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A MACHINE FOR RICE CONTAMINATE

DETECTION USING IMAGE PROCESSING
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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 starts 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_nome 15
Input and output ports
Physical and other paramsters

END [component_name] ;

ARCHITECTURE identifier OF component_nams IS
[declartion}

BEGIN
specification of the functionality of the component
in tarms of its input lines and as influenced

by physical and other parameters
END {identifier]}:
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CLOCK
en ———{ APackaged —3= clk
Component

ENTITY ciock_component 15
PORT (en : INBIT;ck : OUT BIT)
END clock_name;
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ARCHITECTURE behaviorol OF clock_component IS

BEGIN
PEQCESS
YARIABLE periodic : BIT := '0';
BEGIN
IFenz'1" THEN
periodic := Mot periodic;
END IF;

ck <= periodic;
WAIT FOR t US;
END PROCES 5;
END bshavioral;
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PACKAGE package _namels
Packags_decharative_part

END package_nome;
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PACKAGE BODY package_nome 1S
decharative part
END package _nhame;
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TYPE byte I5 ARRAY (7 DOWNTO 0) OF BIT;

PROCEDURE byte_to_integer (ib : IN byte; oi - OUT INTEGER) IS
VARIABLE result: INTEGER := 0;
BEGIN
FOR iIN 0 TO 7 LOCP
XF ib(i) = '1' THEN
result = result + 2**i,
END IF;
END LOOP ;
ol := result;
END byte_to_integer
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FUNCTION f (o, b, c:BIT)RETURNBIY 15

YARIABLE x:BIT,
BEGIN

%12 ((NOT a) AND (NOT b)AND ¢,
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
RELATIONAL OPERATORS : = /: c<z»»z
OPERAND TYPE : any type

RESULT TYPE : Boolen

ARITHMETIC OPERATORS : +- * / ** pAOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physical
CONCANTEMATION OPERATOR : &

OPERAND TYPE :
RESULT TYPE -
RESULT TYPE :

ARRAY of any type

array of any type
arrgy of any type
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4.3.5.6 N1591299N1INIIHUD9927 (Simulation)
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#1

2

w /NS

#RB
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#QLE
Line clamp mods}
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AVl iVY,
mﬁ 7 +m1
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—
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nt
] e tiQ
Symbol Mn. . Mat unt

[t sllb! 50

- - ng
19,110 0 5 - na
tit 10 =] - ns
112 D0 10000 50000 ;]
113, t1d 0 580 - ne
I t16 BOD 1000 - na
17,118 200 ADD - na
44 2 12 50000 na
20,121 0 50 - ns
122 23 0 150 - na
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314 6.8 2395993 3 to 8 Decoder
MINN 1 MITNAINLTIVOI 3 to 8 Decoder
ENABLE "~ SELECT* ¢
Gl |G2A | GB | C B A | yo | vi Y2 | vY3 | vas | vs | vé | v7
X 1 X x x X 1 | 1 I 1 1 i 1
% X 1 X X X i i | 1 i | 1 1
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] 0 0 0 0 0 0 I 1 1 1 | 1 ]
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6.3 1398NUVVINVY Drive CCD

6.3.1 NIIPONUUVAYNIN TG

INYaya Data Sheet 1519205 1WF A Hd Yy IM TG Baouziiiu Hight Turas

o e

ra1i lifin 50000ns uazez lA1N31 30000 FudjodunadnyauzvosdyIudug xRy
$rnaM Ty e TG Daomilu Hight Wi muvaadya 1ol Phase 1, Phase 2, CLB uay RB 9:d)
A Y o n’; by o [ as Qs o
msafdeunlasnwlldae duiu dovkimsesnuuudynna 16 ihududuusn msz dyaw
Phase 1, Phase 2, CLB uag RB Tudoya Data Sheet 33iionny dyain TG
-3 o r 5 as o =i 9/ 9/
6.3.1.1 MIMIMuuar R Insuv0IdynIn 16 Tagvinmaidou ldsunsudeld

7181 VHDL /13317 6.12

library d1eee;
LM jmetd st levoydic 1144 =11
usa ieeaw.wvrvd_leogic srcaith.all;
ume ieee  =tvd logic unsigned.oall;
sEntithy P diw
yrpore (
= _olk : din =td_logio:z='0"
= ekl I o wuw wvd loga o

end pEp

sarchicecture rtl of ppPEy A=

Wigrnal Sount H anteger raroge O e B RO s s

begin
proceses (s <lk, sount)

begin
aiE (s_clk™ aeavent mnincd = olrk=’1"', vhen
4¥f counoc<xs then
count<Tcouns+1
& olkiIX='Y"' ;
eizif count=95S00 tvhen

s eclkl<c="'0QT
countt<=0 ;
- o

LI

fu]

m_Tlikl<="

count<ToountT+1;
eaend if£;

end 1€

mend proce=s;

eand reol;

'
o w

] 14
31 6.12 sdalumsdimuerniuvesdyana 16
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6.3.1.2 MiINMsMHUAsHIaveIdyy I TG Tauinsidisu Tsunsudioly

Y1 VHDL A931/7 6.13

library 4dieee;
use decece.std logicoc 1164.al11;
use jeee ssod logico arith.x:l1l;
use aeee.ztvd_ logic _unsigned.all;
entity p20 4is
port {
= _clk : in =ed_logico:='0"';

= oclkl : out =td_logiws

end pIZn ;

archatecture rtl of p20 iz

2ignmal count @ integer range 0 v S500 :=0;
began
pr:::zzfswclk,count)
begin
if (z_aolk’® event and =x_clk="1"') then
if count<22 then

count<=counric+1;
s olkle="1";
elssif count=5E500 then

= olkl<=T'Q"

count<=0;

s_olkl<s="0"7;

count<=couritc+l;
end 4if;

end if;

end process;
end r+tl;

3 6.13 Mdslunisfmuarisnasvesdynia 16
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6.3.1.3 ndyui 18R Gate o IW 1Adya1um) Data Sheet

PP
§_CLK S_CLK1 et
|} XOR_GATE . | -
R RS ~a o ;.JUT?UT oy
: pea e
—5_CLK S_ELKL= 3
2,
7M1 6.14 Block Didgram ¥03da 1w 16

6.3.1.4 1319113 Simulator vz IAdo M Aag1iH 6.15

Rel. [13227us Pl Tie. [BE20us | tolemak 3013y - |

1.3227us
Value: 625 Ons 12588 1875us 2.5u8 212503 31 75us 4 37503

e LT e AT ARy

s 1
2P v F=
<» P2 n _m

to 00 T T T

oon |0 AFIUTUTUS » .

31U 6.15 WAN3 Simulator YOI TG

o

A o & -
oinouiudye 1014 Data Sheet 49 t12 3 Min = 3000ns Max = 50000ns

. L4 é l; U U
Tavaunarluns Simelator 11190 3.2013us Faudulaudoyalu Data Sheet Taghigindian

Min uaz liifua) Max

6.3.2 NM39ONUUUT YUY Phase 1 11T Phase 2
21N90Y0 Data Sheet AQyTY 104D Phasc | A Phase 2 xlimuaumnioununn

Uszmsnmlszms ualifgaruiindurany Tasnanmszmiousumsesnuuudyau TG



70

6321 HIMSMMUATNNIIUYDITYYIUYDI Phase 1 1182 Phase 2 lanidoy

TUsunsudiemun VHDL #a31i 6.16

library ieesees;
use decee.std_ logic_1154.=11;
use sreme.=ztd_ logic _aravch.all;
nse sjeee.s=td logic_un=igned.zll;
entity pZE i
porct (
= clk > an =vd_logic:='0";

= _olkl 1 ent std logiw

end p2Z535

archivesture retl of pod i

zignal Sount ;1 iAnteger range © o S500 =0;
begin
preoecess (s _olk, count)
begin
if (2 _oclRk’ event sand = oclk=1" then

1 count<l then
count=~count+l
s oclkiI<=T1";

elzxif zount=TSS500 thearn

= clki<="0";;
count<=0 ;
el se

s clklI<="0";

count<=count+1
en- 4if;

end 4if;

end process;

end rtl;

2 o & . 4 v
31U 6.16 M lumsfimunnuvosdynu Phase |
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6.3.2.2 AIMIMAUATINVIDIVOITYYIVUUDY Phase 1 118T Phase 2 lauidion

Tsunsudrunyt vEDL il 6.17

library ieee;
use iece.std logico_1164.al1l;
use deee.std logic _aristh.all;
use jieece.std logic unsigned.all;
entity p22 4is=
Fort(
s _<lk : an sevd logac:='0"';

s_olkl : out »td_ logic

end p22 ;

archicecture rtl of p2Z2 aw

zignal count @ integer range 0 to 5500 =0

begin

proce=ss (= olk, count)

began
a £ (=_eclk’' event and =_=lk="1") then
1if counc<<iIZ? then
count<TSoount+l
s clkl<='1"';
el=s3if count=5500 then

5 _oclklg='0";

count<=0;
el=e

= <clkl<='0";

count<Icount+l;
end if;

end if£;

end process -
end rtl;

31 6.17 Mdslunshvuaviasvesdoy o Phase |
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library ieee;
use jieece.=td leogic_ 1154.al1ll;
use ieee.=td_logic_arith.all;
use jieee. std logic_unsigned.xmll;
entity p2 4is
port (
= olk : ain std _logioc:='07;

s _olkl : out std_ logiw

end p3 ;

architcecture rtl of p2 Ais

signal count : dinteger range 0 to 5500 :=0;

begin

process (s clk, count)

begin
if (snclk' evernt and =_alk=‘l’) then
1f count<d then
countLTocount+1l ;
= clkl<="1";

el=xif count=5500 then

= clkl<='0D";

count<=0;
else

= elklx="0";

count<=gounc+l;
end i1f;
end 4f£;

and process;
end rtl;

i 621 Mmdslumsdmuasniuvesdya o RB
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6332 MmsMruasinnawesdny ool RB Taswou Tlsunsudisniun

VHDL A931/1 6.22

lLirary 26

ure ieoee . sctd logic  1L1IS4.a&1 0L
vse dsese sctad logic mrivth . =z
LUSe deee  std dlogacs un=igrnedcd. all;

entitvcy p23 L=
port (

oo e

= olk = Edn
= Sikl @ owus
b
end p23
Aarchaivecohnure ol of pER&3 &
rigriml oowunt I dnNntecge
bewsin

proTess (= olk, count)

bLegdin

a £ fm oAk " ervent &and

Af ocounoc<e?

ocount €T oo+ 1

chen

=td logis-=T"07
std logio

=

-

& ekl <="*131"

el=53Ff Douuntt="55900 wlien

P

= _ clk1lI<="07T »
WMt < 0 ;

e=leme

= odlkla®=t gt o

count<Tocount+l 7

encd 4 €
and i€

Erncl process;
end el
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6.7.2 miudasntm Logic tfumw VHDL

5
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- j" ALITUNLIE

3111 6.47 29939 1A 1NN W1 Logic

$79£1392995N1TUn 1M1 VHDL : 2993 Counter

library 1EEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

---- Uncomment the following library declaration if instantiating
---- any Xilinx primitives in this code.

--library UNJSIM;



--use UNISIM.VComponents.all;

entity counter9999 is

port (

end counter9999;

clk : in std_logic;

reset_n : in std_logic,

Digit0 : out std_logic_vector(3 downto 0);
Digitl : out std_logic_vector(3 downto 0);
Digit2 : out std_logic_vector(3 downto 0);

Digit3 : out std_logic_vector(3 downto 0)

architecfurc Behavioral of counter9999 is

signal digit0_reg :

signal digit} reg

std_logic_vector(3 dowato 0);

: std_logic_vector(3 downto 0);

signal digit2 reg :

signal digit3 reg:

std_logic_vector(3 downto 0);

std_logic_vector(3 downto 0);

signal clkO _reg : std_logic;

signal clk1 reg: std logic;

signal clk2_reg : std_logic;

94



begin

-- Digit 0 --
process{clk,reset n)

begin

if(reset_n ='0")then

digitd reg <= (others=>'0");

clk0 reg <="0%

elsif{rising_edge(clk))then

if{digit0 reg < "1001")then
digit0_reg <= digit0_reg +'1";
else
digith _reg <= (others=>'0'};
clkO reg <= not clk0 reg;

end if;

end if:

end process;

-- Digit 1 --

process(clkQ_reg,reset_n)

95



begin

iflreset_n ='0'}then

digit] reg <= (others=>'0");

clkl reg <='0";

elsif(rising_edge(clkO_reg))then

ifldigitl _reg < "1001")then

digit] _reg <= digitl_reg +'1";

else

digit]l_reg <= (others=>'0');

clkl_reg <= not clkl _reg;

end if;

end 1f;

end process;

- Digit 2 -

process(clkl_reg,reset n)

begin

iflreset_n ='0')then

digit2 reg <= (others=>'0"),

96
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clk2 reg <='0"

elsif{rising_edge(clkl_reg))then

if(digit2 reg < "1001")then

digit2_reg <=digit2 rcg +'l’;

else

digit2_reg <= (others=>0");

clk2_rcg <=not clk2 reg;

end if;

end if;

end process;

-- Digit 3 --

process(clk2_reg,reset_n)

begin

if(reset_n = '0")then

digit3_reg <= (others=>'0');

elsiflrising_edge(clk2 reghithen

if(digit3 reg < "1001")then

digit3_reg <= digit3 reg +'I";
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DATA SHEET

| NEC/ MOS INTEGRATED CIRCUIT
uPD8861

5400 PIXELS x 3 COLOR CCD LINEAR IMAGE SENSOR

DESCRIPTION

The ;PDB8B61 is a color CCD (Charge Coupled Device) linear image sensor which changes optical images to
electrical signal and has the function of color separation.

The uPD8861 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 tevel clamp circuits and voltage amplifiers. Therefore, it is suitable for 600 dpi/A4 color
image scanners, color facsimiles and so on.

FEATURES

« Valid photocell  : 5400 pixels x 3
» Photocell pitch  :5.25 um

« Photocell size  :5.25 % 5.25 um’

¢ Line spacing 142 um (8 lines) Red line - Green ling, Green line - Blue line
e Color filter : Primary colors (red, green and blue), pigment filter {with light resistance 10’ Ix=hour)
¢ Resolution : 24 dot/mm A4 (210 x 297 mm) size (shorter side)

600 dpi US letter (8.5" x 11"} size {sherter side)
¢ Drive clock level : CMOS output under 5 V operation
= Data rate : 6 MHz Max.
« Power supply +12V
» On-chip circuits  ; Reset feed-through level clamp circuits
Voltage amplifiers

ORDERING INFORMATION

Part Number Package

uPD8861CY CCD linear image sensor 22-pin plastic DIP (10.16 mm (400))

The information in this document is subject to change without notice. Before using thie document, please
confirm that this Is the latest version,

Not all devices/types available In every country. Please check with local NEC representative for
availability and additional information.

Document No. $15167EJ2V0ODS00 (2nd edition) The mark % shows major revised points.

Date Published June 2001 NS CP (K) © NEC Corporation 2000
Printed in Japan
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NEC

1 PD8861

PIN CONFIGURATION (Top View})

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

« uPD88B1CY

Qutput signal 3 (Red)

Ground

Reset gate clock

Reset feed-through tevel clamp clock
Last stage shift ragister clock 1

No connection

No connection

Shift register clock 2

Shift register clock 1

Transfer gate clock 3
(for Red)

Ground

PHOTOCELL STRUCTURE DIAGRAM

/
Vour3 l 1 22,
GND lz T 21]
#R8 E 20}
#CLB E 19
@1l E 18!
NC | 6 P 17|
OREHE
NG | 7 G 16'
42 | 8 15|
1 |9 14|
$TG3 |10 sla g 13'
(=] (=]
I3 B
GND |11 12|

Vour2

Vour1

Voo

NC

NC

NC

NC

p2

$1

$TGA

$TG2

Qutput signal 2 (Green)

Output signal 1 (Blue)

Output drain voltage

No connection

No connection

No connection

No connection

Shitt register clock 2

Shift register clock 1
Transter gate clock 1
(tor Blue)

Transtfer gate clock 2
(for Green)

PHOTOCELL ARRAY STRUCTURE DIAGRAM

5.25 um
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7T

(Line spacing)

525 umi Blue photocell array
8 lines
{42 pm)

5.25 um¢ Green photocell array

Channel stopper T :

8 lines
(42 pm)

5.25 pm1 Red photocell array
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NEC 1 PD8861
ABSOLUTE MAXIMUM RATINGS (Ta =+25°C)
Parameter Symbol Ratings Unit
QOutput drain voltage Voo -0.3t0 +15 v
Shift register clock voltage Vo, Vg2, VoL -0.3t0+8 \%
Reset gate clock voitage Vern —0.3tc +8 v
Reset feed-through level clamp clock | Vscie -0.310+8 v
voltage
Transfer gate clock voltage Vera: 1o VeTas -03to +8 A
Operating ambient temperature Ta 0 to +60 °C
Storage temperature Tstg -40 to +70 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter, That is, 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 Symbol Min. Typ. Max. Unit
Qutput drain voltage Voo 11.4 12.0 12.6 \"
Shift register clock high level Vo1H, Veon, Vein 4.5 5.0 5.5 v
Shift register clock low level Ve, Vea, Verw -0.3 0 +0.5 v
Reset gate clock high tevel Ve reH 4.5 5.0 5.5 v
Reset gate clock low level VorBL -0.3 0 +0.5 v
Reset feed-through level clamp clock | Vecien 45 5.0 55 v
high level
Reset feed-through level clamp clock | VecieL -03 0 +0.5 v
low level
Transfer gate clock high level Voratk to VetasH 45 Vo™ Voo v
Transfer gate clock low level VteiL to VgTtaaL -0.3 0 +0.3 v
Data rate fora -~ 1.0 6.0 MHz

Note When Transfer gate clock high level (Vata1d to Vetasn) is higher than Shift register clock high level (Vg 1),

image lag can increase.
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ELECTRICAL CHARACTERISTICS
[TA = +25°C, Voo = 12 V, data rate (fsre) = 1 MHz, storage time = 5.5 ms, input signal clock = 5 Vpp,

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

)

Parameter Symbeol Test Conditions Min, Typ. Max, Unit
Saturation voltage Vsat 2.0 25 - v
Saturation exposure Red SER - 0.420 - Ixes
Green SEG - 0.429 - ixes
Blue SEB - 0.739 - Ix*s
Photo response non-uniformity PRNU | Vour=1.0V - 6 20 %
Average dark signal ADS Light shielding - 0.2 20 mV
Dark signai non-uniformity DSNU | Light shielding - 1.5 5.0 mV
Power consumption Pw - 360 540 mwW
Qutput impedance Zo - 0.35 1 kQ
Response Red Ra 4.15 5.94 7.72 V/ixes
Green Re 4.07 5.82 7.57 V/ixes
Blue Rs 2.36 3.38 4.39 Vixes
Image lag IL Vour=1.0V - 1.5 7.0 %
Ofiset level ™" Vos 4.0 5.5 7.0 v
Output fall delay time "** to Vour=10V - 25 - ns
Total transfer efficiency TTE Vour = 1.0 V, data rate = 6 MHz 92 98 - %
Response peak Red - 630 - nm
Green - 540 - nm
Biue - 460 - nm
Dynamic range DR1 Vsa/DSNU - 1666 - times
DR2 Vsa/ cCDS - 2777 - times
Reset feed-through noise """ RFTN | Light shielding 0 750 1500 mv
Random noise (CDS) cCDS | Light shielding, bit clamp mode - 09 - mv

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

Data Sheet $15167EJ2V0DS
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INPUT PIN CAPACITANCE (Ta =+25°C,Vop =12V)

Parameter Symbol | Pin name | Pin No. Min. Typ. Max. Unit

Shift register clock pin capacitance 1 Cet ¢1 9 - 300 - pF
14 - 300 - pF

Shitt register clock pin capacitance 2 Ce2 ¢2 8 - 300 - pF
15 - 300 - pF

Last stage shift register clock pin capacitance CoL $iL 5 - 10 - pF
Reset gate clock pin capacitance Csne ¢RB 3 - 10 - pF
Reset feed-through levei clamp ciock pin capacitance | Csows ¢CLB 4 - 10 - pF
Transfer gate clock pin capacitance Cste $ TG 13 - 100 - pF
¢ TG2 12 - 100 - pF

o TG3 10 - 100 - pF

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

6 Data Sheet S15167EJ2VODS
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TIMING CHART 1 (for each color)

AN

#TG1 1o 9 TG3

4 TfMMﬂJTMJMJ

92

pL

= =

S ==

==
=
=S
=

L—1E§l—ﬁ

#RB

e e
¢CLB “ ” | | ” n " I “ ” i “ ” | “ ” i ” ” ” ” “ l H “ ” ‘ ” ” “ n ” “ ” ’ ” 1 ” ” ” “ “ ” ” “
(Bit clamp mode) | : {

! ! %) N R
T 1 1
#CLB
(Line clamp mode) 7 =

O d DO~ O0OMm

- - 208888

ramtwonon Cr 2T R b I b S S

Vourl to Vourd JLIL__, JRJLJLJHJWJWJWJWJWJW Ly
| , 1
1 | I I 1
| Optical black ! | Valid photocelt ‘ :
3 N | 1 1
' (49 pixels) ' ! (5400 pixels) ' ‘
1 | ! 1 |
r ) . ! 3 ! !
r ¢ " T (g T 1
Invalid photocell Invalid photocell

(2 pixels) (3 pixels)

Note Set the ¢ RB and ¢ CLB (Bit clamp maode) to high level during this period.
And stop the ¢RB pulse while the ¢ CLB pulse is low level at line clamp mode.

Remark Inverse pulse of the ¢ TG1 to ¢ TG3 can be used as ¢ CLB at line clamp mode.

1988ad




NEC 11 PD8861

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

t1

1 90%
¢ 10%
90%
. 10% 7
t1'
90%
iL
¢ / 10% \k
5 g ® ta
) |
8 90% -
¢ 10%
7 19 18 110
] | tn
CLB 90%
¢ 10%
td
Vour
10%
hrsd
Symbol Min. Typ. Max. Unit
11, 12 0 25 - ns
', t2' 0 5 - ns
t3 20 200 - ns
t4 40 300 - ns
15, t6 0 5 - ns
17 -5 " 50 - ns
18 35 200 - ns
tg9, t10 Q 5 - ns
t11 10 50 - ns

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

90%
¢AB

»CLB 80%

8 Data Sheet S15167EJ2V0DS



TIMING CHART 3 (Line clamp mode, for each color)
t1 12
/ 90% 3 { \
1
¢ 10% /
90% 3
92 \ \ \
10% y K
1" 12
/ 90% 3 \
10
¢ 10% \( y
15 16
N 14
AB 90%
¢ 10%
#CLB H
td
—
Vour
10%
b2
Symbol Min. Typ. Max. Unit
11,12 0 25 - ns
11, 12" o 5 - ns
13 20 200 - ns
td 40 300 - ns
t5, t6 0 5 - ns
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TIMING CHART 4

$TG1 0 TG3

o1

2

¢1L

¢RB

¢CLB
(Bit clamp mode}

¢CLB
{Line clamp mode)

t13 t12 t14

90% 3‘\
10% (

116

t15

t17 Note 1 118
=
\/ o VLV
17 11
——741-4-—
AVARRREAY. \J \/
122 ] 20,1 Note 2 21 123
90% Y 4
10% ;rj
19 119 t10
Symbaol Min. Typ. Max. Unit

t7 g s 50 - ns
19,110 0 5 - ns
t11 i0 50 - ns
112 3000 10000 50000 ns
113, 114 o] 50 - ns
115,116 200 1000 - ns
t17, 118 200 400 - ns
119 t12 t12 50000 ns
120, 121 0 50 - ns
122, t23 "] 350 - ns

Notes 1. Set the ¢ AB 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, $2 cross points

@1

¢2

¢1L, ¢2 cross points

¢2
; ; 2.0 V or more >L_ 0.5 V or more

oL

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

Data Sheet S15167EJ2V0DS 11
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DEFINITIONS OF CHARACTERISTIC ITEMS

1. Saturation voltage : Vsat

Output signal voltage at which the response linearity is lost.

2. Saturation exposure : SE

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

3. Photo response non-uniformity : PRNU
The output signal non-uniformity of ail the valid pixels when the photosensitive surface is applied with the light
of uniform illumination. This is calcutated by the following formula.

PRNU (%) x 100

_ AX
T x
4x : maximum of x - |

5400

2%
j=1

5400
¥ . Qutput voitage of valid pixel number j

?:

Vour ——p—q - — -

xi

Register Dark

DC level A ﬂ ﬂ

4. Average dark signal : ADS
Average output signal voltage of all the valid pixels at light shielding. This is calculated by the following

formula.
5400
2
ADS (mV) = ——
5400

d; : Dark signal of valid pixel number j

12 Data Sheet $15167EJ2VODS



NEC 1 PD8861

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

lines) data sampling at dark (light shielding). dCDS is calculated 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
“VDi".

3. The output level is measured during the:video output time av:éraged over 100 ns to get “VOI™.

4, The correlated double sampling outp;:m is defined by the f_bllowing formula.

VCDSi = VDi — VGi iy

5. Repeat the above procedure (1 to 4) forf"ioo times (= 100 Iiné’s).
6. Calculate the standard deviation cCDS Ussing the following fatmula equation.

100

_ 100
i‘; (vVebs -V - - 1Y veps

i=1

oCDS (mV) =
100

l Reset feed-through |

14 Data Sheet S15167EJ2VODS
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STANDARD CHARACTERISTIC CURVES (Nominal)

DARK OUTPUT TEMPERATURE
CHARACTERISTIC

8_
41

&

8 2

G

>

2

5 [Ty

s} \

® I

2 I

I 05 |

1)

= |
|

0.25 |

|
|
|
|
|
1 ! L

0.1 v L
0 10 20 30 40 50

Operating Ambient Temperature Ta (°C)

-

Relative Output Voltage

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

1
I
1
1
1
|
1
[}
|
1
1
1
1
:
0.2 |
|
|
I
t
]
:
5

0.1
1 10

Storage Time (ms}

TOTAL SPECTRAL RESPONSE CHARACTERISTICS

(without infrared cut filter and heat absorbing filter) (Ta = +25°C)
100

H/\—-\

/
/

80 |-

60

40

Response Ratio (%)

/
/
/
|
/
f
|
/
/
/

20

400 600

Wavelength (nm)

700
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NEC 1. PD8861

APPLICATION CIRCUIT EXAMPLE

+5V

——

f i uPD8861 |
1 _/ 22 \/
10uF16V 0.1 uF 3 Vour3 Vour2 B O
U u }/’ oy
2 21
R GND Vouri BI>—+—0
| ' 470
! ’ 3 20
oFB O ' > —A #RB Voo j_ '
1 ! +
3CLB ; | ara 4 19 +5V
9CLB O w A\ oCLB ‘NG l
! I
| ;1500 0.1 uF 10 uF18V
5 18 AuF 10p
| >C —ANy piL NG
| ! ‘
‘ | 6 17
: 3 NC NG _L %+
! I
j ! 7 16 1
! NG NC N . 0.1 4F 10uFABV
—_ : 479 | 4 5 | 479 !
o2 O ; > —A\Wy @2 92 AM— < |
! | | !
l 47| g 14 | 4789 | _
; —Wy ¢1 91 AMA— | O ot
1 ! ' t
: . PTG3 ¢ TG1 MA— ; O ¢TG
| : 100 | |
******* 11 12 ‘
v{ GND 9 TG2 W— < -
] '
[ ]
T l

Remark 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

+
47 uF/25v

100 (1

cch 100 Q2

Vour

250945

16 Data Sheet S15167EJ2V0DS
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PACKAGE DRAWING

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

(Unit : mm)
1bit
- = 0.5x03
o S O O s O O O A O s I .
«
ot 9
D | ] oy g”
(o))
| 5 O 5 [ A 6 8 8 !
. 37.5 .
. 44.0£0.3 _
10.16
|
'
! i
i i
(5.42)
- - 1.02+£0.15 254 ~
4.21£0.5
-~ 0.46x0.1 4.39+0.4
25.4
Name Dimensions Refractive index
Plasticcap  42.9 x8.35x 0.7 2 15

¥1 The bottom of the package - =~ The surface of the chip

%2 The thickness of the cap over the chip

22C-1CCD-PKG6-1
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NEC 11 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 difterent conditions, please make sure
to consult with our sales offices.

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

Type of Through-hole Device

u PDB8861CY : CCD linear image sensor 22-pin plastic DIP {10.16 mm (400))

Process Conditions

Partial heating method Pin temperature : 300 °C or below, Heattime: 3 seconds or less (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 Sheel S15167EJ2v0DS
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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 be degraded if the cap is scratched during
cleaning.

We recommend cleaning 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 muitiple cleanings it is recommended that a clean surface or cloth be used.

(2 RECOMMENDED SOLVENTS

The following 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! Alcohol EtOH
Methyl Alcohol MeOH
Isopropyl Alcohol IPA
N-methyl Pyrrolidone NMP

Data Sheet $15167EJ2V0DS
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[MEMO]
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[MEMO]
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[MEMO]
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NOTES FOR CMOS DEVICES

() 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 generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier 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 notbe touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

(2 HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
tothe 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 NMQS devices. Input levels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does neot necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/O settings or contents of registers, Device is not initialized unti! the
reset signal is received. Reset cperation must be executed immediately after power-on for devices
having reset function.

Data Sheet S15167EJ2VODS 23
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The information in this document is current as of June, 2001. The information is subject to change
without notice. 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 available in every country. Please check with an NEC sales representative for
availability and additional 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.
NEC does not assume any lfability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document 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 full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to 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 on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product befere using it in a particular
application.

"Standard"; Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, persenal electronic equipment
and industrial robots

"Special”: 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, life
support systems and medical equipment for life support, etc.

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, 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).
MBE 00. 4
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Philips Semiconductors Product specification
L |

Hex inverter 74HC/HCTO04
. . ]

FEATURES

» Output capability: standard
» loc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT04 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A. The 74HC/HCTO04 provide six inverting buffers.

QUICK REFERENCE DATA
GND=0V, Tamp=25°C; . =t,=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
teHL/ teLn propagation delay nA to nY C.=15pF; Vgc =5V |7 8 ns
C input capacitance 3.5 3.5 pF
Cep power dissipation capacitance per gate | notes 1 and 2 21 24 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp = Cpp x Vee2 x fi + % (C x Vo2 x f,) where:
fi = input frequency in MHz
fs = output frequency in MHz
T (CL x Vee? x fy) = sum of outputs
C\. = output load capacitance in pF
Vee = supply voltage in V

For HC the condition is V| = GND to Ve
For HCT the conditionis V,= GND to Ve~ 1.5V

N

ORDERING INFORMATION
See “74HC/HCT/HCU/HCMOS Logic Package Information”.

September 1993 2



Philips Semiconductors

Product specification

Hex inverter

7T4HC/HCTO04

PIN DESCRIPTION

PIN NO, SYMBOL NAME AND FUNCTION
1,3,59, 11,13 1A to 6A data inputs
2,4,6,8,10,12 1Y to 6Y data outputs
7 GND ground {0 V)
14 Vee positive supply voltage
o
g A Yo, ‘
3 1 4
sa by U E"cc 4 2A 2y
{3 7] av 3 22 =
v 3 04 [Tea o AA Y, Ll ~ 8
s 10§ 8Y
o [E: C?jq.n " BA §Y 0 17 10
ano [7] 2] v 12 84 LAY 13 1 12
TI8T404Y TZo0048 F-
roop4’. !
Fig.1 Pin configuration. Fig.2 Logic symbal. Fig.3 IEC logic symbol.

_LTA 1Y
_3] 2A 2r
__sb:lA Ir
_9 4A 4y
1118A 8Y
_13] (L 8y

TZNT404.1

Fig.4 Functional diagram.

1Isqute

Fig.5 Logic diagram
(one inverter).

September 1993

FUNCTION TABLE
INPUT OUTPUT
nA nY
L H
H L
Notes

1. H = HIGH voltage level
L = LOW voltage level



Philips Semiconductors Product specification

Hex inverter 74HC/HCTO04

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMQOS Logic Family Specifications”.

QOutput capability: standard
lcc category: SSI

AC CHARACTERISTICS FOR 74HC
GND =0 V; t, = t; = 6 ns; C = 50 pF

Tams (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | v,
+25 —40to +85 | -40to +125 (3) WAVEFORMS
min. | typ. | max. | min. | max. | min. { max.
tput/ toy | propagation delay 25 85 105 130 2.0
nA to nY 9 17 21 26 ns 4.5 |Fig.6
7 14 18 22 6.0
trut/ triw | output transition 19 75 95 110 20
time 7 15 19 22 ns 4.5 |Fig.6
6 13 16 19 6.0

September 1993 4




Philips Semiconductors Product specification

Hex inverter 74HC/HCTO04

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability: standard

lce category: SSI

Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alce per unit, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
nA 1.20

AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns; C. =50 pF

Tamb (°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT |y
+25 -40to +85 | —40to +125 (‘3;’ WAVEFORMS
min. | typ. | max. | min. | max. | min. | max.
teul/ teLn | propagation detay 10 19 24 29 ns 45 |(Fig.6
nAtonY
tthl/ ttun | output transition 7 15 19 22 ns 45 |Fig.6
time
AC WAVEFORMS
aA INPUT vy
.—ImL - tp
nY QUTMUT Ve [t]]
(1) HC :Vu=50%;V,;=GNDto Vee =
HCT: Vy=13V;Vi=GNDto 3V 7200048 'THL -— -tTLH
Fig.6 Waveforms showing the data input (nA) to data output {nY) propagation delays and the output transition
times.
PACKAGE OUTLINES

See “74HC/HCT/HCU/HCMOS Logic Package Outlines”.

September 1993 5




LM160/LM360

General Description

The LM180/LM360 is a very high speed differential input,
complementary TTL output voltage comparator with im-
proved characteristics over the pA780/pAT60C, for which it
is a pin-for-pin replacement. The device has been optimized
for greater speed, input impedance and fan-out, and lower
input offset voltage. Typically delay varies only 3 ns for over-
drive variations of 5 mV to 400 mVv.

Complementary outputs having minimum skew are provided,
Applications involve high speed analog to digital convertors
and zero-crossing detectors in disk file systems.

&National Semiconductor

May 1999

High Speed Differential Comparator

Features

m Guaranteed high speed: 20 ns max

Tight delay matching on both outputs
Complementary TTL outputs

High input impedance

Low speed variation with overdrive variation
Fan-out of 4

Low input offset voltage

Series 74 TTL compatible

Connection Diagrams

Matal Can Package

TOP VIEW
050057074

Order Number LM160H/883 (Note 1) or LM360H
Sea NS Package Number H08C

Note 1: Also available in SMD# 5962-8767401

Dual-In-Line Package

v ouT1  oUT2  GND

[ ) ] 15

] ? ) Il

NC [CE T Y v
TOP VIEW

DS00S707-5

Order Number LM360M or LM360N
See NS Package Number MOBA or NOBE

© 1999 National Semiconductor Corporation DS005707

www.national.com
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Absolute Maximum Ratings {Notes 6, 8) Storage Temperature Range -65°C to +150°C
If Mifltary/Aerospace specified devices are required, Lead Temperature
please contact the National Semiconductor Sales Office/ (Soldering, 10 sec.) 260°C
Distributors for availability and specifications. Soldering Information
Positive Supply Voltage +8vV Dual-In-Line Package
Negative Supply Voltage -8V Soldering {10 seconds) 260°C
Peak Qutput Current 20 mA Small Qutline Package
Differential Input Voltage 15V Vapor Phase (60 seconds) 215°C
Input Voltage VeV Vo Infrared (15 seconds) 220°C
ESD Tolerance (Note 9} 1600V See AN-450 “Surface Mounting Methods and Their Effect
Operating Temperature Range on Product Rellsautr);gtg; frzra\l;)ﬁmegeragg;ods of soldering
LM160 -55°C to +125°C
LM360 0°C to +70°C
Electrical Characteristics
(TM|N < TA < TMAX)
Parameter Conditions Min Typ Max Units
Operating Conditions
Supply Voltage V" 4.5 5 6.5 v
Supply Voltage V™ -4.5 -5 -6.5 v
Input Offset Voltage Rg < 20082 2 5 mv
Input Offset Current 0.5 3 WA
Input Bias Current 5 20 WA
Output Resistance (Either Output) Vour = Vou 100 Q
Response Time Ta = 25°C, Vg = 15V (Notes 2, 7) 13 25 ns
T, = 25°C, Vg = 25V (Notes 3, 7) 12 20 ns
Ta = 25°'C, Vg = 5V (Notes 4, 7) 14 ns
Response Time Difference between Quiputs
{toa OF *ViN1) = (tpg Of =Ving2) Ta = 25'C (Notes 2, 7) 2 ns
(toa OF +ViN2) = (tog Of =Viny) T, = 25°C (Notes 2, 7) 2 ns
(tpg Of +Ving) = {tog Of +V o) Ta = 25°C (Notes 2, 7) 2 ns
(tpa OF =Vin1) = (o Of =V N2) T, = 25°C (Notes 2, 7) 2 ns
Input Resistance f=1MHz 17 kQ
Input Capacitance f=1MHz 3 pF
Average Temperature Coefficient of Rg = 50Q 8 uvrce
Input Offset Voltage
Average Temperature Coefficient of 7 nASC
Input Offset Current
Common Mode Input Voltage Range Vg = 16.5V 14 145 v
Differential Input Voltage Range 15 \
Qutput High Voltage (Either Cutput) lout = =320 pA, Vg = 4.5V 24 3 \Y
Output Low Voltage {Either Qutput) tgivk = 6.4 mA 0.25 04 \
Positive Supply Current Vg = 6.5V 18 32 mA
Negative Supply Current Vg = 6.5V -9 ~16 mA
Note 2: Response time measured from the 50% point of a 3¢ mVp-p 10 MHz sinuscidal input to the 50% point of the output,
Nota 3: Response lime measured from the 50% point of a 2 Vip-p 10 MHz sinusoidal input to the 50% paint of the outpul.
Note 4: Response lime measured from the start of a 100 mV input step with § mV overdrive to the time when the output crosses the logic threshold.
Nota 5: Typical thermal impedances are as follows:
Cavity DIP (J): B 135°C/W Header (H) B 165°CIW (St Air)
Molded DIP (N): 8a 130°CW 67 CIW (400 LF/min Air Flow)
fic 25 W
Note 8: The device may be damaged if used beyond the maximum ratings,
Note 7; Measurements are made in AC Test Circuit, Fanout = 1
Note B: Refer ta RETS 160X for LM160H, LM160J-14 and LM160J military specifications.
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Electrical Characteristics (continued)

Note 9: Human body modal, 1.5 kil in series with 100 pF.

Typical Performance Characteristics
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AC Test Circuit

outPutT  TO V'

INPUT 2 OUTPUT 2
iy OV
INPUT 1 N9
914
N4
05005707-3

Vin=150 mV  FANOUT=1 FANOUT=4
r=+5V R=2.4k R=630Q
v =-5v C=15pF  C=30 pF
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Schematic Diagram
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Physical Dimensions inches (millimeters) unless otherwise noted

- 0.350-0.370
{8.890—9.398)
DIA B
e 0.315-0.338
{8.001 —8.509)
MAX
1 0.025
0.165-0.185 | O] \I.IIEN:;J:'II':DLLED
{4.191 - 4.699) j

Y v
REFERENCE PLANE ji‘ﬁs:rﬂ'ﬁﬂ'ﬂ_:'f_‘ f— fv_i ~ -SEATING PLANE
osn 253 sou-ace
(12.70) MAX :

_»l l* 0.016-0.19 DA TYP

{0.405 -0.4683)

0.195-0.205 DIA
4953 -5.207) PC.

0.100
{2.540)

!
0.029-0.045
{0.737-1.143)
0.026-0.034
{8.731 -0.664) \//<

45° EQUALLY

TYP —

0.115-0.145
(2.921~ 2,603}
0IA

SPACED HOBC (REV E)
Metal Can Package (H)
Order Number LM160H/883 or LM360H
NS Package Number HOBC
_ 0.183-0.1%7

" {4.800 - 5.004)

REEE:

U.228-0.244
{5.791 —6.198]
0.010 max
——-—-—) i0.254)
1
o

f

LEAD ND. 1 2
IDENT )
0.150—0.157
Qs0-3.008 |-
0.053—0.069
0.010-0.020 o —_———
{0.254 0.508) xasTe (lae-1.753
' ' 82 MAX TYP 0.004 0010
ALL LEADS {0.102-0.254)
. 1
=
} oo A ) 1
(0.102) ! 0.014
gooa-0m0 e Tee 0.016—0.050 e A 0.014 -0.020 ryp
{0.203-0.254) — Q—m .21y 0.008 (0.356 —0.508)
TYPALL LEADS TYP ALL LEADS A (d (ulzm’wp i I

Molded Dual-In-Line Package (M)
Order Number LM360M
NS Package Number MOBA

www.national.com 6



Physical Dimensions inches (millimeters} unless otherwise noted (Continued)
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Dy
- - 0.080
2,050 (1.524)
050 | ,
(1.270) NOBE (REY F)

Molded Dual-In-Line Package (N)
Order Number LM3E0N
NS Package Number NOBE

LIFE SUPPORT PCLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

dojesedwo) |epualtayiqg paads YB6IH 09EINT/09LINT

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose failure to perform
can be reascnably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

ol

National Semiconductor National Semicenducter

National Semicenductor Natlonel Semicenductor

Corporation Europe Asia PacHlc Customer Japan Ltd.
Americas Fax: +49 (0) 1 BO-530 85 BB Responsse Group Te!: B81-3-5639-7560
Tel: $-800-272-9959 Email: aurope.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Emaii: sea.suppon@nsc.com
Frangais Tel: +43 (0) 1 80-532 63 58
ww _national.com ltaliang  Tel: +49 (0) 1 80-534 16 80

National does ol assume any responsibility for use of any circuitry described, no circyll patent licenses are implied and National reserves the right at any time without natice Io change said circuitry and specifications.
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