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ICRON

TECHNOLOGY, INC."
2805 East Columbla Road
Boise, Idaho 83706

TEL. (208) 3834050

TWX 910-970-5973 s

552 OpicRAN"

65,536 element Solid-State Image Sensor
“

FEATURES ‘ —_

* Dual 128 x 256 element arrays : ‘¢,’,’fe':§d,d 1 6] Vss

* 32,768 light sensing elements per array o [z] lEE:Ts‘
¢ Adjustable light sensitivity :

* Variable scan rate we[2 [1a] Doyt
* Adjustable threshold (pin 1) — ¢ '

* On-chip output latch s 13] % '
* 16 pin package Ao[E] ' E A,

* 5 volt + 5% power supply

* Low power 150mW max A1 [e] 1] Aq

* All digital operatlgn &[T A

* Fully TTL compatible ,

* Accepts slow (MPU) input edges Vee[s] 3] A7

* Low capacitance inputs

IS32 OpticRAM™

* GENERAL DESCRIPTION

The 1832 OpticRAM™ image sensor is a solid-state device capable of sensing an image and translating it
to digital computer-compatible signals. Each of the two arrays on the chip tontains 32,768 sensors arranged
as 128 rows by 256 columns of sensors. Typical applications will utilize only one of the arrays since the ar-
rays are separaled by an optical “‘dead zone' 120 microns wide.

Improved cost standards for binar'y~ image sensing (less than $.0003 / element) are delivered through use
of Micron's MT4264 64K dynamic RAM memory chip as the sensing device. The OpticRAM™ image sen-
sor is differentiated by packaging with a glass lid (vs. the opaque lid used in memory chips) and connection
of the normally unused pin 1 for optional threshold reference adjustment.

The OpticRAM™ image sensor is a random access device. Each sensing element may be uniquely access--
ed. The 16 anddréss ‘bits are entered (multiplexed) 8 bits at a time using RAS to latch the first 8 bits and
CAS the latter 8 bits. 1f the WE pin goes low prior to CAS going low, the output pin remalns openuntil the
next CAS cycle. If WE goes low after data reaches the output pin, the output pin is activated and retains
the selected cell data as long as CAS remains low (regardless of WE or RAS). This late WE pulse results
ina Read-Modify-Write cycle, Pin is latched when WE strobes low. Schmidt triggers have been added 1o all
input control lines. This feature provides compatibility with contro} circuitry generating slow edge rates which
is typical of many microprocessor-based systems.

By holding RAS low, CAS may be toggled to execuie several faster Read, Writes or Read-Modify-Write cycles

within the RAS address defined PAGE boundary. Returning RAS high terminates the memory cycle and

decreases chip current to a reduced standby level. Also, the chip is preconditioned for the next ¢cycle during
the RAS high time. -



ABSOLUTE MAXIMUM RATINGS*

Voltage on VGG supply relativetoVes. . ... oo ivne v oot P — 1.0Vic + 7.0V
Operating Temperature, Ta(Ambient).................... e 0°C to + 70°C
Storage Temperature (Ceramic)........covvvvinvnninn.. et — 65°C to % 150°C
Storage Temperature (PIaslic) .. .......ouiiiiinn il e, — 55°C to + 125°C
Power Dissipation ..........coiiiiiiiiiiiii . e 1 Watt
Short Circuit Output Current . ........ovvvnn.. ... e e e e . 50mA

*Stresses greater than those listed under *“*Absolute Maximum Ratings” may cause permanent damage
to the device. This is a stress rating only and functional operation of the device at these or any- other
conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect reliability.

' RECOMMENDED DC OPERATING CONDITIONS (TpA=25°C)

PARAMETER SYMBOL | MIN MAX UNITS. | NOTES
Supply voltage - TYP 5.0V Vee 4.5 5.5 V. 1
Input high (Logic 1) v,ol'tage, all inputs ViH 2.2 Vee +1 v 1
Input low ' (Logic 0) voltage, all inputs . Vu_. — 1.0 8| v 1

'DC ELECTRICAL CHARACTERISTICS  (TA=25°C)  (Vog= 5.0V £10%)

PARAMETER _ SYMBOL | MIN MAX | UNITS | NOTES

STANDBY CURRENT lcen 4 mA
Power supply standby current
(RAS =CAS = V| after 8 RAS cycles min).

" STANDBY CURRENT’ Iccz 6 mA
(RAS = Vi, CAS=V|)

| OPERATING CURRENT Icca 30 mA 2
(RAS = V|, CAS cycling)
RAS ONLY REFRESH CURRENT Icc4 20 " mA 2
"PAGE MODE CURRENT lccs 30 mA 2

(RAS =V|, CAS cycling)

| INPUT LEAKAGE , (L) — 10 10 pA
Input leakage current, any input B : . i

(OV = ViN = Vco)

all other pins not under test = 0 volts

OUTPUT LEAKAGE . [o](8) — 10 10 pA
‘Output leakage current
(Pour is disabled, OV < VoyuT < Vee)

“OUTPUT LEVELS

Output high (Logic 1) voltage (1dUT = 5mA) VoH 24 \
Output low (Logic 0) voltage (1oyT =5mA) VoL _ 04 | Vv
AC éLECTRlCAL CHARACTERISTICS  (Tp=25°C) Vee =' 5.0V + 10%)

PARAMETER SYMBOL | WMIN MAX UNITS NOTES
Input capacitance (A,A;), DN C., —_ 5 pF 18
Input capacitance RAS, CAS, WE C, — 8 pF 18,
Output capacitance (PoyT) Co — 8 ' pF 18




11.
12.

13.

14,

185.

16.

17.

18.

19,

20.

"

NOTES

. All voltages referenced to Vgg.
- Icc Is dependent on output loading and cycle rates. Specified values are obtained with the output open.

. Aninitial pause of 100us is required after power-up fo}lpwed by any & RAS cycles before proper device

operation is achieved,

- AC. characteristics assume IT = 5ns,

. V'H (min) and V| (max) are reference levels for measuring timing of input signals. Trafsition times

are measured between Vy and ..

. The minimum specifications are used only to indicate cycle time at which proper operation is assured.
. Load = 2TTL loads and 50pF.

- Assumes that tRCD < tRCD (max). if IRCD is greater than the maximum recommeded value shown

in this table, tRAC will increase by the amount that tRCD exceeds the value shown,

. Assumes the tRCD > tRCD (max).

. It CAS = V|4, data output is high impedance.

If CAS = V|, data output may contain data from the last valid read cycle.

IOFF (max) defines the time at which the output achieves the open circuit condition.and is not referenced
to VoH or VoL.

Operation within the tF{CD'(max) limit insures that tIRAC (max) can be met. tRCD (max) is specified
as a reference point only; if tRCD is greater than the specified tRCD (max) limit, then access time
is controlled exclusively by ICAC. ¢

IRCH is referenced fo the first rising edge of RAS or CAS,

These parameters are referenced to m leading edge in early write cycles and to WE leading edge
in delayed Write or Read-Modify-Write cycles.,

IWCS, 1CWD and tRWD are restrictive operating parameters in Read-Write and Read-Modify-Write
cycies only. If WCS > tWCS (min) the eycle is an Early Write cycle and the data output will remain
open circuit throughout the entire cycle. f ICWD > tCWD (min) and tRWD = tRWD (min) the eycle
Is a Read-Write and the data output will contain data read from the selected cell. If neither of the above
conditions are met the conditions of the data out (at access time and until CAS goes back to Vip)

is indeterminate.

In addition to meeting the transition rate specificaion, all input signals must transit between VIH and
VIL (or between V)i and ViH) in a monotonic manner.,

Capacitance calculated from the equation C = 18t with 8V = 3V and Vce = 5V.
- Av

I CAS is low at the falling edge of RAS, data out will be maintained from the previous cycle. To initiate
@ new cycle and clear the data out butler CAS must be pulsed high for ICPN. Note 8 applies to deter-
mine, valid data out. ’ ‘

Every row must be addressed once per second. including the unused half of the array.

-~



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS

(SEE NOTES 3, 4, 5, 10, 11, 20) _ (TA=25°C) VCC = 5.0V + 10%
1832
PARAMETER SYMBOL MIN | MAX UNITS | NOTES
Random read or write cycle time: tRC 330 ns 6,7
~ Page mode cycle time ‘ tpC 225 ns 6.7
Access time from RAS A ' _ IRAC 200 ns 7.8
Access time from CAS . - icAC ‘ , 120 ns 7.9
Output butfer turn-off delay 1OFF o |- 40 ns 12
Transition tifhé (rise and fall) ‘ T 3 | 100 ns 517
RAS préchaigs tima . RP 175 ns
RAS pulse width' - . 'RAS 200 10,000 | . ns
" RAS told tirie - ‘ " 'RSH 100 ns
'CAS hold time™ ICSH 200 ns
CAS pulse width Icas 120 © ns
RAS 1t0°CAS delay time ‘|  'RCD 30 " 80 ns 13
CAS precharge time (page mode) ‘ Icp 40 ns
CAS precharge time- ICPN 38 | ns 19
Row address Set:up time !ASR 0 Y’ > ns
Row address hold: time RAH 25 ns
Column address-set-up time lAsc 0 ns |
Colurnn ‘address hold time ICAH 50 . ns
_ Column' address hold time referenced 1o RAS AR - 130 . ns
Redd command set-up time ~ Rcs 0 . ; ns
Read command-hold time referenced 10 CAS IRCH 0 ’ ns 14
Write tommand hold time ~* tWCH 60 ns
Write command hold time referenced to RAS 'WCR 140 ns ]
Write command pulse width - wp 50 ns
Write command 10-RAS lead time IRWL | 55 ns |
- Date-in-set-up time . DS 0 ns 15
Data:in-hold time*  ~ bH | 85 | ° ns 15
" Datasin hold time-referenced to RAS IDHR 135 ns
Read-Modify-Write . IRMwW 370 ns
Write command-to CAS leadtime tcwL 55 ns
WE command set-up-time lwes - 0 n's‘ .16
CAS 10 WE delay" - ' . clcwp | 100 . ns 16
RAS to V—Vuérdetay“ 'RWD 180 ns 16
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1S32 OpticRAM™ . TOPOLOGICAL INFORMATION
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LOGICAL EQUIVALENT OF TOPOLOGY MAP
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1S32 OpticRAM Address Descramble Logic.

DIMENSIONS

¢ ARRAY: 256 x 128 electrical addressable elements per array (4420 microns x 876.8 microns). The physical
organization of the array is actually a 514 x 129 grid with staggered cell placement as indicated in the
associated diagram.

ROW: 4420 microns.

COLUMN: 877 microns.

ELEMENT SIZE: 6.4 microns vertical by 6.4 microns horizontal.

VERTICAL PITCH (Row Pitch): 6.8 microns.-

HORIZONTAL PITCH (Column Pitch): 8.6 microns. ' > 9

SPACING between left and right array: 120 microns.

DISTANCE from surface of OpticFlAMTM chip to top of the glass = 940 microns (+ 10 percent).
CELL CAPACITANCE = .04 pf.

THEORY OF OPERATION

The 1S32 OpticRAM™ image sensor operates by focusing the reflected light from an object onto the 32,768

light sensitive elements (referred to as bits or"pixels) of the array. Light striking a particular element will cause
the capacitor, which is initially precharged to 5 volts, to discharge toward 0 volts. The capacitor will discharge
at a rate proportional to both the intensity and duration it is exposed to light.

To determine if.a particular element is black or white, read the appropriate row and column address associated
with the physical location of that particular element (refer to Topology Map). The OpticFlAMm image sen-
sor reads the voltage value of the capacitor and performs a digital comparison between the voltage of the
capacitor,and the fixed threshold voltage. Dout is set to BLACK if the voltage on the capacitor is above the
threshold pojnt. Dout is set to WHITE if the voltage is below threshold. {When referring to. Din and Dout,
BLACK is.a lochal **1" for rows O through 127, and logical "'0" for rows 128 through 255. WHITE is the
inverse of BLACK.)

A WHITE pixel indicates the capacitor was exposed to a light intensity sufficient to discharge the capacitor
pastthe threshold point. A BLACK pixel indicates the light intensity was not enough to discharge the capacitor
past the threshold, therefore it retained the charge and is read as black.

The other significant factor affecting the discharge of the light sensitive capacitors is the length of the time
which.the- capacitors are exposed to light. This period of time is measured from the initial exposure of an
element until the time the particular element is read or refreshed. Accessing any pixel in a row causes the
entire row to be ralrashed This sets all in a row cells that have not leaked below threshold to § volts and
sets all cells in a row that have leaked below threshold to 0 volts.

The combination of the light intensity and the scan rate (the amount of time the elements are exposed before
being read) will determine the optimum imaging environment. The faster the elements are scanned, or read,
the greater the light intensity required.

Shades of gray can be achieved by averaging multiple scans together using either a different threshold voltage



or varying the scan rate. By changing the threshold voltage keeping both the i image and light intensity cons-
tant, the outputs produced during each scan will not change where pixels are definitely black or white. Change
will be exhibited where the Image is gray and the amount of reflected light stmgpg the capacitors produces

a proportional voltage near the threshold voltage.

The nominal threshold with pin 1 open is 2.4 volts. This threshold can be adjusted via pin 1 from 1.5 volts
1o 3.0 volts. It is suggested that gray scale capability be achieved by varying the scan rate rather than ad-
justing the threshold voltage. By varying the scan rate (varying the discharge time) you can more accurately
achieve gray scale capability. Pin 1 should be capacitively bypassed (ie. 10 xF).

SENSITIVITY

Sensitivity at 900nm of the 1832 OpticﬂAMTM image sensor is approximately 2uJ / cm2.

Silicon detectors have a useful optical sensitivity over the region of the spectrum in which silicon absorbs
photons. The spectral sensitivity of the OpticF!AMTMI image sensor extends from .300 nanometers to 1100
nanometers. The sensitivity follows the silicon characteristic curve since the 1S32 is built using siicon. The
1532 is impervious to damage by high light intensity. It has a high quantum efficiency and a binary output
that is proportional to the amount of incident light and integration time (referenced toa threshold). However,
oversaturation of the 1S32 by more than 4 F-stops will,-for the duration of oversaturation, make the first half
of the array all light and the other half all dark. This is only a temporary situation for the duration of the
oversaturation.

The 1S32 chip is moumed in the package with 20 mils tolerance in both the X.and Y axis. This suggests
that if an OpucRAM package is replaced In a camera, & physical realignment of the &amera fo the scene

is hecessary, TOPOLOGY

The logical addressing of the IS32 does not correspond with the physical placemént of the cells on the chip.
By applying the descramble suggested by.the topology map on the previous page a logical-to-physical transla-
tlon can.be made. A simple circult for performing this translation Is included.

One of the primary goals in designing a low cost Integrated circuit such as the OpthAM image sensor
is to minimize its physical size. To achieve this goal, the cells in the Oplu,FlAM image sensor are arrang-
ed in an interleaved pattern, If an image is read out of the OpticRAM image sensor by counting suc-
cessively down the rows and columns, the image will look *‘fuzzy” around the edges because the pixels
will be slightly misplaced in the graphics matrix.

To accommodate sensor placement, the data from the OpticF!AMTM chip must be mapped into the graphics
matrix so that the arrangement of the pixels in the graphic matrix matches the physxcal arrangement of the
cells in the OptncRAM . Due to the interleaved cell pattern on the OptrcHAM image sensor, the array is
much longer than it is wide, resulting in spaces between the cells in the column direction. Because of the
spaces, the 128 x 256.array of cells will map very nicely into a 129 x 514 matrix referred to as the cell place-
ment grid.

The.cell placement grid is depicted in the O’pthAM Physical Layout Schematic. For a single array, there
are a total of 129 rows and 514 columns. Only the corners of the array are shown. The rest of the array
can be inferred from the cells displayed. The placement grid indicates where the-information from each cell
in the Opt:cRAM should be mapped. .For instance, if the cell at address Row 1, Column 1, in the Op-
ticRAM™ is read, the value (a 1 or 0) should be placed in the placement grid at location X = 2, Y = 2.

When every cell has been read and the values placed in the appropnate locations, about half of the grid
remains empty. We will call these empty locations ‘‘space pixels." The space pixels can be set all high or
all low to provide a light or dark background for the image. Another alternative is 1o set each _space pixel
lo the level that agrees with the inajority of its nearest neighbors.

The cell placement grid can be implemented in several ways or worked around. If 128 x 64 resolution is ade-
quate, reading only cells with even (0, 2, 4,...) row and column coordinates-selects only those cells perfeclly
aligned in the horizontal and vertical axes. If full resolution is desired, @ ROM and/or counter circuitry can
be used to perform a full transform in hardware. Slmpler yet, the transform may be accomplished through
software, the technique used by the Micron Eye camera. (Refer to application schematic on back pagc.)

Havmg the cells laid out in the 1S32 the way they are, gives the 1S32 OpiicRAM™ much greater resolvmg
power than if the cells were laid out linearly.
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1S32 OpticRAM™ Spectral Data Applications Note

-INTRODUCTION

The spectral sensitivity and broadband sensitivity of the 1S32 OpticRAM™ MicronEye was measured
under varying conditions and is described in the following report. All measurements were made onan
Apple Il Plus computer, running machine language subroutines to expose and read the MicronEye™
pixels. Generally, the exposure time (or soaktime) of the 1S32 OpticRAMYight sensitive detector was
adjusted until the logic state changed from ‘1 to 0. Not al| pixels change state at the same fluence,
"however, nor did a single pixel always change state at exactly the same fluence. This condition
suggested that the exposure tire be defined to be the mean time for 50% of the pixels in the sampleto -
change state under the given conditions,

Error bars are included on many graphs to indicate the exposure necessary to produce state
transitions in 20% and 80% of the pixels samples. Under broadband ilumination from a tungsten lamp
one row (256 pixels) was considered to be a significant sample. Measurements made through the
Jobin-Yvon monochrometer required a smaller sample, however, since only 60 pixels were

illuminated uniformly through the exit slit of the monochrometer.

SPECTRAL SENSITIVITY

In order to determine the absolute spectral sensitivity of the.1S32 OpticRAM, the output of an Orie} 750
W Xexon arc lamp was passed through a 1m Jobin-Yvon monochroreter and the radiance measuréd
with a Laser Precision Corporation Pyroelectric Radiometer.-Since the spectral response of the
radiometer is flat from 200 nm to over 15 pm, the absolute spectral intensity in (W/m2) pernm passing

through the rionochrometer was obtained,

The radiometer was replaced by the 1S32 OpticRAM and the exposure time required to change the
-state of 50% of the:60 pixels sampled was recorded at wavelengths from 300 to 887 nm. The fluence
(i’/em?) required to expose the 1S32 OpticRAM was cajculated at each wavelength and the reciprocal
of fluence, which is a convenient measure of sensitivity, is plotted in Figure 1. ‘

THRESHOLD VOLTAGE

A North Hills voltage/current reference source was connected between pin 1 and ground of the 1S32
OpticRAM in order fo measure the change in sensitivity with respect to threshold voltage.
Monochromatic light at 700 nm was used to illuminate the array. .

Sensitivity increased with increasing threshold voltage as shown on Figure 2. Although it may be
desirable to operate the 1532 OpticRAM at higher threshold voltages for some low light level



A}

SINGLE PIXEL EXPOSURE UNCERTAINTY

A short computer program was written to perform 100 soak and read Operations on a single 1832

OpticRAM pixel in order to determine the uncertainty in exposure time under constant unpiform
illumination. The results ‘shown in Figure 3 were taken at three different threshold voltages.

PIXEL TO PIXEL AND CHIP TO CHIP SENSITIVITY

One row of pixels was sampled after’ the entire IS32 OpticRAM was illuminated by a broadband
tungsten source. The number'of state transitions was recorded and the measurement repeated at
different exposure times. Figure 4 shows the percent transition probability as a function of exposure
time. The variability in pixel to pixel sensitivity is about 20% and exceeds the exposure uncertaintyofa
single pixel by a factor of 5. ‘ ' .

The variation in chip to chip sensitivity was tested by repeating the above measurements on three
' separate 1S32 OpticRAM chips. A 10% change in sensitivity was observed among the sampled chips.

"~ DARK CURRENT

A dramatic increase in the dark current of the IS32 OpticRAM was observed at elevated temperature.
This effect may be due to the exponential temperature dependence of the charge carriers’
concéntration within the silicon. The semilog plot in Figure 5 shows the maximum time that the 1832
OpticRAM will hold +1 logic state without external illumination.

7/

Special thanks to Wolfgang Christian, of Davidson College, for Supplying research on‘the Micron
Technology, Inc. 1S32 OpticRAM.

Use of OpticRAM™ in connection with a lensing System'is covered by U.S. Patent 4,441,125,
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Figure 1: Reciprocal fluence vs. wavelength for IS32 OpticRAM. Peak
sensitivity Is about 3 x 10¢ cm?/J between 700 and 800 nm.
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Figure 4: Mean transition probability vs. exposure time. The points above
and below the solid line show the measured standard deviation
from this,mean. The graph shows that eventhough the exposure
uncertainty for a single pixel is 4%, the exposure uncertainty for a
random pixel within the 1S32 OptucRAM is about 20%.
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Figure 5: Maximum holdtime for 1S32 OpttcRAM without illumination vs.

temperature.
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