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Abstract

The idea of inventing rice a machine for rice contaminate detection using image processing
originates from the fact that rice is one important product of Thailand. It can be exported, making
a lot of money to the country each year. However, one thing that devalues the standard of rice
products is the adulteration in rice. It is, thus, needed to sort out such adulteration using the least
time in the sorting-out process. With this reason, this detector is devised.

A machine for rice contaminate detection using image processing detects the image of
rice kernel and adulteration that are passed through CCD detector. The signal from CCD is then
processed by AD 9822 1C Signal Processor. After that, the signal is sent to FPGA, which is
programmed to divide and count in order to send the signal to the blower-control circuit so that

the blower valve can blow the adulteration that are in the rice kernel.
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3.2.3 Programmable
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- SRAM Based FPGA
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ENTITY component_name IS
Input and output ports
Physical and other parameters

END [component_name] ;

[declartion]
EEGIN

END [identifier];

ARCHITELTURE identifier OF component_name IS

specification of the functionality of the component
in terms of its input lines and as influenced
by physical and other parameters
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CLOCK
A Packaged

Component

en ——hn

e clk

END clock_nave;

ENTITY clock_component 1S
PORT {en :IN BIT;ck : OUT BIT}
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ARCHITECTURE Lehaviord OF clock_component IS

BEGIN
PEOCESS
VARTABLE periodic : BIT := 0%
BEGIN
IFen='1' THEN
periedic ;= Not periedic;
END IF;
ck <= periodie
WAIT FOR 1 US
END PROCESS;
ENDbehavioral
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PACKAGE package_name IS
Package deciarative_port
END package_name;
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PACKAGE BODY package_name IS
deciarative part
END pockage_name:
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COMFIGURTRION identifier @F entiry_name IS
Contiguretion deviarative_part
END :
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TYPE byte IS ARRAY (7 DOWNTO 0} OF BIT:

PROCEBURE byte_to_integer (ib : IN byte: oi :+ OUT INTESER) IS
VARIABLE result: INTESER =0
BEGIN
FORIINO TO 7 LOOP
IF ib() = '1' THEN
result = result + Z**i;

EHND IF:
END LOOP:
oi = result:

END byte_to_integer
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FUNCTION f (o b, c:BIT) RETURN BIT IS
VARIABLE x:BIT:

BEGIN
x 1= (NOT @) AND (NOTb) AND ¢);
RETURN x

END f;
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. PREDEFIND OPERATORS

LOGICAL OPERATCORS ¢ NOT AND OR NAND NORXCR
OPERAND TYPE : BIT BOOLEAN
RESULT TYPE : BIT BOOLEAN

RELATIONAL OPERATCORS & = /=« «=3x
OPERAND TYPE: any type
RESULT TY¥PE: Boolen

ARITHMETIC OPERATORS ¢ + -/ ** MOD REM ABS
OPERAND TYPE : INTEGER REAL Physical
RESULT TYPE : INTEGER REAL Physicd

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

517 3.16 g utiunis 1 VEDL

y =

7)) AWAZANUNTDUWT B

ad = o [} .
Tureesdidnnseiindainssinng dezogluanmenSouniouaue (Always Active)
o A y Ay s s A

wazzdiFoaana lhwunedelunnqmgmsaiinadueue

o N Yo A gy Y w

vHDL Humuin ldsumseenuuvuuie Iaunsovssetsgd uuuuazamswesdu

yosnadmiumshanuvesgunsal ldodugndes msussoenisiauiegmelud i ves



40

asussersaarilaenssy szlinismiauiandounsSsaduaus vsoudua lusivadading

o 3| o ¥ o o & £ = (] 9 a )

Mg ludy guudduiridsiay Sanninaien Tuswsaednolulaseadafeaiu
< o o

N9 Tusivanvzhan lundoun fu dae

8) dyanuuazaunls

o W 4

Auanyal <= JWNSaImULasaInIsn

s =5 I & o o ot 9 U 1 Y a A

ﬁtytuu1muaﬂymzsﬂumu0umnawaﬁmniwalﬂumsmwmmE)yauasmsmmm
9 = 9y 9 o 1 Yo o 9/

AUV UNYIVDINIYNIT mﬂuﬂﬂﬂﬁmmtyﬂpm%ﬂ% |

1¥M1d9 AFTER e muagianalums deduaA1vesdae1al 1% w <=a AFTER 12 NS

g

wineiems fmuadidyaa a N0 w ndeninnar dwlyl 12 unTudui

o @ | o o~ LR v q
Tumaasstudulsiidnvaziiuadoudinani ldlumsdwiudoyauas lufios

'
L v

Y E - Y ¢ ey 0 o Y
VDI LI UVINUNYIVDINIY mmuﬂswgniﬁﬂumuﬂums‘mamsﬂuuuuamnmﬁmuiu

s

Hardu TnsGwoes uay Tuswe dmsumssmuaslndudualsee 1ddydnual: =



v

UNh 4

351 Usunsy Xilink-ISE 11990

41  THADUMSTOONUULISDIIL 4 HUUFI AT A8 21A9I909

51/71 4.1 299591 4 uupFalasila

a1.1) Aeuszldlalsunsa ISE Web pack a3 Folder Tvai¥e ch2sch (n5e¥opun

12y 1370 lastl ¢ S audSasuldan ISE Web pack Tasiiviinenouiames adnilu Star-

[]
=1

9
>Program->Xilink 9.2i->Project Navigator wSesuanany  [SE] ud9z 1dn e Xilink-
Y e
ISE 91n1uAaN File-> New Project udeg lanthang ng\i‘g‘ﬂ 4.1 (W?@ Dialog Box) New Project

Wizard



Ow n*m&
Sam WOM L

[} o ot
(L3703

Tt Prosect..
QrenEragple..,
Closs Rrojert

Sawn Frapch A,

INoTaus
T Wamings: Sioimrings
T wn 18 am OEBS30 2007

* Erroes:
{3‘ 108 Pumw»

- g"mﬁmﬂ : y ke * Updated:
* {A Crock Repat [
@Exm«;d\«lanmgs
£ Swttwsic Masvages
- 12} Tranuation Massages.
DM Henmn

Save 5.,
Sagwa AE

Tamber of Shows soaneriing ooty einted i
bt of Skt sontivwg srwelsted kgt

it TP i b [ Place ard Route Massages

[
8
= Humbe: ol bordod 108 [
i Rocsotfle k. Total wadivalont yets coont (or dowgn [} : .
@ Rerenkrojeds » Rdhonad TAR ok cori i At 2]
L :
& [}@C(«mae Pt’gamnk, Fla 8 ‘Enatle Enfrarved Dedion Sy

{3 Enstis Mesings Filsting

L1 Display ncrerental Messages
 Evhanced Desgn Summsty Contents
T3 Snows baoes
T Show Warings
L1 Show Faing Consraingz
L1 St Clock Rapant

B Fosesses

ot Dm;n Sumeay }

Srartad : “Laudcning Design Sunsary'.

“Xwgvm;. § rr,dn ter 3

b)

51/% 4.2 111919 Xilink-ISE



43

4.1.2) Ani1A1e New Project Wizard-Create New Project T¥RuAde C:\ch2sch 13 luves
] v b4 v
Project Location UAIRUNTD ex] Arfoq Project Name 1INUUAGHN Top-Level Source Type i

Schematic LARIRI31NA4.2.080 Next ud19g ldnhada ll

- Entera Neme and Logation forthe Projest
Project Name: e Project Location
E lexl . E %Cz\ch?.sch\em

- Select the Type of Top-level Source forthe Project- e oo 8

4.1.3) ‘ﬁﬁﬁlWiN New Project Wizard-Device Properties 1‘ﬁlﬂﬁﬂﬁd§,ﬂ‘ﬁ 44 “]d;ﬂuﬂﬁ
ponuUUiiz1Y FPGA 1183 XC35200-4TQ144C 1941111185 AFPGA Discovery-ITT XCS200F
ﬁ'\ufuﬁ'fmﬁﬂﬂmzqa (Family) Spartan3 wed (Device) XC3S200 q7%5?1Package HUU.5TQ144 U1
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. Se’!ec; the Device and Deaigl Flow tor the Praject

Spartan3
Package = Tanad
Speed

fop-LeveI Source Type - Scheratic
2 XST (WHDLV3iilog)
sk Smulstor WHDLYenlog]

o Enable Enhanced Design Surmmaty - [¥)
. [Enable Vessage ﬁf‘ied‘ggw -
Display incremental Messages = =[]

. Bewove

Cresting a rew soufce to add wihe pﬁ:iéct is optignal. Only e new soutce can be created with the New Project Wizard,
Addiional sources can be created and added to e project by.using the "Froject->New Sowce' command.

E xisting sources can be added on the next page.

More Info ’ [ < Back H Next> I { Cancel }

3 Ui 4.511111919 New Project Wizard-Create New Source
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4.1.4) 91n3) 4.5 Adnilu New Source U819z Iantiaradalal Auvo ex1 aslugoq

v H k4 v
File Name 4§7n @01 Schematic #ag1lfi 4.6 afin Next Bnnsaez lanthaeieg i 4.7 1asaudn

BN Next LAATN Finish #1829z 1AW1a19 Xilink-ISE AlFdmsunafnesdeglii 4.8

72, State Diagram
2] Test Bench WaveFum
=1 User Document
vl Veritog Module
il Verilog Test Fixtuie Eile name:
Bl VHDL Hodule —
[ VHDL Library lex
| P VHDL Package Location:

[ VHDL et Berch [CAch2schiexd

| AddSouce |

SawceFile - Sy S _ Copy to Project

Remove ¢

|
§
%
§

E -Adding ewistivg sources is oplional. Additional sources cat be added after the project is created using he "Project>ddd
Seurce’ of ‘Projget:>Add Copp of Sotree! commands:

3 Ui 4.7131819 New Project Wizard-Add Existing Source
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51071 4.22 MR IVARUANUNADY

4.1.11) snziimsadidnagoufiGendt Testbench o 1¥51a03n157911v04
Schematic #1319800UU1NNM1 VHDL luseduilafey (Functional Simulation) 910
Tdsunsugaelumsadralldnagey (Test Bench Waveform) 1nei51910 ABN Project fiuy
115 1800 New Source > Test Bench Waveform Iagfviua File Name: ex] tb
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L) Verilog Test Fisture

] VHDL Module
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‘VHDL Package
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File name:
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ESelect asource with.which to associaté the new source,

g‘ﬂﬁ 4.26 New Source Wizard-Summary

Tdsunsulfis i muasvewiafild lumssraesmsian Tagaeman Smuadail
Clock High Time: 50 ns

Clock Low Time: 50 ns

(Clock freq. Is 1/100 ns = 10 MHz)

Input Setup Time: 10 ns Output Setup Time: 10 ns Initial Length of Test Bench: 3000 ns
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Hem Symbol Min. Typ. Max. | Unit
$ROG, 1 pulse timing tl &0 a0 — ns
$ROG pulse high level period 12 3 5 — Hs
$ROG, ¢1 pulss timing 13 1 2 — Ms
$ROG pulse rise time t4 0 5 — ns
$ROG pulse fall ime t5 g & —_ ns
¢1 pulse rise timei$2 pulse fall time 6 0 20 — ns
¢1 pulse fall timeid2 pulse rise time t7 (H 20 — ns
¢RS pulse high level period 18 30 50™ — ns
$RS pulse rise time 19 0 20 — ns
$RS pulse fall time 10 0 20 — ns
Signal output delay time . — 50 — -

t12 — 20 — ns
GCLP puise high level period t13 40 100 — ns
HCLP pulse fiming asd 40 i — ns
t5 10 50 — ns
GCLP pulse rise time e 0 20 - ns
$CLP pulse fall ime 17 o 20 — ns

*1 These timing is the recommended condition under £ RS = IMHz.

311 5.1 ¥o3A Datasheet ILX548K

A

5.2 N1399NIUUINDT Drive CCD

52. NISRRNUUUAYYINM ¢ ROG

w

[ { [~ . 3
9InJoya Datasheet 1519¥WUNF1NAIATYYy I ¢ ROG Haoruziilu Hight 13

t 3 T b 4
FIUIAAWA 50 us TnodrFunadnuazduaEnUNBIaT ¢ ROG Taa1ue Hight 11

o

MUVOITYYIN @1, ¢2, ¢ RS, ¢ CLP elinisilasundasanldoiiedoants
pONUUUTYY Y JROG 1HudufuLsn T8 Tey

Y F1, ¢2, ¢ RS, ¢ CLP ludoya
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k4
52.1.1) MMsMruas9vuvesdyia ¢ ROG Tamsiaziimsdou

Tdsunsulaeldniu1 VHDL @il

library IEEE:

use IEEE.STD LOGIC 1164.ALL:

use IEEE.3TD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGMED.ALL:

kntity Py is
Port ( S_CLK : in STRh_LOGIC:='0Q';
S5_CLK1l : out STD LOGIC):
end pp;

architecture Behavioral of pp is
signal count : integer range 0 to 5500 :=0:
begin
process (s_clk,count)
begin
if (s _clk' event and s clk='1'] then
if count<6 then
count<=count+1;
s _clkl<g="'1"';
elsif count=5500 then

s clkle='0';

count<=0;
elze
3 clklic='0"';
count<=count+1;
end if;
end if;

end process;

T
o 4

1 9
319 5.2 Mdalumssimuanduvesdaaia ¢ ROG
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5.2.1.2) 1MTUIMMIMITUaYT I IveIdy I ¢ ROG Tassiaziiinmsdeou

TsunsuTaeldn1y1 VHDL feil

library IEEE:

use IEEE.STDALOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.3TD LOGIC UNSIGNED.ALL:

entity p20 is
Port ( S_CLK : in B3TD LOGIC:='0';
S_CLK1l : out 3TD LOGIC):
end p20;

architecture Behavioral of p20 is
Ssignal count : integer range 0 to 5500 :=0:
hegin
process (s _clk,count)
begin
if (s_clk' event and 8 clk='1'}) then
if count<22 then
count<=count+1;
8 clkig='1"';
elsif count=5500 then

s _clkl<='0";

count<=0;
else
5 _clkil<='0"';
count<=count+1;
end if;
end if;

3U7 5.3 Mrdelumssimuaasvesdayg i ¢ ROG
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52.2.1) Wimsfmuaseniuvesdygin ¢ 1 uazé 2laos19zwinsion

;-
TsunsuTneldn1u1 VHDL fail

library IEEE:

use IEEE.STD _LOGIC 1164.ALL;

use IEEE.3TD_LOGIC ARITH.ALL;
use I[EEE.STR _LOGIC UNSIGNED.ALL:

entity p25 is

Port ( s_clk : in 3STDh _LOGIC:='0';

53 clkl : out STDh _LOGIC) ;
end p25;

architecture Behavioral of p25 is

signal count : integer range 0 to 5500

begin
process (sS_clk,count)
begin

if (s_eclk' event and 3 clk='1') then

if count<l then
count<=count+1:;
3 clklg='1"';

elsif count=5500 then

s _clkl<='0';

count<=0;
else
8 _clkl<g='0';
count<=count+1;
end if;
end if;

end process;

end Behavioral:

119 5.6 dalumsthimuasasvesdyans ¢ 1
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52.2.2) MNMITMHUATIVIVITYYN ¢ 1 ez ¢ 2 Taasesimsdoy

TsunsuTagldn1u1 VHDL @43t

library IEEE;

use IEEE.3TD_LOGIC 1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.3TD_LOGIC UNZIGNED.ALL;

entity p26 is
Port ( s clk : in STD_LOGIC:='0D';
s clkl : cut TD_LOGIC)
end p26;

architecture Behavioral of p26 is

signal count : integer range D to 5500 :=0:
begin
process (s _clk,count)
begin
if (s _clx' event and s _clk='1'] then
if count<27?7 then
count<=count+1;
5 clkl<='1';
elsif count=5500 then

s_clkl<='0';

count<=0;
else
3 clkl<='0";
count<=count+1;
end if;
end if;

end process:

end Behavioral:

519 5.7 s lumsmuenasdoynu ¢ 1
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52.2.3) dieiimsveuniuudivevnasvesdygin ¢ 1 uaz ¢ 2 1dudreziin
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iWeriguiudayny o lu Datasheet t1, 13 A1 Min 0g#i 50 ns uag 1us uimudyy I
o ' v R : g Vo v
1891AMsSIMULATOR Wufiswnnii Min dafiuluaudoyaly Datasheet Taglaidinin

fi1 Min

5.2.3 PI50ONUUUNYYIU H RS taz ¢ CLP
523.1) AeuRivzimsadedyana @RS Uaz ¢ CLP 9zd0aiin150onuu

2993 Decodeder (W8111n15 Decodeder Fayanaidn 3 Hoaudroenin 8 go1lasnisoonuuy'ld

b4
@ 2

1%n191 VEDL lums@oulaelinidesail

library IEEE:

use IEEE.STD_LOGIC_IIE%.ALL;

use IEEE.STD~LOGIC_ARITH.ALL;
use IEEE.STD”LOGIC_UNSIGNED.ALL;

entity Decodeder is
Fort ( Din : in 3TD _LOGIC VECTOR (2 downto 0);
Dout : out 3TD_LOGIC VECTOR (7 downto Q));
end Decodeder:

architecture Behavioral of Decodeder is
gignal tmwpout $3TD_LOGIC VECTOR (7 downto 0):
begin
process (Din)
begin
tmpout<= "1ii111i11" ;
case Din is
when  *OGOY  => tmwpout (0) <= '0' ;
when 081" =»> twmpout (1) <= '0' ;

when 70107 => twmpout (2) <= '0' ;
when "011" => tmpout (3) <= '0' ;
when 100" => tmpout (4) <= '0' :
when "1i81" =»> tmpout (5) <= '0' ;
when #1107 => tmpout (&) <= '0' ;

when others => tmpout (7) <= '0' :
end case;
end process:
Dout<=tmpout;

end Behavioral;

'
o

3UM 5.11 1999923995 Decodeder 3 to 8
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5.2.3.2) M3 SIMULATOR 11/50n53 Decodeder 3 to 8 1ngf11UART Din 711
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5.2.3.3) 1WeWeu11sunsy Decodeder 3 to 8 A9 1UATINITAMUAT

¥ t4
yamvuvesdya I ¢ RS Tasdhmsdeuldsunsulaeldniy VEDL fafl

library IEEE;

use IEEE.STD_LOGIC 1164.,A&LL:

use IEEE.STDL _LOGIC ARITH.ALL:
use IEEE.3TD LOGIC UNSIGWED.ALL:

entity p3 is
Port ( s_clk : in STD _LOGIC:='0';
8 clkl : out STD LOGIC);
end p3:;

architecture Behavioral of p3 is
signal count : integer range 0 to 5500 :=0:
begin
process (3 _clk,count)
begin
if (s_clk' event and s clk='1l') then
if count<5 then
count<=count+1;
8 _clkl<g="'1"';
elsif count=5500 then

S clkl<='0';
count<=0;

else
S _clkl<='0';
count<=count+1;
end if;
end if:

end process:

end Behavioral:;

v
-

[ 9/
51 5.14 s lumssmuanduvosdyaiu ¢ RS
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5.2.3.4) Mmsmruardygiauasesdyans ¢ RS Tasviimsen

Tsunsulneldniy VHDL fatl

library IEEE;

use IEEE.3TD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.3TD_LOGIC UNIXIGNED.ALL;

entity p23 is
Port ( s clk : in STD _LOGIC:='0';
s_clkl : out STD _LOGIC):;
end p23:

architecture Behavioral of p23 is

signal count : integer range 0 to 5500 :=0:

begin
process (s _clk,count)
begin
if (s_clk' event and S5 clk='1') then
if count<23 then
count<=cogunt+1:
5 _clkic='1';
elsif count=5500 then

s clkil<='0';
count<=0;

else
3 _clkl<='0"';
count<=count+1;
end if;
end if;

end process;

end Behavioral:;
519 5.15 Mdalumstmuaviasvesdyaa ¢ RS
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likhrary IEEE;

use IEEE.STD_LOGIC~1154.ALL;

use IEEE.3TD_LOGIC ARITH.ALL:
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity divider i=
ceneric (fin: integer := 25000000;
fout: integer := 500000000} ;
Port ( CLK : in 3TD_LOGIC:
Q : out ST _LOGIC);
end divider;

architecture Behavioral of divider is

signal COUNT : integer range O to (fin/ (2*%fout))
zignal gs std_logic = '0';
begin
brocezss (CLK)

begin
if CLK'event and CLK = '1' then
if (COUNT »>= (fin/{2*fout)-1)} then
COUNT <= 0;
g8 <= not (s :
else
COUNT <= COUNT +1;
end if;
end if;
end process;
Q <= gs ;

end Behavioral:

U9 5.20 Tsunsu Divider
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l.  Connector and Jumper

1.1 Expansion connector ( K1 —K4)
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3. Output
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7-Segment | FPGA Pinout Descriptions LED FPGA Pinout Descriptions
a p40 a L0 p70 Lo
b p35 b L] p77 L1
c p32 c L2 p69 L2
d p30 d L3 p76 L3
€ p27 e L4 p74 L4
f p25 f L5 p79 Ls
g p23 g L6 p73 L6
dp p20 Decimal Point L7 p78 L7
DGl p3l DIGIT1, COMMON CATHODE
DG2 p33 DIGIT2 , COMMON CATHODE Dip SW | FPGA Pinout Description
D@G3 p36 DIGIT3 , COMMON CATHODE 1 p52 Dip Switch No.1
DG4 p4l DIGIT4 , COMMON CATHODE 2 p53 Dip Switch No.2
3 p55 Dip Switch No.3
Push Botton | FPGA Pinout Descriptions 4 p56 Dip Switch No.4
PB1 p44 Push Botton No. 1 5 p59 Dip Switch No.5
PB2 p46 Push Botton No. 2 6 p60 Dip Switch No.6
PB3 p47 Push Botton No. 3 7 p63 Dip Switch No.7
PB4 p50 Push Botton No. 4 8 p68 Dip Switch No.8
PB5 p5l Push Botton No. 5
Oscillator | FPGA Pinout Descriptions
EEPROM | FPGA Pinout Descriptions OSC pl27 25MHz , GCLK6
12C-SCL pl28 24LCXX
12C-SDA p129 24L.CXX BUZZER | FPGA Pinout Descriptions‘
BUZZER pl24 BUZZER
RS-232 FPGA Pinout Descriptions
X pl31 MAX3232CPE
RX pl32 MAX3232CPE
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K1 Pinout | FPGA Pinout Descriptions k1 Pinout | FPGA Pinout Descriptions
1 p40 VO, a 21 pl2 I’0
2 33V 22 GND
3 p35 /O,b 23 plo /o
4 GND 24 GND
5 p32 /0, ¢ 25 p7 I/0
6 GND 26 GND
7 p30 /0, d 27 p5 1/0
8 GND 28 GND
9 p27 I/O,e 29 p2 /0
10 GND 30 GND
11 p25 /o, f 31 pl4l /0
12 GND 32 GND
13 p23 /O, g 33 pl137 /0
14 GND 34 GND
15 p20 /O, dp 35 pl32 /0, RS-232 (RX)
16 GND 36 GND
17 pl7 /o 37 pl130 /0
18 GND 38 GND
19 pl4 /O 39 p128 /0, GCLK7, 12C-SCL
20 GND 40 GND
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K2 Pinout| FPGA Pinout Descriptions k2 Pinout |FPGA Pinout Descriptions
1 pél I/0, DIGIT4 21 pl3 /O
2 33V 22 GND
3 p36 1/0, DIGIT3 23 pll 7o)
4 GND 24 GND
5 p33 I/0, DIGIT2 25 P8 /o
6 GND 26 GND
7 p31 /O, DIGIT1 27 pé /o
8 GND 28 GND
9 p28 1’0 29 p4 I/0
10 GND 30 GND
11 p26 /o 31 pl /o
12 GND 32 GND
13 p24 1/0 33 pl40 /o
14 GND 34 GND
15 p21 /o 35 pl35 /o
16 GND 36 GND
17 pl8 /0 37 pl3l 1/0, RS-232 (TX)
18 GND 38 GND
19 pl5 o 39 pl129 I/0, 12C-SDA
20 GND 40 GND
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K3 Pinout | FPGA Pinout Descriptions
1 33V
2 p69 I/o,L2
3 GND
4 p73 /O, L6
S GND
6 p76 /O, L3
7 GND
8 p78 1/0,L7
9 GND
10 p80 /o
11 GND
12 p83 /0
13 GND
14 p8S /o
15 GND
16 p87 1/0
17 GND
18 po0C Vo
19 GND
20 p93 I/0

k3 Pinout | FPGA Pinout Descriptions

21 GND
22 p96 /o
23 GND
24 p98 I/0
25 GND
26 pl00 I/0
27 GND
28 pl03 /o
29 GND
30 pl05 /o
31 GND
32 pl08 /o
33 GND
34 pl13 /o
35 GND
36 pll8 /0
37 GND
38 pl22 /o
39 GND
40 pl24 I/0, GCLK4 , BUZZER
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K4 Pinout | FPGA Pinout | Descriptions
1 33V
2 p70 /O, Lo
3 GND
4 p74 /0,14
5 GND
6 p77 /O,L1
7 GND
8 p79 I/0,L5
9 GND
10 p82 /o
11 GND
12 p84 /0
13 GND
14 p86 /0
15 GND
16 p&9 1/0
17 GND
18 p92 /o
19 GND

20 p95 /0

k4 Pinout | FPGA Pinout | Descriptions

21 GND
22 p97 /o
23 GND
24 p99 I/0
25 GND
26 pl02 /o
27 GND
28 pl04 /0
29 GND
30 pl07 o
31 GND
32 pll2 I/0
33 GND
34 pl16 /o
35 GND
36 pl19 /0
37 GND
38 pl23 /o
39 GND
40 pl25 I/0 , GCLK5
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SONY ILX548K
5340 pixel x 3 line CCD Linear Sensor (Color)
For the avaiiabliity of this product, please contact the sales office)

Description

The ILX548K is a reduction type CCD linear sensor 22 pin DIP (Cer-DIP) 22 pin DIP (Plastic)
developed for color image scanner. This sensor reads
A4-size documents at a density of 600DPI.

Features
* Number of effective pixels: 16020 pixels
(5340 pixels x 3)
* Pixel size: 4um x 4um (4um pitch)
» Distance between line: 32um (8 lines)
* Single-sided readout
* Ultra low lag/High sensitivity
* Single 12V power supply
» Maximum data rate: ~ 5MHz/Color

* Input clock pulse: CMOS 5V drive Block Diagram
* Number of output: 3(R, G, B)
* Package: 22 pin Cer-DIP (400mil)

22 pin Plastic DIP (400mil)

12) 9ROGR
12) 4ROG-c

Absolute Maximum Ratings
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O}
e}
14
=4
)
* Supply voltage Vbp 15 Vv
* Operating temperature —-10to +55 °C Y
o
>
a

Driver
Driver

Pin Configuration (Top View)
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Sony reserves the right to change products and specifications without prior notice. This information does not convey any license by
any implication or otherwise under any patents or other right. Application circuits shown, if any, are typical examples illustrating the
operation of the devices. Sony cannot assume responsibility for any problems arising out of the use of these circuits.

—-1- E00429-PS



SONY

ILX548K

Pin Description

Pin - Pin -
No. Symbol Description No. Symbol Description
1 | oRS Clock pulse input 12 | $ROG-c Clock pulse input
2 | GND GND 13 | ¢1 Clock pulse input
3 | Voutc Signal output (green) 14 | ¢ROG-R Clock pulse input
4 | Vop 12V power supply 15 | NC NC
5 | NC NC 16 | NC NC
6 | NC NC 17 | NC NC
7 | NC NC 18 | NC NC
8 | NC NC 19 | Vour-r Signal output (red)
9 [ NC NC 20 | Vout-8 Signal output (blue)
10 | ¢2 Clock pulse input 21 | GND GND
11 | $ROG-8 Clock pulse input 22 | ¢CLP Clock pulse input
Recommended Supply Voltage
ltem Min. Typ. Max. | Unit
VoD 11.4 12 12.6 \
Clock Characteristics
ltem Symbol Min. Typ. Max. | Unit
Input capacity of ¢1, ¢2 Co1, Co2 — 500 - pF
Input capacity of ¢RS CoRrs — 10 — pF
Input capacity of ¢CLP CocLp — 10 — pF
Input capacity of 9ROG Coroc — 10 — pF
Clock Frequency
ltem Symbol Min. Typ. Max. | Unit
01, 92, oRS, ¢CLP fo1, fo2, fors, focLp — 1 5 MHz
Input Clock Pulse Voltage Condition
ltem Min. Typ. Max. | Unit
01, 02, 9RS, $CLP, 9ROG High level 4.75 5.0 5.25 Y
pulse voltage Low level — 0 0.1 \
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Electrooptical Characteristics (Note 1)
(Ta=25°C, Voo = 12V, fors = 1MHz, Input clock = 5Vp-p, Light source = 3200K, IR cut filter CM-500S (t=1.0mm))

ltem Symbol Min. Typ. Max. Unit  |Remarks
Red RR 1.8 27 3.6
Sensitivity Green Re 2.1 3.3 4.5 V/(x-s) | Note 2
Blue Re 1.7 26 35
Sensitivity nonuniformity PRNU — 4 20 % Note 3
Saturation output voltage VsaT 2 25 — \'% Note 4
Red SErR 0.56 0.93 —
Saturation exposure Green SEc 0.44 0.76 - IX-s Note 5
Blue SEs 0.57 0.96 —
Dark voltage average VDRK — 2 5 mV
Dark signal nonuniformity DSNU — 4 12 mV Note &
Image lag IiL — 0.02 — % Note 7
Supply current lvop — 25 50 mA —
Total transfer efficiency TTE 92 98 — % —
Output impedance Zo — 450 — Q —
Offset level Vos — 7.3 — \Y Note 8
Notes)

1. In accordance with the given electrooptical characteristics, the black level is defined as the average value

of D18, D19 to D67.

2. For the sensitivity test light is applied with a uniform intensity of illumination.

3. PRNU is defined as indicated below. Ray incidence conditions are the same as for Note 2.
Vout-6= 500mV (Typ.)
PRNU = —(VMAX = VMINIZ_ 460 (9]
VAVE
Where the 5340 pixels are divided into blocks of 100, the maximum output of each block is set to Vmax, the
minimum output to Vmiv and the average output to Vave.
4. Use below the minimum value of the saturation output voltage.
5. Saturation exposure is defined as follows.
VsAT
SE = R
Where R indicates RR, Rg, Rs, and SE indicates SER, SEc, SEs.
6. Optical signal accumulated time Tint stands at 5.5ms.
7. Vout-g = 500mV (Typ.)
8. Vos is defined as indicated below. vour [ L S
Vourt indicates Vout-r, VouT-G and Vout-s.
Vos
GND L
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Clock Timing Chart 2
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Clock Pulse Recommended Timing
ltem Symbol Min. Typ. Max. | Unit
¢ROG, ¢1 pulse timing t1 50 100 — ns
¢ROG pulse high level period t2 3 5 — V&
¢oROG, ¢1 pulse timing t3 1 2 — us
¢ROG pulse rise time t4 0 5 — ns
OROG pulse fall time t5 0 5 — ns
¢1 pulse rise time/¢2 pulse fall time 6 0 20 —_ ns
¢1 pulse fall time/¢2 pulse rise time t7 0 20 — ns
¢RS pulse high level period t8 30 50*1 — ns
¢RS pulse rise time t9 0 20 — ns
¢RS pulse fall time t10 20 — ns
. . t11 A 50 — ns
Signal output delay time ”r — 0 — -
¢CLP pulse high level period t13 40 100 — ns
t14 40 100 — ns
¢CLP pulse timing
t15 10 50 — ns
¢CLP pulse rise time t16 0 20 — ns
¢CLP pulse fall time t17 0 20 — ns

*1 These timing is the recommended condition under fgrs = 1MHz.
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Example of Representative Characteristics (Voo = 12V, Ta = 25°C)

Dark voltage rate

Vos — Offset level [V]

100

10

0.1

-10

10

1

Spectral sensitivity characteristics (Standard characteristics)

1.0

I\

[

AN

0.8

N

0.6 \

04 /

/

Relative sensitivity

0.2

=%

\/

N

S

400 450 500

Dark voltage rate vs. Ambient temperature
(Standard characteristics)

LS
i

0 10 20 30 40
Ta — Ambient temperature [°C]

50 60

Offset level vs. Supply voltage
(Standard characteristics)

Ta=25°C

—
 —

AVos

AVDD 0.7

14 12

Voo — Supply voltage [V]

12.6

550

600 650 700

Wavelength [nm]

Output voltage rate

Vos - Offset level [V]

Output voltage rate vs. Integration time
(Standard characteristics)

10
: /
0.1
1 5 10
T int ~ Integration time [ms]
Offset level vs. Ambient temperature
(Standard characteristics)
10
8
6
4
AVOs _ 4mviec
ATa
2
0
-10 0 10 20 30 40 50 60

Ta — Ambient temperature [°C]
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Notes of Handling
1) Static charge prevention

CCD image sensors are easily damaged by static discharge. Before handling be sure to take the following
protective measures.
a) Either handle bare handed or use non chargeable gloves, clothes or material.
Also use conductive shoes.
b) When handling directly use an earth band.
¢) Install a conductive mat on the floor or working table to prevent the generation of static electricity.
d) lonized air is recommended for discharge when handling CCD image sensor.
e) For the shipment of mounted substrates, use boxes treated for prevention of static charges.

Notes on Handling CCD Packages
The following points should be observed when handling and installing packages.
a) Remain within the following limits when applying static load to the package:
(1) Compressive strength: 39N/surface (Do not apply load more than 0.7mm inside the outer perimeter
of the glass portion.)
(2) Shearing strength: 29N/surface
(3) Tensile strength: 29N/surface
(4) Torsional strength: 0.9Nm

Upper ceramic layer | 2oy 29N T 20N @ 0.9Nm
= E 2 # 227777
/@\ \\ m SN N l \Y

Lower ceramic layer Low-melting glass

(n 2 ) (4)

Cover glass :
Plastic portton 29N Q 0.9Nm
 E———
H@«* y S S
N N N SN N|

Ceramlc portion Adhesnve l Q

(1) @) (3 4

b) In addition, if a load is applied to the entire surface by a hard component, bending stress may be
generated and the package may fracture, etc., depending on the flatness of the ceramic portion.
Therefore, for installation, either use an elastic load, such as a spring plate, or an adhesive.

c) Be aware that any of the following can cause the package to crack or dust to be generated.

(1) Applying repetitive bending stress to the external leads.

(2) Applying heat to the external leads for an extended period of time with soldering iron.

(3) Rapid cooling or heating.

(4) Rapid cooling or impact to a limited portion of the low-melting glass with a small-tipped tool such as

tweezers.

(5) Prying the upper or lower ceramic layers away at a support point of the low-melting glass.

(6) Prying the plastic portion and ceramic portion away at a support point of the adhesive layer.

(7) Applying the metal a crash or a rub against the plastic portion.

Note that the preceding notes should also be observed when removing a component from a board after

it has already been soldered.



SONY ILX548K

3) Soldering
a) Make sure the package temperature does not exceed 80°C.
b) Solder dipping in a mounting furnace causes damage to the glass and other defects. Use a grounded
30W soldering iron and solder each pin in less then 2 seconds. For repairs and remount, cool sufficiently.
c¢) To dismount an imaging device, do not use a solder suction equipment. When using an electric desoldering
tool, ground the controller. For the control system, use a zero cross type.

4) Dust and dirt protection

a) Operate in clean environments.

b) Do not either touch glass plates by hand or have any object come in contact with glass surfaces. Should
dirt stick to a glass surface, blow it off with an air blower. (For dirt stuck through static electricity ionized
air is recommended.)

c) Clean with a cotton bud and ethyl alcohol if the glass surface is grease stained. Be careful not to scratch
the glass.

d) Keep in a case to protect from dust and dirt. To prevent dew condensation, preheat or precool when
moving to a room with great temperature differences.

5) Exposure to high temperatures or humidity will affect the characteristics. Accordingly avoid storage or
usage in such conditions.

8) CCD image sensors are precise optical equipment that should not be subject to mechanical shocks.

—10-—
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. The height from the bottom to the sensor surface is 1.61 £ 0.3mm.

-

! % 2. The thickness of the cover glass is 0.7mm, and the refractive index is 1.5.
n ’ : :
< s 2.54 0.51
:
PACKAGE STRUCTURE
PACKAGE MATERIAL Plastic,Ceramic
LEAD TREATMENT GOLD PLATING
LEAD MATERIAL 42ALLO;*
PACKAGE MASS 2.21g
DRAWING NUMBER LS-D13-01(E)

-11- Sony Corporation



This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.



> ANALOG
DEVICES

Complete 14-Bit
CCD/CIS Signal Processor

AD9822

FEATURES

14-bit 15 MSPS ADC

No missing codes guaranteed
}-channel operation up to 15 MSPS
I-channel operation up to 12.5 MSPS
“orrelated double sampling

I1-6x programmable gain

£350 mV programmable offset

nput clamp circuitry

nternal voltage reference
Viultiplexed byte-wide output (8 + 6 format)
}-wire serial digital interface

} V/5 V digital I/O compatibility
8-Lead SOIC or SSOP

.ow power CMOS: 385 mW (typ)
Yower-down mode: <1 mW

APPLICATIONS

‘latbed document scanners
*ilm scanners

Jigital color copiers
Vultifunction peripherals

GENERAL DESCRIPTION

The AD9822 is a complete analog signal processor for CCD
imaging applications. It features a 3-channel architecture designed
to sample and condition the outputs of trilinear color CCD
arrays. Each channel consists of an input clamp, correlated double
sampler (CDS), offset DAC, and programmable gain amplifier
(PGA) multiplexed to a high performance 14-bit ADC.

The CDS amplifiers may be disabled for use with sensors such
as contact image sensors (CIS) and CMOS active pixel sensors,
which do not require CDS.

The 14-bit digital output is multiplexed into an 8-bit output
word that is accessed using two read cycles. The internal
registers are programmed through a 3-wire serial interface and
provide adjustment of the gain, offset, and operating mode.

The AD9822 operates from a single 5V power supply,
consumes 385 mW of power typically, and is packaged in a
28-lead SOIC or SSOP.

FUNCTIONAL BLOCK DIAGRAM

AVDD  AVSS cML CAPT CAPB  AVDD  AVSS DRVDD DRVSS
) Y 'aY ) FaY Y " e oV "
\/ N/ S A4 A4 \J S A4 S
VINR O————4 @ (*) AD9822
OEB
BAND GAP Q
© 9-BIT REFERENCE
DAC
BT | 14 8] 8
VING ()—I— b ® —[EsA @ revil 7— o =7 UDOUT
9-BIT
CONFIGURATION|
\1_1 DAG REGISTER
: MUX ,
VINB (+) PGA REGISTER : SCLK
DIGITAL
. RED { CONTROL SLOAD
9-BIT %[ GREEN INTERFACE
: GAIN SDATA
L DAC BLUE |  REGISTERS
INPUT o RED
—— 2
OFFSETQ) C!,;,‘}\’g" 7 GBTEEEN " OFFSET
REGISTERS -
e ) O §
\J \J \/ &
CDSCLK1 CDSCLK2 ADCCLK g

Figure 1.
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Fax:781.326.8703 © 2005 Analog Devices, Inc. All rights reserved.
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Parameter Min Typ Max Unit

. POWER DISSIPATION
3-Channel Mode 385 450 mw
| 3-Channel Mode @ 6 MHz 335 410 mwW
1-Channel Mode 300 mw
| 1-Channel Mode @ 6 MHz 250 mw

|
! Lilliear input signal range is from 2 V to 4 V when the CCD's reference level is clamped to 4 V by the AD9822’s input clamp.

« 4V SET BY INPUT CLAMP (3V OPTION ALSO AVAILABLE)

1 1VTYP
2V p-p MAX INPUT SIGNAL RANGE

RESET TRANSIENT

00623-002

63-G

2The PGA gain is approximately linear-in-dB and follows the equation: Gain= [ =L . ] where G is the register value. See Figure 15.
1+ 4.7‘: ]

63

DIGITAL SPECIFICATIONS
TMIL to Tmax, AVDD =5V, DRVDD = 5V, CDS mode, fapccix = 15 MHz, fcpscixi = fepscixe =5 MHz, CL = 10 pE unless otherwise noted.

Table 2.
Parameter Symbol Min Typ Max Unit
LOGIC INPUTS _
High Leve! Input Voltage Vin 2.0 v
Low Level Input Voltage Vi 0.8 v
High Level Input Current I 10 MA
+  Low Level Input Current h 10 pA
Ifput Capacitance G 10 pF
LOQGIC OUTPUTS
“  Hjigh Level Output Voltage Von 4.5 v
Low Level Output Voltage Voo 0.1 v
High Level Output Current lon 50 HA
Low Level Output Current lo 50 HA

Rev.B | Page 4 0f 20
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AD9822

IMING SPECIFICATIONS

min t0 Tmax, AVDD =5V, DRVDD =5V.

able 3,

arameter Symbol Min Typ Max Unit

LOCK PARAMETERS

3-Channel Pixel Rate trra 67 ns
1-Channel Pixel Rate ters 80 ns
ADCCLK Pulse Width tapcik 30 ns
CDSCLK1 Pulse Width ta 10 ns
CDSCLK2 Pulse Width te 10 ns
CDSCLK1 Falling to CDSCLK2 Rising tac 0 ns
ADCCLK Falling to CDSCLK2 Rising taoc2 0 ns
CDSCLK2 Rising to ADCCLK Rising tcaaDR 0 ns
CDSCLK2 Falling to ADCCLK Falling tcaaor 30 40 ns
CDSCLK2 Falling to CDSCLK1 Rising toc 30 40 ns
ADCCLK Falling to CDSCLK]1 Rising taocr 0 ns
Aperture Delay for CDS Clocks tap 2 ns
‘RIAL INTERFACE

Maximum SCLK Frequency fscuk 10 MHz
SLOAD to SCLK Setup Time tis 10 ns
SCLK to SLOAD Hold Time ti 10 ns
SDATA to SCLK Rising Setup Time tos 10 ns
SCLK Rising to SDATA Hold Time toH 10 ns
SCLK Falling to SDATA Valid trov 10 ns
ATA OUTPUT

Output Delay too 8 ns
Three-State to Data Valid tov 10 ns
Output Enable High to Three-State thz 10 ns
Latency (Pipeline Delay) 3 (Fixed) Cycles

Rev. B|Page 5of 20
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ABSOLUTE MAXIMUM RATINGS

Table 4.

With THERMAL CHARACTERISTICS

i Respect
Parameter To Min | Max Unit 28-Lead 300 Mil SOIC
Vlﬁ, CAPT, CAPB AVSS -0.3 | AVDD +0.3 \ Oa =71.4°C/W
Digital Inputs AVSS -03 | AVDD+03 |V Bic=23°C/W
AVDD AVSS -05 | +6.5 \
DRVDD DRVSS | -05 | +6.5 v 28-Lead 5.3 mm SSOP
AVSS DRVSS | -0.3 | +0.3 v O = 109°C/W
Digjital Outputs DRVSS | —0.3 | DRVDD +0.3 | V Oic = 39°C/W
Junction Temperature 150 °C
Storage Temperature -65 | +150 °C
Lead Temperature 300 °C

(10 sec)
Strdsses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or other
conditions above those indicated in the operational sections of
this|specification is not implied. Exposure to absolute maximum
ratings for extended periods may affect device reliability.

|
'ESIJJ) CAUTION
ESD |(electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features WARNING! @
~ proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy W

electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance O ENSITIVE DEVIGE

degradation or loss of functionality.

Rev. B | Page 6 of 20
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Table 5. Pin Function Descriptions

|

CDSCLK1 [ 28] AVDD
CDSCLK2 [2] [27] AVSS
ADCCLK [3] 26] VINR
OEB [4] 25| OFFSET
DRVDD [5 24] VING
DRVSS % AD9822 g cML
TOP VIEW
(MSB) D7 [7]i (Notto Scale) |[22] VINB
D6 [&] 21] CAPT
D5 [¢] [20] CAPB
D4 [70] [18] AVSS
D3 [41] 18] AVvDD
D2 [12] [17] SLOAD
D1 [13] [16] SCLK g
(LSB) bo [14] [15] SDATA g

Figure 2. Pin Configuration

' Pin No. Mnemonic Type' Description
1 CDSCLK1 DI CDS Reference Level Sampling Clock.
2 CDSCLK2 DI CDS Data Level Sampling Clock.
3 ADCCLK DI ADC Sampling Clock.
‘4 OEB DI Output Enable, Active Low.
5 DRVDD P Digital Output Driver Supply.
6 DRVSS P Digital Output Driver Ground.
7 D7 (MSB) DO Data Output MSB. ADC DB13 High Byte, ADC DB5 Low Byte.
!8 D6 DO Data Output. ADC DB12 High Byte, ADC DB4 Low Byte.
9 D5 DO Data Output. ADC DB11 High Byte, ADC DB3 Low Byte.
10 D4 DO Data Output. ADC DB10 High Byte, ADC DB2 Low Byte.
1 D3 DO Data Output. ADC DB9 High Byte, ADC DB1 Low Byte.
12 D2 DO Data Output. ADC DB8 High Byte, ADC DBO Low Byte.
13 D1 DO Data Output. ADC DB7 High Byte, Don't Care Low Byte.
14 DO (LSB) DO Data Output LSB. ADC DB6 High Byte, Don't Care Low Byte.
15 SDATA DI/DO Serial Interface Data Input/Output.
16 SCLK DI Serial Interface Clock Input.
17 SLOAD D! Serial Interface Load Pulse.
18 AVDD P 5V Analog Supply.
19 AVSS P Analog Ground.
20 CAPB AO ADC Bottom Reference Voltage Decoupling.
21 CAPT AO ADC Top Reference Voltage Decoupling.
22 VINB Al Analog Input, Blue Channel.
23 CML AO Internal Bias Level Decoupling.
24 VING Al Analog Input, Green Channel.
25 OFFSET AO Clamp Bias Level Decoupling.
26 VINR Al Analog Input, Red Channel.
27 AVSS P Analog Ground.
28 AVDD P 5V Analog Supply.

f Type: Al = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Qutput, P = Power.

Rev. B| Page 7 of 20
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- SPECIFICATIONS

ANALOG SPECIFICATIONS
Twun to Tmax, AVDD = 5V, DRVDD = 5 V, CDS mode, fanccix = 15 MHz, feoscuxi = fepscik: = 5 MHz, PGA gain = 1, unless otherwise noted.
Table 1.
Parameter Min Typ Max Unit
MAXIMUM CONVERSION RATE
3-Channel Mode with CDS 15 MsPS
1-Channel Mode with CDS 125 MSPS
ACCURACY (ENTIRE SIGNAL PATH)
ADC Resolution 14 Bits
Integral Nonlinearity (INL) -17.0/+35 LSB
INL @ 6 MHz —-10.5/+1.5 LSB
Differential Nonlinearity (DNL) -0.65/+0.75 LSB
DNL @ 6 MHz -1.0 -0.6/+0.65 +1.1 LSB
No Missing Codes 14 Bits
No Missing Codes @ 6 MHz 14 Bits
Offset Error =240 -19 +200 mV
Gain Error -1.4 +3.5 +6.9 % FSR
ANALOG INPUTS
Input Signal Range' 20 Vp-p
Allowable Reset Transient! 1.0 \
Input Limits? AVSS -0.3 AVDD + 0.3 v
Input Capacitance 10 pF
Input Bias Current 10 nA
AMPLIFIERS
PGA Gain-at Minimum 1 4
PGA Gain at Maximum 5.7 VNV
PGA Gain Resolution? 64 Steps
PGA Gain Monotonicity Guaranteed
Programmable Offset at Minimum -350 mV
Programmable Offset at Maximum +350 mV
Programmable Offset Resolution 512 Steps
Programmable Offset Monotonicity Guaranteed
NOISE AND CROSSTALK
Total Output Noise @ PGA Minimum 1.5 LSB rms
Total Output Noise @ PGA Maximum 6.0 LSB rms
Channel-to-Channel Crosstalk @ 6 MHz <1 LSB
POWER SUPPLY REJECTION
AVDD =5V +0.25V 0.063 0.9 % FSR
DIFFERENTIAL VREF (@ 25°C)
CAPT to CAPB (2 V ADC Full-Scale Range) 0.94 1.0 1.06 v
TEMPERATURE RANGE
Operating 0 +70 °C
Storage -65 +150 °C
POWER SUPPLIES
AVDD 4.75 5.0 5.25 \'
© DRVDD 3.0 5.0 5.25 Y
OPERATING CURRENT
AVDD 73 mA
+ DRVDD 4 mA
Power-Down Mode Current 150 MA

Rev. B Page 3 of 20
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TERMINOLOGY

~ Integral Nonlinearity (INL)

Integral nonlinearity error refers to the deviation of each
individual code from a line drawn from zero scale through
positive full scale. The point used as zero scale occurs % LSB
before the first code transition. Positive full scale is defined as a
level 1 ¥% LSB beyond the last code transition. The deviation is
measured from the middle of each particular code to the true
straight line.

Differential Nonlinearity (DNL)

Anlideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value; therefore,
eve}y code must have a finite width. No missing codes
guaranteed to 14-bit resolution indicates that all 16384 codes,
respectively, must be present over all operating ranges.

Offset Error

The first ADC code transition should occur at a level % LSB
aboye the nominal zero-scale voltage. The offset error is the
deviation of the actual first code transition level from the ideal
level.

Gain Error

Thelast code transition should occur for an analog value

1 %|LSB below the nominal full-scale voltage. Gain error is the
“deviation of the actual difference between the first and last code

transitions and the ideal difference between the first and last
_code transitions.

Input Referred Noise

The rms output noise is measured using histogram techniques.
The ADC output codes’ standard deviation is calculated in LSB
and converted to an equivalent voltage, using the relationship

1 LSB =4V/16384 = 244 mV. The noise is then referred to the
input of the AD9822 by dividing by the PGA gain.

Channel-to-Channel Crosstalk

In an ideal 3-channel system, the signal in one channel will not
influence the signal level of another channel. The channel-to-
channel crosstalk specification is a measure of the change that
occurs in one channel as the other two channels are varied. In
the AD9822, one channel is grounded and the other two
channels are exercised with full-scale input signals. The
change in the output codes from the first channel is measured
and compared with the result when all three channels are
grounded. The difference is the channel-to-channel crosstalk,
stated in LSB.

Aperture Delay

The time delay that occurs from when a sampling edge is
applied to the AD9822 until the actual sample of the input
signal is held. Both CDSCLK1 and CDSCLK2 sample the input
signal during the transition from high to low; therefore, the
aperture delay is measured from each clock’s falling edge to the
instant the actual internal sample is taken.

Power Supply Rejection

It specifies the maximum full-scale change that occurs from
the initial value when the supplies are varied over the
specified limits.
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FUNCTIONAL DESCRIPTION

Th(‘e AD9822 can be operated in four different modes: 3-channel
CDS mode, 3-channel SHA mode, 1-channel CDS mode, and
l-clixannel SHA mode. Each mode is selected by programming
the|configuration register through the serial interface. For more
information on CDS or SHA mode operation, see the Circuit
Operation section.

B-éHANNEL CDS MODE

In 3-channel CDS mode, the AD9822 simultaneously samples
the red, green, and blue input voltages from the CCD outputs.
The sampling points for each CDS are controlled by CDSCLK1
and CDSCLK2 (see Figure 10 and Figure 11). CDSCLK1’s
falling edge samples the reference level of the CCD waveform,
and| CDSCLK2’s falling edge samples the data level of the CCD
waveform. Each CDS amplifier outputs the difference between
the CCD’s reference and data levels. The output voltage of each
CD§ amplifier is then level-shifted by an offset DAC. The
voltages are scaled by the three PGAs before being multiplexed
thraugh the 14-bit ADC. The ADC sequentially samples the
PGA outputs on the falling edges of ADCCLK.

Theloffset and gain values for the red, green, and blue channels
are programmed using the serial interface. The order in which
the ¢hannels are switched through the multiplexer is selected by
“programming the MUX register.

- Timing for this mode is shown in Figure 3. It is recommended
~that’the falling edge of CDSCLK2 occur coincident with or
- before the rising edge of ADCCLK. However, this is not
requlired to satisfy the minimum timing constraints. The rising
edge of CDSCLK2 should not occur before the previous falling
edge of ADCCLK, as shown by tapce. The output data latency is
three clock cycles.

3-CHANNEL SHA MODE

In 34channel SHA mode, the AD9822 simultaneously samples
the red, green, and blue input voltages. The sampling point is
controlled by CDSCLK2. CDSCLK2’s falling edge samples the
input waveforms on each channel. The output voltages from the
three SHASs are modified by the offset DACs and then scaled by
the three PGAs. The outputs of the PGAs are then multiplexed
throygh the 14-bit ADC. The ADC sequentially samples the

- PGA|outputs on the falling edges of ADCCLK.

The input signal is sampled with respect to the voltage applied
to the OFFSET pin (see Figure 12). With the OFFSET pin
grounded, a 0 V input corresponds to the ADC’s zero-scale
output. The OFFSET pin may also be used as a coarse offset
adjust pin. A voltage applied to this pin is subtracted from the
voltages applied to the red, green, and blue inputs in the first
amplifier stage of the AD9822. The input clamp is disabled in
this mode. For more information, see the Circuit Operation
section.

Timing for this mode is shown in Figure 5. CDSCLK1

should be grounded in this mode. Although not required,

it is recommended that the falling edge of CDSCLK2 occur
coincident with or before the rising edge of ADCCLK. The
rising edge of CDSCLK2 should not occur before the previous
falling edge of ADCCLK, as shown by tapc. The output data
latency is three ADCCLK cycles.

The offset and gain values for the red, green, and blue channels
are programmed using the serial interface. The order in which
the channels are switched through the multiplexer is selected by
programming the MUX register.

1-CHANNEL CDS MODE

This mode operates in the same way as the 3-channel CDS
mode. The difference is that the multiplexer remains fixed in
this mode; therefore, only the channel specified in the MUX
register is processed.

Timing for this mode is shown in Figure 4.

1-CHANNEL SHA MODE

This mode operates in the same way as the 3-channel SHA
mode, except the multiplexer remains stationary. Only the
channel specified in the MUX register is processed.

The input signal is sampled with respect to the voltage applied
to the OFFSET pin. With the OFFSET pin grounded, a 0 V input
corresponds to the ADC’s zero-scale output. The OFFSET pin
may also be used as a coarse offset adjust pin. A voltage applied
to this pin is subtracted from the voltages applied to the red,
green, and blue inputs in the first amplifier stage of the AD9822.
The input clamp is disabled in this mode. For more information,
see the Circuit Operation section.

Timing for this mode is shown in Figure 6. CDSCLK1 should be
grounded in this mode of operation.
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INTERNAL REGISTER DESCRIPTIONS

Table 6. Internal Register Map

‘ Register Name Address Data Bits
A2 A1l AQ D8 D7 Dé D D4 D3 D2 D1 DO
Configuration 0 0 0 0 0 VREF 3Ch/1Ch CDSOn Clamp PwrDn 0 0
' MUX 0 0 1 0 RGB/BGR Red Green Blue 0 0 0 0
. Red PGA - : 0 1 0 0 0 0 MSB LSB
! Green PGA 0 1 1 |o 0 0 MSB LSB
Blue PGA 1 0 0 0 0 0 MSB LSB
Red Offset 1 0 1 MSB LSB
Green Offset 1 1 0 MSB LSB
Blue Offset 1 1 1 MSB LSB

Configuration Register

The Configuration Register controls the AD9822’s operating mode and bias levels. Bits D8, D1, and D0 should always be set low. Bit D7
sets the full-scale voltage range of the AD9822s ADC to either 4 V (high) or 2 V (low). Bit D6 controls the internal voltage reference. If the
AD9822’s internal voltage reference is used, this bit is set high. Setting Bit D6 low disables the internal voltage reference, allowing an
external voltage reference to be used. Bit D5 configures the AD9822 for either the 3-channel (high) or 1-channel (low) mode of operation.
Setting Bit D4 high enables the CDS mode of operation and setting this bit low enables the SHA mode of operation. Bit D3 sets the dc bias
level of the AD9822’s input clamp. This bit should always be set high for the 4 V clamp bias, unless a CCD with a reset feedthrough
transient exceeding 2V is used. If the 3 V clamp bias level is used, the peak-to-peak input signal range to the AD9822 is reduced to 3 V
maximum. Bit D2 controls the power-down mode. Setting Bit D2 high places the AD9822 into a very low power “sleep” mode. All register
'contents are retained while the AD9822 is in the power-down state.

-
"Table 7. Configuration Register Settings

D8 D7 D6 D5 D4 D3 D2 D1 DO

1Set to0 | SettoO | Internal VREF | No.of Channels | CDSOperation | InputClamp Bias | Power-Down Setto0 | Setto O
| " 1=Enabled’ | 1=3-ChMode' | 1=CDSMode' | 1=4V’ 1=0n

‘ 0=Disabled | 0=1-ChMode | 0=SHAMode [0=3V 0 = Off (Normal)'

{
1 Power-on default value.

MUX Register

Table 8. MUX Register Settings

The MUX register controls the sampling channel order in the AD9822. Bits D8, D3, D2, D1, and D0 should always be set low. Bit D7 is
sed when operating in 3-channel mode. Setting Bit D7 high sequences the MUX to sample the red channel first, then the green channel,
and then the blue channel. When in this mode, the CDSCLK?2 pulse always resets the MUX to sample the red channel first (see Figure 3).
When Bit D7 is set low, the channel order is reversed to blue first, green second, and red third. The CDSCLK?2 pulse always resets the
MUX to sample the blue channel first. Bits D6, D5, and D4 are used when operating in 1-channel mode. Bit D6 is set high to sample the
red channel, Bit D5 is set high to sample the green channel. Bit D4 is set high to sample the blue channel. The MUX remains stationary
Tluring 1-channel mode.

D8 D7 D6 D5 D4 D3 D2 D1 DO
Setto 0 | 3-Channel Select 1-Channel Select 1-Channel Select 1-Channel Select Setto0 | Setto0O | SettoO Setto O
1=R-G-B' 1=RED’ 1 = GREEN 1=BLUE
0 =Off 0 = Off! 0 =Off

1

\ 0=B-G-R
‘Power—on default value.
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PGA Gain Registers

. There are three PGA registers for individually programming the gain in the red, green, and blue channels. Bits D8, D7, and D6 in each
register must be set low, and Bits D5 through DO control the gain range in 64 increments. See Figure 15 for the PGA gain vs. the PGA
register code. The coding for the PGA registers is straight binary, with an all Os word corresponding to the minimum gain setting (1x)
and an all 1s word corresponding to the maximum gain setting (5.7x).

Table 9. PGA Gain Register Settings

D8 D7 D6 D5 D3 D3 D2 D1 Do

Setito 0 Setto 0 Setto 0 MSB LSB Gain (V/V) Gain (dB)
0 0 0 0 0 0 0 0 0! 1.0 0.0

0 ! 0 0 0 0 0 0 0 1 1.013 0.12

0 0 0 1 1 1 1 1 0 5.4 14.6

0 0 0 1 1 1 1 1 1 5.7 15.1

' Power-on default value.

Offset Registers

Thepe are three PGA registers for individually programming the offset in the red, green, and blue channels. Bits D8 through D0 control
the offset range from —350 mV to +350 mV in 512 increments. The coding for the offset registers is sign magnitude, with D8 as the sign
bit. Table 10 shows the offset range as a function of the Bits D8 through DO.

-

Table 10. Offset Register Settings

"DS‘\MSB) D7 D6 D5 D4 D3 D2 D1 DO (LSB) Offset (mV)
0 0 0 0 0 0 0 0 o' 0
0 0 0 0 0 0 0 0 1 +1.2
0 1 1 1 1 1 1 1 1 +350
L 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 1- -1.2
1 1 1 1 1 1 1 1 1 =350

' Power-on default value.
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IRCUIT OPERATION

NALOG INPUTS—CDS MODE

gure 10 shows the analog input configuration for the CDS
wode of operation. Figure 11 shows the internal timing for the
mpling switches. The CCD reference level is sampled when
DSCLK1 transitions from high to low, opening S1. The CCD
ata level is sampled when CDSCLK2 transitions from high to
w, opening S2. S3 is then closed, generating a differential
1tput voltage representing the difference between the two
impled levels.

he input clamp is controlled by CDSCLK1. When CDSCLK1 is
igh, 54 closes and the internal bias voltage is connected to the
1alog input. The bias voltage charges the external 0.1 uF input
ipacitor, level-shifting the CCD signal into the AD9822’s input-
ymmon-mode range. The time constant of the input clamp is
stermined by the internal 5 kQ resistance and the external

1 uF input capacitance.

AD9822
VINR ; 2pF
cCD SIGNAL —} O—e - o I cML
!
A . s3
——cmL
52 2pF

AVDD
s4
OFFSET v 31TRQ
-s- INPUT CLAMP LEVEL

* ‘ IS SELECTED IN THE
1F 0.1F 2.2k
¥ 5 'oav CONFIGURATION
""" REGISTER.

6.9k

00362-011

‘igure 10. CDS Mode Input Configuration (All Three Channels are Identical)

$1, S4 CLOSED §1, S4 CLOSED
CDSCLK1 | | $1, S4 OPEN
$2 CLOSED $2 CLOSED
CDSCLK2 $2 OPEN |—|
$3 CLOSED S3CLOSED
5
Q3 $3 OPEN | | | | g
ITERNAL)

Figure 11. CDS Mode Internal Switch Timing

EXTERNAL INPUT COUPLING CAPACITORS

The recommended value for the input coupling capacitors is
0.1 pF. While it is possible to use a smaller capacitor, this larger
value is chosen for several reasons:

¢ Signal Attenuation: The input coupling capacitor creates a
capacitive divider with a CMOS integrated circuit’s input
capacitance, attenuating the CCD signal level. CIN should be
large relative to the IC’s 10 pF input capacitance in order to
minimize this effect.

o Linearity: Some of the input capacitance of a CMOS IC is
junction capacitance, which varies nonlinearly with applied
voltage. If the input coupling capacitor is too small, the
attenuation of the CCD signal varies nonlinearly with signal
level. This degrades the system linearity performance.

s Sampling Errors: The internal 2 pF sample capacitors have a
“memory” of the previously sampled pixel. There is a charge
redistribution error between CIN and the internal sample
capacitors for larger pixel-to-pixel voltage swings. As the
value of CIN is reduced, the resulting error in the sampled
voltage increases. With a CIN value of 0.1 pF, the charge
redistribution error is less than 1 LSB for a full-scale, pixel-to-
pixel voltage swing.
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ANALOG INPUTS—SHA MODE

- Figl:lre 12 shows the analog input configuration for the SHA
mode of operation. Figure 13 shows the internal timing for the
sampling switches. The input signal is sampled when CDSCLK2
transitions from high to low, opening S1. The voltage on the
OFFESET pin is also sampled on the falling edge of CDSCLK2,
when S2 opens. $3 is then closed, generating a differential
output voltage representing the difference between the sampled
inp§t voltage and the OFFSET voltage. The input clamp is

disabled during SHA mode operation.

AD9822
VINR 9/51 2pF
INPUT SIGNAL O ° )8 {—cmt
s2 S3 RED
OFFSET P 2pF
OPTIONAL DG OFFSET i F—cmL
{OR CONNECT TO GND) ‘7
VING
GREEN
0—(/ —
VINB
— O —p——
i BLUE o
g
Figure 12. SHA Mode Input Configuration (All Three Channels are Identical)
- $1, $2 CLOSED $1, S2 CLOSED
CDBCLK2 g4, 52 0PEN
R . $3 CLOSED S3CLOSED  _
\ a3 s3open 3
(INTERNAL) 8

% Figure 13. SHA Mode Internal Switch Timing

Figulx;e 14 shows how the OFFSET pin may be used in a CIS
application for coarse offset adjustment. Many CIS signals have
dc offsets ranging from several hundred millivolts to more than
1 V. By connecting the appropriate dc voltage to the OFFSET
pin, the CIS signal is restored to 0. After the large dc offset is
remgved, the signal can be scaled using the PGA to maximize
the ADC’s dynamic range.

AD9822
VINR
RED ~———(O)———+
SHA RED-OFFSET
VING
GREEN O h
SHA GREEN-OFFSET
*1-
‘VINB
BLUE O +
VREF FROM SHA BLUE-OFFSET
CIS MODULE -
AVDD N OFFSET
R1 0.1uF
DC OFFSET ;;
R2

00623-015

Figure 14. SHA Mode Used with External DC Offset

PROGRAMMABLE GAIN AMPLIFIERS (PGA)

The AD9822 uses one PGA for each channel. Each PGA has a
gain range from 1x (0 dB) to 5.8x (15.5 dB), adjustable in

64 steps. Figure 15 shows the PGA gain as a function of the
PGA register code. Although the gain curve is approximately
linear-in-dB, the gain in V/V varies nonlinearly with register
code, following the equation

5.7
63—G:|

Gain=
1+47| ———
7[ 63

where G is the decimal value of the gain register contents and
varies from 0 to 63.

15 §5.7
P
| e
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S 2
NG e L
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2 R S
= o ® 2
z O z
< .,
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¥
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PGA REGISTER VALUE (Decimal)

Figure 15. PGA Gain Transfer Function
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PPLICATIONS

IRCUIT AND LAYOUT RECOMMENDATIONS

gure 16 shows the recommended circuit configuration for
channel CDS mode operation. The recommended input
upling capacitor value is 0.1 uF (see the Circuit Operation
ction). A single ground plane is recommended for the
D9822. A separate power supply may be used for DRVDD,

e digital driver supply, but this supply pin should still be
scoupled to the same ground plane as the rest of the AD9822.
1e loading of the digital outputs should be minimized, either
rusing short traces to the digital ASIC or by using external
gital buffers. To minimize the effect of digital transients
1ring major output code transitions, the falling edge of

CDSCLK2 should occur coincident with or before the rising
edge of ADCCLK (see Figure 3 through Figure 6 for timing).
All 0.1 pF decoupling capacitors should be located as close as
possible to the AD9822 pins. When operating in single-channel
mode, the unused analog inputs should be grounded.

Figure 17 shows the recommended circuit configuration for
3-channel SHA mode. All of the above considerations also apply
for this configuration, except that the analog input signals are
directly connected to the AD9822 without the use of coupling
capacitors. The analog input signals must already be dc-biased
between 0 V and 2 V (see the Circuit Operation section).

0.1pF
— r— RED INPUT

5V
CLOCK INPUTS 0.1uF
1| cDscLKi AVDD 28 0k | | GREENINPUT
2| CDSCLK2 AVSS z‘}—J % 0AuF
IL
svi 3| ADCCLK VINR [26} |—— BLUE INPUT
———— 4] cEs OFFSET [25]
=
5 | DRVDD VING [2a}——————— 0.14F = 1.04F
0.uF = = AD9822 = 0-18F
['o|orvss L [23} —e
é ———7|o7(msg) ving fz}—— N
+ 1
[ Tajos eartfer————— Lour Tior oy
—=|bs cAPB 0] 1
| ———70] D4 Avss|1s} 1
| ——T[i1|os AvDD[1s 01uF v
| ——12] D2 SLOAD 17
——3| 1 SCLK |16 sV
| —————14| Do (LsB) SDATA[15 H
DATA OUTPUTS ——] 34— SERIAL INTERFACE g
Figure 16. Recommended Circuit Configuration, 3-Channel CDS Mode
5V
RED INPUT
CLOCK INPUTS
1] coscLk1 AVDD[28 0.1uF GREEN INPUT
2| CDSCLK2 AVSSM
=
ViV 3| ADCCLK VINR 26} BLUE INPUT
——4|oEB OFFSET |2s] ¥
—
5 | DRVDD VING |24 }—————
0.4pF = = AD9822 = 0.-1uF
[elorvss cML 23] I}
<L ——[7|o7msB) ving [z} R 0N
+ i
—s e capt f—— %0.1;1F :If10|.lF 0.14F
|, —— | ps cAPB 20} {—e
| ———T0] D4 Avss |19}
Lo \%
—~————11] b3 AVDD|18 A
—— 32| b2 SLOAD [17
—————13| o1 SCLK [16 sv
———a| Do (LsB) SDATA[15 E
DATA OUTPUTS —/—] 2 — SERIAL INTERFACE £

Figure 17. Recommended Circuit Configuration, 3-Channel SHA Mode (Analog Inputs Sampled with Respect to Ground)
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Figure 18. 28-Lead Standard Small Outline Package [SOIC]

Wide Body (R-28)
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Figure 19. 28-Lead Shrink Small Outline Package [SSOP]
(RS-28)

: Dimensions shown in millimeters
ORDERING GUIDE
Model| Temperature Range Package Description Package Options
AD9822JR 0°C to 70°C 28-Lead SOIC R-28
AD9§22JRRL 0°C to 70°C 28-Lead SOIC R-28
AD9822JRS 0°C to 70°C 28-Lead SSOP RS-28
AD9822JRSRL 0°C to 70°C 28-Lead SSOP RS-28
AD9822)RSZ' 0°C to 70°C 28-Lead SSOP RS-28
AD9&22JRSZRL' 0°C to 70°C 28-Lead SSOP RS-28

'Z= P*a-free part.
x

s

]
|

Rev. B | Page 18 of 20




AD9822

NOTES

Rev. B[ Page 19 of 20



e 200!5 Analog Devices, Inc. All rights reserved. Trademarks and
jisteyred trademarks are the property of their respective owners.
4 €00623-0-2/05(B)

> ANALOG
| DEVICES

Rev. B | Page.20 of 20

www.analog.com






