


































































































































































































































































































































































































































































































































































































Sl Series
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Figure 5. Timing Diagram

Amplifier Requirements

A recommended output circuit for use with Sl devices is a
simple current amplifier. A current amplifier holds the video
line at a virtual ground and senses the current pulses flowing
into the video line to recharge the diodes through their
respective multiplex switches as they are sampled in se-
quence. These current pulses are converted to a train of
voltage pulses corresponding to the light intensity on the
various diodes. In this mode of operation, the current
amplifier must provide a positive bias voltage to the video
line since the PtSi photodiode is reverse biased in actual
operation. Figure 6 shows a simple recharge amplifier suit-
able for use with Sl series devices.

Integrator  TP15 \__ Overscan M , m o2 ., D3
Output N Frame N-1 A Al Y
Al +
Video Output  1pog \Overscan M-, OverscanM , OverscanM , 01~ D2 L . . 2 1024 Overscan 1
L (SH Output) Al Al Y Al

Dark Current

During normatl operation, at liquid nitrogen (i.e., 77°K) tem-
peratures, the array will saturate in =10 seconds due to dark
current leakage. Under actual operating conditions, however,
the maximum integration time is usually determined by the
background photon flux hitting the detector and not the dark
current leakage. For unfiltered 300°K blackbody radiation,
the array saturates in =0.1 seconds with standard FOV
apertures in Reticon’s standard evaluation detector head.

Evaluation Detector Head

A complete, pour filled LN, cooled detector head useful for
evaluating the performance and operating characteristics of
the S| Series arrays is available from Reticon. The
RH0512SIU or RH1024SIU consists of a 512 or 1024
element PtSi linear array, an LNo dewar with >8 hour hold
time and complete drive and video processing circuitry.
Contact EG&G Reticon for more information.
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Sl Series

2KQ

Figure 6. Simplified Recharge Mode Video Amplifier

Table 1. Pin Definition of the Wide Aperture, Linear

PtSi IR Sl Series Array

Pin Number | Pin Name Pin Definition

1 NC

2 NC

3 NC

4 NC

5 D1 Temperature diode #1

6 NC

7 Vg Guard ring voltage

8 NC

9 Vsub Bottomside substrate contact
10 NC
1 PRGO Active video reset gate
12 TD2 Temperature diode #2
13 VRDO Active video reset drain
14 Vout Active video output
15 NC
16 NC
17 NC
18 NC
19 NC
20 NC
21 Vbout Dummy video output
22 VRDD Dummy video reset drain
23 Vbp Scanning register (N-Well)
24 2RGD Dummy video reset gate
25 SEOS End of scan pulse output
26 Vsub Bottomside substrate contact
27 NC
28 @2 Shift register clock; phase 2
29 Vss Topside substrate contact
30 o1 Shift register clock; phase 1
31 2sT Start pulse input
32 NC
33 NC
34 NC

200Q
Active Video AAA—
Sl Series
Photodiode Array 2000
Dummy Video W\: S
45V é 27KQ
T—w

3KQ

Video Out




Sl Series

Table 2. Electrical Characteristics (25°C)
(All voltages measured with respect to Pin 29, Vgg)

Signal Sym Typ Units
Scanning register (N-Well) Vbp 5 \
Guard ring Va 5 \
Substrate Vss, VsuB 0 \
Start pulse @t VHs High 5 Vv
Vis Low 0 v
Clock @1, @2 VH1, Vh2 High 5 \
VL1, Vio Low 0 \"
Reset gate RGO, RGD VHRGO: VHRGD High 5 \
VLRGO: VLRGD Low 0 v
Video bias Vout, VDOut 25 v
Reset drain Vrpo, VRDD 2.5 \
Clock rate g1, 22 ! fq, fo 1 MHz (max)
Capacitance g1, 9o Cq,Co
at 5V bias !
RLO512SIU 31 pF
RL1024SIU 35 pF
Capacitance, each video Cout: Coout
line at 2.5V bias !
RL0O512SIU 10 pF
RL1024SIU 18 pF
Note:
1 Calculated, not measured.
Table 3. Electro-Optical Characteristics (80°K)
Parameters Typ Units
Center-to-center spacing 25 mm
Pixel width (active area) 15 um
Pixel length (active area) 2.5 mm
Fill factor 60 %
Number of pixels 1024 and 512 elements
Quantum efficiency @ 1.15 um 8 %
Cutoff wavelength (A¢) 5.0 um
Maximum readout rate ! 1 MHz
Saturation charge 7 pC
Saturation voltage 2 7 v
Dark signal (80°K dark slide) 2 0.15 Vv
Light on signal 5300°K blackbody) 2 35 \
Light off signal 2:3 25 v
Thermodynamic noise (300°K blackbody) 2 1.0 MVims
Dynamic range 24 3500:1 rms
Pixel-to-pixel nonuniformity (300°K blackbody) 2 <1% rms

s‘lotes:

Calculated, not measured

2 Measured using RH1024SIU Evaiuation Dewar with no cold filters and a 41 ms

integration time

3 Measured with the dewar window covered by a black anodized aluminum blank at

ambient temperature

4 Dyn R = (Vgat - Light on signal/thermodynamic noise)




Sl Series

Table 4. Absolute Maximum Ratings

Min Max | Units

Voltage applied to any terminal 0 +15 \
with respect to Vgg

A B
RLO512SIU | 0.567 +£.006 | 0.504 inch }
RL1024SIU [ 1.071 +.011 | 1.008 inch I

Pin 34

e A (window) —————

|e———— B (sensor) —————»

e e e L

RN
I { | 590+ .010
0.162 + .009 "/// Sensing Area ///, 0.098]

}

ﬁ Pins

M h—- ——————— “ ]I — #
100 £ .005—»] e Y .
1.600 + .005 Silicon Die

IR
\V\/\/‘

X N\ o

AN

(Empty)

> 20 mils + ? mils

25+ % mils
25+ 2 mils

100 £ 5 mils

Figure 7. Package Dimensions (all dimensions are typical and in inches unless otherwise specified)

Ordering Information

Array Evaluation
Part Number Detector Head
(includes detector)
RL0512SIU-011 RHO0512S1U-011
RL1024SIU-011 RH1024S1U-011
055-0298
March 1992

1 86 © 1992 EG&G RETICON. Contents may not be reproduced in whole or in part without the written consent of EG&G RETICON. Specifications are subject to change without notice. Printed in
U.S.A. Information furnished herein is believed to be accurate and reliable. However, no responsibility is assumed by EG&G RETICON for its use, nor for any infringement of patents or other
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of EG&G RETICON.



Custom Arrays
|

EG&G Reticon prides itself in having the broadest selection of image sensors of any
manufacturer, enabling users to select an off-the-shelf device for use in a new product design.
However, some new product requirements cannot be satisfied with available devices. In order to
provide the optimal new product specifications, a special image sensor may be required.

EG&G Reticon offers a full custom capability to satisfy numerous special needs:

¢ Charge-Coupled Devices (CCD) -- Our advanced CCD technology offers high data rates,
low noise, and small pixel geometries. Also, we can combine CCD technology with backside
thinning of dice for greater sensitivity and UV response.

EG&G Reticon offers custom CCD analog signai processing capability as well. We make CCD
transversal filters, convolvers, binary-analog and analog-analog correlators, beam formers,
multiplexers, adaptive equalizers, and many other innovative custom CCD products. The many
high-frequency applications for these devices include DFT spectrum analysis, spread
spectrum processing, voice processing, sonar processing, and modems.

* Page and Character Scan Image Sensors -- EG&G Reticon is a leading supplier of
image sensors for scanning applications. Whether you need a matrix configuration for OCR or
a long-line linear array for scanning documents, we can provide a custom configuration to
satisfy your specific requirements.

* Spectroscopy Image Sensor -- We introduced the use of wide-aperture image sensors
for spectroscopic applications. Wide-aperture devices provide the highest possible dynamic
range for special applications. Also we make sensors with fiber optic faceplates for coupling to
image intensifiers, achieving still higher performance.

* Special Image Sensors -- We handle the many special requirements needed for state-of-
the-art imaging systems. We can provide devices with high-resolution pixel geometries, ultra-
low noise performance, and super-high pixel scanning rates using special parallel processing.
Also, we design custom multiplexers for IR sensing devices.

To sustain operation in special environments such as space, cryogenic, and military testing,
unique packaging configurations can also be provided.

Custom image sensors are available with many different window configurations. Glass and quartz
are used on standard devices, and sapphire, fiber optic, or other materials are also available.

Please consult our sales offices to discuss your custom requirements.
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N\ EG:zG RETICON tinloxere

é% & Multiplexers
I
The EG&G Reticon M Series parallel-in-serial-out multiplexer sl e welie s
is a general purpose digital scanner for hybrid imager appli- tert Z2y Stan
cations, especially applicable for infrared arrays made with Common([J2 a1flve w2 21]] Gommon
compound semiconductor materials (InSb, etc.). These de-
vices are available in die form and dual-inline packages for o, (Js 20[ NIC i 20[] o
evaluation and/or nonhybrid applications (see Figure 1).

A simplified block diagram of the multiplexer is shown in o[l4 I ne Nic ] I
Figure 2.

° Fenlls inve el I5ein”
The M Series is available in four lengths (32, 64, 128, or 256 Substrate [6 N substrate Substrate ] [ substrate
multiplexing switches) on 4-mil center-to-center spacing.

Each switch has an input connection bonding pad on-chip, Dummy j7 e NiC] [ Summy
with a 70 pm x 200 um area for wire bonds or flip-chip bonds ) ]
(see Figures 3 and 4). e s Ine N [is [ pctve
Mirror-image configuration is provided for interdigitated image P 2 14fiNe Nl 1afl G
applications (see Typical Application). The M Series is fabri- video 1, wline we o 13 Video
cated in standard Reticon PMOS silicon gate technology. Reference Reference
Very small photodiodes are connected to the multiplex hative l; 12 NG nie (1t 12[] fietve
switches for use in testing. e ot Fight e

Key Features

e 32, 64, 128 or 256 elements (RLO032M, RL0O064M,
RL0128M, and RL0256M respectively)

* 100 pm spacing

* On-chip bonding pad suitable for wire bonds or flip-chip
bonds

* Photodiode with each bonding pad for optical testing

Standard and mirror images available for interdigitated lin-

ear array

Low power requirements

Diode reset feature

Dummy video output for fixed pattern cancellation

Low output video line capacitance

Operation

As shown in Figure 2, the shift register is clocked with a two-
phase complementary clock (see clock specifications). A
start pulse is required to initiate the scan (see start pulse
specification). Upon entry of the start pulse, the dummy and
the active video signals are sequentially interrogated through
the multiplexer switches as the loaded bit is clocked down the
shift register. An End-Of-Scan (EOS) signal occurs at the
termination of each scan.

The off-chip sensors are bonded to the pads. There are two
sets of switches, one an active and the other a dummy
switch. The sources of the active switches are connected to
the bonding pads, while the dummy switches are not con-
nected to any pads. When the switches are simultaneously
scanned by the shift register, both the signal charge and the
dummy signal are read out through the active and dummy
video lines, respectively. The dummy video line output signal
is then subtracted from the active video line output signal in
external circuitry, minimizing the fixed pattern noise gener-
ated by the multiplexing switches.

Figure 1. Pinout Configurations

o Substrate
Video Reference

[
r

Video Reset
) ¢—o Dummy Video

@1 In >

opIn>—  Shift Register |—< End of Scan
Start In >

' Active Video

Video Reset

Bonding Pads Video Reference
-4 : o Substrate

Figure 2. Simplified Block Diagram of the Multiplexer

Multiplex switch resistance as a function of clock voltage is
provided in Table 1. The test setup used to obtain these
resistance measurements is shown in Figure 9. 1/O capaci-
tance is given in Table 2.

Reset switches are provided on each video for use in signal
processing (see Typical Application). The switch resistance
values are given in Table 3. A reset switch resistance mea-
surement set-up is shown in Figure 10.

General I/0 timing relationships are shown in Figure 5. The
detailed clock specifications and timing are covered under
Clock, Start and EOS Specifications.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266  FAX: (408) 738-6979
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Left Image
Active Reset
[ElRes” £os[&]e,[7]
[3]oummy video o
@Video Reference Common @
vaee OO0 EI [; I;I start[10]

Input Connection

N ...... 3 2 1
Ve OO0 o000  senfio
—|  |«100 ym
Video Reference Common |§_|
Dummy Video 94
[5]Rummy £os[6]e;
Active Reset

Right Image

Figure 3. Left and Right Side Flip Chip Set (Shift Register
Scanning from Right to Left)

The photodiode sites, indicated in Figure 2, are used for test-
ing. They are each in parallel with a sensor bonding pad;
together with the pad, each represents a capacitance of 0.3
pF.

Electrical Specifications

1. Shift Register Clocks (21 and @)

These clocks operate the shift register. For optimum multi-
plexer operation the clocks should cross at the midpoint. Fig-
ure 6 shows the typical midpoint crossing of 50%. The range
of operation should be between 25% to 75%.

The clock rise (t;) and fall (t;) times should be between 5 ns
and 100 ns. The clock amplitude operates within the range
-9V to -16V and is typically at -15V with respect to the sub-
strate. The clock frequency f(z1) ranges from several kHz to
7 MHz.

2. StartPulse (gsT)

The start pulse (2g7) loads the shift register with a voltage
pulse to initiate the scanning process. It loads the register on
each gy low-to-high (negative-to-positive) transition as long
as the start pulse is held low. Therefore, to ensure that only
one bit is loaded, the start pulse should be low during only
one @ tising edge. Figure 5 illustrates the timing relationship
with respect to @2. The rise () and fall (t;) times should be
between 5 ns and 100 ns. The clock amplitude of agT should
be between -10V and -7V. The setup time (tget) should be at
least 30 ns, the hold time (tholg) at least 30 ns, and tqf at
least 50 ns.

Note: The shift register will load multiple bits if the start pulse
is low for more than one g5 rising edge.

3. End of Scan (EOS)

The EOS pulse is generated at the output of the shift register
to mark the termination of the scan. The last position is

200 um

Y
AT —-._—.
Y

Y
Y
AT —-._—.

Y A
Sum->» | l—
> 70um |« Al Bonding Pad
[€—88 um—>>] Oxide Overcoat of
Al Bonding Pad
|€—100 pm—>]

Figure 4. Switch Connection Bonding Pads

accessed with the g4 clock going negative. On the next oo
falling edge, the output pulse is applied to the gate of the
EOS transistor. The drain of this transistor is brought out on
the EOS pad, and the source is tied to the common. There-
fore, tying a resistor >5KQ from EOS to -5V (referenced to
substrate) provides a load on which a positive-going pulse is
observed upon the scan termination. See Figure 5 for EOS
timing relationship referenced to @2. The internal delays (de-
lay for Turn On [tgn] and Turn Off [tys) are typically in range of
50 ns < tgny < 100 ns and 10 ns < tg4f < 100 ns. The internal
switch resistance with -15V clocks is typically 8KQ. EOS
amplitude is determined by the value of the resistor tied from
EOS to the minus supply. Typical resistance value of 10KQ
provides a positive-going 4V pulse.

Typical Application

Figure 7 shows the interdigitated application of the mirrored
devices where both left and right side devices are used with
an array of sensor diodes. All three chips are bonded in a
hybrid substrate, the pads bonded as shown. The clock
inputs and video outputs are then bonded either to other dice
on the substrate or to pin connections on a package to ac-
commodate inputs and outputs for the clocks and the video.
In this particular application photodiodes are accessed by
using two devices, one for accessing the even numbered
diodes and the other for the odd numbered diodes in the
array. When the multiplexers are scanned, integrated-image
charges will appear in sequence at the output, each one
proportional to the light exposure at a given site.

Reset switches are provided for use in signal processing.
They can be used to integrate signal charges on a capacitor
(i.e., the video line capacitor or an external capacitor) then
used to reset the capacitor after each multiplex site has been
read out (see Figure 5 and Figure 8).
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Figure 5. General Linear M Series Timing Diagram

100% Crossing
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Figure 6. Definition of Clock Crossing

3a
2y @5 End of
50% Crossing [] [1 Two Phase Clock Scan
[:|-| Dynamic Shift Register IJD Multiplexer
Start ol ala o N Chip

-
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0 C1 Two Phase Clock End of
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n = # of Shift Register Elements
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Figure 7. Interdigitated Photodiode Array
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Buffer Amp s_ Shift Register
§ * . 4 —<A
- Video Multiplex
A4 Out — — . "Suitch 10kQ
o Integrating
Reset Capacitor
B
Sensor| [Sensor : 5KQ
N-1 N Reset switch
Note: &
The reset switch 'can be continuously active, while the
shift register remains inactive, thus discharging any The resistances were measured using
extraneous charges accumulating on the video line. points A and B in the circuit as shown.
Figure 8. Reset Switch Figure 9. Multiplex Switch Resistance Test Set Up
. Dummy
Y Video
§ 10KQ
<
. Active
Y Video
10KQ
Dummy I::I Active Video
Reset Reset Reference
Gate
J— %2 4 Figure 10. Reset Switch Resistance Measurement Set Up
A VA |
100K
SD210
—> —10V
30 pF 27K
— — —1ov
510
Video M AAN, 1K LM310 LM310
MV i
Dummy PAAN— B - Video
510 LF356 + I Lyl Out
HA5195 SD210
INT T 30PF 1K 100 pF
SD210 SH

-10V ;L

Figure 11. Test Circuit
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Table 1. Multiplex Switch On-Resistance versus
Clock Amplitude

Small sample variations are less than +5% of the typical
resistance.

Clock Typical

Amplitude Resistance
-15V 8.3 KQ
-14V 10.5 KQ
-13V 15.0 KQ
-12v 26.7 KQ
-1V 68.0 KQ
-10V 235.0 KQ

Table 2. I/O Capacitances 1, 2,3

Device Type
256 Taps (128 Taps | 64 Taps | 32 Taps
oX1 81 41 22 13
ox2 81 41 22 13
BStart 4 3 4 3
EOS 20 11 7 5
Active video 15 8 5 4
Dummy video 15 8 5 4
Active reset 4.5 3.8 1.2 3
Dummy reset 4.5 3.8 12 3
Video reference 5 35 1.2 3.5
Notes:

1 Capacitance in picofarad (pF).
2 Measured with bias of -5V (with respect to substrate).
3 The readings are typical values.

Table 3. Reset Switch On-Resistance versus Reset

Gate Voltage

Reset Resistance

Gate Voltage of Reset Gate
-15V 3.3KQ
-14V 3.5KQ
-13V 3.7 KQ
-12V 4.1 KQ
-11v 4.7 KQ
-10V 5.2KQ

Table 4. Electro-Optical Characteristics (25°C)

Min | Typ | Max | Units
Center-to-center spacing 100 pum
landing pads
Pad aperture width 175 um
Pad capacitance 0.3 pF
Dark fixed pattern +3 | %Vgar
nonuniformity 1,2, 5
Between adiacent 2 | %Vsar
elements 1.2,5
Photo response 7| 10 | %
nonuniformity 1. 3, 5
Dark signal leakage 1. 4. 5 4 | %Vgar
End of scan resistance 5 10 | KQ
Saturation 1,3, 5 13| 16| 18|V
Notes:

1

o b 0N

Allmeasurements taken with typical clock and power supply
voltages, using test circuit in Figure 11.

Scan time = 1.3 ms

Using 2870°K light source with HA-11 filter

Measured at 40 ms scan time

This specification applies to the small photodiodes on the
die used to test the multiplex switches.
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Table 5. Electrical Characteristics (25°C)

Min | Typ | Max | Units
Clock amplitude 1 9| -15| -16 |V
Start amplitude 1 7 -10 |V
Reset clock amplitude 1 7|15} 16|V
Common voltage +4.5 | +5 | +55 | V
Substrate voltage +45 | +5 | +65 | V
Video reference 2 -2 o|+10]|V
Clock frequency 7 | MHz

Notes:

1 Measured with respect to substrate. Substrate is normally
run at +5V for compatibility with TTL clock circuits.

2 With +5V substrate and -15V clock with respect to

substrate.
A
RLO032M | 1.080+.011
RLO064M | 1.080+.011
RLO128M | 1.080+.011
RL0O256M | 1.600+.016 )
Quartz Window (Taped On)
-»| |« .020% .002
-390+.010 [ | —Silicon Chip
Zbin1 A _-l |<_40461A010
| H H
T T T T —] .100+.008
|<~ 1.000+.008 J
Figure 12. Package Dimensions
Ordering Information*
Mux Package Die
Type Order Number Order Number
RLO032ML RLO032MAU-011 RL0O032MAD-001
RLO032MR RLO032MAU-020 RLO032MAD-002
RLO064ML RLO064MAU-011 RLO064MAD-001
RLO064MR RLO064MAU-020 RLO064MAD-002
RLO128ML RLO128MAU-011 RLO128MAD-001
RLO128MR RLO128MAU-020 RLO128MAD-002
RL0O256ML RL0256MAU-011 RL0256MAD-001
RLO256MR RLO256MAU-020 RL0256MAD-002

L denotes left element mux

R denotes right element mux
*Includes standard devices. For all options, consult your local sales office.
055-0209
January 1992

© 1992 EG&G RETICON. Contents may not be reproduced in whole or in part without the written consent of EG&G RETICON. Specifications are subject to change without notice. Printed in
U.S.A. Information furnished herein is believed to be accurate and reliable. However, no responsibility is assumed by EG&G RETICON for its use, nor for any infringement of patents or other
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of EG&G RETICON.



N N R
n RAO128M
cSEB2G RETICON Solid State Area
Multiplexer Array
General Description U,
Common 1 [ 024 ovyp
The RA0128M is a 128 x 128 area multiplexing array. This EOF 2] 123 oy
device is derived from a slight modification of the EG&G Reticon LO 3( 122 Ysian
standard areaimage sensor (RA0128N). Each sensing diode is LE 4 021 LT
made accessible directly from the surface of the device through LR 5[] 120 VQ,Even
an aluminum metal landing pad. The dimension of the metal OddvQ, 6 ; 19 V
landing pads are 50 pm x 50 um. Using this landing pad, other ! . SeAv:zgg = o
h ) R Odd VR 7 [0 118 VR, Even
types of sensing materials can be coupled to the sensing diode 8 17
of the device, and thus it can function as a multiplexer to read out Odd{ 2 xi O Zx1 } Even
the video signals detected by the foreign sensing materials. ox2 90 16 @x2
Figure 1 shows the 1/0 pad layout of the RA0128M. Figure 2 FRG 100 015 Vgyre
shows the cross section view of one multiplexer cell. FRD 11 [ K14 Vpp
Odd VID;y 12 [ [113 VID,Even

The operation and specifications for the 128 x 128 device can be
found in the RA0O100A/RA0128N datasheet. Essentially it is a
two-dimensional self-scanned optical sensor with optimized
characteristics. 16,384 discrete photo diodes are geometrically
arranged into a 128x128 matrix. The center-to-center spacing
of the photodiodes are 60 um in both the horizontal and vertical
directions. A two-phase dynamic shift register is used to scan
the vertical lines in sequence. When a vertical line is addressed
by the dynamic shift register, the signal charges stored in the
sensing diodes in that line will be transferred in parallel into two
vertical bucket brigade (BBD) analog shift registers. The odd-
numbered diodes are transferred into one BBD register, and the
even-numbered diodes into another BBD register. The signal
charges are then clocked out to two output nodes, where the
charges are converted into video voltages. The RAO128M is
packaged in a 24-pin dual-in-line package with a ground pol-
ished window covering the mask-defined active area. However,
the RAO128M is usually delivered in die form since it requires
additional processing steps for coupling the detector sensing
material onto the device.

Figure 1. Pinout Configuration for Packaged Devices

LO EOF GND 6y, @y, Ygun

O o o o a o A
LE | O o|LT
LR IO o | Voo Even
V,, Odd
a1 o ofy
ss .351"
250dd | o o | g Even Sauare
8y, 0dd | Q| oxq Even
y,0dd | o O | oo Fven
/ m] [=] =] o o =]
FR RDFR QOdd Even V V.
D, VI, DD YBuff
Aperture Contains
Pixels on 60 M
Center-to-Center
Spacing
Figure 2. Pad Layout for Unpackaged Die
Aluminum
Metal Landing
Pad for IR
Detector Verticgl Mux Column Video
/_ Switch (Connected to BBD
Register Through A
S—q—;\é—‘_Fl‘/—( Transfer Gate)
Channel

S

Figure 3. Cross Section of One Multiplexer Cell

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979
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RA0128M

Quartz Window Edge
—p 0302 |-g—

/M a3 M M/ M) 1 1o

0.302 .595 .010

LT J LI Wl LJTLJ 0T TTTCTTLI L]

———1.200 .012 —— P

0.100 0.005

L* 1.100 0.005 —P‘

Figure 4. Package Dimensions (in inches) for the RA0128MAU-111

Ordering Information

Multiplexer Package Die

RAO128M RA0128MAU-111 RA0128MAD-002

—»>| [«@—0.030 0.002
————
Quartz
Window Silicon
(Tgrfl’)e" R\ Chip
—
—p| |-g¢—0.051 0.010

055-0224
October 1991

© 1991 EG&G RETICON. Contents may not be reproduced in whole or in part without the written consent of EG&G RETICON. Specifications are subject to change without notice. Printed in
U.S.A. Information furnished herein is believed to be accurate and reliable. However, no responsibility is assumed by EG&G RETICON for its use, nor for any infringement of patents or other
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of EG&G RETICON.
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Typical Evaluation Board Performance Characteristics
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+5V | @300 mA | Solder terminals/
RC0200LNN/ recharge | -15V | @ 75 mA Included in 14-pin DIP 45x6.5/
RLO0B4AAG | RCO201LNN (neg) +15V [ @ 40mA | 36V | 50kHz| 300kHz | 100 mv dark pattern 36/1 | socket 225x35 1
+5V | @400 mA
RA0100AAQ +15V | @150 mA Dual 22-pin PCB
RAO100AAF | RCO502ANA SH -15V | @ 40mA | 20V |500kHz | 5MHz | 20mv | 800mV | 5mv 700/1 | edge connector | 4.5x6.5 1
Dual 22-pin PCB
RA1441AAB | RCO501ANN Buffered | -15V | @ 50mA | 20V | 50kHz| 400kHz | 100mVv | 200mV | N/A 20/ |edgeconnector | 45x4.5 14
+5V | @100 mA
+15V | @200 mA Dual 22-pin PCB
RA0256BAQ | RC0503ANC SH -5V | @150mA | 35V [19MHz| 8MHz 20mv | 350mv 15mV 23011 | edge connector | 4.5x6.5 1
+5V | @500 mA Dual 22-pin PCB
Pulsed | +15V | @800 mA edge connector
RL1284DAQ | RC0716LNB-020 | (neg) -5V | @ 50mA | 15V |1.0MHz| 10MHz | <5mV | 200mV | <tmV | 15001 [(.156"SP) 45x9 8
+5V | @500 mA Dual 22-pin PCB
Pulsed | +15V | @800 mA edge connector
RL1288DAQ | RCO716LNB-011 | (neg) 15V | @ 50mA | 15V [10MHz| 10MHz | <5mV | 200mV | <imV | 150011 |[(.156'SP) 45x9 16
+5V | @200 mA
recharge | -15V | @ 50 mA 8 Male wire wrap
RLO128GAG | RC0301LNN (pos) -0V | @ 50mA | 30V | 75kHz| 1MHz | 300mv | 300mv 10mv 3001 |pinson.1C-C 3x3 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | SH -15V | @300 mA (-156"SP)/16 pin | 4.5x6/
RL0128GAG | RC0104LNN (neg) +5V | @700mA | 2.4V 300 kHz 1MHz 30 mvV 75mvV 8smv 300/1 | socket 3x3 1
25mV | 4000:1
+15V | @ 75mA (SB) (B) | Dual 22-pin PCB
+V | @ 70mA 1.25mV| 8000:1 | edge connector
SB/TB Series| RC1030LNN SiH -18V | @ 50mA | 10V 50 kHz (TB) (TB) |(156SP) Ix4 1
February 1992 Page 1
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Typical Evaluation Board Performance Characteristics
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+15V @ 75mA Dual 22-pin PCB
RC1010LNN | SH +5V @200 mA edge connector | 45x8
SR Series | RC1011LNN | (neg) 5V | @ 75mA | 5.5V 100 kHz 30mv | 2000:1 |(.156"SP) 45x3 1
+15V @450 mA Dual 22-pin PCB
Puise +5V @800 mA edge connector
RA2048J RC0505ANN | (neg) -15V @150mA | .9V 250 kHz 8 MHz 0.16mV| 5600:1 | (.156"SP) 45x9.3 16
Dual 22-pin PCB
edge connector
RCO100LNB/ | SH -15V @300 mA (-156"SP)/16 pin | 4.5x 6/
RL0256GAG | RCO104LNN | (neg) +5V @700mA | 1.6V | 300 kHz 1 MHz 20mV | 75mV 8mv 200/1 | socket 3x3 1
+5V @200 mA
recharge | +15V @ 50 mA 8 Male wire wrap
RL0256GAG | RCO301LNN | (pos) -10V @ 50mA | 3.0V 75 kHz 1 MHz 300mV | 300mV 10mv 30011 | pinson.1C-C 3x3 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | S/H -15V @300 mA (.156"SP)/16 Pin | 4.5x6/
RLO512GAG | RCO105LNN | (neg) +5V @700mA | 24V | 300 kHz 1 MHz 30mv | 75mV 8mv 25011 | Socket 3x3 1
+5V @200 mA
recharge | +15V @ 50 mA 8 Male wire wrap
RLO512GAG | RC0302LNN | (pos) -10V @ 50mA | 3.0V 75 kHz 1 MHz 300mV | 300mV 10mvV 3001 | pinson1C-C 3x3 1
+5V @200 mA
recharge | +15V @ 50 mA 8 Male wire wrap
RL1024GAG | RCO303LNN | (pos) -10V @ 50mA | 3.0V 75 kHz 1 MHz 300mvV [ 300mV 10 mv 300/ |[pinson.1"C-C | 3x3 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | S/H -15V @300 mA (.156"SP)/16 pin | 45x6
RL1024GAG | RCO106LNN | (neg) +5V @700mA | 20V |300kHz | 1MHz 26mvV | 75mV 8mv 25011 | socket 3x3 1
Dual 22-pin PCB
edge connector
RL1024HAG/ | RCO100LNB/ | S/H -15V @300 mA (.156"SP)/16 pin | 4.5x6/
RL1024HDQ | RCO107LNN | (neg) +5V @700mA | 25V | 300kHz| 1.5MHz 30 mv 50 mV 10mv 250/1 | socket 3x3.625 1
February 1992 Page 2
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Typical Evaluation Board Performance Characteristics
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+5V @200 mA Dual 22-pin PCB
RL1024HAG/ +15V @ 40mA edge connector
RL1024HDQ | RC1024LNN | recharge| -15V @100mA | 5.0V | 300kHz| 1MHz 25mV 70mV 25mv 2001 | (.156"SP) 4x4.75 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | SH -15V @300 mA (-156"SP)/16 pin | 4.5x6/
RL1728HAG | RCO108LNN | (neg) +5V @700mA | 3.0V | 300kHz | 1.5 MHz 15mvV 30mv 10mV 300/1 | socket 3x36 1
Dual 22-pin PCB
edge connector
RL2048HAG/ | RCO100LNB/ | SH -15V @300 mA (.156"SP)/16 pin | 4.5 x 6/
RL2048HDQ | RCO108LNN | (neg) +5V @700mA | 3.0V | 300kHz | 1.5MHz 15mV 30mv 10 mv 3001 | socket 3x36 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | SH -15V @300 mA (.156"SP)/16 pin | 4.5x6/
RLO128KAQ | RCO104LNN | (neg) +5V @700mA | 24V | 300kHz | 1MHz 30mv 75 mV 8mv 3001 | socket 3x3 1
+5V @200 mA
recharge| +15V @ 50 mA 8 Male wire wrap
RLO128KAQ | RC0O301LNN | (pos) -0V @ 50mA | 3.0V 75kHz | 1MHz 300 mvV 300 mvV 10mv 8001 | pinson.1C-C 3x3 1
Dual 22-pin PCB
edge connector
RCO100LNB/ | SH -15V @300 mA (-156"SP)/16 pin | 4.5x 6/
RLO256KAQ | RCO104LNN | (neg) +5V @700mA | 1.6V | 300kHz| 1MHz 20mV 7% mv 8amv 2001 | socket 3x3 1
+5V @200 mA
recharge [ +15V @ 50 mA 8 Male wire wrap
RLO256KAQ | RCO301LNN | (pos) -10v @ 50mA | 3.0V 75kHz | 1MHz 300 mV 300 mV 10mv 300/1 pins on .1C-C 3x3 1
Dual 22-pin PCB
edge connector
RC0O100LNB/ | SH -15V @300 mA (156'SP)/16 pin | 45 6/
RLO512KAQ | RCO105LNN | (neg) +5V @700mA | 24V | 300kHz| 1MHz 30mv | 75mV 8mv 3001 | socket 3x3 1
+5V @200 mA 8 Male wire wrap
recharge [ +15V @ 50 mA pins on .1C-C
RLO512KAQ | RCO302LNN | (pos) -1V @ 50mA | 3.0V 75kHz] 1MHz 300mV | 300mV 10 mvV 300/1 | socket 3x3 1
February 1992 Page 3
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Typical Evaluation Board Performance Characteristics
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Dual 22-pin PCB
edge connector
RCO100LNB | SH -15V @300 mA (.156"SP)/16-pin | 4.5x6/
RL1024KAQ | RCO106LNN | (neg) +5V @700mA | 2.0V | 300kHz| 1MHz 26mv 75mV 8mv 250/1 | socket 3x3 1
+5V @200 mA 8 Male wire wrap
recharge | +15V @ 50 mA pins on.1C-C
RL1024KAQ | RC0O303LNN | (pos) -0V @ 50mA | 3.0V 75kHz| 1MHz 300 mV 300 mV 10mv 300/1 3x3 1
+5V @300 mA Solder terminals/
RCO400LNN/| recharge | -15V @ 75mA Included in 14-pin DIP 45x6.5/
RLO128LAB | RCO402LNN [ (neg) +15V @ 40mA | 5.0V 50 kHz | 300 kHz 100 mv dark pattern 5011 | socket 225x35 1
+5V @ 60 mA
recharge | +15V @ 50 mA
RO0064NAG | RCO0640NN | (neg) -15V @ 50mA | 6.0V 50 kHz | 700 kHz 20mv 20mv 5mv 1200/1 | Test Points 45x6.5 1
+5V @400 mA
+15V @150 mA 700/1 | Dual 22-pin PCB
RAO128NAQ | RC0502ANA | S/H -15V @ 40mA | 20V | 500kHz | 5MHz 20mv 800 mV 5mv edge connector | 4.5x6.5 1
+5V @750 mA
RL4096NAG SH +15V @150 mA Included in 70/1 | Dual 22-pin PCB
RL4096NFQ | RC4096LNA | (neg) -15V @300mA | 25V 1 400kHz| 2MHz 35mvV dark pattern edge connector | 45x10 1
+5V @600 mA Dual 22-pin PCB
D Series SH +12V @350 mA 250011 | edge connector
Linear RCO730LNB | (pos) -12v @200mA | 25V | 100kHz | 10 MHz 8mv 150 mV imv (.156"SP) 45x10 1
Dual 22-pin PCB
+5V @500 mA edge connector
RC1000LNN/| S/H +15V @175 mA 4000/1 | (.156"SP)/16 pin
S&T Series* | RC1001LNN | (pos) -15V @175mA | 6.0V 20kHz | 250 kHz *10mv 200 mvV 1.5mV socket 45x8.0 1
* At 250 kHz clock frequency Notes:
1 Voltage limits are nominal + .1V
2 Minimum and maximum sampling frequencies are the typical values attainable with the standard oscillator components supplied with
the evaluation circuit. If other frequencies are desired, component values must be changed and performance characteristics may be altered.
3 Excludes dark leakage signal
4 RMS single pixel noise would be 1/4 to 1/6 the random P-P value
February 1992 5 Dynamic range is defined as Vgy/single pixel random noise and excludes dark leakage, dark pattem noise, and clock switching noise. Page 4
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J\EGzG RETICON

RCO0100 Series
Circuit Board
Alignment Procedures

General Description

The Reticon RC0100 series circuit provides all clock, start,
video amplifier, and blanking requirements for Reticon C, E, G,
H, K and some RA series photodiode arrays.

Each circuit consists of two printed circuit boards — an
RCO100LNB-011 "Motherboard", approximately 4.5 x 6 inches
in dimension, which contains the clock and start generators,
blanking circuit, sample-and-hold circuit, and buffer amplifiers,
and the array board which contains a socket for the array, clock

driver circuits, and a pre-amplifier.

Different array boards are needed for the various types of

arrays:

RL0256CXX-XXX
RL0O512CXX-XXX
RL1024CXX-XXX

RLO128GXX-XXX
RL0O256GXX-XXX
RL0O512GXX-XXX
RL1024GXX-XXX

RLO128KXX-XXX
RLO256KXX-XXX
RLO512KXX-XXX
RL1024KXX-XXX

RLO128EXX-XXX
RLO256EXX-XXX
RLO512EXX-XXX

RL1024HXX-XXX
RL1728HXX-XXX
RL2048HXX-XXX

RA5050AXX-XXX
RA3232AXX-XXX

RC0101LNN-011
RC0102LNN-011
RCO103LNN-011

RC0104LNN-011
RCO104LNN-011
RCO105LNN-011
RCO106LNN-011

RC0104LNN-011
RC0104LNN-011
RCO105LNN-011
RC0106LNN-011

RCO101LNN-011
RCO102LNN-011
RCO103LNN-011

RCO107LNN-011
RCO108LNN-011
RCO108LNN-011

RCO110ANA-011
RCO0110ANA-020

The array boards are connected to the RC0100 Mother-board
via connector J1/P1, or an optional 16-pin, 30 inch maximum,
flatribbon cable can be used. J1 is the 16-pin connector located
approximately inthe center of the RC0100board. P1 isthe male
mating connector located on the array board. P2 is the edge
connector of the RC0100 board.

Internal/External Clock Operation
The RC0100 Motherboard contains an internal clock generator

which supplies the master timing signal. Provisions are also
made for an external clock input.

For internal clock operation, jumper INT CLOCK. The fre-
quency range of the internal clock is controlled by the selection
of capacitors C1-A and C1-B. Refer to Table A of the
RCO100LNB-011 schematic drawing for values for desired
frequency range. R2, a 50K pot will allow for variance of the
frequency within the selected frequency range. Boards are
shipped from the factory with the clock frequency set at approxi-
mately 200 kHz internal operation.

For external clock operation, jumper EXT CLOCK, and apply an
external clock into P2-Z. The external clock pulse should be an
active TTL high clock with a minimum pulse width of 20 ns, and
a maximum pulse width of 200 us.

Internal/External Start Operation

The RC0100 Motherboard contains an internal start pulse
generator. Provisions for an external start pulse are also
available.

For internal start operation, jumper INT START, and set the
desired interval between the start pulses, using the three four-
position rocker switches S1, S2, and S3. Each switch has a
weight of 2n and a maximum count of 4096 is available. For
optimum operation, the scan time should not exceed 40 ms,
because dark current increases with longer integration time.
The minimum count between start pulses is eight, plus the
number of elements in the array. Boards are shipped from the
factory set in this configuration.

NOTE: If a scan time of >5 ms is used, change C28 on the
RC0100 board to a .1 pF capacitor.

Because of an inherent count of one inthe start pulse generator,
the setting on the rocker switches will be one less than the
actual count, i.e., if a count of 520 is desired, set the rocker
switches to 519.

The blanking period (time between last element of previous
scan and first element of next scan) is defined as the count of
the start pulse generator minus the number of elements in the
array.

For external start operation, jumper EXT START, and inject an
external start signal into P2-A. The external start should be an
active high TTL pulse with a minimum pulse width of the clock
pulse width plus 50 ns, and a maximum pulse width of less than
one clock period.

If an external start is used, it should be synchronized with the
negative-going edge of the clock to ensure that the start pulse
envelopes one and only one positive transition of the clock
pulse.
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Power Requirements

Connect +5+ 0.1V @ 700 mA and -15 £ 0.1V @ 300 mA to
P2 -Eand P2-Y, respectively. Connect ground to any pin from
P2-1toP2-22.

CAUTION
While performing the alignment procedure as outlined in the
following pages, it will be necessary to monitor the output of the
CA10A at TP3 (J1 Pin 1). If, at any time, this pin is shorted to
any otherpin orto ground, damage will resulttothe CA10A. Use
caution when hooking probes to TP3.

Section 1
Alignment Procedure

RC0100 Motherboard with RC0101, 0102, or
0103 and Four Phase C Array

1. Jumper Connections. Split pads are provided to program
the RC0100 board for the desired configuration. Refer to
Table B of the RCO100LNB-011 schematic for correct
configuration. See Figure 1 for location of split pads. Place
the 2 phase/4 phase jumper (W3) in the
4 phase position.

2. Monitor TP1 and adjust R2 (if internal clock is used) for the
desired frequency. The maximum frequency is
2MHz. Adjust R11 for a 300ns, negative going pulse width.

3. Monitor P2-B and set the desired start pulse interval (if
internal start is used). Synchronize the scope at P2 - B
during alignment.

4. Monitor TP2 and adjust R64 for a 100ns pulse width.

5. Monitor TP3. Darken the array and adjust R4 (pot on
component side of the array board) until the video signal is
centered around -5V DC. Saturate the array, readjust if
necessary, so no signal or switch spike is more negative
than -8V DC. Do not over saturate.

6. Monitor J2-N (video output). The video output will be a
sample-and-hold boxcar type signal.

7. Darken the array and adjust R36 until the average video is
centered around the blanking period. (During blanking
time, the video line is clamped to zero.)

8. R50, R51, and R52 control the odd/even pattern balance.
With the array in complete darkness, adjust R51 for equal
amplitude of the odd video elements.

9. With the array still in the dark, adjust R52 for equal
amplitude of the even video elements.

10. With the array still in the dark, adjust R50 for equal
amplitude of the odd and even elements. There is some
interaction between R51, R52, and R50. Repeat Steps 8,
9, and 10 until the desired degree of balance is obtained.

11. Withthe array stillin darkness, adjust R32 until the first two

video elements are as close in amplitude as possible to the
other elements.

12. Monitor P2-N. Adjust R11 until optimum performance is
observed at the video output. Optimum adjustment of R11
results in a balance of maximum video output, minimum
switching spikes, and fixed pattern tracking from dark to
90% of saturation. If clock frequency is below 500 kHz, R11
should be fully clockwise. This adjustment will interact with
all the previous adjustments. Go back to Step 7 and touch
up as necessary.

Section 2
Alignment Procedure

RC0100 Motherboard with RC0101, 0102, or
0103 with E Array

1. Jumper Connections. Refer to Table B of the
RCO100LNB-011 schematic correct configuration. See
Figure 1 for location of split pads. Place the 2 phase/
4 phase jumper (W3) in the 2 phase position.

2. Monitor TP1. Adjust R2 for desired frequency (if internal
clock is used). Maximum frequency in 2 MHz. Adjust R11
for a 300 ns, negative going pulse width.

3. Monitor P2 - B. Set desired start pulse interval using rocker
switches S1, 82, and S3 (if internal start is used).

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Monitor TP3. With the array in complete darkness, adjust
R4 (pot on component side of the array board) until the
video is centered around -5V DC. Saturate the array,
readjust if necessary, so no signal or switching spike is
more negative than —8V DC. Do not over saturate.

6. Monitor P2-N. Video output signal will be a sample-and-
hold boxcar signal.

7. Darken the array and adjust R36 until the video elements
are centered around the blanking level. (The blanking
period is clamped to zero.)

8. Withthe array stillin the dark, adjust either R51 or R52 until
every other element is the same amplitude. (One of these
pots will have no effect on the video signal.)

9. With the array still in the dark, adjust R50 to bring the odd
and even elements together.

10. With the array still in the dark, adjust R32 (pot on the
Motherboard) until the firsttwo elements are as close to the
same amplitude as the other elements as possible.

11. Adjust R11 until optimum performance is observed.
Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to 90% of saturation. If
clock frequency is below 500 kHz, R11 should be fully
clockwise.
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12. Due to interaction between all the previous adjustments,
return to Step 7 and realign until the desired response is
achieved.

Section 3
Alignment Procedure

RC0100 Motherboard with RC0104, 0105, or
0106 and G Series Array

1. Jumper Connections. Split pads are provided to program
the RC0100 board for the desired configuration. Refer to
Table B of RCO100LNB-011 schematic for correct
configuration. See Figure 1 for location of split pads.

2. Monitor TP1. Adjust R2 for the desired frequency, 1 MHz
maximum. Adjust R11 for a 700 ns, negative going pulse
width.

3. Monitor P2-B. Set the desired start pulse interval, using
rocker switches S1, S2, and S3.

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Darken the array, monitor TP3 and adjust R2 (pot on the
component side of the array board) to where the video
signalis approximately centered at—2V to -3V DC. Saturate
the array, readjust R2 if necessary, so no signal or switching
spike is more negative than —8V DC. Do not over saturate.

NOTE: Potentiometer R51, R52, R50, and R32 have no effect
when the RC0100 is used in conjunction with a G Series array
board.

6. Monitor P2-N. The video output will be a sample-and-hold
boxcar signal.

7. Darken the array and adjust R36 until the video signal is
centered around the blanking level. (Blanking is clamped
at zero.)

8. Adjust R11 until optimum performance is observed on the
video. Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to 90% of saturation.

9. With the array in dark, readjust R36 if necessary, to bring
the video level with the blanking.

Section 4
Alignment Procedure

RC0100 Motherboard with RC0104, 0105, or
0106 and K Series Array

1. Jumper Connections. Split pads are provided to program
the RC0100 board for desired configuration. Referto Table
B, column G, of the RCO100LNB-011 schematic for correct
configuration. See Figure 1 for location of split pads.

2. Monitor TP1. Adjust R2 for the desired frequency, 1 MHz
maximum. Adjust R11 for a 700 ns, negative going pulse
width.

3. Monitor P2-B. Set the desired start pulse interval, using
rocker switches S1, S2, and S3.

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Darken the array, monitor TP3 and adjust R2 (pot on the
component side of the array board) to where the video
signal is approximately centered at -2 to -3V DC. Saturate
the array, readjust R2 if necessary, so no signal or switching
spike is more negative than —8V DC. Do not over saturate.

NOTE: Potentiometer R51, R52, R50, and R32 have no effect
when the RC0100 is used in conjunction with a K Series array
board.

6. Monitor P2-N. The video output will be a sample-and-hold
boxcar signal.

7. Darken the array and adjust R36 until the video signal is
centered around the blanking level. (Blanking is clamped
at zero.)

8. Adjust R11 until optimum performance is observed on the
video. Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to 90% of saturation.

9. With the array in dark, readjust R36 if necessary, to bring
the video level with the blanking.

Section 5
Alignment Procedure

RC0100 Motherboard with RC0107 or 0108 and
H Series Array

1. JumperConnections. Split pads are provided to program
the RC0100 board for the desired config-uration. Refer to
Table B of the RCO100LNB-011 schematic for correct
configuration. See Figure 1 for location of split pads.

2. Monitor TP1 and adjust R2 (if internal clock is used) for the
desired frequency. The maximum frequency is 1.5 MHz.
Adjust R11 for a 200 ns, negative going pulse width.

3. Monitor P2-B and set the desired pulse interval (if internal
startis used). Synchronize the oscilloscope at P2-B during
alignment.

4. Monitor TP2 and adjust R64 for a 100 ns pulse width.

5. Monitor TP3. With the array in dark, adjust R24 (1K pot on
the array board) to zero the baseline of the video. Saturate
the array and readjust R24 if necessary, so no signal or
switching spikes go more negative than -8V DC. Do not
over saturate.
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NOTE: R51,R52, R50, and R32 on the RC0100 board will have
no effect when an H Series array board is used.

6.

With the array still in the dark, adjust R7 (2002 pot on the
array board) for best odd/even pattern.

Monitor the video output at P2-N. With the array in the dark,
adjust R36 on the Motherboard until the video is centered
with the blanking level.

Adjust R25 (100K pot onthe array board) until the firstthree
video elements are as close in amplitude as possible to the
other elements.

Adjust R11 until optimum performance is derived on the
video. Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and a
fixed pattern tracking from dark to 90% of saturation. This
adjustment will interact with the previous adjustments. Go
back to Step 5 and touch up as necessary.

Section 6

Alignment Procedure

RC0100 Motherboard with RC0110ANA-020 with
RA3232A Array or RCO110ANA-011 with
RAS5050A Array

1.

Jumper Connections. Split pads are provided to program
the RC0100 board for the desired configuration. Refer to
Table B of the RCO100LNB-011 schematic for proper
configuration.

Monitor TP1. Adjust R2 for desired frequency. Maximum
frequency is 1 MHz. Adjust R11 for a 600 ns, negative
going pulse width.

Monitor P2-B. Set desired start pulse interval using rocker
switches S1, S2, and S3 (if internal start is used). Start
pulse interval must be at least 41 clock periods for an
RA3232A or 59 clock periods for an RA5050A, giving a
minimum line "flyback” of 9 clock periods.

Monitor TP2 and adjust R64 for a 100 ns pulse width, sync
scope at EOF terminal on the array board.

Monitor TP3. With the array in complete darkness, adjust
R13 (potentiometer on component side of array board)
until the video is centered around -5V DC. Saturate the
array, readjust if necessary, so no signal or switch spike is
more negative than —8V DC. Do not over saturate.

Monitor P2-N. Darken the array and adjust R36 until the
video elements are centered around the blanking level.
(The blanking period is clamped to zero.)

]

Adjust R11 until optimum performance is derived on the
video. Optimum adjustment of R11 results in a balance of
maximum video output, minimum switching spikes, and
fixed pattern tracking from dark to 90% of saturation.

The first element of each line is always low in amplitude.
The second element's amplitude can be corrected by
shorting out CR1, CR2 and/or CR3. This will vary with
arrays and may require none, one, two or all of these
shorted out for best results.

L
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Figure 1. Split Pad Location
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Figure 2. Timing Diagram, RC0100 Series Circuit BDS, 4 Phase Operation, C Series Array
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Figure 3. Timing Diagram, RC0100 Series Circuit BDS, 2 Phase Operation, E Series Array
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RCO0730
Operation and Alignment Instructions

General Description

The RCO0730 is an evaluation circuit board for Reticon's
D Series Linear Charge Coupled photodiode arrays and is
intended for those who want to gain rapid familiarity with the
device's operational characteristics. The board contains the
necessary clock generation circuits and analog signal process-
ing circuits for operating the device; however, it has not been
optimized for any specific application.

Power Requirements

The board is designed to operate from a triple output linear
source supplying +15, +12, and—12V DC. Power is applied to
the board through edge connector pins or test points: +5V on H
or TP8, +12V on E or TP9 and —12V on A or TP11. Ground
connections to the board are on edge connector pins 1 through
22. See "Specifications" section for current and voltage
requirements for each of the power inputs.

Specifications

Mechanical:

Dimensions: 4.5" x 10"

Electrical:

Power Inputs: +12 (x0.1)VDC @ 275 mA
-12 (£ 0.1) VDC @ 150 mA
+5 (£0.1)VDC @ 450 mA
Clock frequency (TP4): 20 MHz maximum

100 kHz minimum

Video outputs (Video load resistor = 3 KQ):
Discrete video outputs (TP14 and TP16):

6.5V DC
5.8V DC
-1V £ 20% below dark level

Reset level:
Dark level:
Saturated output:

Combined video output (TP18):

Data rate: 10 MHz maximum
DC level: Adjustable +1 to -1V DC
Saturated output:  + 2.4V £ 20%
P-P pixel noise: 3 mV (typical)
External clock input: TTL Compatible
External start input: TTL Compatible
Clock outputs: TTL Compatible
Sync output: TTL Compatible

Operational Description

There are two basic circuits interfacing the image device. The
block diagram, Figure1, shows the two circuits separated by a
dotted line. The analog signal processing circuit is located on
the right side of the dotted line and the digital circuit is located
on the left. Refer to schematic diagram 011-0656 and timing
diagram 020-0369 for specific circuit and timing information.

Digital Section

The master oscillator U5 provides the master clock (MCLK)
signal used to generate all the board timing. Frequency of the
MCLK can be adjusted with R1 and C8. The MCLK signal is
divided by two with U6 for two phase 50% duty cycle output
signals from pins 5 and 6. The crossover points of these signals
are controlled with U10 and U11 and then level translated with
U12and U14 to provide the image array main clocks g4 and o.
The transfer clock o is derived from the output of the D flip-flop
U7 pin 6. The transfer clock (U7 pin 6) is clocked low with the
output of the integration counter U3 pin 15. The output of the
integration counter also enables the transfer counter U4 to start
counting while disabling itself. At the completion of the transfer
count sequence, the output of the transfer counter will reset the
transfer clock high and enable the integration counters, thus
completing the sequence. The transfer pulse is buffered and
level translated to provide the image array g clock. The video
sampling and multiplex timing is derived from the same source
which provides the image array main clocks (U6 pin 5 and 6),
gated by NOR circuit U9 and level translated by U20.

Analog Section

The array, driven by the clocks derived in the digital circuit,
produces video outputs with amplitudes proportional to
exposure (light intensity multiplied by integration time). These
signals appear as voltage levels on the video output load
resistors R54 and 55 for the combined video or R51 and 52 for
the discrete video outputs.

The RC0730 board can be configured to process the video
signals in two ways. Selecting jumper settings W6 and W10 will
configure the board to output the "odd" and "even" video signals
as two discrete outputs. High speed emitter follower transistors
Q5 and Q6 provide the buffering necessary for 20 MHz opera-
tion. The odd video output is on test point 14 and the even video
output is on test point 16.

The odd and even video outputs can be combined into a single
output signal by selecting jumper settings W7 and W11. The
odd video output is then routed to the high speed video op-amp
U17 that provides gain control with R4. The even video output
is routed to a second high speed video op-amp U18 with fixed
gain. Gain of the odd video channel can then be adjusted using
R4 to match the signal level of the even video channel and
therefore eliminating gain imbalances in the system. The am-
plified video signal from U17 and U18 is AC coupled by C74 and
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C76 and then DC restored once per line by FET transistors in
U19. The DC restoration level is adjustable for the odd and even
video channels with R5 and R6, respectively. The oddand even
video channels are combined by alternately sampling, holding
and multiplexing the two signals with the FET switches in U21.
While the odd video channel is being sampled onto hold
capacitor C86, even video is multiplexed to the high impedance
output buffer U22 from hold capacitor C91. During the next
cycle of the clock, even video is sampled while odd video is
multiplexed to the output stage. The combined, sampled and
held video signal is buffered with emitter follower transistor Q8
and can be monitored on test point 18.

Input Signals

In the usual mode of operation the RC0730 evaluation board
generates all the necessary signals to operate the image array;
however, the board does have provisions for accepting external
master clock and/or start signals. These external inputs can be
used to synchronize the image array output to the user's
system.

Clock Input (pin W/TP2)

The RCO0730 can be externally clocked by selecting jumper
setting W5 and applying a TTL clock signal on this input. The
combined video data rate (at TP18) will be equal to the
frequency of this clock. The timing of this signal is non-critical
with the exception of a minimum low time of 25 ns. Frequency
of this signal should be limited to 20 MHz maximum.

Start input (pin P/TP5)

By selecting jumper setting W2 and inputting a TTL signal on
this input, the array transfer clock and thus the start of a readout
and new integration period will be externally controlled. A low
to high transition will enable the transfer counter, U4, to count.
A minimum high time of 50 ns is required to meet the g4 to o1
array clocking requirements. The high to low transition of the
startinput signal will set the array g clock active and thus start
anew integration period when g ends. The terminal count from
U4 will then set g low to end the transfer sequence and start
the video read-out. Care must be taken to ensure that the array
clock timing requirements are met when the external start input
is used.

Line Reset Input (TP12)

The external Line Reset function can be implemented by
connecting jumper W9. This connects the image array Line
Resetinput to TP12. A reset signal (active high) can be applied
to this terminal to simultaneously reset the photodiodes at any
time during scan. Operation and timing of this input is shown in
the timing diagram, Figure 2. The positive and negative voltage
swings of this signal will need to be adjusted to compensate for
image array performance variations.

When operating the image array in the "normal” (non-line reset)
mode, integration time is measured from falling edge to falling
edge of g1. When employing line reset, integration time is
measured from the falling edge of g g to the falling edge of a.
Image array output is directly related to integration time.
Therefore if integration time is "halved"” by invoking g g while

light intensity remains constant, video output will be halved.
This is important to bear in mind when adjusting the peak
positive excursion of the o g input (VLRH). Typically VLRH
would be from +2.5V to +4.5V (+3.5V, nominal) above ground
potential. For proper array anti-blooming characteristics the
2 g hegative swing (VLRL) typically ranges from +1.5V to +2V
from ground potential.

As can be seen, the @ g input is relatively critical in terms of
timing and amplitudes. This array input is also sensitive to
"glitches" on the rising and falling edges of g 5. It is recom-
mended that user circuitry develop a g g signal that is
synchronous with Start or Sync, that VLRL and VLRH be
adjustable and that &, g be free of glitches and "ringing."

Output Signals
Sync (pin K/TP7)

This is a TTL output for the purpose of synchronizing an
oscilloscope or user circuitry to the array line scan time. The
timing and polarity of this output is shown in timing diagram
020-0369.

Clock Output (pin T/TP4)

This is a TTL output for the purpose of monitoring the master
clock frequency of the board. It may be used for re-sampling
purposes such as A/D conversions. The combined video data
rate (TP18) is equal to the frequency of this clock while the
discrete video output rate (TP14, TP16) is one-half this rate.

Scan Buffer Output (pin Z/TP1)

The Scan Buffer output is a signal produced from the image
array which provides pulses that are synchronized to the timing
of the firstand the last pixel of the image array. The timing of this
signal is shown in timing diagram 020-0369. The scan buffer
output signal can be used to synchronize external circuitry with
the time in which the array is outputting active video
information.

Discrete Video Outputs (TP14 and TP16)

The separate odd and even buffered video outputs can be
monitored on these test points. The odd video is on TP14 and
the even is on TP16.

Combined Video Outputs (TP18)

The combined processed video signal can be monitored at this
test point.

Alignment

RCO0730 evaluation boards, as shipped from the factory, have
been thoroughly aligned with either the user's array or with a
typical test array. Upon applying power to the board, the
following procedure should be followed to optimize circuit
performance. Proper alignment of the RC0730 can be accom-
plished only when the board is driven with power as specified
in this document. Photographs in this document were taken at
a clock frequency of 5 MHz.
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Procedure

Connect the power supplies to the RC0730 evaluation board in
accordance with the pin-out listed in the section "Power
Requirements.” Install the D Series image sensor in the U13
socket, making sure of correct orientation. Apply power to the
board.

Master Clock

The RC0730 master clock may be derived from the on-board
clock oscillator or from an external source. if the on-board clock
generator is desired, select jumper setting W4. From Table A
select the capacitor for the frequency range desired and install
itinthe Berg pin sockets for C8. (The RC0730 is factory shipped
with a 47 pF capacitor installed.) With an oscilloscope, monitor
the clock output on pin T or TP4 and adjust potentiometer R1
for the desired data rate.

If an external master clock is desired, select jumper setting W5
and input the external clock on edge connector pin W or TP2.

Table A
Capacitor (C8) Clock Frequency
Value (pF) Range TP4 (MHz)
10 10 - 20
47 3 -10
100 1 -4
250 6 -2
500 2 -1
Start/Sync

The RCO0730 start pulse repetition rate which controls integra-
tion (line scan) time may be derived from the on-board counters
orfrom an external source. If the on-board counters are desired
select jumper setting W3. The integration time is controlled by
the presetting of a 4-bit Transfer Counter and a 12-bit
Integration Counter. The transfer counter, programmed by
SW4, should be preset to provide a minimum of .2 us transfer
time. The transfer counter must be set to a value of 2 or greater;
with an oscilloscope, monitor g signal on pin 22 of U13. Adjust
the Transfer Counter value using SW4 for the desired transfer
time (high level) or a minimum of .2 us. The integration counter,
which is controlled by SW1, SW2, and SW3, can then be preset
to the desired integration time. The minimum count for the
integration counteris the array length plus 15 counts. Adjust the
binary weighted switches SW1, SW2, SW3 for the desired
integration time (low level).

When using master clock frequencies of 1 MHz or less, it is
suggested that the transfer counter be programmed to a count
of 2. At frequencies greater than 1 MHz, a transfer count of 15
is recommended.

If external start operation is desired, select jumper setting W2
andinputthe externally generated start signal at TP5 oron edge
connector pin P in accordance with the timing shown in
020-0369.

NOTE: Use the sync output to synchronize the oscilloscope
for the remainder of this procedure.

Combined Video Output (TP18)

To combine the two video outputs from the image array into one
output signal, select the jumper settings W7 and W11. With an
oscilloscope, monitor the video output of TP18. Completely
darken the array (U13) by placing a suitable (non-abrasive)
opaque covering over the window. With the vertical sensitivity
of the oscilloscope set to .1V/div. andthe vertical input coupling
to GND, adjust the ground reference of the scope trace so that
itis on the graticule centerline. Setthe channel coupling to DC.
Adjust potentiometer R5 and R6 until video dark level is at
ground and the odd/even pattern is minimized. See Photos 1
and 2. There will be some interaction between R5 and R6 during
this adjustment and therefore it will require several adjustments
of each potentiometer. To fully optimize this
adjustment it will require increasing the verticle sensitivity of the
oscilloscope.

Remove the opaque material covering the array. With a suitable
light source (preferably a steady state DC powered source),
illuminate the array to approximately 50% of saturation. Adjust
the gain potentiometer R4 until the odd/even patternis removed
in the illuminated video signal. See Photos 3 and 4. Since this
adjustment may affect the previous dark level adjustment,
repeat the Dark and Light adjustments until the odd/even
patterns are removed throughout the light/dark range.

NOTE: This output is limited to 10 MHz video data rate. For
optimum performance capacitive loading of this output should
be <20 pF.

Anti-Blooming Control

Selectjumper setting W8. Adjust potentiometer R2 for a voitage
of OV on pin 10 of U13. llluminate the image array to an
exposure level beyond saturation. The output video signal will
appear as shownin Photo 5. The video line will bloom during the
retrace time as shown. The degree of blooming will depend on
exposure level. Adjust potentiometer R2 untit the video line
blooming is minimized as shown in Photo 6. The saturated
video output signal will be approximately 2 - 2.3V for the correct
adjustment of R2.

Discrete Video Outputs (TP14 and TP16)

Select jumper settings W6 and W10. With an oscilloscope
monitor the video output signals on test points TP14 and TP16.
llluminate the array to approximately 50% of saturation. The
signals should appear as shown in Photo 7.

Scan Buffer Output

With an oscilloscope, monitor the scan buffer output signal
(TP1 or pin Z) and the video output signals (TP14 and TP16).
Adjust potentiometer R3 until there is a single pulse coincident
with the first and the last video pixel. Refer to Photo 7 for an
example of the proper adjustment of this signal. The photos
below are expanded views of the first and last pixels of the
image array showing the timing of the Scan Buffer output
pulses.
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RC1000/RC1001
Operation and Alignment Instructions

General Description

The RC1000 Mother and RC1001 Satellite evaluation boards
form a set designed to provide all of the necessary signals and
video processing circuitry to operate the Reticon S and T Series
Linear Photodiode Arrays. This evaluation board set provides
the user an easy means to evaluate the operation of these linear
photodiode arrays. External Start and Clock control inputs are
provided at the edge connector of the mother board to allow
synchronization of the board operation with a user system.

The evaluation board set has been designed to provide good
noise performance at a reasonable cost. The Sampled and
Held video output signal will have a typical dynamic range of
4000:1 (saturated output/p-p pixel noise). With care in shielding
of the satellite board from external electro-magnetic radiation,

Specifications

even higher levels of performance can be seen. In order to
achieve this level of performance the video data rate is limited
to avalue lowerthanthe capability of the photodiode array itself.

The satellite board may be remotely located from the mother
board by extending the analog and digital cables. Some degra-
dation in noise performance may be seen with increasing cable
lengths. Shielding of the video signal lines from RF signals is
suggested when using extended cables.

Provision for cooling of the photodiode array using a thermo-
electric cooler is possible by means of the access hole located
directly beneath the array.

Mechanical

Dimensions: Mother Board 4.5 x 8.0inches
Satellite Board 4.5 x 2.0 inches

Connectors: Mother Board Edge 22/44 pin dual
Satellite Digital 16-pin ribbon
Satellite Analog 6 pin

Electrical

Power Inputs: +15 analog +15VDC (£ 0.1) @ 75 mA
+15 digital +15V DC (£ 0.1) @ 100 mA
+ 5 digital +5VDC (+0.1) @ 500mA
—15 analog -15V DC (+ 0.1) @ 75 mA
-15 digital -15V DC (£ 0.1) @ 100 mA

Frequency Range: 250 kHz maximum

Video Output: Saturation +6V £ 20%
Peak to Peak Pixel Noise 1.5 mV typ.
DC Dark Level Range +300 mV to —-600 mV

Clock Output: Pulse Width: 2.5 usecond negative
Amplitude: TTL Compatible

Ext. Clock Input: Pulse Width: 50 nanosecond minimum
Amplitude: TTL Compatible

Ext. Start Input: Pulse Width: See Timing Diagram
Amplitude: TTL Compatible

Sync Output: Pulse Width: See Timing Diagram
Amplitude: TTL Compatible

NOTE: Peak-to-peak pixel noise is dependent upon a number of parameters. Careful attention should be given to
the following parameters for optimum noise performance.

1

2
3
4

Power supply noise and ripple levels should be <1mV p-p.
Utilize low impedance power supply connections.
Minimize the lengths of the analog and digital cables.
Shield the board from electro-magnetic radiation sources.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266  FAX: (408) 738-6979
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Power Requirements

The board set is designed to be operated from a triple output
source supplying +5V, +15V and —15V to the circuit's separate
analog and digital sections. For lower noise operation, power
can be supplied to the analog and digital sections of the mother
board from separate sources with a common low impedance
ground connection at the PC board edge connector. (See
specifications section for current and voltage requirements for
each power supply input.) The edge connector pin assignments
are shown below.

Signal Symbol Edge Pin Test Point
+15 analog +15VA o} 7
+15 digital +15VD H 5
+5 digital +5V K 4
—15 analog -15VA A 8
-15 digital -15VD E 6
Ground 1-22 10

Operational Description

There are two basic circuits interfacing the photodiode array.
Figure 1 is a simplified block diagram that shows the two
sections separated by a dotted line. The digital section is on the
left and the analog section is on the right. The circuitry
contained on the satellite board is shown within the center box.
Refer to the schematic diagrams of the RC1000LNN-011,
—020 and RC1001LNN-011 for the detailed circuit of the block
diagram and the timing diagram for functional timing
information.

Digital Section

The one-shot oscillator and pulse width control (U11) provide
the master clock (MCLK) signal used to generate all the board
timing. Frequency of the MCLK can be adjusted with R35. The
integration counters (U8, U9 and U10) are clocked at the MCLK
frequency and provide an output pulse on pin 15 of U10 that is
active high for 1 out of N MCLK cycles. N is determined by the
binary weighted count of the setting of switches SW1, SW2, and
SWa. This output signal (MSTART) along with MCLK are inputs
to the clock and start generator (PAL U7). U7 outputs a "start
pulse" and four properly timed clock phases which are then
level translated and sent to the photodiode array.

Analog Section

The analog portion of the circuit begins on the satellite board
with the active and dummy video outputs of the photodiode
array. These outputs are each amplified by transistor amplifiers
Q1, Q2 and Q3 for the active video and Q4, Q5, and Q6 for the
dummy video. The amplified video signal lines are then routed
to the differential integrator (U1) on the mother board. The
integratoris reset once each pixel by the signal generated by U7
and level translated by US. The output of the integrator is AC
coupled and then DC restored by Q3 to an adjustable DC level
set by R1. The video signal is DC restored synchronously with
the integrator reset. The DC restored video signal is buffered

with a unity gain amplifier (U2) and then sampled and held by
Q5 and C24. The S&T jumper (E4 — E6) controls the sampling
process. For S Series arrays, a sample pulse occurs every
MCLK cycle. T Series device video is sampled once for every
two MCLK cycles. Q4 serves to reduce any glitches introduced
by the sampling process. The sample timing and pulse width is
developed by one shot U12. The sample and held video signal
is buffered with unity gain amplifier U3 and sent to the output
BNC connector J1.

Input Signals

In the usual mode of operation, the RC1000 mother board
generates all the necessary signals to operate the photodiode
array. The board has provisions for accepting an external
master clock and/or start signals. These external inputs can be
used to synchronize the array output to the user's system.

Ext. Clock Input (pin X/TP1)

The RC1000 mother board can be externally clocked by select-
ing jumper settings E2-E3 and applying a TTL clock signal on
this input. Timing of this signal is non-critical since the pulse
width will be determined by the one shot U11. The frequency of
this signal will determine the video output pixel rate and should
not exceed 250 kHz.

Ext. Start Input (pin M/TP3)

The read out operation of the photodiode array can be exter-
nally controlled by selecting jumper settings E8-E9 and
inputting an active high TTL signal on this input. The external
MSTART must have a minimum positive pulse width of 200
nanoseconds. The falling edge of EXT MSTART must occur no
sooner than 20 nanoseconds after the falling edge of MCLK at
TP-9. The minimum number of master clock cycles between
start pulses must be the array length plus 4 counts for S Series
arrays and twice the array length plus 4 counts for T Series
arrays. The number of clock cycles between start pulses must
be divisible by 4.

Output Signals
Clock Output (pin U/TP9)

This output is provided to synchronize user circuitry to the
RC1000 BNC video pixel data. It may be used for re-sampling
purposes such as A/D conversions. J1 video pixel data is stable
at the rising edge of MCLK at TP-9. The MCLK outputis at TTL
levels.

Sync Output (pin P/TP2)
This is a TTL output signal for the purpose of synchronizing an

oscilloscope or user circuitry to the photodiode array line scan
time. The timing and polarity of this output is shown in Figure 2.
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End of Scan (EOS) Outputs (Satellite Board Test Points)

The photodiode array produces an output pulse from each (odd
and even) shift register at the time when the last pixel is being
read out. These signals can be monitored at the test points
provided on the satellite board. Timing and polarity is shown in
Figure 2. Capacitive loading of these output signals will affect
the fall time.

Video Output (J1)

The final sampled and held video output signal can be moni-
tored at this output. The timing of this signal is shown in
Figure 2.

Alignment

The RC1000 and RC1001 boards as shipped from the factory
have beenthoroughly aligned with either the user's array or with
a typical test array. Upon applying power to the board, the
following alignment procedure should be followed to achieve
optimum circuit performance. Proper alignment of the board set
can be accomplished only when the board is driven with power
as specified in this document.

The photographs used in this alignment procedure were taken
using an RC1000LNN-011 mother board and an
RL1024SAQ-011 array. The MCLK frequency was set at
100 kHz. The MSTART repetition rate was set at 1024 +128 for
ease in recognizing "flyback" time. Ground potential for all
photos is the oscilloscope graticule centerline.

Procedure

Connectthe power supplies to the mother board in accordance
with the pin out as listed in the "Power Requirements" section.
Install a Photodiode Array in the socket of the satellite board.
Apply power to the board.

If the array in use is an S Series, the S&T jumper, on the
RC1000, should be set from E4 to ES5. For T Series arrays, set
this jumper from E5 to E6.

MCik

The RC1000 mother board Master Clock may be derived from
the on-board oscillator or from an external source. If the
on-board clock generator is desired, select jumper setting
E1-E2. With an oscilloscope, monitor the clock oscillator output
on pin 6 of U11. Adjust potentiometer R35 for the desired video
output data rate. If external master clock operation is desired,
select jumper setting E2-E3 and input a clock signal on pin X of
the board edge connector.

MStart

The RC1000 mother board integration time (start pulse) may be
derived from the on-board integration counters or from an
external source. If internal operation is desired, select jumper
setting E7-E8. The integration time will then be controlted with
the binary weighted switch settings of SW1, SW2 and SW3.
With an oscilloscope, monitor the sync output on pin P of the
board edge connector and set the integration time for the
desired rate. S Series devices require a minimum start repeti-
tion rate of n + 4, where n equals the number of array
photodiodes. The minimum number of counts for the setting of
the switches for T Series arrays is (n x 2) + 4.

If external integration time control is desired, select jumper
setting E8-E9 and input the start signal on pin M of the edge
connector in accordance with the conditions described in the
“Input Signals" section.

Use the Sync output to synchronize the oscilloscope for the
remainder of this procedure.

Dark Fixed Pattern

With an oscilloscope, monitor the video output on the BNC
connector J1. Completely darken the array. Set the vertical
sensitivity of the oscilloscope to .5V/division.

With R1, R23, R24 and R25 set to the center of their ranges,
dark output video might appear similar to that in photo 1. Adjust
the "even pixel offset adjust" potentiometer, R23, until the even
pixels appear as in photo 2. Adjust the "odd pixel offset adjust"
potentiometer, R25, until the odd pixels appear similar to photo
3. Increase the verticle sensitivity to 200 mV per division.
Alternately adjust R23 and R25 until the odd and even pixel
offset is minimized as shown in photo 4. Increase the verticle
sensitivity to 100 mV per division. Adjust the "odd/even pixel
balance adjust" potentiometer, R24, until the dark fixed pattern
is minimized as in photo 5.

Dark Video DC Level

Increase the verticle sensitivity to 50 mV per division. Adjust
potentiometer R1 until the DC level of the video output trace is
at ground level as shown in photo 6.

lNluminate the array with a suitable DC light source. The
"saturated" video output should appear similar to that of
photo 7.
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General Description

The RC1030LNN is a general purpose evaluation circuit
designed to provide all of the necessary timing signals and
video processing circuitry to operate the Reticon SB and TB
Series Linear Photodiode Arrays. The evaluation board
provides the user an easy means to evaluate the operation of
these linear photodiode arrays. External Start and Clock
control inputs are provided at the edge connector of the board
to allow synchronization of the board operation with a user
system.

The evaluation board has been designed to provide good
noise performance at a reasonable cost. The Sample-and-
Held video output signal will have a typical dynamic range of
4000:1 for the SB device and 8000:1 for the TB. Dynamic
range is defined as the saturated output divided by the peak-
to-peak pixel noise. In terms of RMS noise, the dynamic
range would be approximately 5 times greater or 20000:1 for
the SB and 40000:1 for the TB. In order to observe this type
of performance; power supplied to the board must be in
accordance with that described in this manual. Careful
shielding of the board from external electro-magnetic sources
is also required due to the high gain amplifiers on the board.
In order to achieve this level of performance, the video data
rate is limited to a value lower than the capability of the photo-
diode array itself.

Provision for cooling of the photodiode array using a thermo-
electric cooler is possible by means of the access hole
located directly beneath the array.

Power Requirements

The board is designed to be operated from a triple output
source supplying +5V, +15V, and -15V to the circuit's sepa-
rate analog and digital sections. On-board voltage regulators
provide an analog +5V supply and an analog -5V supply from
the +15 and -15V inputs. The analog and digital ground
planes have been completely separated on the board and are
each brought separately to the PCB edge connector. These
two ground planes can be tied together at the board edge
connector and then grounded at the power supply using a
good low impedance conductor. Alternately, each ground
plane could have a separate low impedance cable with a
common connection at the power supply itself.

The PC board edge connector pin assignments for each
power supply input and ground connections are shown below.
See “Specifications” section for current and voltage require-
ments for each power supply input.

AR
RC1030LNN
Operation and Alignment
Instructions
Specifications
Mechanical
Dimensions: 3.0inx4.0in
Connectors: Edge connector 22/44-pin dual
.100" CTC
Video output Coaxial BNC
Electrical
Power Inputs: +15V +15V DC (+.1V DC)
@ 75 mA
+5V +5V DC (£.1V DC)
@ 70 mA
-15V -15V DC (+.1V DC)
@ 50 mA
Video Data Rate: 50 kHz maximum
Video Output: Saturation +10V (£20%)
Peak-to-peak
pixel noise
-011 2.5 mV (typ)
-020 1.25 mV (typ)
DC Dark Level
adj. range +2V to -2V
Clock Output: Pulse width 2 us positive
Amplitude HCMOS
compatible
Ext. Clock Input:  Pulse width 50 ns minimum
Amplitude HCMOS
compatible
Ext. Start Input:  Pulse width See Timing
Diagram
Amplitude HCMOS
compatible
Sync Output: Pulse width See Timing
Diagram
Amplitude HCMOS
compatible

Note: Peak-to-peak pixel noise is dependent upon a number of
parameters. Careful attention should be given to the following
parameters for optimum noise performance.

1 pPower supply noise and ripple levels should be <1 mVp_p.
Utilize low impedance power supply connections.
Minimize the lengths of the analog and digital cables.
Shield the board from electro-magnetic radiation sources.

Signal Sym Edge Pin | Test Point

+15 Volts +15V DC 9 TP 1

+5 Volts +5V DC 22 TP 3 2
-15 Volts -15V DC 7 TP 2 3
Analog Ground AGND | 11,34-44 TP 11 4
Digital Ground DGND 13, 23-33 TP 4

345 POTRERO AVENUE

SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979

231



232

RC1030LNN

Operational Description

There are two basic circuits interfacing the photodiode array.
Figure 1 is a simplified block diagram that shows the two
sections separated by a dotted line. The digital section is on
the left and the analog section is on the right. Refer to the
schematic diagrams of the RC1030LNN for the detailed
circuit of the block diagram. Refer to the timing diagram of
Figure 2 for functional timing information.

Digital Section

The one-shot oscillator and pulse width control, U2, provide
the master clock (MCLK) signal used to generate all the
board timing. Frequency of the MCLK can be adjusted with
R1. The MCLK signal clocks the 16 bit pre-settable counter,
U4, used to control integration time of the photodiode array.
Refer to the schematic of the EPLD U4 for the detailed circuit
of this device. The output of U4, pin 6, is an active high pulse
for 1 cycle of N MCLK cycles. N is determined by the binary
weighted count of the setting of the DIP switches SW1, SW2,
SW3, and SW4. This output signal, SYNC, is routed to the
timing generator, EPLD U5, and is also used to reload the 16
bit counter for the next count cycle.

The timing generator, U5, requires 4 inputs and produces 5
outputs for the photodiode array and video processing
section. Refer to the schematic diagram of U5 for the de-
tailed circuit of this EPLD. The MCLK and SYNC signals
are used to derive the 3 photodiode array signals, @4, @2, and
START. @1 and @2 are complimentary 2-phase clock signals
used to clock the photodiode array shift register. The photo-
diodes will be accessed at the frequency of these signals
which is 1/2 the frequency of the MCLK signal. The start
signal is a pulse shaped version of the SYNC signal and
controls the loading of the photodiode array shift register and
thus the start of a new readout period. A delayed and pulse
shaped MCLK signal from U3, DCLK, is used to derive the
SAMPLE signal for the sample and hold circuit. The MCLK
signal input is used to develop the RESET output signal for
the resetting of the integrator in the video processing section.

Analog Section

The analog portion of the circuit begins the with the active
and dummy video outputs of the photodiode array. These
outputs are differentially amplified by operational amplifier,
U8. A video line bias of +2.5V is provided by U7 and zener
diode CR1. The output signal from U8 is a train of voltage
pulses corresponding to the charge detected on each
photodiode as they are readout in sequence. The pulses will
ride on a +2.5V DC level. A second stage differential ampli-
fier U9 is used to cancel the DC offset of the video signal.
The amplified charge pulses from the photodiode array are
then integfated by U10 on capacitor C29. The integrator is
reset by Q2 once each period prior to the next charge pulse.
The output of the integrator is AC coupled and then DC
restored by Q4 to an adjustable DC level set by R37. The
video signal is DC restored synchronously with the integrator
reset. The DC restored video signal is then sampled and
held by U11 and C36. The sample-and-held video signal is
routed to the output BNC connector J1 and to the PCB edge
connector P1 - 2.

Input Signals

In the usual mode of operation, the RC1030LNN evaluation
board generates all the necessary signals to operate the
photodiode array. The board has provisions for accepting an
external master clock and/or start signals. These external
inputs can be used to synchronize the array output to the
user’s system.

External Clock Input, pin P1 - 15/TP7

The RC1030 can be externally clocked by selecting jumper
settings E1 - E2 and applying an HCMOS level clock signal
on this input. Timing of this signal is noncritical since the
pulse width will be determined by the one shot U2-B. The
frequency of this signal will be twice that of the video output
pixel rate and should not exceed 100 kHz.

Ext. Start Input, pin P1 - 20/TP6

The readout operation of the photodiode array can be
externally controlled by selecting jumper settings E5 - E6 and
inputting an active-high HCMOS signal on this input. The
external START must have a minimum positive pulse width of
200 ns. The falling edge of EXT START must occur no
sooner than 20 ns after the falling edge of MCLK at TP8.
The minimum number of master clock cycles, MCLK’s, be-
tween start pulses will be twice the array length plus 4
counts.

External Line Reset, TP9

By selecting jumper setting E7 - E8 simultaneous resetting of
the photodiodes can be controlled by this input. Pulling this
input low will reset all the photodiodes in the array. The
integration time is then different for each photodiode in the
array. The integration for a given diode n is the time between
the rising edge of LR to the next readout time for diode n.
This mode of operation is suitable for synchronizing the array
with flashed or pulsed light sources.

Output Signals
Clock Output, pin P1 - 17/TP8

This output is provided to synchronize user circuitry to the
RC1030 BNC video pixel data. The frequency of this signal
will be twice that of the video data rate.

Sync Output, pin P1 - 19/TP5

This is an HCMOS output signal for the purpose of synchro-
nizing an oscilloscope or user circuitry to the photodiode
array line scan time. The timing and polarity of this output is
shown in Figure 2.

End-of-Scan (EOS) Output, TP10

The photodiode array produces an output pulse from the shift
register at the end of the active array scan time. The timing
of this signal is shown in Figure 2. This is an HCMOS com-
patible output signal.

Video Output, J1
The final sampled-and-held video output signal can be

monitored at this output. The timing of this signal is shown in
Figure 2.
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Alignment Procedures

The RC1030 evaluation boards, as shipped from the factory,
have been thoroughly aligned with either the user’s array or
with a typical test array. Upon applying power to the board,
the following alignment procedure should be followed to
achieve optimum circuit performance. Proper alignment of
the board set can be accomplished only when the board is
driven with power as specified in this document.

The photographs used in this alignment procedure were
taken using an RC1030LNN-011 board and an
RL1024SBQ-011 array. The MCLK frequency was set at
80 kHz. The MSTART repetition rate was set at 2048 + 128
counts for ease in recognizing “flyback” time (time between
active scans).

Procedure

Connect the power supplies to the board in accordance with
the pinout as listed in the “Power Requirements” section.
Install a photodiode array in the socket for U1. Be certain to
observe proper pin orientation when installing the photodiode
array. Apply power to the board.

MCLK

The RC1030 board Master Clock may be derived from the
on-board clock oscillator or from an external source. |If the
on board clock generator is desired, select jumper setting
E2 - E3. With an oscilloscope, monitor the clock oscillator
output on test point 8, TP 8. Adjust potentiometer R1 for the
desired clock rate. If external master clock operation is
desired, select jumper setting E1 - E2 and input a clock
signal on pin P1 - 15 of the board edge connector or TP 7.

MSTART

The RC1030 board integration time (start pulse) may be
derived from the on-board integration counters or from an
external source. If internal operation is desired, select
jumper setting E4 - E5. The integration time will then be
controlled with the binary weighted switch settings of SW1,
SW2, SW3, and SW4. With an oscilloscope, monitor the
sync output on pin P1 - 19 of the board edge connector and
set the integration time for the desired rate. The minimum
count for a given array size is given by the equation
(2 x n) + 4, where n equals the number of array photodiodes.
For example, the minimum count setting for an RL1024SB
device would be (2 x 1024) + 4 or 2052 counts. The DIP
switch settings would be as follows:

—SW4—  —SW3— —SW2— = —SWi—
off off off off  on off off off  off off off off  off on off off

(msb) (Isb)
2048. + 4 = 2052

If external integration time control is desired, select jumper
setting E5 - E6 and input the start signal on pin 20 of the
edge connector in accordance with the conditions described
in the “Input Signals” section.

Use the Sync output to synchronize the oscilloscope for the
remainder of this procedure.

Integrator Bias Adjustment

With an oscilloscope, monitor the output signal from pin 6 of
U10. Darken the photodiode array using an opaque material
to cover the window over the array. Set the oscilloscope
vertical sensitivity to .2V/div. and the horizontal time base for
50 ps/div. Adjust the potentiometer R20 until the slope on
each pixel is minimized. See photos 1, 2 and 3 for
examples of this adjustment.

Dark Video DC Level

Set the horizontal time base to 5 mS/div. Monitor the video
output signal at J1 or edge connector pin, P1 - 2. Adjust
potentiometer R37 until the DC level of the video “flyback”
time is at ground level as shown in photo 4.

Antiblooming Control Adjustment

If external LR control is not desired, select jumper setting
E8 - E9. Set the oscilloscope vertical sensitivity to 5V/div.
Adjust potentiometer R42 fully clockwise. Remove the
opaque covering from the array and increase the illumination
on the array with a suitable DC light source to a level such
that the output from the photodiodes stops increasing and the
“flyback” time starts to go positive from the ground level. The
“saturated” video output should appear similar to that of
photo 6. Adjust the antiblooming control, R42, counterclock-
wise until the “flyback” time is brought back to the ground
level. Adjusting R42 too far will result in reducing the satu-
rated output voltage as shown in photo 7. With the correct
setting of R42, the video should appear similar to that shown
in photo 8.

Video Output

The final 4 photos indicate the typical array performance
when exposed to various light levels. Actual performance
seen from other photodiode arrays may vary somewhat from
the photos due to normal process variations in nonuniformity
of sensitivity, dark leakage current, saturation charge, etc.
Photo 9 is exposed to “saturation”, photo 11 is zero exposure.
Photo 12 is the typical p-p noise level on a single pixel.
Photo 12 was taken by storing maximum and minimum
excursions of a given pixel for 128 scans using a digital
oscilloscope.
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Application Information
|
lllumination Sources

EG&G Reticon image sensors detect electromagnetic radiation from 200 to 1100 nanometers.
The short wavelength response will be limited to about 350 nanometers when using either a glass
window or fiber optic faceplate.

Sources of illumination with energy in the detection wavelength range are all suitable for image
sensors. A few of the possible sources are:

Incandescent lamps
Fluorescent lamps
Sunlight

Light emitting diode (LED)
Laser

Phosphor output

The primary requirement is to have a sufficient amount of intensity to operate the image sensor at
the desired integration time.

Piease refer to Applications Note 121 for more information on light sources and spectral
response.

Cleaning Windows

The windows of an image sensor must be kept clean to ensure transmittance of incident radiation
through the window. Lack of window cleanliness will contribute to nonuniformity of sensitivity and
may prevent proper operation in some applications. The windows are easily cleaned by using a
soft lint-free cloth or paper soaked in a residue-free organic solution, such as alcohol.

Note: Windows should never be wiped with a dry cloth or paper. Never clean a
window with array energized.

Fiber Optic Faceplates

Some image sensors are available with fiber optic faceplates instead of quartz or glass windows.
This enables the user to efficiently couple the image sensor to other electro-optical devices such
as an image intensifier. The S Series wide aperture linear image sensor and the RAO100A/0128N
area image sensors are available as standard products with a fiber optic faceplate. The optical fiber
used on these devices has a 6 micron core size with a numerical aperture of 1. Most EG&G
Reticon image sensors can accommodate a fiber optic faceplate. Please consult the factory for
more details.

Cooling Image Sensors

The signal-to-noise ratio performance of any image sensor can be improved by reducing its
temperature. For each 7° Celsius drop in temperature, the dark leakage current is cut in half.
Some applications call for a very wide dynamic range and/or long integration times which can only
be achieved by cooling the device.

Typically, cooled devices are housed in a nitrogen purged atmosphere to prevent condensation.
Cooling can be achieved in several ways. The method most often used is a thermoelectric cooler.
Using the Peltier effect, and multiple stage coolers, it is possible to cool an image sensor by over
50°C. There are several manufacturers of these coolers which have configurations suitable for
Reticon image sensors.
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Another cooling method is the Joule-Thomson cooler which cools by adiabatic expansion of a gas
that is initially below its saturation temperature. The expanded gas, thus cooled, is passed back
over the incoming gas, resulting in regenerative cooling. There are also several manufacturers of
this type of cooler available for image sensors.

A third method is to mount the image sensor on a "cold finger" which is attached to a dewar of
liquid coolant.

Image Intensifiers

Some applications require higher sensitivity than can be achieved by standard image sensors.
EG&G Reticon offers several wide aperture devices for increased sensitivity. The coupling of
image intensifiers, available from several magnifications, can improve the sensitivity of photodiode
arrays.

An image intensifier consists of a photo cathode for converting light into electrons. These
electrons are multiplied through a microchannel plate and then strike an output phosphor coated
on the inside of a fiber optic faceplate. These image intensifiers can provide gains of 1,000 to
10,000, enabling lower light level operation. The output by the image intensifier couples directly
to the fiber optic faceplate of the image sensor and can be attached with an appropriate optical
cement.

Special Selection

At times, the specifications on the EG&G Reticon image sensors are not adequate for some
applications. Special requirements for characteristics such as lower dark leakage or improved
nonuniformity of sensitivity may be accommodated by requesting specially selected devices.

Please consult one of our sales offices with your special requirements. We will gladly consider
your request and determine if we can satisfy your need. There will be a selection charge and
additional delivery time.
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No. 101 Application Note
|

S EGzG RETICON

Application of Reticon
Photodiode Arrays as
Electron and X-Ray Detectors

General Description

Reticon self-scanning photodiode arrays were designed
primarily for detection of visible and near infrared light;
however, these devices make excellent detectors of more
energetic radiation as well. They are particularly useful for
detecting soft x-rays in the 1 to 10A wavelength (1.2 to
12 KeV photon energy) range and electrons in the 10 to
100 KeV range. These ranges can be extended by relatively
minor changes in the device structure.

Although, in principle any Reticon photodiode array can be
used to detect electrons or x-rays, the most suitable standard
devices are the “C” and “B” series with the wide aperture
option.! 2 The “C” series devices have a 17 mil wide
sensing area with 128, 256, 384 or 512 individual sensors on
2 mil centers or 256, 512, 768 or 1024 sensors on 1 mil
centers. The “B” series devices have a 24 mil wide sensing
area and either 512 or 1024 elements on 1 mil centers.

The user should provide an external shield to protect the
areas of the silicon chip outside the sensing aperture. These
areas contain mutiplex switches and shift register scanning
circuits which can be damaged by exposure to ionizing
radiation. The actual sensing area should then be defined by
an aperture in the shield which is aligned inside the 17 or
24 mil aperture on the silicon chip. The proper alignment is
illustrated in Figure 1.

ettt
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PACKAGE DEVKE CHIP
A
\ELECTREAL
LEADS
Figure 1. Cross Section of Packaged Reticon Array

Showing Required Alignment of External Shield to
Device Aperture

Reticon arrays are normally assembled in a ceramic dual-
inline package and sealed with a quartz window 20 mils thick.
For x-ray or electron sensing applications this window must of
course be omitted. In addition, the sensing area of a stan-
dard array is covered by a protective silicon dioxide layer
nominally 3 um thick. This layer is completely transparent to
light but will partially absorb an incident electron or
Xx-ray beam. For this reason, it is sometimes desirable to

reduce the thickness of the oxide layer. With a relatively
minor process change devices can be produced which have
the silicon dioxide layer thickness reduced to 1 um. With
more substantial process changes, the oxide layer can be
eliminated completely in the area over the diodes. An oxide
layer should remain between the diodes for reliability
reasons.

Electron Detection

An incident high energy electron dissipates its energy over
some path length by the creation of secondary electron-hole
pairs. In silicon, one electron-hole pair is created for each
3.66 eV of energy dissipated. All of the secondary holes
generated in the silicon within a diffusion length of the surface
(approximately 50 um) will be collected and stored on the
nearest photodiode. This charge will be read-out as signal
charge when the array is scanned. Holes generated within
the oxide or deeper than one diffusion length within the
silicon will not be collected and will not contribute to the
signal charge.

Low energy electrons will lose all or most of their energy in
the oxide layer covering the silicon surface and may therefore
not be detected. The calculated range of electrons in SiO, is
shown in Figure 2 as a function of energy.3 It can be seen
from the figure that electrons with energy less than about 25
KeV will be stopped in a 3 um thick oxide layer and electrons
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Figure 2. Range-Energy Relationship for Electrons in SiO,
(see Reference 3)
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with energy less than about 12 KeV will be stopped in a 1 ym
oxide layer. Energies in excess of these minimum values but
less than about 100 KeV will be deposited in the silicon within
one diffusion length of the surface and will
generate a signal of one electronic charge per 3.66 eV of
energy. Electrons with energy greater than 100 KeV will
penetrate deeper than a diffusion length and only a fraction of
the generated secondaries will be collected.

An experimental curve of charge gain as a function of
incident electron energy is shown in Figure 3 for a device with
a 1 um oxide layer.* The offset of about 11 KeV agrees
reasonably well with the theoretical range energy curve of
Figure 2. .Note that a single incident 30 KeV electron will
produce a detectable signal of 5000 electronic charges.
Studies on standard Reticon devices with a 3 um oxide layer
show similar results except that the offset voltage is
increased to approximately 25 KeV as expected from
Figure 2. 8
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Figure 3. Charge Gain Versus Electron Energy for RL1024B
with 1 pm Oxide Layer (see Reference 4)

One application in which Reticon arrays are used as electron
detectors is in the self-scanned digicon tubes manufactured
by Electronic Vision Corporation, 11661 Sorrento Valley
Road, San Diego, California 92121.

These devices consist of a semitransparent photocathode, a
magnetically focused electron imaging section and a Reticon
photodiode array target. An optical image on the photoca-
thode generates photoelectrons which are accelerated
through approximately 20 KeV and focused onto the Reticon
array where one incident photoelectron generates several
thousand secondary electron-hole pairs to produce a corre-
sponding charge gain. The read-out noise is sufficiently low
that single electron events can be detected. 45 A discussion
of the self-scanned digicon for applications in low light level
astronomical spectroscopy is presented in Reference 4.

In addition to low light level imaging tubes such as the
digicon, Reticon arrays may be used in electron spectros-
copy and a variety of other electron detecting applications.

X-Ray Detection

When an x-ray beam is incident on a material such as
silicon, it is attenuated exponentially, i.e., its intensity
decreases with distance according to the relation
I = |, exp (-x/o) where | is the incident intensity and | is the
intensity at any distance x from the surface. The parameter
o (the absorption coefficient) is the probability per unit path
length of an x-ray photon being absorbed. On the average a
photon will travel a distance of 1/a. before being absorbed.

When a photon is absorbed its energy is transferred to an
electron which then gives up the energy by generating
secondary electron-hole pairs. From here on the problem is
the same as for direct detection of electrons. One secondary
is produced for each 3.66 eV of absorbed energy and all the
secondary holes produced in the silicon within a diffusion
length of the surface will be collected and contribute to the
signal charge.

The absorption coefficient of silicon is shown as a function of
wavelength (or photon energy) in Figure 4. The absorption
coefficient of SiO, is slightly different but has a similar wave-
length dependence. Note that short wavelength (high
energy) x-rays have a very low absorption coefficient and a
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beam would penetrate all the way through a silicon device
with very little energy being absorbed. Long wavelength (low
energy) x-rays, on the other hand, have a very large absorp-
tion coefficient and most of the beam energy will be ab-
sorbed in the oxide without reaching the silicon. Calculated
response curves considering both effects are shown in Fig-
ure 5. The calculations were carried out for three oxide thick-
nesses: 0, 1 and 3 um. A diffusion length of 50 um was
assumed in each case. The notch in the response curves is
due to an absorption edge associated with silicon atoms in
the SiO,, layer.
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Figure 5. Theoretical X-ray Response of Reticon Photo-
diode Arrays for 0, 1 and 3 um Oxide Thickness and 50 pm
Diffusion Length

It can be seen from Figure 5 that the peak sensitivity is at
about 5 A wavelength and that standard devices make quite
good detectors over a range from about 1 to 12 angstroms.
At long wavelengths the sensitivity can be
significantly improved by reducing or eliminating the oxide
layer. For wavelengths longer than 15 or 20 angstroms, the
sensitivity is expected to decrease even for zero oxide thick-
ness. This is because most of the energy is absorbed so
close to the silicon surface that some of the secondary
electron-hole pairs will be lost by surface recombination.

For wavelengths between very soft x-rays (about 20 A) and
the ultraviolet (about 2500 A) no experimental work has been
reported and calculations are difficult. It is possible, however,
that Reticon devices could be useful over a portion of this
range.

For wavelengths shorter than 1 A the sensitivity falls off
rapidly, but the devices may still be useful for high intensity
beams. In this range the sensitivity in coul/watt sec is

approximately given by 1.4 x 103 times o in cm™1.

The method of calculating the signal charge which will be
read-out of each cell when the array is scanned is illustrated
by the following example:

Consider a standard “C /17" series array masked externally to
expose a 10 mil wide sensing area. Each cell then has a
sensing area of 1 mil x 10 mil = 10 mil 2 = 6.5 x 10 "5 cm?,
Suppose an x-ray beam with an intensity of 10 ywatt/cm? and
a wavelength of 4 A is to be detected and the array is
scanned at 100 lines/sec. The energy incident on each cell
per line is then:

105 watts x 6.5 x 10-5 cm?2 x .01 sec = 6.5 x 1012 watt sec
2
cm

From Figure 5 the sensitivity at 4 A is 0.2 coul/watt sec.
Therefore, the signal charge is:

0.2 _coul_x 6.5x 10712 watt sec =1.3 pC.
watt sec

Since the saturation charge of a “C/17” device (see data
sheet) is 3.2 pC, the above exposure results in a signal equal
to 40% of saturation.

Radiation Damage

While many Reticon devices are being used in electron and
x-ray applications with no serious problems, the user should
be aware that continued exposure to high energy radiation
can cause radiation damage effects. & 7 These effects are
cumulative and permanent.

The most serious effect, which can fortunately be eliminated
by shielding, is a shift in the threshold voltage of the MOS
transistors used in the multiplex switches and scanning
circuits of the array. If these are not shielded, the scanning
circuit will cease to function after a radiation dose of about
105 rads. The absorbed dose varies with the oxide thickness
and the electron or x-ray energy. For 20 KeV electrons
incident on a silicon surface covered by 1 um of oxide it is
about 3 x 10”7 rads per incident electron/cm2. Working
through the numbers, this means that the device would fail
after an exposure sufficient to cause saturation about
2000 times.

With proper shielding the failure mechanism described above
can be completely eliminated. However, there is a second
radiation effect which relates to the sensor elements them-
selves and therefore cannot be eliminated by shielding. This
effect is an increase in the dark leakage current which has a
typical initial value of about 1 pA per cell and increases by
about a factor of 10 after a dose of 107 rads. The effect is not
catastrophic and saturates after the above dose. A dark
current of 10 pA is not objectionable for most applications. If
it is a problem it can be reduced by cooling the device. Dark
current changes by about a factor of 2 every 7° C.
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Ordering and Handling Information

Reticon photodiode arrays for use as radiation detectors must
be specially ordered WITHOUT SEALED WINDOW. Devices
so ordered will be shipped with a window taped in place to
provide mechanical protection during shipping and handling.
The devices can be functionally tested as light detectors
while this temporary window is in place. After removal of the
window, care should be taken to avoid touching the silicon
surface or the delicate 1 mil diameter wire bonds. Unsealed
devices should be stored and handled in a clean, dry
environment.

Any standard Reticon array with a 3 um oxide layer may be
ordered unsealed at the regular price. Any “C/17” or
“B/24” series devices may also be ordered with a 1 um oxide
layer. However, a 10% premium is charged for special pro-
cessing and handling. Tooling is now available to
fabricate “B /24" devices with zero oxide thickness over the
diodes and 1 um oxide between diodes. These are also
available at a 10% premium over standard prices.

For applications not covered by standard “B/24” or “C/17"
series devices, Reticon has a complete custom design
capability. Custom devices can be built in a wide variety of
geometric configurations.

Disclaimer

While the information contained in this article is believed to
be accurate, Reticon sensor arrays are designed and tested
only as optical detectors and no specific performance guaran-
tees can be made for devices used to detect x-rays or
electrons.

References

1.

2.

Reticon data sheet, C Series Solid State Line Scanners

Reticon data sheet, Solid State Line Scanners: RL1024B
and RLO512B

. L. Katz and A.S. Penfold, Rev. Mod. Phys. 24. 1952

. R.G. Tull, J.P. Choisser and E.H. Snow, “The Self-

Scanned Digicon: a Digital Image Tube for Astronomical
Spectroscopy,” Applied Optics 14, May 1975

. S.B. Mende and E.G. Shelley, “Single Electron Recording

by Self-Scanned Diode Arrays,” Applied Optics 14, March
1975

. E.H. Snow, A.S. Grove and D.J. Fitzgerald, “Effects of

lonizing Radiation on Oxidized Silicon Surfaces and
Planar Devices,” Proc. IEEE 55, July 1967

. J.P. Mitchell and D.K. Wilson, “Surface Effects of

Radiation on Semiconductor Devices,” Bell System
Technical Journal 46, January 1967

© 1987 EG&G RETICON. Contents may not be reproduced in whole or in part without the written consent of EG&G RETICON. Specifications are subject to change without notice. Printed in
U.S.A. Information furnished herein is believed to be accurate and reliable. However, no responsibility is assumed by EG&G RETICON for its use, nor for any infringement of patents or other
rights of third parties which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of EG&G RETICON.



No. 121 Application Note

SN EG:zG RETICON

Spectral Response of Reticon
Linear Photodiode Arrays

1.0 Preface

The purpose of this application note is to provide users of
Reticon linear arrays with more detailed information on spec-
tral response and quantum efficiency than is contained in the
data sheets.

Included in this information are calibrated spectral response
data taken on samples of the Reticon RL1024S device with
fiber optic window, with a quartz window and with no window.
Also included are data for glass windows calculated using
published optical absorption data for the glass material. Be-
cause of design similarities, these data apply to all Reticon
photodiode arrays (as well as the S series and T series listed
in Table 1).

The S series and all wide aperture arrays in these families are
normally shipped with a quartz window. Narrow aperture ver-
sions are shipped with a glass window unless otherwise
specified.

2.0 Sensitivity

Sensitivity is the photocurrent (amps) flowing in a diode per
unit of light intensity or irradiance (W/cm?2). Since A x sec = C
and W x sec = J, sensitivity can be equivalently expressed in
terms of si%nal charge (C) stored on a diode per unit of expo-
sure (J/cm=), where exposure is defined as the integral of
irradiance over the integration time. Thus, the units of sensi-
tivity are A/W/cm2 = C/Jlcm?2.

Because silicon photodiodes are not equally sensitive to all
wavelengths, it is necessary to specify the wavelength distri-
bution of the light source in order for a sensitivity specification
to be meaningful.

3.0 Sensitivity with Monochromatic Sources

Tables 3, 4, 5 and 6 give sensitivity data as a function of
wavelength. The data in the column headed REL SENS are
the sensitivities at each wavelength relative to the peak at
750 nm and are applicable to all device types considered in
this report.

The data in the column headed ABS SENS should be multi-
plied by the pixel area (cm?) for each sensor type to yield the
sensitivity in A/W/cm?2 at each wavelength. Thus neglecting
any effects of the window used to seal the package, the
sensitivity of the various types in the table below simply scale
with their pixel area. The pixel areas for each family of
sensors are given in Table 1. Refer to Figure1 for typical
sensor geometry.

4.0 Window Effects

The data in Table 3 were taken on a windowless device and
show the basic silicon sensitivity. The data in Table 4 are for
a quartz windowed device and are identical to Table 3 except
for a 5% reflection loss across the entire spectral range.
Table 5 shows data for a glass window used in many Reticon
devices. It is similar to the quartz window data except for a
loss of response in the ultraviolet which is unimportant for
most applications. Table 6 gives data for a fiber optic face-
plate availabie on S series devices. The relative response
data from Tables 3 to 6 are plotted in Figures 2 to 5.

Unless specially ordered otherwise, the windows used on the
various device types are as shown in Table 1.

Table 1. Pixel Area and Window Material for Various Reticon Linear Diode Array Families

Pixel
Sensor Type Diode Spacing b (um) | Aperture Widthc (um) | Areabxc (cm?) Window

A 50.8 50.8 258 x 10 glass
c 25.4 25.4 6.45x 106 glass
cH7 25.4 431.8 1.10x 104 quartz
G 25.0 26.0 6.5x 106 glass
H 15.0 16.0 24x10® glass
H/20 15.0 300.0 45x 105 quartz
L 63.5 76.2 4.84x10% glass
S 25.0 2500.0 6.25 x 1074 quartz
SF 25.0 2500.0 6.25x 1074 fiber optic

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979
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Figure 1. Typical Sensor Geometry of Reticon Line Scan-
ner. Center-to-center spacing of diodes is b. Aperture
width is c.

5.0 Sensitivity with Broadband Light Source

In most applications the light source is not monochromatic,
but is rather a lamp or lampffilter combination with output
distributed over a range of wavelengths. Because of various
considerations (including convenience in testing, differences
in intended application, and historical reasons) various
Reticon devices as well as those of other manufacturers have
sensitivity specified with different light sources. This makes a
direct comparison between the device types difficult on the
basis of data sheet numbers. The intent of this section is to
present the information necessary to facilitate such compari-
sons. The various light sources include the following:

2870°K tungsten lamp. This lamp puts out a very broad
spectral distribution with most of its energy in the infrared
at wavelengths beyond the range where silicon is sensi-
tive. Therefore, since most of the energy is wasted, sensi-
tivity to this source will appear relatively low.

2870°K tungsten lamp band limited between 370 and
1040 nm. The same lamp is used, but the energy at
wavelengths longer than 1040 nm (to which silicon is not
sensitive) is ignored in measuring the irradiance or expo-
sure. Therefore, since the same signal charge is obtained
at a lower measured exposure the specified sensitivity
number is higher. It will actually be an average of the
sensitivity over the 370 to 1040 nm wavelength range
weighted by the intensity distribution of the lamp over this
range.

2870°K tungsten lamp with HA-11 filter. The output of a
tungsten lamp falls off rather sharply at short wavelengths
while the Fish-Schurman HA-11 filter absorbs long wave-
lengths. The combination gives a roughly symmetrical
spectral distribution centered at 600 nm and having an
approximately 200 nm width at half height. The response
to this source will be very close to that measured for a
monochromatic source at 600 nm.

The relative response of a Reticon linear array to these and
other common sources is shown in Table 2.

Table 2. Relative Response of a Reticon Linear
Array

Relative
Source Responsivity
750 nm monochromatic 1.00
2870°K tungsten, band-limited .90
370-1040 nm
He-Ne laser .90
2870°K tungsten, with HA-11 filter .78
White fluorescent lamp 72
2870°K tungsten, broadband .30

6.0 Quantum Efficiency

Quantum efficiency (QE) is the efficiency of converting input
photons of light into electrons of charge and is expressed as
a percent. Quantum efficiency is related to sensitivity, but the
two are not proportional because the energy carried by a
photon depends on wavelength according to the relation
Ep = he/A where Ej is the photon energy, h is Planck’s con-
stant, c is the velocity of light and A is the wavelength. If Ep is
expressed in eV and A in nm, the above relation becomes
Ep = 1240/,

If either the quantum efficiency or the responsivity is known,
the other can be calculated from the relation QE = EpS/A
where Ep is the photon energy in eV, S is the sensitivity in
C/Jicm? and A is the pixel area in cm?2.

In Tables 3 through 6, quantum efficiency is given as a
function of wavelength in the column headed QE. These data
are applicable to all devices with the indicated window
independent of pixel area.

7.0 Examples

At times it is desirable to compare sensitivity performance of
a number of Reticon diode sensor families. Since sensitivity
is dependent upon light source characteristics, and these
characteristics are not always identical, it is helpful to calcu-
late sensitivity of the various families for a particular given
light source. Example 1 is a sample of one such comparison.
Example 2 extends the comparison one step further by calcu-
lating saturation exposure when the sensitivity is known.
These calculations are particularly useful for determining light
power requirements and integration time when using lasers
as a light source.

Example 1

Calculate and compare the sensitivity for the G array and the
narrow aperture C array using a 600 nm monochromatic light
source. The data sheet sensitivities are considerably differ-
ent because the C is specified with broadband light and the
G is specified using a broadband light filtered with a 1 mm
HA-11 filter. However, with monochromatic light both should
be similar because both have approximately the same pixel
area.

A. G Array
1. From Table 5 (Glass Window), the ABS SENS at
600 nm = .3789.

2. From Table 1, the pixel area is 6.5 x 106 cm2.
3. Using (ABS SENS) x pixel area (cm?) = sensitivity:
(.3789) x (6.5 x 10°8 cm?2) = 2.46 x 106 A/W/cm?2
= 2.46 pA/uW/cm?2.
Note: This sensitivity is close to that given in the G data
sheet since 600 nm is near the peak of the HA-11 filter.

B. C Array (Narrow Aperture)

1. From Table 5 (Glass Window), the ABS SENS at
600 nm = .3789.

2. From Table 1, the pixel area is 6.45 x 106 cm?,

3. Using (ABS SENS) x pixel area (cm?) = sensitivity:
(:3789) x (6.45 x 106 cm?2) = 2.44 x 10" A/W/cm
= 2.44 pA/uW/cm2.

C. Comparison

From the calculations of Step A and Step B, one deter-

mines the sensitivities of the G array and the C array with

the narrow aperture are approximately equal, i.e.,

2.46 pA/uW/cm? ~ 2.44 pA/uW/cmZ.
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Example 2

Referring to the calculations in Example 1, if the sensitivity is
known, then the saturation exposure (Egg) can be calcu-
lated. The saturation exposure is that exposure level that
produces a saturated output charge. The relationship of
saturation charge (Qggt), saturation exposure (Eggp) and
sensitivity (S) is graphically shown below:

Saturation

I Saturation
Sensitivity ! ¢ Exposure

Charge Output

Exposure (Light Intensity x Integration Time)

Output charge versus exposure characteristic.

A. G Array
1. Sensitivity (S) = Qgat/Esat , therefore Egat = Qgat/S.
2. From Example 1, S = 2.46 pA/uW/cm?.
3. From Section 2, A/cm? = C/J/cm?, therefore
2.46 pA/uW/cm?2 = 2.46 pC/ludicm?2.
4. Qgat is a data sheet parameter and for a G array it is
specified as 3.2 pC.
5. It then follows that Eggt = Qgat/S
= 3.2 pC/(2.46 pC/uicm2)=1.3 pd/icm?2.
B. For the case of the narrow aperture C array
1. Qgat is specified on the C array data sheet as 4 pC.
2. From Example 1, S = 2.44 pA/uW/cm?2
= 2.44 pClud/cm?.
3. It then follows that since Egat = Qgat/S then Eggt
= 4 pC/(2.44 pCludicm?2) = 1.64 plicm?2,

Table 3. Typical Photodiode Spectral Response
Quartz Window Removed

Peak absolute sensitivity is .4737 A/W at 750 nm.

Wavelength (nm) | ABS SENS | REL SENS QE
250 0974 .2057 4832
300 11320 .2786 5456
350 .1550 .3271 .5490
400 .2103 4438 6518
450 .2664 .5623 .7340
500 3192 .6738 7916
550 3425 7230 7722
600 .3978 .8397 .8221
650 .4447 .9388 .8484
700 .4542 .9588 .8046
750 4737 1.0000 .7832
800 .4643 .9800 7196
850 4207 .8881 6137
900 .3686 7781 .5079
950 2529 .5338 .3300

1000 L1313 2771 .1628
1050 .0333 .0702 .0393
1100 .0143 .0303 .0162

Optical measurements referenced to standard OP444B.

Table 4. Typical Photodiode Spectral Response

Quartz Window

Peak absolute sensitivity is .4512 A/W at 750 nm.

Wavelength (hnm) | ABS SENS | REL SENS QE
250 .0943 .2090 4677
300 1242 2754 5135
350 .1500 .3325 .5315
400 1992 4415 6175
450 .2525 .5596 .6957
500 .3028 6712 .7510
550 3362 7452 7581
600 .3789 .8397 .7830
650 4192 .9292 .7998
700 4313 9560 7640
750 4512 1.0000 .7459
800 .4403 9759 .6825
850 .4055 .8988 .5915
900 .3539 .7843 4876
950 2412 5346 .3148

1000 1259 2791 .1562
1050 .0318 .0705 .0375
1100 .0137 .0304 .0155

Optical measurements referenced to standard OP444B.

Table 5. Typical Photodiode Spectral Response

Glass Window

Peak absolute sensitivity is .4512 A/W at 750 nm.

Wavelength (nm) | ABS SENS | REL SENS QE
250 .0000 .0000 .0000
300 .0000 .0000 .0000
350 .1140 2527 .4036
400 1932 4282 .5989
450 .2500 .5540 .6900
500 .3028 6712 7510
550 .3362 7452 7581
600 3789 .8397 .7830
650 4192 .9292 .7998
700 4313 .9560 .7640
750 4512 1.0000 .7459
800 .4403 .9759 .6825
850 .4055 .8988 5915
900 .3539 .7843 4876
950 2412 .5346 .3148

1000 .1259 2791 1562
1050 .0318 .0705 .0375
1100 .0137 .0304 .0155

Optical measurements referenced to standard OP444B.
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Evolution of the Solid-State Image Sensor

Hsin-Fu Tseng, John Robert Ambrose, and Masoud Fattahi
EG&G Reticon, 345 Potrero Avenue, Sunnyvale, California 94086

In any project, research must be done to find the state-of-the-art in
design and fabrication. The field of solid-state image sensors is no
exception, otherwise time and resources would be wasted repeating
tests and observations documented years ago. In today’s engineering
environment, this waste cannot exist. To obtain this necessary pre-
liminary design background, extensive research was made into the
beginnings of the image sensor. This paper covers the three main
disciplines: CCD, CID, and photodiodes, including early works, the
refinements, and the present technology.

Journal of Imaging Science 29: 1-7 (1985)

Introduction

The present day solid-state image sensor comes in three dif-
ferent technologies: self-scanned diode array; charge injection
(CID) array; and charge-coupled (CCD) array. All of these
sensors work on the principle of charge storage (or photon-flux
integration) to improve their sensitivity.

The major difference between these sensors is found in the
readout techniques utilized: the diode array uses a digital
scanner to multiplex each signal charge into a common video
line; the CID array injects charge into a sense node; and the
CCD sensor shifts the signal charge in series to an output-
sensing node. Each technique has its merits as well as draw-
backs, which lends each technique to certain specific appli-
cations and makes it difficult to say that one is superior to the
others overall. The trend for future development in solid-state
image sensors is to combine the merits of these different
techniques into one device.

Each of the three image sensors have come a long way from
the first primitive forms to their present structures. The de-
velopmental history of each of the three technologies is the
subject of this paper.

Charge Storage Operation of the Photodiode

One of the most significant developments leading to the
realization of a practical solid-state image sensor was the
utilization of the p-n junction photodiode in an integrating
or storage mode.! Charge-storage operation is based on the
principle that, if a p-n junction is reverse-biased and then
open-circuited, the charge stored on the depletion-layer ca-
pacitance decays at a rate proportional to the incident illu-
mination level.

In the dark, only generation-recombination current (dark
current) is available to discharge the depletion-layer capaci-
tance; and, since both depletion-layer capacitance and gen-
eration-recombination current are directly proportional to

Paper presented at the SPSE 37th Annual Conference, Boston, MA, May 20-24,
1984. Received June 14, 1984; revised Nov. 9, 1984.

© 1985, Society of Photographic Scientists and Engineers.

area, the time constant is independent of area. In the dark,
time constants of several minutes may be attained in large-
area, properly processed silicon-planar-junctions; however,
for miost standard MOS processes, and for small-geometry
photodiodes, a time constant of several seconds is more typi-
cal. Figure 1 shows a typical unilluminated decay character-
istic for a high-quality p-n junction. Figure 2 shows decay
characteristics of the same diode for several illumination
levels. The photon-generated current is directly proportional
to the illumination level and therefore the amount of charge
removed in a given interval of time is directly proportional to
the integral of illumination taken over that interval. Thus, by
monitoring the charge required periodically to re-establish
the initial-voltage condition, one may obtain a signal pro-
portional to the incident illumination. The advantages of this
mode of operation are:

1. Improved responsivity resulting from integration of the
incident illumination;

2. Electronic control of responsivity by varying the integration
time, hence a wide dynamic range.

Two functional elements are necessary to realize charge-
storage operation:

1. A charge-storage element. This can be a p-n junction diode,
as used in self-scanned photodiode arrays, or an MOS-
induced junction, as used in CID and CCD arrays;

2. A charge-reset and sensing circuit.

Figure 3 shows a practical structure which possesses the
above characteristics with a p-n photodiode for the photon
detection and charge storage. The charge-reset and sensing
are done by a MOS FET switch and a voltage source, together
with a load resistor, RL. When the MOS switch is turned on,
the p-n junction will be reset to a fixed potential, V. The
charge removed will generate a voltage drop across the load
resistor, RL, which represents the total illumination during

VOLTAGE ACROSS JUNCTION (Volts)
10

CALCULATED

MEASURED

o T T T T T T T T T
1 2 3 4 5 6 7 8 9

TIME (Seconds)

Figure 1. Voltage decay of a silicon planar p-n junction in the
dark.
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Figure 2. Voltage decay of an illuminated silicon planar p-n junc-
tion.

Figure 3. Practical structure using an MOS switch for charging the
photodiode.

the integration period. This structure forms the heart of the
self-scanned diode array. The CID and CCD use different
charge-reset and sensing schemes, which will be discussed
later.

Self-Scanned Diode Array Structure—Advantages
and Drawbacks

The first practical implementation of storage-mode oper-
ation in a monolithic integrated structure was shown in 1965.2
This device used MOS field effect transistors to access pho-
todiodes (Fig. 3), and was the predecessor to today’s self-
scanned photodiode arrays. The first array consisted of 200
photodiodes on 2.5 mil centers. Each photodiode was associ-
ated with a MOS-FET. The gates of the MOS-FET's were
individually brought off-chip where they were connected to
an externally fabricated scan generator. This was done before
the advent of gate protection, and thus required the utmost
care in handling.

The photodiode image sensor was almost immediately
displaced by the phototransistor operating in the storage
mode.? The phototransistor was thought to have many ad-
vantages over the photodiode MOS-FET combination, partly

COLUMN COLUMN
N N+1
ROW M
1 1
ROW M+1
L 1
AMP
i

Figure 4. Circuit diagram of an x/y-addressable phototransistor
array.

Journal of Imaging Science

#
2

’_.qEND OF SCAN
s A

SHIFT REGISTER
i T ‘; T
1 2

Figure 5. Equivalent circuit for a self-scanned diode array.
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because transistor technology was much farther advanced at
that time than MOS technology. Some of the advantages
supporting the phototransistor approach were:

1. Lower operating voltages;
2. Signal enhancement due to the transistor gain;
3. Ease of fabrication.

The major disadvantages, and factors which eventually re-
turned the photodiode to favor, were the random variations
in transistor gain and the low-level threshold due to the
emitter offset. However, during the several years of develop-
ment effort trying to improve phototransistor uniformity, both
linear and area arrays were developed using phototransis-
tors.

Figure 4 shows an integration of phototransistor array and
insulated-gate FET into an x-y addressable matrix. The
scanning of the x and y required an external scan generator.
The interface between the external scanner and the array
degraded performance, increased cost, and reduced reli-
ability.

During the period when the phototransistor was in vogue,
MOS technology was being developed, and in particular, sil-
icon gate technology was developed. The marriage between
MOS integrated circuit technology and the photodiode array
has resulted in today’s self-scanning photodiode image sen-
sors.

Figure 5 shows an equivalent circuit of a self-scanned
photodiode array. The basic device consists of a silicon chip
containing a row of photodiodes and a parallel shift register.
Connected to each stage of the shift register is the gate of an
MOS switch which couples the adjacent photodiode to a
common video line. The shift register is driven by comple-
mentary square wave clock voltages and each scan is initiated
by a start pulse. The start pulse loads a bit which is clocked
through the register, successively closing and opening the
switches, thus connecting each photodiode in turn to the video
line. As each photodiode is accessed, it is charged to the video
line potential and left open-circuited until the next scan.
During this period it will be discharged by an amount equal
to the instantaneous photocurrent integrated over the line
scan time. Each time a diode is sampled, this integrated charge
must be replaced through the video line. The resulting video
signal is a train of charge pulses, each having a magnitude
proportional to the light intensity on the corresponding

Figure 6. Output waveform using the circuit of Fig. 5.

Tseng, Ambrose, Fattahi



SHIFT REGISTER

Fonn OF SCAN

0DD VIDEO
rcv
% ]lCd
L OMMON

TP T e
ui
I l l EVEN VIDEQ
s
#2 SHIFT REGISTER —’—o
” END OF SCAN

Figure 7. Equivalent circuit for an interdigitated diode array.

photodiode. Figure 6 shows an oscilloscope photo of such a
charge output.

The center-to-center distance of a self-scanned photodiode
array is usually limited by that of the scan register. To increase
the density of a diode array, an interdigitated structure was
introduced. Figure 7 is an equivalent circuit of such an inter-
digitated sensor. It consists of two simple self-scanned arrays
with the sensors interdigitated from either side to form a
continuous row. By properly phasing the clock drives to the
two shift registers, all of the diodes can be sampled in proper
sequence. The two video lines can then be connected together
to provide a continuous train of output charge pulses. Figure
8 shows the historical development of the linear solid-state
image sensor.

To achieve a two-dimensional diode array, each diode re-
quires two multiplex switches, as shown in Fig. 9. This re-
quirement makes the center-to-center distance of the array
quite large (100 um). As a result, the highest-density array
that has ever been made using this structure is about 50 by 50
pixels. To obtain a higher-density array, a line integration
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Figure 9. Schematic of a two-dimensional area array, each diode re-
quiring two multiplex switches.
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Figure 10. Two-dimensional area array using line integration, each
diode requiring only one multiple switch.
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T

structure was developed as shown in Fig. 10. The vertical
scanner selects one row at a time, transfers the diode charges
into the vertical video lines, and then reads out in sequence
by a horizontal scanner. Using this structure, area arrays with
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Figure 8. Historical development of the linear solid-state image sensor.
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the resolution of commercial TV cameras have been devel-
oped.* The advantages of the self-scanned diode are:

(a) High quantum efficiency—the full and smooth silicon
spectral responses can be utilized;

(b) Ease of manufacturing—compatible with modern MOS
technology;

(¢) Low dark current;

(d) Flexibility of design—the photodiode can be in any shape,
any size. Custom arrays with very wide apertures, circular
apertures, as well as random access structures can be
easily implemented;

(e) No smearing, no shading problem resulting from charge
transfer loss as in CCD arrays;

(f) Isolated diode—less of a blooming problem;

(g) Entire active area is sensitive to light.

The drawbacks of the diode array are fixed-pattern noise and
high video-line capacitance, which make low-light-level
imaging difficult.

CID Array Structure—Advantages and Drawbacks

The development of charge-injection image sensors started
in the early 70’s at General Electric.58 CID sensors employ
intracell transfer and injection to sense photo-generated
charge at each sensing site. Sites are addressed by an x-y
coincident-voltage technique similar to that used in digital
memory. In early structures, readout was performed by in-
jecting the charge from individual sites into the substrate and
detecting the resultant displacement current. Figure 1la
depicts a basic CID structure. The charge collected during the
integration is maintained in the potential well formed by the
two MOS storage capacitors, as shown in Fig. 115. Readout
of a selected site is accomplished by removing the voltage on
both capacitors, allowing the charge to be injected into the
substrate, as shown in Fig. 11¢. When the voltage is removed
from only one of the electrodes, as occurs along a selected row
and column during readout, charge is transferred to the re-
maining potential well and is not injected into the sub-
strate.

The raw video signal consists of the substrate charge in-
jected from each sensing site in sequence. The signal appears
in combination with the parasitic capacitive coupling of the
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Figure 11. Change injection device. (a) Basic readout organization.
(b) One cell integration and charge transfer. (c) During charge in-
jection.
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Figure 12. CID video signal. (a) Substrate current results from charge
injection. (b) Current integration to cancel out parasitic coupling.

drive voltage to the substrate. The drive voltage interference
can be canceled out through the use of an integrating readout
technique. The pulse train of Fig. 12a shows the substrate
current signal that results from interrogation of a dark and
an illuminated element. The level of illumination will cause
a change in the height of the leading pulse edge. If this current
signal is integrated, the light-generated information is re-
covered. The integral of this current waveform, as seen in Fig.
12b, results in self-cancellation of the parasitic drive-line in-
terference. This type of readout scheme is referred to as “se-
quential injection.” &

Readout can also be implemented by measuring charge
transfer between two storage capacitors that are used at each
sensing site in an array. In an X-Y addressable array, the
transfer can be performed on all sensing sites along a row in
parallel. Each row can also be cleared of signal charge by
performing the injection operation in parallel at all sites in the
addressed row. This readout technique has been termed
“parallel injection.” 7

A diagram of a 4 X 4 array using parallel injection is illus-
trated in Fig. 13 with the relative surface potentials and signal
charge included. At the beginning of a line scan, all rows have
voltage applied and the column lines are reset to a reference
voltage, Vs, by means of switches S1 through S4, and then
allowed to float. Voltage is removed from the row selected for
readout (X3 in Fig. 13) causing the signal charge at all sites of
that row to transfer to the column electrodes. The voltage on
each floating column line then changes by an amount equal
to the signal charge divided by the column capacitance. The
horizontal scanning register is then operated to scan all col-
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Figure 13. Schematic diagram of a 4 X 4 CID array designed for
parallel-injection readout. Silicon surface potentials and signal charge
locations are included.

Tseng, Ambrose, Fattahi



umn voltages and deliver the video signal to the on-chip
preamplifier, Q1. The input voltage to @1 is reset to a refer-
ence level prior to each step of the horizontal scan register.

At the end of each line scan all charges in the selected row
can be injected simultaneously by driving all column voltages
to zero through switches S1 to S4. Alternately, the injection
operation can be omitted and voltage reapplied to the row
after readout, causing the signal charge to transfer back under
the row electrodes. This action retains the signal charge and
constitutes a nondestructive readout (NDRO) operation.

The CID imaging technique requires that the collected
photon-generated charge be ultimately disposed of by injec-
tion into the substrate. Upon injection, this charge must either
recombine or be collected to avoid interference with subse-
quent readouts. For the high lifetime material usually required
for image sensors, recombination is not a suitable method of
charge disposition, since recollection of this charge can give
rise to objectionable image lag and crosstalk. For this reason,
most CID imagers are fabricated on epitaxial material. The
epitaxial junction, which underlies the imaging array, acts as
a buried collector for the injected charge. If the thickness of
the epitaxial layer is comparable to the spacing between
sensing sites, most of the injected charge will be collected by
the reverse-biased epitaxial junction and injection crosstalk
is minimized.

CID cameras with resolution close to standard TV cameras
are commercially available. They are commonly used in se-
curity and surveillance systems as well as for industrial ap-
plications. CID imagers have the following advantages:

(a) Low blooming due to expitaxial structure;

(b) Flexibility of operation—can be operated in nonde-
structive readout mode;

(¢) Flexibility of design—can be implemented in random

access structure;

(d) No smearing, no shading due to charge transfer ineffi-
ciency;

(e) Entire active area is sensitive to light;

(f) Low dark current.

The drawbacks of CID sensors are:

-~

(a) Poor spectral resonse due to absorption of long wave-
length photons by polysilicon gates;

(b) Fixed pattern noise and high video line capacitance make
low-light-level imaging difficult;

(¢) Requires an epitaxial substrate, which is not compatible
with standard MOS process;

(d) Loss of sensitivity due to absorption of photons by epi-
taxial layer.

CCD Array Structure—Advantages and Drawbacks
Unlike the bucket-brigade (BBD) devices in which the
signal charges are transferred by charging and discharging of
capacitors,® the CCD devices transfer the signal charge by
manipulation of MOS potential wells. The development of
CCD began in 1969 at Bell Labs.? In the simplest implemen-
tation, CCD’s consist of closely spaced capacitors on an iso-
lated surface of a semiconductor, as shown in Fig. 14. Figure

v, v v v

INPUT DIODE OUTPUT DIODE
+20V +20v

TRANSFER ELECTRODES

---- EQUIPOTENTIAL LINES \TRANSFER CHANNEL

Figure 15. Longitudinal cross section through a bulk channel CCD
showing the channel layer in contact with the reverse biased imput-
output diodes and equipotential lines which indicate the actual po-
sition of the transfer channel.

14a shows the potential well during integration and storage
when only one electrode is turned on. During charge transfer,
with two adjacent electredes simultaneously turned on to the
same potential, the charge packet will distribute uniformly
underneath the two electrodes. When the first electrode is
turned off, the charge will be pushed completely to the second
one (Fig. 14b). To continue this charge transfer, the following
electrode is pulsed to a high potential, and so on. This sim-
ple-but-powerful concept proved to be so stimulating that,
almost overnight, a host of electrode structure variations and
dozens of potential applications were conceived.

The device described here transfers and stores the signal
charge in the potential wells at the silicon-silicon dioxide in-
terface and is referred to as a surface-channel CCD. The in-
teraction of the signal-charge packets with interface states
imposes certain lower limits on transfer inefficiency and
transfer noise. To prevent this interaction, the effective
transfer channel can be located away from the Si-SiO, inter-
face, deeper into the bulk of the device, with the use of an
epitaxial or ion-implemented silicon layer of opposite polarity
to that of the substrate. As shown in Fig. 15, this layer is in
electrical contact with the output diode, which drains out all
mobile carriers when suitably reverse-biased. The potential
minimum under each transfer electrode will then be formed
inside this layer, but generally away from the Si-SiO; inter-
face. The clock pulses applied to the transfer electrodes
modulate the channel potential to produce moving potential
wells, just as in the case of a surface channel CCD. This device
is referred to as “bulk channel” or “buried channel
CCD.” 10

Through the development history of the CCD, numerous
electrode structures have been proposed. Some popular
structures used by designers are:

(a) Two-phase, double-layer poly-silicon gate with ion-
implanted barrier;

(b) Four-phase, double-layer silicon gate structure;

(c) Three-phase, triple-layer silicon gate structure.

Recently a new virtual phase structure has been developed
at Texas Instruments.!! This structure, utilizing surface po-
tential pinning effects, requires only a one-layer poly-silicon
gate. The other electrode is an accumultion layer formed by
ion-implantation on the sillicon surface. As a result, it provides
low dark current and smooth spectral response for image-
sensing applications.
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Figure 14. Basic cell of a 3-phase CCD formed by three MOS capacitors shown (a) during integration and storage and (b) during charge

transfer.
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Figure 16. Readout organizations of CCD linear image sensors. (a)
CCD with separate integration sites, (b) bilinear arrangement.

The application of CCD to image sensing is straightforward.
Figure 16 shows a block diagram of a linear array. In Fig. 16a,
the linear sensor consists of a row of isolated photosensors, a
transfer gate, and a light-shielded CCD readout shift register.
The photosensors, normally depleted MOS capacitors, inte-
grate the photons. After one integration period, the transfer
gate is opened, and all the charges integrated at the photo-
sensors transfer in parallel into the CCD readout register,
which has one complete transfer cell opposite to each photo-
sensor. After the gate is closed, the photosensors immediately
start integrating the next line, while the previous line is read
out along the transfer register. At the end of the register, there
is an output amplifier, normally a gated charge integrator,
which converts the charge into signal voltage. The maximum
number of resolution elements obtainable from such a device
is given by the maximum feasible overall device length divided
by the cell dimension. A practical limit on the number of ele-
ments is given when the transfer inefficiency product of the
readout register exceeds about 0.5, at which point the modu-
lation transfer function for spatial frequencies at the Nyquist
limit incident at the end of the device farthest from the output
is reduced to 37%. In both cases, when the resolution is limited
either by the cell dimension, or by insufficient transfer effi-
ciency, a bilinear approach, according to Fig. 165, can yield
an additional factor of two in resolution. Two structures cor-
responding to Fig. 16a are integrated into a single device by
interdigitating the two sets of photosensors. The pulse trains
from the two registers are combined at the output with an
alternate merge that conserves the proper phase relation.

For area imaging using CCD, two readout organizations are
being used; a frame-transfer structure, and an interline-
transfer structure, as shown in Fig. 17. In the frame-transfer
structure (Fig. 17a), a separate shielded storage area is needed.
After integration, the charges collected in the sensing area are
shifted rapidly into the storge area. While the sensing area is
integrating the next field, the signal charges in the storage area
are read out line by line. In an interline structure (Fig. 17b),
a separted, shielded vertical CCD register is needed along each
column of sensing cells. After the end of integration, the
charges in the sensing cells are transferred into the vertical
shift register in parallel. While the photosensors are inte-
grating the next field, the vertical shift register transfers the
charge into the horizontal readout register one line at a time.

TG

N
(a) (b)

Figure 17. Readout organizations of image sensors: (a) frame-transfer
organization, and (b) interline-transferL device.
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The major advantages of CCD image sensors are:

(a) Low noise, high sensitivity—suitable for low-light-level
imaging;

(b) A CCD structure suitable for high resolution sensor in-
tegration;

(¢) Low dark current, smooth spectral response for virtual
phase structure;

However, the CCD imagers also possess the following draw-
backs:

(a) More complicated fabrication process;

(b) More serious blooming and smearing problems as com-
pared with other types of sensors;

(c) Poor quantum efficiency and spectral response for
multi-layer gate structures;

(d) High dark current for buried-channel structures;

(e) Limited operating voltage range for virtual phase struc-
tures;

(f) Less flexibility of design compared with other types of
SEnsors;

(g) Low saturation charge.

Present Status for Solid-State Image Sensor
Developments

Although tremendous progress has been made in the de-
velopment of solid-state image sensors, efforts to develop a
better, denser, and cheaper array have never stopped. The two
major driving forces behind the development of the next-
generation sensors are the VCR consumer market and robotic
industrial applications. For the VCR market, the major con-
cerns are the sensor cost, sensitivity, spectral response,
blooming control, and dynamic range. To achieve the required
parameters, efforts have been made to combine the advan-
tages of the photodiode, with its better spectral response, and
the CCD register, with its low-noise readout.!2!3 Considerable
progress has also been made on blooming control. A vertical
blooming control scheme* and electron-hole recombination
scheme through surface traps'4 have been successfully im-
plemented.

In industrial applications, the major considerations are
higher density, especially for copier and printing applications,
and faster speed. To obtain a higher density, a linear array
with serpentine shift registers has been implemented.15 A
bilinear array structure with four output registers has enabled
the integration of a 5732-element sensor in %" -long silicon.16
For high speed operation, in addition to pushing for higher
clock rates, multiple output structures are also quite pop-
ular,17.18

Conclusions

This brief discussion of the various structures of solid-state
image sensors is intended to provide some basic technical
information and historical background for the reader. It is
hoped this introduction will stimulate interest for further
research in the field of solid-state image sensors.
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Self-scanned photodiode array:

detector

Yair Talmi and R. W. Simpson

a multichannel spectrometric

The performance characteristics of a 1024-element self-scanned photodiode array, related to its use as a mul-
tichannel spectrometric detector are described. The parameters discussed include, spectral and temporal
response. blooming. geometric accuracy. noise sources, dynamic range. signal integration and spectral as well

as spatial resolution.

I. Introduction

In the last decade, there has been considerable in-
terest in the utilization of image devices, both linear and
area, as multichannel (parallel) spectrometric detectors.
The advantages of such detectors are derived from their
capability to monitor simultaneously and digitally ac-
guire entire spectra. The speed and ease of data ac-
quisition and interpretation achieved by these elec-
tronic photographic plates have turned them into an

attractive candidate for the evolutionary cycle of

spectrometric detector development, i.e., photographic
plates (parallel) to electronic photomultiplier tubes
(PMTs) (single) to optoelectronic image devices (par-
allel).

Until recently, unfortunately, optoelectronic image
devices (OlDs) were designed by manufacturers with
very little knowledge of, interest in, or sympathy for the
needs of research spectroscopists (**an economically
uninteresting, eccentric, and rare group of scientists”).
Consequently, the spectrometric performance of these
devices has been always unsatisfactory in some respect:
an insufficient number of individual sensors (pixels);
poor UV and IR response; laggy signal readout; pixel-
to-pixel signal cross talk (blooming); too narrow dy-

The authors are with EG&G Princeton Applied Research Corpo-
ration, P.Q. Box 2565. Princeton, New Jersev 88540,
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namic range; wrong geometry; poor geometric stability
and registration; stray light in the detector’s enclosure;
etc.

Recently, after years of unsuccessful persuasion
campaigns, conducted by a handful of “poor” spec-
troscopists and finally won by fewer yet, “rich” ones,
EG&G-Reticon has introduced a new self-scanned lin-
ear photodiode array (SPD) that has been specifically
designed as a parallel spectrometric detector. A self-
scanned linear photodiode array is a large scale inte-
grated circuit fabricated on a single monolithic silicon
crystal. It contains a row of photodiode sensors, typi-
cally on 25-um centers, along with a scanning circuitry
for sequential readout (Fig. 1).

In a self-scanned photodiode array the photodiode
geometry is defined by diffused p-type bars in a n-type
silicon substrate. The center-to-center distance be-
tween the diodes defines the resolution in the scan di-
rection. The height of the diode sensing area is deter-
mined by an aperture in a metal mask, which runs per-
pendicular to the p-type bars. Light incident on the
sensing area generates a charge, which is collected and
stored on the p-type bars during the integration period.
The accumulated charges are then sequentially
switched into the video output for readout. The n-type
as well as the p-type silicon surface is photosensitive.
Light incident on one of the p-regions will generate
charge, which is stored on that diode. Charge generated
by light incident on the n-type surface between two
p-regions will divide between the adjacent diodes to
produce the idealized response function shown at the
bottom of Fig. 2.

In conventional devices designed for facsimile scan-
ning applications, the aperture dimension is the same
as the center-to-center spacing, resulting in a square
resolution element. In spectroscopy, where often the
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measured record is one-dimensional, it is desirable to
increase the aperture to collect more light.

This paper intends to present an account of the
spectrometric performance of a new SPD, the EG&G-
Reticon S-series device, with individual diodes whose
apertures have been increased to 2.5 mm (Fig. 2), so that
an aspect ratio of 100:1 has been achieved, corre-
sponding to the typical aspect ratio of a conventional
polychromator slit. This evaluation is generally ap-
plicable, but specific results were obtained with the
EG&G-PARC Optical Multichannel Analyzer (OMA)
detection system, model 1218 (detector controller) and
model 1412 (detector head).

This paper will be succeeded by a sequel to be pub-
lished in Analytical Chemistry that will discuss more
specifically the feasibility of this detection system to a
few areas of spectroscopy including molecular absorp-
tion and emission (fluorescence), laser microprobe, and
induction-coupled-plasma atomic emission.

APPLIED OPTICS / Vol. 19, No. 9 / 1 May 1980

Il. Spectral and Energy Response

A. UV-NIR Region

Experimental setup: deuterium. tungsten, and
xenon (short-arc) lamps were used as primary sources.
Monochromatic light necessary for quantum efficiency
measurements was obtained through the use of narrow
bandpass spectral filters (two matched filters in tandem
arrangement for each point). Neutral-density filters
(ND) were used for light attenuation. An EG&G cali-
brated photodiode served as the radiometric detector.
Similar measurements were performed by the EG&G
Electro-Optics Division, Salem, Massachusetts, and
Optronics, Inc., although the equipment used was dif-
ferent (spectrometer-bhased radiometers), and the SPD
was electrically shorted, i.e., transformed 10 a giant
single photodiode. This was necessary because neither
company had an OMA system available to them.

Figure 3 shows the spectral response curves obtained
by the three laboratories. Only the Optronics data are
shown, however, <250 nm, because the spectral filters
available to us (in this region) were 100 broad (~30 nm
HBW). The experimental agreement between the
three curves is well within what is expected for such
measurements. The UV response of the SPD is very
high and does not show any declining tendency even at
190 nm. Although not yet verified, it is expected that
the SPD will be responsive in the entire VUV region. In
the soft x-ray region, however, <500 eV, it has been
shown to be rather insensitive.!

We vacuum deposited directly on the surface of the
diodes a very thin (~0.2-um) layer of various organic
phosphors (UV to blue light converters) that extended
the response of the SPD to the VUV and x-ray regions
(=215-20% quantum efficiency at 150 nm). In the x-ray
region, however, rare-earth phosphors (nonvolatile)
should be more appropriate.! At the higher x-ray re-
gion, i.e., >2 keV, it seems advantageous Lo deposit the
phosphors on an optical fiber coupler attached to the
diode array.? This approach allows easy removal of the
phosphors if necessary and provides much better pro-
tection of the array from the high energy photons.

B. Direct X-Ray and Electron Detection

Because their energy is higher, x rays produce more
charge pairs per incident photon in silicon devices than
visible or UV light. It has beenshown that both diode
arrays” and CCDs* respond directly to soft x rays in the
1-10-keV region. Considering the low preamplifier
noise of these devices and their high x-ray quantum
efficiency, a sensitivity approaching photon-counting
levels should be easily achievable. No damage to the
array was observed when the array was used as an x-ray
spectrometer detector.”

Self-scanned diode arrays are also excellent electron
detectors. (Approximately one charge is produced for
every 3.6 eV of electron energy once the silicon-oxide
overcoat is penetrated.) Diode arrays were used as
targets in electron bombarded (EBT) intensified im-
agers, e.g., Digicons,® and also as transmission electron
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At electron energies <20 keV (Digicons) low-level
target damage has been noticed, manifested as an in-
crease in the dark charge level by as much as a factor of
10 over the initial level.? An effect of that magnitude
is tolerable in many applications. Furthermore, this
damage can be annealed by exposure of the array to
4.5-keV energy electrons® (possibly correlated to the
energy required to penetrate the trapping silicon-silicon
oxide interface). At higher energies,” however, the in-
crease in dark charge level did not show a tendency to
reach a saturation level but rather increased at a rate
roughly proportional to the square root of the exposure
(equivalent) charge. It has not as vet been established
whether damage of that magnitude can be annealed.
Nevertheless, since the response of the diode array to
high-energy electron radiation is very high, single
electron detection is easily accomplished® so that in
many applications the incident tlux can be greatly re-
duced to minimize target damage. Figure 4 shows the
electron transmission spectrum of carbon obtained in
real time.” Finally, diode arrays can also be used as
spatial (as well as spectral) multichannel detectors for
hoth electron radiation and x rays.”

l. Readout Lag

Readout lag is a phenomenon associated with electron
reacdout beam image devices (vacuum devices), whereby
a complete readout of the latent signal stored on target
cannot be achieved with a single scan.

The SPI) however (similar to other nonvacuum solid
state imagers) is practically lag-tree; each diode is fully
recharged in <1 usec.

300 400 $00 600 700 800 900 1000 1100

ties Division at 25°C; A, measured
by Optronics at 25°C,

INTENSITY

ENERGY

Fig. 4. Flectron transmission spectrum of carbon directly detected
by photodiode array.

It has been reported'” that a residual charge (lag) of
~1% was ohserved after saturation of the SPD. This
phenomenon, however, has heen attributed to the 1-
msec time constant of the preamplifier feedback circuit
and was not observed with the EG&G-PARC voltage
maode preamplifier.

The lag of the SPD was measured in the following
manner: The emission spectrum of a single xenon flash
produced by a stroboscope was detected (stored) by the
SPD. This flash, whose decay time is substantially
shorter than the SPD scan time {16 msec). also provided
the external trigger pulse necessary to initiate five se-
quential readout scans. Any residual charge (lag) not
read in the first scan would have shown in the following
four scans. Figure 5 shows the first five consecutive
scans (in a display-compressed mode) as well as the
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Table |. Enect of Diode Saturation on Adjacent Dicdes

Integration period isec) Signal level (eoimts) Channed idider no.

0.08) 204 150

(%, L1} 24 150
KA 20200 150
0.080 122 195
O.800 12382 195
B0 12210 195
Q080 220 20
Q.800 2205 200
8000 ADC saturated 200
(= 22NNN
0.016 2282 230
0.096 14667 230
0.800 Saturated (>diode 230
saturation level)
8.000 Saturated (= ten times 230
diode saturation
level)

expanded (all 1024 pixels) first and second scans. No
apparent trace of the xenon spectrum is noticeable in
the second scan. Even when the light level was raised
to ~5 times the ADC level (for the most intense xenon
spectral feature), the lag was <().1%.

IV. Blooming

As will be shown, stray light in the detector assembly
can drastically reduce the intraspectral dvnamic range
of an image detector. Similarly, blooming, signal cross
talk between adjacent pixels (due Lo charge spillover),
may also reduce the dynamic range, although the ap-
parent effect is more specific in nature, similar to that
caused by near-field veiling glare. Blooming will de-
grade the accuracy of the transferred spectra since high
intensity spectra features can partially (or fully) mask
any neighboring weak spectral features, i.e., spectral
interference.

To study the extent of blooming in SPDs, two ex-
periments were performed:

(1) The line emission spectrum of a Ne discharge
lamp (600-800-nm region) and the UV transmission
spectra of various spectral filters were on-target re-
corded at various integration times. As the integration
time was raised, the magnitude of the signals was pro-
portionally raised, first above the ADC level (22 X 107
electrons) and then above the diode saturation level (=2
X 10° electrons). Low-intensity spectral features were
measured and the interference from nearby saturated
features studied. By measuring the intensity profile
of isvlated spectral lines at the same integration times,
it was possible to determine the intensity measured by
the line-wing diodes (apparent blooming) and therefore
to differentiate it from real blooming.

A spectral filter, 40% peak transmission at 240 nm
and a HBW of 5 nm, was selected to simulate a trans-
mission spectrum. This spectrum was recorded on-
target at different integration times, and the reciprocity
of the signal was measured at a few diodes (Table I).
The reciprocity has been clearly maintained despite the
saturation of nearby diodes. thus indicating that the



blooming is minimal. Indeed, the architecture of the
SPD suggests that charge spillover is a gradual and
contained process, one diode at a time, and its effect is
therefore highly localized (particularly considering the
magnitude of the diode junction capacitance). Simi-
larly, the discharge lamp experiment has shown that
even at a line intensity ratio of 500:1 (the highest ratio
observed for two adjacent lines), no apparent blooming
was observed for two lines separated by as little as 12
pixels.

(2) A He-Ne laser beam was split with a prism, and
each beam was separately attenuated (ND filters) and
focused into the target of the SPD. By varying the
degree of attenuation and the spatial separation be-
tween the beams, the combined effects of blooming and
veiling glare were measured.

At a 1000:1 signal intensity ratio, even where the more
intense beam produced a charge signal 20 times above
the ADC saturation level and with a spatial separation
(peak to peak) of 15 diodes, the cross talk measured was
<1%.

V. Geometric Accuracy

Spectrometry in general and spectrophotometry in
particular require a high degree of wavelength accuracy,
i.e., the accuracy at which a predetermined narrow re-
gion of the spectrum can be addressed. Furthermore,
adequate wavelength accuracy is absolutely essential
for various computer data processing manipulations,
e.g., differentiation, smoothing, and spectral stripping,'!
where relatively minute addressing errors can cause
serious measurement errors.

Unlike scanning spectrometers, whose wavelength
accuracy is mechanically limited, an SPD-based spec-
trometer is limited mainly by vibration and thermal
expansion of the optical components, assuming stability

of the light source. Thus, the wavelength accuracy of

an SPD spectrometer is directly related to the geometric
(spatial) accuracy of the grating, a spectral-to-spatial
transformer. The geometric accuracy of the SPD itself
is excellent. reflecting the accurate manufacturing
techniques of integrated circuits and the millidegree
(Celsius) precision thermostating achieved.

To evaluate the overall geometric accuracy perfor-
mance ol a SPD spectrometer, the following experi-
ments were performed.

(1) The SPD was accurately placed at the exit focal
plane of an EG&G-PARC model 1208 (an Ebert-Fastie
mount) 0.3-m polvchromator. A 240-nm  blazed
2400-g/mm grating has produced a spectral bandpass
of ~0.0:35 nm/diode.

To reduce the effect of polychromator vignetting,
only the central 12.5 mm of the focal plane (500 central
diodes) was used. The UV-transmission spectrum of
a holmium-oxide filter was detected in real time. The
filter. securely held in front ot the entrance slit, was
removed and reinstalled a few times, and the wave-
length position (diode address) of the 280- and 288-nm
hands was determined (Table [I). As lonyg as the grat-
ing position remained constant (unaltered spectral
window), the absolute position of the bands also re-

Tablell. G tric A y (W gth vs Diode Number) of the SPD
Measured with Ho-Oxide Spectral Filter
No. of
(Girating  measure- Peak ratio Pixel separation
position  ments* (hand 280/band 288) hetween peaks
1 10 L3175 £ 0.0017 59 £ 0.0
2 10 LT £ 0.0015 60 £ 0.0
4 10 13176 £ 0.0018 59 2 0.0
4 10 L3173 £ 0.0017 60 £ 0.0

“ Holmium-oxide filter was removed and reset each measure-
ment.

mained constant. (These measurements were taken
during a 1-h period.) Furthermore, even after the
spectral window was changed (grating rotation), the
relative position of the two bands remained constant to
within a single diode (0.035 nm). The error of one
diode, which sets the limit on the geometric accuracy of
the SPD, originates from the architecture of the OMA
system (see Sec. IX). Other systems utilizing centroid
finding techniques should provide a geometric accuracy
that is a small fraction of a diode width. Alternatively,
Hg emission lines were used as internal spectral stan-
dards from which the apexes of the two bands could be
determined, again with an accuracy of 0.035 nm.

(2) The geometric accuracy was also determined with
a JACO model 75-150 a 1-m Czerny-Turner mount
polychromator with a 590-g/mm grating blazed at 250
nm, 0.0206-nm/diode spectral bandpass. The SPD was
used to monitor the emission spectra of various samples
excited by an induction coupled plasma source.

Using only two internal standard reference lines, lo-
cated at diodes 6 and 20, it was possible to determine the
identity of all other lines across the entire array (1024
diodes) with a wavelength accuracy of 0.0206 nm.

Thus, unless a highly spatially unstable source is
used, a polychromator with a linear dispersion could be
generally expected to provide a minimum overall
wavelength accuracy of 0.025 mm (diode width) X re-
ciprocal linear dispersion (nm/mm).

VI. Noise Sources

There are many definitions for dynamic range when
applied to optical multichannel spectroscopy, as will be
discussed. Nevertheless, regardless of its definition,
dvnamic range is set by the ratio of the maximum signal
level that the detection system can accommodate
(without being overloaded) and its overall noise.

Thus, a discussion of dynamic range should be pre-
ceded by a discussion concerning hoth the noise sources
in the system and other limiting factors.

A. Fixed Pattern

Each diode array has a characteristic fixed pattern
(spectrum) that is caused by stray capacitive coupling
of the transients arising from the clock driving signals
to the video lines by external stray capacitances and by
diode-to-diode dark charge vartations. The level of this
fixed pattern is typically 1% of full scale range. and it is
easily digitallvy (computer) subtracted (Fig. ). How-
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ever, although it is subtractable, any temporal variations
in the fixed pattern increase the overall noise of the
system.

The fixed pattern is temperature dependent and
appears to have a 1/f (flicker noise) characteristic.
Although the exact origin of the flicker noise has not
been determined, it is suspected that it relates to flicker
noise in the (MOS-FET) multiplex switches. The
flicker noise limits the extent to which the SNR can be
improved by in-memory digital averaging to approxi-
mately a factor of 10 in the present system.

B. Dark Current and Dark Current Shot Noise

All silicon image detectors are subject to thermally
generated dark current and its associated statistical
fluctuations (noise). The adverse effects of dark cur-
rent on the overall performance of the diode array can
take a few forms: (1) Dark current buildup can rapidly
reduce the maximum signal limit by reducing the net
signal-reading range of the ADC and, in long exposures,
by competitively (with the photon generated signal)
discharging the reverse-biased diodes. (2) Dark noise
can become large enough to compromise the overall

noise performance of the diode array. (3) Dark current ,

fluctuations, caused by corresponding detector tem-
perature fluctuations, can also contribute to the sys-
tem's noise. All these effects, however, can be signifi-
cantly reduced by cooling the array, since the dark
current is halved for each 6.7°C reduction in tempera-
ture.

The dark current shot noise Ny in electrons is given
by

Tqt\1/2

Nd = (
4o

where /, is the dark current, ¢; the integration (expo-
sure) time hetween consecutive readouts, and g.. is the
electronic charge. At 25°C, the typical Ny value for an
S-series diode array, after 1 sec of integration, is ~5600
electrons rms, but at =20°C it is only 545 electrons rms.
Figure 7 shows ¢; values at which the dark current be-
comes significant at various temperatures and illumi-
nation levels.

Clearly, as the light flux increases the dark current
becomes less significant, and the integration time at
which the sum of dark and light shot noise equals that
of the preamplifier approaches the asymptote: ¢, =
(N,)/F, where N, is the readout noise, and F is the ef-
fective light flux in charges/sec, i.e., the light flux in
photons/sec multiplied by the quantum efficiency.

Since the dark current is temperature dependent.
fluctuations in the temperature of the detector cause
proportional fluctuations in dark current. If the
technique of digitized subtraction of a {stored) dark
spectrum is used to remove the effects of dark current
and fixed pattern, these temperature dependent tluc-
tuations show up as low frequency noise. The higher
the temperature of the sensor, the higher the etfect of
temperature fluctuations on dark current. Ideally. the
fluctuations in dark current should bhe kept helow the

INTEGRATION TIME, SECONDS

10°%:
80 ° -%0 -100 -130 -200
TEMPERATURE , °C
Fig. 7. Signal integration time at various temperatures and illumi-
nation levels (in charges) at which the combined dark current shot
noise and signal shot noise are equal to preamplifier noise.

readout noise level of the sensor. To achieve that, the
temperature fluctuations 4T must not exceed
- 6.7°CN,
tilg In2
where 6.7°C is the temperature increment that doubles
the dark current level, /4,N, is the readout noise (at ¢;
= 16 msec), T is the sensor temperature (in °C), and /4o
is the dark current at 0°C. For an integration period

3

= 6. TN,/ (til40(In2) exp( T/6.7 In2),

of 15 sec, at T = —20°C, the dark current is 47 fA and ~

if N, = 1500 electrons = 2.4 X 10~!% coulomb, the nec-
essary temperature stability is 67 = 3.3 X 10~ °C,
clearly requiring high stability thermostating. Alter-
natively, the criterion for thermostat performance may
be chosen as that degree of control that limits the un-
certainty in dark current to a value no greater than that
of the dark current shot noise. Now

v e
ST = 67 "_) .
In2\/q - t;

and for the conditions stated, 6T = 4.6 X 10~#°C. To
achieve such a degree of thermostating, it is necessary
to employ a closed loop thermostat with the highest
possible loop gain that is consistent with stability con-
siderations. The most convenient and controllable
approach for moderate cooling, i.e., =25°C, is to use
thermoelectric (Peltier effect) coolers. In using these
coolers, it is essential that no noise be impressed on the
cooler drive, since it can be transferred to the pream-
plifier by stray capacitance.

To avoid water condensation on the cooled detector's
surface. the detector head assembly is kept at a mod-
erate vacuum (~20-400 Torr). Typically. reevacuation
is necessary every 2-4 weeks.
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C. Thermodynamic Noise

Thermodynamic noise of SPD arrayvs is the result of
the uncertainty in resetting the individual diodes during
the readout process. This noise has been described !
by Ny = (g KT Q2ep + 20,00V where R is the
Boltzmann constant, 7' the absolute temperature, (',
the diode capacitance. and (.- the clock line-to-video
line stray capacitance. At 25°C, Ny, is ~1000 electrons
rms for the 1024-element (S-series) diode array.

D. Preamplifier Noise

The preampilifier noise is given hy N, = (1/¢.)|(i,t,,)*
+ (¢,()?]"2, where i, is the preamplifier noise current
referred to the input, ¢, the preamplifier noise voltage
referred to the input, ¢,, is the diode readout time, and
C is the total capacitance at the amplifier input node,
including that of the video line, amplifier input, and
stray capacitances. With the proper choice of the input
device and the circuit design, N, can be reduced below
the thermodynamic noise. The total readout noise N,
is given by N, = (N3 4+ N3)V/2

Vil. Dynamic Range

OIDs are designed, manufactured. and tested by
electronic and optical engineers primarily for TV and
other imaging applications. The jargon and definitions
used to characterize the performance of these devices
are, therefore, not aimed at or meant 10 be coherent to
physical scientists. We, therefore, chose to begin this
discussion by redefining dynamic range in terms that
are both characteristic of parallel detectors and more
meaningful to spectroscopists.

A. Simultaneous-Intraspectral Dynamic Range

This term is essentially the spectroscopic equivalent
of the more familiar intrascenic dvnamic range term
used in imaging applications. It is defined as the ratio
of the most intense and least intense spectral features
that can be simultaneously detected within a single
readout regardless of the length of integration time ¢;
between consecutive readouts. The apparent simplicity
of this definition, however, can be very misleading, as
our experience suggests. First, dynamic range does not
automatically mean linear transfer characteristics
(signal input to signal output relationship). In fact,
often (particularly in imaging applications) a nonlinear
transfer characteristic is preferred. Second, intrascenic
dynamic range should not be confused with single-diode
optoelectronic dynamic range, defined here as the ratio
of the most and least intense spectral feature that can
be detected by a single pixel or resolution element.
This parameter, therefore, refers to the dynamic range
of each individual diode and not to that of the parallel
multichannel device as a whole. The main reason for
the difference between the two terms is the veiling glare
phenomenon, stray light in the detector enclosure due
to internal reflections. Veiling glare is particularly
severe with image-intensified-detectors, primarily be-
cause of light transmitted through the semitransparent
photocathode that is internally reflected by the glass
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and metallic internal components. A point-in-case is
the image dissector, an imaging device with an op-
toelectronic dynamic range characteristic of PMTs,
10%1, The intrascenic dvnamic range of this device,
however. can he <100:1 because of veiling glare. The
intrascenic dvnamic range of the SP1) can also be lim-
ited by its dark current. Even with a 14-bit ADC,
thermally generated (dark) charge buildup can seriously
reduce the useful signal-reading range of the detection
system. Figure 8 shows the integration time values ¢,
at which 20 and 100% of the ADC range and 100% of the

w0
1w0°

10

INTEGRATION TIME , SECONDS

[} % -100 -1% =200
TEMPERATURE, °C

Fig. 8. Integration time values (at diflerent temperatures) at which

20 and 100% of the ADC range and 100f¢ of the diode charge storage
(8.8 X 107) are wasted on dark current.
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Fig. 9. Simulated transmission spectrum: ¢, is the signal integration
time necessary to elevate the corresponding real time (16-msec/scan)
signal to the optimal 4096-16.384 counts range.
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diode charge storage are utilized for parasitic dark
charge readout at different temperatures. Further-
more, because of the relatively large diode-to-diode dark
current variations, it is impossible to use simple elec-
tronic (signal-bias) clipping procedures to increase the
useful range of the ADC. Nevertheless, integration
periods of a few hours have been successfully accom-
plished at very low temperatures.'" even though at the
expense of reducing the detector’s red response.

B. Accumulative (Memory) Dynamic Range

The useful dynamic range of the SPD can be en-
hanced by ensemble averaging, i.e., accumulation (su-
perimposition) of consecutive digitized spectra (read-
outs) in the computer memory rather than on-target
tintegration). The OMA-2 has a memory dynamic
range of 2.1 X 10% (2*!) counts. However, as previously
stated. the experienced averaging advantage for long
accumulation times has been somewhat lower than the
theoretical value [square root of the number of con-
secutive (stored) readouts] because of 1/f type noise
dominance.

C. Variable Integration Time (VIT)

This mode of operation is unique to energy detectors
capable of signal integration. Different signal inte-
gration times are used for different regions of the
spectrum, inversely proportional to their corresponding
signal levels, to make maximum use of the available
range of the ADC. The principles of operation of the
VIT technique are demonstrated in Fig. 9. In this case,
six exposures of the (simulated) spectrum are obtained
at six integration time periods ¢; (progressively in-

RELATIVE INTENSITY - OMA COUNTS

creased by a factor of 4) and stored in memory. This
procedure enables the elevation of each of the six
(real-time) signal-level intervals to the same 4096-
16,384-count measurement level, thus greatly improving
the spectrometric accuracy and precision. However,
a certain degree of signal deterioration can be expected
due to dark charge buildup, localized (and limited)
blooming, near- and far-field veiling glare, and spec-
trometer stray light. The transmission spectrum of a
Ho-oxide filter (Fig. 10) demonstrates the low level
interferences, due to blooming, characteristic of the
SPD. This technique has proven more flexible and less
susceptible to instrumental errors compared with other
common constant energy (signal) techniques, e.g., slit
width servo and automatic variable preamplifier
gain.

To measure the dynamic range, the linearity and
reciprocity (signal intensity X integration time) of the
SPD, the following experiments were performed:

1. Calibration with Neutral Density (ND) Filters.

(a) The linearity (transfer characteristics with a v
value of 1) of the single-diode optoelectronic dynamic
range was tested with precalibrated ND filters, whose
precise values (to within <1%) were obtained inde-
pendently with linear photon counters (PMT). Colli-
mated beams from highly stabilized light sources
passing through various spectral filters were used to
measure the linearity at different wavelengths.

(b) The intrascenic dynamic range was measured
with a neutral density wedge filter (Kodak, photo-
graphic step tablet 2) whose discrete optical density

Fig. 10. Transmission spectrum
of Ho-oxide filter. JACO (Mark
X) polychromator was used with
600-g/mm (blazed at 300-nm)
grating, 6 nm/diode (25 um): (a)
transmission spectrum, 183-msec
signal integration: (b) transmitted

()
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spectrum, 183-msec signal inte-

gration; (c) same as (b) but 1.68

sec. Parts (a) and (b) are on page
1409.



(absorbance) steps vary from ~0.05 to 3.0. 'The inci-
dent and transmitted (I" and /;) images of the wedge
tilter (backilluminated with an elongated tluorescent
lamp) were focused with an 85-mm (f/1.8) lens onto the
target of the SPD. These images along with the dark-
pattern image D; were used to produce the absorbance

image.
1’ - l),-)
= oy [——] .
Ai = lok (l.‘ -

where i is the variable diode index (from 0 to 1023).

2. Calibration with Pulsed LEDs.

This experiment served two purposes: to verify
Talbot’s (law) behavior of SPD detectors and to deter-
mine their reciprocity. Talbot law in its modern version
states that light fluctuating periodically is exactly
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Fig. 11.

equivalent to steady radiation of the same average value
RIF(t) = RIF), where F = J|F(t)dt}/T F(l) is the pe-
riodically tluctuating light, and R is the evoked re-
sponse. LEDs (either with green or red spectral re-
sponse) were used as the variable frequency chopped
(pulsed) light sources. The pulse width was kept con-
stant (always <3% duty factor), while varving the pulse
frequency within the 0.1-Hz to 100-kHz range. Alter-
natively, both pulse width and pulse frequency were
altered. In either case, control of pulse width, pulse
frequency, and detector integration time determine the
total photon energy incident on the SPD. The spectral
output of the LED (a red shift was obhserved at high
frequencies when the pulse width exceeded 3% ot duty
factor) was carefully monitored and maintained con-
stant to within £1 diode (0.14 nm). Pulse width and
pulse frequency were measured with an accuracy better
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Verification of reciprocity of photodiode arrav detector:

signal intensity X signal integration = constant. Red-emitting LED
was pulsed at frequencies varving trom 0.1 Hz to 100 kHz.
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than 1 and 3. respectively. Verification of the reci-
procity of the LED itself (0.1 Hz to 100 kHz) was
achieved independently using EG&G-PARC photon
counters. )

VHl. Results and Discussion

The measured diode electrooptical dvhnamic range of
the SPD was in good agreement with the 14-bit ADC
limit of the detection svstem. This behavior was an-
ticipated from the nonlaggy nature of the SPD and the
relatively high saturation level of its individual diodes
(=~ 10F counts). The linearity within the 10*:1 measured
range was <1%. The reciprocity of the SPD (hy pulsed
LEDs}) over a range of 10%1 was found to be linear to
within <3% (the overall estimated accuracy of the
measurement apparatus) (Fig. 11). Based on work
done elsewhere.!” it should be possible to stretch sig-
nificantly the reciprocity range by further cooling the
SPD.

More difficult to assess and less conclusive results (at
the present time) were obtained for the intrascenic
dvnamic range. With the experimental setup utilized.
stray light. primarily from the high transmittance steps
of the wedge filter, was observed. Good linearity, step
position vs step optical density, was obtained when a
signal 0.1% the magnitude of the first transmission step
was subtracted from all subsequent steps (2-21) (Fig.
12). This apparent far-field veiling glare (stray light)
could have heen caused by internal light reflections
hetween the diode’s silicon surface and the window of
the SPD. However, most probably,!#it is the resuit of
glare in the focusing lens. Veiling glare in the detector
itself should be reduced by

(1) removing the SPD’s protective window, especially
since the evacuated detector head has its own quartz
window: and

(2) using the SPD with an optical-fiber (coupler)
faceplate window, eliminating window-to-target light
reflections.

o

RELATIVE MTF

Recent experiments'* have shown the veiling glare
level to be lower than the stray light level of various
short focal-length (0.2-0.5-m) polvchromators typically
used in conjunction with OMA detectors.

IX. Resolution and Spectral Information Transter

The architectural structure of the RL-1024S detector
was discussed previously. The device comprises 1024
discrete photodiodes with a 25-um center-to-center
separation, each 2.5 mm high. The 100:1 aspect ratio
of the diodes is an excellent design compromise aimed
at matching the profile of a typical spectrometer slit.
Based on those data, the spectral resolution of the diode

3.04

OPTICAL DENSITY (ABSORBANCE)
@

03 4
° —_
WO 200 300 400 800 €00 700 800 900 1000
PIXEL NO. ———— e
Fig. 12, Linear (y = 1) behavior of the intrascenic dynamic range

of the SPD. - All 21 steps of a Kodak (density) wedge filter are clearly
recognized. Raw data were computer compensated for the 0.1% ob-
served stray light (mostly from the camera lens).

Fig. 13.  MTF of the S-series (solid curve), array

with a 25-um pitch and rectangular 25-um wide pixel

{dashed curve). and array with 12.5.um wide pixels 0.2
at 25-um pitch (dotted curve).
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array is often erroneously defined as its diode spectral
bandwidth, (.025 mm X reciprocal dispersion (nm/mm)
of the spectrometér. Actually, the spatial response
profile of the photodiode array along the array axis is
trapezoidal rather than rectangular' (Fig. 2). There-
fore, although the diodes are discrete, their spectral (or
imaging) information transfer shows a partial overlap.
This overlap leads to a substantial reduction in aliasing
with only a slight reduction in resolution. Figure 13
compares the modulation transfer function (MTF) of
the RL-1024S diode array with a 25-um diode width and
pitch to that of two other theoretical arrays (CCDs) with
a rectangular response pixel profile, one with a 25-um
pixel width and pitch and the other with a 12.5-um
width and a 25-um pitch (similar:to Fairchild's 488 X
380 area array CCD). Clearly, the last two arrays,
particularly the second, have higher MTF values be-
vond the Nyquist criterion limit and are therefore
subject to severe response aliasing.

Aliasing can cause severe interpretation errors when
spectra with periodic line structures, e.g., molecular
vibronic spectra, are measured, as shown in Fig. 14, for
the SPD and the second theoretical (CCD) array. The
aliasing detector can falsely increase the apparent pe-
riodic wavelength-separation (intervals) between the
lines well above the real value (resulting in a lower ap-
parent spatial resolution). Even more serious are the
potential errors associated with arrays with dead spaces
(second theoretical array) between the pixels. A narrow
spectral line could fall on a dead space instead of on the
pixel and therefore be severely attenuated, or worse,
undetected (Fig. 15).

Finally, although the physical overlap of adjacent
diodes causes a certain degree of information cross talk,
the spectral resolution of the SPD is practically limited
by the spectral dispersion system utilized (Fig. 16).
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Fig. 14, Distortion of simulated vibronic spectrum caused by de-
tector aliasing using ta) CCD array with identical pixel pitch and th)
SPD (more accurately preserving the spectral record).
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Fig. 15. Distortion of spectrai line using CCD array with identical
pixel width and pitch and SPD: (a) peak maximum out-of-phase with
the sensitivity profile of the detector: (b) peak maximum is in-

phase.
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A need and method for nonuniformity correction in solid state image sensor
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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 '/’ otherwise known as mosaic devices®, 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. 1In 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 ONE LINE SCAN
CONTAMINATION IDEAL OUTPUT
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|«——1 scaN TME——| |« ReETRACE INTERVAL  |«———1 SCAN TIME———]

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 1lb 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.
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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

/— IMAGE

VIDEO AMPLITUDE

£ {
? - 7

SIGNAL TO NOISE RATIO DEGRADED WITH NONUNIFORMITY

080-0260
Figure 1b

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 CORRESPONDING OUTPUT
FUNCTION PIXELS IN ONE LINE SCAN

VIDEO OUTPUT

<«——— LIGHT EXPOSURE ———» <+—— TIME ——»

Figure 2



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. 1In 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

Wn>;' 7 Vo

[
(vl'
Figure 3
Briefly described as the input, V., , is varied, the loop maintains the output very close to

the reference, V,, because an error, e, develops as the absolute difference between V_ and
Vy and changes the multiplier ccefficient 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 €, is stored in memory. These
stored factors are then used 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 pixel. 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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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, &, because
1) G determines the limits of CR, and 2) the error, €, determines the limits of UCF,
because the final maximum residual value of € 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

vinK—l

where V_ is the reference voltage

vE is the output voltage
k"is the open loop gain

This simple relationship shows, if Kvin>1' then G approaches
G = Vr ,
V.
in
hence, the output approaches Vg = Vy. Furthermore, they show that the maximum limits
imposed on CR dre boundless, i.e., maaimum value of Vin is boundless, and its minimum value
is determined by VinK>1'

The error, e, approaches
€ = vr if VinK>>1,
V., K
in

thus, by making Vr <<K, €can be made arbitrarily small. Again, the limits on €, 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.
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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
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Figure 5

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 relative
to the reference voltage. Each bit is successively processed by the SAR which produces
the digital MCF proportional to €. 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 bit MDAC was set

with a maximum gain of 2.0. Then the lowest gain will be 2 = 7.81x10 °, but as it is
256
readily evident from table 1, below, this low gain is unusable.
V. Gain Error
in
3 volt 0.334 6.5x107"
2 volt 0.5 9.78x107 4
1 volt 1.0 1.96x1073
0.5 volt 2.01 3.92x107
0.3 volt 3.36 6.55x107 3
Table 1

279



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 Vjp 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 € = *0.0039 or *0.39%.

\Y%

As described in conjunction with figure 4f after the MCF has been stored and the
compensation circuit is switched into its normal image 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 values 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.
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Figure 7. Video output comparison with a Figure 8. Nonuniformity caused by limited
target in the optical path. aperture.

ST SR, AT S 0,

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 t1% 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 Vj,. 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 cotrrection.
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 correctofrs are not only needed for image array,
but for some optically induced non-uniformities as well, especially in applications where
a large number of gray levels must be detected.

Acknowledgments

The author wishes to express his gratitude to Bob Maddoux for constructing and testing
the Compensation Board, and EG&G Reticon Corp. for their permission and for the use of
their resources to write this paper.

References

1. Marvin H. White, "History of Solid State Imaging", SOLID STATE IMAGING, Paul G.
Jespers, Fernand Van De Wiele, Marvin H. White, Ed., NATO Advanced Study Institute Series,
Series E: Applied Science - No. 16, page 1, Noordhoff-Leyden 1976.

2. Alberto R. Tebo, "Linear Measurements with Photodiode Array", Electro-Optical-System
Design, Vol. 14, No. 5, May 1982.

3. William S. Chan, "Mosaic Focal Planes, Technology Run Down", Optical Spectra, Vol.
15, Issue 8, page 58, August 1981.

4. Robert R. Buss, Satoru C. Tanaka and Gene P. Weckler, "Principles of Low-Noise
Signal Extraction from Photodiode Arrays", SOLID STATE IMAGING, Paul G. Jespers, Fernand
Van De Wiele, Marvin H. White, Ed., NATO Advanced Study Institute Series, Series E: Applied
Science - No. 16, page 565, Noordhoff-Leyden 1976.

5. EG&G Reticon Data Sheet, H-Series Solid State Line Scanners 1024, 1728 and 2048
elements.

6. EG&G Reticon Data Sheet, RC1728 L/N Evaluation Board Instruction Sheet.




List of Available Solid State Image Sensor Reprints

Section A - General Information

1A-1

IA-2

IA-3

A-4

IA-5

IA-6

IA-7

IA-8

1A-9

IA-10

1A-13

1A-14

CCPD - The Optimum Solid-State Line Scanner, Hsin-Fu Tseng and Gene P. Weckler,
Reticon Corporation, paper reprinted from Conference Proceedings No. 230 Impact of
Charge Coupled Devices and Surface Acoustic Wave Devices on Signal Processing and
Imagery in Advanced Systems, October 1977.

Characteristics and Applications of Solid State Imaging Systems, Gene P. Weckler,
Reticon Corporation, reprinted with permission from the Society of Photographic
Scientists and Engineers. This paper will be submitted for publication in Photographic
Science and Engineering; copyright 1973 by the Society of Photographic Scientists and
Engineers.

Charge Storage Operation of Silicon Photodetectors, Gene P. Weckler, Reticon
Corporation.

Charge Transfer and Blooming Suppression of Charge Transfer Photodiode Area Array,
Hsin-Fu Tseng, Gene P. Weckler, and Sheng S. Li, Member, IEEE, IEEE Journal of Solid
State Circuits, Vol. SC-15, No. 2, April 1980.

Coping with Charge Transfer Inefficiency Affecting Modulation Transfer Function (MTF) of
Charge-Coupled Devices (CCD) by Satoru C. Tanaka, Reticon Corporation. A reprint from
Optical Engineering, the Journal of the Society of Photo-Optical Instrumentation
Engineers, 18:5:504 September/October 1979.

Design Considerations for a Solid State Image Sensing System, by Ron Hopwood. A
reprint from the Proceedings of the Society of Photo-Optical Instrumentation Engineers,
Volume 230, Minicomputers and Microcomputers in Optical Systems, April 8-9, 1980,
Washington, DC.

Noise in Large-Aperture Self-Scanned Diode Arrays, by Raymond W. Simpson, EG&G
Princeton Applied Research, P. O. Box 2565, Princeton, NJ 08540, (Received 16
November 1978; accepted for publication 20 February 1979).

Principles of Low-Noise Signal Extraction from Photodiode Arrays, by Robert R. Buss,
Satoru C. Tanaka, and Gene P. Weckler, Reticon Corporation.

Self-Scanned Charge Coupled Photodiode (CCPD) Sensor Arrays, be E. H. Snow and G.
P. Weckler, Reticon Corporation, reprinted from SPIE Vol. 116 - Solid State Imaging
Devices 1977.

Solid State Image Sensing with Photodiode Arrays be Gene P. Weckler, Reticon
Corporation, 1973 IEEE Intercon Technical Papers, Session 1.

A High Speed Tapped CCD Photodiode Linear Image Sensor by P. J. Chen and H. F.
Tseng, October 1981.

Evolution of the Solid State Image Sensor by Hsin-Fu Tseng, John Ambrose, Masoud
Fattahi, Journal of Imaging Science, Jan/Feb 1985.

Section B - Intensified/Low Light Level (Electron Collection and Detection)

IB-3

Diode Array Detectors in Astronomy, by Robert G. Tull, the University of Texas at Austin,
Austin, TX.

(Astronomy - Low Light)

283



284

IB-7

IB-11

IB-14

IB-15

Photon Counting with Intensified Solid State Arrays, by T. E. Stapinski, A. W. Rodgers
and M. J. Eliis, Mount Stromlo and Siding Spring Observatories, Australian National
University Canberra, Australia.

(RL1024C, Astronomy - Spec.)

Single Electron Recording by Self-Scanned Diode Arrays, by S. B. Mende and E. G.
Shelley, reprinted from Applied Optics, Vol. 14, page 691, March 1975.

(RLO128L)

An Electro-Optical MS lon Detector, NIH Grant GM20850 Final Progress Report Years 03
and 04 by C. E. Giffin, Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA, 1 July 1979.

(RL1024SF)

Electro-Optical lon Detection Using Solid State Photodiode Array Detectors by C. Giffin,
R. Britten, J. Boettger, J. Conley, D. Norris, Jet Propulsion Laboratory, Pasadena, CA
91103, American Society for Mass Spectrometry, Seattle, WA, 1979.

(RL1024SF)

Section C - Astronomy (also see entitled "Image Sensors: Intensified/Low Light

IC-1

IC-2

IC-4

Level (Electron Collection & Detection)

An Acousto-Optical Spectrometer for Radio Astronomy, by D. K. Milne and T. W. Cole,
reprint No. RPP 2050, August 1977.

A Self-Scanned Silicon Diode Array for Astronomical Photometry, by Dainis Dravins, Lund
Observatory, S-22 24 Lund, Sweden.

(RLO128EC)

The Lockheed Diode Array Magnetograph, by Robert C. Smithson, Lockheed Solar
Observatory, Burbank, CA (Received 20 September 1974).

(RLO512)

Section D - Spectroscopy

ID-2

ID-4

ID-6

A Minicomputer-Automated Array Spectrometer for Liquid-Chromatographic Detection of
Metabolites, by Raymond E. Dessy, Warren D. Reynolds, Wayne G. Nunn, Christopher A.
Titus, and Gregory F. Moler, Clinical Chemistry Vol. 22, No. 9, March 1976.
(RLO256EC/17)

Characteristics of Photodiode Arrays for Spectrochemical Measurements, by Gary Horlick,
Volume 30, Number 2, 1976.

(RL1024C/17)

Evaluation of Self-Scanned Photodiode Array Spectrometer for Flame Atomic Absorption
Measurements, by F. S. Chuang, D. F. S. Natusch and K. R. O'Keefe, Dept. of Chemistry,
Colorado State University, Ft. Collins, CO 80523.

(RLO512C and RL1024C/17)



ID-7

ID-8

D9

ID-10

ID-11

iD-12

ID-13

ID-17

ID-18

ID-20

ID-21

Linear Photodiode Array Spectrometers as Detector Systems in Automated Liquid
Chromatographs, R. E. Dessy, W. G. Nunn, C. A. Titus, Journal of Chromatographic
Science, Vol. 14, April 1976.

(RL1024G)

Portable High Resolution Laser Monochromator-Interferometer with Multichannel
Electronic Readout, Mark B. Morris and Thomas J. Mclrath, Applied Optics, Vol. 18, No.
24, 15 December 1979.

(RL1024G)

Proximity Filter Spectrometers, data sheet from HSS Inc., HSS-DS-80045, 2 Alfred Circle,
Bedford, MA 01730, February 1980.

Self-Scanned Photodiode Array: A Multichannel Spectrometric Detector, by Yair Talmi
and R. W. Simpson, Applied Optics, Vol. 19, No. 9, 1 May 1980.

(")

Self-Scanning Photodiode Arrays for Spectroscopy, by Dr. Edward H. Snow, reprinted
from Proceedings of the Technical Program, Electro-Optical/Laser 78 Conference 7
Exposition, Boston, MA, September 19-21, 1978.

Simultaneous Multielement Quantitative Spectrochemical Analysis Using a DC ARC
Source and a Computer Coupled Photodiode Array Spectrometer, Edward G. Cogging,
Gary Horlick, accepted for Spectroscopy Letts, Vol. 7, No. 1.

(RL0512C/17)

Some Characteristics and Applications of Self-Scanning Linear Silicon Photodiode Arrays
as Detectors of Spectral Information, by Gary Horlick and Edward G. Codding, Analytical
Chemistry, Vol. 45, No. 8, July 1973.

(RL0256)

Photodiode Array Measurement System for Implementing Abel Inversions on Emission
from an Inductively Coupled Plasma by M. W. Blades and Gary Horlick, Dept. of Chemistry,
University of Alberta, Edmonton, Alberta, Canada T6G 2G2. Reprinted from Applied
Spectroscopy, Vol. 34, Number 6, 1980.

Photodiode Array Studies of Near Infrared and Red Atomic Emissions of C, H, N, and O in
the Argon Inductively Coupled Plasma, by Steven K. Hughes, Robert M. Brown, Jr., and
Robert C. Fry, Dept. of Chemistry, Kansas State University, Manhattan, KS 66506.

Wide Dynamic Range Array Detector for Absorbance and Rotation Spectrometry by Peter
S. Aidlo and Christie G. Enke, American Chemical Society, 1983.

Double-Beam Optical Multichannel Analyzers by Yair Talmi. Reprinted from
Spectroscopy, Vol. 1, No. 6.

(R Series)

285



286

ID-22

ID-23

ID-24

Subnanosecond Spectroscopy using Stripline Microchannel Plates and Reticon 1024SF
Linear Arrays by Charles R. O'Brien, James M. Zumstein, Mark J. Eckart, Max E. McGee,
Hal Schulte, and William R. Edwards, LLNL.

(RL1024SF)

Schottky-barrier Infrared Focal Plane Array for Spectroscopic Applications by Leland R.
Hudson, Hsin-Fu Tseng, Weng-Lyang Wang, Gene P. Weckler published in Optical
Engineering, March 1987, Vol. 26, No. 3.

PtSi Infrared Area Array Utilizing MOS/CTD Readout by Leland R. Hudson, Hsin-Fu
Tseng, and Weng-Lang Wang, published in SPIE, Vol. 819 Infrared Technology Xl
(1987).

Section E - X-Rays

IE-1

IE-3

IE-4

IE-5

IE-6

IE-7

IE-8

IE-9

Active-Recording Crystal Spectrometer for Laser-Induced Plasmas by Louis N. Koppel,
April 9, 1976. This paper was submitted to the Review of Scientific Instruments.

(RLO512C/17)

Direct X-Ray Response of Self-Scanning Photodiode Arrays, by Louis N. Koppel, August
1975. This paper was submitted to the proceedings of the Conference on Applications
of X-Ray Analysis, Denver, Colorado, August 6-8, 1975.

(RLO512C)

X-Ray Analysis and Advances in Portable Field Instrumentation, by Clayton O. Ruud,
Denver Research Institute of Denver, Colorado. Journal of Metals, June 1979.

X-Ray Applications of Self-Scanned Photodiode Arrays by John McGinnis and Ronald K.
Hopwood, Reticon Corporation and Louis N. Koppel, Independent Consultant,
Pleasanton, CA 94566.

X-Ray Applications of Self-Scanning Silicon Diode Arrays, by R. D. Bleach and D. J. Nagel,
reprinted from Applied Optics, Vol. 16, page 572, March 1977.

(RLO512C)

X-Ray Sensitive Photodiode Array, by John McGinnis, EG&G Reticon, 345 Potrero
Avenue, Sunnyvale, CA 94086. Reprinted from Industrial Research and Development,
March 1980.

Applications of a Directly Exposed Self-Scanning Photodiode Array as a Linear Position
Sensitive Detector in a Small Angle X-Ray Scattering Instrument by C. S. Borso and S. S.
Danyluk, Div. of Biological and Medical Research, Argonne National Laboratory, Argonne,
IL 60439. Submitted to Review of Scientific Instruments 51, 1669 1980.

Soft X-Ray Detection with a Phosphor-Coated Photodiode Array, by F. Zutavern, T. Aton,
C. Franck, and S. Schnatterly, University of Virginia.

Section F - Optical Character Recognition (OCR)

IF-1

IF-2

Optical Character Recognition, by M. David Freedman, Bendix Research Laboratories,
reprint from IEEE Spectrum, March 1974.

OCR System Design Benefits from Technological Advances by Richard K. Dove, Ball
Computer Products, Inc., Oakland, CA.



Section G - Miscellaneous

IG-5

IG-11

IG-12

IG-13

IG-14

lon Chromatography, by W. E. Rich, Dionex Corporation, Sunnyvale, CA, August 1977.
Article is based on a paper presented at the 23rd Annual ISA Analysis Instrumentation
Symposium, Charleston, SC.

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)

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.

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.

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

IH-2

IH-4

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

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

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-Optica! Instrumentation Engineers, Vol. 187,
System Aspects of Electro-Optics, May 22-23, 1979, Huntsville, AL.

287






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
() 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 0r 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 A/D 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 resuilts.
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/cm?2 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 - 100% are tested for electrical functionality

2. Visual - 100% visual inspection

3. Metallization - Aluminum with nominal thickness of 10,000 angstroms

4. Backing - Gold, nominally 2,000 angstroms thick

5. Passivation - Phosphorus silicate glass

6. Mechanical Information - Die thickness - 20 £1 mil (525 £25 um)

- Bond Pad Size - 5 x 5 mils typical

7. Packaging - Antistatic waffle pack

8. Storage - A dry nitrogen atmosphere is recommended, particularly for
compression gold ball bonding applications. Thermosonic
aluminum wire bonding is recommended.

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

10. Ordering Information - Minimum order and/or release quantity is 500 pieces.

11. Warranty - 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.
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. EG&G Reticon is the world’s
leading designer and manufac-

turer of image sensors, solid

state cameras and analog signal
processing integrated circuits.
Contact a sales office for copies

of the Solid State Camera

Products Data Book and/or the

Analog Signal Processing
Integrated Circuits Data Book.

Direct Sales
Northwest Sales Office
345 Potrero Ayenue
Sunnyvale, CA 94086

408 245-2060

FAX 408 738-6979

Southwest Sales Office
23832 Rockfield Blvd., Suite 235
El Toro, CA 92630-2896

714 583-2250

FAX 714 583-2277

North Atlantic Sales Office
35 Congress Street

Salem, MA 01970-6529

508 745-7400

FAX 508 741-4583

Mid-Atlantic Sales Office
221 Commerce Drive
Montgomeryville, PA 18936
215 368-4003

FAX 215 362-6107

South Atlantic Sales Office
103 Springfield Center Dr.

Suite 100-B

Woodstock, GA 30188

404 928-1910

FAX 404 928-1836

Central Sales Office

2260 Landmeier Rd., Suite J

Elk Grove Village, IL 60007-2693
708 640-7785

FAX 708 364-7079

European Sales Office
EG&G Reticon
Hohenlindener Str. 12
8000 Munich 80

West Germany

Tel 089 92692-666

FAX 089 436 25 45

J\EG:G RETICON
055-0261
1992/1993




