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Abstract

This project studied ,designed and built a grating-based spectroscope which
uses a CCD camera that detects and displays the light spectrum on a computer monitor
. This spectroscope can be used to measure the spectrum of light by using a reflection
grating as the dispersion device. The display shows the relation between wavelengths

and intensities. Calibration is still needed in order to prove the performance of the

spectroscope.
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Visible spectrum: 409-700 nm
m=1 9.2°-16.3°

m=2: 18.7-34.1°
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(d)
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g1l 6-1 aulnaiunsanelszqrecleesseifas

(a) nemenlsyqueslevasmaiAdininanaseN

o alal

(b) msmﬂﬂszgmmlmmmmm ANAUGY 4.5 A, 5.5 Viem, i§usinguginarmass 20 s,

i

(c) meaeszqetlegnunaiAaTnmaNeLgs 0.4 A, 120 Viem, WuhAuenanavasn 4 s,

o al

(d) mMametlsrqaaslevenneiAdEnnINAugs 5.4 A, 135 Viem, WWHIARENAIMAEA 4 N3,

-l

(e) MamelszqreslennnaiAiTnaausiugs 1.2 A, 500 Vicm, iduinguginarmaan 2 s,

o al

(f) msmmﬂs:gmmlmmmmm ﬁmwrﬁu@;a 1.3 A, 770 Viem, eitinfusnatsvaan 1 sis.

() wilau (a)
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6.2 tauasINUay (Condensing Lens)
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plane wave
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Collimator lens plate
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6.6 ud e (Focussing Lens)
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Focussing lens plate
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6.7 A35Uua3 (Detector)
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6.8 ABNNIMES (COMPUTER)
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//Watcom C
I
#include <stdio.h>
#include <malloc.h>
#include <mem.h>
#include <dos.h>
#include <stdlib.h>
#include <math.h>

#include <time.h>

#define PI  3.141592654
#define SizeX 320
#define SizeY 240
#define NX 40

#define MX 180
#define NY 50

#define MY 150

union REGS regs;
struct SREGS segregs;

int cenx0;

unsigned int Linaddr;

unsigned char *Buf*BufYuvl,*image,*graph;
unsigned char *VGA=(unsigned char *)0xa0000;

#include "mgraph.h"
#include "se100lib.h"

#define LPT1 0x378
#define SPEED 5

unsigned char P=0;



/
void Mark(int cenx,int ceny)
{

int x,y;

iﬂcenx+5>=320]|ceny+5>=200”cenx—5<0||ceny-5<0) return;

for(x=cenx-5;x<cenx+5;x++)
memset(VGA +ceny*320+x,255,1);

for(y=ceny-5;y<ceny+5;y++)
memset(VGA +y*320+cenx,255,1);

5

Iw koK ***********************************‘ * w************/
void writeoutput(void)

FILE *fp;

int j;

ifl(fp = fopen(“output.img", “wb")=NULL)
{

meclosegraph();

printf{"Error saving \n");

getch();

exit(1);

H

for(j=0;j<200;j++)

fwrnite(image+j*320,sizeof{char),320,fp);

fclose(fp);
H

/****************************************************************************/

void AdjustThreshold(int THD)
{

int i;
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for(i=0;i<THD;i++)
mmixrgh(,0,0,0);
for(i=THD;i<256;i++)
mmixrgb(i,63,63,63);
3

/

void Threshold(int THD)
{
int i;
for(i=0;i<64000L;i++)
{
if(*(BufYuvl+)>=THD)//0-255
*(BufYuvl+i)=255;
clse
*(BufYuv!+)=0;

}

E X ET LT F

x**/

.
void PlotGraph(unsigned char *graph)
{
int X,y;
for(y=0;y<200;y++)
for(x=0;x<=graph[y];x++)
*(VGA+y*320+x)=255;

void clearstep()

{
outp(LPT1, 0x00);
outp(LPT1+2,0x05);
outp(LPT1+2,0x04);

}
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void RRC(int step)

{

/hansigned char temp;
nti;
Hetrser();
for(i=0;i<step;i++)

T e T mgWETS  n O bt e e
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{

P=(P>>1);

ifl((P&Oxf0)=0)
P=0x80,//128

/fprintf{"%x “,P);

outp(LPT1,P);

outp(LPT1+2,0x05);

outp(LPT1+2,0x04);

delay(SPEED);

H

/igeteh();

}

void RLC(int step)

{

int i;

felrser();

for(i=0;i<step;i++)
{
P=<(P<<l);
if{(P&OXI0)==0)

P=0x10;//1

/1printf("%x “,P);
outp(LPT1,P);
outp(LPT1+2,0x05);
outp(LPT1+2,0x04);
delay(SPEED);
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}
///getch();

3
i)

/

void main(int argc,char *argv{])

{
int icenx=160,ceny=100,index=0;

FILE *fp;

RLC(4000);//stepping control

mopengraph();

e e @ e

e TRVAE MR g s s

- e T o

B e

/finitial video capture
if{!VblastInstall()

{

printf{*\nVideo Not Install Card");

mclosegraph();

getch();

exit(1);

}

r*
regs.w.bx =0x10D;
regs.w.ax = 200;//xstart
regs.w.dx = 100;//ystart
if{!CallVbistdrv())

{

printf{"\nCan't Set fr.0x115");

mclosegraph();

getch();

exit(1);

3/

DisplayVideoWindow(0 ,0,0x3£f,0x3f);//for initial technique
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DisplayVideoWindow(0 ,0,500,500);
OffVideo();
SetFreeze(0);

//allocate memory

Linaddr = dpmi_mapphysicaltolinear OXE00000,1408*480-1);
Buf=malloc(704*2*560);

BufYuv! = malloc(SizeX*2*SizeY);

image = (unsigned char*)calloc(64000L,sizeof{char));

graph = (unsigned char*)calloc(200L,sizeof{char));

{/start processing
SetSingleFrameCaptureFlag(1 ),//O=continue 1= frame
index=0;
do
{
SetFreeze(0);//0=live 1=freeze
SetFreeze(0);//0=live 1=freeze
vbmov320x240(Buf,Linaddr);
adjustyuv(Buf, SizeX,SizeY);//result keep in BufYuv1
/[Threshold(THD);

/*

iflkbhit()
switch(toupper(getch()))
{
case '6":.cenx+=1;break;
case '4":cenx~=1;break;
case '8":ceny-=1;break;
case '2":ceny+=1;break;
case 'Q":goto end;

3/
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graph{index]=*(BufYuv1+100%320+160);
if{kbhit()) goto end;
RRC(20);//stepping control

memmove(VGA,BufYuv1,64000L);
Mark(cenx,ceny);
index++;
}

while(index<200);

i

end:
plotgraph(graph);
getch();

{/DisplayVideoWindow(0 ,0,500,500);
OffVideo();

mclosegraph();

//keep result to file
/fmemmove(image,BufYuv1,64000L);
/hwriteoutput(); .

//printf{*\nLast Cenx,Ceny = %d,%d\n",cenx,ceny);
/fprintf("\nSave to file(y/n)?n");
/fifttoupper(getch())=="Y")

{
{/readinput from file

if{(fp = fopen("data.dat","wb"))==NULL)
{
printf{"Error writing outputfile\n");
getch();
exit(1);
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}
fwrite(graph,sizeof{char),200L,fp);
felose(fp);

3
{/free memory
free(graph);
free(image);
free(Buf);
free(BufYuvl);
3

s sk ok ofe ek ok ok ek o

‘.***********************************/
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/lread data from file to screen plotting
#include <graphics.h>

#include <stdlib.h>

#include <stdio.h>

#include <conio.h>

#include <mem.h>

int main(void)
{
/* request auto detection */
int gdriver = DETECT, gmode, errorcode;
int xmax, ymax;
int i;
/ldatafile size
#define NUMDATA 200
#define NUMSTR 100
FILE *fp;
unsigned char datal NUMDATA];
char strNUMSTR];

/* initialize graphics and local variables */

initgraph(&gdriver, &gmode, "");

/* read result of initialization */
errorcode = graphresult();
/* an error occurred */
if (errorcode != grOk)
{
printf("Graphics error: %s\n", grapherrormsg(errorcode));
printf("Press any key to halt:");
getch();
exit(1);

setcolor(getmaxcolor());
xmax = getmaxx();

ymax = getmaxy();

/lclear ifput data
memset(data,0 NUMDATA);

//frandom NUMDATA data for test
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randomize();

for(i=0;i<NUMDATA ;i++)
data[i]=random (256);

*/

/freadinput from file
if((fp = fopen("data.dat","rb"))==NULL)
{
printf("Error reading \n");
getch();
exit(1);
}
fread(data,sizeof{char), NUMDATA,fp);
fclose(fp);

/* draw a diagonal line */

/' line(0, 0, xmax, ymax);

//graph x,yaxis
xmax = getmaxx();

ymax = getmaxy();

line(50, 50,50,ymax-50);
line(50, ymax-50,xmax-100,ymax-50);

settextjustify(1, 1);
/lgrid of graph
for(i=0;i<NUMDATA;i++)
{
setcolor(i);
line(50+i*2+1,ymax-50,50+i*2+1 (ymax-50)-data[i]);
/fmark grid
if(i%10==0)
{
setcolor(WHITE);
line(50+i*2+1,ymax-50,50+i*2+1,ymax-45ﬁ);
if{i%20==0)
{
sprintf{str,"%d",i);
outtextxy(50+i*2+1,ymax-40,str);
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//clear buffer of str
memset(str,0,NUMSTRY);

//show text of graph

setcolor( WHITE);

settextjustify(1, 1);

outtextxy(xmax/2, ymax-20, "Spectroscope™);
outtextxy(xmax-50, ymax-50, "wavelength");
outtextxy(50, 50, "Amplitude");

getch();

/* clean up */

closegraph();

return 0;
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/lclear buffer of str
‘memset(str,0NUMSTR);

/ishow text of graph

setcolol WHITE);

settextjustify(1, 1);

outtextxy(xmax/2, ymax-20, "Spectroscope"”);
outtextxy(xmax-50, ymax-350, "wavelength");
outtextxy(50, 50, “Amplityde"),

getch();

/* clean up ¥/

closegraph();

return 0);
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LORAL

Fairchild Imaging Sensors C C D 2 2 2
488X380-Element
Area Image Sensor

FEATURES

185,440 sensing elements on a single chip
Available horizontal resolution: 380 elements per line
Available vertical resolution: 488 lines

No lag, no geometric distortion

A gamma of unity

High dynamic range — typically > 1,000:1 at 25°C
(excluding dark signal non-uniformity)

® Low light level capability, low noise equivalent
exposure

Video data rates up to 20 MHz, frame rates to 90 Hz
Sample-and-hold video output

Low power dissipation, solid-state reliability and
small size

Standard TV aspect ratio (4:3)

CCD222 488X380 Element Area Image Sensors are

[}
| Satisfies NTSC resolution standards also included in Fairchild’s series of solid- state tele-
m Two-phase register clocking vision camera systems.
= Digitally-tontrolled readout
| Special selections available — consult factory.
PIN NAMES
A8 Anti ing Bias (! i i

DESCRIPTION SF ﬂoag:%na:‘: ABn?:ﬁgi:: g:::':: ;(:2 Bloomina)
The CCD222 is a 488 X 380-element solid-state charge- XLDEO""' f,{,‘i‘;ﬂﬁ,’i’.ﬁg‘,ﬁi
coupled device area image sensor which is intended for Sv1. Svz  Vertical Transport Clocks
use as a high-resolution detector in television compatible :"" 2 gﬂ;‘g"';grm‘:sxo’c‘kc‘“"s
imaging systems and a variety of other scientific and - o:E Reset Ciock
industrial optical instrumentation systems. The CCD222 Ss g::\;';andﬂow Clock
is orgam_zed as a matrix array of 488 horizontal lines by v:g Outout Aal:pliﬁe( Orain Supply L
380 vertical columns of charge-coupled photoelements. Vgs Substrate (GND)
The dimensions of these 185,440 photoelements are ™ Test Points
12um horizontally by 18um vertically. The photoelements CCD222 CONNECTION DIAGRAM
are precisely positioned on 30um horizontal centers and (TOP VIEW)
18um vertical centers. The CCD222 has an active optical z
area of 8.8 by 11.4 mm, with a diagonal of 14.4 mm. v

ss[|1 ;ouwm' AMPLIFIER 22[}oy,
The low noise performance of the buried channel CCD e ; f‘ELEME'" " 470
structure provides excellent low-light-level capabilities sF3 gj 2048
when the sensor is cooled; performance adequate for VIPEOour(j4 L g1opee
most applications can be achieved with the sensor at Voolls . 18] P4
room temperature or above. The geometric accuracy of TPifle _5 : 7fjrea
the device structure, combined with a video readout which Vaoll7 3% 16[InC
is controlled by digital clock signals, allows the signal . “ec(j8 § : J 1S[JNC
output from each photoelement to be precisely identified “uaflo g ' é 14]Jo,,
for easy realization of computer-based image processing emloB (g, ... ... o S 13fewn
systems. The devices can be used in video cameras that el P T " J1zj2
require low power, smail size, high sensitivity, high reli-
ability and rugged construction. “PIN1 (V__) IS DESIGNATED 8Y A DOT

O SIOEDE PaCKAGE.

L TR R

Loral Fairchild |magin§ Sensors © 1991 Loral Falrchild reserves the right to make changes in
1801 McCarthy Blvd., Milpitas, CA 95035 the circuitry or specifications at any time without notice.
1 800 3256975, TWX 910-373-2110, {408} 433-2500 Printed in US.A.
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CCD222
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FUNCTIONAL DESCRIPTION
The CCD222 consists of the functional elements illustrated

in the Block Diagram:

Image Sensing Elements

Image photons pass through a transparent polycrystalline
silicon gate structure and are absorbed in the silicon
crystal structure creating hole-electron pairs. The resulting
photoelectrons are coflected in the photosites during the -
integration period. The amount of charge accumulated in
each photosite is a linear function of the localized incident
illumination intensity and the integration period.

Vertical Transport Registers

The interline transfer architecture of the CCD222 provides
video information in two sequential-fields of 244 lines
each. At the end of an integration period, when the
photogate voltage ¢, is lowered and the ¢,,, clock is
HIGH, charge packets from odd-numbered photosite rows
(1,3,5...487) are transferred to the vertical transport
registers to initiate an odd-field readout. Clocking ¢,
and ¢y, transports the charge packets up the vertical
transport registers where they are transferred line by tine
into the horizontal output register. After readout of the
odd field, the ¢, voltage is again lowered and the Dyo
clock is HIGH causing transfer of charge packets from
even numbered photosite rows (2,4,6. . . 488) into the
vertical registers, thereby initiating an even-field readout.

Horizontal Analog Transport Register
The horizontal transport register is a 385-element 2-phase
register that receives the charge packets from the vertical

registers line by line. After each line of information is
transferred from the vertical transport registers, it is moved
serially to the output amplifier by the complementary
horizontal clocks ¢, and ¢,. A minimum of 385 hori-
zontal clock puises are required to complete transfer of
one line of information past the floating-gate amplifier.

Resettable Floating-Gate Amplifier

The charge packets from the horizontal transport register
are sensed by a floating-gate whose poténtial changes
linearly with the quantity of signal charge. The floating-
gate is designed to be reset to the reset drain voltage
Vgp by the reset clock, ¢g, after the completion of each
horizontal line readout.

The output signal from the floating-gate drives a voltage
amplification stage, is sampled and held under ¢ontrol of
the sample clock ¢ by a sampling transistor switch and
is buffered to the output terminal VIDEOQ,,; through

a targer MOS transistor. The resultant video output signal
is a sampled-and-held clock-controlled analog signal
representing the spatial distribution of the exposure level
at the sensor surface.

Sampled Video Output {(See Timing Diagram)

The output waveform of the CCD222 is shown in detail in
the Timing Diagram. Each frame (488 horizontal lines) is
delivered to the output in two sequential fields of 244
horizontal lines each. Each horizontal line is 380 elements
long and is preceded by 4 pre-scan elements which
contain no video information, but are representative of
the dark current levels in the horizontal register.
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CCD222

T
DEFINITIONS OF TERMS

Charge-Coupled Device — A charge-coupled device is
a monolithic silicon structure in which discrete packets of

electronic charge are transported from position to position

by sequential clocking of an array of gates. The charge
packets are minority carriers (eléctrons) with respect to
the p-type semiconductor substrate.

Photogate Clock ¢ — The voltage waveform applied to
the photogate.

Vertical Transport Clocks ¢y, ¢y, — The clock signals
applied to the vertical transport registers.

Horizontal Transport Clocks ¢, ¢, — The clock
signals applied to the horizontal transport register.

Resettable Floating-Gate  Amplifier — The on-chip pre-
amplifier which develops a signal voltage linearly propor-
tional to the number of electrons contained in each
sensed charge packet. The floating gate is coupled to
the charge transport channel exclusively by electrostatic
fields for low-noise signal detection.

Reset Clock ¢y — The clock applied to the gate of the
reset switch to reset the voltage on the floating gate.

Sample-and-Hold Clock ¢ — The clock applied to the
sample-and-hold gate of the amplifier. (The sample-and-
hold feature can be disabled by connecting ¢ to Vpp).

Dynamic Range — The ratio of the saturation output
voltage to the rms noise in the dark. The peak-to-peak
random noise output of the device is 4-6 times the rms

noise output.

Spectral Response Range — The spectral band over
which the response per unit of radiant power is more
than 10% of the peak response.

Responsivity — The output signal voltage per unit
exposure.

Photoresponse Shading Non-Uniformity — The difference
of the response levels between the most and the least
sensitive regions under uniform illumination (excluding
blemished elements) expressed as a percentage of the
average response. Shading is measured using the digital
equivalent of a low-pass filter with a cut-off frequency of
approximately 5 cycles per picture width or picture height
in the video output line.

Dark Signal — The output signal in the dark caused by
thermally generated electrons. Dark signal is a linear ~
function of integration time and an exponential function of

chip temperature.

Dark Signal Shading Non-Uniformity — The difference in
the dark signal levels between the lowest and highest
outputs from non-blemished elements in the dark. Shading
is measured using the digital equivalent of a low-pass
filter with a cut-off frequency of approximately 5 cycles
per picture width or picture height in the video output line.

Saturation Output Voltage — The maximum useful output
signail amplitude. .

Integration Time — In this device, the integration time is
equal to the frame period when used in the standard

mode of operation.

Pixel — Picture element or sensor element — also called
photoelement or photosite.

Saturation Exposure — The minimum exposure level that
will produce a saturated output signal. Exposure is equal
to the product of light intensity and the integration time.

PHOTOELEMENT DIMENSIONS 12pm 12pm
,_\/ '\/
por———— T
S 18pm — 3
18pm
18
P OPAQUE OPAQUE
ALUMINUM ALUMINUM
REGISTER REGISTER VERTICAL
T - SHIELDS 1 SHIELDS SCAN AXIS
18pm 18pm
TYPICAL Pl
PHOTOSITE ]
1 A
___—J __—
f— 30pm ————
.
HORIZONTAL SCAN AXIS
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Caution Note

CCD222

m

ABSOLUTE MAXIMUM RATINGS:

ISTORAGE TEMPERATURE

~100°C to +100°C

IVOLTAGES:

Pins 3, 4,5, 6,7, 20 —0.3V to +16V
Pins 2, 8,9, 10, 11, —10V to +15V
12, 13, 14, 17,
18,19, 21,22
Pin 1 Vgg = OV
Pins 15, 16 NC

The devices do not have built-in gate protection. It is crucial that s;tatic discharge be controlled and minimized. Care must be taken to avoid shorting pin
VIDEQgyt to Vgg or Vg during operation of the device.

Dirty glass windows on devices cause increased photoresponse non-uniformity. Glass may be cleaned by saturating a cotton swab in alcoho! and lightly
wiping the surface. Rinse off the alcohol with de-lonized water. Allow the glass to dry, preferably by blowing with filtered dry N, or air.

DC OPERATING CONDITIONS AND CHARACTERISTICS: Devices are tested at nominal conditions except for Vg,
which is adjusted for individual sensors.

Range
Symbol Parameter Min Nom Max Unit Remarks
Vop DC Supply Voltage 12.0 15.0 16.0 A
Vs Anti-Blooming Bias Voltage 12.0 \Y
Vs Source of Floating-Gate Amplifier 4.0 7.0 10.0 \ Note 1
Vro Reset Drain Voltage 4.0 v
P, Test Point Voo \
TP, Test Points 0.0 v
TP3, TP, Test Point 1.0 12.0 16.0 Note 10
lop DC Supply (Vpg) Current mA
lge Current at Pin SF 50 A

CLOCK CONDITIONS: Devices are tested at clock conditions

equipment. Clock voltages are within ranges shown.

which result in optimized performance in Fairchild

Range

Symbol Parameter Min Nom Max Unit Remarks
V¢pl_ Photogate Clock LOW -6.0 0.0 \ Note 2, 9
V¢PH Photogate Clock HIGH 3.0 5.0 7.0 Vv Note 2
VaBEL Bias Electrode of FGA Clock LOW -3.0 0.0 0.0 v
Vegen Bias Electrode of FGA Clock HIGH 0.0 5.0 7.0 v Note 1
VauiL Horizontal Transport -5.0 0.0 0.0 \Y Note 3
VaraL Clock LOW
VaHin Horizontal Transport 5.0 10.0 120 \Y Note 1,3
Virzu Clock HIGH
V¢V1L Vertical Transport —6.0 0.0 0.0 v Note 2, 9
Vavat Clock LOW
Vavin Vertical Transport 5.0 7.0 12.0 v Note 4
Vaver Clock HIGH ’
Vest Sample-and Hold Clock LOW —-3.0 0.0 0.0 A4
Vasu Sample-and-Hold Clock HIGH 3.0 5.0 70 \Y
Vart Reset Clock LOW —6.0 0.0 0.0 \Y

1 Vern Reset Clock HIGH 5.0 7.0 12.0 \Y
for Horizontal Transport 7.2 20.0 MHz Note 5
for2 Clock Frequency
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PERFORMANCE SPECIFICATIONS: Standard test conditions are TV format data output at a 30 Hz frame rate, 60 Hz
field rate, 15.75 kHz line rate, 7.16 MHz pixel rate, T, = 25°C. Light source is

2854°K incandescent with 2.0 mm thick Schott BG-38 IR reject filter.

) Range

Symbol Parameter K Min Typ Max Unit Condition

Vsar Saturation Output Voltage 200 700 mVpp Note 6

DR Dynamic Range 1000 See Definitions of Terms

Sl Saturation Irradiance 8.4 uW/em? See Table A

R Responsivity 0.08 V/uWem?

Vo Output DC Level 4 7 12 v 3KQ load resistance

P Amplifier Power Dissipation 60 mw 3KN load resistance

Z Qutput Impedance 1000 ohm

CTF, Contrast Transfer Function, | 50 75 | % At 380 columns/
Horizontal picture width |

CTF, Contrast Transfer Function, 50 70 % At 488 fines/
Vertical picture height

DSSNU Dark Signal Shading 1 2 % Vgar See Definitions of Terms
Non-Uniformity Note 7,8

PRSNU Photo Response Shading 1 10 % Vour See Definitions of Terms
Non-Uniformity Note 7

NOTES

1. Adjustment is required within the indicated range for optimum operation.

2. Cyp= 16,000 pF

3. Cgny = Conp™ 200 pF

4. Cgy1 = Cyya ™ 12,000 oF

5. Devices are tested at a clock rate of 7.2 MHz. This gives a standard NTSC rate of 30 frames per second. Higher clock rates are possible. Operation

of the device at lower or higher frequencies will not damage the device. Two factors contribute to the fundamental low frequency limit: dark current
contributions from the photosites and associated dark current non-uniformities, and dark current contributions in the register which will result in
increased average dark signal at the output. The longer the integration time, the higher the spatial non-uniformities.

Measured with uniform light input.
Measurement excludes single point blemishes, line and column defects and outer edge elements on a line or field basis.

DSSNU increases in amplitude by a factor of 2X for each 7-10 degree (C) increase in chip temperature.

Minimum increaseof DSSNU for certain arrays results when the low level of these clock signals is between 0 and -6V with respect to Vss.
On devices date coded 87-01 or later, connect TP; and TP, 10 the Vag bias supply, .

On devices date coded 86-52 or earlier, connect TPy and TP: 10 0.0V.

oL EPNO

-

Q

TABLE A
TYPICAL SATURATION IRRADIANCE LEVELS OF CCD222 AT 30 FRAMES/SEC.
Source Spectrum Radiometric Photometric
2854°K, unfiltered? 15 uW/cm? 3.3 lux 0.30 fc
2854°K + 900nm cutoff filter® 6.0 uW/cm? 9 lux 09 fc
2854°K + 700Am cutoff filter® 8.4 uW/cm? 25 lux 2.4 fc
Monochromatic, 600nm 7.0 uW/cm? — —

NOTES

a. 1 uW/em?=0.22 lux.
1 uW/em? = 1.5 lux. The 900nm cutof! filter blocks wavelengths above approximately 300nm. Use a Corning 1-75 glass filter 3mm thick.

1 uW/cm? = 3.0 lux. The 700nm cutot! filter blocks waveiengths above approximately 700nm. Use a Schott BG-38 glass filter 2mm thick.

b
C.
d. 1fc=10.76 lux.
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COSMETIC PERFORMANCE SPECIFICATIONS BLEMISH SPECIFICATIONS FOR CCD222:

(Measured at T, = 25°C and at uniform flight levels

The CCD222 is a very high performance device intended
developing 0, 25 and 50% of Vg,r.)

for use in broadcast quality camera systems and in the
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most demanding industrial and scientific applications.
A CCD222 element is considered to be blemished if it
exhibits a spurious output (in comparison to its nearest

neighbors) of more than 10% of VgaT. Blemish content is CCD222A
determined in the dark, and at an illumination level of 50% Characteristic Max
Vsar. Single-point Blemishes (SPB's) are sometimes - - -
found in CCD222 sensors; horizontal line and column Number of Single Point Blemishes 5
oriented defects are rarely found because of Fairchild's Largest SPB Dimension 2
choice of device structure. Number of Blemished Pixels in SPB's 10
Number of Column Defects 0
Devices exhibiting less stringent performance and/or Widest Column Defect Width 0
cosmetic specifications may be obtainable by negotiation. Number of Defective Columns 0

TYPICAL PERFORMANCE CURVES
OUTPUT SIGNAL LEVEL VERSUS
INTEGRATION TIME 2854°K TUNGSTEN
TYPICAL SPECTAAL RESPONSE SOURCE WITH SCHOTT BG-38 FILTERS
] : 30 frames/
1 S Y P R S
4 1
04 14 0Wom' |
4\06‘ w sol—d-- T -
£ ] o g |y e
& <OV 4 x =i~ 1 —
z 03 A, — -
2 +2¢ p |2 o0 -+
= K% e 25 |
E 4 P SR S S 4 {4
Z 02 < -~ S|z ]
g 7 - ';‘ g 4 :
1 Y & 2.5, Wem!
& -1 s b — 32 443
u L~ 4+ «
« / | — ] |
0.1 — = 20 - L] A de by
7T o !
+ [ NS DU SR I -
{4 8
4 - b T 0suwiem
) €00 800 1000 0 ) 20 ) ) 50
WAVELENGTH (nm) {44 — INTEGRATION TIME (ms}
HORIZONTAL CONTRAST VERTICAL CONTRAST
TRANSFER FUNCTION FOR TWO TRANSFER FUNCTION FOR TWO
BROADBAND {LLUMINATION SOURCES BROADBAND ILLUMINATION SOURCES
SPATIAL FREQUENCY — CYCLES/mm SPATIAL FREQUENCY — CYCLES/mm
100 13 &7 w00 w13 187 02 58 1 187 222 218,
0 —T .0 T T
s —— 1 l . z %\' 2884°K + -
e ~ 284K + <] - 8G.38 FILTER -
g Sy 8G-38 FILTER £ o7
08 Zz 08 k.
2 [ s . ) I~
= Prof S : NY ol > N
" ALONE | & v g 7 N
(U % i 2854°K
g2 o8 22 os i
;s | E— 2z ; ALONE AN
b 9
& ; ;g 1
H i W I
22 o« >2 04
3 ] a
" (=
3 : " [ .
8 i t B 8
| 92 4 : , 02 i
hd : w 1
S 5 : ]
[ i °
o 02 04 [ o4 0 o 0.2 0.4 0.8 [ 10
NORMALIZED SPATIAL FREQUENCY NORMALIZED SPATIAL FREQUENCY
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OUTPUT WAVEFORM (VIDEO5;;) UNDER UNIFORM ILLUMINATION (= 50% Vg,q) 200mV/div
1us/div

ONE HORIZONTAL LINE

I*H*

104s/div

COMPOSITE

‘ -
1 BLANKING

5V/div

16.7ms , 2ms/dav

ONE VERTICAL FIELD _’l Lj—

CCD222 PACKAGE OUTLINE

. __ 0.120 REF.
22-Pin Ceramic Package 0.020 REF. . (3.05)
,_xxzxx.m.a.::x.cuzunax—_u:u?_ {0 .508) e S
— - 4+— HEADER
ORI 1 AR Y 111U/ R WINDOW _
’
i, —1 DATE LEap 7 i
CODE  sowno ’
<
DEVICE 0.590 REF. | 0-??5?2‘:')5F-
TYPE — (14.99) ARRAY = ;
SIDE
ein 7 2 oanmnng BRAZE PIN ]
. n_A . 1 i_j
0.620 REF. 0.068 — 1
(15.75)  ~ g.025 Tvp (1.73)  __ 0.285 REF. .| 0.010
— 1--{0.635) {7.24) (0.254)

T
T  0.165 REF.
0.125 REF. (4.19)

4(3.18) i
0.018 TYP—' . .. .—0.050 TYP
(0.457) n.27)
~1 = 0.060 TYP 4 s 4 . .
(1.52) NOTES: All dimensions in inches (bold} and millimeters (parentheses). Header is black
ceramic (AL,O,). Glass window is attached to header with epoxy cement,
ORDER INFORMATION CERTIFICATION
2. Device Ti Loral Fairchild Division certifies that all products are carefully in-
Description Order C g g: spected and tested at the factory prior to shipment and will meet
all requirements of the specification under which it is furnished.
CCD222(Class A Blemish Spec.}| CCD222ADC

WARRANTY

Within twelve months of delivery to the end customer, Loral
Fairchild will repair or replace, at our option, any Loral Fair-
child camera product if any part is found to be defective in
materials or workmanship. Contact factory for assignment of
warranty return number and shipping instructions to ensure

prompt repair or replacement.

LORAL

Fairchild Imaging Sensors

Loral Fairchitd cannot assume responsibllity for use

of any circuitry described other than circuitry embodied
m a Leral Fairchild product. No other circuit patent
ficenses are implied.
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Manufactured under one of the following US. Patents:
2981877, 3015048, 3064167, 3108359, 3117260; other patents
pending.






