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PREFACE

The object of this program is to improve the detectivity of the pyroelectric

detector with the ultimate goal of operation at or near the temperature-noise limit.

During the third phase of this program efforts were concentrated on com-

pleting measurements of the pyroelectric coefficient, dielectric constant, and

loss-tangent as a function of temperature for the most promising detector mate-

rials. This data is now complete over a temperature range from -30°C to

approximately 100°C for the following 10 materials: TGS; DTGS; gamma-irra-

diated TGS, gamma-irradiated DTGS, gamma-irradiated TGFB; Li2SO 4-H2 0 ;

Sr0.75 Ba0.25 Nb206; (Li20) .49 (Ta205 )0.51; Gulton PZT-G1306; and Honeywell
4/60/40 PLZT. Additional pyroelectric coefficient measurements only are in-

cluded for TGFB, TGS0.88 TGFB 0.12' and ethylene diamine tartrate (EDT).

Fully poled TGS, DTGS, TGFB, subsequently gamma-irradiated from a
' I

cobalt 60 source, was shown to have "locked-in" polarization. Using DL-a-

alanine to dope a DTGS crystal during growth below the Curie temperature, it

was subsequently confirmed that "locked-in" polarization is similarly achieved.

However, the presence of both D & L components of a7-alanine leads to erratic

behavior of the pyroelectric coefficient as a function of temperature. Use of

only the L-ar-alanine as a dopant apparently leads to satisfactory performance

according to preliminary data obtained from a small crystal sample.

Spectral data (transmittance and reflectance from 0.25 to 40p) was ob-

tained for ethylene diamine tartrate (EDT), most of the other materials having

been reported in the two previous quarterly reports.

All new available data has been incorporated in a revised table of pyro-

electric materials characteristics and included in this report.

The low noise preamplifier and post amplifier, for evaluating completed

detectors made from the most promising pyroelectric materials, has been completed.

Project accomplishments are consistent with the objectives of the program.
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Section 1.0 INTRODUCTION

The third phase of this program has been carried out over a three month

period beginning February 23, 1972 and ending May 26, 1972.

The goals of the third phase were as follows:

1. Continue the literature search for new pyroelectric materials and

update the compiled data started in the first phase.

2. Continue the transmittance and reflectance measurements of those

samples not previously measured.

3. Measure the dielectric constant and loss tangent as a function of

temperature (-30°C to approximately 100°C) and frequency (50 Hz to 10 KHz)

for all samples on hand. Similarly, measure the pyroelectric coefficient as a

function of temperature.

4. Investigate gamma-irradiated TGS, DTGS, and ca-alanine doped TGS

and DTGS as a means of achieving "locked-in" polarization.

5. Fabricate 1.5 x 1.5 x 0.04 mm detector samples from the most

promising detector materials, and mate them to the best available transistors.

Measure responsivity, noise, detectivity, and spectral response of the evacuated

devices as functions of temperature and frequency.

6. Grow a crystal of glucuronolactone from an aqueous solution.

7. Time permitting, examine the effects of U.V. radiation on TGS and

DTGS to obtain locked-in polarization.

8. Continue the search for improved FET's and determine their charac-

teristics along with the best mode of operation of the detector-amplifier package.

9. Operate a SBN detector in the dielectric mode and record its perfor-

mance.
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Due to reduced funding of the entire program,priorities had to be es-

tablished to achieve the most important results during the reporting period.

The goals listed above under 1, 2, 3, 4, and 8 were achieved and are

each discussed in turn in the remainder of this report. Difficulties that arose,

causing delays in some goals, are also discussed. It is hoped that subsequent

funding will permit completion of the intended goals.

1-2
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Section 2.0 LITERATURE SEARCH

The literature search for pyroelectric materials and

their parameters has been carried forward on a continual basis and

the table of pyroelectric materials characteristics updated. The

references to ferroelectrics and pyroelectrics are ever-growing.

Some of the more pertinent papers that were encountered during the

reporting period are herewith cited.

Since the work by Lock (L5) in obtaining locked-in polari-

zation by using o-alanine doped TGS was reported in the second

quarterly report, further reports on this phenomenon have become

available through Keve et al. (K5, K6). Introduction of optically

active L- cX-alanine into a TGS crystal causes an assymetric dis-

torted glycine I (Hoshino, H7) molecule. Each optically active

L- o -alanine molecule has its O -CH3 group pointing in the same

direction with respect to the b axis of TGS. The resultant dipoles

have the same polar sense and will result in a self bias. Other

suggested dopants are serine, and c<-amino-n-butyric acid. DL- M

-alanine is reported to give similar effects to L- a -alanine as

long as the TGS is grown below the Curie temperature. L- c -alanine

doped TGS (LATGS) yields a fully poled pyroelectric detector with

reduced losses, resulting, according to Lock (L5), in a D* of 2 x 109
-1

cm-cps w at 10 Hz for a 0.5 x 0.5 mm element.

Haertling and Land (H8) discuss the material processing of

lanthanum-doped lead zirconate titanate (PLZT), namely an oxide-

alkoxide co-precipitation chemical process, followed ultimately by

a hot press in an oxygen atmosphere at 1200°C and 3000 psi for

16 hours. Compositions of 7/65/35, 8/65/35, 2/65/35 and 12/40/60

are discussed, where the ratio stands for La/Zr/Ti. A sample of

4/60/40 PLZT was obtained from Honeywell for evaluation.

2-1 3



Since Yamaka et al (Y4) were reported in the second

quarterly report to have achieved a D* of 8 x 108 cm-cpsw -1 for

a PbTiO3 detector, efforts were expended trying to obtain samples

end/or literature of PbTiO3 . No domestic commercial producers of

PbTiO3 single crystals were found. However, Bhide et al (B8)

describe a method whereby a mixture of TiO2 :Pb3 04 :KF in the ratio

of 1:2.5:6.5, heated to between 900°C and 950°C for 20 hours and

followed by slow cooling to room temperature over 16 hours yields

2 x 2 x 0.25 cm single crystals. A dielectric constant of 30 at

ambient for 10K Hz is claimed which constrasts sharply with Yamaka's

value of 200. While Yamaka does not say so, it is believed that

his PbTiO3 crystal is doped, probably with uranium oxide (U03 ).

Remeika and Glass (R2) have reported data on 0.1% UO3

doped PbTiO3 . Doping raises the room temperature DC resistivity

from 106 ohm-cm (undoped) to 1010 ohm-cm. They obtained 1 x 3 x 5

mm crystals grown from the melt (including flux) which is kept 5

hours at 1100°C and then allowed to cool to 700°C at a rate of 5°C/hr.

Detwinning was accomplished by applying pressure to the platelet

edges above 250°C.

McFee et al (M5) obtained an NEP of 1.5 x 10-8 w Hzl1 /2

for a 19p-thick polyvinylidene fluoride PVF2 film at 90 Hz for a
2

2 mm detector, which is a factor of 20 worse than for a TGS detector

of equivalent area. To pole the material 106 v/cm are applied across

the film at 120°C. The film is then allowed to cool to ambient

temperature with the field applied. They used the charge integration

technique to determine the pyroelectric coefficient. Efforts at

BEC to measure the pyroelectric coefficient of PVF2 and polyvinyl-

fluoride (PVF) by the charge integration method were unsuccessful

to date due to a high leakage rate even under steady state condition.

4
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Section 3.0 MEASUREMENTS

3.1 Transmittance and Reflectance

The only new pyroelectric material whose transmittance

and reflectance was measured from 0.25p to 40p during the reporting

period was 1 mm thick ethylene diamine tartrate [EDT, C2 H4 (NH3 )2

C4H4 06], obtained from the Isomet Corporation. The graphs are found

in Appendix B. It proved difficult to obtain a good polished surface

on the EDT sample and this may account for the low value of the normal

reflectance.

3.2 Pyroelectric Coefficient, Dielectric Constant, and Loss Tangent

The equipment used in measuring respectively the pyroelectric

coefficient, and dielectric constant plus loss tangent, are shown in

Figure 4-11 and Figure 4.1 of the second quarterly report. All

electroded samples were 5 x 5 mm in area and either 1 mm or 0.5 mm

in thickness. To date ten materials have a completed set of measure-

ments for pyroelectric coefficient, dielectric constant, and loss

tangent over a temperature range from -30°C to approximately 80°C and

frequencies ranging from 100 Hz to 10K Hz (and in several cases to

100K Hz). They are TGS; DTGS; gamma-irradiated (2.3 MegaRontgen from

a Cobalt 60 source) TGS, DTGS, and TGFB; Li2 SO4.H2 0; Sr
0 7 5Ba 0

o 2 5

Nb2 06 ; Gulton PZT G-1306; Honeywell PLZT 4/60/40; and LiTaO3. In

addition, only pyroelectric coefficient vs. temperature measurements

are complete for TGFB, TGS 0 .8 8 TGFB0 .1 2
?
and ethylene diamine tartrate

(EDT). All graphs pertaining to the pyroelectric coefficient, di-

electric constant and losstangent vs. temperature are found in

Appendix C.

A few dielectric constant and loss tangent vs. temperature

curves (i.e. TGS, DTGS, and Li2 SO4 .H2 0) have been included pre-

viously in the second quarterly report. For completeness they have

been included again in this report. The gamma irradiated samples

reported on in the second quarterly report were subsequently found

to have been incompletely poled prior to gamma irradiation. The

3-1 



original samples required subsequent additional poling to obtain

the maximum pyroelectric coefficient at all temperatures below the

Curie temperature. On exceeding the Curie temperature and cooling

without repoling, the samples would revert to a lower pyroelectric

coefficient. In contrast, the new fully-poled and gamma-irradiated

samples of TGS, DTGS, and TGFB yield the maximum pyroelectric co-

efficient at all temperatures below the Curie temperature without

need for additional poling. Fully poled samples yield also a some-

what lower dielectric constant and considerably lower loss tangent.

Consistently better results were obtained when the 5x5x0.5

mm electroded samples of TGS, DTGS, and TGFB were mounted on their

respective headers, then poled and gamma irradiated, rather than

poling and irradiating a large (2 2 cm ) electroded 0.5 mm thick

slice followed by dicing into 5 x 5 mm elements. Thus, it seems

advisable to mount future electroded infrared detector elements of

either TGS, DTGS, or TGFB onto their final substrate (eliminating

temporarily the FET), followed by poling and irradiation of the

individual elements rather than processing elements from poled and

irradiated slices.

The previously reported initial curve for the pyroelectric

coefficient vs. temperature for TGS (Figure 4-19, second quarterly

report) was re-run and a better fit obtained around ambient temper-

ature that eliminates the previous "bump" in the curve (Figure C i-a).

However, a similar bump was obtained in the pyroelectric coefficient

vs. temperature curve for gamma-irradiated DTGS around ambient

temperature (Figure C 4-a).

Li2 SO4 .H2 0 was found to exhibit a peak in its pyroelectric

coefficient at 70°C (Figure C 8-a). It is questionable that this

represents a Curie temperature. Since an irreversible increase in

the loss tangent (and dielectric constant) at all temperatures was

found whenever the material had been heated to 70-80°C or higher,

it is felt that the peak in the pyroelectric coefficient merely

represents the lowest temperature where decomposition begins.
3-2 6



Li2 SO4 .H20 detectors previously made at BEC in past years never

lived up to their expected detectivity (as based on published para-

meters). It appears that this degradation was caused bythe excessive

bake-out temperature of approximately 80-100°C during evacuation.

Poled SBN (x= 0.25) from Crystal Technology, Inc., did not

give initially repeatable results for the pyroelectric coefficient

vs. temperature curve. The sample was kept at 76°C for 16 hours

without bias and then it was then cooled rapidly (thermoelectrically)

to -30°C without bias. On measuring the pyroelectric coefficient

with increasing temperature, repeatable results were obtained

(Figure C 9-a). Although no previous external poling was applied to

the SBN sample, the pyroelectric coefficient obtained at 25°C

(37 x 10-8 C-cm-2oK-1) compares favorably with the value reported

by Glass (G4) of 31 x 10-8 C-cm-2°K
- 1. Of interest is the rather

marked difference in temperature where the respective pyroelectric

coefficient and dielectric constant of SBN (x=0.25) reaches a

maximum. All Curie temperatures have been reported on the basis of

maximum pyroelectric coefficient rather than maximum dielectric

constant. Increasing the field strength across any pyroelectric

sample will generally shift the temperature at which a maximum di-

electric constant is obtained to slightly higher temperatures. Glass

(G3) feels that it is not possible to define a Curie temperature for

low Ba content SBN crystals because of the broad peaks obtained for

the dielectric constant. This implies that the ferroelectric-para-

electric phase transition does not occur at a discrete temperature.

LiTaO3 (or in this case more precisely (Li2O) 0.4 9 Ta205 )0 .5 1

from Crystal Technology Inc., was found to have the lowest loss

tangent (Figure C 10-b) of all materials encountered so far. Its

responsivity and detectivity figures of merit compare favorably with

those of TGS, DTGS, and TGFB. The material also exhibits very little

change in its pyroelectric parameters with change in temperature

3-3 7



so that its responsivity and detectivity should be rather constant

over a wide operating temperature range. For high ambient temperature

operation and/or high incident energy levels (lasers),it appears as

the most promising detector material.

Comparing Honeywell PLZT 4/60/40 (Figures C 12-a,b,c) with

Gulton PZT-G1306 (Figures C ll-a,b,c) - both being polycrystalline

ceramic materials - it will be noted that the former has generally a

higher pyroelectric coefficient and lower dielectric constant than

the latter, so that the responsivities of these particular PLZT and

PZT formulations will be in a ratio of I 3:1. However, the loss

tangent of the PLZT is markedly higher than that for PZT so that the

expected detectivities are roughly equal.

Due to the low pyroelectric coefficient of EDT (Figure C 13-a),

the equipment had to be run at a higher gain than all the other samples.

This accentuated the hysteresis effect (difference between pyroelectric

coefficient on heating and cooling). Therefore, a mean value was

plotted. The value obtained at 20°C (0.25 x 10-8 C-cm
-
2 °K-l) is in

good agreement with one reported by Putley (P1) of 0.2 x 10-8 C-cm-2 °Kl

Attempts were made to measure the pyroelectric coefficient

of polyvinyl fluoride (PVF) and polyvinylidene fluoride (PVF,) films.

After electroding, poling, and letting the samples stay at ambient

temperature without bias for 24 hours, a continual charge output was

obtained even at a constant temperature. This made it impossible to

measure dPs/dT. These samples may have been improperly poled. The

measurements on PVF and PVF2 will have to be repeated since both

materials are appealing as inexpensive large area infrared detectors

where the highest responsibity and detectivity are not required.

Keve et al (K6) point out that TGS doped with a racemic

mixture of D and L-oa -alanine (DLATGS) and grown below the Curie

temperature, generally gave results comparable to L- -alanine doped

TGS. In order to have a higher Curie temperature, a deuterated TGS

3-4



crystal doped with racemic D and L-o<-alanine was grown over a

temperature range from 42.8° to 36.5°C. Judging by the performance

of the DL-ox-alanine doped DTGS on trying to measure the pyroelectric

coefficient with temperature, the material must exhibit a double seg-

mented hysteresis loop (K6-p.44), coming from two or more crystal

regions of permanent self bias of opposite sense. No two samples

of DLADTGS behaved the same on measuring dPs/dT. One sample

exhibited almost no pyroelectric coefficient at ambient temperature,

subsequently increasing at higher temperature. Whenever a peak

pyroelectric coefficient was obtained, there would be a sudden sign

reversal on further increasing the temperature slightly. Peaks

obtained with increasing temperature would not agree with peaks

obtained with decreasing temperature. Another sample behaved properly

above ambient temperature to the Curie temperature but behaved similarly

erratic below ambient temperature.

Doping a DTGS crystal with only L- o-alanine was deemed to

overcome the problems encountered with a racemic admixture. The

present plan is to subsequently grow a full size crystal (100-200 gr.)

of L- o-alanine doped DTGS and TGS respectively (LADTGS and LATGS).

Initial efforts during the end of the third reporting period only

permitted examining a relatively small seed crystal grown from triple

deuterated TGS doped with L-c-alanine at 42-41°C. The Curie temper-

ature was found to be 62.3°C. Initial values for pyroelectric co-

efficient, dielectric constant, loss tangent, and figures of merit

at 40°C only are shown for LADTGS in Appendix A. At 40°C, without

any bias, the lowest loss tangent was obtained which leads one to

suspect that the lowest loss tangent (and the highest degree of

self-bias) is obtained around the temperature at which the crystal

was grown. All excursions in temperature above or below the crystal

growth temperature cause additional stresses. To reach minimum loss

tangent and dielectric constant at 40°C after a 20°C drop from 60°C

3-5



was found to take some 24 hours. The measured loss tangents on

initially reaching 40°C were at least an order of magnitude higher

compared to the values obtained after maintaining the sample for

24 hours at 40°C. Final values were as follows:

frequency tan 6 x 10 - 3 (40oC)

100 Hz 3

1K Hz 2.3

O10K Hz 1.1

lOOK Hz 0.1

At this time the performance of LADTGS over the entire

range from -30°C to 80°C is still being evaluated.

3.3 Detector Responsivity and Noise Measurement

The source-follower circuit (Figure 4-6, first quarterly

report) employing the FET with the lowest leakage current (IGsS,

Table 4-1, and Figures 4-13, 4-14, 4-15, second quarterly report),

namely Siliconix FN2182A, has been completed. All future detectors

will be evaluated using this one FET to reduce the additional

possibility of variation between FET's.

The post-amplifier (actually labeled pre-amplifier in

Figure 4-7, first quarterly report) employing a Siliconix 2N4868A,

having the lowest measured short circuit current noise (equivalent

to the short circuit noise at post-amplifier shown in Figure 4-18,

second quarterly report) has also been completed.

As soon as individual detector elements are completed,

the above equipment in conjunction with a blackbody radiation source,

chopper, and wave analyzer will be used to determine responsivity,

noise, and detectivity as a function of frequency, and detector

temperature.

~3-6
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NEW TECHNOLOGY

During this report period there were no technical develop-

ments reportable under the New Technology Clause of the subject

contract.

4-1
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Section 5.0 PLANNED FOR NEXT REPORT PERIOD

To best utilize the reduced funding for fiscal 1973, the

tasks outlined below, to be accomplished during a six months period,

are recommended:

1. Grow 1 crystal of L-c'4-alanine doped TGS and 1 crystal

of L-o -alanine doped DTGS.

2. For the materials in Item 1 measure the pyroelectric

coefficient as a function of temperature from -30°C to

approximately 80°C, and the dielectric constant plus

loss tangent over the same temperature range as a

function of frequency. Also complete the dielectric

constant and loss tangent measurements on TGFB, EDT, and

TGS 0o 8 8 -TGFB 0.12' whose pyroelectric coefficients have

been previously measured.

3. Mount 1.5mm x 1.5mm x 0.03mm detector flakes fabricated

from respectively L- c-alanine doped TGS, L- E-alanine

doped DTGS, gamma irradiated TGS, gamma irradiated DTGS,

gamma irradiated TGFB, LiTaO3 , PLZT 4/60/40, Sr0 7 5 Ba0.25.

Nb2 06 , and PbTiO3 (-0.1UO3 doped) and then measure

responsivity and noise as a function of chopping frequency

and temperature.

4. Complete low temperature measurements on FETs listed in

the quarterly report. Completely test approximately

10 new FET types not previously tested.

5. Construct complete detectors, including low noise FETs,

selected from the three materials showing promise of

providing the highest detectivity.

6. Write one Quarterly and one Final Report.

I25-1



CONCLUSION AND RECOMMENDATIONS

The project accomplishments during the reporting period

are consistent with the overall objectives of the program to

develop pyroelectric detectors of improved detectivity. Since the

project is being funded at a reduced rate, a system of priorities

had to be established. The investigation of such materials as NaN02,

glucuronolactone, polyvinyl fluoride, and polyvinyledene fluoride

for I.R. detectors had to be shelved. Future investigations should

look into these materials.

Determination of pyroelectric material parameters (i.e.

pyroelectric constant, dielectric constant, and loss tangent) as

function of temperature and frequency are almost completed. The

compilation of pyroelectric materials characteristics has been

brought up-to-date.

Fully poled TGS, DTGS, and TGFB, after gamma irradiation

with approximately 2 MegaRontgen from a Cobalt 60 source, exhibit

"locked-in" polarization. A similar effect is obtained by doping

with L- m -alanine.

The pyroelectric parameters of Li2 TaO3 compare faborably

with those of TGS and DTGS. Its high Curie temperature (1200°C)

prevents depoling at all foreseeable operating temperatures. It

will prove extremely useful wherever very high ambient temperatures

or very high energy levels (as from a laser) are encountered. High

responsibity and detectivity will prove to be rather constant over

a wide temperature range. For optimum responsivity below 6L it

will need additional blackening.

Of the many currently available PLZT formulations, only the

4/60/40 composition (La:Zr:Ti) has been investigated under this

program. Other compositions may turn out to have improved responsivity

and detectivity figures of merit. Both PLZT and PZT pyroelectric

materials are useful as laser energy detectors.

6-1 ,m
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The Sr0. 7 5 Ba 0 .2 5 Nb2 06 formulation does not appear as

promising for an improved pyroelectric detector as was initially

expected.

If a domestic supplier of doped PbTiO3 crystal cannot be

found, it is recommended that future work concern itself with growing

and analyzing this material further as a pyroelectric detector

material.

6-2 14



APPENDIX A - COMPILATION OF PYROELECTRIC MATERIALS AND THEIR

CHARACTERISTICS AS DERIVED FROM A SURVEY OF THE LITERATURE.
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APPENDIX B - MEASURED DATA ON SELECTED PYROELECTRIC MATERIALS -

OPTICAL TRANSMISSION - OPTICAL REFLECTANCE

EDP 0.1 mm
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APPENDIX C - PYROELECTRIC COEFFICIENT, DIELECTRIC CONSTANT, AND LOSS

TANGENT CURVES OF SELECTED PYROELECTRIC MATERIALS
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PYROELECTRIC COEFFICIENT OF TGS VS. TEMPERATURE

Figure Cl-a

Tc = 49°C
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DIELECTRIC CONSTANT (Eb)IKHz OF TGS VS.

TEMPERATURE. 5Kv/cm BIAS.

Figure Cl-b
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LOSS TANGENT OF TGS VS. TEMPERATURE.

Figure Cl-c
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PYROELECTRIC COEFFICIENT OF GAMMA IRRADIATED
TGS VS. TEMPERATURE

Figure C2-n
I. 20KV/cm INITAL POLING -

2. 2.3 MEGARONTGEN IRRADIATION
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~- DIELECTRIC CONSTANT (Eb)IKHz OF GAMMA
IRRADIATED TGS VS.TEMPERATURE

Figure C2-b
I. 20KV/cm INITIAL POLING
2. 2.3 MEGARONTGEN IRRADIATION
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LOSS TANGENT OF GAMMA IRRADIATED TGS VS. TEMPERATURE
Figure C2-c

I. 20KV/cm INITIAL POLING
2. 2.3 MEGARONTGEN IRRADIATION
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106 PYROELECTRIC COEFFICIENT OF DTGS VS. TEMPERATURE

- Figure C3-a

Tc= 61°C
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DIELECTRIC CONSTANT (Eb)lKHz OF I
TEMPERATURE. 5Kv/cm BIAS

DTGS VS.

Figure C3-b
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LOSS TANGENT OF DTGS VS. TEMPERATURE.

Figure C3-c
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PYROELECTRIC COEFFICIENT OF GAMMA IRRADIATED DTGS
VS. TEMPERATURE

Figure C4-a
- I. 20 KV/cm INITIAL POLING

2. 2.3 MEGARONTGEN IRRADIATION
Tc = 59.5° C
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- DIELECTRIC CONSTANT (Eb)IKHZ OF GAMMA IRRADIATED
-~~ ~ DTGS VS. TEMPERATURE

Figure C4-b

_ I. 20 KV/cm INITIAL POLING
2. 2.3 MEGARONTGEN IRRADIATION
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Tan 8
LOSS TANGENT OF GAMMA IRRADIATED DTGS VS. TEMPERATURE

Figure C4-c

I. 20KV/cm INITIAL POLING
2. 2.3 MEGARONTGEN IRRADIATION
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PYROELECTRIC COEFFICIENT OF TGFB VS. TEMPERATURE
Figure C5-a
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PYROELECTRIC COEFFICIENT OF'GAMMA IRRADIATED TGFB VS.
io-6 _ TEMPERATURE

I. 20KV/cm INITIAL POLING Tc72C
- 2. 2.3 MEGARONTGEN IRRADIATION

Figure C6-a
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10,000 

DIELECTRIC CONSTANT (Eb)liKH OF GAMMA IRRADIATED
TGFB VS. TEMPERATURE

Figure C6-b

I. 20KV/cm INITIAL POLING
2. 2.3 MEGARONTGEN IRRADIATION
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LOSS TANGENT OF GAMMA IRRADIATED TGFB VS. TEMPERATURE
Figure C6-c

I. 20KV/cm INITIAL POLING

2. 2.3 MEGARONTGEN IRRADIATION
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PYDDIFI F'TPDI rnFFFlriFNT OF Tr..Q AX TtGFR .i V.
-6 r I i !J.lml~l-I ri. '~J~a /I_ !'~. i I_~ i J./ i*,/OUu i*, a~l, 

TEMPERATURE Tc 55.5°C

Figure C7-a
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7-T
' '7 PYROELECTRIC COEFFICIENT OF Li 2 SO4 H 2 0 VS. TEMPERATURE

cm10
'~~~~E _ ~Figure C8-a
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DIELECTRIC CONSTANT (Eb)iKHZ a LOSS TANGENT OF

Li 2 S0 4 .H 2zO VS. TEMPERATURE
Figure C8-b

NOTE: SAMPLE HAD NOT BEEN HEATED ABOVE
TO MEASUREMENT.

50°C PRIOR

//

//

//

//

/

/

/
/

/

/
/

_ _~~

100

/'"- 100 Hz

/

I KHz

10 KHz 

_ I OOKHz

Tan i

NOTE: Eb AT IOOHz, IOKHz, IOOKHz
FROM INDICATED Eb AT IKHz
TEMPERATURE RANGE.

DEVIATED LESS THAN ±+2%
PLOTTED OVER ENTIRE

I KHz

20 40
TEMPERATURE (°C)

60 80
5 8A23585

i10
- I

Tan

0- 2

10
- 3

.0n

Z

I-

z
o

J

U)

2
0

U,

-Jhi
O

10
-20 0

I

I

.I

/. /

_ ~~~~~~---

I 1 I I I I



PYROELECTRIC COEFFICIENT OF Sr,.xBa x Nb 2 0 6

(x=0.25) VS. TEMPERATURE

Figure C9-a

NOTE: I. SAMPLE HELD AT 76°C FOR 16HRS. WITHOUT BIAS, THEN COOLED
RAPIDLY TO -30°C WITHOUT BIAS. PYROELECTRIC COEFFICIENT
MEASURED WITH INCREASING TEMPERATURE.

2. WHEN PREVIOUSLY POLED AT 25°C THE PYROELECTRIC
COEFFICIENT-TEMP. CURVE COULD NOT BE DUPLICATED.
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100,000 -r
DIELECTRIC CONSTANT (Eb)lKHZ Srl x Bax Nb 2 06 (x0.25)

VS. TEMPERATURE.- 5Kv/cm BIAS

Figure C9-b

Tpeak (5Kv/cm)=66°C
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LOSS TANGENT OF Sr
t

xBax Nbb2 0 6 (x=0.25) VS.
TEMPERATURE. 5Kv/cm BIAS

Figure C9-c
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PYROELECTRIC COEFFICIENT OF (LizO)o.4 9 (TO 2 05 )0 .s5 1

VS. TEMPERATURE
Figure CIO-a
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DIELECTRIC CONSTANT (Eb)IKHZ a LOSS TANGENT OF

(Li2 0) 0 .4 9 (Ta2 05 )0 .51 VS. TEMPERATURE
Figure CIO-b
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PYROELECTRIC COEFFICIENT OF GULTON PZT G-1306
VS. TEMPERATURE

Figure CII-a
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DIELECTRIC CONSTANT (Eb)iKHz OF GULTON PZT G-1306
VS. TEMPERATURE

Figure CII-b
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LOSS TANGENT OF GULTON PZT G-1306 VS. TEMPERATURE 
Ton-

Figure Cl -c
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PYROELECTRIC COEFFICIENT OF HONEYWELL 4/60/40 PLZT VS.
TEMPERATURE

~~~~- ~Figure C12-a
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DIELECTRIC CONSTANT (E'b)IKC OF HONEYWELL 4/60/40

PLZT VS. TEMPERATURE

Figure C12-b
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LOSS TANGENT OF HONEYWELL 4/60/40 PLZT VS. TEMPERATURE

Figure C12-c
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PYROELECTRIC COEFFICIENT OF ETHYLENE DIAMINE
TARTRATE VS. TEMPERATURE

Figure 13-a
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