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ABSTRACT

This paper presents a review of the emerging I’Optically

addressed ferroelectric memory with nc]n-destructi.ve read-out

(NDRO)” as a non-volat.ilc  nlemory technology, identifies its high

impact applications, and projects on some novel device designs and

architectures that will enable its realization. Based on the high

speed, bidirectional , pc)larizat.ion-dependent phc}toresponse,

simulation of a readout circuit fc>r a 16 K VIJ31 ferro-memory chip

yields read access times of - 20 ns and read cycle times of - 30

ns ~ (- 35 ns and - 45 ns, respectively, within a framework of

radiation-hard environment) , easily surpassing those of the

conventional electrical destructive readout. Extention of the

simulation for a 64K memc)ry shows that the read access and cycle

times are only marginally increased to -21 ns and --31 ns,

respectively (-38 ns and - 48 ns, with a radiation-hard readout.

circuitry) . Commercial realization of the optical NDRO, however,

wcn]ld require a reductic)n  in the incident (optical) power by about

an order of magnitude for the readout; or an enhancement in the

delivercc~ power/size ratio of semiconductor lasers for compact

implementati on. A novel device desjgn based on PZT with the c-axis

parallel to the substrate is suggested to reduce the requirement of

incident optical power further down by orders of magnitude. This



.

,

paper presents a new two capacitor memory cell configuration that

provides an enhanced bipol~r optoelectronic response from the edges

of the capacitor at incident power as low as - 2 mW\#m2.



J__ Int~_o~uotion

I@rroel ectri c memori es are of considerable interest f-or

appl jcatjons such as c)pt. ical information storage or corrclationl-~.

however, it. is well recognized that only non-destructive read-out

(NDRO) of ferroelectric  nonvolatile memories would truly exploit

the full potential of such fcrroelectric c}ptjcal memoriess-g. An

elect.rical NDRO mcthcld utilizes a ferroelectric field effect.

transistor confjgurat.jon where modulation of’ the source-to-drain

current across a semiconductor channel is accomplished by the

remanent polarization (memor-y)  in a ferroelectric layer in the gate

regi on. A]though nor]destruct.ivc t.o the memory, this scheme10

involves the challenge of c)ptimizing  a ferro-semiconductor

interface. In implement.at,ions t.o-dateg”ll, the fast fcrroelectric

polarization switching is generally accompanied by undesirable

effects such as the slowly drifting injected space charge at the

ferroelectric/scn~iconductor  interface contributing to deleterious

modulating fields. Also, retention lC)SS due to leakage associated

with the semiconductor/ferroel  ectrjc interface is a problem.

l+;ffortsg’]2 are underway to replace lead zirconate tit.anate by

barium magnesium fluoride, BaMgFL and/or bismuth tjtanat.e, BiqTi~012

in search of a better ferroe]e~tric/semj~onductor interface. !l’he

retention time however has been limited tc) a matter of hours in

those cases.

On the other hand, the concept. of the optically addre.ssab]e

NDRO could truly exploit the demonstrated retention time of over
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slcveral years ]3-]5 of lead zirconate tj tanate (PZT) capacitor based

memories. This concept of optical NDRO is based on the

polarization dependent photoresponse from a ferroelectric

capacitor; without. substantj.al ly changing its physical

configuration or subjecting it to the stringent requirement of a

semiconductor/f’errocl ectrjc interface. When the wavelength of the

incident radiation is less energetic than the bandgap of the Pz’I’

material , the stored memory state is not altered by the incident

photons. ~’hjs non-destructive feature can make the ferroelectric

memories an excellant. candidate for critical data storage. In

addition, such a non-destructive readout (NDRO) may also offer the

ferroelectric nonvolatile memory for analog applications. The

constant memory refresh requirecl  in the conventional destructive

reaclout (DRO) does not sustain the hit. level precision required for

an analog memory operatic>n. Furthermore, such a men!ory:modu]ated

analog photoresponse available from a monolithic ‘fprc)grammabl e

detcctorll may find applications in the backplane of optical

computers as a compact, smart detector array, potentially replacing

a combination of spatial light modulators and detectors. This

potential emerges from the dependence of the photoresponse on the

analog llproductll of the memory stored and the incident optical

signal . Such functionality from an integrated, compact device,

with simpler fabrication and enhanced speed by parallel access,

offers opportunities in a wide spectrum of applications including

high speed analog optoe]cctronic computing, optical

networks, image processing, and parallel processing
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such as optoelectronic neural networks.

We have previously reported7’]G on a high speed, bidirectional],

polarization dependent photoresponse from fcrroelectric thin film

capacitors, as a high speed optically addressed (1= 532 nm) NDR017

of the non-volatile memory (remanent polarization) . l’his paper

presents a critical assessment of its potential as a memory

technology and conditions for realization of this technology for

its high impact applications.

II Experimental Details

In order to determine the technological. viability of the optically

addressable memory with NDRO, we have initially focussed on the

conventional Pt/PZT/Pt - sandwich device configuration A (figure

la), with a nominal goal of a 36 K memory chip design.

A computerized multiprobe test setup including a compact laser has

been assembled, to allc)w a study c]f the high speed photorcsponse

and a comparison of the optical NDRO results with the conventional

DRO technique, which has been described in detail elsewhere18’lg.

l’his set-up allows measurement and recording of optical N DRO

behavior of the ferroelectric capacitor, along with conventional.

electrical DRO signal (pulse measurement using virtual ground
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circuit) , Sawyer/Tower hysteresis lc]op, capacitance, and resistance

/leakage, etc; on the same sample without disturbing the probes.

This highly integrated setup is quite flexible, versatile,

interactive, and allows cc)nvcnient computer storage and analysis of

t.hc data. In particular, the flexibility of subjecting a sample to

the various probes, repeatedly, in any selected sequence, with a

verifiable guarantee that the sample has not been irreversibly

altered during the course, is extremely valuable i.n correlating the

various phenomena studied. The small (30 cm long) laser, with a

variable attenuator for cclntrolling the inciclent power, has FWHM of

6 ns. l’he sample stage was capable of XYZ motion as well as the

focussed illumination beam could be moved independently in the XY

ciimensions to record the photoresponse with different illumination

profiles for the same illurninat.ion power on different

configurations of the device.

20 Pevice .I?abri.cat.ion anq. Ph.o.to=sp.ousg ll!.Y9_S.&_i.9@tion:—— .

A variety of device test structures in the sandwich

configuration were fabricated using c-axis oriented PZT thin films

with either platinum or conducting lanthanum strontium cobalt oxide

(I,SCO) as the top electrode. The thickness of the top electrode

ranged from a semitransparent 100 A layer to a 3000 A thick opaque

reflective layer. The diameters of the capacitors ranged from 100

pm’ to 250 Mm. Comparison of the photoresponse results from the

semitransparent and opaque top electrodes suggested that at power



lC?VC!l S 2 20 mW/pn12, the bi-djrcct. ional polarization dependent

photoresponse is due to a thermally triggered mechanism. In the

following, we present a memory design based on this response,

estimated power requirement for it, and projected performance

levels for the basic sandwich device (configuration A, figure la)

as well as for a device structure (configuration B, figure lb) with

a modified top electrode, which WOU1 d enhance its optical

absorption characteristics.

In addit.jon, our recent resultslG on the optoelectronic effects

at an order of magnjtucle  lower power levels (- 2 mW/~m2) from the

edges of the PZ’I’ capacitor have led tc} a two ferro-capacitor memory

cell with significantly enhanced readout.. High speed bipolar

optical NDRO results frc]m such two capacitor combinations are

discussed leadjng to the suggestion for a novel device design

(configuration C, Fjgure Ic).

.JIIo VLSI IMPEMENT_ABILITY

8? A pasOli.n_e.. Mem.ory__.Cell Ilc3si.qn (confiquw&i9_n_.AM

As a baseline, the photoresponse at a wavelength of 532 nm at - 20

mW/ ILZ incident optical power7 was utilized with a single

ferrocapacitor memory cell. !l’his design is preferred over the two

capacjtor djfferentjal signal sensing design for smaller cell size

as WCI.1 as faster access, l’he bidirectional nature of the response

allows the flexibility c)f utjlizing a single ferrocapaci.t.or cell.
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We have adapted a typical DRAM circuit design without refresh that

uti 1 izes standard balanced bit line technique for the bit

differentiation based on the photoresponse input signal. A block

diagram and schematic of the configuration is shown in Figure 2a.

Fig 2b is a circuit diagram of the typical column read functional

cell . SPICE simulation programs were developed for estimation of

the performance parameters of the sensing circuit. ‘I’he

calculations and speecl figures are based on the simulated and

measured data for existing RAM designs using a two balanced lines

per bit design. The analysis js divided into three categories:

(1) Ferroelectric cell model, (2) Support circuitry timing and (3)

Support circuitry area.

Eerroelectrjc  .Cell Mgdelfl

lJtilizing a typical photoresponse data7’*, we have modeled the

ferroelectric capacitor as a c:urrent generator with estimated

constants of capacitance C~ -- 0.4 pf/#m2 and current 1~ - 0.32

pA/pm2. In order to ~JerfOrm area calculations and to determine

initial bit line capacitance, it was necessary to produce a

prototype layout of the c:cII. A conservative assumption was made

that the ferroelectric cell cc>uld be placed within 2 minimum

dimensions of other structures in a 1.2 jL CMOS process.

Furthermore, it was assumed that, the ferro-capacitor  is constructed

of two overlapping layers, each immediately contactable from metal

one. Also it is assumed that the illumination rise times and
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durations are available that lead to current waveforms with rise

times on the order of 1 ns or slc)wer and durations on the order of

10 t.o 100 ns.

Support c_i_rcuitry._2:in~ing :

The

(3)

(2)

(3)

The

support circuitry timing must account for the following delays:

Bit-1ine delay (1’~): !l’he time for voltage on the bit line to

reach a nominal value Vb.

voltage required tc) activate

consideration for the noise

of the bit line comparators,

V~, is the minimum differential

the comparator and is chosen with

environment., the typical offsets

and the minimum expected current

capability of the ferroelectrjc  capacitor.

Comparator delay (l’C): Time taken by the comparator to make a

decision.

Other peripheral electronic tjming delays

addressing, multiplexing and setup delays.

is the time to drive the address lines and

capacitor onto each column. Multiplex

(T. ) include the

Addressing delay

enable one ferro-

ng delay is the

additional delay to multiplex the requested column/bit into

one bit and the setup time to register the output is

considered as the setup delay.

total access time is a summation of al.] these three individual

time delays.

T access = ‘1’1, + ‘I’C -i 1’ e
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Further, to obtain the read cycle time, TCYC1e, the additional time

to re-balance, or prccharge (Tl),6C~~,8~ ) the bit lines is then added

to the above evaluated read access time.

‘l’he area of the fe.rrocell  support, circuitry, mainly the address

enable MOSFET, is used to allow calculation of the area of the core

for various memory configurations. An assumption was made that

unconstrained area and drive capability is available outside the

periphery of the core itself. None of the requirements for drive

c)r timing are difficult to achieve jn a standard 1.2~m process, and

in fact, the requirements imposeci by the ferrocell design used here

are qujte similar to conventional DRAM.

l’hc results of the circuit simulation are presented in Table 1. In

addition to the results for a 16K chip, the table also shows

simulation results for a 64K chip. Clearly, a scale-up from 16K to

64K chjp does not undue)y impact the read access time, increasing

only slightly from 19.58 ns to 21.33 ns. F’urther increase in

memory density or sjze (say, 256K and beyond) will however have to

depend on both, advanced readout. circuitry to maintain the high 1/0

speed, as well as c~ptjmization of the materials\device

configurations for enhanced photc>response. For example, the novel

device configuration based on F’ZT with the c-axis parallel to the

substrate suggested in the following would make full use of the
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potential of optoel ectronj c effect to achieve higher memory

clensjt.y. Inherently, the ferroelcctric random access memories are

very similar in design to DRAM’s,, therefore their development and

cicnsit.y projections will follow closely those of the DRAM.

1] ● Bad.i.a.!.$.w  _co@A! e.rat i.o.n.s_... Cor... e.r.roelectricic Memory M@o.ut

Electronics:

l’he simulation framework utilized here is based on generic design

parameters from a commercial CMOS VI,SI process, available through

Met-al Oxide Semiconductor Implementation Service (MOSIS). ‘This

process is typically good for - 20 KRads befc)re serious degradation

occurs. With nominal operation conditions, a read access time of

< 20ns could be obtajned using such a process with minimum feature

size of 1.2 ~m. I,owerj.ng the feature size to 0.8 flm will further

improve the speed. Using data20 obtained from experiments conducted

on the Combined Release and Radiation Effects Satellite (CRRES), a

20-30 KRad total dose impingement is projected to result in a speed

degradation by a factor of about 2. This degradation is applicable

t.o times ‘l’C and ‘1’,. Usjng this modification, simulation for a 16K

chjp yields an increase in access time from 19.58 ns to 34.25 ns,

that. allows for a margin for radiation hardness. For further

ruggedness of the device, one could use a dedicated radiation hard

(> 3 MRad) fabrication process.
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Figure 3 shows the memory architecture proposed for a dual

ferroelectric”l aser chip pack where a laser chip would be flip-

bonded on top of the ferro-chip. Feasibility of such a chip design

in a compact manner however would rely on bringing the optical

power requirement down to about 0.1 n~W/Un]2,  so that dcmonstratedzl

I aser technologies (VCSEL technology with individual row

addressability) may be utilized (with -1 W of wall plug power

requirement) to build such an optically addressable chip. At the

cost of more real estate and an order of magnitude more wall plug

power, the chip pack may be implemented with today’s state-of-the-

art. lasers. Figure 4 shows a conceptual design of the chip with

monolithically integrated strips of edge emitting lasers, modified

further for surface emission with 45” etched mirrors or diffraction

grating. With the present requirement of about 2mW/~~m2 of peak

power, assuming readout of one word or one row/column at a time

from a 16K architecture, a wall plug power of about 15 W will be

required for such an arrangement. On the other hand, when the

desired goal of -0.1 n\W/~~m2 of sensitivity is achieved, the wall

plug power demand would drop to about a Watt., making it comparable

t.o the other non-volatile memory technologies (e.g. EHPROMS or

electrically read ferroelectric memories) .



Iv.!. N.ove_l_. d_e_vi ce ..smfiguration.  based on...photo_response_  f.rorn.. the

Edges:

We have recently reportedly on a novel optoelectronic response

c>bserved essentially from the edges of the thin film ferroelectric

capacitor as confirmed by moving around

top electrode. This photoresponse  from

level which is an c)rdcr of magnitude

thermally triggered respcJnsc7. The PZT

the beam spot across the

the edges occurs at power

lower than that for the

in these capacitors has a

preferential c-axis orientation perpendicular to the substrate.

With an assumption that. the photoresponse  is a direct consequence

of aligning the E - field of the incident optical beam with the c -

axis of PZT, the area under the electrode with c axis

to the optical E field may not even contribute to

Instead, domains that may actually contribute to the

perpendicular

the response.

photoresponse

may be from the smaller population of non-c--axis oriented domains

from the edge regions (tilted, and therefore, aligned at least in

part with the optical E field during readout, and initially aligned

in part with the polarizing field direction during ‘writing’. l’he

observation of the response preferentially from the edges therefore

suggests that the response is a strong function of the crystalline

orientation of

The new

cc)mbination of

the film.

device cc)nfiguration introduced herein is a

two capacitors that exhibits a bipolar response,

ba.scd on the optoelectronic effect obtained preferentially from the

edges]G. Figure 5 shows the new device configuration consisting of
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two capacitors, connected back-to-back by the base electrode, and

the corresponding net photoresponses obtained from it when the

c)ptical beam is made incident on it at different places, as shown

in the figure. For the reference of the photoresponse polarity,

the top electrode of the left capacitor (Al) is grounded. F’jgures

5(a) and 5(c) show the responses essentially from the left (Al) and

right (A2) capacitors, respectively, when illuminated individually.

Whereas, figure 5(b) shows the net bipolar photoresponse from the

capacitor-pair (illuminated as shown in the figure) , which directly

reflects the directic>n of the remanent polarization in the

capacitors. The “spacingt’ between the two capacitors j.n this twin

cell experiment ranged from 100 to 500 microns. Figure 6 shows

typical photoresponse outputs from such a twin cell experiment

where 6(a) is the background/noise signal (recorded with the device

in the dark) due to the pick up of the Q switching high voltage of

the Nd-YAG laser by the sample electrodes (whj.ch act as antenna),

and Fig 6(b) and 6(c) are the responses’ for the positively poled

and negatively poled sample combinations respectively. Further,

figure 6(d) and 6(e) are the difference signals between the

illuminated response for the positively poled state and the

negatively poled state and the dark noise signal respectively. A

retention studyz2 of remanent polarization in a ferroelectrjc capa-

citor utilizing the conventional DRO illustrates the variability of

nc)n-switched charge in the DRO measurement as a major problem for

apparent retention loss, and speculates on pc)ssi.ble mechanisms for

the loss. Clearly, the optical NDRO provides a unique non-

14



destructive probe]G’]8’z:’z4 for ferroelectric capacitors without

causing any additional polarization switching, an artifact of the

conventional DRO.

Finally, based on observation of this bipolar response from a

two capacitor combination, we have conceptualized a device

structure shown in Figure Ic. This new device design consists of

a Planar 9eometrY where ~’ZT would have its c axis parallel to the

substrate plane, and the two metal electrodes for write as well as

read operations would be laterally separated as shown. This would

utilize the polarization dependent photoresponse (such as shown in

figure 6d and 6e), already at lower optical incident power (-- 2

mW/pm2) by an order of magnitude, as a bidirectional measure of the

polarization state of the memory. Using a suitable template layer

such as MgO and selection of the growth conditions (substrate

temperature and ambient partial pressure) polycrystalline/epitaxial

films with c axis parallel to the substrate could be deposited as

has been demonstrated in the case of YBC025, E]aTiO~ 26, PbTi03 27 and

lead zirconate titanateze. ‘l’he proposed device with the planar

geometry would allow ease of polarization of PZT i.n the planar (t-

axis) direction with two distinct polarity options. Moreover, the

incident light beam would illuminate (and therefore address) the

full area of active, polarized PZ’r’ for substantially increased

signal . This configuration is similar to the one studj.ed by Bass

and others2g-31 in a variety of ferroelectri.c single crystals to

observe the optical rectification effect. Also, .it is noteworthy
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that thjs con fjguratjon js a single cell device that exploits the

bipolar nature of the response.

v . .poweE. .re.quirements  study:

~’he power requirement for the three device configurations is

addressed individually jn the following:

Pevice Configu.ratJ_on A (figure la) refers to the conventional

Pt/PZT/Pt sandwich structure. l’he cjrcuit simulation results

s.umrnari zed in table 1 project. a read access time - 20 ns and read

cycle tjme - 30 ns for a 16K chip fabricated using a commercial

VISI fabrication process with no rad-hard margins. Including the

rad hard margins the read access time is - 35 ns and read cycle

time is - 45 ns. Although the access speed projected above is

competitive and offers an edge over other nonvolatile memory

technologies, such a device would requjre - 20 mW/#m2 of power for

the optical NDRO. Compact semiconductor lasers in that power range

are not available at present. Commercial semiconductor lasers

currently available can deliver only - 0.01 mW/ym2 and devices

demonstrated in the laboratory deljver21 - 0.1 mW/Nmz at thjs time.

Alternatively, diode laser pumped solid state lasers along

with an acousto-optical  scanning system may be packaged in a size

of - (10 x 6 x 6) cm3 box along with an electronic circuitry of the

sjze of a cube of 10 cm on each side. However, the scan rate would
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limit the read frequency to about a

power requirement for such a package

Megahertz, and the wall plug

would exceed 10 watts.

Mvic.e. Cent.igu.ration__13 (figure lb) is essentially the same

sandwich device described above except for replacement of the

highly reflective platinum top electrode (optical absorptivity -1%)

by a better absorptive layer (e.g. a platinum cermet film with an

absorptivity in excess of -80%) It would clearly reduce the

required peak power per pixel tc> below - 0.5 mW/Km2, however even

that needs to await about a five fold enhancement in the power to

size ratio in order to allow a compact implementation (figure 5) as

a dual chip with a flip bonded semiconductor laser chip onto the

ferroelectric chip.

Also, in this thermally triggered

cycle time for the same bit would

microsecond, due to the extendecj

observed7 in the photoresponse.

DC!vic.@

p] anar

confi_guration__C  (figure ~c)

geometry which would allow

t-he planar (c-axis) direction with

read mechanism the read access

be as long as a fraction of a

oppositely directed relaxation

is the proposed device with the

ease of polarization of PZT in

two distinct polarity options.

Moreover, the incident licjht beam would illuminate (and therefore

address) the full area of active ? polarized pZT for a substantially

enhanced signal . Further, the new configuration will allow an

optimum30 90” incidence of the optical beam thus giving another
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factor of 20% to 30% over

with the single crystal

rectification is found

the currently measured value. Consistent

result s31, the extent and direction of

to vary with the polarization of the

incident beam and the angle of incidence. Therefore the choice of

the angle of incidence and the illumination polarization32 do allow

one to obtain maximum contrast between the photoresponses from the

two states of the poled capacitc]r.

Overall , therefore one expects a substantial (orders-of-

magnitude) enhancement in photoresponse from this new configuration

leading to the desired operational power/size ratio of about 0.01

n~W\Uz, readily implementable with the current semiconductor laser

technology. However, exact quantitative estimate of the response

signal will have to await a detailed device modelling and

~,imu]ation.

In addition to this potential application as an optically

addressed ferroelectric memory, such non-.i.nvisivs  photoresponse33

(photocurrent/voltage and reflected/transmitted 1 ight from

ferroelectric thin films), with its strong dependence not only on

the remanent polarization5-6’lG-lB, but also on the film

microstructure3L, crysta 1 orientation]G, and nature of the

interfaces2z-24 (state of formatic~n\degradation,  etc) offers18,24,33,s4

an ideal Ilt-o] II for probing the ferroelectric capacitors at

virtually any stage of fabrication, including on-line quality

control .
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VI. * . J20n.g 1.U Si.on.s.:

1. Based on the high speed, bidirectional ? polarization-dependent

photoresponse, simulation of a readout circuit for a 16 K VLSI

ferro-mcrnory chip yi

cycle times of - 30

within a framework

surpassing those of

readout. F;xtcntion

elds read access times of - 20 ns and read

ns, (- 35 ns and - 45 ns, respectively,

of radiation-hard environment) , easi ly

the conventional electrical destructive

of the simulation for a 64K memory shows

that the read acc:ess and cycle. times are only marginally

increased to -21 ns and -31 ns, respectively (-38 ns and - 48

ns, with a radiation-hard readout circuitry) . Commercial

realization of’ the optical NDRO, however, would require either

a reduction, by about an orcler of magnj.tude, in the incident

(optical) power for the readout; or an enhancement by about an

order of magnitude in the delivered power/size ratio and

reduction in production cost of the ‘semiconductor lasers to be

used for the optical addressing.

2>. A high speed (-10 ns ) bidirectional, polarization-dependent

photoresponse is observed from a twin ferro-capacitor test

structure illuminated with -mW/flm2 of incident optj.cal power.

3. A conceptual device design based on PZT films with c-axis

parallel to the substrate is presented. With its

substantially enhanced

reduce the requirement

speed NI.)RO by orders of

phot.oresponse, i.t would potentially

of incident optical power for high

magnitude thus leading to commercial
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realization of this. technology.

4. Further, the optical N1)RCI may also provide a unique non-

destructive probe for ferroelect.ric capacitors without causing

any additional polarization switching, an artifact of the

conventional DRO.
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Figure l(a) : Schematic cross-section of device configuration A

Figure 1 (b) : Schernatjc cross-section of modified device

configuration B to maximize thermally triggered NDRO response.

Figure l(c) : Schematic cross-section of the new device

configuration C that maximizes the newly observed optoelectronic

NDRC) response.

Figure 2a: Block diagram of the memory chip configuration.

Figure 2b: Circuit djagram of a typical column read functional

cell .

Figure 3: Illustration of an optically addressable ferroelectric

memory - semiconductor laser dual chip pack.

Figure 4: I,ayout of a 16K optically addressable ferroelectric chip

utilizing bars of edge emitting lasers made surface emitting by

etching mirrors or diffraction grating.

Fjgure 5: Summary of the optoelectronic effect observed from a

combination of two ferroelectric capacitors, the illumination

profiles used and the respective photoresponses obtained.
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I’igure 6a: NDRO photoresponse signal from a ferroelectric test

structure in the dark (noise signal) consisting of’ combination of

two ferroelectric capacitors with central illumination as

illustrated schemati.cal.ly  in figure 5 (b) .

Figure 6b and 6C are photoresponses (measured as voltage drop

acrc>ss a 50 0 impedence) in response to the 6 ns laser pulse at

532 nm wavelength for the positively poled and negatively poled

state of the ‘two ferro-capacitor’ memory cell respectively.

Figure 6d and 6e: Net photoresponsc obtained as a difference of

pulse illuminated signal. and dark signal for the positively (6b-6a)

and negatively poled state (6c-6a) respectively.
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I TABLE 1: SIMULATION RESULTS

DESCRIPTION UNITS COMMERCIAL MOSIS PROCESS
(WITHOUT RAD HARD MARGINS) WITH RAD HARD MARGINS

64k-4kxf6 16k-lkx16 64k-4kx16 16k-lk x16

MEMORY OUTPUT BITS (BIT) 16 16

MEMORY DEPTH (LOCATIONS) 4096 1024

TAccEss ~b+Tc+Te) (ns) 21.33 i 9.58 38.33 34.25
TcycLE (?ACCESS + TPRECHARGE  ) (ns) 31.33 29.58 48.33 W25
FERRO CAPACITOR AREA (,um)2 32.00 20.00

MEMORY WIDTH Pm 8f92 2048

MEMORY HEIGHT w 2842 2458

SINGLE MEMORY CELL AREA @m)2 355.20 307.20

SINGLE MEMORY CELL HEIGHT w 22.00 19.20

SINGLE MEMORY CELL WIDTH P f6.00 16.00
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