6E-1

Data Sheet S15167EJ2V0DS 17




NEC 1 PD8861

RECOMMENDED SOLDERING CONDITIONS

When soldering this product, it is highly recommended to observe the conditions as shown below,

if other soldering processes are used, or if the soldering is performed under diffarent conditions, please make sure
to consult with our saies offices,

For more details, refer to our document “Semiconductor Device Mounting Technology Manual™ (C10535E).

Type of Through-hole Device

4 PDBBGICY : CCD linear image sensor 22-pin plastic DIP (10.16 mm (300))

Process Conditions

Partial heating method Pin temperature : 300 °C or batow, Heat time : 3 seconds or lass {per pin)

Caution During assembly care should be taken to prevent solder or flux from contacting the plastic cap.
The optical characteristics could be degraded by such contact.

18 Data Sheal S$15167EJ2V0DS



NEC 1 PD8861

NOTES ON CLEANING THE PLASTIC CAP

(1) CLEANING THE PLASTIC CAP

Care should be taken when cleaning the surface to prevent scratches.

The optical characteristics of the CCD will ba degraded it the cap is scratched during
cleaning.

We recommend cieaning the cap with a soft cloth moistened with one of the recommended
solvents below. Excessive pressure should not be applied to the cap during cleaning. If the
cap requires multipte cleanings it is recommended that a ¢lean surface or ¢loth be used.

(@) RECOMMENDED SOLVENTS

The foliowing are the recommended solvents for cleaning the CCD plastic cap. Use of
solvents other than these could result in optical or physical degradation in the plastic cap.
Please consult your sales office when considering an alternative solvent.

Solvents Symbol
Ethy! Alcoho! EtQH
Methy! Alcohol MeOH
Isopropyt Alcohol IPA
N-methyl Pyrrolidons NMP

Data Sheet S15167EJ2VODS
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[MEMO]
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[MEMO)
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[MEMO]
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NEC 1PD8861

NOTES FOR CMOS DEVICES

(1) PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop goneration of static slectricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental controt
must be adequate. When it is dry, humiditiar should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material, All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. if no connection is provided
to the input pins, it Is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin shou!d be connected to Voo of GND with a resistor, if it is conslidersd to have a possibility of
being an output pin. Al handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not defing the Initial operation status of the device. immediately after the power source i
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantes out-pin leveis, 1/0 settings or contents of registers. Device is not initialized until the
raset signal is received. Reset operation must be sxecuted immediately after power-on for davices
having reset function.

Data Shaat §15167TEJ2VODS 23



NEC 1 PD8861

The information in this document is current as of June, 2001, The information is subject to change
without notlce. For actual design-in, refer to the latest publications of NEC's data sheets or data
books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all products
and/or types are aveailable in every country. Piease check with an NEC sales representative for
availability and additlonal Information.

No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NECG 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 NEC semiconductor products tisted in this document or any othar
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other inteilectual proparty rights ot NEC or others.

Descriptions of circuits, software and other related information in this documant are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the fuli
responsibility of customer, NEC assumas no responsibility for any losses incurred by customers or third
partias arising from the use of these circuits, software and information.

While NEC endeavours to enhance the guality, reliability and safety of NEC semiconductor products, customers

agree and acknowledge that the possibility of defects thereof cannct be eliminated entirely. To minimize

risks of damage tc property or injury {including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features,

NEC semiconductor products are classified into the following three quality grades:

"Standard®, "Special® and "Specific®. The "Specific® quality grade applies only to semiconductor products
developed based on a customer-designated “quality assurance program® for a specific application. The
recommended applications of a semiconductor product depend onh its quallty grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
apptication.

*Standard": Computers, office equipment, communications equipment, tast and measurement equipment, audio
and visual equipment, home elecironic appliances, machine tools, personal electronic equipment
and industrial robots

"Speciai®: Transportation equipment (automobiles, trains, ships, etc.}, traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment {not spacifically designed
for life support)

“Spaecifie": Alreraft, aerospace agquipment, submersible repeatats, nuclaar reactor contro! systams, lite
support systems and medical equipment for life support, etc.

The quality grade of NEC semiconducter products is “Standard” unless otherwise exprassly specified in NEC's
data sheets or data books, etc. If customers wish to use NEG semiconductor products in applications not
intended by NEG, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.

(Note)

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.
(2) "NEC semiconductor products” means any semiconductor product developed or manufactured by or for

NEC (as defined above).
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