














































































































































































































































































































































































































































































































































































































PREprint of a paper to be presented at the SPIE conference on Focal Plane Methodologies Ill 
August 24-25. 1982. San Diego, California, and to be published in SPIE Proceedings Vol. 350. 

A need and method for nonuniformity correction in solid state image sensor 

Satoru C. Tanaka 
EG&G Reticon Corporation 

345 Potrero Avenue, Sunnyvale; California 94086 

Abstract 

When the solid state image devices were introduced into the optical industry, they 
revolutionized the techniques for image detection, but not without the user tolerating its 
nonuniformity. This nonuniformity anomaly is usually ignored in many optical imaging 
applications; accordingly, its existence and effects are known only by a few among the 
device implementors. In some applications, this anomaly may seriously impair a system 
design; consequently, the unwary should be informed of its existence. The nonuniformity 
can be induced electrically and/or optically into a video signal's transmission path, and 
in turn it produces an arbitrary gray scale on an image space, derived from a uniformly 
exposed target. This paper defines the nonuniformity in relation to the solid state 
imaging devices, demonstrates the need to compensate it in low-contrast image application, 
and discusses an inexpensive network to perform the compensation and the results of its 
implementation. 

Introduction 

The solid state imaging devices 112 otherwise known as mosaic devices 3
, have substan­

tially broadened and enhanced many applications in the field of optics, but not without 
the user tolerating its nonuniformity. 

The importance of the nonuniformity and its correction lies in enhancing the signal-to­
noise ratio especially in low-contrast signal detection. In most applications, this 
nonuniformity is neglected, but in some, it can obscure the image signal and render the 
sensor's detectability useless. The sketch in figure 1 exemplifies the process of the 

Effects in Low Contrast Image Detection 

EXAMPLE OF SIGNAL 
CONTAMINATION IDEAL OUTPUT 

/ 
I 

l-1 SCAN TIME-I I..- RETRACE 

ONE LINE SCAN 

rlMAGE 

l-1 SCAN TIME _____.1 

ONE LINE SCAN OUTPUT WITH IDEAL OPTICAL CONDITION 

Figure la 

signal-to-noise degradation with a single scan of the video. signal as it could be seen on 
the scope trace. Figure la shows the image signal while figure lb shows the same signal 
obscured in the nonuniformity noise. Furthermore, its correction should generally be 
desired, because the state of the art makes it difficult to design a device with ideal 
uniformity, i.e., the nonuniformity inherently exists in all present day solid state 
imaging devices on the market. 

This paper defines nonuniformity in relationship to the image devices, discusses its 
effects on the optical signals and presents a method for its compensation. In addition, 
the discussion includes a related nonuniformity effect which is found in most optical paths. 
The nonuniformity is characteristically similar to those existing in the devices, and in 
most applications, they coexist. 

275 



276 

Of the two major organizations of image devices, the line scan and matrix array, the 
discussion will be based on the line scan array. The distinction between them is that the 
line scan array has all the photo sensing cells aligned in a single row, whereas the 2 
dimensional matrix arrays are arranged in rows and columns. However, they are similar 
enough that the line scan discussion will suffice for both. 

WITHOUT IMAGE WITH IMAGE 

SIGNAL TO NOISE RATIO DEGRADED WITH NONUNIFORMITY 
080·0260 

Figure lb 

Definition and Characteristic of Nonuniformity 

Nonuniformity is the variation in the video pixels from an array whose photo cells are 
illuminated with equal exposure. It is expressed in plus or minus percent deviations from 
the average level, where the average is the sum of the maximum and minimum pixels divided 
by two. 

Nonuniformity causes the slope of each cell's conversion transfer function to differ 
among one another. Accordingly, when each photo cell is illuminated with equal exposure, 
the output pixels will vary in proportion to the transfer slope, in other words, its gain. 

Hypothetical Array with Three Photo Site 

CONVERSION TRANSFER 
FUNCTION 

CORRESPONDING OUTPUT 
PIXELS IN ONE LINE SCAN 

-------------!---~ 

--------------------r--- ~-r--- ~ 

I 
I 
I 
I 
Ir CONSTANT EXPOSURE 

+--LIGHT EXPOSURE----. 

Figure 2 

' 3 

-+--TIME-



Figure 2 illustrates this gain difference with a 3-photo-cell hypothetical line array. 
Consistent with the slope changes, the nonuniformity of the array can be compensated by 
changing each cell's gain with an output circuit and making the gain of each cell equal. 

The intercept point of the transfer function was ignored because nonuniformity is 
discussed in light of the low-contrast signal-to-noise ratio enhancement, whereas, the 
intercept point is related to low-light signal processing. The intercept point is a 
measure of the offset levels of each pixel with no illumination. These variations, known 
as fix-pattern noise~ FPN, are usually less than 1% and in some devices less than 0.1% of 
the maximum output at saturation exposure. Hence, if these variations are compared to 
nonuniformity of ±10% at 50% saturation exposure, such as in case of low contrast signal 
with high background exposure, FPN can be ignored. 

A Compensation Technique 

There are many slope correction techniques employed in the industry. They employ a 
variety of circuits, i.e., digital, analog or the combination of the two, but most are 
based on an old established algorithm, that is used in automatic gain control and voltage 
regulator circuits. In its simplest form, the correction takes place within a closed loop 
feedback network with a multiplier as its variable gain element. This loop will hold a 
constant output as the input voltage is varied. Figure 3 shows the feedback network. 

Simplified AGC Loop all Filters for 
Base Band Signal Process is Ignored 

Figure 3 

Briefly described as the input, V. , is varied, the loop maintains the output very close to 
the reference, Vr, because an err~~, E, develops as the absolute difference between V and 
Vr and changes the multiplier coefficient to reduce this difference. This correction° 
algorithm is used in the compensation network presented in this paper. 

The correction requires a two step operation, one is the write mode and the other the 
read mode. The write mode stores the multiplying coefficients by the following process. 
The array is first exposed under uniform illumination, then each pixel is processed through 
the loop and forced to a constant level. As the loop corrects each pixel, its correspon­
ding multiplying correction factor, MCF, proportional to E, is stored in memory .. These 
stored factors are then •J.sed to correct the multiplier gain in the read mode. 

The read mode is the normal imaging process where the array produces the pixels propor­
tional to the image exposed on the array. As each pixel is passed through the multiplier, 
each corresponding MCF stored in memory is read out and multiplied with the pi~el. The 
pixel multiplication with the MCF corrects the cell's transfer gain to produce nonunifor­
mity corrected pixels. Figure 4 is a block diagram that illustrates both of the above 
described processes. Figure 4a is the system reading in the MCF, while the system is 
illuminated under a constant exposure. Figure 4b is the system in its normal imaging 
operation with its nonuniformity corrected. 

This process of controlling each cell's gain to equal all others, not only corrects the 
nonuniformity caused by the imaging devices, but it can correct those optical gain 
variations induced by the optical path. The optical correction follows from the slope 
correction if the intensity variation is caused by a constant attenuation factor in the 
transmission path. An example is the shading caused by limited aperture width, dust 
particles on lens, etc. Since the undesired shadings, to the first order, effect the 
transfer gain of each spatial point on the object line or plane to the image line or plane, 
the shading correction can also be simultaneously corrected with the imaging device. The 
correction to include shading is performed with the same two step operation. 
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MCF Storing Process Image Scanning Process 

MCFQ£ 
MEMORY MEMORY 

MCF 

DIFF AMP 

Figure 4a Figure 4b 

The only difference is that a uniformly reflecting target is placed in the object plane 
of the optical system when the system is in the write mode. 

Implementation Design Method 

In the discussion of the compensation design method, the following definition will be 
used to describe the compensation performance. 

The Uniformity Correction Factor, UCF, is defined as the ratio of nonuniformity before 
correction over the residue nonuniformity left after correction, i.e., when a device with 
nonuniformity equal to ±10% is corrected to ±1%, it will have UCF = 10. 

The Correcting Range, CR, is defined as the maximum range over which the system will 
correct the nonuniformity, i.e., in a system where nonuniformity is ±15%, a CR~ 30% will 
sufficiently cover the range to compensate the nonuniformity whereas CR<30% will not. 

The limits of CR and UCF are predicted by parameters of the closed loop transfer 
function of figure 3, and constrained by the dynamic range of circuit, which is usually 
determined by its components. 

The two parameters of concern are the closed loop gain, G, and the error, e:, because 
1) G determines the limits of CR, and 2) the error, e:, determines the limits of UCF, 
because the final maximum residual value of e: after compensation, over the reference 
voltage is the corrected value of the nonuniformity. 

The closed loop gain of the block diagram in figure 3 is 

G = VrK 
V. K-1 

in where V is the reference voltage 
v7 is the output voltage 
K1 nis the open loop gain 

This simple relationship shows, if KVin>l, then G approaches 

G = vr 
v-:-

in 

hence, the output approaches Vo = Vr. Furthermore, they show that the maximum limits 
imposed on CR are boundless, i.e., maAimum value of Vin is boundless, and its minimum value 
is determined by VinK>l. 

The error, e:, approaches 

e: = vr 
v.--K 

if vinK>>l, 

in 

thus, by making Vr <<K, e:can be made arbitrarily small. Again, the limits one:, hence 
Vin 

UCF, that are imposed by these relationships are boundless. Accordingly, limits on both 
CR and UCF are set by the type of circuit and its parameter and components. 



Circuit Implementation 

To minimize the real estate of a full digital implementation and to retain a relatively 
high video sampling rate, a system incorporating both analog and digital circuits was 
implemented. The video signal was kept in its discrete time analog samples, while the 
MCF, proportional to the error, was converted to digital signals and stored in memory. 

Figure 5 shows a block diagram of this implementation. The similarities to the circuit 

Uniformity Compensation 
Circuit Block Diagram 

SAMPLE/HOLD 

Yin }----o 

INPUTS: 

SAMPLING CLOCK 

SCAN START ~----

CONTROL 
CIRCUIT _____ .. 

Figure 5 

COMPARATOR 

in figure 4 and its operation are readily apparent. In place of the multiplier is a 
multiplying digital to analog converter, MDAC. The chief advantage of this configuration 
is the signal pixels remaining in analog format, hence, analog to digital and digital to 
analog conversions are not required. Since MCF is conveniently converted and stored in 
digital format, the error and its control circuits were digitally implemented. The MDAC is 
simply a multiplier for the analog signal which is multiplied with a digital multiplying 
coefficient. The error for each pixel is converted to a digital MCF by the combined 
operation of the comparator and the successive approximation register, SAR. The output 
signal is compared to a reference voltage at the input of the comparator. Then the 
comparator produces a single bit, its polarity depends on the output signal level relativ~ 
to the reference voltage. Each bit is successively processed by the SAR which produces 
the digital MCF proportional to E. The MCF in turn changes the gain of the MDAC until the 
output voltage approaches the reference voltage within the limit of error, E. This limit 
value determines the value of MCF which is stored in memory. 

In the implementation, the gain factor was set to 512, because an 8 ~1t MDAC was set 
with a maximum gain of 2.0. Then the lowest gain will be 2 7.8lxl0 , but as it is 

256 
~eadily evident from table 1, below, this low gain is unusable. 

Vin Gain Error 

3 volt 0.334 6.5xl0- 4 

2 volt 0.5 9.78xl0- 4 

1 volt 1.0 l.96xl0- 3 

10. 5 volt 2.01 3.92xl0- 3 

lo. 3 volt 3.36 6.55xl0- 3 

Table 1 
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The table was calculated using the previously discussed relationships with K = 512 and 
v = 1. The maximum gain is 2.0 and the maximum input signal Vin is 3 volts. As 
arresult, the maximum correcting voltage range is 0.5 to 3.0 volts or CR= ±0.71. Then 
the minimum residual nonuniformity is ±maximum E = ±0.0039 or ±0.39%. 

vr 
As described in conjunction with figure 4, after the MCF has been stored and the 

compensation circuit is switched into its normal ima9e scanning mode, the memory 
sequentially produces the MCF to change the gain of the MDAC for each MCF's corresponding 
pixel. During this read mode, the rest of the circuit remains inactive. An advantage with 
the memory used in this configuration lies in a large volume application, where an image 
device along with its optical system is compensated together. The MCF could be preprogram­
med into a read-only memory and provided with the system, thus eliminating the need for the 
SAR, comparator, control circuits, etc. and reducing not only complexity but cost as well. 

Experimental Measurements 

A nonuniformity compensation circuit was constructed in accordance with the block 
diagram of figure 5. It was constructed to compensate EG&G Reticon's RL1728H scanning 
diode array~ The array operated in a circuit identical to the RC1728 L/N peripheral board~ 
A uniform light source was placed over the array. To exaggerate the nonuniformity, a piece 
of transparent tape was placed between the light source and the array. The array was set 
to sample at 1 MHz while the exposure integration time was set to approximately 2 milli­
seconds. The MCF was sampled into the memory by advancing one pixel for each scan, 
starting with the first until all 1728 pixels' MCF were stored. Figure 6 is a scope 

Figure 6. A compensated vs. uncompensated video output of a signal line scan. 

photograph of two outputs. Each is a full line scan of the 1728 diodes. The top trace is 
the output after the uniformity compensation and the bottom trace is the uncompensated 
output. Each line scan is approximately 8.5 divisions and is seen terminated with the end 
of line, EOL. The vertical sensitivity of the top trace is uncalibrated and is adjusted 
to display equal amplitude so that the two traces can be easily compared. Clearly, this 
photograph shows, at least qualitatively, the improvements in the compensated over the 
uncompensated video outputs. 

To demonstrate the importance and the need for uniformity compensation in low-contrast 
detection, a piece of wire was placed in the optical path. The output of this image is 
shown in figure 7. The image signal-to-noise enhancement is in excess of 20 db. The 
bottom trace shows the target buried in noise whereas the top trace clearly shows the 
target. 

To demonstrate nonuniformity correction in the optical path, a narrow aperture lens was 
mounted before the array and focused on a uniformly reflecting object plane. The limited 
aperture causes gradual reduction in the exposure as the array ends are approached, and 
produces a bending video scan line. This bending scan line is shown in the top trace of 
figure 8, while the bottom trace shows the compensated output which is free of the non­
uniformity caused by the lens. Again, a target was placed in the object plane to demon­
strate the enhancement of the signal-to-noise ratio. Figure 9 is a photograph of the same 
traces as shown in figure 8, except that the sensitivity of the scope was increased to 
emphasize the improvements in nonuniformity correction and to show its V?lues in low­
contrast detection. In this particular case, if a simple level detector was employed, the 
target could not be detected unless the signal is corrected. 



Figure 7. Video output comparison with a 
target in the optical path. 

Figure 8. Nonuniformity caused by limited 
aperture. 

Figure 9. Higher sensitivity trace of figure 8. 

Performance measurements showed that the nonuniformity of the corrected output was 
approximately ±1%; hence, the exaggerated nonuniformity of ±30% in the figure 7 has a UCF 
equal to 30. Measurements of CR showed slightly greater than ±30%. 

Discrepancy Discussion 

The theoretical limit for the corrected nonuniformity is ±0.39%. The discrepancy 
between the measured value of ±1% and the ±0.39% is caused by two factors with cumulative 
effects, 1) the FPN and 2) the tangential-thermal noise produced by the circuit components. 
Together, they produce noise variationsof approximately 10 mv. With the reference equal 
to 1 volt, the noise limited corrected nonuniformity will be ±1%. 

The discrepancy between the theoretical CR = 71% to the measured value, which is slight­
ly greater than 60%, is caused by the limited Vin· The output of the array board is the 
input voltage to the compensation board; however, instead of anticipated 3 volts maximum, 
the board produced an output slightly greater than 2 volts. 

Conclusion 

In light of the low-contrast signals, this paper has 1) discussed the nonuniformities' 
effects on degrading the signal-to-noise ratio, 2) demonstrated the degradation and the 
need for restoring the signal-to-noise, and 3) suggested a method for its co~rection. 

Using the suggested correction circuit, measurements were conducted with a 1728 element 
imaging device. These measurements have shown the effectiveness of the uniformity compen­
sation network in restoring the degraded signal-to-noise ratio with an example of an image 
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signal buried in nonuniformity noise. 

Furthermore, a limited-aperture optical system was measured. This measurement showed 
the nonuniformity, caused by the limited aperture, reduced the detectability of the image 
signal in a manner analogous to the image device. As a consequence, the same compensation 
network removed this nonuniformity and restored the image's detectability. 

In low-contrast detection, nonuniformity correctors are not only needed for image array, 
but for some optically induced non-uniformities as well, especia1·1y in applications where 
a large number of gray levels must be detected. 
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Article is based on a paper presented at the 23rd Annual ISA Analysis Instrumentation 
Symposium, Charleston, SC. 

IG-11 Use of Charge Transfer Device for Particle Detection, M. Algranati, A. Faibis, R. Kaim and 
Z. Vager, Nuclear Instrument and Instruments and Methods 164 (1979) 615-616; 
received 16 March 1979 and in revised form 25 May 1979. 

(RA0100/0128N) 

IG-12 Control of Fiber Manufacturing Processes, Laurence S. Watkins, Member, IEEE, Western 
Electric Company, Engineering Research Center, Princeton, NJ 08540. Proceedings of 
the IEEE, Volume 70, No. 6, June 1982. Paper received November 6, 1981; revised 
December 15, 1981. 

IG-13 Applications of Lasers to Production Metrology, Control, and Machine "Vision", Timothy 
R. Pryor with Diffracto, Ltd., Windsor, Ontario, Canada N8T 1J9, R. K. Erf with United 
Technologies Research Center, East Hartford, CT 06108, and A. D. Gara with the 
Physics Dept., General Motors Research Laboratories, Warren, Ml 48090. Manuscript 
received January 16, 1982; revised February 22, 1982. Proceedings of the IEEE, 
Volume 70, No. 6, June 1982. 

IG-14 A Need for Method for Nonuniformity Correction in Solid State Image Sensor, Satoru C. 
Tanaka, EG&G Reticon, 345 Potrero Avenue, Sunnyvale, CA 94086. Preprint of a paper 
to be presented at the SPIE conference on Focal Plane Methodologies Ill, August 24-25, 
1982, San Diego, California, and to be published in SPIE Proceedings, Vol. 350. 

Section H - Thermoelectric Cooling 

IH-1 Estimating Heat Loads on Multistage Thermoelectric Coolers, Marlow Industries, Inc., 
1021 South Jupiter Road, Garland, TX 75042. 

IH-2 Guide to Thermoelectric Heat Pumps, Marlow Industries, Inc., 1021 South Jupiter Road, 
Garland, TX 75042. 

IH-4 Low Temperature Thermoelectric Cooling of Self-Scanned Arrays by Raymond Marlow, 
Marlow Industries, Inc., 1021 S. Jupiter Rd., Garland, TX 75042. Reprint from 
Proceedings of the Society of Photo-Optical Instrumentation Engineers, Vol. 187, 
System Aspects of Electro-Optics, May 22-23, 1979, Huntsville, AL. 
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Glossary 

Active Area 

Active area is the effective light-energy collection area in the neighborhood of any given 
photodiode or photosite. The captured photons are converted to charge and stored in the 
photosite storage area until they are accessed. This area is a function of device geometry 
wavelength. 

Blooming 

Blooming occurs when the incident light and/or integration time causes an excessive charge build 
up; this results in spill over into either the video lines or the adjacent elements. 

CCPD (Charge Coupled Photodiode Device) 

A CCPD is a solid state integrated device, which is made in two parts: an array of photodiodes and 
a Charge Coupled Device, CCD. The CCD is a well-known analog discrete time delay line which 
stores and passes charges in a form similar to a long "bucket brigade"; hence, it acts to transport 
the charge representing image signals. The charge packets generated by each diode are 
simultaneously transferred into the CCD register, then they are sequentially clocked out. 

Dark Signal 

Dark signal is the output signal in the absence of light; it is comprised of the following: 

(1) Integrated dark leakage current 
(2) Fixed pattern noise 
(3) The thermodynamic noise 

Data Rate 

The data rate is the frequency at which pixels are being clocked out of the camera or array. 

Dynamic Range 

There are two common methods of determining dynamic range: 

RMS single pixel: This is where the output from each pixel is individually considered 
and its dynamic range is the output at saturation divided by the RMS noise on that pixel. A 
fair approximation of the RMS noise on a single pixel can be determined by measuring the 
P-P random jitter and dividing by 4 to 6. This type of dynamic range applies to applications 
requiring high quality imaging such as aerial reconnaissance, graphic arts, spectroscopy, 
etc., and where the ability of a computer exists to massage out the effects of both 
nonuniform sensitivity and fixed pattern noise. The RC1024S evaluation circuit is 
specified in this manner, 10000: 1. 

P-P across the array: This is sometimes referred to as machine-readable dynamic 
range that could be obtained with a simple comparator. This can be defined in two ways 
depending on the particular video processing circuit used: (1) for a simple current 
amplifier (Reticon recharge circuits), the average saturation value divided by the peak 
value of the switching transients; {2) for a sample-and-held or resettable integrator 
waveform, the dynamic range is the average saturation value divided by the P-P dark fixed 
pattern including any nonuniformity of fixed pattern by excluding diode leakage. 
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Fixed Pattern Noise (FPN) 

FPN is a pixel output pattern in the dark that is the same from scan to scan under fixed conditions. 
The output may be a periodic 1, 2 or 1, 2, 3, 4 pattern, a random high or low single pixel or group 
of pixels along the scan output, a low frequency cyclic variation, a positive or negative ramping 
along the scan or any combination of the aforementioned patterns. 

The 1, 2 or 1, 2, 3, 4 pattern is due to the fact that alternate diodes are sampled on different clock 
phases. This type of FPN is dependent on clock rise and fall times and on circuit layout. The 
major source of the FPN is the capacitance between the access switches and the video line. As 
the nth access switch is turning off, the (n+ 1 )st access switch is turning on; thus as one drives a 
charge into the video line, the other is removing a charge. If both the coupling capacitances 
between the switches and the video line and the voltage excursions of the switches are the same, 
then the net charge remaining on the video line is zero. However, if one is looking at current, then 
any lack of absolute coincidence of the two switch edges in time or shape will result in a switching 
transient in the output video. 

The other mentioned type of FPN can be caused by process variations, contamination, and other 
such miscellaneous factors. 

Frame Rate 

Frame rate is the total number of frames from frame start to frame start within a given period of time. 
The frame rate is equal to the reciprocal of the frame integration time, provided the frame has not 
been reset between starts. 

Frame Reset 

Frame reset implies that the entire frame of elements has been reset to a zero charge. The 
release of the frame reset signal indicates the start of integration of the entire frame 
simultaneously. 

Frame Storage 

Frame storage is analogous to the storage mode employed in a RAM device (Random Access 
Memory). The whole frame video information is stored in a capacitive memory cell as charge which 
is proportional to the photon energy impinging in the neighborhood of the photodiode. The 
differences between the RAM and Image Device are: (1) the image device stores the photo 
integrated charge in analog while the RAM stores charge in digital or ones and zeros; and (2) the 
RAMs are randomly accessed while frame-type image sensors to date have all been accessed 
mostly sequentially. 

Gray Scale 

Gray scale is a measure of the intensity levels of the impinging light source. In most cases, the 
term is defined relative to the number of resolvable bits of AID resolution. 

Integrated Dark Leakage Current 

The dark leakage current is the output signal in the dark which may vary from element to element 
but is typically 1 % of the saturated output at 25°C and 40 ms integration time. It is caused by 
thermally generated electrons and can be decreased by a factor of two for each 7°C of cooling. 



Integration Time 

Integration time is the time interval between diode accesses for a given diode. Hence, in a 
sequentially scanned diode array, the integration time is the interval between the scan initiation or 
the start pulses. 

Line Reset 

Line reset is the condition in which all of the elements are reset to a zero integration and held at 
zero integration until the reset line is released. When the line reset line is released, integration will 
start. 

Line Transfer 

The term is operationally defined for the CCPD. The photo converted charges in a line of 
photodiode arrays are simultaneously transferred into their respective storage locations of a CCD 
register, which then sequentially transports the charges out of the array. 

Nonburning Sensors 

The term nonburning sensors implies the immunity that the solid state image devices have against 
damage caused by high light exposure. In contrast, a vidicon's phosphors are easily damaged 
under high light exposure. A photodiode solid state sensor will withstand several orders of 
magnitude of incident radiation over its saturation exposure. 

Nonuniformity of Sensitivity 

Sensitivity nonuniformity is defined as the differences of photodiode sensitivity along the array 
when illuminated with a uniform specified light source. It is measured at approximately 50% of 
saturation and is specified as a ± percentage obtained by dividing the differences of the most and 
least sensitive elements by the average value of diodes along the array. Check the specific data 
sheet for light source requirements and diodes ignored. For some older arrays, the measurement 
conditions are the same except that the formula is: 

Highest diode - Lowest 
Highest diode + Lowest 

Both give comparable results. 

Sample-and-Hold 

This term is used in signal processing systems. Operationally and ideally, the sampling switch 
samples a signal voltage or current and stores its value or magnitude at the instant when the 
switch closes and opens. 

Saturation 

Saturation occurs when increasing the exposure (watt-sec) of the array does not increase usable 
output. 

Saturation Charge 

Saturation charge is the charge output of a given photodiode at saturation. This is usually 
specified for a given bias, typically 5V. 
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Saturation Exposure 

The exposure (light intensity x integration time) level that produces a saturation output charge is 
the saturation exposure. The light wavelength distribution must be specified for a meaningful 
value. 

Scan Rate 

Scan rate is the total number of scans from scan start to scan start within a given period of time. 
Example: 500 scans per second. The scan rate can also be considered as the reciprocal of the 
integration time. 

Sensitivity 

The photo current (amps) flowing in a diode per unit of light intensity or irradiance (watt/cm2). The 
units of sensitivity are amps/watt/cm2 or coul/joule/cm2 . The wavelength distribution of the light 
source must be specified in order for a sensitivity specification to be meaningful (reference 
Application Note 121 ). 

Spectral Response 

Spectral response is the normalized output of an image diode response as a function of 
wavelength or frequency of the light exposure. Usually, the response is normalized to the output 
at the most responsive wavelength. 

Stored Charged Mode (SCM) 

In simplified operational definition, the photodiode is viewed as a simple storage capacitor and a 
current generator. The photodiode produces current in proportion to the incident photo energy 
in the neighborhood of the diode. The current is collected or stored on the capacitor. Then the 
charge is read from the photodiode after a given integration time. (The capacitor is really the 
photodiodes junction capacitance.) 

Thermodynamic Noise 

Thermodynamic noise is the random, nonrepetitive fluctuations which are superimposed on the 
dark level. This is the ultimate limiting noise which cannot be removed by signal processing. 

Transfer Function 

Transfer function is the term used to describe the optical conversion from light exposure to the 
video signal output for a given photo element, i.e., the ratio of output signal relative to the light 
exposure. The output is usually described as charge, but it can be described in volts or amps. 



Dice Policy 

1. Testing 
2. Visual 
3. Metallization 
4. Backing 
5. Passivation 
6. Mechanical Information 

7. Packaging 
8. Storage 

9. Handling 

10. Ordering Information 
11. Warranty 

- 100% are tested for electrical functionality 
- 100% visual inspection 
- Aluminum with nominal thickness of 10,000 angstroms 
- Gold, nominally 2,000 angstroms thick 
- Phosphorus silicate glass 
- Die thickness - 20 ±1 mil (525 ±25 µm) 
- Bond Pad Size - 5 x 5 mils typical 
- Antistatic waffle pack 
- A dry nitrogen atmosphere is recommended, particularly for 

compression gold ball bonding applications. Thermosonic 
aluminum wire bonding is recommended. 

- All standard procedures for handling and assembling MOS 
dice should be observed. 

- Minimum order and/or release quantity is 500 pieces. 
- THE FOLLOWING ARE IN LIEU OF ALL WARRANTIES, 

EXPRESS, IMPLIED OR STATUTORY, INCLUDING BUT 
NOT LIMITED TO ANY IMPLIED WARRANTY OF 
MERCHANT ABILITY OR FITNESS FOR A PARTICULAR 
PURPOSE AND OF ANY OTHER WARRANTY OBLIGATION 
ON THE PART OF SELLER. SELLER SPECIFICALLY 
MAKES NO WARRANTY OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT 
TO THE DICE. 
SELLER, except as otherwise hereinafter provided, 
warrrants the DICE delivered hereunder against faulty 
workmanship or the use of defective materials and that such 
DICE will conform to this specification. SELLER warrants that 
at the time of shipment, SELLER has title to the DICE free 
and clear of any and all liens and encumbrances. These 
warranties are the only warranties, except as otherwise 
provided in this document, made by SELLER and can be 
amended only by a written instrument signed by an officer of 
SELLER. SELLER shall not be liable for any consequential 
or incidental damages under its warranty, as SELLER'S sole 
liability is to either replace or refund the purchase price of any 
defective DICE, at SELLER'S option, which are returned to 
SELLER within ten (10) days from date of shipment of the 
DICE in question. 
SELLER'S above warranties shall apply to each DIE for ten 
(10) days from the date of its shipment and shall not apply to 
any DICE which (1) have been repaired or altered, except by 
SELLER, or (2) have been subjected to misuse, negligence, 
or accident by a party other than SELLER, or (3) have been 
subject to die attach or wire bond procedures or otherwise 
damaged or altered during manufacturing or assembly 
operations. 
This warranty replaces and has precedence over any other 
warranty representation made by SELLER or any Quote, 
Acknowledgement or Invoice document. 
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Other EG&G Reticon Products 

Analog Signal Processing Integrated Circuits 

Switched-capacitor filter IC's for special applications, such as modem front ends, and for general 
purpose use; Audio delay lines for telecom and special musical effects; CCD transversal filters for 
high speed signal processing. 

Solid State Camera Products 

Cameras and support hardware -- camera controllers, microcomputer interfaces, object 
illuminators, and optics -- for design use in robotics, industrial process control and noncontact 
measurement tasks. Reticon camera products have been used for quality assurance, sorting, 
process control, material handling, robot guidance, test and calibration, machine monitoring and 
safety. 

For more information . . . 
on these product lines, contact your nearest local sales office. 




