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Origin of low-frequency dielectric dispersion in KH,PO, and RbH,PO, ferroelectric crystals
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We have measured the low-frequency dielectric dispersions inPK{ and RbHPO, crystals. In the
paraelectric phase both crystals were observed to be free of dielectric dispersion in the low-frequency region
concerned. However, both of them exhibited the low-frequency dielectric dispersion in the ferroelectric phase.
Our study of the temperature-dependent dielectric relaxation in the ferroelectric phase supports that the major
part of the low-frequency dielectric dispersion observed should be originated from the domain wall relaxations
rather than the heat diffusion central peak of recent rep®&163-182609)04221-4

I. INTRODUCTION servations do not agree with the theoretical predictions of the
heat diffusion central peak contribution to the dielectric
Low-frequency dynamics of the central peak in the ferro-susceptibility arguing that the low-frequency dielectric dis-
electric crystals was a great concern of many researchersions observed are not from the heat diffusion central
workers! = The central peak anomaly has origins from bothpeak contribution but from the domain wall contribu-
intrinsic effects of phase transition dynamics and extrinsidgions™
effects associated with defects.
Very recently Chaveet al® and Araujoet al® reported Il. HEAT DIFFUSION CENTRAL PEAK AND DOMAIN
their low-frequency dielectric dispersion as due to the heat WALL MOTION
diffusion central peak. Fally, Schranz, and HaVl#pplied a . ) _
phenomenological Landau theory to this heat diffusion cen- W€ want to pinpoint the difference in the temperature
tral peak problem and predicted the possible temperature ddépendence of the low-frequency dielectric dispersion be-
pendence of the low-frequency dielectric dispersion due td"Veen the two cases of the central peak dispersion and the
the heat diffusion central peak in the ferroelectric 4, domain wall reIaxauonT. Adiabatic susceptlbnlé)?j and iso-
(KDP) crystal. This possibility of the central peak study by thermal susceptibilitye;; are related by the following ther-
use of low-frequency dielectric measurements should be welhodynamic equations®’
received as the most convenient and precise experimental
study of the central peak dynamics in the ferroelectric crys- s:<‘?_Di) :((9_'3') (a_D|> (ﬂ)
tals in parallel with the low-frequency elastic constant mea- ij IEj| g \Ej), \ dT | _\dEj/
surements of the central peak dispersion in the ferroelastic

crystals®—12 ¢ (9D [aT
However, in the KHPQ, crystal undergoing the ferro- =€t aT (;x_E] ' @
electric phase transition @ic=123 K the domain wall mo- E S
bility remains very large until temperature is lowered to 90since we have
K, when we observe domain wall freezing and dielectric S CE
dispersiort>** Paul, Albers, and Musé&t observed the low- (_) il )
frequency dielectric dispersions in the KO, crystal atT aTj. T
=123 and 90 K, which was attributed to the domain wall
motion. We presented a Comméhthat the low-frequency dD; E
dielectric dispersions in the K}PQ, crystal should be attrib- T E= P ©)

uted to the domain wall freezing in accordance with Paul,

Albers, and Muset® Since the same claims of the heat dif- whereCF stands for specific heat amgF pyroelectric coef-
fusion central peak for the K}PO, crystal are more recéht ficient.

than our Commen? we want to present our full data of  We obtain

experimental measurements on the low-frequency dielectric Eo

dispersion in both KHPO, and RbHPO, (RDP) crystals ST (pi)T @
and provide more clear evidence for our claim that the ob- '

ij ij CE
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Experimental conditions lead to the approximations ﬂijt . EXPERIMENT

correspond; to the Iow-freqyesncy limit below the d‘?mai” Both KH,PQ, and RbBPQO, were recrystalized twice be-
wall relaxation frequency while;; corresponds to the high- ¢,o aking the saturated solutions in the deionized distilled
frequency 7I|m|t well above the domain wall relaxation water at 30 °C. The single crystals grown from the aqueous
frequency: . saturated solution were cut for tleeaxis plate and vacuum
In general we can write deposition of aluminum electrodes was made in the thin film
s T s coating chamber. Our samples have the same dimensions of
€ij(w) =€+ (€~ €;)Y(w), () the previous repott as 7 mm<6 mmx1 mm for KDP
, i and 6 mmkK4 mmx0.9 mm for RDP, respectively.
where Y(w), the response function, represents the dispersample temperature was controlled in the closed cycle he-

sion. For a Debye relaxor we obtafn lium refrigerator(APD, Displex by use of a silicon diode
sensor and a temperature control systéake Shore, 330
Yo(w)= 1 ©6) Temperature stability better than0.02 K for over one hour
D l+iwT’ was required since it took one hour for the low-frequency

dielectric measurement at one fixed temperature and a slight
Chaveset al® obtained for a system in contact with a heat change in temperature caused a large change of dielectric

bath constant in the neighborhood of the ferroelectric transition. It
required the use of a diffusion pump with the helium refrig-
1—ex;{—(1—i)\/E] erator for better vacuum and better temperature stability. In
Ye(ow)= (1= : (7)  the low frequency regioil0 mHz—100 kHx a capacitance

bridge method was used employing the digital lock-in
_ _ . lifier (EG&G, DSP 7260 with the standard capacitor
whereé=(wl?/2D) andD = «/CE thermal diffusivity. ampt ;

Fally, Schranz, and Havllkelaborated the theory in terms (Multlc_iap) of \]fallt‘)e 1,['(:)[”'?:6.‘5 :ihetetrmlned ?y the ;ample
of a more general Landau free energy density and heat diﬁgfr?:éance ot abou = in the temperature region con-
fusion equation to derive The internal oscillator of the lock-in amplifier supplies a

sine wave signal of 1¥,sacross the sample and the standard

Ye(w)= (1-DIYH (O -v" (5)], (8) capacitor in series. The output signal is derived from the
mé standard capacitor and fed into the differential input of the
lock-in the amplifier,
where
s |
1+i VE = Vi, 12
P ‘I’{Z(l"‘—\/— } (9) out (Cstandar(ﬁ' Csample; " ( )

whereV;, stands for the input voltag&} , the signal detec-
1 dF(2) tion at the lock-in amplifierCg, e Proportional to the di-
F(z) dz °’ (100 glectric constant of the sample, al@d; ngargCapacitance of
the standard capacitor. We obtaig,~1.0 mV for the case
d of Csampie=1.0 NF near the ferroelectric transition tempera-
F(z)= d—|n(z!)_ (11 ture and expecV,,~10 uV at temperatures far from the
z transition temperature WitlCgngarg=1.0 uF. The lock-in
amplifier time constant is set nominally at &2, wheref is
iven by the—3 dB frequency of the low pass filter. For
Xample, when we want to measure signals at 1 Hz, we ex-
pect an ideal case harmonic noise at 2 Hz so that we may
2 e ) take 1/2rf =200 msec for the time constant and choose the
and the characteristic response “T”‘.‘“"V'” be dlve[gent as gain slope at 24 dB/oct to obtain clean data of a good signal
temperature approaches the transition temperatpreThat 1 hgise ratio. However, in the real situations of many other
is, the relevant temperature of the central peak anomaly i§gises depending on the experimental environments we have
T, =123 Kin KDP. to set the time constant on the trial and error basis. Further-
On the other hand, the domain wall freezing occurs ainore, with the RC type filter we need the equilibration time
T =90 K, when the relaxation time tends to infinity. The as long as about 5 times the time constant to obtain the
dielectric strength € in the case of the heat diffusion central saturated stable value of signal output. Our experience sug-
peak will increase with increasing® as temperature ap- gests a time constant of 100 sec for the DSP lock-in detec-
proachesT_ but it will decrease in the case of the domain tion of signals at 10 mHz. Chaves and co-worRérased
wall motion with decreasing domain wall mobility as tem- both oscilloscope and lock-in amplifier to measure the di-
perature approacheE; . We can thus make a distinction electric constants of KPO, crystal where the imaginary
between the central peak dielectric anomaly and the domaipart €’ (w) was missing. Our digital signal processifigSP
wall dielectric contributions by observing the temperaturelock-in amplifier system should be much better in phase sen-
dependence of the low-frequency dielectric dispersions.  sitivity so that the superior precision measurement of ours

From Eqgs.(4) and (5) we can see that the heat diffusion
central peak has a temperature dependence determined
those of heat capacitg® and pyroelectric coefficienpF.
The dielectric strengtth e will increase with increasing®
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FIG. 1. (a) Re(e’) and(b) Im(€") parts of dielectric constant in

(a) real and(b) imaginary parts.

made it possible to obtain the very small imaginary part
€"(w) as well as the real pa#’ (w) in the KH,PQ, crystal.

FIG. 2. (a) Re(¢’) and (b) Im(€") parts of dielectric constant

the KH,PO, crystal measured as a function of temperature at SeVgependence on frequency in KPO, crystal measured at three dif-
eral selected frequencies. Frequency notations are the same for bgl}ent temperatures.

3000 (a)
IV. RESULTS AND DISCUSSION 2500 ] g
In Fig. 1 we have shown the temperature-dependent di- 2000 §§§§§§§
electric constants at several probe frequencies in the tem- 1500 . éﬁgﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
perature range of 140 to 60 K. The peak at 123 K represents . ] EH
the ferroelectric transition of KDP crystal and the plateau “ 1000 ‘53“
shoulder in the ferroelectric phase represents the large do- 500 ] 'ﬁyﬂ
. L . ) . . . %

main wall contribution to the dielectric constant. The rapid ] ﬁﬁgﬂu Bany
drop of the dielectric constart’ with decreasing tempera- 0 Jesd i
ture below 90 K corresponds to the domain wall freezing. T J T

) A ) 80 100 120 140 160
Dielectric dispersion can be seen to appear only after the 500
ferroelectric transition, where the real paftis observed to 1(b) —=—16351.2
increase with decreasing probe frequency in the low- 400 - t'{.‘ -=--2117.87
frequency region of our measurement. The imaginary ¢gart ; \ sreeer 274.31
shows a peak of domain wall freezing with lower peak tem- 300 g?.q \ o= 358,53
peratures at lower frequencies. At very low frequencies of =, i A . - 4.802
0.897 and 0.116 Hz another broad peaketfbelow T, 200 /| Ef‘\ n e 0.596Hz
=123 K is observed, where the peak temperature at 0.116 /| gl K;h '-__“_____...-"\
Hz is lower, that is, further away frori., than the peak | Adﬁ!{ &Ea““gggggeeesuu{
temperature at 0.897 Hz. o Jagdes" sesssh

When different relaxations are overlapping with each : . : , :
other the dielectric dispersions are more easily observable in 80 100 120 140 160
the imaginary part as distinct peaks whereas the overlapping Temperature(K)

plateaus of real part dispersions in the Debye type relaxation
system make it difficult to distinguish between different
components. We therefore measured both the reakpantd

FIG. 3. (a) Re(e’) and(b) Im(€") parts of dielectric constant in

the RbHPQ, crystal measured as a function of temperature at sev-

the imaginary part” to study more details of the dielectric eral selected frequencies.
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dispersion in KDP crystal as shown in Fig. 2 where the fre-disparity with the theoretical behavior &fe(T) for the heat
quency dependence @f' in the low-frequency region was diffusion central peak.All the observations above suggest
depicted at three different temperatures. Thus the lowthat the low-frequency dielectric dispersion reported as due
frequency dielectric dispersion of KDP crystal should haveto the heat diffusion central peakshould be ascribed to the
at least three distinctive componenit¥ in contrast to the domain wall contributiond3-1¢

single dispersion assumptidfi,where they failed to distin-

guish between three components of their real partata.

This dielectric dispersion curve composed of three compo- V. CONCLUSION

nents cannot obviously be best fitted by a single Debye re-

- . ; .~ The temperature-dependent dielectric dispersion in KDP
laxation, and they assumed a more complex single dispersion . .
e .—and RDP crystals observed in the low frequency region be-
of the heat diffusion central peak. As can be seen from Fig

2(b) the three ralaxation peaks tend to shift to lower frequen-rOW 10 kHz is not a single dispersion of the heat diffusion

) X . central peak® but a composite dispersion including at least
cies toward the central zero with decreasing temperature, th ; . : ;
) - : ree different relaxational modes associated with the do-
is, at temperatures further away from=123 K. This ob-

servation of relaxation frequency dependence on temperaturne}ain wall motion:®® This criterion against the single dis-
is in disparity with the theoretical prediction for the heat persion assumption could be derived from the improved pre-

diffusion central peak. cision measurements in the low-frequency region by use of

In Fig. 3 we have shown the dielectric constant depen:[he DSP lock-in amplifier system, and extended temperature

dence on temperature for RpPIO, crystal at a few selected range from abovd; to belowTs .
frequencies in the same low-frequency region concerned as
for KDP crystal. In both Figs. (B) and 3a) we can see that
the dielectric constant differencAe between the high-
frequency measurements and the low-frequency measure- This work was supported in part by the Korea Science and
ments remains nearly independent of temperature in th&ngineering FoundatiogfRCDAMP-1998 and CMS-1998
whole region of temperature frofi, to T; , which is alsoin ~ Support from POSTECH is also appreciated.
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