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generally show large decreases in polar axis permittivity from their dc 
values, suggesting an extrin.-ic origin for the bulk of the dc permitti- 
vity. The material factors controlling this phenomenon should be ex- 
plored, since they will determine to what extent the observed high 
losses can be reduced over the frequency ranqe of interest. 

A 
Accession For 

KTIS GRAJEI 

DTIG TAB 
Unannounoed 
Justification. 

G 

By _  
Distribution/ 

Availability Codes 

Avail and/or 
Dist   Spocial 

a 

UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAOtfVhmi DM Emmrmd) 



f» Rockwell International 

MRDC41097.3TR 

TABLE OF CONTENTS 

Page 

1.0  SUMMARY  1 

2.0  BULK SINGLE CRYSTAL GROWTH  5 

3.0  DIELECTRIC CHARACTERIZATION  12 

3.1 Dielectric Properties of SBN:60  12 

3.2 Measurements on Other Ferroelectrics  17 

4.0  MATERIALS DEVELOPMENT  27 

4.1  Materials Systems of Interest  27 

4.1.1. Tungsten Bronze Family  27 

4.1.2 Perovskite Family  28 

4.1.3 SbSI Family Materials  29 

5.0  FUTURE PLANS  30 

6.0  PUBLICATION AND PRESENTATIONS  31 

7.0  REFERENCES  32 

AIR FORCE OTFTCT no? q.«*™.«.,, 
NOTICE O^F T* ^fnZ f5™FIC RESEARCH (AFSCJ 

approved ^o- -v'' ,■ ^ ' ,      b8en ri5vi^'*=!d and is 
Distribution :• , , ';J.?T IAV;AFR 190-12. 
MATTHSVJ. KffiT^"1 

Chief, Techjucal Inf 
ormatlon Division 

Ü 
C/4133A/cb 

-»—•?fr.A.JnJ!V'.i~"^r; 



* 
Rockwell International 

MRDC41097.3TR 

LIST OF FIGURES 

Page 

Fig. 1  Phase boundary and Curie temperatures vs composition for 
Srl-xBaxNb206   6 

Fig. 2  Composition shift from melts to crystal. Dotted area: area 
containing congruent melting composition of SBN   7 

Fig. 3  Shows a typical SrQ^Bag^^Og single crystal grown along 
the c-axis !....!  10 

Fig. 4  Shows the idealized form of the SBN single crystal  11 

Fig. 5  Measured dielectric constant K33 and loss tangent for an SBN:60 
single crystal sample between 30 and 40 GHz  13 

Fig. 6  Measured frequency dependence of dielectric properties along 
the polar axis for the sample of Fig. 5  14 

Fig. 7  Measured dielectric constant Ku and loss tangent for an SBN:60 
single crystal sample between 30 and 40 GHz  15 

Fig. 8  Measured frequency dependence of dielectric properties 
perpendicular to the polar axis for the sample of Fig. 7  16 

Fig. 9  Dielectric properties of SBN:50 along the a-axis  18 

Fig. 10 Dielectric properties of BSKNN along the a-axis  20 

Fig. 11 Measured dielectric constant for ceramic PLZT (La = 10%, 
Zr/Ti = 80/20)  21 

Fig. 12 Loss tangent for ceramic PLZT sample #1 (La = 10%, 
Zr/Ti = 80/20  22 

Fig. 13 Loss tangent for ceramic PLZT sample #2 (La = 10%, 
Zr/Ti - 80/20)  23 

Fig. 14 Room temperature dielectric properties of ceramic PLZT 
(La = 10%, Zr/Ti = 80/20)  25 

Fig. 15 Dielectric constant variation with temperature for PLZT 
La = 10%, Zr/ti = 80/20)  26 

iii 
C/4133A/cb 



fl* Rockwell International 

MRDC41097.3TR 

LIST OF TABLES 

Table 1      Summary of Crystal Growth Conditions for Sr1_xBaxNb206 
Composition  

Page 

8 

iv 
C/4133A/cb 

?-c-. 



*» 
Rockweii International 

MRDC41097.3TR 

1.0    SUMMARY 

A one-year rüiearch program has been undertaken to determine whether 

certain selected ferroelectric materials can be used to obtain effective phase 

control in millimeter wave radar systems. This investigation is an outgrowth 

of earlier work at Rockwell which included the first demonstration of micro- 

wave phase modulation in strontium barium niobate (SBN) single crystals.  The 

present study combines materials development and millimeter wave characteriza- 

tion to investigate the feasibility of achieving sensitivity of the microwave 

refractive index to an applied electric field, dn/dE, in excess of 10"5 

meters/volt, while maintaining absorptive loss in the material below a few dB 

per millimeter. 

Because measurements ear1y In the program revealed high absorptive 

losses in the available strontium barium niobate crystals, the first six 

months have been devoted to expanding +he materials base. In addition to the 

development of growth techniques for other tungsten bronze ferroelectrics, 

measurements of millimeter wave dielectric properties have been carried out on 

these ferroelectric and other systems obtained from the Penn State Materials 

Research Laboratory, including an antiferroelectric ceramic lead-lantanum 

zirconate-titanate (PLZT). These measurements generally show large decreases 

in polar axis permittivity from their dc values, suggesting an extrinsic 

origin for the bulk of the dc permittivity. The material factors controlling 

this phenomenon should be explored, since they will determine to what extent 

the observed high losses can be reduced over the frequency range of interest. 

Technical Problem 

On the basis of current models for ferroelectric materials, one pre- 

dicts :hat certain ferroelectrics having a high dc permittivity e(o) should 

also show high sensitivity of their microwave refractive index n = /e(w) to an 

applied electric field for microwave frequencies up to several hundred GHz. A 

low absorptive loss is also predicted over the same range of frequencies. 

1 
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However, the millimeter wave dielectric properties of these materials are 

largely unknown, and growth of the most promising ferroelectrics in single 

crystal form is generally difficult. 

The present program was conceived on the basis of successful growth 

at Rockwell of one such ferroelectric, SrQ^BaQ^g^Og, and measurement in 

this material of a substantial electric field sensitivity, dn/dE, of 10 

meters/volt at 58 GHz.  With about an order of magnitude larger sensitivity, 

one can design microwave components operating at practical control voltages 

(under 200 volts) for phase shifting, modulation, and switching. One attrac- 

tive concept is a planar dielectric lens for electronically steering a milli- 

meter wave radar beam, which could be used in high-speed seeker applications. 

The technical objective of the current study is to explore the range 

of dielectric properties (primarily dn/dE and dielectric loss) achievable 

within the SBN family. Other promising ferroelectrics are to be examined 

depending on availability. 

General Methodology 

There is an on-going program in development of growth techniques for 

tungsten-bronze materials at Rockwell which provides the principal source for 

the Sr, Ba NboOg ferroelectrics to be studied under the present contract. 

This program has produced the largest and highest quality single crystals 

reported to date of Srn ög^CSl^Z^' t,ie con9ruen^y melting composition. 

Having these crystals available as seeds greatly facilitates the Czochralski 

growth of other SBN compositions and certain other tungsten bronzes. Also, 

through the ferroelectrics program at Penn State University, a wide variety of 

other materials has been made available for this study. These include ferro- 

electric and antiferroelectric ceramics as well as single crystals, many of 

which have been well characterized by piezoelectric and low frequency dielec- 

tric measurement techniques. 

Accurate high-frequr.'ncy dielectric measurements on the selected sys- 

tems are be'ng carried out in waveguide from 30 to 100 GHz.  Power reflection 

2 
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and transmission coefficients are determined on samples cut to fill the guide, 

and sample dielectric properties are fitted to these observations. The 
electric field sensitivity of the microwave refractive index, dn/dE, is to be 
evaluated by a phase bridge technique in the same waveguide geometry. 

Technical Results 

Millimeter wave measurements at selected temperatures have been 
carried out to date on the following systems: Sr, xBa f^Og single crystals 

(x = 0.39 and 0.5) at 30-40 GHz; pbi.,yLayZr0.8Ti0.203 ceramic (^ = 0-08 arld 

0.10) at 30-40 GHz and 90-100 GHz; and a Bal!2Sr0<8K0>75Na0>25Nb5015 single 

crystal at 90-100 GHz. Typically, all systems showed unexpectedly high 
dielectric loss (tan 6 > 0.1) and large decreases in the magnitude of the 
polar ?xis permittivity from its low-frequency value. In the single crystal 

systems, oermittivities in the plane perpendicular to the polar axis generally 
did not show a decrease, but measured losses were still high. 

These results contradict the simple soft-mode model for the low fre- 
quency dielectric properties, which would predict no substantial decrease in 
polar axis permittivity below several hundred GHz and correspondingly low 

loss. The observations suggest that the large dc permittivities in the sys- 
tems under study are associated with a polarization mechanism which relaxes at 

GHz frequencies. Domains of submicron dimension, stabilized by extrinsic 

factors, could explain some features of the data. 

Implications for Further Research 

Until the source of the observed dielectric behavior is determined, 
no definite conclusions can be drawn concerning the millimeter wave device 

potential of these materials. If extrinsic factors control the magnitude and 
frequency dependence of the observed dielectric properties, it may be possible 

to modify these properties substantially through changes In growth und prep- 
aration; for instance, shifting the region of nigh loss and low permittivity 

to much higher frequencies. If the mechanism is intrinsic to these systems, 

3 
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then other classes of ferroelectrics offer promise, and should be studied to 

establish the range of properties available at millimeter wave frequencies. 

Field-induced change of phase (e.g., antiferroelectric to paraelectric) and 

ferroelectric domain switching are strong candidates for consideration. 

C/4133A/ I 
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2.0 BULK SINGLE CRYSTAL GROWTH 

The Czochralskl single crystal growth technique has successfully been 

developed to produce large size single crystals of the ferroelectric composi- 

tion SrQ^BaQ^Nb-jOg. Although both the end members Srf^Og and .. ^Og do 

not belong to the tungsten-bronze family, the solid solution Sr^Ba^boOg, 

where 0.25 > x > 0.75, crystallizes in the tetragonal tungsten bronze struc- 

ture.  Figure 1 shows the limit of solid solubility range for the three dif- 

ferent phases, e.g., Srl^Og, BaNbgOg and Sr1_xBaxNb20g, and the variation of 

the ferroelectric phase transition temperature for the tungsten-bronze solid 

solution. This tungsten-bronze solid solution has been shown to be very use- 

ful for several device applications since it exhibits the largest electro- 

optic5 and pyroelectric coefficients of any well behaved materials.  Accord- 

ing to our current work, this solid r.olution possesses temperature compensated 

orientations and should also be useful for millimeter wave applications. 

Most recent work by Megural et al,3 indicates that the composition 
Sr0.60Ba0.40N')206 (SBN:60) is the only congruently melting composition of the 

entire series. Figure 2 shows the composition shifts from melt to crystal for 

the various compositions in the Sr^Og-Bal^Og binary system. The 

Czochralski growth technique has already been established for the composition 
S^0.6Ba0.4Nb2^6, and crystals as large as one-inch diameter have been 

developed. This technique can be applied to other compositions within this 

solid solution. Although the composition SrQ cBaQ 5Nb20g is not congruently 

melting, it exhibits interesting ferroelectric and optical properties; it was 

selected in the present work to compare its high frequency dielectric prop- 

erties to those of SBN:60 and thereby obtain information on the range of 

properties available in the SBN system. The bulk single crystal growth of 

this composition has been reported by several workers and the results of these 

investigations have been summarized in Table 1. 

Initially, the SBN:50 crystals were pulled using SBN:60 crystals as 

seeds, and this proved successful in obtaining reasonably large seed material 

C/4133A/cb 
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Table 1.    Summary of Crystal Growth Conditions for Sr^Ba^bgOg Composition 

Composition 
Growth 
Temp 0C 

Seed 
Orientation 

Diameter 
Crystal 

of 
s Reference-        | 

Srn.5Ba0#5Nb206 1480 (001) 0.5 to 0.8 cm Kestegian & Bekebrede, 1 

1973 

Sr0.5Ba0.5Nb206 1485 (001) 0.3 to Ö .5 cm Liu & Maciolek, 1975  { 

(also with R.F..) 

1 Sr0.5Ba0i5Nb206:Pb 1500 (001) 0.3 to 0 .5 cm Liu & Maciolek, 1975 

Srl.xDaxNb206 1510 (001) -1 cm Ballman & Brown, 1967  j 

i 0.25 >  x > 0.75 

Sr0.75Ba0.25Nb205 1485 (001) - Sakamoto, Unoki, et al | 

1973 

Sr0.61Ba0.39Nb206 1500 (001) - Furuhata, et al, 1976 

Sr0.61Ba0.39Nb206 1510 (001) -2 cm Neurgaonkar, Kalisher, i 

Lim & Staples, present 

work 

S,0.5Ba0.5Nb20C 1510 (001) -2 cm Neorgaonkar et al     ! 

F.E. * Rare Earths 
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for subsequent growth experiments. Optimum growth conditions used are as 

follows: 

1. 

2. 

3. 

4. 

The pulling rate 

The rotation rate 

Growth direction 

Melting temperature 

8-10 m/hr 

20-30 rpm 

Along the c-axis 

1510oC 

The crystals were also pulled along other orientations such as (100) 

and (110) and under different experimental conditions.    However, it was found 

difficult to obtain large crystals in other directions,    This clearly sug- 

gested that the rate of crystallization along the c-axis is much faster than 

that aU.ig any other direckon.    Figure 3 shows a typical crystal  grown along 

the c-axis.   The crystals grown along the c-axis are usually well  faceted, 

which is quite exceptional  for the Czochralski grown crystals.    X-ray diffrac- 

tion ctudies show that the crystal  habits are based on 24 faces of four 

prisms:  (110),  (120),  (100) and (130).    These observations are in excellent 

agreement with results reported by Dundnlk        al9 for the Sri_x^axNb2^6 $0^d 

solution single crystal:.    The idealized form of the crystal  is shown in 

Fig. 4,    The crystals are pale yellow to yellow as grown depending on the 

crystal  diameter.    Since the ferroelectric phase transition temperature for 

this composition occurs around 120oC, the crystals were cooled with utmost 

care to room temperature to prevent cracking of the grown crystals. 

Optically, the SrQ^BaQ^I^Oö single crystals appear to be good 

quality crystals that are clear and transparent.    Crystals showed room temper- 

ature tungsten-bronze tetragonal structure and, according to the structural 

refinements by Jamieson et al10 for Srg^gBaQ 25^2^6 crystals, this solid 

solution belongs to the point group 4 mm.   The lattice parameter measurements 

for the ceramic and single crystal  samples of the Srg^Bag^NbgOg composition 

gave values of a = 12.488Ä and c = 3.956Ä, which are in close agreement with 

the values a s 12.48Ä and c - 3.950A reported by Jamieson et al  for the same 

composition. 

C/43 33A/cb 
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Fig. 3 Shows a typical Srn rBan  c^tuO, single crystal grown along 
the c-axis.     ^ u-:3 ^ b 

10 
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Fig. 4  Shows the idealized form of the SBN single crystal, 
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3.0 DIELECTRIC CHARACTERIZATION 

The Initial experimental success in demonstrating a large electric 

field sensitivity, dn/dE -10"6 meters/volt, in the congruently melting SBN 

composition^ has provided a natural direction for the current study. Since 

both the low frequency and optical properties of SBN are known to be strong 

functions of the strontium to barium ratio, cur first priority has been to 

characterize the range of millimeter wave dielectric properties available in 

this system. Toward this end, the permittivity and dielectric loss in single 

crystal samples of the congruently melting composition (SBN:60) were deter- 

mined from 30 to 40 6Hz by reflection and transmission measurements made in 

waveguide. 

These measurements revealed several surprising features: polar axis 

permittivities much smaller than the low frequency value, with large variation 

from sample to sample; high loss (tan 6 >  0.2) in all samples; and rapid vari- 

ation (dispersion) in permittivity with frequency. Such behavior directly 

contradicts the soft-mode model for the permittivity, which predicts no sig- 

nificant variation from the low frequency properties up to frequencies of 

several hundred GHz. Also of concern is the high dielectric loss, which 

represents a substantial barrier to millimeter wave device applications. 

With the source of the observed dielectric properties in doubt, it 

was recognized that a wider experimental base was needed. In particular, a 

search for factors affecting the dielectric loss has been undertaken. Other 

tungsten-bronze ferroelectrics, including SBN:50, are currently being 

studied. Also, an antiferroelectric PLZT ceramic has been characterized up to 

100 GHz. 

3.1    Dielectric Properties of SBN:60 

Figures 5-8 summarize the results of our dielectric measurements on 

the congruently melting composition SrQ ^^Q 29^2^6'    ^e P0^ar ax^s 

permittivity Ki-, and the loss tangent K^/Kö- for frequencies between 30 and 

12 
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40 GHz are shown in Fig. 5 for a carefully poled sample from a recent 

growth. This sample was selected to show a maximum observed decrease 

In Kio from its low frequency value of 900; another sample from the same boule 

showed K.U varying from 100 to 200, while a sample from an earlier growth 

showed Ki. in the range 170 to 300. One observable difference among these 

samples is the spacing of striations along the growth axis, which is indica- 

tive of small variations in composition due to thermal gradients at the solid- 

liquid interface during growth of the crystals. 

The variation of Ki- and tan 633 from dc to 40 GHz is illustrated in 

Fig. 6. The high frequency measurements on this scale show on each curve as a 

single point and a slope. The dashed sections of the two curves have been 

sketched to match this behavior to the 1 GHz measurements. All low frequency 

measurements were carried out at the Penn State Materials Research Laboratory. 

It is worthy of note that these low-frequency properties showed little varia- 

tion between the two samples cut from the same boule. 

The permittivity perpendicular to the polar axis, K^, is shown for 

another sample from 30 to 40 GHz in Fig. 7. There is a very rapid decrease in 

the loss, which suggests we are on the shoulder of a loss peak. Such a peak 

has been sketched in Fig. 8, where the high frequency measurements are joined 

with the low frequency data on this sample. The low-frequency data also show 

a rise in K' at 1 GHz, which Is suggestive of piezoelectric resonance 

behavior. Domains of submicron size could exhibit such resonances; possibly, 

point defects or dislocations associated with the growth striations may act to 

stabilize these domains against poling. 

3.2 Measurements on Other Ferroelectrics 

A limited number of exploratory measurements have now been carried 

out on other systems. Results from 30 to 40 GHz for a single crystal sample 

of SBN:50 grown at this laboratory are shown in Fig. 9 for permittivity 

perpendicular to the polar axis; it Is qualitatively similar to the behavior 

seen in SBN:60 for the same crystal orientation. 

17 
C/4133A/cb 



*» 
Rockwell International 

iNViSNOOOiyioaiaia 

MRDC41097.3TR 

iNBONVlSSOT 

i 

00 

X 
«3 
I 

| 

0) 

I 
CL 

o 
(. 

r— 
a> 
•f- 
o 

er 

18 



*» 
Rockwell International 

MRDC41097.3TR 

S 1 

A small sample of a "stuffed" tungsten-bronze structure, 

^a1.2^r0.8K0.75Na0 25^5^15' was n,easured ^ro,n 90 to 100 GHz to see whether 
filling the vacant cation sites In SBN reduces the loss. These measurements, 

presented In Fig. 10 show that the perpendicular permittivity (Ki.) has not 

fallen from its low-frequency value, while the associated loss tangent is 

somewhat lower than those reported dkive (tan 5|j ^0.1). Growth of larger 

BSKNN crystals is presently being pursued so that measurements in both crystal 

orientations can be made at 30 to 40 GHz. 

A substantial amount of high-frequency dielectric characterization 

has been carried out on the antiferroelectric ceramic lead-lanthanum 

zirconate-titanate (PLZT) using samples from Penn State Materials Research 

Laboratory. The system possesses a large low-frequency dielectric permit- 

tivity (-1,000) and is known to switch into a ferroelectric state of much 

lower permittivity on the application of an electric field of several 

kilovolts/cm. Since there are no domains in the antiferroelectric phase, loss 

and dispersion due to domain switching should not contribute to the observed 

high-frequency dielectric properties of this phase. 

Results from 30 to 40 GHz on two samples of the composition 

PbQ^gLaQ^ZrQ^gTiQ^Oß are summarized in Figs. 11-13. The real permittivity 

(Fig. 11) is quite similar between the two samples, falling from about 400 to 

260 over the range of measurements compared to a low frequency value of 

1,500. Although not shown, the variation of this permittivity with tempera- 

ture up to 130oC was found to be small. The loss tangent found for the two 

samples is shown in Figs. 12 and 13 for three temperatures. While there is a 

definite similarity between the two, sample #2 shows a generally higher 

loss. In both cases, losses grow with temperature at the low frequency end of 

the measurement interval and fall with temperature at the high frequency end, 

suggesting an underlying loss peak that moves to lower frequency as the 

temperature is raised. 

Room-temperature measurements have also been carried out on these 

samples from 90 to 100 GHz. Results of these meaßurtiagmts, combined with data 

19 
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on the low frequency dielectric properties, are given in Fig. 14. One soes 

that the measured high-frequency loss fits the pattern or" slow increase found 

at lower frequencies. In contrast, the real permittivity is falling rapidly 

at high frequency, while it is essentially constant below 100 MHz. 

The effect of temperature on the dielectric properties at various 

i frequencies is summarized in Fig. 1.5. The transition to paraelectric form is 

easily seen in the low frequency data as a broad peak In the permittivity. 
I 

However, the high frequency data are all essentially temperature 
j 

Independent. 

The high-frequency behavior of the complex permittivity in these 

ceramics is not what one expects for a pure antiferrcelectric. However, it is 

known that an appreciable volume fraction of the PLZT persists in the ferro- 

electric phase, and the observed dispersion and high loss may well opiginate 

in that phase. Experiments in which this volume fraction is varied by control 

of ceramic composition should help to elucidate the mechanism producing this 

behavior. 

24 
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4.0 MATERIALS DEVELOPMENT 

4,1    Materials Systems of Interest 

4.1.1  Tungsten Bronze Family 

Among oxide ferroelectrics, the very large family of bronze structure 

crystals offers a very broad range of ferroelectric properties with the possi- 

bility to "fine tune" response by composition manipulation, and consequently 

is of major interest. For the composition Srg^BaQ^gl^Og, earlier DARPA- 

sponsored studies have permitted the development of a full Gibbs function, and 

there is indication that the important higher order stiffness parameters of 

the prototype do not change markedly with cation make-up. 

Preliminary calculations using this Gibbs function gives values of 

(9n3/3E3) at 20oC 

3n3/3E3 3 -2.5 x 10'6/Vm_1 

in reasonable accord with measurements at GHz frequencies. 

In the ferroelectric phase, the response increases to 

an3/3E3 s -6 x 10_5/Vm_1 

at 50oC, and it will be interesting to cee if this trend is confirmed by 

measurements. 

Initial calculations for the biased quadratic response suggest that 

the sensitivity may be vastly improved by operation in this mode. At 820C 

under a bias field of 1 Kv/cm, we calculate an induced linear response 

3n3/3E3 s -5 x lO^/Vm"1  , 

27 
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more than 3 orders larger than the room temperature response. It must be 

noted, however, that the response is a strong function of both temperature and 

bias field in this mode; however, some high frequency measurements in this 

regime are clearly required. 

A second family of bronze structure crystals which may be of interest 

is the (NaxK1.x)2(
BaySr1.y)4Nb1Q03Q compositions. In these crystals, all Aj 

and Ao sites in the structure are filled and there is some indication that the 

dielectric loss levels may be lower. 

A third bronze family of interest is the Pb^Ba^^Og composi- 

tions. In this system, increasing lead content results in the appearance of 

an orthorhombic ferroelectric phase with a morphotropic phase boundary near 

the composition Pb^^gBag^l^Og. The high transverse Curie point e for tetra- 

gonal compositions near morphotropy leads to unusually high E^ and d^ values, 

and thus the possibility of large values of r:, and rjr. 

4.1.2   Perovskite Family 

Single crystals of perovskite structure ferroelectrics are difficult 

to grow and process to single domain configuration. In all materials, both 

pure ferroelectric and partial ferroelastic:ferroelectric domains occur due to 

the very high symmetry (m3m) of the prototype paraelectric phase. Since Gibbs 

functions are available for BaTiOß, KNbOß, KNb^Ta^ and PbZr^Ti^ 

systems, one can calculate the dielectric saturation functions for the single 

domain states in these families. We do not, however, anticipate major 

advantage over the bronze structure family crystals. 

The feature in the perovskite family which is, however, of major 

importance is the multiaxial character of the ferroelectric response, which 

leads to interesting and useful dielectric, piezoelectric and electro-optic 

response in the ceramic form. For the polar ferroelectric phases, the complex 

domain structures, grain to grain constraints, the highly anisotropic nature 

of the single domain permittivity and the difficulty of processing to a per- 

fect single phase assemblage may rtwke interpretation of the response diffi- 

28 
C/4133A/cb 



*» 
Rockwell Internation 

MRÜC41097.3TR 

cult.    In the paraelectric phase, however, many of these difficulties are 

eliminated, and we expect that the quadratic response will be of more 

interest. 

A characteristic of the ceramic which may be of significant interest 

in developing a high quadratic response at low applied voltage is the manner 

in which perovskite type ceramics may be processed to produce a highly reduced 

conducting grain structure, separated by an insulating grain boundary 

region.    In BaTit^-based capacitors made by this type of processing, 

"effective permittivities" greater than 100,000 can be achieved, indicating 

field multiplication by a factor of 50 or more across the grain boundary 

region. 
2 

Since in a quadratic system the induced response varies as E , the 

field amplification factor A augments the optical path length by a factor 

proportional to A2, while the relief of field over the bulk of the grain only 

reduces the path length by a factor 1/A. For conducting levels -10 ohm cm in 

the grain which should be adequate to provide short time constants for the 

application of bias field to the boundary region, the impedance of the grain 

at high microwave or mm wave frequencies would not be affected. In effect, 

the reduced grains then provide a simple method for intercalating 

"transparent" electrodes into the volume of the sample. 

4.1.3  SbSI Family Materials 

The uniaxial ferroelectric antimony sulphur iodide, together with 

bromide and selenide solid solutions, form another interesting family where 

the Gibbs function is known. Since it is difficult to raise the true Curie 

temperature beyond 180C in this system, the primary interest is in the 

quadratic or biased quadratic mode. Initial calculations suggest that at 

32.50C, under bias of 4.5 x 10^ volts/cm, the induced linear effect gives 

(anß/aEj) values of the order 10 x 10"3 Vm . 

It would appear that the materials in this family have promising 

prospects and more detailed evaluation is certainly in order. 

29 
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5.0 FUTURE PLANS 

The search for low-loss ferroelectric systems will continue as a high 

priority in the remainder of the contract period. Variations in loss and 

permittivity within SBN crystals will be related to composition and growth 

conditions as a first step toward uncovering the factors controlling these 

variations. Available systems in which other ferroelectric mechanisms are 

operative will also be studied. 

Measurements of dn/dE will be carried out on the most interesting 

ferroelectrics at 35 and 94 GHz, including correlation with the observed 

variability in sample dielectric properties. A key question is to what extent 

the electric field sensitivity of the index scales with the microwave index 1r 

the SBN system. 

Another important issue is the utility of variable index materials in 

millimeter wave radar systems. It is planned to interact with the user 

community to identify the current needs in terms of millimeter wave discrete 

and distributed active devices and to establish the materials criteria and the 

design of devices which can potentially meet these needs. 

30 
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