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FERROELECTRIC MEMORIES: A POSSIBLE ANSWER TO THE
HARDENED NONVOLATILE QUESTION

SUMMARY

Ferroclcztric memory cells have been fabricated using a pro-

cess compatible with semiconductor VLSI (Very Large-Scale

Integration) manufacturing techniques which are basically non-

volatile and radiation hard. The memory can be made NDRO

(Nondestructive Readout) for strategic and SDI (Strategic

Defense Initiative) systems using several techniques; the

most practical is probably a rapid read/restore in combination

with EDAC software. This memory can replace plated wire and

will have substantial advantages in cost, weight, size, power

and speed. It provides a practical cost-competitive solution

to the need for nonvolatile RAM in all hardened tactical,

avionic, and space systems.
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CONVERSION TABLE

Conversion factors for U.S. Customary
to metric (SLI units of measurement.

(Sywmols of S1 units given in parentheses)

To convert fro' to Multiply by

angstrom Peters (m) I.000 000 X E -10
atmosphere (normal) kilo pascal (kPa) 1.013 25 X E 42

bar kilo pascal (kPa) 1.000 000 X E 42

barn ueter' (M') 1.000 000 1 E -28

British thermal unit
(thermochemical) Joule (J) 1.054 350 X E #3

calorie (thermochemical) joule (j) 4.184 000

Cal (therrochemical)/com aiga Joule/m, (P,)/m) 4.184 000 X C -2

curie gfga becquerel (GBq) °  
3.700 000 I E 41

degree (angle) radian (rad) 1.745 329 X C -2

degree Fahrenheit degree kelvin (K) tK -(t. * 459.67)/1.8
electron volt joule (J) 1.602 19 X E -19

erg joule (J) 1.000 000 X E -7

erg/second watt (W) 1.000 000 X C -7

foot Peter (m) 3.048 000 I C -1

foot-pound-force joule (J) 1.355 B18

gallon (U.S. liquid) ueter' (m') 3.785 412 x C -3

inch eter (Wl 2.540 000 X C -2

jerk Joule () 1.000 000 X C *9

joule/kilogram (J/kg)(radlation
dose absorbed) Gray (4y)" I.000 ODO D

kilotons terajoules 4.183

kip (1000 lbf) newton (N) 4.448 222 X C .3

kip/inchl (ksi) kilo Pascal (Pa) 6.894 757 1 C .3

ktap newton-second/ml (N-s/mn) 1.000 000 1 C 42

micron utter (i) 1.000 000 1 C -6
oil ueter (in 2.540 000 X E -S

mile (international) ueter (i) 1.609 344 X E 43

ounce kilogram (kg) 2.834 952 X C -2

pound-force (Ibf avoirdupois) newton (N) 4.448 222

pound-force Inch newton-meter (N.m) 1.129 848 X E -1

pound-force/inch newton/eter (N/m) 1.751 268 1 E .2

pound-force/foot' kilo pascal (kPa) 4.788 026 X C -2

pound-force/inch' (psi) kilo Pascal (kPa) 6.894 757

pound-mass (Ibm avoirdupois) kilogram (kg) 4.535 924 X C -1

pound-a s-foot
2  

kilogram-mter' (kg-m) 4.214 011 I C -2
(moment of inertia)

pound-mss/foot' kilogram/meter' (kglc') 1.601 846 1 E '1

rad (radiation dose absorbed) Gray (Gy)- 1.000 000 X C -2

roentgen coulo t/kilogram (C/kg) 2.579 760 X C -4

shake second (s) 1.000 000 X E -8

slug kilogram (kg) 1.459 390 X E 41

torr (uM Hg. 0' C) kilo Pascal (kPa) 1.333 22 X C -1

*THE BECOUEREL (80) IS THE SI UNIT OF RADIOACTIVITY; I BO - I EVENT/S.

**THE GRAY (GY) IS THE Sl UNIT OF ABSORBED RADIATION.
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SECTION 1

INTRODUCTION

There is a compelling need for nard, nonvo'atile semicon-

ductor memories for future strategic systems and for space

defense initiative (SDI) syster:s. Tne !..ost acceptable

semiconductor memory currentiy availdble is based on plated

wire. Due to the high cost of plated w:re, NDRO core imie:ory

is also being explored as a possible alternative. Research

and development programs are being pursueQ iLn an attei.pt to

develop magneto-resistive memories cnd two-dimensional

plated magnetic memories. So far tnese programs nave only

met with limited success.

Recently, ferroelectric memorles have been developed (Ref. i)

which seem to have all the essential physical and elec-

tronic properties to provide hard, nonvolatile semiconductor

memories. These memories will have immediate utility fo,

all nonvolatile semiconductor memory applications. They

will a'so have immediate utility for all nonvolatile recui,e-

ments where the radiation environment is compatible with

surface or atmospher;c recuirements such as Army, Navy anc

Air Force tactical requirements, avionic requirements, and

oDace natural environment recuirements. These h-e.,oy es w: " "

aiso have imediate utility for DRO, nonvolatile, hardeneC

memories fur all mi lt v.y requiroemezs. Some deveo:.enz

will be necessary to provide hardened nonvolatile NDRO :eo-

ries for strategc au- SDI applications, in that -DAC sft-

ware, o*' oa:.tia sensing (NDRO sensing) or differential

oartial sensi:.ng againsz a reference cell ost ne iDroviCec.

Of these possibilit.ies EDAC is probably t:ne simplest anL

most o rect anc wa. smutaneously resolve the $-U

issue shou;ld the ferroelectric t-apacItor memory ce'ls ever

become sn; enougn to nave a SEU oroo em.

... ."'- - ",-- •[] -,a-,- m i lm I~~ln -



P'esently, a 5 :2-lbit test chirj withi spcecial ci 'cuitry has

been fabricated which enables testing the ferroeiect .C

capacitors (Figure i). This chip) -s built oy purchasing

"standard" technology CMOS chips wi-icn contain trans !iol-

for electrica isolation, addressing, driving, and decoding,

and series sense capacitors which provide vol:age divider

action to urovide nodes for sensing with a differentia.. o-

amD. A 2K x 8 version nas een designed and faoricated

whichi com, bines the versatility of a RAM with the nonvolatiae

advantage of a ROM. A 256K RAM based on extending tne

current 16K version is planned.

2
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Figure 1. 512-bit nonvolatile memory.



'IlC doos r.Ot

legibleto=0 SECTION 2

DASIC MZCHANISMS

The e" 1etceffect ccurs In iteaswflele the basicL-

crysta-1 a.'Loj~s :,onc p.'ari':zatiaor'-, ikef. 2). An Izapp'eC' t-EreC-

tr~cfacici ouuces a very s~na-l re;,atllre wicoveme!tc:oeo

tr-le atom~s in tAe una--t ce-. , and t.is OISD1ale':ert uersists-

after t-ie f-eld -'s ver.ioved. Thiis 'ionilc' :Jolarizatioll

resuits i- a hyvsteresis curvie wihic't resemlesfrol~ei

;hysteresis alt!houq.-- th.e eleuiert iron is se-din :),esent.

Fiqures 2a and 2b are hysteresis curves. Notice it is not as
.1 -are as a good ferrom~agnetiac hysteresis 2lowo.

Poilar-zat~ioni s 1,ea-3-kre6 ir units of cnarge/cir,2 an6:.

Sacro.ss th~e caoacator is measured 41n volts/cm. A

fJcie e-e.toc:cvsix. e e)>:D. lata o o.010f Z.-'e 1,e! oY

oueratloii is to itfcogni:ze thiat in tresatu,--ated uolaz t iA

condlition: PSI C ~ 1 ~~~:o a t-e,-c. n t: .Irect~cmn Of

tn*~ aati w1 nut ciiriyE* the J c-uni c .1t~r vey

tic an te CairjaC :.tOr W Ji res1.07 ' W. t: a ca oac..z:anc e ~C

;4owever, at a i-e-erse f-4eClc - aI cl~~ -Fe .ncoa:zt.r

W.; J nut o ,WC meaiis t',lt a L t atJroa:YatCAv

Cu the leqae r. W..-, t ' ,* -e ±Sers. c WL, iua

a2dUtaI to ti 2lorma- resrtjonse of tile ca.:acitor

5*That is, a fielid L'D on-e c.Lt nU(jiC5ae' e

a~e --I U- a.c n t:-1e o t:i ef lK: C

we-"'e .a:(ut 6g.. X 9j w. -!am auj \7 a I - u . -

* :ae etni:1anY u:-0%; aiu at t"!u~tz ' C, Ut ~I .ze t!.: e f e I

BaT iO .ti tt'soi* ft- 2 '~~n ~

4
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up to now has oeen fatigue; that is, tne poiarization pheno-

menon tends to decrease and disaDear after a number of

reversals. This is obviously bad news for a RAM. However,

the recent results from the specially doped PbTjO 3 "oerov-

skite" ceramiics wit' ferroelectric characteristics have

shown exceptionally good "fatigue" characteristics. Figures

3a and 3b show the BaTiO 3 attice which is an exampole of a

simple perovskite crystal. A more complex perovskite lat-

tice, a chemically modified (i.e., doped) lead titanate, has

been developed to meet the practical requirements of memory

applications. The present state-of-the-art is shown in

:a'ole 1 (Ref. 1). Research to improve this is continuing.

However, t:-:e present staze-of-the-art wi al al.ow continuous

read-write operations for the order of approximately 10 years.

The basic dielectric constant of a ferroelectric cell is

related to the polarization as follows (Ref. 2):

K F: 1 P: E i
0

where K is dielectr-c constant, P is polarization, e

is the permittivity of free space, and is the field used zo

produce the polarization.

ri-ie caoac.itance of the merm-ory structure is given by

KoA
c - (2)d

where A is the area of tne capacizor and d :s the thickness.

For K >>

A? AP (3)d V

7
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0

Figure 3a. The BaTiO3 structure, showing the
octahedra of oxygen atoms about the
titanium atoms (Ref. 5).

Figure 3b. Cubic Perovskite-type structure
ABO 3 (Ref. 5).

8!



Table 1. Properties of doped ?bTiO 3

ferroelectric material. (Ref I.).

Initial remanent polarization 5 5 iC/cm

Initial saturation polarization i 15 i C/cm 2

Remanent polarization at 1012 1 j j$/cm2

write cycles II I

Saturation Polarization at 1012 5 MC/cm 2
i i

write cycles I 1
I I

Remanent polarization loss <40% in I

10 years* i I
Coercive Field 50 MV/cm

Switching time at 120 MV/cm <_5 ns

applied field i

Dielectric strength i >800 iMV/cmn
I I

Curie temperature >300 I OCi i

1. Polarization measurements done with i us pulse drive

using a Sawyer-Tower circuit.

2. "Write Cycles" denotes full drive field polarization

reversal. This is tne worst-case condition of continuous

writing with data state reversal on each cycle.

3. Coercive field denotes the point where the hysteresis

loop passes through zero polarization. This measurement was

done with a 100 KHz AC field applied.

4. Data given assumes room temperature measurement unless

otnerwise noted.

40% less results in no loss of digital data.

9



Again for the newly developed ferroelectr .c capacitors the

capacitance is approximately I PF, and the dielectric constant

approximately 103.

Ferroelectric phenomena have a Curie temperature above

which the polarization disappears. This temperature is in

excess of 300 0C for the ferroelectric caDacitors discusse6

in this paper. This is safely above tne normr'a. iitary

application range.

The dielectric constant varies as i/(T-Tc) near the Curie

point. It does not go to infinity at Tc of course; the

ferroelectric effect simply disappears. Measuring the

dielectric constant on both sides of the Curie point allows

one to determine if the phase transition is first order

or second-order. For some ferroelectrics the transition

appears too complex for easy explanation by either first or

second-order Drocesses.

i0



SECTION 3

FERROELECTRIC MATERIALS FOR IC MEMORY

APPLI1CATIONS AND FERROELECTRIC MEMORY FABRICATION

3.1 FERROELECTRIC MATErR!AL,.

Severai boundary conditions are placed on the properties, of

a ferroelectric storage im.edi-um to be used in a practical

integrated circuit memory appl.ication. Along with the

reairement for an acceptable rate of fatigue already

mentioned meemory applications require acceptable storage

temperature range, data retention, switching voltage,

switching speed, and die-Lectric integrity. The material

ifust aiso be sufitable for integration with semiconductor

devices without creating contai-iination probiems and must be

comoratib-Le wi.th integ-ated circuit fabrication methods.

Ferroelectric ceramics have temperature and environimcenta-L

stabi.hLty well- suited to integr~ated circuit applicat Ions and

the properties of ferroe'Lectric ceramics, can be tailouredl by

impurity doping (Ref. 7). A speciall1y Cdoped Lead 7- tanate

was developed speci-fically to meet the requirements of the

integrated circuit mremory application. Some of the relevant

properties of this material are listed in Table 1.

3.2 FABRICATION.

Ferroelectric storage capacitors are integrated with CMOS to

produce a full integrated circuit with a JEDEC standard SRAM

interface. This is accomplished by fabricating a parallel

plate ferroelectric capacitor atoD interleve-L glass normally

used to sepjarate the semiUconductor portion of a circuit fromn

the first-level metal interconnect (see Figure 4).
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SECTION 4

RADIATION EFFECTS

The discussion previously presented allows radiation effects

to be calculated based on the underlying physics, geometry

and electronics. This will now be done and comparisons made

with preliminary experimental measurements (Ref. 3). in

anticipation of these results, it is here noted that the

radiation tolerance of a complete memory cell will be

determined by the radiation hardness of the semiconductor

devices used in the auxiliary circuits, e.g., i/O circuits,

sense circuits and write circuits. This is because tne

actual ferro-lectric capacitor storage elements are extremely

radiation hard.

4.1 DISPLACEMENT DAMAGE.

The basic ferroelectric effect is a cooperative phenomenon

involving the summation of effects from the individual basic

ceils or 'unit cells.' The capacitors are so thin that

'domain' wall motion is a second-order effect, and the

primary effect is the direct polarization of all of the

cells in the capacitor. The domain walls are nearly all

perpendicular to the ferroelectric film (see Figure 5).

For the purpose of a semi-quantitative calculation of neu-

tron damage threshold the unit cell volume will be estimated

at 5 x 10- 8 cm x 5 X i0-8 cm x 5 x 10- 8 cm or 125 x 10- 2431
cm3 . There are then about

(4)
125x!0 - 24 (4

ceals/cm or 8 x 102! cells/cm 3 . The damage thresnold wilK

13
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SaMpl 7023C, 4Onm

Figure 5. Thin film ferroelectric domain
structure.
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occur when displacement damage disturbs about 1% of the

volume or amounts to about 8 x 1019 displacements/cm . The

neutron displacement cross section is very roughly 5 x 10- 2 4/cm2

and the density of damage regions is given oy Nd iNa&D . '

is a iultiDlication factor which is approximately 500 for

I MeV neutrons. The atomic density is approximately 5 x 10
2 2

atoms/cm3 and so the neutron fluence required to produce

about 10i 9 displacements/cm 3 is approximately 6.4 x 1017

n/cm 2. At this level otner effects would certainly predomi-

nate. in particular the ionic polarization is a strong

function of the lattice constant. The lattice constant must

be small enough so that the atom which "slips" a small

distance in the unit cell between two relatively stable

Limit positions (Ps and P,) will remain quasi-stable in each

polarization position yet it must be large enough so that
"slippage" is possible at all. Only a very narrow range of

lattice constants satisfies this condition. If one assumes

a linear coefficient of expansion due to neutron exposure of

the form (Ref. 4)

K+ (5)

with worst case K approximately 5 x 10-!91n/cm 2 (Ref. 5) and if one

further assumes that a change of 0.:% is the lattice con-

stant that will appreciably change the ferroelectric hysteresis

curve, then the damage thresnold is approximately 5 x 10+!6n/cm2 ,

Again, there is no significant concern at military require-

ment levels. Tne limit 0.1% is chosen to ue small compared

with the distance the titanium atom moves when polarization

is reversed ;0.5AO) and also comparable to the change in lattice

15



parameters over a 2000C temperature range L{0.5A0 ) (Ref. 5)

The limit 0.1% is also consistent with a lattice strain of

O.3% observed as a consequence of full pola-rization.

4.2 PROMPT DOSE RATE.

A prompt pulse could affect the polarization state if it

allowed tne polarization field to relax for a suff;cientl

long time. 7o estimate the threshold for this effect one

compares the ciharge e-sity fro.,. tne polar.ization to zne

charge density created oy tne radiation puise. if the

radiation charge exceeds thne polarization charge, ne

.nte:nal fielu in the ferroelectric could relax and be

altered and tne polarization could change. The cnarge

from the radiation is estimated from

S- cgv 1.6 .x i1' x 1013 x 54 x 10 - a x (6)

4Y 10-4 m32 x 10- & couolmosirac

7an.e c ,arge f r,9;u tie 0 ,a3rization Is

- PA - :5 x " - x 54 x 10 - - 810 x 10 coulombs

1-le prooiut _ ,iot pu se reeaired to Inace Q7  is then

o0 x 0- -CI 32 Y Gou1oml bs/rad 1r ap.orDyox-

:.0e0 2r a t008 fias. Somee c.iwges in r!he polarization might

occur at aoout !W of mnis 'eve.1 oi- 25,000 al.:Is sa

worst_-case analysiS since tie polarization cnarge 2s 1oi:

ancd 2:e -aci at1o, C "::'ge .ec-. resu.aoiv tie radua-

tu_,i cnarge wii. nut oe 100% eff.ctive in neut'alzllzJ the

ionc polarization charge s:-.nce w:,... ,ce ig.y ;.ooie a.

w b e ,- a rid y swe p t o oi.t rtie :e.:eor.i I Another

ettjeii1te of tie eleCti,onic ,:-. ge re urCi to relay tf.e

.,Oia- izat on Ca.: _-'e qeuer.tteci fio tilt- write pulse ues i:i--

16



tion and requircements. The wr--te fie'Ld is a~uo'.ae6 for o0

nsc.The ciiarge transit time ti-rougn the ferroeiectric

capacitor is gjiven by

cI' (7)

where 0 is estimated as 1 crn2/vojlt sec. Using these

values, th e tranlsit time is (.6 x 10-4 ) 2/:.0 x 5 ; 7 x10o

seconds. Thie ratio of the wriLte time to tne transit Ii~ s

approximately 70, and one therefore concludes that in thE-

.Iworst-case" t!h-e electrons are a .bout I% effective "in alter:-

ing ion.ic polarization. An estimate of 109% effective

would lead to a cal1culated th-reshold of 250,000 rads ro;z

The required duration of the applied field can be estimated

froia basic ferroel*ectric theory. For examrjle, it has

been shown thiat the displacement of the Titaniumi atomn in

JBaT i( I nust be 0.26 x 108 .-m if one attributes all of tz:.e

polarization to~ thi-s shift. The Titanium atom itself has a

cnarge off -4 in.r the lattiLce.

The Ti-- ion moves in the unit cell between two oxygen

atomns. Trer"e are two stable Dolarization oositions, a saturatzeLc

~o~r~zaionancd a reset polarization state. :he 7i---

molves in, a tootential well winose suecific shaoe can oe

deduced from t)E- nature of the phase transition at the

Curie teimuerature. M~easurement of the dielectri c constant

as a CllktiOnl Uf T-1. will define a first order, seccma-

oroer * or sit esa,-- ever. more comol icateic p-iase trar-nL-1a-

Qua,,Itatively, t-he potential well -is depactek-A in F-1gure C6.
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E

0.26 10 8 cm 0.26 -10 
8 cm

x

x x xpr eq ps

Figure 6 . jco rri: 1v~ V > -1 k-1 r t:'o ~ot e i a. w e

_Or the at OIm ( Ref. 6.

te dynaiculcs of the establ~ishmaent of tne transition (write',

-icies cal, be deduced by co--v'ng an approximate form.P of

t' e equat--on of motion of the Ti-k++ atom.rf This assumies

that domiain wal. motion effects 6o not sig-,nificantly affect

switching tames. Th-1is assumptJon 2s consistent with tne

ooservatioiL tniat doz.ain wa--s are pDredominant.y

oerriendiculai to the ca~acitor fl (see Fig. 5) I n t -ne
_.L~o1~: -Oi~lXa trie forces On th-e atoim, are

0. At X trs Ze )OLa1-1zatian force 4eE is balanced by a

.Lattice restoring torce wi c'n MU.St be ecua.L an.'d O'co~

the polarizatiorn cc)'ce. L the variation of Fwith' X i's

negl1e-te- , since t:,.e maxiii~a oe -ween X.. and e'-.:e, X,, or:

Apr are couite snia., the eciuation Of ioinis

AX'-- -: 4e- 0 (8)

for moving tile Ti-.. atom from Xe to X051 - :e tr

AX.; is lattice "friction" force winich dam" ps Out±

oscillation wich,I the TzL++ atom., would otherwise excier-

18



I/2
t, A X D C, 0 t (9)^-eq = eq e~cp -- j cos It (9)

T--e nalf cycle time or write ta:.:e 4s

n i ecK

t - ___ (10) =
4 e_

The same approximation gives the switching time

from XoS to X.. since both the distance and the initial

acceleration are doubled and t 2  x .,is approximatin
g

for switching time neglects the "friction" ter::, AX1 ,

which will tend to slow the transition down slightly and

rapidly damp out t:e oscillation which would otherwise ensue.

-his caicuiiation also shows that a minimum write time of

approximately 0.1 nsec nuts an upper l:mit on the memory

s5eed unless tm.e capacitor thickness d can be substantially

reduced. However, tmis IIi,.zt is so fast that it will not be

a Droblem for the foreseeable future. :t snould be noted

that a iDracticai circuit would require write times at lease

ali order of magnitude larger '-! ns) to provide design

margin. it should be noted here that the atomic mass of

titanium and the displacement of titanium in BaTiO 3 were3|
both used in the calculation. The current ferroelectric

material situation uses a modified PbTiO3 ceramic and

therefore the polarization is similar; however, the specific

composition of this ferroeiectv.ic material has not been

released.

4.3 TOTAL DOSE.

No specific total dose damrtage mechanism other than eventual

disuiacement damage from high-energy Compton electrons is

19



foreseen. On this basis the threshold for total dose

resulting from higna energy - radiation is estimated to be

greater than 108 rads(Si). This exceeds the capability of

the associated silicon circuits and is much greater than any

currently projected military requirements.

4.4 OTHER RADIATION EFFECTS.

The ceramic contains lead, a high Z material, and so thermo-

mechanical shock from X-rays and dose enr:ancement are botn

second-order effects which must be considered. Both are

ainenab'Le to shielding.

20



SECTION 5

SINGLE EVENT UPSET

The large polarization charge density makes tne maemory ceil

relatively impervious to SEU for a reasonable geometry.

The SEU sensitivity can be estimated based on the

calculations aiready made. First the charge density must

exceed the poiarization cnarge. The polarization charge is

3.1 p coulombs for our 6M oy 9p ferroelect'ic capacitor.

Typical charge deposition from a particles would be 0. °

p coulombs, for Cu about 2p coulombs (Ref. 7). For * particles

to affect the polarization, the area of the capacitor wou.d

have to be about 81 times smaller (approximately 0.8p by

0.8). However, a charge collection times would be about !/2

nsec (Ref. 7) and, although some depolarization might take

place, it would probably be relatively small. Charge collection

from Cu ions would take 3 or 4 nsec. In addition, Cu ions

would supply far more charge. Furthermore, the availaole

charge would depenid on the angle of incidence of the

incoming high Z particles.

Significant depolarization might occur for 3 p by 4p capaci-

tors for heavy ions. This is a worst-case estimate. Tne

data from fission fragments support that the SEU sensitivity

is much lower than this estimate.

However, the question of permanent damage to a capacitor

under iihigh electric field, similar to observed MN-OS ar-td MOS

failure at high fields, must be resolved experimentaiiy.
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SECTION 6

EXPERIMENTAL RADIATION EFFECTS

DATA COMPARED WITH THEORY

A sma.1 number of experimental tests have been runn Of Zr-

*roe Iectric capacitors in the radiLatiLon env;,ironment. Tihe

results are consistent with the preceding discussi;on.

Unfortunately, radiation stresses sufficient to damage the

'hysteresis loop have not been tested so thie exoerJi-mental

results merely define levels at whi*ch no damage is observed

*and± show tnat much higner 1eve-1s w-11. be required to damage

* the basic memory cell (see Table 2).

Table 2. Comparison of theoretical and
experimental radiation data.

RADIATION STRESS DISPLACEMENT IONIZING DOSE, IONIZING DOSE, FISSION FRAGMENTS
DAMAGE. n/cm2  RadsISi) } Rads(Si)/s Cf -252.

Particles/cm
2

THEORETICAL 1PROBABLY NO
THRESHOLD 1813 DAMAGE, NO SEU

(ESTIMATED LEVEL 5 x 101 > 10 2.5 x 1013AAYLEE

EXPERIMENTAL 4At 6 x 106
DATA (MEASURED 1047Particles cm 2.
LEVEL AT WHICH 101 1.2 x 101 1 NO DAMAGE AND

NO DAMAGE NO SEU
IS OBSERVED)
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SECTION 7

READ MECHANIZA::_ON

The simplest :'ead circuit puts the ferroelectric capacitor

in series with a standard capacitor (Figure 7a). The ferro-

electric capacitor is then sensed with a field sufficient to

produce saturation polarization. The signal at the node of

the sensing capacitoc is fed into an op-amp. If the cell is

already in the saturated state only a small signal results.

if the cell is in the reset polarization state a larger

signal results.

Actually, to improve noise margins a Ferroelectric

Reference Capacitor is used and a differential sense mode

between tne sensor capacitor and reference ferroelectric

capacitor is employed. The functional diagram and timing

diagram for a typica1 application are shown in Figures 7b

and 7c.

To make the read cycle as immune to radiation pulse upset as

possible, the read/restore process can be done on a bit-by-

bit basis with the total cycle lasting about 50 nsec. The

probability of being hit by two successive radiation

pulses/within 50 ns is vanishingly small for any practical

nuclear scenario. if a bit is destroyed by interruption of

a single read/restore cycle, a software fix utilizing a flag

to identify the bit being read, a word sum using a

Hamming code technique or parity bit technique can determine

if the bit must be reset. Thus, utilization of a rapid

read/restore cycle enables the ntemory to effectively become

NDRO in any practica.l scenario. There are of course other

schemes to make the mnemory NDRO, such as partial sensing or

differential sensing against a reference. However, the EDAC

scheme is probably the simplest and most practical.
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A (P s) - Po)C=

VC1 or C0  c (P(S) - PI)

C AS v = I(F - %)/C

AV0 ="(P - ) /C

Figure 7a. Sample sensing circuit.
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READ CYCLE WRITE CYCLElO

ADDRESS SFE o

ALATCHES DEOERAMIN

in a Ishl6

000

7 . c I-0 )- SENSE

O [) - COLUMN
DO,- -ODCODERl

1=7, ADDRIESS

T SUFFER A LATCHES

CE must be cycled on every Read or Write access

regardless of history.

Figure 7b. Functional diagram.

READ CYCLE WRITE CYCLE

TAS TACC " TA"

Figure 7c. Timing diagram.
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