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RL0256D, RL0512D, RL1024D, RL2048D

J\EGzG RETICON

D Series Linear Family

Charge-Coupled
Photodiode Array
EG&G Reticon’s D Series image sensors are high-speed,
self-scanned, charge-coupled photodiode (CCPD) arrays. —
The D Series Family, consisting of the STANDARD-D, o o1 20 o
VALUE-D, FAST-D, and LOLIGHT-D image sensors, allows 2 o RTEC
the designer to select just the right device for a particular Ve 02 g
application. Typical applications include optical character e, [3 04 2,
recognition, document scanning, inspection, pattern recog- o5 (4 1800 Vim
nition, noncontact measurement, and other applications Vg 05 18 e
rgquiring high quality, broad spectral response image acqui- Vsue S 6 170
sition. SBp 7 B SBn
Key Features Veoz 8 150 Vaps
viD, [j9 141 VID,
Antiblooming Vin L0 B Voo
Video data rates up to 30 MHz \ZCI 2(1 GND
High photo sensitivity L
Wide dynamic range

256, 512, 1024, and 2048 elements

13 um x 13 pm and 13 um x 26 um picture elements
Low power consumption

Wide spectral response (UV to near IR)

e e o o o o o o

General Description

The D series family of image sensors features the CCPD
architecture which combines the best features of CCD and
photodiode technology. The CCD read-out structure allows
very high speed, low noise operation. The photodiode
sensing elements provide superior light sensitivity, especially
in the blue and near-UV portion of the spectrum.

The STANDARD-D device is the nominal component of the
D series family. It operates at data rates up to 20 MHz, has
13 pum x 13 pm pixels, and features very high dynamic
range. The VALUE-D device is a lower cost version with
all the same features as the STANDARD-D, but has a
maximum data rate of 10 MHz and slightly reduced
dynamic range. The FAST-D device is specified for
operation at data rates up to 30 MHz. The LOLIGHT-D
device is a wide aperture version featuring 13y x 26y pixels
for higher photo sensitivity.

Functional Description

The sensing elements for the D Series Linear CCPDs are a
row of diffused p-n junction photodiodes spaced on 13 um
centers and interdigitated into a sensing aperture 13 um
wide (26 um for LOLIGHT-D). The photodiode sensing
elements provide very broad spectral response while the
CCD readout registers and output buffer amplifiers aliow
very low-noise signal extraction. Figure 1 shows the pinout
configuration and Figure 2 is a simplified schematic
diagram. Figure 3 shows the aperture response function
and sensor geometry. The dimensions shown in Figure 3
are as follows: the photodiode diffusion width a is 7 um, the

Figure 1. Pinout Configuration
* (Pin 17 is N/C for RL0256D, V,
Series devices)

for all other D

SuB

center-to-center spacing b is 13 um and the aperture width ¢
is 13 um or 26 um. Note that the entire 13 um (dimension b)
produces photocurrent which divides between the two
diffusions, with most of the charge going to the pixel nearest
the site of the photon absorption.

In addition, D Series Linear devices contain an antiblooming
gate which can be usedto either suppress bloomingor to set
the integration period independent of the line rate. That
allows these devices to be used over the widest possible
range of lighting conditions.

Light incident on the sensing aperture generates a
photocurrent which is integrated and stored as a charge on
the capacitance of each of the photodiodes. If the charge
accumulated on any diode exceeds a saturation value, the
excess is shunted to V,, through the antiblooming gates,
controlled by V,, to control blooming effects. Refer to Figure
2.

LR?

The antiblooming gate is biased at a DC potential which is
below that of the junction barrier and transfer gate g, “low”
barrier. When the signal charge reaches the level set by
the antiblooming gate, the excess will be sunk into V,;, thus
preventing blooming.

At the end of each integration period, the charges on all the
diodes are simultaneously swiched through transfer
gates, g, into one of two CCD analog shift registers for
readout. The odd numbered diodes are switched into one
register and the even diodes into the other. immediately
after this parallel transfer, a new integration period begins.
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Figure 2. Schematic of D Series Linear Devices
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Figure 3. Sensor Geometry and Idealized Aperture

Readout is accomplished by clocking the CCD shift
registers so that the charge packets are delivered sequen-
tially into two on-chip charge-detection circuits. The
registers deliver the charge packets to their outputs on
alternate clock phases, allowing the inactive charge detector
to be reset to a fixed level, V,,, while the opposite detector is
active. The outputs of the two detectors may then be
multiplexed off-chip if a single continuous video output is

desired. Each video signal is developed accross a 2-5KQ
resistive load, R,.

Operation

D Series devices require two complimentary shift register
clocks, 2, and g,, and a transfer gate pulse, g, for normal
operation. An additional transfer pulse, 2, is required if a
scan buffer output is desired. The clocks and their timing
relationships are shown in Figure 4. The video output and
scan buffer output, SB,, are also shown in Figure 4.

The scan buffer output provides two marker bits; the first
pulse coincides with the first video element, and the second
with the last video element. The scan buffer output is
obtained by differencing SB, and SB, through a differential
amplifier. The circuit shown in Figure 6 will provide the
required interface between the device’s scan buffer output
and its peripheral TTL circuit. Use of the scan buffer at
higher speeds is not recommended. It may be defeated
by applying OV to & .

The transfer pulse should swing between -3 and +5V and
must have a width greater than 0.2 usec. In order to
transfer the charge from the photodiodes into the CCD
register, the @, clock must remain high during the blanking
and transfer interval (see Figure 4). The odd and even video
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outputs are also shown in Figure 4. The odd and even
output reset clocks, @, and g, are derived from the same
sources as @, and @, and are nominally synchronous with
them. Figure 10 shows the schematic of a typical voltage
drive circuit for the D Series.

Antiblooming and line reset operation may be accomplished
by applying a small positive voltage to the antiblooming
gate, V. Theactual bias values vary fromdevice to device.
Antiblooming requires a DC bias of typically 1 - 3V. Line reset
requires V, to be clocked to typically 2.5 - 4.5V for ap-
proximately 1 us. Using line reset may significantly increase
nonuniformity.

Figure 9 shows typical video output waveforms as
measured across a 3KQ load resistor. Relative timing is
indicated inrelationtog, and g, clocks. Therise andfalltimes
indicated are relative since they are affected by capacitive
loading, including oscilloscope probe capacitance.

A high speed amplifier output circuit such as shown in
Figure 5 is not required but is recommended to reduce the
loading effects of external circuit capacitance. This will
result in video rise and fall times of 50 ns or less.

Performance

Spectral response of D Series devices covers the range
from UV to the near IR. A ground and polished glass
window is provided on the STANDARD-D, VALUE-D, and
FAST-D devices. A quartz window is provided on
LOLIGHT-D devices. Relative spectral response is shown as
a function of wavelength in Figure 7.

Since most applications for these devices (OCR, machine
vision, etc.) use visible light, the responsivity and uniformity
of response are specified using a light source with the
spectral distribution shown by the dotted line in Figure 7.
This spectral distribution is produced by filtering a 2870°K
tungsten source with a Fish-Schurman HA-11 heat absorb-
ing 1 mm thick filter.

Transfer characteristics showing the noise level and satura-
tion output voltage can be seen in Figure 8. Since Reticon
line scan devices operate in the charge-storage mode, the
charge output of each diode (below saturation) is propor-
tional to exposure; i.e., the irradiance or light intensity
multiplied by the integration time or the time interval between
successive transfer pulses. Thus, there is a trade-off be-
tween scanning speed and required light intensity. Light
intensity in watts needed to saturate a pixel at a particular
integration time can be obtained by dividing saturation
exposure by integration time. Thus, longer integration times
may be used to detect lower light levels. However, this
approach is ultimately limited by dark leakage current
which is integrated along with the photocurrent. At room
temperature, dark current will typically contribute less than
0.1% of a saturated signal for an integration time of 5 msec.

Drive Circuit

The circuit shown in Figure 10 will interface a TTL level
control circuit to D Series CCPD devices. It will ensure that
the o, and &, clock transitions cross at or above the
midpoint; i.e., 50% clock crossing or higher. The supply
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Figure 8. Typical Transfer Characteristics

voltages tothe @, and @, clock drivers, devices 3 and 4, are
as follows: V=0V orground and V= +12V.

The clock drivers, devices 1A and 1B, will provide voltage
swings consistent with those given in the specification table.
The supply voltages to device 1A are V, = +5V, pin 6 and
Vs =-4V. The supply voltages to device 2A are V,, =+12V,
pin 6, and V= +5V. (Note: Both supply pins are positive to
keep the minimum swing to +5V.)

Evaluation Board

A complete evaluation circuit board (RC0730LNN) is avail-
able for the D Series and is recommended for first-time
evaluation. The board contains all required logic and drive
circuitry and has buffered outputs capable of operating at
data rates up to 20 MHz.
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Table 1. Array Bias and Clock Level Requirements

Symbol Parameter Min Typ Max Units
Vo Reset drain bias +11 +12 +13 v
Voo Output drain bias +11 +12 +13 \'
Vi Input bias +11 +12 +13 \
Ve Antiblooming drain +11 +12 +13 v
Vi Antiblooming gate

Disabled -1 0 +1 v

Antiblooming active +1 +1.7 +2.5 v

Line reset active +2.5 +3.5 +4.5 v
Ve Substrate bias -6 -5 -4 \Y
2,9, CCD transport clock

High +11 +12 +13 v

Low -1 0 +1 \'
2, Transfer clock

High +4 +5 +6 v

Low -4 -3 -2 \Y
Oy Transfer clock scan buffer

High +11 +12 +13 Vv

Low +4 +5 +6 \'
Veeo Receiving gate -1 0 +1 v
Ve DC input scanning +11 +12 +13 v

“Min and Max values shown represent the allowable tolerance to maintain normal
operation and are not absolute min and max values”.

Table 2. Absolute Maximum Ratings
(Above Which Useful Life May Be Impaired)

-25°C to 85°C

Storage temperature

Operating temperature

Voltage on any pin with
respect to substrate

-25°C to 55°C

-0.3Vto 22V

Table 3. Linear D Series Array Capacitance Values '

Typical Capacitance (pF)

Pin No. Symbol RL2048D RL1024D RLO512D RL0256D
1,20 o, 280 135 80 40
3,18 o, 280 135 80 40

4 -7 25 13 8 6
7,16 SB., SB, 5 4 4 3
9,14 VID,, VID, 5 4 4 3
10 R 14 14 14 14
22 a, 65 31 18 12
Notes:

'+ Measured with respect to device substrate (pin 6) with a DC. bias voltage of +12V
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Table 4. Array Performance Characteristics

CONDITIONS: (unless otherwise specified)

T,=25°C,f,, =400 KHz,t =10 ms, R_(at video output) = 3KQ, V,, = 2V, Light Source = 2870°K + Fish Schurman HA-11,
1 mm filter. All other operating voltages are nominal, as specified in Array Electrical Characteristics

First and last pixels of each video output are ignored

Symbol Parameter Min Typ Max Units
DR, Dynamic range '
Standard-D, LoLight-D 2600:1 - -
Value-D, Fast-D 2000:1 - -
DR, Dynamic range '
Standard-D, LoLight-D - 13000:1 - -
Value-D, Fast-D - 10000:1 - -
Ey P-to-P noise equivalent exposure - .18 - nj/cm?
LoLight-D .09 nj/cm?
Egar Saturation exposure .30 47 .63 pjlcm?
LoLight-D 15 .24 .32 uj/cmz
R Responsivity 2.0 2.7 3.3 V/pj/em?
LoLight-D 4.0 54 6.6 V/uj/em?
PRNU Photoresponse nonuniformity ¢
0256 | 2 - 3 8 1%
0512 | 2 - 3 8 +%
1024 | - 3 10 %
2048 | 2 - 5 12 %
Ve, Average dark signal 3¢ - .03 .25 %
Vim Maximum dark signal ¢ - .06 5 %
Vour Saturation output voltage 0.8 1.3 1.6 \
P DC Power dissipation 5 - 126 - mwW
[\ Peak-to-peak noise - 0.5 - mv
Vien Output DC reset level® - 7.0 - v
Voo Output DC dark level® - 6.7 - \
Z, Output impedance® - 2 - kQ
Ve Video output balance® - 30 80 mV
Output DC drift © - 10 - mV/°C
f e Maximum guaranteed video data rate”
Value-D 10 - - MHz
Standard-D and LoLight-D 20 - - MHz
Fast-D 30 - - MHz
Notes:

' Dynamic range is defined as V,/N, ., RMS noise is approximately N, ./5

¢ Measured at an exposure level of approximately V,,./2. PRNU is defined as 100*[(V .-V,
output of highest pixel (foward V). V.
average of all the pixels in the video line

®  Measured at ambient temperatures Ta = 25°C, t,, = 2.5 ms. Defined as 100* (V,/V_,) where V, is the numerical
average of the output of all pixels in dark and V_,is the numerical average of all pixels in saturation.

¢ Measured at ambient temperature T, = 25°C, t = 2.5 ms. Defined as 100* (V_/V,,) where V,_ is the pixel with
the maximum output of all pixels in dark and V_, is the numerical average of all of pixels in saturation

5 Measured with device in the dark

6 Measured with output current of 2 mA

7 f,..is defined as 2 times f_ where f__, is the frequency of the g, or &, clock. The minimum frequency is
limited by increases in dark signal.

¢ Dark signal approximately doubles for each 7-10°C increase in temperature

¢ Defined as the difference in dc dark level output (D,) between the two video outputs

i) Vo Where V_is
is output of lowest pixel (towards dark) and V,_is the numerical




D Series Linear Family

Package Dimensions RLO256D
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L
oA m for
senshgRed] e T oarture | 0-390 0.010
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Package Dimensions RL1024D
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Figure 11. Package Dimensions
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Figure 11. Package Dimensions (cont'd)

Package Dimensions RL2048D

/ Pixel 1

? .038" .010" from Top of Window
350 010 Top of Image Sensor Die

13 m (26 m for wide
T aperture device)

1048"
——m e o (004D

Sensing Area

Pin No. 1 Quartz or Glass
1.600 0.016 0.020
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038 0.008 , — 0.020 0.002

} 010 t T y 1

—f_- 0.020

.185 Typ 0002

+

0.400 0.010
—| |« 0.100 0.008 (At Standoff)

fe—— 10 Equal Spaces @ .100 = 1.00

Ordering Information

Standard-D Value-D Fast-D LoLight-D Evaluation Board
RL0256DAG-011 RL0256DAG-020 RL0O256DAG-021 RL0256DKQ-011 RCO0730LNN-011
RL0512DAG-011 RLO512DAG-020 RLO512DAG-021 RLO512DKQ-011 RCO730LNN-011
RL1024DAG-011 RL1024DAG-020 RL1024DAG-021 RL1024DKQ-011 RCO0730LNN-011
RL2048DAG-011 RL2048DAG-020 N/A RL2048DKQ-011 RC0730LNN-011

The quartz window supplied standard on LoLight-D devices is available as an option for all D Series devices.
For options, consult EG&G Reticon.
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D Series Tapped
High Speed Charge-Coupled

Photodiode Array

Introduction RL 1282D
EG&G Reticon’s RL1282D, RL1284D and RL1288D are ultra- a 53] &
high-speed, self-scanned charge-coupled linear arrays with a’ — N’C
video output taps every 128 diodes. The RL1282D has two o 2 )
sections and a resolution of 256, the RL1284D has four v RE - :
sections and a resolution of 512, and the RL1288D has eight IGE VRO
sections with 1024 resolution. VD, 8l Vieo

Vsup [7] VIDg

Applications for these arrays include optical character
recognition, high-speed document scanning, pattern
recognition, noncontact measurement, or any process
requiring a high-speed linear array.

Key Features

256, 512 or 1024 elements

18 um x 18 um picture elements

Low power requirements

+15 and -5V supplies

On-chip preamplifier

Wide dynamic range

Low noise equivalent exposure

Video sampling rates up to 15 MHz per output channel
Effective data rates to 240 MHz

4.2 ps line scan time

Wide spectral response, near UV to near IR
Antiblooming circuitry

Line reset feature

Functional Description

The RL1282D, RL1284D, and RL1288D have 256, 512 and
1024 contiguous diodes respectively, divided into sections of
128 pixels. Each block of 128 pixels has two shift registers
for readout, one for odd-numbered pixels within a section
(odd video channel), the other for even-numbered pixels
within a section (even video channel). The RL1282D,
RL1284D, and RL1288D have, respectively, 4, 8, and 16
CCD analog shift registers and the same number of video
output lines. Each video output has a preamplifier and can
obtain pixel rates up to 15 MHz. Pin configurations are
shown in Figure 1. Figure 2 is a simplified schematic
diagram.

The sensing elements consist of a row of diffused p-n
junction photodiodes spaced on 18 um centers and
interdigitated into a sensing aperture 18 um wide. Figure 3
gives the aperture response function and sensor geometry
where a = 11 pm photodiode diffusion width, b = 18 um
center-to-center spacing, and ¢ = 18 um aperture width. Light
incident on the sensing aperture generates photocurrent
which is integrated and stored as a charge on the
capacitance of each of the photodiodes. If the charge
accumulated on any diode exceeds a saturation value, the
antiblooming gates @ag turn on, shunting the excess to the
reset drain VRp (see Figure 2) thus reducing blooming
effects.

Vrp 5] Vra
[f4] Common
i3] NC
2] %

o; [14]
NG [i8] [i8] NC Voo
NC @ [17] NC

RL 1284D RL 1288D
NC [T [32] NC
NC 2] NC
o, [3] 130] 24 %re 3] mnn]
o, (2] [25] 2 Viae U l]
%pe [5] 28] %Ro VD, D I:I
2,e [6] Vico VD
Vviog [7] [26] VID, viD,, D I:I
VIDg [E] 25] Vsus VID,, D I]
VvID, =] [24] VIDg VIDs
vID, [15] 23] VID, VIDg [l I]
VIDgp [ 22] VID, VID, H [l
Vog [2 21 Vaa VID,
Vop [13] [20] Common VRp |:| |:|
Il

Figure 1. Pinout Configurations

At the end of each integration-period, the charges on all the
diodes are simultaneously switched through transfer gates,
27, into CCD analog shift registers for readout. The
photodiodes of each 128 element section are divided, with
the 64 odd diodes switched into one register and the 64 even
diodes into the other. Immediately after this parallel line
transfer, a new integration period begins.

Readout for each block is accomplished by clocking the CCD
shift registers so that the charge packets are delivered
sequentially into two on-chip charge-detection circuits (refer
to Figure 5 for timing). The registers deliver the charge
packets alternately, allowing the inactive charge detector to
be reset to a fixed level of erg or @Rrp while the opposite
detector is active. The outputs of the two detectors may then
be multiplexed off-chip to obtain a stepwise-continuous video
signal.

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

11



12

D Series Tapped

All Even Taps Between Here

2y 9, L ———— %2
O ~ Voo
Vre J_J........,_ s :g Jl_l_ - ]... - Vog
Vige <_T_| CCD Analog S mﬁ‘og’W‘ '_| CCD Analog SH Fogitor '_
ot i« el o
N Ve
WY H v H Y H °r
T 1 b T T T %8
el SR anlis | H " HY e vV
rDJ #1024, e LTPT) . [ _L-DOJ RD
g o] T pon £ oo | " o o g Do o oy
- e el e L
T T T " T T T
Hn 01, 5 H
\ iy k A om0
L =N
i |
VRa [ i l W
T i LF
9 22 TapN-i Tap 1

Figure 2. Schematic Diagram
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All Odd Taps Between Here

Operation

The D Series Tapped arrays require two clock phases, 214
and @5, a transfer gate pulse, o1, and several bias inputs (all
voltage references are to common or ground level). The g4
and @, clock waveforms should swing between 0 and +15V.
The two-phase clock waveforms are depicted in Figure 4 with
waveforms crossing at the 60% amplitude level. The clock
crossings must occur at or above 60% (see Figure 4). The
o1 and @ clock crossings must occur at or above 60% (see
Figure 4). Likewise, the @1/6Rrp and @o/@RE clock crossings
must occur at or below 50% for maximum performance. For
high-speed operation, the rise and fall should be less than 30
nanoseconds, with no over- or under-shooting on the clock
edges.

The transfer pulse, @, should swing between -3 and +5V and
have a width greater than 0.5 usec. In order to transfer the
charge from the photodiodes into the CCD register, the o4
clock must remain high during the blanking and transfer
interval, as shown in Figure §. This same figure also shows
oRE, the even reset clock, and its relationship to g1 and o2
clocks, as well as the odd and even video outputs. The
output reset clock, ro, can be derived from @2 and the even
reset clock, @Rg, can be derived from @4, provided the clock
crossing requirements described above are met.

A bias charge level is required in.the CCD registers to obtain
operation. This charge is supplied by biasing the Vg and
Vigo inputs to the registers with a positive voltage which is
nominally set at 8.5V. Also, in order to balance the dc output
levels of the two registers, one input level can be adjusted
relative to the other. Resistive dividers (potentiometers) may
be used since very little current is required.
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Figure 6. High-speed Video Output Buffer

The optimum output gate bias voltage, Vog, is between 4V
and 8.5V and varies from device to device. Since the output
gate draws negligible current, it may be biased using a simple
resistive voltage divider.

The substrate, Vgyp, is held at -5V, the common reference
and the antiblooming gate, oap (if not used), are at ground,
and the output amplifier drain, Vpp, is at +15V. The VRg
gate is used for test purposes at the factory and is normally
set at +10V during operation.

The reset drain, VRp, normally is set to 2.5V below Vpp (see
Table 3). In some applications, it may be desirable to define
an integration period shorter than the readout time. This may
be accomplished by resetting the diodes with the
antiblooming gate. At the desired reset time, o ap is pulsed to
+3.5V nominal (2.5 - 4.5V) for at least one pusec and then
back to ground. The integration period is then the time
between the trailing edge of the ez pulse and the trailing
edge of the next a1 pulse. At low voltages (typically 2-3V),
oap drains off saturation charges. This can be used to
eliminate blooming effects. With the output at saturation, gag
is increased from ground until the output voltage begins to
decrease. At this point, charge in excess of saturation is
shunted to VRp.

A suitable high-speed video output circuit is shown in Figure
6. This circuit is preferable to a 3KQ load resistor because it
reduces the current demand while maintaining speed
capabilities.

Performance

Spectral response of the D Series Tapped arrays is similar to
that of other high-quality silicon photodetectors, covering the

- Array
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Figure 7. Relative Spectral Response as a Function of
Wavelength

range from near UV to near IR. A quartz window is standard.
Relative spectral response is shown as a function of
wavelength in Figure 7.

As most applications for these devices (OCR, machine vision,
etc.) use visible light, the responsivity and uniformity of
response are specified using a source with the spectral
distribution shown by the dotted line in Figure 7. This
spectral distribution is produced by filtering a 2870°K
tungsten source with a Fish-Schurman HA-11 heat-absorbing
1 mm thick filter.

Transfer characteristics showing the saturation output voltage
can be seen in Figure 8. Since Reticon line scanners operate
in the charge-storage mode, the charge output of each diode
(below saturation) is proportional to exposure, i.e., the
irradiance or light intensity multiplied by the integration time
or the time interval between successive transfer pulses.

There is a trade-off between scanning speed and the
required light intensity. Light intensity (waits), needed to
saturate a pixel at a particular integration time, can be
obtained by dividing saturation exposure by integration time.
Longer integration times may be used to detect lower light
levels. However, this approach is ultimately limited by dark
leakage current which is integrated along with the
photocurrent.

Video Output waveforms shown in Figure 5 typify video
output performance as measured across a 3K load resistor.
The rise and fall times are relative since they are affected by
capacitive loading, including oscilloscope probe capacitance.
For data rates greater than 3 MHz, an output circuit such as
Figure 6 is recommended and video rise and fall times of 50
ns or less are typical.

Circuits

A complete evaluation circuit board is available for the D
Series Tapped arrays (RL1284 and RL1288, only) and is
recommended for first-time evaluation. The RC0716 Board
contains all required drive circuitry and has buffered outputs
capable of speeds to 10 MHz/tap.
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Table 3. Drive and Voltage Requirements 1

T

H10

Table 1. Absolute Maximum Ratings
(Above Which Useful Life May be Impaired)

Storage temperature

Operating temperature

Voltage on any pin with
respect to substrate

-25°C to 100°C
-25°C to 55°C
-0.3V to 22V

Table 2. Typical Clock Capacitance *

Clock Capacitance (pF)
RL1282 RL1284 RL1288

21 65 137 186
-7 64 143 183
22 65 155 187
21 65 120 194
oT 19 42 56
2RO 7 11 18
IAB 19 19 19
PRE 9 13 19

*

Sym Parameter Min Typ Max Units
VRD Reset drain bias 2 115 12,5 13 \'%
Vbbp Output drain bias 145 1.5 15.5 \
Vog Output gate bias 3 4.0 6.5 8.5 v
Vig Input gate bias 4 6 7.8 9 Y
oAB Antiblooming gate 5 - 0 - v
Vsus Substrate bias -5.25 -5 -4.75 \
21, @2 CCD transport clocks  High 14.5 15 15.5 \"
Low -0.3 0 +0.5 \
oT Transfer clock High 5 7 15 \
Low -5 -3 -2 \"
2RE, 8RO Reset - High 14.5 15 15.5 \
2RE, PRO Clocks - Low -0.3 0 +0.5 \
VRG Receive gate 9.5 10 10.5 \
folock Video sampling rate & - 15 MHz
Notes:

1

2
3
4

o,

All voltage referenced to COMMON. Use typical values for best performance.
Optimum device performance is achieved when Vgp is set to 2.5V below Vpp.

The optimum bias level for Vg varies from device to device.
The odd and even input gate biases may be adjusted differentially to achieve an odd/even balance

in the video output.

See text.

Maximum effective array data rate is as follows (15 MHz per video output); RL1282D = 60 MHz;
RL1284D = 120 MHz; RL1288D = 240 MHz.

Measured with 10V applied to the terminal

15
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Table 4. Array Performance Characteristics (@ 200 kHz, 25°C)
(Use Typical Voltages shown in Table 3)

Sym Parameter Min Typ Max Units
DRFPN Dynamic range FPN 1.6 240 1500 -
DRTN Dynamic range thermal noise 2 1200 7500
ENE Peak-to-peak noise equivalent exposure 3 - .0004 uj/em2
ESAT Saturation exposure 3 0.45 0.7 pj/cm2
Spectral response range limits - 0.2-1.1 - um
R Responsivity 3.4 2.0 2.4 - V per pj/cm?
Photoresponse nonuniformity:
Individual output 3.5:8 5 10 %
Match across array 3.5.7.9 7 15 %
VDark Average dark signal & - 0.5 4 mv
FPN Fixed pattern noise 6 - 1 5 mv
Vgat Saturation output voltage 1.2 15 - \'
P Power dissipation DC 4 - 600 - mw
Ro Output impedance - 1500 - Q
Npp Peak-to-peak noise 2 1 5 mV
Dark level DC mismatch 150 400 mV
(output to output)
Dark level 7 8.0 Y
CTE Charge transfer efficiency .99995
Notes:
1

2
3
4
5
6

o N

Dynamic range defined as Vgay/p-p fixed pattern noise
Dynamic range defined as Vga¢/single pixel rms thermal noise; rms noise is defined as 1/5 of p-p noise
Measured using 2870°K light source of Figure 7. Filtered with Fish-Schurman HA-11 heat absorbing filter
3KQ load resistors and Vpp = 14.5V
Measured with uniform illumination at approximately 50% of saturation
At 20°C with 1 msec integration time. Dark signal and dark signal nonuniformity are proportional to integration time, and
approximately double for every 7°C increase in temperature
See Figure 6 for output schematic
Calculated as: + % NU = (Max Diode - Avg./Avg.) x 100
- % NU = (Avg. - Min. Diode/Avg.} x 100
Calculated as: X - Y/X where X and Y are the average outputs of any two taps of the array, and X is the output of greater amplitude,
output is defined as the difference between the diode dark level and the diode level in the light.
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Packaging Dimensions RL1282D

4.608 mm >

Pixel 1
//
) V Sensing Area. % 318 um
0.390 £ 0.010
(] l 038" .010" From top of window
______ —— to top of image sensor die.
PinNo. 1
e 1.080£ 0011 ———————]
Quartz
.090 £.009
025 +.0025
l 025 +.0025
0.020 £ 0.002 _—.____¢
e T T "
T T iy
! 'y
t
.298 t.OAO Ref
| |« o100:0008 «—— 400 Ref 4.‘
10 Equal Spaces @ .100 +.008 = 1.000 +.008
Packaging Dimensions RL1284D
i~ 9.216 mm i
32 3 18 17
| JE
.390
£.010
V Sensing Area }( % 18 um
~
° \ Pixel 1
PinNo.1 2 15 16
I 1.600 £0.016 i Quartz
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Figure 9. Package Dimensions
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Packaging Dimensions RL1288D
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Figure 9. Package Dimensions (Continued)

Ordering Information *

Part Number Evaluation Board

RL1282DAQ-111 | No Board Availabie
RL1284DAQ-111 | RCO716LNB-020
RL1288DAQ-111 | RC0716LNB-011

* Includes standard devices. For options, consult
EG&G Reticon sales offices.
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G Series
128, 256, 512, and 1024 Elements

Introduction

EG&G Reticon’s G Series solid state line scanners are opti-
mized for second-generation solid state image sensor appli-
cations. Devices in this series contain 128, 256, 512 or 1024
photodiodes on 25 pm centers (the RLO128G, RL0256G,
RLO512G, and RL1024G, respectively). Applications include
optical character recognition, pattern recognition, facsimile and
noncontact measurement.

Key Features

On-chip driver and parts of video processing circuit
Simplicity of use — single-phase TTL clock (open collector
TTL or CMOS 5V)

Several units can be directly cascaded for higher resolution
Differential output for on-chip noise cancellation

Charge storage mode operation for high sensitivity
Standard dual-inline ceramic package with optical window

General Description

The Reticon G series is a family of monolithic self-scanning
linear photodiode arrays. The devices in this series consist of a
row of silicon photodiodes, each with an associated junction
capacitance on which to integrate photocurrent and multiplex
switch for periodic readout via an integrated shift register
scanning circuit. The shift register clock driveris also integrated
so that only a single-phase TTL clock is required for scanning.
A row of dummy diodes is read out differentially with the
photodiodes to allow cancellation of multiplex switching tran-
sients, and to provide a clean video signal with a minimum of
external circuitry. The 512 and 1024 devices are designed for
low-cost facsimile applications and can easily be cascaded for
extremely high resolution by optically dividing the field of view
between two or more devices. The 128 and 256 element
devices are well suited for OCR applications. Any of these
devices may be used for noncontact measurement and in-
spection depending on the required resolution. Pinout con-
figurations are shown in Figure 1.

Equivalent Circuit

A greatly simplified equivalent circuit of a G series line scanner
is shown in Figure 2 *. Each cell consists of a photodiode and
a dummy diode, both with an associated junction capacitance.
These diodes are connected through MOS multiplex switches to
video and dummy recharge lines which are common to all the
cells. The switches are sequentially closed for one clock period
by the shift register scanning circuit, thereby recharging each
cell to 5V and storing a charge of approximately 3 pC on its
capacitance. The scanning circuit is driven by a single-phase
TTL clock with a periodic TTL start pulse introduced to initiate
each scan. The cell-to-cell sampling rate is the clock frequency,
and the total time between line scans is the interval between
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Figure 1. Pinout Configurations

start pulses. During this line time, the charge stored on each
photodiode is gradually removed by photocurrent. The pho-
tocurrent is the product of the diode sensitivity and the light
intensity or irradiance. The total charge removed from each cell
is the product of the photocurrent and the line time. This charge
must be replaced through the video line when the diode is
sampled and reset once each scan.

* In the schematic diagram of Figure 2, the block labeled “shift
register scanning circuit” consists of two two-phase dynamic
shift registers and a drive circuit which generates four clock
phases and two properly timed start pulses to load the two
registers. The individual cells are actually interdigitated with the
odd elements being sampled by one register, and the even
numbered cells by the other register.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979
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The part number (RL0128G, etc) indicates the number of diodes
in the various devices. The diodes are on 25 um centers in all
cases. The devices are packagedin 16, 18, or 22-pin dual-inline
integrated circuit packages with ground and polished optical
windows.

In addition to the signal charge, switching transients are capaci-
tively coupled into the video line by multiplex switches. Similar
transients are introduced into the dummy line and, therefore,
they can be reduced and a cleaner signal recovered by reading
out the video and dummy lines differentially.

In many applications, the recharge gate is biased to the negative
supply potential and an output signal is obtained simply by
differentially amplifying the recharge pulses on the video and
dummy recharge lines. However, internal buffer amplifiers are
also provided which may be used as part of a sample-and-hold
video output circuit.

Sensor Geometry

In G line scanners the light-sensing area is a long, narrow
rectangular region defined by an aperture in an opaque mask.
Bar-shaped photodiodes extend across the aperture and are
connected to the multiplex switches buried underthe mask. The
entire aperture is photosensitive. Photocurrent generated by
light incident between photodiodes will be collected by the
nearest diode. Figure 3 shows the aperture geometry along with
an idealized response function which would be obtained by
scanning a point source of visible light along the length of the
aperture.

The dimensions a, b and cindicated in Figure 3 are as follows:
the photodiode width a is 15 um, the center-to-center spacing
bis 25 um, and the aperture width ¢ is 26 pm.

Sensitivity and Spectral Response

The spectral response of the G series devices is similar to that
of other high-quality silicon photodetectors, covering the range
from the near UV to the near IR. A glass window is standard;
however, an optional quartz window is available. Relative
spectral response is shown as a function of wavelength in Figure
4. Note that relatively high sensitivity is maintained even in the
blue end of the spectrum because there is no interfering
structure covering the diode. As most applications for these
devices (OCR, fax, etc.) utilize visible light, the sensitivity and
uniformity of response are specified using a source with the
spectral distribution shown by the dotted line in Figure 4. This
spectral distribution is produced by filtering a 2870°K tungsten
source with a Fish-Schurman HA-11 heat absorbing filter 1 mm
thick.

Since Reticon line scanners operate in the charge storage
mode, the charge output of each diode (below saturation) is
proportional to exposure, i.e., the irradiance or light intensity
muiltiplied by the integration time or the time interval between
successive start pulses. Thus, there is an obvious trade-off
between scanning speed and the required light intensity. A plot
of charge output versus exposure is shown in Figure 5 for the
light source of Figure 4.

Clock —O End of Scan
:I Shift Register Scanning Circuit b———o NEG Supply
Start rl—o Dummy Buffer
Buffer Supply

Dummy Diodes Cv_[
eo 00 T
Dummy Recharge
Video Recharge
Cvl Recharge Gate
eo e
Photodiodes T

l.Lo Video Buffer
\———————0 Pos Supply
0 Ground

Figure 2. Simplified Equivalent Circuit
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Figure 5. Signal Charge per Cell as a Function of Exposure
(Light Intensity x Line Scan Time)

Uniformity of response along the length of a photodiode array
is a function of wavelength. Devices tend to be less uniform at
long wavelengths (IR) and more uniform at short wavelengths
(visible). The nonuniformity specifications of the G series are
based on the light source of Figure 4.

Dark Response and Dynamic Range

There are three components to the dark output signal from a
Reticon line scanner: (1) the integrated dark leakage current,
(2) the fixed pattern noise caused by incomplete canceliation of
clock switching transients which are capacitively coupled into
the video line, and (3) the random pixel noise.

The dark leakage current will vary from element to element but
is typically less than 2 pA at room temperature. Assuming this

value, leakage current would contribute an output charge of2pC
witha 1 secline time or .08 pC with a40 ms line time. Thus, since
the saturation charge is typically 4 pC, dark current will contrib-
ute about 2% of the saturated output signal for t| =40 ms, 0.2%
fort; =4 ms, andsoon. Thedark currentis avery strong function
of temperature, approximately doubling for every 7°C increase
of photodiode temperature. Thus, the maximum allowable line
time becomes correspondingly shorter at high temperatures,
and longer at low temperatures. An important feature of the G
device design is low power dissipation which means that self-
heating is negligible. Dark current does not become a limiting
factor in the dynamic range unless very long integration times or
highly elevated temperatures are used.

The switching noise appears as a fixed pattern which is spatially
random except thatitmay have aslight 1, 2, 3, 4 patternbecause
alternate diodes are sampled on different phases of an inter-
nally-generated, four-phase clock. Fixed pattern noise is largely
removed by differential readout; its residual amplitude will
typically be 1% of the saturation level.

Pixel noise is the random, nonrepetitive fluctuations which are
superimposed on the dark level and is the ultimate limiting noise
which cannot be removed by signal processing. Its rms value
will generally be ampilifier limited at a value less than about 0.1%
of the saturation level, depending on the noise bandwidth and
preamplifier used.

The dynamic range that can be achieved depends on circuit
complexity and layout techniques. Care must be exercised in
circuit layout to provide for adequate ground plane, circuit
decoupling, and avoidance of electrostatic pickup.

+5V +5V
FClk 100K
req.
Ad. 47K » Clock
560pF 200pF
‘——H ‘—I
1 2 15 14
_Ei Q 6 11 —» Start
= 1/2 1/2
5| 9602 o %602 | W5V
[(— | {—
510
2 qf 2 9| 2 A
C PE C PE ; , [} PE oK
TcHe 19 et e O lcer Tcl2 A MPS-6515
9316 9316 9316
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Figure 6. Clock and Counter Circuit Suitable for Generating TTL Clock and Start Pulses. The number of clock periods
between start pulses may be set at any value up to 4096 by setting the switches
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Drive Requirements

Two power supplies to the array are required—nominally +5 and
-10V. Theclock and starttiming signals may be at TTL level, and
may be supplied from other parts of the system or generated by
using a simple circuit such as that shown in Figure 6. In this
circuit, the start pulse is obtained by counting clock pulses. By
setting the appropriate switches, the number of clock periods, n,
between start pulses may be set at any desired value greater
than or equal to N, the number of elements in the array.
However, the total time between start pulsest) = n/fg should not
exceed approximately 40 ms (at room temperature) to prevent
integrated dark current from making a significant contribution to
the output charge.

A timing diagram showing the relationship between the clock
and stant pulses and the video and end-of-line outputs is shown
in Figure 7.

Signal Extraction

The video output of the G devices is a train of N charge pulses
flowing onto the video recharge line and dummy recharge line
capacitances during each scan, with timing as shown in Figure
7. The pulses on the dummy line contain switching transients
only; those onthe video line contain switching transients plus the
video signal. An output circuit is required which is capable of
differentially amplifying these pulses to a useable voltage level.
Two types of amplifier circuits are in common use: (1) a simple
differential current amplifier, and (2) a video line integration,
sample-and-hold circuit. The former has a pulse output while
the latter has a boxcar output waveform.

Current Amplifier

A simple differential current amplifier circuit is shown in Figure
8. The same circuit can be used on all G series devices. In this
mode of operation, the recharge gate is biased ON by connect-
ing it to the negative supply and the signal is obtained through
the video dummy and recharge lines. The unused buffer
amplifiers are biased OFF by connecting all pins to the positive
supply. An example of the video output of the circuit of Figure
8 is shown in the oscilloscope photograph of Figure 9.

Integrate, Sample-and-Hold Amplifier

A simple buffer mode operation circuit and its associated timing
diagram are shown in Figure 10a and 10b. This alternative
signal processing scheme makes use of the internal buffer
amplifiers and recharge switches. Immediately after the multi-
plex switch is closed to sample a diode, the voltage change on
the video line is sensed through the buffer amplifier, and
sampled and held. The recharge gate is then pulsed negative
to reset the video line before the next diode is sampled. The
result is a sampled-and-held boxcar video signal such as that
shown in Figure 11.

End-of-Scan

An output pulse is provided when the next-to-last element is
sampled by the shift register scanning circuit. This end-of-scan
output is provided primarily for test purposes. When not in use,
it should be connected to the positive supply to avoid introduc-
tion of unwanted “glitches” into the video. In some applications,
however, it may be desirable to use the end-of-scan output. In
these cases, it is recommended that the voltage excursion on
the end-of-scan terminal be minimized by using a circuit such as
that shown in Figure 12. This figure shows a common appli-
cation in which the end-of-scan output of one array is used to
generate the start pulse for a second array. The timing is such
that the last element of the first array and the first element of the
second array are sampled on successive clock pulses.

Circuit Cards

Printed circuit cards containing all required drive and amplifier
circuitry for operating G series self-scanning photodiode arrays
are available from Reticon. These circuits are highly recom-
mended for first-time array evaluation. In many cases they are
also useful for design into final equipment.

Two families of circuit cards are available, corresponding to the
two amplifier configurations described earlier. Both circuits are
complete except for power supplies and have the flexibility to
operate over a wide range of scan rates and integration times.

RCO0300 Series. These boards incorporate the clock and
counter circuit of Figure 6 and the amplifier circuit of Figure 8.
They provide a pulse type output such as that shown in Figure
9 and give good performance at lowest cost. The boards are 3
inches square and have mounting holes in each corner on 2.6-
inch centers.

RC0100 Series. These circuits provide an integrated, sampled-
and-held boxcar output such as that shown in Figure 11. They
are recommended for high-performance applications which
require this type of output waveform. Each circuit is divided into
two boards—a standard “motherboard”, which contains most of
the circuitry, and a small “array board”, which contains only
those components which must be located close tothe array. The
array board may be plugged directly into the motherboard or can
be extended up to 30 inches away via an optional ribbon cable.

The motherboard (RCO100LNB) is 4.5 x 6.4 inches in size and
is terminated by a standard 22-pin edge connector. The array
boards (RC0104L) are 3 inches square and have mounting
holes in each corner on 2.6-inch centers. A differentarrayboard
is required for each array type.
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Figure 11. Oscilloscope Photograph Showing Video Output
of Integrate, Sample-and-Hold Amplifier
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Figure 12. End-of-Scan Output Circuit Suitable for Gener-
ating Start Pulse for a Second Array
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Table 1. Electrical Characteristics (25°C)

Min Typ Max Units

Positive supply voltage Vp 1 +4.5 +5 | +55 | V
Negative supply voltage V, -10.5 -10 -9.5 \Y
Clock voltage low Vg -10.5 0 +1 \
Clock voltage high Vo Vp-1 +5 Vp v
Start voltage low Vg -10.5 0 +1 \'
Start voltage high Vg Vp-1 +5 Vp Vv
Recharge gate voltage low Vg_ -10.5 -10 -9.5 "
Recharge gate voltage high VR Vp-1 +5 Vp \"
Clock pulse width 0.2 - - us
Start pulse width See Figure 7
Clock frequency f¢ - - 1 MHz
Integration time t; 3 - - 40 | ms
Clock input capacitance Cg 2 - 4 - | pF
Start input capacitance Cg 2 - 4 - pF
Video line capacitance Cy

RLO128G - 8 - pF

RL0256G - 12 - pF

RLO512G - 20 - | pF

RL1024G - 30 - pF
End-of-scan output resistance - 5 - KQ
DC power dissipation - 45 - mwW

Test Conditions:

A. Typical supply parameters used

B. Light source of Figure 4
C. Clock frequency = 500 kHz
D. RCO100L series circuit used

?lotes:

No terminal should ever be allowed to go more positive than Vp

2 Measured with nominal power supply voltages

3 Integration time can be longer if the array is cooled and/or if the application
can tolerate a larger percentage of dark signal

4 Mostly due to use of on-chip buffers. When recharge mode is used (buffers

biased off), power dissipation is on the order of 1 mW

Table 2. Electro-Optical Characteristics (25°C)

Min | Typ Max Units

Diode center-to-center spacing - 25 - m
Diode aperture width - 26 - pum
Photodiode sensitivity 1 - 25 - pC/udicm?2
Nonuniformity of sensitivity 1

RL0O128G - 7 10 +%

RL0256G - 7 10 1%

RL0O512G - 9 11 1%

RL1024G - 12 14 1%
Saturation exposure 1 - 1.8 - w/em?2
Saturation charge - 4 - pC

Note:

1 Measured using light source of Figure 4 neglecting first 2 and last 2 diodes

Absolute Maximum Ratings

Min Max | Units
Voltage on any terminal Vp-20 Vp Vv
Storage temperature -55 | +125 °C
Temperature under bias -55 +85 °C
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Package Dimensions RL0128G
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Figure 13. Package Dimensions
Ordering Information *
Current Evaluation Circuit Integrate,
Ordering No. Amplifier S/H Amplifier
RLO128GAG-011 RCO301LNN RC0100LNB-011/RCO104L.NN-011
RLO256GAG-011 RCO0301LNN RCO0100LNB-011/RC0O104LNN-011
RLO512GAG-011 RCO302LNN RCO0100LNB-011/RCO105LNN-011
RL1024GAG-011 RCO303LNN RCO100LNB-011/RC0O106LNN-011

* Includes standard devices. For options, consult your local sales offices.
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H Series

Solid State Line Scanners
1024, 1728 and 2048 Elements

The Reticon H Series devices are high-resolution solid state
image sensors designed specifically for facsimile and related
applications. These monolithic silicon integrated circuits con-
tain a row of 1024, 1728 or 2048 photodiodes on 15 um centers,
together with shift register scanning circuits for sequential
readout. The RL1728H and RL2048H allow high-resolution
facsimile using only a single device to read a full 8.5-inch page
width. The RL1024H may be used for lower resolution require-
ments.

Key Features:

High resolution—up to 2048 elements on 15 um centers
Internal scanning for serial video output

Differential output to reduce fixed-pattern noise

Charge storage mode operation for high sensitivity
Requires only simple external circuitry using standard com-
ponents

e Standard dual-inline package with optical window

General Description

The Reticon H series is a family of monolithic self-scanning
linear photodiode arrays. The devices in this series consist of a
row of silicon photodiodes, each with an associated junction
capacitance and muitiplex switch for periodic readout via an
integrated shift register scanning circuit. The part number of
each device indicates the number of elements in the array (e.g.,
1024 or 1728). H series devices have elements on 15 um (0.59
mil) centers. The sensing area is defined by an aperture which
is 16 um wide and runs the full length of the array.

The devices are packaged in 18- or 22-lead dual-inline inte-
grated circuit packages with ground and polished optical win-
dows. Pin configurations for the H devices are shown in Figure
1 and package dimensions are shown in Figure 12.

Equivalent Circuit

A simplified equivalent circuit of an H series line scanner is
shown in Figure 2. Each cell consists of a photosensor and is
connected through an MOS transistor switch to a common video
output line. The switches are turned on and off in sequence by
the shift register multiplexing circuits, thereby periodically re-
charging each cell to 5V and storing approximately 2.2 pC onits
intrinsic junction capacitance. The multiplexing circuits are
driven by six clock phases which are easily generated from a
TTL master clock which sets the cell-to-cell sampling rate.
During the line scan time, the charge on each junction capaci-
tance is gradually removed by the reverse current flowing in the
photodiode.

The reverse current is made up of two components: the
photocurrent and the dark leakage current. The photocurrent is
proportionalto the lightintensity orirradiance. Duringaline scan
time, the charge removed from each cell is the product of the
photocurrent and the line time. This charge must be replaced
through the video line when the diode is sampled once each
scan. Thus, the output signal obtained from each scan of an N
element array is a train of N charge pulses each proportional to
the light exposure on the corresponding photodiode.

Video |1* 18| Dummy Video Video | 1° 22| Dummy Video
Ground | 2 17|NC NC |2 21|NC
NC|3 16| End of Scan NC|3 - 20|NC
POS Supply | 4 z 15| POS Supply Ground | 4 g 19| End of Scan
NC[s 8 14|nC NC|5 T 18[NC
2,]6 E:' 132, POS Supply | 6 i‘ 17] POS Supply
a,|7 12|, NC|7 & 16[NC
|8 11eg a,]8 g 15)e,’
NC |9 10} Start 2,19 14]1a,
2, |10 13 2g'
NC |11 12] Start

Figure 1. Pin Configuration

r Ground

02
I} 18 — Shift Register 22 o Positive
I~ Supply

S e
Y e L

ey
4 ] B

o8 1
31 Lf Shift Register Vi j:‘, End o

Figure 2. Equivalent Circuit

The H series devices also contain a row of dark dummy diodes
which are in one-to-one correspondence with the sensing di-
odes. By sampling the sensing diodes and the dark diodes
differentially, switching transients associated with the multiplex
switches are reduced. This gives a high quality video signal with
a minimum of external circuitry.

Sensor Geometry

In the H series line scanners the light sensing area is a long,
narrow rectangular region defined by an aperture in an opaque
mask. Bar-shaped photodiodes extend across the aperture and
are connected to the multiplex switches buried under the mask.
The entire aperture is photosensitive; photocurrent generated
by lightincident between the photodiodes will be collected by the
nearest diode. Figure 3 shows the aperture geometry and an
idealized response function which would be obtained by scan-
ning a point source of visible light along the length of the
aperture.

The dimensions a, b, and cindicated in Figure 3 are as follows:
the photodiode width ais 7 um, the photodiode spacing bis 15
pum and the aperture width cis 16 um. Wide aperture H Series
devices with dimensions ¢ = 300 um are available in 1024 and
2048 elements. They are the RL1024HDQ and RL2048HDQ,
respectively.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266 FAX: (408) 738-6979
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Sensitivity and Spectral Response

The spectral response of the H series devices is similar to that
of other high quality silicon photodetectors, covering the range
from the near UV to the near IR. A glass window is standard for
arrays with a 16 um aperture while arrays with the 300 pm
aperture have a quartz window. Relative spectral response is
shown as a function of wavelength in Figure 4. Note that
relatively high responsivity is maintained even in the blue end of
the spectrum because there is no interfering structure covering
the diode. As most facsimile related applications for these
devices use visible light, sensitivity and uniformity of response
are specified using a source with the spectral distribution shown
in the dotted line of Figure 4. This spectral distribution is
produced by filtering a 2870°K tungsten source with a Fish
Schurman HA-11 heat absorbing, 1 mm thick filter.

Since Reticon line scanners operate in the charge storage
mode, the charge output of each diode (below saturation) is
proportional to exposure, i.e., the irradiance or light intensity
multiplied by the integration time or the time interval between
successive start pulses. Thus there is an obvious trade-off
between scanning speed and the required light intensity. Plots
of charge output versus exposure are shown in Figure 5 for the
light source of Figure 4 and the amplifier circuit of Figure 8.

Uniformity of response along the length of a photodiode array is
afunction of wavelength. Devices tend tobe less uniform atlong
wavelengths (IR) and more uniform at short wavelengths (vis-
ible). The nonuniformity specifications of the H series are based
on the light source of Figure 4.

Dark Response and Dynamic Range

There are three components to the dark output signal from a
Reticon H series line scanner: (1) the integrated dark leakage
current, (2) the fixed pattern caused by incomplete cancellation
of clock switching transients between the sensing and dummy
diodes, and (3) the random pixel noise.

The dark leakage current will vary significantly from element to
element but is typically 1.0 pA per diode at room temperature.
Thus, dark current will contribute about 2% of the saturated
output signal for t; = 40 msec, 0.2% for t, = 4 msec, and so on.

r
10 Array
- Spectral
008 Response
w0
c
5 L
&
806 Glass
© I Window
>
k= Response
204
o

o
)

N\,
1 Vi 1 1 1 ] 1 Sal I 1
200 300 400 500 600 700 800 900 1000 1100 1200

Wavelength (nm)

Figure 4. Relative Spectral Response as a Function of
Wavelength. Dotted Line Shows Spectral Distribution of
Light Source Used for Sensitivity Measurements. Quartz
and Glass Windows Have Similar Response Except the
Glass Window will Fall Off at Approximately 300 nm as
Shown Above.

The dark current is a very strong function of temperature,
approximately doubling every 7°C. Thus, the maximum allow-
able line time becomes correspondingly shorter at high tem-
peratures and longer at low temperatures. An important feature
of these devices is the low power dissipation, which means that
self-heating is negligible.

The switching transients are very nearly cancelled by the
differential output. Residual uncancelled transients will result in
a fixed pattern which is about 1% of the saturated output signal
for unprocessed video.

Pixel noise is the random, nonrepetitive fluctuations which are
superimposed on the dark level, and is the ultimate limiting
noise which cannot be removed by signal processing. Its rms
value willgenerally be amplifier limited at a value less than 0.1%
of the saturation level, depending on the noise bandwidth and
preamplifier used.

The dynamic range that can be achieved is circuit dependent.
Care must be exercised in circuit layout to provide for adequate
ground plane, circuit decoupling, and avoidance of electrostatic
pickup. The typical dynamic range for the RL1728H array
operating in the RC1728H/LN low noise evaluation circuit is
375:1 when measured as a ratio of the saturation output to the
peak to peak dark fixed pattern. The typical dynamic range is
3000:1 when the saturation level is compared to the rms noise
on each pixel.

Drive Requirements

Six clock phases are required to drive the H series devices and
a properly timed start pulse is required to initiate each scan.
Figure 6 shows the proper timing of the input clock and start
signals. Note that @1 and @2, and @’y and ¢’ are two pairs of
complementary square waves. The ga and og clocks are
complementary, but are not square waves. Diodes are sampled
on the negative going transitions of 8, &g, 8’2, &p, @1, 8B, 2'1-
The start pulse timing is noncritical except that it must be
negative for one positive going transition of @4 and the following
positive going transition of 2’y. The number of master clock
periods n between start pulses is arbitrary except that it must be
equal to or greater than N when N is the number of elements in
the array.
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Figure 8. Suggested Amplifier Circuit

A suitable drive circuit for the H series devices is shownin Figure
7. The start count n may be set at any value up to 4096 by
closing the appropriate set of switches on the 9316 counters.

Signal Extraction

The video output of the H series devices is a train of N charge
pulses flowing onto the video line capacitance during each scan
with timing as shown in Figure 6. Superimposed on the video
signal are periodic switching transients which are introduced by
the multiplex circuitry. Since similar transients also appear
without the signal on the dummy video line, the two outputs may
be amplified differentially to obtain a cleaner video signal. Two
types of amplifier circuits are in common use: (1) a simple
differential current amplifier; and (2) a video line integration,
sample-and-hold circuit. The former has a pulse output while
the latter has a boxcar output with greater signal to noise ratio.

Current Amplifier-Circuit Card
RC1024L and RC1728L

These circuit boards, available from Reticon, incorporate the
drive of Figure 7 and the amplifier circuit as shown in Figure 8
(using the Reticon CA10A op amp connected as a differential
amplifier). They provide a pulse type video output as shown in
the oscilloscope photograph of Figure 9.

Integrate, Sample-and-Hold Amplifier—Circuit Card
RCO100L Series

In this alternative signal processing scheme, the output charge
pulses are integrated on the video and dummy line capaci-
tances. The voltage change on these output lines is then
amplified differentially, and sampled-and-held for one master
clock period. After sampling, the output lines are reset to
integrate the next charge pulse. The result is a sampled-and-
held-boxcar video signal such as that shown in Figure 10.

The RCO100L circuit cards are recommended for high perfor-
mance applications which require this output waveform.

Circuit cards are highly recommended for first-time array evalu-
ation. In many cases they are also useful for design into final
equipment. They contain all required drive and amplification
circuitry for operation of the H arrays. These circuits, complete
except for power supplies, have the flexibility to operate over a
wide range of scan rates and integration times.

I
6
+ 12
CA10A 1
3K
— {510
1
200K :—'];

51

VVy O Eout

= 75pF

-15v

Figure 9. Oscilloscope Figure 10. Oscilloscope
Photograph showing Photograph showing
Video Output of Figure 8 Sampled-and-Held Boxcar
Video Signal

End-of-Scan Output

An end-of-scan output pulse is provided when the last two
diodes are sampled. This end-of-scan output is provided
primarily for test purposes and, if notin use, it should be shorted
externally to the +5V supply. In those cases where the end-of-
scan pulse is used, the voltage excursion of the end-of-scan pin
should be minimized by using a circuit such as that shown in
Figure 11. The timing of the end-of-scan output is shown in

Figure 6.

RL1728H EOS

+5V
(o}
§ 5.1K
+———0 Eos

MPS6515

15K

o
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Figure 11. Suggested End-of-Scan Output Circuit
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Table 1. Electrical Characteristics (25°C)

Min | Typ | Max | Units
Positive supply voltage Vp 1 45 5| 55 \
Clock voltage high Vo Vp-1 5| Vp \
Clock voltage low Vg -7.5 -7 |-65 \
Start voltage high Vg Vp-1 5| Vp | V
Start voltage low Vg -7.5 -7 -5 \
Sample frequency fg 3 MHz
Clock input capacitance 2
(Phases 1, 1, 2, 2')
RL2048H 65 pF
RL1728H 60 pF
RL1024H 35 pF
Clock input capacitance 2
(Phases A, B)
RL2048H 140 pF
RL1728H 125 pF
RL1024H 75 pF
Video line capacitance Cy 2
(Active and dummy)
RL2048H 70 pF
RL1728H 60 pF
RL1024H 35 pF
End-of-scan output
resistance 5 KQ

Additional test conditions: drive and amplifier circuits as
shown in Figures 7 and 8 at 600 kHz sample rate

Notes:

1 No terminal should ever be allowed to go more positive
than Vp
Capacitance measured at 5V bias

Table 2. Electro-optional Characteristics (25°C)

Typ Max Units

Number of sensors

RL1024H, H/20 1024

RL1728H 1728

RL2048H, H/20 2048
Center-to-center spacing 15 um
Aperture length

RL1024H, H/20 1.536 cm

RL1728H 2.592 cm

RL2048H, H/20 3.072 cm
Aperture width

H 16 um

H/20 300 um
Sensitivity 1

H 8 pA/uW/cm?

H/20 12.0 pA/uW/cm?2
Nonuniformity of

sensitivity *1:24.5

H, H/20 10 15 | +%
Saturation exposure !

H 3.0 w/em?

H/20 2 uJiem?
Saturation charge

H, H/20 22 pC
Dynamic range 3

H, H/20 375
Average dark leakage 24 4| %

* Nonuniformity is +11% maximum on 1024 arrays, +15%
maximum on all others.

Additional test conditions: drive and amplifier circuits as
shown in Figures 7 and 8 at 600 kHz sample rate

Notes:

1 Specified for light source of Figure 4

2 Neglecting first 4 and last 4 diodes

3 RL1728H measured in RC1728H/LN circuit board at 1 MHz
scan rate neglecting first 4 and last 4 diodes. Dynamic range
is defined as the ratio of saturation signal to peak fixed
pattern noise in the dark.

4 o of saturated output at 40 ms integration time at 25°C

5 Clock crossing 75%, rise and fall time 10 ns to 100 ns
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Absolute Maximum Ratings

Min Max Units
Voltage on any terminal Vp-20 Vp \'4
Storage temperature -55 +125 °C
Temperature under bias -55 +85 °C
Window Quartz Window
le————1.020 ’* 100 £.010 605 S| |e-.105+ 010
Je|.020 £ .002 —slle|.025 +.003
: Silicon W z f Silicon
g “__ APERTURE .388 £.010 Sensor HII APERTURE || .288 +.010 Sensor
§ 400 Ref & 300 Ref
o 045 Zpin1 .048
! ™ 16004016 010 T i00 ! 900 +.010 ! s00sE Lo s90
— 1100 + .008 .100+.008
|<714ooo: ‘ooa—vl‘_ ! 800 + .008 [~

Figure 12. Packaging Dimensions of RL1728H (Left) and RL1024H (Right). The RL2048H is similar to the RL1728H

except the Aperture is 1.209 and the Overall Package Length is 1.8 rather than 1.6.

Ordering Information *

Evaluation Board

Ordering Number

Current Amplifier

Integrate, S/H Amplifier

RL1024HAG-011
RL1024HDQ-011
RL1728HAG-011
RL2048HAG-011
RL2048HDQ-011

RC1024LNN-011
RC1024LNN-011
RC1728LNN-011
RC1728LNN-011
RC1728LNN-011

RCO100LNB-011/RCO107LNN-011
RC0O100LNB-011/RCO107LNN-011
RC0100LNB-011/RCO108LNN-011
RC0100LNB-011/RCO108LNN-011
RCO100LNB-011/RCO108LNN-011

* Includes standard devices. For options, consult your local sales office.
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K Series

| EG:6 RETICON Wide Aperture Linea
oN Photodiode Array
Introduction
NEG Supply | 1 16| Clock
The EG&G Reticon K Series linear photodiode arrays are Start|2 15NC
designed for applications that require higher sensitivity and NC (3 14 Ground
wider dynamic range than is available with square element NC|4 13|NC
geometries. Devices in this series contain 128, 256, 512 or POS Supply | 5 12]End of Scan
1024 photodiodes on 25 pm centers. Typical applications Buffer Supply | 6 11 ( Dummy Recharge
include HPLC, conventional spectroscopy, and noncontact Video Recharge | 7 10| Recharge Gate
measurement in robotics and factory automation. Video Buffer |8 9| Dummy Buffer
RL0128K & RL0256K
Key Features
NEG Supply | 1 18(NC
e 128, 256, 512 or 1024 elements Start |2 17 | Clock
¢ Wide 250 um aperture for higher sensitivity NC|(3 16 | Ground
¢ Single-phase TTL clock (open collector TTL or 5V CMOS) POS Supply | 4 15| POS Supply
¢ On-chip driver Buffer Supply | 5 14| End of Scan
* Differential output for on-chip noise cancellation NC|6 13|NC
Video Recharge | 7 12|NC
Packaging Video Buffer | 8 11| Dummy Recharge
Dummy Buffer |9 10| Recharge Gate
Devices are packaged in 16, 18 or 22-pin dual-inline IC pack- RLO512K
ages with ground and polished quartz windows. The pinout
configurations are shown in Figure 1 and package dimen- NEG Supply [ 1 22| NC
sions are shown in Figure 11. Start|2 21| Clock
NC|3 20|NC
General Description NC|4 19|NC
NC|5 18| Ground
The devices consist of a row of silicon photodiodes, each with POS Supply |6 17 | POS Supply
an associated junction capacitance on which to integrate pho- Buffer Supply |7 16 | End of Scan
tocurrent, and a multiplex switch for periodic readout via an NC|8 15|NC
integrated shift register scanning circuit. The shift register Video Recharge |9 14|NC
clock driver is also integrated so that only a single-phase TTL Video Buffer | 10 13| Dummy Recharge
clock is required for scanning. A row of dummy diodes is Dummy Buffer | 11 12| Recharge Gate
read out differentially with the active photodiodes to allow RL1024K

cancellation of multiplex switching transients and to provide a
clean video signal with a minimum of external circuitry.

A simplified equivalent circuit of a K Series photodiode array
is shown in Figure 2.

Each cell consists of an active photodiode and a dummy
photodiode, both with an associated junction capacitance.
These diodes are connected through MOS multiplex switches
to active video and dummy video recharge lines that are com-
mon to all the cells. The switches are sequentially closed for
one clock period by the shift register scanning circuit, thereby
recharging each cell to 5V and storing a charge of approxi-
mately 4 pC on its capacitance. The scanning circuit is
driven by a single-phase dynamic shift register (actually two
registers in parallel, one for even-numbered diodes and the
other for odd-numbered diodes) and a drive circuit which gen-
erates four clock phases and two properly-timed start pulses
to load the two registers. The individual cells are actually
interdigitated with the odd elements being sampled by one
register and the even-numbered cells by the other register.

Figure 1. Pinout Configurations

Clock

St n::] Shift Register Scanning Circuit

O End of Scan
bo NEG Supply
'J—O Dummy Buffer
Dummy Diodes Cvl
eo oo e T Buffer Supply
Dummy Recharge
Video Recharge
Cvj_ Recharge Gate
LI Y
Photodiodes T

Video Buffer
L—————0 POS Supply

Figure 2. Simplified Equivalent Circuit
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The cell-to-cell sampling rate is the clock frequency, and the
integration time is the interval between start pulses. During
this line time, this charge stored on each photodiode is gradu-
ally removed by photocurrent. The photocurrent is the prod-
uct of the diode sensitivity and the light intensity or irradiance.
The total charge removed from each cell is the product of the
photocurrent and the line time. This charge must be replaced
through the video line when the diode is sampled and reset
once each scan.

In addition to the signal charge, switching transients are ca-
pacitively coupled into the active video line by the multiplex
switches. Similar transients are introduced into the dummy
video line and therefore can be reduced (and a cleaner signal
recovered) by reading out the active video and dummy video
lines differentially.

In many applications, the recharge gate is biased to the
negative supply potential and an output signal is obtained
simply by differentially amplifying the recharge pulses on the
active video and dummy video recharge lines. However, in-
ternal buffer amplifiers that are also provided may be used as
part of a sample-and-hold video output circuit.

Sensor Geometry

In the K line scanners, the light-sensing area is a long, nar-
row rectangular region defined by an aperture in an opaque
mask. Bar-shaped photodiodes extend across the aperture
and are connected to the multiplex switches buried under the
mask. The entire aperture is photosensitive; photocurrent
generated by light incident between the photodiodes will be
collected by the nearest diode. Figure 3 shows the aperture
geometry along with an idealized response function that
would be obtained by scanning a point source of visible light
along the length of the aperture. The dimensions a, b, and ¢
in Figure 3 are as follows: the photodiode width ais 15 um,
the center-to-center spacing b is 25 um, and the aperture
width ¢ is 250 um.

Sensitivity and Spectral Response

The spectral response of the K Series devices is similar to
that of other high quality silicon photodetectors, covering the
range from near UV to the near IR. A standard quartz win-
dow assures a full spectral bandwidth. Relative spectral re-
sponse is shown as a function of wavelength in Figure 4.
Note that a smooth spectral response down to the UV is
maintained, unlike CCDs, which use a polysilicon layer over
the photosite and thus have no response in the UV.

Since Reticon photodiode arrays operate in the charge stor-
age mode, the charge output of each diode (below saturation)
is proportional to exposure; i.e., the irradiance or light inten-
sity multiplied by the integration time or the time interval be-
tween successive start pulses. Thus, there is an obvious
trade-off between scanning speed and the required light in-
tensity. A plot of charge output versus exposure is shown in
Figure 5.

Uniformity of response along the length of a photodiode array
is a function of wavelength. Devices tend to be less uniform
at long wavelengths (IR) and more uniform at short wave-
lengths (visible).
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Dark Response and Dynamic Range

There are three components in the dark output signal from a
Reticon line scanner: (1) the integrated dark leakage current;
(2) the fixed pattern noise caused by incomplete cancellation
of clock switching transients which are capacitively coupled
into the video line, and (3) the random pixel noise.

The dark leakage current will vary from element to element
but is typically less than 2 pA at room temperature. Assum-
ing this value, leakage current would contribute an output
charge of 2 pC with a 1 sec line time, or .08 pC with a 40 ms
line time. Thus, since the saturation charge is typically 4 pC,
dark current will contribute about 2% of the saturated output
signal for t{ = 40 ms, 0.2% for t| =4 ms, and so on. The dark
current is a very strong function of temperature, approxi-
mately doubling for every 7°C increase of photodiode tem-
perature. Thus, the maximum allowable line time becomes
correspondingly shorter at high temperatures, and longer at
low temperatures. An important feature of the K device de-
sign is its low power dissipation, which means that self-heat-
ing is negligible. Dark current does not become a limiting
factor in the dynamic range unless very long integration times
or highly elevated temperature are used.

The switching noise appears as a fixed pattern which is spa-
tially random except that it may have a slight 1, 2, 3, 4 pattern
because alternate diodes are sampled on different phases of
an internally-generated, four-phase clock. Fixed pattern
noise is largely removed by differential readout; its residual
amplitude will typically be 1% of the saturation level at a 40
ms integration time.

Pixel noise is the random, nonrepetitive fluctuations superim-
posed on the dark level and is the ultimate limiting noise that
cannot be removed by signal processing. Its rms value will
generally be amplifier-limited at a value less than about 0.1%
of the saturation level, depending on the noise bandwidth and
preamplifier used.

The dynamic range that can be achieved depends on circuit
complexity and layout techniques. Care must be exercised in
circuit layout to provide for adequate ground plane, circuit
decoupling, and avoidance of electrostatic pickup.

Drive Requirements

Two power supplies to the array are required—nominally +5
and -10V. The clock and start timing signals may be at TTL
level, and may be supplied from other parts of the system or
generated by using a simple circuit such as that shown on
Figure 6. In this circuit, the start pulse is obtained by count-
ing clock pulses. By setting the appropriate switches, the
number of clock periods, n, between start pulses may be set
at any desired value greater than or equal to N, the number
of elements in the array. However, the total time between
start pulses t|_ = n/fg should not exceed approximately 40 ms
(at room temperature) to prevent integrated dark current from
making a significant contribution to the output charge.

A timing diagram showing the relationship between the clock
and start pulses and the video and end-of-line outputs is
shown in Figure 7.

Signal Extraction

The video output of the K devices is a train of N charge
pulses flowing onto the video recharge line and dummy re-
charge line capacitances during each scan, with timing as
shown in Figure 7. The pulses on the dummy line contain
switching transients only; those on the video line contain
switching transients plus the video signal. An output circuit is
required which is capable of differentially amplifying these
pulses to a useable voltage level.

An integrated sample-and-hold amplifier similar to the type
used on Reticon’s evaluation board is recommended for the
best signal-to-noise ratio performance.

The signal processing scheme makes use of the internal
buffer amplifiers and recharge switches. Immediately after
the multiplex switch is closed to sample a diode, the voltage
change on the video line is sensed through the buffer ampli-
fier, and sampled and held. The recharge gate is then pulsed
negative to reset the video line before the next diode is
sampled. The result is a sampled and held boxcar video
signal such as that shown in Figure 8. Timing and circuitry
for this mode is shown in Figures 9A and 9B.

End-of-Scan

An output pulse is provided when the next-to-last element is
sampled by the shift register scanning circuit. This end-of-
scan output is provided primarily for test purposes. When not
in use, it should be connected to the positive supply to avoid
introduction of unwanted “glitches” into the video. In some
applications, however, it may be desirable to use the end-of-
scan output. In these cases, it is recommended that the
voltage excursion on the end-of-scan terminal be minimized
by using a circuit such as that shown in Figure 10.

Evaluation Boards

Evaluation circuitry containing all the required drive and am-
plifier circuitry for the operation of the K Series is available
from Reticon. These circuits are highly recommended for
first-time array evaluation. In many cases, they are also use-
ful for design into final equipment.

RCO0100B Series

These circuits provide an integrated, sampled-and-hold-box-
car output as shown in Figure 8. Each circuit is divided into
two boards—a standard “motherboard” which contains most
of the circuitry, and a small “array board” which contains only
those components which must be located close to the array.
The array board may be plugged directly into the
motherboard or can be extended up to 30 inches away via an
optional ribbon cable.

The motherboard (RCO100LNB) is 4.5 x 6.5 inches in size
and is terminated by a standard 22-pin edge connector. The
array boards (RC0104N, etc.) are 3 inches square and have
mounting holes in each corner on 2.6-inch centers. A differ-
ent array board is required for each array type.
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Table 1. Electrical Characteristics (25°C)

Min Typ Max Units

Positive supply voltage Vp 1 +4.5 +5 +5.5 v
Negative supply voltage VN -10.5 -10 -9.5 \
Clock voltage low Vg -10.5 0 +1 \"
Clock voltage high VgH Vp-1 +5 Vp Vv
Start voltage low Vg -10.5 0 +1 \'
Start voltage high Vg Vp-1 +5 Vp \
Recharge gate voltage low Vg -10.5 -10 -9.5 \'
Recharge gate voltage high VRH Vp-1 +5 Vp v
Clock pulse width 0.2 - - us
Start pulse width See Figure 7
Clock frequency fg - - 1 MHz
Integration time t; 3 - - 40 ms
Clock input capacitance Cg 2 - 4 - pF
Start input capacitance Cg 2 - 4 - pF
Video line capacitance C, 2

RLO128K - 8 - pF

RLO256K - 12 - pF

RLO512K - 20 - pF

RL1024K - 30 - pF
End-of-scan output resistance - 5 - KQ
DC power dissipation 4 - 45 - mw

Notes:

1 No terminal should ever be allowed to go more positive than Vp

2 Measured with nominal power supply voltages

3 Integration time can be longer if the array is cooled and/or if the application can tolerate a larger percentage
of dark signal.

4 Mostly due to use of on-chip buffers. When recharge mode is used (buffers biased off), power dissipation is
on the order of 1 mW.

Table 2. Electro-Optical Characteristics (25°C)

Min Typ Max Units

Diode center-to-center spacing - 25 - um
Diode aperture width - 250 - um
Photodiode sensitivity 1 - 25 - pCludicm?2
Nonuniformity of sensitivity 1

RLO128K - 7 10 +%

RLO256K - 7 10 +%

RLO512K - 9 11 +%

RL1024K - 12 14 +%
Saturation charge - 4 - pC
Saturation exposure 0.18 udicm?2

Note:

1 Measured using a 2870°K broadband light source filtered with a Fish-Schurman HA-11 heat absorbing filter.
The first 2 and the last 2 diodes are neglected

Absolute Maximum Ratings

Min Max Units

Voltage on any terminal Vp-20 Vp \'
Storage temperature -55 +125 °C
Temperature under bias -55 +85 °C
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Ordering Information *

Evaluation Circuit
Part Number Current Amplifier Integrate, S/H Amplifier

RL0O128KAQ-011 | RCO0301LNN-011 RC0100LNB-011/RC0104LNN-011
RLO256KAQ-011 | RCO301LNN-011 RC0100LNB-011/RC0104LNN-011
RLO512KAQ-011 | RCO302LNN-011 RC0100LNB-011/RC0O105LNN-011
RL1024KAQ-011 | RCO303LNN-011 RCO0100LNB-011/RC0106LNN-011

* For standard devices. For options, consult your local sales offices.
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Dual Image Sensor

R Series

General Description ouwe, 0T\ 34l Ewens,
Odd oy 02 33[] Even %,

The EG&G Reticon R Series (RL0512R and RL1024R) Odd Start []3 32 [1 Even Start
combines two S Series devices on a single, monolithic Pos Supply A&B  []4 31[] GNDA&B
substrate. They are positioned in parallel to each other. Even Start [|5 30 [] Odd Start
They operate completely independently, allowing simultaneous Eveno, [[6 29 [1 Oddo,
readout, sequential readout (first one side and then the other), Eveng, [7 28 [] Oddo,
or any number of other user-defined formats. Each R Series EvenEOS [|8 27 [I Odd EOS
device comes in a 34-pin ceramic side-brazed DIP. Two Pos Supply Substrate ASB []9 26 [1 Pos Supply Substrate AZB
kinds of windows are available: a ground and polished quartz Even Reset []10 25 [1 Odd Reset
window, or a fiber-optic window. Even Dummy Video [] 11 A| 24[1 OddDummy Video

Even Active Video []12 23 [] Odd Active Video
The R Series has virtually all the advantages of the standard Reset Bias A&B []13 221 Pos Supply A&B
RL0O512S. Refer to the S Series data sheet for information 0Odd Active Video [] 14 21 [] Even Active Video
on internal scanning circuitry, timing, electrical characteris- Odd Dummy Video []15 20 [1 Even Dummy Video
tics, dark signal and noise characteristics, and ampliifier Odd Reset [] 16 1901 Even Reset
requirements. oddEos [[17 18 [1 Even EOS
The R Series is ideal for applications such as dual-beam Pins 117 Pins 1834

spectroscopy (sample and reference beam), time-resolved
spectroscopy of a single beam (by delaying the start of one
of the arrays), or other instrumentation requiring parallel
arrays in perfect registration.

Sensing Area B

Sensing Area A

Figure 1. Pinout Configuration

Sensing Area A 590 010
# E E
Sensing Area 8| T
0984
| oo |
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‘ 1680 | NA=1.0
Fiber Dia 7pm Typ
040 fje———1.080 ——] )
1
170 Iﬁf W u Z 175 *f-
Min Seramic 100,010
038 £.010 _JL_ Gold-
010 Plated
'ﬁop“" _J Lead
|
600 Ref
-020 Typ 100 Typ

*A for RLO512R = 0.504"
A for RL1024R = 1.008"

Quartz Window
v /_ 025 +.002
M 5= il

Lo025 +.002

-]

Die

+.002
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8 =.020" for RLO512RAQ
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Figure 2. Package Dimensions
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R Series

Ordering Information

Array Part Number

RLO512R with Quartz Window RLO512RAQ-011
RLO512R with Fiber Optic Faceplate | RLO512RAF-011
RL1024R with Quartz Window RL1024RAQ-011
RL1024R with Fiber Optic. Faceplate | RL1024RAF-011

055-0220
March 1992
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S Series
Solid State Line Scanners
128, 256, 512, and 1024 Elements

General Description

The Reticon S series is a family of monolithic self-scanning
linear photodiode arrays optimized for application in spectros-
copy. The devices in this series consist of a row of silicon
photodiodes, each with an associated junction capacitance in
which to integrate photocurrent and a multiplex switch for
periodic readout via an integrated shift register scanning cir-
cuit. The part number of each device indicates the number of
elements in the array (e.g., 128, 256, 512 or 1024).

The S series devices are mounted in ceramic side-brazed
dual-inline packages which mate with standard 22-pin inte-
grated circuit sockets. The pinout configuration is shown in
Figure 1. Package dimensions are shown in the outline
drawing of Figure 11. Standard S series devices are sealed
with a ground and polished quartz window. However, the
optional fiber optic faceplate version shown in Figure 11 is
also available. The fiber optic faceplate has 6 um diameter
fibers and a numerical aperture of 1.0.

Key Features

» Simultaneous integration on 128, 256, 512 or 1024 photo-
diode sensor elements with 25 pm center-to-center spac-
ing

Each sensor element has a 100:1 aspect ratio (25 um x
2.5 mm)

* Integration times as short as 64 usec or as long as 0.3
sec are possible at room temperature. Integration times
of minutes or even hours without sensors saturating can
be achieved by cooling.

Low power dissipation (less than 1 mwatt) to facilitate
cooling

+ Clock controlled sequential readout at arbitrary total effec- -

tive data rates up to 5 MHz (fc =1.25 MHz max)
+ Differential output to cancel clock switching transients and
fixed patterns
Low output capacitance for low noise .
High saturation signal charge (14 pcoul) for wide dynamic
range
» Wide spectral response (200 - 1000 nm)
+ Choice of quartz window or fiber optic faceplate
» Standard 22 lead dual-inline integrated circuit package

Sensor Characteristics

The Reticon S series self-scanning photodiode arrays contain
128, 256, 512 or 1024 silicon diode sensor elements on 25
pum centers corresponding to a density of 40 diodes/mm and
an overall aperture length of 3.2, 6.4, 12.8 or 25.6 mm. The
height of the sensor elements is 2.5 mm giving each element
a slit-like geometry with 100:1 aspect ratio suitable for cou-
pling to monochromators or spectrographs. The sensor ge-
ometry is shown in Figure 3.

Charge generated by light incident on the n-type surface be-
tween two p-regions will divide between the adjacent diodes
to produce the response function shown in Figure 3.

Figure 4 shows typical output charge as a function of expo-
sure at 750 nm wavelength. Exposure in njoules/cm? is cal-

Ground [} 1 22 [] NC
Substrate [] 2 [ ] 21 [ Ground
EvenStart [| 3 20 [I Odd Start
Eveno, [| 4 19 [ Odde,
Evengy [] 5 18 [I Odd o,
Substrate [| 6 17 [] Substrate
Even End-of-Scan [| 7 16 [] Odd End-of-Scan
Even ResetGate [| 8 15 [] Odd Reset Gate
Even Dummy Video q 9 14 [] Odd Dummy Video
Even Active Video [} 10 13 [1 Odd Active Video
ResetBias [ 11— 12 [] Substrate

Figure 1. Pinout Configuration

Odd Shift Register 4‘__.,5“ of Scan

Odd Dummy Video
gﬁd Dummy ?F j% ?l‘ Cy T
otodiodes Odd Reset Gate
Odd Active Video

Odd Active
Photodiodes ?1 {5
2 4 1024
h h b cy
Even Dummy
Photodiodes L
H H it oy
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Figure 2. Equivalent Circuit

w T
g )
8
[
o]
<

" Reset Bias

Even Active
Photodiodes

Even Active Video

Even Reset Gate

Even Dummy Video

|__. End of Scan

Even Shift Register

culated by multiplying the light intensity in pwatt/cm2 by the
integration time in msec. Note that the response is linear with
exposure up to a saturation charge of 14 pcoul at a saturation
exposure of 50 njoules/cm2, The sensitivity is defined as the
ratio of saturation charge to saturation exposure and is 2.8 x
104 pcoul/joule/cm2 (at 750 nm). Typical sensitivity as a
function of wavelength is shown in Figure 5. Quantum effi-
ciency can be obtained by dividing the sensitivity by the area
of a sensor element (6.25 x 104 cm2) and multiplying by the
energy per photon in eV. Peak quantum efficiency is about
80% at 650 nm. The dark current of an S series device is
typically about 2 pA per diode at 25°C and is a strong func-
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Figure 3. Sensor Geometry and Aperture Response
Function

tion of temperature as shown in Figure 6. The dark signal
charge is given by the dark current multiplied by the integra-
tion time.

Scanning Circuit

A simplified equivalent circuit of an RL1024S photodiode ar-
ray is shown in Figure 2. Each cell consists of a photodiode
and a dummy diode, both with an associated junction capaci-
tance. These diodes are connected through MOS multiplex
switches to video and dummy recharge lines. One pair of
recharge lines is common to all the odd elements and an-
other pair is common to all the even elements. The shift
registers are driven by multiphase clocks with periodic start
pulses being introduced to initiate each scan. The cell-to-cell
sampling rate is determined by the clock frequency.

The integration time is the interval between start pulses. The
output signal obtained from each scan of an N element array
is a train of N charge pulses, each proportional to the light
exposure on the corresponding photodiode. 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. In addition to the signal
charge, switching transients are capacitively coupled into the
video lines by the multiplex switches. Similar transients are
introduced into the dummy lines and therefore can be re-
duced and a cleaner signal recovered by reading out the
video and dummy lines differentially.

Clock and Voltage Requirements

Scanning is by means of two independent integrated shift
registers, one to address the odd-numbered diodes, and the
other to address the even-numbered diodes. Each shift reg-
ister is driven by two-phase clocks. The clocks may be
complementary square waves, or they may have shorter
negative duty cycle. In no case should g1 and @2 be negative
simultaneously, as this will cause the scan to be terminated.
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Figure 4. Signal Charge Versus Exposure at 750 nm
Wavelength

The same pair of clocks and the same start pulse may be
applied to both registers, but this will result in diode pairs 1
and 2, 3 and 4, etc., being sampled simultaneously. Figure 7
shows a simple two-phase clock drive circuit for this mode of
operation and its related timing diagram. Alternatively, four-
phase clocking may be used in which the two phases which
drive the even register are delayed with respect to the two
phases which drive the odd register. This results in all the
diodes being sampled in proper sequence. Four-phase
clocking is used in the Reticon RC1000/RC1001 board set
evaluation circuit (described below).

In the specifications, all voltages are expressed with respect
to the substrate. However, for compatibility with TTL clocks
and ease of signal extraction, it is recommended that
the substrate be run at +5V. The clock phases should
then swing between +5 and =7V nominal. The start pulse
should overlap one positive going transition of @4 as shown in
Figure 7.

End of Scan

Output pulses, useful primarily for test purposes, are pro-
vided when the last odd and even elements are sampled by
the shift register scanning circuit. When not used, they
should be shorted externally to the array substrate to avoid
introduction of unwanted “glitches” into the video. The volt-
age excursion on the end-of-scan terminals (when used),
should be minimized by using a circuit such as that shown in
Figure 8.

Amplifier Requirements

Two types of amplifier circuits are in common use with
Reticon photodiode arrays. These are (1) a simple current
amplifier, and (2) a video line integration, sample-and-hold
circuit. A current amplifier holds the video line at virtual
ground and senses the current pulses flowing into the video
line to recharge the diodes through their respective mulitiplex
switches as they are sampled in sequence. These current
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Figure 7. Simple Two-phase Clock Drive Circuit and Related Timing Diagram

pulses, which contain a charge up to 14 pcoul at saturation,
are converted by the amplifier to a train of voltage pulses
corresponding to the light intensity on the various diodes.

With a video line integration sample-and-hold circuit, the
video line is reset to ground prior to closing the multiplex
switch to each diode. When the switch is closed, charge
divides between the diode and the video line and the resuit-
ing change in video line voltage is sampled and held. The
video line and diode are then reset to ground prior to opening
the multiplex switch to the next diode. The result is a boxcar
output waveform.

Dark Signal and Noise

There are two components to the dark fixed pattern signal
from the S series arrays. These are due to (1) spatial varia-

tions in the switching transients coupled into the video line
through the clocks and the internal multiplex switches, and
(2) the integrated dark current. A portion of the switching
transient effect will be spatially random and a portion will
have the periodicity of the clocks. The latter portion can be
minimized by matching the clock amplitudes and rise and fall
times and by good circuit layout to minimize capacitance be-
tween clocks and video lines. The peak-to-peak fixed pattern
due to all switching transient effects should be less than 1%
of the saturated signal. The fixed pattern due to dark current
is the dark current multiplied by the integration time. It can be
arbitrarily reduced by lowering the temperature (see Figure 6)
or by reducing the integration time.

There are three identifiable sources of readout noise: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset
noise or KTC noise is associated with resetting the diode
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capacitance to a fixed voltage. Its rms value is given by
YKTC /qwhere k is Boltzmann’s constant, T is the absolute

temperature, q is the electronic charge, and C is the total
capacitance of the photodiode (approximately 2 pF), the
video line it connects to, and the capacitance of the external
circuitry. At room temperature, the kTC noise for the 10248
array is approximately 2000 electrons. It can be reduced
somewhat by cooling. The rms dark current shot noise is the
square root of the number of electrons in the dark signal
charge. For example, with a room temperature dark current
of 5 pA and 10 msec integration time, the rms dark current
shot noise is approximately 560 electrons. Because of the
exponential temperature dependence of dark current, shot
noise can be reduced dramatically with a moderate amount of
cooling. Amplifier noise depends on the amplifier circuit
used. In general, the low video output capacitance of the S
series makes it easier to achieve low amplifier noise, and
values below 2200 electrons are possible.

Evaluation Circuit

A complete evaluation circuit for the S series arrays is avail-
able from Reticon. The RC1000/RC1001 evaluation boardset
provides the user an easy means to evaluate the operation of
the S series photodiode arrays.

The RC1000/1001 has a sample-and-held video output with a
typical dynamic range of 4000:1. Provision for cooling the
array using a thermo-electric cooler is provided by means of
an access hole located directly beneath the array.

The boardset requires +5 and +15V supplies and can be
adjusted for pixel rates up to 250 kHz.

Buffer and
DC Restore

Sample/Hold
Output Stage

Video
Output

+15V

DC Offset
Adjust

-15V

-15v

Integrate Sampling Clock

Figure 9. Simplified RC1000/RC1001 Evaluation Board Output Circuit
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Table 1. Electrical Characteristics (25°C)

Table 2. Electro-Optical Characteristics (25°C)

Min | Typ | Max | Units Typ Max Units
Video line bias 1 -4 -5 6|V Center-to-center spacing 25 um
Clock amplitude 1 11| 12 15| Vv Aperture width 25 mm
Start pulse amplitude 1 -1 ] 12 15| V Sensitivity 1.3.6 28x104 coul/joul/cm2
Substrate bias +4.5 +5 +55 | VDC Nonuniformity of 5|10 [+%
Total effective pixel 5| MHz response 2,6
output rate Saturation exposure 1.3.6 50 njoules/cm2
Clock frequency 1.25 | MHz Saturation charge 14 pcoul
Capacitance of each Average dark current 5.6 2| 5 |pamp
clock line (@ 5V bias) 3 Quantum efficiency 1.3 75 %
RLO128S 8 pF Spectral response peak 3 750 nm
RL0256S 23 pF Spectral response 200-1000 nm
RLO512S 30 pF range 3.4
RL1024S 60 pF
Capacitance of each Notes:
video line (@ 5V bias) 3 1 Peak, typical at 750 nm, quartz window.
RLO128S 3 pF 2 Measured at 50% Vgat with 2870°K incandescent
RL0256S 9 pF tungsten lamp filtered with a Fish Schurman HA-11
RLO512S 12 pF heat-absorbing filter.
RL1024S 24 pF 3 Fiber optic faceplate will modify sensitivity as shown in
Capacitance of each 2 pF Figure 5.
photodiode (@ 5V 4 From 250-1000 nm sensitvity 220% of its peak value.
bias) 3 5 Max dark leakage <1.5 x average dark leakage.
End of scan output 5 KQ Measured at 40 milliseconds integration at 25°C.
resistance 3 6  All specifications ignore first two and last two diodes.
DC power dissipation 2 1 mwatt

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

2

The AC power is given by 2C.V2fs where Cg is the
capacitance of each clock line, V¢ is the clock voltage,

and fg is the scan frequency.
Calculated typicals - not measured.
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Absolute Maximum Ratings

Ordering Information

Min | Max | Units Part Number Evaluation Circuit
Voltage applied to any terminal 0 -20 \ Quartz Window
with respect to common RLO128SAQ-011 RC1000LNN-011/RC1001LNN-011
Storage or operating temperature RL0256SAQ-011 RC1000LNN-011/RC1001LNN-011
Quartz windowed (SAQ) 78 | +85 | °C RL0512SAQ-011 RC1000LNN-011/RC1001LNN-011
Fiber optic (SAF) 40 | +85 | °C RL1024SAQ-011 RC1000LNN-011/RC1001LNN-011
Fiber Optic Window
RLO128SAF-011 RC1000LNN-011/RC1001LNN-011
RL0O256SAF-011 RC1000LNN-011/RC1001LNN-011
RLO512SAF-011 RC1000LNN-011/RC1001LNN-011
RL1024SAF-011 RC1000LNN-011/RC1001LNN-011
Custom modifications to the S series devices are also possible,
i.e., minimum thickness (1 um) protective oxide layer for use in
soft x-ray detection.
A B
RL0128S | 1.080+.011 | 3.2 mm
RLO256S | 1.080+.011 | 6.4 mm
RLO512S | 1.080+.011 | 12.8 mm
RL1024S | 1.600+.016 | 25.6 mm
Quartz Window
8 ||« .020% .002
.390£.010 i .
I) 7 Sensing Area 7 2+5 mm Silicon Chip
Zrin1 A | |¢-046£.010
o 125
400
Ref

|

51 be—.100£.008 HJ 85+.010
1.000+.008
Optional Fiber Optic Window

Figure 11. Package Dimensions. Dimensions are in Inches
Except Where Millimeters (mm) are Indicated.
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RLO128SAX, RL0O512SAX, RL1024SAX

J\EGzG RETICON

SAX Series

X-Ray Sensitive
Solid State Line Scanners

General Description

The SAXis a custom modification of the S series solid state line
scanner with the fiber optic face plate option. Resolutions
available are 128, 512, and 1024 elements. The modification
consists of adding an X-ray phosphor to the input side of the fiber
optic face plate. This provides spectral sensitivity to X-rays in
the range of 10 to 75 keV. The fiber optic face plate acts as an
interface between the phosphor and the diode array and pro-
tects the array from X-ray damage as well (See Figures 5 and 6).
For detection of soft X-rays (1.2 to 12 keV) see reference No. 2.

Optical alignment of the SAX device is possible because the X-
ray phosphor has approximately 50% transmission to visible
light. During operation, X-rays striking the phosphor are con-
verted to green light. The green light is transmitted through the
fiber optic face plate to the silicon photodiodes where the light is
converted to an electronic charge. The resulting charge is
integrated on each photodiode so that after a period of time each
photosite has collected a charge proportional to the local flux of
the X-ray beam. When the array circuitry scans the diodes, the
charge packets are sequentially converted to a voltage level
which, when displayed on an oscilloscope, reproduces a spa-
tially resolved one-dimensional X-ray image. Integration times
of .026 to 500 msec are possible at room temperature. Cooling
the array can extend integration time to minutes or hours by
reducing the dark current.

The SAX series has all the advantages of the S series arrays.
Refer to the S series data sheet for detailed information on the
internal scanning circuitry, the package and pin configuration,
electrical characteristics, dark signal and noise characteristics,
amplifier requirements and evaluation circuit.

References

1. John McGinnis, “An X-Ray Sensitive Photodiode Array”,
Industrial Research and Development, March 1980.

2. Reticon Application Note 101, “Application of Reticon Pho-
todiode Arrays as Electron and X-Ray Detectors”.

3. Louis N. Koppel, “An Active-Recording X-Ray Crystal
Spectrometer For Laser-Induced Plasmas”, Review of Sci-
entific Instruments, 47, 9 (Sept. 1976).

4. R.D. Bleach & D. J. Nagel, “X-Ray Applications of Self-
Scanning Silicon Diode Arrays”, Applied Optics, Vol. 16,
March 1977.

5. John McGinnis, Ronald K. Hopwood and Louis N. Koppel,
“X-Ray Applications of Self-Scanned Photo-diode Arrays”,
Advances in Nondestructive Testing, 1980 Volume.
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RLO128SAX, RL0512SAX, RL1024SAX

Table 1. Electro-Radiological Characteristics (25°C) Ordering Information *
Parameter Typ Units Part Number Evaluation Circuit
Center-to-center spacing 25 pm RL0O128SAX-011 RC1000LNN-011/RC1001LNN-011
Aperture W;dth 25 mm RLO512SAX-011 RC1000LNN-011/RC1001LNN-011
Sensitivity | 25 pC/udicm2 RL1024SAX-011 RC1000LNN-011/RC1001LNN-011
Nonuniformity of response 10 %
Saturation exposure ! 5.6 pliem?2 *Includes standard devices. For all options, consult your
Saturation charge 14 pC local sales office.
Average dark current 5 pA
Spectral response range 10-75 keV

Note:

140 keV monochromatic X-ray source
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Figure 7. Packaging Dimensions
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RL2048S
Solid State Line Scanner
2048 Elements

General Description

The RL2048S is a monolithic self-scanning linear photodiode
array optimized for spectroscopy applications. The device
consists of a row of silicon photodiodes, each with an
associated junction capacitance on which to integrate photo
current and a multiplex switch for periodic readout via four
independent integrated shift registers. The device is an
addition to Reticon’s S Series family of arrays, and offers the
same operational and performance characteristics.

The array die is bonded in a 32-pin DIP with dimensions of
2.75" length by 0.6" width and sealed with a choice of a
polished and ground quartz window or a fiber optic faceplate
as shown in Figure 1. The fiber optic faceplate has 6 pm
diameter fibers and a numerical aperture of 1.

Key Features

« Simultaneous integration on 2048 photodiode sensor
elements with 25 pm center-to-center spacing

¢ Each sensor element has a 100:1 aspect ratio (25 um x
2.5 mm)

¢ Integration times as short as 1 ms or as long as 0.3 sec
are possible at room temperature. Integration times of
minutes or even hours can be achieved by cooling.

* Low power dissipation (less than 1 mW) to facilitate cooling

¢ Clock controlled sequential readout at arbitrary total effec-
tive data rates up to 5 MHz (f¢ = 625 kHz, max)

» Differential output to cancel clock switching transients and

fixed patterns

Low output capacitance for low noise

High saturation signal charge (14 pC) for wide dynamic range

Wide spectral response (200 - 1000 nm)

Choice of quartz or fiber optic window

32 lead dual-inline integrated circuit package

* o o o o

Sensor Characteristics

This addition to the Reticon S Series self-scanning photo-
diode arrays contains 2048 silicon diode sensor elements on
25 um centers, corresponding to a density of 40 diodes/mm
and an overall length of 52 mm. The height of the sensor
elements is 2.5 mm giving each element a slit-like geometry
with 100:1 aspect ratio suitable for coupling to monochroma-
tors or spectrographs. The sensor geometry is shown in
Figure 2.

Charge generated by light incident on the n-type surface be-
tween two p-regions will divide between the adjacent diodes
to produce the response shown in Figure 2.
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Figure 3 shows typical output charge as a function of expo-

sure at 750 nm wavelength. Exposure in nd/cm? is calculated
by mult|ply|ng the light intensity in p.W/sz by the integration
time in ms. Note that the response is linear with exposure up
to a saturation charge of 14 pC. A saturation exposure is
typically 50 nJ/cm2. The sensitivity is defined as the ratio of
saturation charge to saturation exposure and is 2.8 x 104
ClJlem? (at 750 nm) Typical sensitivity as a function of
wavelength is shown in Figure 4. Quantum efficiency can be
obtained by dwudm% the sensmwty by the area of a sensor
element (6.25 x 104 cm?2) and multiplying by the energy per
photon in eV. Peak quantum efficiency is about 80% at 650
nm. The dark current of an S Series device is typically about
2 pA per diode at 25°C and is a strong function of tempera-
ture as shown in Figure 5. The dark signal charge is given by
the dark current multiplied by the integration time.

Device Structure

The device structure provides a variety of readout options.
See Figure 6 for a simplified equivalent circuit of the
RL2048S. Each of the four independent registers are
connected to a set of 512 active photodiodes and 512 dummy
diodes. The diodes are connected to their respective active
and dummy video lines through multiplex switches. A reset
switch is connected from each of the video lines to an exter-
nal pin connection.

As shown in Figure 6, two registers control readout of the first
block of 1024 diodes; 512 odd diodes and 512 even diodes,
respectively. The remaining 2 registers control readout of the
next block of 1024 diodes.

Operational Description

With a bias of approximately 5V between the substrate and
both dummy and active video lines, a charge of 5V is placed
on the diode’s depletion capacitance each time its multiplex-
ing switch is closed. When the switch is opened, the photon-
generated charges are allowed to integrate on the
photodiode’s capacitance during the integration time, which is
the time between switch closures. These charges are
removed when the diodes are recharged to 5V. The charge,
which is proportional to the impinging light energy, can be
read with a current pulse detector during the diode recharge
period. Figure 7 is an example of a transconductance
amplifier which is used to detect the impulse current of the
signal charge.

As the shift register clocks a bit sequentially through its
output lines, it opens and closes the multiplexing switches.
Hence, the switch closure rate of a given diode will equal the
scan rate or the integration time for the light exposure.

Since the gate of the multiplexing switches of the active diode
and its corresponding dummy diode are connected in paralle!
to each output of the shift register, the active as well as the
dummy lines will be read out together. Because the charges
which are introduced in the dummy diodes are anomalies
such as fixed pattern noises generated by the clocks, they
can be reduced through a differential summation of the
charges from the dummy and the active signals, leaving only
the signal component. An example of the differential detec-
tion circuit is shown in Figure 8. First, the pixel charges from
the active and dummy video lines are preamplified with a
transconductance amplifier, then these amplified signals are
applied to a differential integrator where the dummy signals
are subtracted from the active signals. Leaving the integra-
tor, the difference signal can then be sampled and held.
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Figure 6. Simplified Diagram of Device Structure

Clock Drive and Voltage Requirements

Since the four shift registers are independent, the clock
operational description for any one applies to the others.
Figure 9 is a timing diagram of a shift register’s operation. It
is driven with complementary clocks g4 and g,. The scan-
ning process is initiated when the start pulse is loaded into
the register. The start pulse is locked into the register with
the rising edge of @4 as noted in the timing diagram. Figure
9 also shows a simplified diagram of the two-phase clock
generator and its start pulse. The start pulse should be low
for a minimum setup time of 20 ns prior to the rising edge of
24 and for a minimum hold time of 20 ns after the edge. The
start pulse should not overlap two @1 edges going high,
otherwise it will load multiple start pulses into the register in
succession, one for every o1 rising edge.

As the shift register shifts a bit down the register, the multi-
plexing switches are sequentially clocked and the photodiode
to which the switch is connected produces an impulse signal
current proportional to the photo exposure on the diode site.
These video pulses are sensed at the output terminal of the
video line.

In reference to the substrate, the clock amplitude should be a
maximum of -11V to a minimum of -15V with the typical at
-12V. For all clocks, the minimum rise and fall times are
10 ns and the maximum rise and fall times are 200 ns. It is
recommended that the clock rise and fall be as symmetrical
as possible. The complementary clocks should have their

§ 4 ¢

Sy 841 94

clock crossing between 50% to 100%. See Figure 10, which
illustrates the definition of the clock crossing.

Modes of Operation

Taking advantage of the devices’s four independent registers,
the designer is given flexiblity in matching the various types
of readout modes to suit the application. Some of the basic
modes will be described.

Mode 1 - Serial Readout. Figure 11 depicts the clock timing
diagram for sequential readout. The registers controlling the
odd-number diodes are clocked by one complementary
phase while the other clocks the shift register with even-num-
bered diodes. The start pulses are staggered to scan in a
two-part sequence, one for the first 1024 diodes and the
other for the last 1024 diodes. The integration time is the
interval between start pulses on the same start line.

The signals can be combined by tying all four active lines
together and the four dummy lines together and processing
through a single differential preamplifier. Alternately, each
line may be processed separately; the choice depends upon
the noise requirements. If the limiting noise is the KTC noise
of the video line capacitances, then an amplifier must
terminate each video line separately. Otherwise, the video
lines can be combined in parallel.
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Mode 2 - Parallel Readout. The parallel clocking mode is for
high-speed scanning applications, where for any pixel rate,
the readout rate is two times that of the serial mode. The
timing diagram is shown in Figure 12, for a single scan. In
this case, all four registers are clocked in parallel; i.e., a
common complementary set of clocks and a common start
pulse are used on all registers. For the video processing, a
preamplifier is required for each video line.

Other Modes - A variety of different operational modes can
be implemented by combining the serial and parallel clocking
modes. The adjacent pixels could be read on the odd and
even video lines and directly subtracted from each other, thus
providing direct and real time signal differencing operations.

End of Scan

The end of scan output pulses, useful primarily for test
purposes, are provided when the last odd and even elements
are sampled by the shift register scanning circuit. When not
used, they should be shorted externally to the array substrate
to avoid introduction of unwanted “glitches” into the video.
When using the end-of-scan terminals, a circuit such as that
shown in Figure 13 is recommended.

+15V

Video Input >—¢ 10K

-15v Video Output

Figure 7. Simplified Diagram of Transconductance
Amplifier
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Dark Signal and Noise

There are two components to the dark signal from the S
Series self-scanning photodiode arrays. These are due to:
(1) switching transients coupled into the video line through
the clocks and the internal multiplex switches, and (2) the
integrated dark current. A portion of the switching transient
effect will be spatially random and a portion will have the
periodicity of the clocks. The latter portion can be reduced by
matching the clock amplitudes and rise and fall times and by
good circuit layout to minimize capacitance between clocks
and video lines. The peak-to-peak fixed pattern due to all
switching transient effects should be less than 1% of the
saturated signal. The signal due to dark current is just the
dark current multiplied by the integration time. It can be
arbitrarily reduced by lowering the temperature (see Figure 6)
or by reducing the integration time.

There are three identifiable sources of readout noise: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset

noise or kTC noise is associated with resetting the diode
capacitance to a fixed voltage. Its rms value is given by
(kTC)1/2/q where k is Boltmann’s constant, T is the absolute
temperature, q is the electronic charge, and C is the total
capacitance of the photodiode (approximately 2 pF), the
video line it connects to, and the capacitance of the external
circuitry. At room temperature, the rms kTC noise is approxi-
mately 2400 electrons. It can be reduced somewhat by
cooling. The rms dark current shot noise is the square root of
the number of electrons in the dark signal charge. For
example, with a room temperature dark current of 5 pA and
10 ms integration time, the rms dark current shot noise is
approximately 560 electrons. Because of the exponential
temperature dependence of dark current, shot noise can be
reduced dramatically with a moderate amount of cooling.
Amplifier noise depends on the amplifier circuit used. In
general, the low video output capacitance of the S Series
facilitates low amplifier noise circuits. Noise values below
2500 electrons are possible.
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Figure 9. Simplified Diagram at a Two-phase Clock Generator and its Timing Diagram
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Figure 12. Timing Diagram of the Parallel Mode

Table 1. Electrical Characteristics (25°C)

Parameter Min | Typ | Max |Units
Video line bias 1 -4 -5 6 |V
Clock amplitude 1 11| 12 15 |V
Start pulse amplitude 1 11| 12 15 |V
Total effective pixel output 5 MHz
rate
Clock frequency 625 kHz
Capacitance of each
video line (at 5V bias)
Active video 1 35 pF
Active video 2 35 pF
Active video 3 35 pF
Active video 4 35 pF
Dummy video 1 47 pF
Dummy video 2 47 pF
Dummy video 3 47 pF
Dummy video 4 47 pF
Capacitance of each
clock line (at 5V bias)
Clock 11 95 pF
Clock 12 95 pF
Clock 21 105 pF
Clock 22 105 pF
Clock 31 95 pF
Clock 32 95 pF
Clock 41 105 pF
Clock 42 105 pF
Capacitance of each 2 pF
photodiode (at 5V bias)
End of scan output 5 KQ
resistance
DC power dissipation 2 1 mw

Notes:

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

2 The AC power is given by 2C.V2fs where Cq is the capa-
citance of each clock line, V. is the clock voltage, and fg is

the scan frequency.

HP2800

Odd End
of Line

Pin 24 "
RL2048
Pin 9

Even End of Line
(Use Same Circuit as Above)

Figure 13. End-of-Scan Circuit

Table 2. Electro-Optical Characteristics (25°C)

Parameter Typ Units
Center-to-center spacing 25 wm
Aperture width 2.5 mm
Sensitivity 3 2.8 x104 ClJicm?2
Nonuniformity of response 10 1%
Saturation exposure 3 50 | nJ/em2
Saturation charge 14 pC
Average dark current 5 pA
Quantum efficiency 1. 3 75 %
Spectral response peak 3 750 nm
Spectral response range 2. 3 250 - 1000 nm

Notes:

1 Typical value specified at 750 nm wavelength.

2 Sensitivity within this range is typically at least 20% of

peak sensitivity.

3 Specified for quartz windowed devices. Fiber optic
faceplate will modify response characteristics as shown in

Figure 4.
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Absolute Maximum Ratings

Parameter Min Max | Units
Voltage applied to any 0 -20 \
terminal with respect
to common
Storage or operating
temperature
Quartz windowed (SAQ) -78 +85 °C
Fiber optic (SAF) -40 +85 °C
< on -
32 25 24 | 17
L 1 0.6"
| 1 8 9 16
.038" | 2.750" >
+.010 +
Lo r -
' e 100 T: '18? ;
. +.
185 L— 1.200" *® B
125
A. Package with Quartz Window
.200"
.038"
e ||
T 1
.100"
P .100 Typ —» e +.010
185 1.200" ——»!
125

B. Package with Fiberoptic Window

030 Silicon Sensor
+.002 Quartz Window
iy /4
004 Il 051
.100 Ref ‘;.008
+.010 -
.030 Silicon Sensor
+.002
Y |
i
- .051
100 6 _’I £.008
+.010

Figure 14. Package Dimensions. Dimensions are in inches except where millimeters (mm) are indicated
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SB Series
Solid State Line Scanners

' 2 EG:zG RETICON

General Description

The EG&G Reticon SB series is a family of monolithic self-
scanning linear photodiode arrays optimized for application in
spectroscopy. The devices in this series consist of a row of
silicon photodiodes, each with an associated junction capaci-
tance on which to integrate photocurrent and a multiplex
switch for periodic readout via an integrated shift register
scanning circuit. The part number of each device indicates
the number of elements in the array (example, 128, 256, 512,
and 1024).

The"SB series devices are mounted in ceramic side-brazed
dual-inline packages which mate with standard 22-pin
integrated circuit sockets. The 256-element array is also
available in a ceramic LCC package. Pinout configurations
are shown in Figure 1. Package dimensions are shown in the
outline drawings of Figure 9. Standard SB devices are sealed
with a ground and polished quartz window. However, an
optional fiber optic faceplate version is also available in side-
brazed packages. The fiber optic faceplate has 6 um
diameter fibers and a numerical aperture of 1.

Key Features

¢ Simultaneous integration of 128, 256, 512, or 1024 photo-
diode elements with 25 um center-to-center spacing

Each sensor element has a 100:1 aspect ratio (25 um x
2.5 mm)

* Extremely low dark leakage current for longer integration
times

Low power dissipation to facilitate cooling

Clock-controlled sequential readout at rates up to 10 MHz
Single-supply operation with HCMOS-compatible inputs
Single shift register design for simplified clocking
requirements

» Differential video output to cance! clock switching tran-
sients and Fixed Pattern Noise (FPN)

Low output capacitance for low noise

High saturation charge for wide dynamic range
Antiblooming function for high-contrast images

Line Reset Mode for simultaneous reset of all photodiodes
Wide spectral response

Choice of quartz window or fiber optic faceplate (LCC
package has only quartz window)

* On-chip diodes (two) for temperature monitoring

¢ o o o & o

Sensor Characteristics

The SB series self-scanning photodiode arrays contain 128,
256, 512, or 1024 elements (LCC package: 256 elements,
only) on 25 um centers corresponding to a density of
40 diodes/mm and an overall length of 3.2, 6.4, 12.8, or
25.6 mm. The height of the sensor elements is 2.5 mm giving
each element a slit-like geometry with 100:1 aspect ratio suit-

/
Antiblooming Gate [ 1 __ 22 Start
Temp Diode 1 [ 2 21 1 @1
Antiblooming Drain [ 3 20 I Vgg
Vopg [ 4 190 %2
NG [ 5 18 I NC
Vg 0O 6 17 1 Vg
Ne O 7 16 0 NC
ResetGate [| 8 15 5 NC
Temp Diode2 [| 9 14 [I End-Of-Scan
Reset Drain  [] 10 18 0 vpp
Active Video [} 11 — 12 I Dummy Video
DIL,Top View
NC NC NC NC NC
—HH[[HH
Video Out | 26 4] Dummy Out
Reset Drain | 25 = Vpp
Temp Diode [24] 6 | EOS
Reset Gate 23| 7| NC
Vs [22] |E{ Vsub
NG [31] s ne
NC 20| 10 | NC
NC [19] 11| 22
Vppa [18] (2] ves
Y r

aav {3

spoig dwe] [ |
0av [& ]
uues 3]

lg E

LCC Package, Bottom View
(256-element array, only)

Figure 1. Pinout Configurations

able for coupling to monochromators or spectrographs. The
sensor geometry is shown in Figure 3.

Charge generated by light incident on the p-type surface be-
tween two n-regions will divide between the adjacent diodes
to produce the response function shown in Figure 3.

345 POTRERO AVENUE  SUNNYVALE, CALIFORNIA 94086-4197  (408) 738-4266  FAX: (408) 738-6979
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Figure 4 shows the typical output charge as a function of
exposure at 750 nm wavelength. Exposure in nd/cm?2 is cal-
culated by multiplying the light intensity in pW/cm2 by the
integration time in ms. Note that the response is linear with
exposure up to a saturation charge of 10 pC at a saturation
exposure of 35 nJ/cm2. The sensitivity is defined as the ratio
of saturation charge to saturation exposure and is 2.9 x 104
C/J/em2 (at 750 nm). Typical relative sensitivity as a function
of wavelength is shown in Figure 5. Quantum efficiency can
be obtained by dividing the sensitivity by the area of a sensor
element (6.25 x 10-4 cm2) and multiplying by the energy per
photon in eV. Peak quantum efficiency is about 80% at
650 nm. The dark current of an SB series device is typically
.20 pA at 25°C and is a strong function of temperature,
approximately doubling for every 7°C increase in tempera-
ture. The dark signal charge is given by the dark current
multiplied by the integration time. See Table 2 for Electro-
optical Characteristics.

24
o a Shift Register }—» End of S
St egl n can
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Dummy H H H Cvy
Photodiodes 1 2 n Reset Gate
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Gate Active Video
Active —— Reset Drain
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1 2 n
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Figure 2. Equivalent Circuit
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Figure 5. Typical Spectral Response

Scanning Circuit

The simplified equivalent circuit of an SB series photodiode
array is shown in Figure 2. Each cell consists of an active
photodiode and a dummy photodiode, both with an associ-
ated junction capacitance. These diodes are connected
through MOS multiplex switches to active and dummy video
lines. The shift register is driven by complementary square
wave clocks with periodic start pulses being introduced to
initiate each scan. The pixel sampling rate is determined by
the clock frequency. Integration time is the interval between
start pulses. The output signal obtained from each scan of
an N-element array is a train of N charge pulses, each
proportional to the light exposure on the corresponding pho-
todiode. In addition to the signal charge, switching transients
are capacitively coupled into the active video lines by the
multiplex switches. Similar transients are introduced into the
dummy video lines and, therefore, can be reduced and a
cleaner signal recovered by reading out the video and
dummy lines differentially.
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Clock and Voltage Requirements

Scanning is achieved by means of an integrated shift regis-
ter. The shift register is driven by complementary square
wave clocks, @1 and 5. Table | gives rise and fall times and
crossover points for these clock waveforms. The clock am-
plitude should be equal to Vpp - Vgg. With Vpp = 5V and
Vgg = 0V, the clock inputs will be HCMOS-compatible.
Since each photodiode is read out on a negative transition of
oo (see Figure 6), the frequency of the clock signal should be
set equal to the desired video data rate.

The start pulse of similar amplitude to the clocks is required
to load the shift register and initiate each readout period
(each scan of the array). The start pulse is loaded when o>
is high; the start signal is pulsed high for a minimum of 10 ns
during one and only one @ clock high cycle. A timing
diagram for the start and clock signals is shown in Figure 6.
Caution: @1 and @2 clocks need to be continuously applied
to the device. The integration period should be controlled by
varying the time between start pulses.

VsH
Start

For optimum performance and minimum switching noise, it is
important that the clocks are exact complements and that
their rise and fall times comply with Table 1. A recommended
circuit for generating these clocks is shown in
Figure 7.

End of Scan

An output pulse useful primarily for test purposes is provided
two clock cycles after the last photodiode is sampled by the
shift register scanning circuit. The timing of the EOS output
is shown in Figure 6. The voltage levels on the EOS output
will be determined by the Vpp and Vgg voltage levels
supplied to the photodiode array. When Vpp is at +5V and
Vgg is operated at OV, the EOS output will be compatible with
the HCMOS family of logic devices.

Amplifier Requirements

The recommended amplifier circuit for use with the SB
devices is a simple current amplifier. A current amplifier
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Figure 7. Two-Phase Drive Circuit

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 sequence. These current pulses, which each
contain a charge of up to 10 pC at saturation, 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 photodiode anode (the p-substrate) is biased to OV
(Vsg). Figure 8 shows a differential recharge amplifier suit-
able for use with SB series devices.

Line Reset/Antiblooming Control

Under certain operating conditions, it may be desirable to
control integration time independent of the line scan time
(time between start pulses). This can be accomplished by
the use of the Antiblooming Gate control input. When the
Antiblooming Gate is held at Vpp, all photodiodes are simul-
taneously reset to the bias voltage on the antiblooming drain
(typically Vpp/2). Conversely, when the antiblooming gate is
held at Vgg, the antiblooming transistor is off and the photo-
diodes can then integrate photocurrent. Thus, when an ac-
tive high pulse is applied to Vagg, the integration time for
diode ‘N’ then becomes the time between the negative-going
transition of the antiblooming gate to the time in which diode
‘N’ is read out through the diode multiplex switch.

Under normal operating conditions, SB series devices do not
require any blooming control due to their excellent
antiblooming characteristics. However, under extremely high
contrast conditions, blooming control can be implemented to
further enhance this performance. In this mode of operation,
a bias voltage (the same voltage as the video line bias, typi-
cally Vpp/2) is required on the antiblooming drain. The
antiblooming gate is then biased to 1-3V. By adjusting the
bias level on the antiblooming gate, excess charge present
on the video line is shunted to the antiblooming drain.

Dark Signal and Noise

There are two components of the dark signal from the SB
series. These are due to: (1) spatial variations in the switch-
ing transients coupled into the video line through the clocks
and internal multiplex switches, and (2) the integrated dark
current. A portion of the switching transient effect will be
spatially random and a portion will have the periodicity of the
clocks. The latter portion can be minimized by matching the
clock amplitudes and rise and fall times and by good circuit
layout to minimize capacitance between clocks and video
lines. The peak-to-peak fixed pattern due to all switching
transient effects should be less than 1% of the saturated
signal. The dark signal due to dark current is the dark current
multiplied by the integration time. It can be arbitrarily reduced
by lowering the temperature or by reducing the integration time.
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Figure 8. Differential Recharge Mode Video Amplifier

There are three identifiable sources of readout noise: (1)
reset noise, (2) shot noise, and (3) amplifier noise. Reset
noise is associated with resetting the diode capacitance to a
fixed voltage. Its root mean square value is given by (kTC)1/
2/q where k is Boltzmann’s constant, T is the absolute tem-
perature, q is the electronic charge and C is the total capaci-
tance of the photodiode (approximately 4 pF), the video line it
connects to, and the capacitance of the external circuitry. At
room temperature, kTC noise is approximately 1500 elec-
trons rms. It can be reduced somewhat by cooling. The rms
value of the dark shot noise is the square root of the number
of electrons in the dark signal charge. For example, with a
room temperature dark current of .25 pA and 10 ms integra-
tion time, the rms dark current shot noise is approximately
125 electrons. Because of the exponential temperature de-
pendence of dark current, shot noise can be reduced dra-
matically with a moderate amount of cooling. Amplifier noise
depends on the amplifier circuit used. In general, the low
video output capacitance of the SB series makes it easy to
achieve low amplifier noise and values below 2000 electrons
are possible.

Temperature Diodes

The SB Series arrays each have 2 on-chip diodes for sensing
array temperature. The standard method of use is to force a

fixed forward current (normally 10 pA) through the diodes and
measure the forward diode voltage drop. For details, please
refer to Application Note 127, How to Use Reticon Tempera-
ture Diodes.

Evaluation Circuit

A complete evaluation circuit for the SB series is available
from Reticon (side-brazed package, only). The RC1030
board provides the user with an easy means of evaluating
operation. The RC1030 uses an alternative circuit to that
shown in Figure 7.

The RC1030 has a sample-and-held video output with a typi-
cal dynamic range of 4000:1. Provision for cooling the array
using a thermal-electric cooler is provided by means of an
access hole located directly beneath the array.

The board requires +5 and +15V supplies and can be ad-
justed for pixel rates up to 50 kHz.
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Table 1. Electrical Characteristics (25°C)
(All voltages measured with respect to Vgyp)

Signal Sym Min Typ Max Units
Vpp Vbp 45 5 55 \
Vpp guard VbbaG Vop \
Vss Vss 0 v
Antiblooming drain VaBD Vss \
Start VsH High Vpp - -1 Vbp v
Vsi Low Vss Vgs + .4 \
Clock g1, @2 VH1,VH2  High Vpp - .1 Vpp \
Ve, Vi Low Vsgs Vgg + .4 \
Reset gate VHRG High Vpp - -1 Vbp \
ViLRaG Low Vsg Vgg + .4 \
Antiblooming gate VHABG High Vpp - .1 Vpbp \
ViLABG Low Vss Vgs + .4 \
Video bias Vy 2 Vpp/2 Vpp -2 v
Reset drain VrD 2 Vpp/2 Vpp- 2 \
Clock rate .001 10 MHz
Start rise time trs 10 50 ns
Start fall time tis 10 50 ns
Start pulse width tows 10 ns
o1 Rise time t 10 20 ns
o1 Falltime i 10 20 ns
2o Rise time tro 10 20 ns
o Fall time to 10 20 ns
Video delay time tvp 20 ns
Clock crossings X4 0 50 %
Xo 0 50 %
Capacitance 24, 92 Cc
at 5V bias !
RL0128SB 26 pF
RL0256SB 27 pF
RL0512SB 31 pF
RL1024SB 35 pF
Capacitance, each video Cv
line at 2.5V bias
RLO128SB 5 pF
RL0256SB 6 pF
RL0O512SB 10 pF
RL1024SB 18 pF
Note:

1 Calculated typicals - not measured.
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Table 2. Electro-Optical Characteristics (25°C)

Conditions:

All voltage levels set to typical values shown in Table 1

Light source is 2870°K tungsten filtered with a 750 nm bandpass filter
Video data rate = 250 kHz

Characteristics Typ Max Units
Center-to-center spacing 25 um
Aperture width 2.5 mm
Sensitivity 1,2,3 2.9x 104 ClJlem2
Nonuniformity of response
RL0O128SB 24,5 5 10 1%
RL0256SB 2.:4.5 5 10 +%
RL0O512SB 24,5 5 10 +%
RL1024SB 24,5 5 10 %
Saturation exposure (EgaT)12:3 35 nd/cm2
Saturation charge (QgaT) 10 pC
Dynamic range 31,250
(Qsat/Qnoise (rms))
Average dark current 6 0.20 .50 pA
Spectral response peak 750 nm
Spectral response range 5.7 200-1000 nm
Notes:
; Measured at 2.5V video line bias

Peak, typical at 750 nm

Fiber optic faceplate will modify sensitivity as shown in Figure 5

+% PRNU is defined as [(Vmax - Vavg)/Vavgl X 100% and -% PRNU is defined as
(Vavg - Vmin)/Vaygl x 100%, where

Vmax is the output of the pixel closest to saturation level,

Vmin is the output of the pixel closest to dark level,

Vavg is the numerical average of all the array pixels.

The first and last pixels are not counted in this measurement.

5 Measured at an exposure level of Ega1/2

Maximum dark current <1.5 x average dark current

7 From 250 - 1000 nm, sensitivity is typically at least 20% of its peak value.

W

[=2]

Absolute Maximum Ratings

Min Max Units
Voltage applied to any terminal
with respect to substrate (Vgg) 0 +10 \
Storage of operating temperature
Quartz window -78 +85 °C
Fiber optic -40 +85 °C

67



SB Series

Sensing Area Quartz Window
B ‘\r‘ |¢ 020
= y 2085 T | —Silicon Chip
7 - F-Flzsmm-}- 390 410
.1&;45
Zent .046
- . AR

, 1 i

Optional Fiber Optic Window

Device A B
RL0128SB | 1.080 | .1260 (3.2 mm)
RL0256SB | 1.080 | .2520 (6.4 mm)
RLO512SB | 1.080 | .5039 (12.8 mm)
RL1024SB | 1.600 | 1.008 (25.6 mm)

0.070 + 0.007 ———» r
0.020 +0.002 —»{|

0.040 + 0.005

0.050, typ.

0.030 £ 0.003
0.020 £ 0.002 —|

Bottom of Package

Quartz Window—___

Sl 0.050, typ 0.050, typ.

LCC Package, Side View

Note: Sensing aperture in LCC )
is centered with respect to cavity edges LCC Package, Bottom View

Figure 9. Package Dimensions (all dimensions are typical and in inches unless otherwise specified)

Ordering Information

Part Number Evaluation Circuit

Quartz Window

RL0O1285BQ-011
RL0256SBQ-011
RL0512SBQ-011
RL1024SBQ-011

RC1030LNN-011
RC1030LNN-011
RC1030LNN-011
RC1030LNN-011

Fiber Optic Window

RLO128SBF-011 RC1030LNN-011
RL0O256SBF-011 RC1030LNN-011
RLO512SBF-011 RC1030LNN-011
RL1024SBF-011 RC1030LNN-011

Quartz Window, LCC Package
RL0256SBQ-111

none
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SR Series
Random Access Linear Array

General Description

The SR Series is a unique family of monolithic linear image
arrays with randomly-accessible photodiode sensors. The
photodiodes are accessed via 5V binary address lines. Like
the Reticon S Series, the SR sensors are 25 um by 2500 pm
for the high sensitivity required in spectroscopy and scientific
applications.

The SR Series devices are mounted in 34 pin, .6" wide, side-
brazed ceramic dual-inline packages as shown in Figure 8.
Pin descriptions are shown in Table 3.

Key Features

+ Randomly accessible photodiode sensors - easily ac-
cessed with 5V binary-encoded MOS-level address lines

¢ Sensor structure based on Reticon’'s S Series arrays —

sensor spacing 25 um center-to-center with aspect ratio of

100:1 (25 pm by 2500 pm)

512 and 1024 element versions

Very low dark leakage current for longer integration times

Low power dissipation

Address clock rates up to 1 MHz

Very low output capacitance for low noise

High saturation charge for high dynamic range

Choice of quartz window or fiberoptic faceplate

® o e o o o o

Sensor Characteristics

The family of SR Series devices consists of 512 and 1024
photodiode sensing elements on 25 um centers correspond-
ing to a density of 40 diodes/mm and an overall length of
approximately 12.8 and 25.6 mm, respectively. The height of
the sensor elements is 2.5 mm, giving each sensor a slit-like
geometry with a 100:1 aspect ratio suitable for coupling to
monochromators or spectrographs. The equivalent circuit is
shown in Figure 2 and sensor geometry in Figure 3.

Charge generated by light incident on the p-type surface be-
tween two n-regions will divide between the adjacent diodes
to produce the response function shown in Figure 3. The
photo response profile as shown is a function not only of the
silicon geometry, but also of the wavelength. See Reprint
#IA-6, Design Considerations for a Solid-State Image Sens-
ing System, available from EG&G Reticon. Typical relative
response as a function of wavelength is shown in Figure 4.

A typical optical -to-electrical transfer function at 750 nm
wavelength is shown in Figure 5. Exposure in njoules/cm2 is
calculated by multiplying the irradiance (uwatt/cm )} by the
integration time (msec). Note that the response is linear with
exposure up to the saturation charge of 10 pcoul at a satura-
tion exposure of 40 njoules/cm?. The sensitivity is defined as
the ratio of the saturation charge to the saturation exposure
and is 2.5 x 10" coul/joule/cm® (at 750 nm). Quantum effi-
ciency can be obtained by d|V|d|ng the sensmwty by the area
of a sensor element (6.25 x 104 cm2) and multiplying by the
energy per photon in eV. Peak quantum efficiency is about
80% at 650 nm.

Vgs [ 1 34[] Ao
Address Strobe [ 2 33] Ay
Line Reset [ | 3 32[] A,
NC [ 4 31[] NC
Vooa L| 5 30[] As
Temp Diode [ | 6 29[ A,
Ne [ 7 28] As
Ne[] s 27[] NC
vsus [ © 26 Vsus
Ne (10 25 NC
Bpge L1 24[] Ag
Temp Diode [ |12 23:| Ar
Ne [[13 2zb NG
Veoa L]14 21[] Ag
Video Out [|15 20[] Ag"
Dummy Out [ |16 19[] o ras
Vaor L17 18] ] Voo

* N/C for RLO512 SR

Figure 1. Pinout Configuration

The dark current of the SR Series device is typically 0.5 pA
per diode at 25°C and is a strong function of temperature.
The general “rule of thumb” is that the current doubles with
every 7°C. The dark signal charge is given by the dark
current multiplied by the integration time.

Device Operation

The equivalent circuit of the SR Series is shown in Figure 2.
It is composed of five sections: (1) an address decoder; (2)
an address strobe; (3) a line reset; (4) an array of active
photodiodes and an array of dummy photodiodes; and (5) two
video lines (one for the active diodes and the other for the
dummy diodes), each with an associated reset switch.

A single sensor or photosite is selected by the address lines
via the address decoder. When the multiplexing gate is acti-
vated by the address strobe, the photo-converted charge in
the active diode is placed on the video line and sensed at the
output. The addressed photodiode is automatically reset by
the readout operation and will start integrating charge for the
next scan after it is deselected.
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{4

*» Active Video Output

L

Figure 2. Simplified Block Diagram

The line reset input is used to simultaneously reset all of the
diodes. When this input is activated, all of the diodes are
recharged and, if exposed, will start integrating the photo
converted charges simultaneously. Otherwise, this reset
function can serve to recharge the diodes for shutter opera-
tion or flash exposures. A line reset pulse (positive-going to
+5V) should last at least 2 psec, with 10 - 15 psec preferred
for more complete resetting.

The dummy diodes serve to differentially cancel most of the
fixed-pattern noise generated from the clocks. When a diode
is selected, both the active and the dummy diodes are simul-
taneously connected to their respective video lines. The re-
sulting charges are read simultaneously, and can be differen-
tially subiracted by an external differencing ampilifier.

Signal Extraction Circuits

Figure 6 shows a simplified example of two charge sensing
amplifiers with their outputs differentially connected to a
resettable integrator along with its associated timing diagram.
The voltage levels at the output of the integrator, representing
the integrated charges, can then be sampled and held.

In applications where noise performance is not the limiting
criteria, a simpler circuit can be implemented. The accessed
signal charges from a selected diode can be deposited di-
rectly on the video line and then discharged just prior to ac-
cessing the next photodiode. The video lines are discharged
with the active and dummy reset switches. Figure 7 shows a
typical method and timing diagram for buffering the video line
and using it as a holding capacitor. In this mode, the video
line exhibits the characteristics of a MOS capacitor. The
active and dummy outputs can be differentially processed, if
desired. In cases where fixed pattern noise can be ignored,
the dummy line can be tied to a potential equal to the active
video line.

+ Dummy Video Output
EI—’ ZRG1

VRD1
Clock Requirements

All of the clock input levels are designed to operate with 5V
CMOS levels. The decoder requires binary encoded ad-
dresses. The pin out diagram of Figure 1 shows the address
inputs starting with Ag as the least significant bit. The se-
lected diode site is clocked out with the address strobe. The
signal charges appear at the output of the video line with the
rising edge of the address strobe.

Temperature Reference Diode

There are two temperature diodes, one at each end of the
SR devices for temperature monitoring. The diodes are for-
ward biased by applying a negative potential to the input pin
with respect to the substrate (Vgyg). The anode of each
temperature diode is internally connected to the substrate
(VsuB)- Since there are several methods which can be used
to monitor temperature with the diodes, and since each will
require device as well as circuit calibration, the terminals of
the diodes are provided for the user to calibrate and to use
as desired. Examples of the different methods are as fol-
lows: (1) One method is to measure the open circuit junction
voltage as a function of temperature. This method will re-
quire calibration of an external buffer amplifier, which is used
to isolate the diode terminal from the external circuit. (2)
Another method is to reverse bias the diode and measure the
leakage current as a function of temperature. This method
will require calibration of the leakage current. (3) Another
method is to measure the forward diode drop as a function of
temperature. This method not only requires the calibration of
forward voltage drop as a function of temperature, but it re-
quires drawing current through the substrate which will de-
grade performance as well as cause localized heating in the
substrate. Charge injected into the substrate will diffuse into
nearby pixels. If this method is used, forward biasing should
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only occur during output scans that can be discarded. More-
over, a few scans should occur after the temperature diodes
are turned off to “clean out” the substrate. If the temperature
diodes are not used, these pins should be tied to ground.

Dark Signal and Noise

There are two components of the dark signal from the SR
Series random access arrays. These are due to: (1) Spatial
variations in the switching transients coupled into the video
line through the clocks, and (2) the integrated dark current. A
portion of the switching transient effect will be spatially ran-
dom. Keeping the clock transient effects to a minimum re-
quires strict observation of good layout techniques, such as
splitting of grounds between the digital and analog circuits.
The dark current leakage can be controlled by the integration
time or by cooling the device. The dark current can also be
mostly cancelled if the integration time of the given photo site
is kept constant between readouts, because its leakage value
can be stored and subtracted from each of the succeeding
scans.

Evaluation Circuit

A complete evaluation circuit for the SR Series arrays is avail-
able from EG&G Reticon. The RC1010/RC1011 boardset
provides the user with an easy means of evaluating the op-
eration and performance of the SR devices. The board set
allows the user to address the devices via an on-board
EPROM or inputting the address through a 25-pin D-type
connector. It requires +5 and 15V supplies, and has a
sample-and-held video output with a typical dynamic range of
2000:1. Provisions for cooling the array using a thermo-
electric cooler are provided by means of an access hole lo-
cated directly beneath the array.
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Table 1. Electrical Characteristics (25°C)

Min Typ Max Units
Vbp 45 5.0 5.5 \Y
Vbbg 45 5.0 55 \
ss 0

Video line bias +2 Vobr2 Vppre \
Clock and address lines amplitude Vpp-.5 +5 Vpp v
Clock repetition rate 1 MHz
Capacitance of each clock line (@ 5V bias)

RLO512SR 10 pF

RL1024SR 15 pF
Capacitance of each video line (@ 2.5V bias)

RL0O512SR 12 pF

RL1024SR 20 pF
Capacitance of each photodiode (@ 2.5V bias) 1 4 pF
DC power dissipation 1 mw

Notes:

1 Calculated typicals, not measured

Table 2. Electro-Optical Characteristics (25°C) 5

Typ Units
Center-to-center spacing 25 um
Aperture width 2.5 mm
Sensitivity 3.6 25x10% | coulfjoule/cm?
Nonuniformity of response 4.5 10 | +%
Saturation exposure 3 40 | nJicm?
Saturation charge 10 pC
Average dark current 0.5 pA
Quantum efficiency 13 80 | %
Spectral response peak 750 nm
Spectral response range 23 200-1000 | nm

Notes:
1 Typical value specified at 750 nm wavelength.

2 From 250-1000 nm sensitivity >20% of peak value.

Specified for quartz windowed devices. Fiber optic faceplate will modify response characteristics as shown
in Figure 6.

4 Measured at 50% VgAT with a 2870°K incandescent tungsten source filtered with a Fish-Schurman HA-11
heat absorbing filter. First and last diodes are ignored.

Data rate = 100 kHz. Device operated in serial readout mode. Vpp = Vppg = +5V.

6 At 750 nm.

Table 3. Pin Descriptions of Figure 2

Pin Number Description

1 Vgs - negative supply (GND)
2 Address strobe - latches address bits. Video clocked out on rising edge of strobe
3 Line reset - simultaneous reset of all diodes
5 Vppg - same potential as Vpp
6,12 Temperature diodes - one on each end of die for temperature measurements
9, 26 Vsug - substrate (GND)
11,19 | @RaG2, PRG1 - active and dummy video line reset gates
14,17 | Vgp2, VRD1 - active and dummy video line reset drains (+2.5V)
15 Active video output
16 Dummy video output
18 Vpp - positive supply (+5V)
34, 33, 32, 30, AO-A9 - address bits. Open collector TTL or CMOS levels (GND to +5V)
29, 28, 24, 23,
21,20
All other pins No connection (should be tied to GND for best noise immunity)
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Absolute Maximum Ratings

Min | Max | Units
Voltage applied to any terminal 0 7 v
with respect to common
Storage or operating temperature
Quartz windowed -70 | +85 °C
Fiber optic faceplate —-40 | +85 °C
f————————————————— 1680+ 017 —mM8M—————————— |
504 ——
590 +£.010
2!)7
) sansin/g Area L‘g&( ‘ e
~066 + .005| L0165
t.1 25+ 1
.005
e 16x.100 = 1.600 £ .005 100+ 005
512SR

1,680 £ 017 —————————

5
1.008
5901 .010
) Sensing Area iOQM
Lo1s
16 x .100 = 1.600 + .005 100 £ 005
1024 SR

Figure 8. Package Dimensions
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Ordering Information

Part Number

Window

Evaluation Circuit

RL0O512SRQ-011
RL1024SRQ-011
RLO512SRF-011

RL1024SRF-011

Quartz
Quartz
Fiber optic

Fiber optic

RC1010LNN-011/
RC1011LNN-011
RC1010LNN-011/
RC1011LNN-011
RC1010LNN-011/
RC1011LNN-011
RC1010LNN-011/
RC1011LNN-011

055-0238
November 1991
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T Series

Solid State Line Scanners
64, 128, 256, and 512 Elements

General Description

The Reticon T series is a family of monolithic self-scanning linear
photodiode arrays optimized for application in spectroscopy.
The devices in this series consist of a row of silicon photodiodes,
each with an associated junction capacitance in which to inte-
grate photocurrent and a multiplex switch for periodic readout
via anintegrated shift register scanning circuit. The partnumber
of each device indicates the number of elements in the array
(e.g., 64, 128, 256, 512).

The T series devices are mounted in ceramic side-brazed dual-
inline packages which mate with standard 22-pin integrated
circuit sockets. The pinout configuration is shown in Figure 1.
Package dimensions are shown in the outline drawing of
Figure 11. Standard T series devices are sealed with a ground
and polished quartz window. However, the optional fiber optic
faceplate version shown in Figure 11 is also available. The fiber
optic faceplate has 6 um diameter fibers and a numerical
aperture of 1.0.

Key Features

* Simultaneous integration on 64, 128, 256, or 512 photodiode
sensor elements with 50 um center-to-center spacing

e Each sensor element has a 50:1 aspect ratio (50 um x
2.5 mm)

* |Integration times as shortas 64 usecoraslongas 0.3secare

possible at room temperature. Integration times of minutes

or even hours without sensors saturating can be achieved by

cooling.

Low power dissipation (less than 1 mW) to facilitate cooling

Clock controlied sequential readout at arbitrary total effective

data rates up to 2.5 MHz (f; = 1.25 MHz max.)

Differential output to cancel clock switching transients and

fixed patterns

Low output capacitance for low noise

High saturation signal charge (28 pC) for wide dynamic range

Wide spectral response (200-1000 nm)

Choice of quartz window or fiber optic faceplate

Standard 22-lead dual-inline integrated circuit package

e o o o o

Sensor Characteristics

The Reticon T series self-scanning photodiode arrays contain
64, 128, 256, or 512 silicon diode sensor elements on 50 um
centers corresponding to a density of 20 diodes/mm and an
overall length of 3.2, 6.4, 12.8, or 25.6 mm. The height of the
sensor elements is 2.5 mm, giving each element a slit-like
geometry with 50:1 aspect ratio suitable for coupling to mono-
chromators or spectrographs. The sensor geometry is shownin
Figure 3.

Charge generated by light incident on the n-type surface be-
tween two p-regions will divide between the adjacent diodes to
produce the response function shown in Figure 3.

Ground [] 1 22[INC
Substrate [] 2 ]2 1 Ground
NC(]s 20 [] Start
NC[]4 19[a,
NC 5 18[l o,
Substrate [| 6 17 [l Substrate
NCl7 16 [] End-of-Scan
Nclls 15 [1 Reset Gate
Nclo 14[] Dummy Video
NC [} 10 Y 13[] Active Video
Reset Bias [] 11 12[] Substrate

Figure 1. Pinout Configuration
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Figure 3. Sensor Geometry and Aperture Response
Function
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T Series

Figure 4 shows typical output charge as a function of exposure
at 750 nm wavelength. Exposure in nJ/cm? is calculated by
multiplying the light intensity in uW/cm?2 by the integration time
in msec. Note that the response is linear with exposure up to
a saturation charge of 28 pC at a saturation exposure of
50 nd/lcm2. The sensitivity is defined as the ratio of saturation
charge to saturation exposure and is 4.4 x 104 C/J/cm2 (at
750 nm). Typical sensitivity as a function of wavelengthis shown
in Figure 5. Quantum efficiency can be obtained by dividing the
sensitivity by the area of a sensor element (6.25 x 10-4 cm2) and
multiplying by the energy per photon in eV. Peak quantum
efficiency is about 80% at 650 nm. The dark currentof a T series
device is typically about 4 pA per diode at 25°C and is a strong
function of temperature as shown in Figure 6. The dark signal
charge is given by the dark current multiplied by the integration
time.

Scanning Circuit

A simplified equivalent circuit of an RL0512T photodiode array
is shown in Figure 2. Each cell consists of a photodiode and a
dummy diode, both with an associated junction capacitance.
These diodes are connected through MOS multiplex switches to
video and dummy recharge lines. The shift register is driven by
two-phase clocks with periodic start pulses being introduced to
initiate each scan. The cell-to-cell sampling rate is determined
by the clock frequency.

The integration time is the interval between the start pulses. The
output signal obtained from each scan of an N element array is
a train of N charge pulses, each proportional to the light
exposure on the corresponding photodiode. In addition to the
signal charge, switching transients are capacitively coupled into
the video line by the multiplex switches. Similar transients are
introduced into the dummy line and, therefore, can be reduced
and a cleaner signal recovered by reading out the video and
dummy lines differentially.

Clock and Voltage Requirements

Scanning is by means of an integrated shift register. The shift
register is driven by a two-phase clock. The clock phases may
be complementary square waves, or they may have a shorter
negative duty cycle. In no case should g1 and @2 be negative
simultaneously, as this will cause the scan to be terminated.
Figure 7 shows a simple two-phase clock drive circuit and its
related timing diagram.

In the specifications all voltages are expressed with respect to
the substrate. However, for compatibility with TTL clocks and
ease of signal extraction, it is recommended that the substrate
be run at+5V. The clock phases should then swing between +5
and -7V nominal. The start pulse should overlap one positive
going transition of @4 with appropriate set-up and hold times as
shown in Figure 7.

End of Scan

An output pulse, useful primarily for test purposes, is provided
when the last element is sampled by the shift register scanning
circuit. When not used, it should be shorted externally to the
array substrate to avoid introduction of unwanted “glitches” into
the video. The voltage excursion on the end-of-scan terminal
(when used) should be minimized by using a circuit such as that
shown in Figure 8.
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Amplifier Requirements

Two types of amplifier circuits are in common use with Reticon
photodiode arrays. These include: (1) a simple current ampli-
fier, and (2) a video line integration, sample-and-hold circuit. A
current amplifier holds the video line at 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 sequence. These current pulses, each contain-
ing a charge of up to 28 pC at saturation, are converted by the
amplifier to a train of voltage pulses whose level corresponds to
the exposure on the various diodes.

With a video line integration, sample-and-holid circuit, the video
lineis reset to ground prior to closing the multiplex switchto each
diode. When the switch is closed, charge divides between the
diode and the video line and the resulting change in video line
voltage is sampled and held. The video line and diode are then
reset to ground prior to opening the multiplex switch to the next
diode. The result is a boxcar output waveform.

Dark Signal and Noise

There are two components to the dark fixed pattern signal from
the T series arrays. These are due to: 1) spatial variations in the
switching transients coupled into the video line through the
clocks and the internal multiplex switches, and 2) variation in the
integrated dark current. A portion of the switching transient
effect will be spatially random and a portion will have the
periodicity of the clocks. The latter portion can be minimized by
matching the clock amplitudes and rise and fall times and by
good circuit layout to minimize capacitance between clocks and
video lines. The peak-to-peak fixed pattern due to all switching
transient effects should be less than 1% of the saturated signal.
The fixed pattern due to dark current is just the variation in dark
current multiplied by the integration time. It can be arbitrarily
reduced by lowering the temperature or by reducing the integra-
tion time. This is not to be confused with the average dark
current as shown in Figure 6.

There are three identifiable sources of readout noise: 1) reset
noise, 2) shot noise, and 3) amplifier noise. Reset noise orkTC
noise is associated with resetting the diode capacitance to a
fixed voltage. Its rms value is given by (kTC)1/2/q where k is
Boltzmann’s constant, T is the absolute temperature, q is the
electronic charge, and C is the total capacitance of the photo-
diode (approximately 4 pF), the video line, and the capacitance
of the external circuitry. At room temperature, the kTC noise of
the 512T is approximately 2100 electrons. It can be reduced
somewhat by cooling. The rms dark current shot noise is the
square root of the number of electrons in the dark signal charge.
For example, with a room temperature dark current of 5 pA and
10 msec integration time, the rms value of the shot noise is
approximately 560 electrons. Because of the exponential
temperature dependence of dark current, shot noise can be
reduced dramatically with a moderate amount of cooling. Am-
plifier noise depends on the amplifier circuit used. Ingeneral, the
low video output capacitance of the T series makes it easier to
achieve low amplifier noise and values below 2200 electrons are
possible.
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