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ABSTRACT

This paper presents a review of the enmerging "Optically
addressed ferroelectric memory W th non-destructive read-out
(NDRO)" as a non-volatile wmnemory technol ogy, identifies its high
I mpact applications, and projects on sonme novel device designs and
architectures that will enable its realization. Based on the high
speed, bidirectional , polarization-dependent  photoresponse,
sinmulation of a readout circuit for a 16 K visl ferro-memory Cchip
yi el ds read access times Of ~ 20 ns and read cycle tinmes of ~ 30
ns, (- 35 ns and ~ 45 ns, respectively, wthin a framework of
radi ation-hard environment) , easily surpassing those of the
conventional electrical destructive readout. Extention Of the
simulation for a 64K memory shows that the read access and cycle
tinmes are only marginally increased to ~21 ns and ~31 ns,
respectively (-38 ns and ~ 48 ns, wth a radiation-hard readout.
circuitry) . Commrercial realization of the optical NDproO, however
would require a reduction in the incident (optical) power by about
an order of magnitude for the readout; or an enhancenent in the
delivered power/size ratio of sem conductor |asers for conpact
implementati on. A novel device design based on PzT with the c-axis
parallel to the substrate is suggested to reduce the requirenent of

incident optical power further down by orders of nagnitude. This




paper presents a new two capacitor menory cell configuration that
provi des an enhanced bipclar optoel ectronic response from the edges

of the capacitor at incident power as |ow as ~ 2 mW/um?.




I Introduction

Ferroel ectri ¢ memori es are  of consi der abl e I nt erest f-or
appl ications such as opt ical information storage or correlation!.
however, it is well recognized that only non-destructive read-out
(NDRO) Of ferroelectric nonvolatile nenories would truly exploit
the full potential of such ferroelectric optical memories®®, An
elect.rical NDRO method utilizes a ferroelectric field effect.
transi stor configuration where nodul ation of’ the source-to-drain
current across a semconductor channel is acconplished by the
remanent pol arization (memory) i N a ferroelectric | ayer in the gate
regi ON. Although nondestructive to the Menory, this scheme?!®
involves the challenge of optimizing a ferro-semiconductor
interface. I N implementations to-date®!!, the fast ferroelectric
pol arization switching is generally acconpanied by undesirable
effects such as the slowy drifting injected space charge at the
ferroelectric/seniconductor interface contributing to del eterious
modul ating fields. Aso, retention loss due to |eakage associ ated
Wi th the semiconductor/ferroel ectric interface is a problem
Efforts®!? are underway to replace | ead zirconate titanate by
barium magnesi um fluoride, BaMgr, and/ or bismuth titanate, Bi, 71,0,
in search of a better ferroelectric/semiconductor interface. The
retention time however has been limted to a matter of hours in

these Cases.

On the other hand, the concept Oof the optically addressable

NDRO could truly exploit the denonstrated retention time of over




several years !° of | ead zirconate ti tanate (P2T) capacitor based

menori es. This concept of optical NbroO IS based on the
pol arization dependent  photoresponse from a ferroelectric
capaci tor; wi t hout . substantial 1y  changi ng its physi cal

configuration or subjecting it to the stringent requirement of a
sem conductor/f’errocl ectric interface. Wen the wavel ength of the
incident radiation is less energetic than the bandgap of the pzT
material , the stored nenory state is not altered by the incident
photons.  This non-destructive feature can nake the ferroelectric
menori es an excellant candidate for critical data storage. In
addition, such a non-destructive readout (NpDro) may al so offer the
ferroelectric nonvol atile nenory for anal og applications. The
constant nenory refresh required in the conventional destructive
readout (DRO) does not sustain the bit |level precision required for
an anal og menory operation. Furthernore, such a memory-modulated
anal og photoresponse available from a nonolithic "programmabl €
detector" may find applications in the backplane of optica

conputers as a conpact, smart detector array, potentially replacing
a conbination of spatial |ight nodulators and detectors. This
potential energes from the dependence of the photoresponse on the
anal og "product" of the nmenory stored and the incident optical

signal . Such functionality from an integrated, conpact device,

with sinpler fabrication and enhanced speed by parallel access,

offers opportunities in a wde spectrum of applications including
hi gh speea anal 0g optoelectronic conputing, optical conmmunication

networks, image processing, and parallel processing architectures




such as optoel ectronic neural networks.

We have previously reported’!® on a high speed, bidirectional],
pol ari zati on dependent photoresponse from ferroelectric thin film
capacitors, as a high speed optically addressed (i= 532 nm NDROY
of the non-volatile nmenory (remanent pol arization) . This paper
presents a critical assessnent of its potential as a nenory
technol ogy and conditions for realization of this technol ogy for

its high inpact applications.

Il Experinental Details

In order to determne the technological. viability of the optically
addressable nenory with npro, we have initially focussed on the
conventional pt/pzr/Pt - sandw ch device configuration A (figure

la), with a nomnal goal of a 36 K nmenory chip design

1. Computerized Multiprobe Test Assembly:

A conputerized multiprobe test setup including a conpact |aser has
been assenbled, to aliow a study of the hi gh speed photoresponse
and a conparison of the optical NDrO results with the conventiona
pro techni que, which has been described in detail elsewhere!® !,
This set-up allows neasurenent and recording of optical NDRO
behavi or of the ferroelectric capacitor, along with conventional.

electrical DRO signal (pulse measurenment using virtual ground
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circuit) , Sawyer/Tower hysteresis loop, capacitance, and resistance
/| eakage, etc; on the same sanple without disturbing the probes.

This highly integrated setup is quite flexible, versatile,

interactive, and allows convenient conputer storage and anal ysis of
the data. In particular, the flexibility of subjecting a sanple to
the various probes, repeatedly, in any sel ected sequence, with a
verifiable guarantee that the sanple has not been irreversibly
altered during the course, is extrenely valuable in correlating the
various phenonena st udi ed. The small (30 cmlong) |aser, with a
variabl e attenuator for controlling the incident power, has rwhHM Of
6 ns. The sample Stage was capable of xyz notion as well as the
focussed il lum nation beam could be noved independently in the xy
dimensions to record the photoresponse with different illumnation
profiles for the same illumination power on different

configurations of the device.

2, Device Fabrication and Photoresponse Investigation:

A variety of device test structures in the sandw ch
configuration were fabricated using c-axis oriented PZT thin filns
with either platinumor conducting |anthanum strontium cobalt oxide
(1.5co) as the top el ectrode. The thickness of the top el ectrode
ranged froma semtransparent 100 A layer to a 3000 A thick opaque
reflective layer. The dianeters of the capacitors ranged from 100
pm to 250 um. Conparison of the photoresponse results fromthe

sem transparent and opaque top electrodes suggested that at power
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level S > 20 mW/um?, the bi-direct ional pol arization dependent
photoresponse i S due to a thermally triggered nechani sm In the
followng, we present a nenory design based on this response,
esti mated power requirenment for it, and projected perfornmance
levels for the basic sandwi ch device (configuration A, figure |a)
as well as for a device structure (configuration B, figure Ib) wth
a modified top electrode, which would enhance its optical
absorption characteristics.

In addition, our recent results!® on the optoelectronic effects
at an order of magnitude | ower power |evels (~ 2 mWw/um?) fromthe
edges of the pzr capacitor have led to a two ferro-capacitor nmenory
cell with significantly enhanced readout.. H gh speed bi pol ar
optical NDRO results from such two capacitor conbinations are
di scussed leading to the suggestion for a novel device design

(configuration C, Frigure 1c).

I1I. VLSI IMPEMENTABILITY

A. A Baseline Memory Cell Design (confiquration A):

As a baseline, the photoresponse at a wavel ength of 532 nmat - 20
mV w* incident optical power’ was utilized wth a single
ferrocapacitor menory cell. This design is preferred over the two
capacitor differential Signal sensing design for smaller cell size
as well as faster access, ohe bidirectional nature of the response

allows the flexibility of utilizing a single ferrocapacitor cell.




We have adapted a typical DRAM circuit design wthout refresh that

uti 1izes standard bal anced bit line technique for the bit
differentiation based on the photoresponse i nput signal. A block
di agram and schematic of the configuration is shown in Figure 2a.
Fig 2b is a circuit diagram of the typical colum read functional
cell . SPICE simulation prograns were devel oped for estimation of
the performance parameters of the sensing circuit. ‘" he
cal cul ations and speed figures are based on the sinulated and
measured data for existing RAM designs using a two bal anced |ines
per bit design. The analysis is divided into three categories:
(1) Ferroelectric cell nodel, (2) Support circuitry tining and (3)

Support circuitry area.

Ferroelectric Cell Model:

Utilizing a typical photoresponse data’-®, we have nodel ed the

ferroelectric capacitor as a current generator with estinmated

constants of capacitance ¢, -- 0.4 pf/um®> and current 1, ~ 0. 32
UA/ pum? . In order to perform area calculations and to determ ne
initial  bit line capacitance, it was necessary to produce a

prototype layout of the cell. A conservative assunption was nade
that the ferroelectric cell could be placed within 2 mninmm
di rensions of other structures in a 1.2 p CMXS process.
Furthernore, it was assuned that, the ferro-capacitor i S constructed
of two overlapping |ayers, each immediately contactable from net al

one. Also it is assuned that the illumination rise ti nes and




durations are available that lead to current waveforms with rise

times on the order of 1 ns or slower and durations on the order of

10 to 100 ns.

Support Circuitry Timing :

The support circuitry timing nmust account for the follow ng del ays:

(3)

Bit-1line delay (1,): The tine for voltage on the bit line to
reach a nomnal value v,. v, is the mnimumdifferenti al
voltage required to activate the conmparator and is chosen with
consideration for the noise environnent., the typical offsets
of the bit line conparators, and the m ni num expected current
capability of the ferroelectric capacitor.

Comparator delay (1'C): Tinme taken by the conparator to nake a
deci si on.

Gt her peripheral electronic timing delays (t,) include the
addressing, nultiplexing and setup delays. Addressing delay
Is the time to drive the address |lines and enable one ferro-
capacitor onto each colum., Mul tiplex ng delay is the
additional delay to multiplex the requested colum/bit into
one bit and the setup tine to register the output is

considered as the setup del ay.

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

time delays.

Taccess :']‘b + Tc 4 1 e




Further, to obtain the read cycle tinme, T t he additiocnal time

cycler

t0 re-balance, Or precharge (T, .n.g) the Dit lines is then added

to the above evaluated read access tine.

Support Circuitry Area:

The area Of the ferrocell support, circuitry, mainly the address
enabl e MOSFET, is used to allow calculation of the area of the core
for various menory configurations. An assunption was nmde that
unconstrai ned area and drive capability is available outside the
periphery of the core itself. None of the requirenments for drive
or timng are difficult to achieve in a standard 1.2um process, and
in fact, the requirements imposed by the ferrocell design used here

are quite simlar to conventional DRAM

The results of the circuit sinmulation are presented in Table 1. 1n
addition to the results for a 16K chip, the table also shows
sinulation results for a 64K chip. dearly, a scale-up from16K to
64K chip does not unduely inmpact the read access time, increasing
only slightly from19.58 ns to 21.33 ns. Further increase in
menory density or size (say, 256Kk and beyond) w Il however have to
depend on both, advanced readout. circuitry to maintain the high 1/0
speed, as well as optimization of the materials/device
configurations for enhanced photoresponse. For exanple, the novel
devi ce configuration based on pzr with the c-axis parallel to the

substrate suggested in the follow ng woul d make full use of the
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potential of optoel ectroni ¢ effect to achieve higher nenory
density. Inherently, the ferroelectric random access nenories are
very similar in design to DraM’s, therefore their devel opment and

density projections will follow closely those of the DRraM.

B. Radiation Considerat ions for Ferroelectric Memory Readout

Electronics:

The sinmulation framework utilized here is based on generic design
parameters froma comercial CMOS visi process, available through
Metal Oxi de Sem conductor |nplenmentation Service (Mosis). This
process is typically good for - 20 Krads before serious degradation
occurs. Wth nomnal operation conditions, a read access tinme of
< 20ns coul d be obtained using such a process with mninmmfeature
size of 1.2 um. 1lowering the feature size to 0.8 um wWill further
i nprove the speed. Using data® obtained from experiments conducted
on the Conbi ned Rel ease and Radiation Effects Satellite (CRRES), a
20- 30 KRad total dose inpingenent is projected to result in a speed
degradation by a factor of about 2. This degradation is applicable
totimes ‘I’.and 7,. Using this nodification, sinulation for a 1ex
chip yields an increase in access time from19.58 ns to 34.25 ns,

that. allows for a margin for radiati on hardness. For further
ruggedness of the device, one could use a dedicated radiation hard

(> 1 MRad) fabrication process.
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¢ Achit ecture for. . . Compact Implem ent abi lit y @

Figure 3 Shows the nenory architecture proposed for a dual

ferroelectric=1 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 conpact manner however would rely on bringing the optical

power requirenment down to about 0.1 mw/um?, SO that demonstrated?
| aser technol ogies (vcsel,  technology with individual r ow
addressability) may be utilized (with ~1 Wof wall plug power
requi rement) to build such an optically addressable chip. At the
cost of nore real estate and an order of nagnitude nore wall plug
power, the chip pack may be inplemented with today’'s state-of-the-
art. lasers. Figure 4 shows a conceptual design of the chip with
monolithically integrated strips of edge emtting |asers, nodified
further for surface emssion with 45" etched mrrors or diffraction
grating. Wth the present requirenment of about 2mWw/um? of peak
power, assum ng readout of one word or one row colum at a tine
froma 16k architecture, a wall plug power of about 15 Wwll be
requi red for such an arrangenent. On the other hand, when the
desired goal of -0.1 nw/um* of sensitivity is achieved, the wall

pl ug power demand woul d drop to about a Watt., naking it conparable
to the other non-volatile nmenory technol ogies (e.g. EEPROMs of

electrically read ferroelectric menories)
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IV. Novel devi ce confiquration based on photoresponse from the

W have recently reportedl’ on a novel optoelectronic response
observed essentially fromthe edges of the thin film ferroelectric
capacitor as confirmed by noving around the beam spot across the
top electrode. This photoresponse from the edges occurs at power
| evel which is an order of magnitude |ower than that for the
thermal Iy triggered response’. The pzT in these capacitors has a
preferential c-axis orientation perpendicular to the substrate.
Wth an assunption that. the photoresponse IS a direct consequence
of aligning the g - field of the incident optical beamwth the ¢ -
axis of pz1, the area under the electrode with ¢ axis perpendicul ar
to the optical ¥ field may not even contribute to the response.
Instead, domains that may actually contribute to the photoresponse
may be fromthe smaller population of non-c--axis oriented domains
fromthe 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 ‘witing’ . 7The
observation of the response preferentially fromthe edges therefore
suggests that the response is a strong function of the crystalline
orientation of the film

The new device configuration introduced herein is a
combination of two capacitors that exhibits a bipolar response,
based on the optoelectronic effect obtained preferentially fromthe

edges’®, 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 correspondi ng net photoresponses obtained from it when the
optical 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 (A1) is grounded. Figures
5(a) and 5(c) show the responses essentially fromthe left (A) and
right (A2) capacitors, respectively, when illumnated individually.

Wiereas, figure 5(b) shows the net bipolar photoresponse from the
capacitor-pair (illumnated as shown in the figure) , which directly
reflects the direction Of the remanent polarization in the
capacitors. The "spacing™ between the two capacitors in this twn
cel | experiment ranged from 100 to 500 m crons. Figure 6 shows
typi cal photoresponse outputs from such a twin cell experinment
where 6(a) is the background/ noi se signal (recorded with the device
in the dark) due to the pick up of the Q swtching high voltage of
the Nd- YAG | aser by the sanple el ectrodes (which act as antenna),

and rig 6(b) and 6(c) are the responses’ for the positively poled
and negatively poled sanple conbinations respectively. Furt her,

figure 6(d) and 6(e) are the difference signals between the
iIllumnated response for the positively poled state and the
negatively poled state and the dark noise signal respectively. A
retenti on study? of remanent polarization in a ferroelectric capa-

citor utilizing the conventional DROillustrates the variability of
non-switched charge in the Dro neasurenent as a major problem for
apparent retention loss, and specul ates on possible nechani sms for

the | oss. Clearly, the optical NDRO provides a unigue non-
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destructive probel®182.2¢ for ferroelectric capacitors without
causing any additional polarization switching, an artifact of the

conventi onal DRro.

Finally, based on observation of this bipolar response froma
two capacitor conmbination, we have conceptualized a device
structure shown in Figure 1c. This new device design consists of
a planar geometry where PZT would have its ¢ axis parallel to the
substrate plane, and the two metal el ectrodes 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
nW/um?) by an order of magnitude, as a bidirectional neasure of the
pol ari zation state of the menory. Using a suitable tenplate |ayer
such as mMgo and selection of the growth conditions (substrate
tenperature and anbient partial pressure) polycrystalline/epitaxial
films with ¢ axis parallel to the substrate coula be deposited as
has been denonstrated in the case of YBCO?®, BaTiO, **, pbTio, 27 and
| ead zirconate titanate?®. ‘|’he proposed device with the planar
geonetry would allow ease of polarization of PZT in the planar (c-
axis) direction with two distinct polarity options. Noreover, the
incident light beam would illumnate (and therefore address) the
full area of active, polarized pzr for substantially increased
signal . This configuration is simlar to the one studied by Bass
and others?®™®! in a variety of ferroelectric single crystals to

observe the optical rectification effect. Aso, it is noteworthy
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that this con figuration is a single cell device that exploits the

bi pol ar nature of the response.

V. Power requirements study:

The power requirenent for the three device configurations is

addressed individually in the follow ng:

Device Confiquration A (figure la) refers to the conventional
Pt/pPzT/Pt sandw ch structure. The circuit simulation results
summari zed in table 1 project. a read access tinme - 20 ns and read
cycle time - 30 ns for a 1ex chip fabricated using a comerci al
v1is1 fabrication process with no rad-hard nargins. I ncluding the
rad hard margins the read access tinme is ~ 35 ns and read cycle
tine is - 45 ns. Al t hough the access speed projected above is
competitive and offers an edge over other nonvolatile nmenory
t echnol ogi es, such a device would require ~ 20 mw/um?® of power for
the optical ~Npro. Conpact semiconductor lasers in that power range
are not available at present. Commerci al sem conductor |asers
currently available can deliver only ~ 0.01 mw/um? and devices

denonstrated in the l[aboratory deliver? ~ 0.1 mWw/um® at this tine.

Alternatively, diode |aser punped solid state |asers al ong
W th an acousto-optical scanning system nmay be packaged in a size
of ~ (10 x 6 x 6) cnibox along with an electronic circuitry of the

size of a cube of 10 cm on each side. However, the scan rate woul d
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limt the read frequency to about a Megahertz, and the wall plug

power requirenment for such a package woul d exceed 10 watts.

Device Cent.igu.ration 13 (figure Ib) is essentially the sanme
sandw ch device described above except for replacenment of the
highly reflective platinumtop el ectrode (optical absorptivity ~1%)
by a better absorptive layer (e.g. a platinumcernet filmwth an
absorptivity in excess of ~80%) It would clearly reduce the
requi red peak power per pixel to below ~ 0.5 mw/um?, however even
that needs to await about a five fold enhancenent in the power to
size ratio in order to allow a conpact inplenentation (figure 5) as
a dual chip with a flip bonded sem conductor |aser chip onto the

ferroelectric chip.

Also, inthis thermally triggered read nechanismthe read access
cycle tine for the sane bit would be as long as a fraction of a
m crosecond, due to the extended oppositely directed relaxation

observed’ in the photoresponse.

p] anar geometry which would allow ease of polarization of pzr in
t-he planar (c-axis) direction with two distinct polarity options.
Moreover, the incident light beam would illumnate (and therefore
address) the full area of active, polarized P2T for a substantially
enhanced signal . Further, the new configuration will allow an

opt i muni”90” incidence of the optical beam thus giving another
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factor of 20% to 30% over the currently neasured val ue. Consi stent
wth the single crystal result s®, the extent and direction of
rectification is found to vary wth the polarization of the
I nci dent beam and the angle of incidence. Therefore the choice of
the angle of incidence and the illumnation polarization®? do allow
one to obtain maxi num contrast between the photoresponses fromthe
two states of the pol ed capacitor.

Overall , therefore one expects a substantial (orders-of-
magni t ude) enhancenent in photoresponse from this new configuration
leading to the desired operational power/size ratio of about 0.01
mw/pu?, readily inplenmentable with the current sem conductor |aser
t echnol ogy. However, exact quantitative estimte of the response

signal will have to await a detailed device modelling and

simulation.

In addition to this potential application as an optically
addressed ferroelectric memory, such non-invasive photor esponse®
(photocurrent/voltage and reflected/transmtted 1 ight from
ferroelectric thin filns), with its strong dependence not only on
the remanent polarization®®1618, but also on the film
microstructure®, crysta 1 orientation!®, and nature of the
interfaces? % (state of formation/degradation, €tcC) offers!8 24333
an ideal "tool" for probing the ferroelectric capacitors at
virtually any stage of fabrication, including on-line quality

control
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VI

Conc lu sions:

Based on the high speed, bidirectional , polarization-dependent
phot or esponse, simulation of a readout circuit for a 16 K vis:
ferro-memory Chip yields read access times of ~ 20 ns and read
cycle tines of - 30 ns, (~ 35 ns and ~ 45 ns, respectively,

within a franework of radiation-hard environment) , easi 1y
surpassi ng those of the conventional electrical destructive
readout. Extention of the simulation for a 64K nenory shows
that the read access and cycle. tinmes are only marginally
increased to ~21 ns and ~31 ns, respectively (-38 ns and ~ 48
ns, Wth a radiation-hard readout circuitry) . Commer ci al

realization of’ the optical NDrO, however, would require either
a reduction, by about an order of magnitude, in the inci dent
(optical) power for the readout; or an enhancenent by about an
order of magnitude in the delivered power/size ratio and
reduction in production cost of the ‘sem conductor |asers to be
used for the optical addressing.

A high speed (~10 ns ) bidirectional, polarization-dependent
phot oresponse is observed froma twi n ferro-capacitor test
structure illumnated with ~mw/um® of incident optical power.

A conceptual device design based on PZT films wWith c-axis
parallel to the substrate is presented. Wth its
substantially enhanced phot.oresponse, it would potentially
reduce the requirement of incident optical power for high

speed NDRO by orders of magnitude thus leading to commerci al
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realization of this technol ogy.

4. Further, the optical ~NDrRO may al so provide a uni que non-
destructive probe for ferroelectric capacitors w thout causing
any additional polarization switching, an artifact of the

conventi onal DRro.
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_Figure Captions:

Figure 1(a) : Schematic cross-section of device configuration A

Figure 1(h): Schematic Cross-section of modified device

configuration B to maximze thermally triggered NDRO response.

Figure I(c) : Schematic cross-section of the new device
configuration C that maximzes the newly observed optoel ectronic

NDRO response.

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

Figure 2b: G rcuit aiagram of a typical colum read functional

cell .

Figure 3: |Illustration of an optically addressable ferroelectric

menory - sem conductor |aser dual chip pack.

Figure 4: 1ayout of a 16K optically addressabl e ferroelectric chip
utilizing bars of edge emtting | asers nade surface emtting by

etching mrrors or diffraction grating.

Figure 5: Summary of the optoel ectronic effect observed froma
combi nation of two ferroelectric capacitors, the illumnation

profiles used and the respective photoresponses obtained.
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Figure 6a: NDRO photoresponse signal from a ferroelectric test
structure in the dark (noise signal) consisting of’ conbination of
two ferrocelectric capacitors wth central i1lum nation as

il lustrated schematically in figure 5 (b)

Figure 6b and 6c are photoresponses (neasured as voltage drop
across a 50 0 impedence) in response to the 6 ns |aser pulse at

532 nm wavel ength for the positively poled and negatively poled

state of the ‘two ferro-capacitor’ menory cell respectively.
Figure 6d and 6e: Net photoresponse obtained as a difference of

pul se illumnated signal. and dark signal for the positively (eb-6a)

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

DESCRIPTION UNITS T OUT RAD HARD MARGING)  WITH RAD HARD MARGINS
64k -4k x 16 16k -1k x 16 64k -4k Xx16  16k-1kx16

MEMORY OUTPUT BITS (BIT) 16 16
MEMORY DEPTH (LOCATIONS) 4096 1024
TACCESS (Th+ T+ Te) (ns) 21.33 19.58 2822 34.25
TeyeLe (Taccess *+ TPRECHARGE ) (ns) 31.33 29.58 48.33 4425
FERRO CAPACITOR AREA (um)z 32.00 20.00
MEMORY WIDTH pm 8192 2048
MEMORY HEIGHT um 2842 2458
SINGLE MEMORY CELL AREA (um)2 355.20 307.20
SINGLE MEMORY CELL HEIGHT um 22.00 19.20

SINGLE MEMORY CELL WIDTH um 16.00 16.00
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