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The Effects of Cr;0; Addition on Piezoelectric Characteristics of
Pb(Mn,;:Nb./3)O3;+PZT Ceramics for Substrates of High- Frequency Devices

R e = i - b
(Kae- Myoung Lee, Dong- Su Baek, Seok- Jin Yoon, Jae- Il Hong, Chang- Yub Pak)

2 o

gtz glay o2 A3 0.05Pb(MnysNbzs)0s+0.95Pb(Zio.«rTio.5)0s A g g] 20 1014 Cr,0
9] HubFol o AW FRAEFY, FAEA, ¢HEA, 2=UFAH H FolEulo olX:=
ggol =AH.

Cr:0;9] #7152 W7t 0.3~0.75[wt% 131 AlHgto] Foldulzt 1/30|4 22 FH4H3}
Y oA EHARY 7|Ho 2 AlS-E 4 3lod, o] FoA Cr0:e HrlgFo] 0.5[wit% 1A
AlHo] B 4% 4ASAH ¢ E FI5 2=2HAHE F2 dH.

ABSTRACT

The effects of Cr,0; addition on the structural, dielectric, piezoelectric properties, Poisson
ratio and temperature stability of hot- pressed 0.05Pb(Mn;;3Nbz/3) 03+ 0.95Pb(Zry 7 T0.53)0s ce-
ramics were investigated.

Only the specimens with Cr,0; amount, 0.3~0.75{wt %] can be used as the substrate for ener-
gy trapped devices of frequency lowering type, because their Poisson ratios are larger than 1/3.
And the specimen with 0.5[wt% ] Cr;0s, of them, has better piezoeletric properties, and more
stable freqgency temperature characteristics than the others.
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LM B

Ax A AT W3 g (bulk
acoustic wave : BAW)E o] % F3}4$ &
A2 AwY ", A8y =3, 4ty
discriminator, M29 EzAL Fo] ALy
o] 4438 Ha Qo olE FH4 At
Bt §e §8Fek ARHYD 293,
nFEHE, 5 GHAY 4 2 A
3o A Fol MAFojof & HA o).

TEY BN 58 2H4E B 24
= ¢4 M9 o] =7 A % (thickness vibra-
tion)& °]83& 3 Ut wWHM nFe
&3ty A FAE WY FAE §A
e A, 2 7199 uRst F o $old
AL A 7do] W,

= o AEE AY HYRey nFws
Hee 227 F34 AsHY ux £
R =(energy trapping mode of fregency
lower type) & ©]&3}7) wfjFof Folgu]s}
1/38.ck #op e »

HoMA nFd &4 JIBAIEA
£ PbTIOAte29t o7le] o grhx
2CEo H7MEAY X@® & PbTIOs
Azezo] 9E A7 A4HD Y.
PbTiOA A= HWAol a0 FAYgex
7} oEoh LEQFHY) $48T ARG
b Fon, A FAF dF AZ7A
A7 A &l HAPT Hol @
o 2#u Fopdulzt 1/3n FHol F3t
T AP AUAZE AAo]e] 8o A
gol 2o 0

B dFMe 1FH 224 v
AYY A& 947I99 SAW ¥elg 7]

BAEEA HEEY J= Pb(Mny;sNbys)
+PbZrO;+PbTiO; 38 EAD © ZA9] X
43 A 2E 8 = (hot press)H O
2 Aok, FRAAS(Qm)e} LHA
283 2EUAAE 1Yy RxE=Y
A} 73 A2 (morphotropic phase boundary) e
A o2t PhTiIOZ SR A3 Zr:Ti w7t
47 :53%0 A g QoA Pb(Mny;Nbys) 7t 5
mole% A3 PMN-PZT 24L& 93 g
25, LE0PAHE MM A
(stabilizer) 9l Cr,0;9] #H7}gk& 0, 0.3, 0.5,
0.75, 1[wt% ]2 WAANA Bkt o 7]A
AgdE =49 Aol & Eojdujg
Hagt Criztel] oh& Xopdule] Wizt
o gt

F.Kalesar7} PZT Mz =xo] oA Cr
H7tel & FAREY Hare 2x9HF
A9 gio] g 2n” o] Fol, N.Uchida
9} Tlkedar} HEAAHoZ AT 24
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qzg2d # AFAME Cryrst &1
7} 71242 & PSR Qehy

4% FIo EM4& T, & =y &
=9 Cr.0; H7gke] PMN-PZT Agteix
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o, 53 &2§ JIBoEZAM AL J}E
A& HESA.
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273-3}ab7]2} 7)xh-g Pb(Mni 3Nbz,3)0s + PZT Ajetbe] 2] -S4 of Cra0:2) 717} u)aj i

A5E ETPPoeg Azmy PMN-PZT
LS A¥%o AF Azelagozm A
HS AZReoh AHe AZARY L 2y
2-1o] Yehygict.

Veighing
I
Mixing
{

Calcining
|
Milling
]

Forming

]

Hot Pressing

[
Lapping

|

Electroding

2% 2-1 XWe A2
Fig.2-1 Fabrication process of

specimens

0.96Pb(Zry.41Ti0.53) 03+ 0.05Pb(Mn, ;sNb,,
)0+ a[wt% 1Cr.0:2] =AM ke
0, 0.3,05,0.75, 12 ¥IHA =ZL& 49
&, A1 (C3-200D, Chyo Corp.)o 2
107%[g] &2 =E AA®Y] H5td =0
ql A28 820, 860, 900['CJelAl 2417t &
g F X-4 AFEEHL sk 1¥ 3-
19] A2 RE 900[ClelA 3t4ag £
7 AT AYFLE AL 1o F2

2 sazde 900[C] 242 AR
At

st4hE ABE ¥4, Az T 100mesh
AE THAANA 28 o2, F2 49 (uni-
axial press)& Al&8& < 600[kgZ/cm?]
9 g# oz 304x15[mm] =279 Yo
2 A¥3gc. 4¥ANE <Fod E:=
(mold)&o] ¥ ALOE ©l¥ARE 3o
g4Ad3 "I} F  F P AM(NHP-10T,
NISHIMURA Crop.)& o|&3l9 10
[Torr]e] ZFelM 200[kg3/cm?]e <&
22 gz g o m A4HdLx9
HYE 1100~1250[C], 44 A7 (holding
time)& 1X7te g2 mAsgon, A4S
49, ex, MFY Fule oY 2-29 Z
.

qzgde N9 WREL 283 B
& F URY AU Agsd 23§
NEe FHsgm, eHF ¥ F 120
[CleX 35~40[kV/cm]e HAZ ne
B3ttt A¥E zZ AHo =4y
259 Cr0; A7) et ¥ 2-19 2

e 7158 Yelsgoh

Conditions Amount of Hot Pressi

Symbols Cr203 [wix] Temperature['C]
T 0.00 1100
T2(=C0) 0.00 1150
T3 0.00 1200
T4 0.00 1250
Cl 0.30 1150
c2 0.50 1150
c3 0.75 1150
C4 1.00 1150

% Holding time is 1 hour

& 2-1 2zt o] thyt 2R A

Table 2-1 Symbols for fabricated specimens
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A& ot 2o HFs .

AMY dxE "Fol & A L& &
oA Al#oe] W RY¥E &3 dg 4
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LA
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[mm], £7 05[mm]e] 4F/ AHE F2
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2E TAEY 60[Hz]Y mudLe U7t
3 ZFsAT. X4 HH7I(GD/MAX,
Rigaku) & AMg3l o4&, =g 4de AH
< A8 2o U X4 3FE HdE
A8 HAES a, et AWA(c/a) 29
i olgdxE T = 10% HCIY =+
HE HF7F A7t 8 FelX & = of
g Agy ZPE Az A9 H(SEM)2
2 #F9gstgen], lineal Intercept Tech-
niquery ol 3 A9 =V|E AP
At

Impedance Analyzer(HP4192), Network
Analyzer(HP337A), #&8E5x2E AH43
of, MiFHE & Foldvy g ALY &F
gl A AANZALRAT ke FIAS
A4 NE TPod, AWF £IFAFY

FAFRS 1, BFAFAS L D771
YRAS kol e LI S8
giq_.ll). 12), 13)

1250[CJel M Rz, T4 ABL &
=84 A% 4 zzez =AA B,
Gd BHES FHA Rm XUAWEY
3} ERBLTL ¢ 4 Ak

3. 4% ¥ ¥

3-1. ojMe=

SEM 98 2}E A 3-1ef, 4739
A4ge & 3-1o] Ushigich €4 PMN

X 3-1 MA2A2L Cry0; W7l wl& Yxpe] 27
Table 3-1 Grain size according to fabrication
condition and added Cr203 amount

Symbols Grain Size[um]
Tl 1.17 x 10!

T2(=C0) 1.21 x 10!
T4 1.47 x 10!
c1 2.07 x 100
c2 1.75 x 100
c3 not calculable
C4 1.07 x 100

-PZT: ¢7A°l 7% & 1100[CIAA
gxzgdye AE dFol 10[mm] olelH
gz 259 A5d ¥A YA dk
#A A Aok 1250[CI8) AejMgt =&
FE—AA 3-19] T4AHAAN w7 ¢
of &2A—3 AAHA FEol TR
gz 257t Fotel wet AHEE I
%3 3lE ALOs jFA E3 AE#AY 3



aa3paate] 7]2HE Pb(MngaNbzs3)0s + PZT Migbz)ze) shdS4dod Crz0: 27} vlale 49

AR 3-1 3=y x| wE oAtz

Photo. 3-1 Micro-structure according to hot-pressing temperature

sto] sk FAFD, YA AR 2
geol AAM, WG A FAH(LTE>
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s "o 2"l ge WEeHo %
A8 =3 o WRgHo wH wAS
de o o] Bdol 4HE AoE BT

Cro] #7t® PMN-PZTE Cr0,H7h%¥
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7ol WE Folxrh olel WalME R.
Arkin®] o292 4¥E 4 U 2,
2EES WMl I8 HAHE YA
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"ol JEEE AL ZA YR A4
Fol 4AHZ, AR AFol Eoldol o
B g R 71Fe] YA WU}
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3-2. XM HEEH
dlaexEe gy = a8n HUl

Foj] it X4 FEAL L zhzt 19 3-1,
3-2, 3-3¢] Vel d. 1¥ 3-2, 3-3 =

X : Pyrochloric Phase

820[C]

860[C]

900[°C]

1 1 I )

60 50

40 30 20
diffraction angle{20], Cuka

3Y 3-1 A 2%d & XA 3d A"

Fig. 3—1 X-ray patterns according to calcining
temperature
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T1 : 1100[*C] s _
2 = =l s s s
S s = s (I z =
oo s c
Z 24s ~
o ©
s« CZ
L ] i | ]
T2(=C0) : 1150[C]

A .
l

T3 : 1200[C]

-

T4 : 1250[C]

1.

| 1 ] | |
60 50 40 30 20

diffraction angle[20], CuKe

a3 3-2 Rz 2= whE X4 3 vd
Fig. 3-2 X-ray patterns according to hot-pressing temperature




A7k ake] 71%h-% Pb(Mni 3Nbz,3)03 + PZT Alet} 2] ghd-B/dof Cr20:2] 717} nj2js <8

Cl : 0.30 [wtx] Cra03

(110)
(101)

(z11)
(200)
(1t)
(100)
(oo1)

-
N
-
-

~—

C2 : 0.50 [wtx] Cr203

C3 : 0.75 [wt%] Crz03

C4 : 1.00 [wtx] Cr03

MIKJL N

i 1
60 50 - 40 30 20

diffraction angle[20], Cukx

23 3-3 Cr203 {71ge] w}d X 33 si™d
Fig. 3-3 X-ray patterns according to Cr203 additive amount
—_ 20 _
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g0 Uy 24E T3 FAESF (e o),
A4 (c/a)2] AL T3 AM(K.Dwight
o] AMTZIAWE o]8) F 3-13 19 3
-4} YEMAITL ¥ 3-19 29 @
pto] X453 oA 820, 860[C19
AL DA £A g2 AWHE FRo

ooe
[

- alc

: alc
0,0 .\_/
8.5
1103
o
D\O\\\d 102 3

[REig . 1.0

4,10

S P

4.00
N ) X TR 700
Crz03 Additive Weight [wtx]

33 3-4 Cr203 ¥7lske] g AAFZ
Fig. 3-4 Lattice structure according to
Cr203 additive amount

etz dA ¢gom, pyrochlored — L
Yol FAYo] XEAE & — o] EAY
& HoF3 e §tdd, 900[CIY AL
gzP4dE At T Iz £3T I
a2 FH AL e, pyroch
lored = &xsa UA @t E J&2x
74 713 g& 820[Clel FHel pyochlored
Ao Uiy M= 477t 860[CIY A
B = 820, 860[CloAM Y stz &
=7} 28 go82 900[ClE stdex
2 A9
PMN-PZ-PTA A £4Al<l4 &= PMN9 &

ul7} =& wlE= Pyrochloredto] Jehdco®
- ® PMN-& 0.05[mol%] H7IAA & =g
A% Aol g XM HEuel 1Y 3
-2, 3-3} A Cr0: 7t @AYol Pyro-
chlorefo] A3 & HAFEH =
F 3-2004 & =Y 257} HoldS4E
AR (c/a)o] ZAFHAIVUAL FolErhit,
1250[CJelA oA Z718He HeoFm Q)
th. 1250[Clol A A4 Zh FAo 2%

Lattice Parameter| Tetra- Theoretical | Unit Cell

Syubol gonality Density Voluse

alA]l | c[A] c/a [g/ce?) aic[A3)
Tl 4.0137 | 4. 1322 1.0295 8,08 66,57
T2(=C0) | 4.0210 | 4.1380 1.0290 8.04 66.91
T3 4.0191 | 4.1339 1.0285 8.06 66.78
™ 40179 | 4.1382 1.0299 8.05 66, 81
ct 4.0162 | 4.1233 1.0267 8.09 66. 51
cz 4.0184 | 4173 1.0246 8.09 66. 48
aQ 4,049 § 4.1116 1,019 8.04 66,94
[+ ] 4.0439 j 4.1266 1.0179 7.99 67.32

F 3-2 Az =23} Cra03 H7%e] wh
£ PN-PZTY| Az} 22
Table 3-2 Lattice parameters of PMN-

PZT according to fabrication
conditions and added Crz03 amount

HE AR 3-10A4 vEehy ARl 1250
[Clold 3 =zZ#HAdd AHe n23FF
(micro- cracking)o] Azon AHAAHoR
T @gol A=, o 78y 44
22 AF ALO; olPA 9 &¥toz 7
g dojdeoezA FYRZE AY Wi
o Fggozel Fgo] FE3I] ojFHA
A dd "Ae] Atk YA HFe| =&
Ao 4= P.GR. Lucuta So &
AP AFHANE BARGD



AF3}2ake] 2] Pb(Mng 3Nbz,3)03 + PZT Mzte]z-2] shdS/dod Cr20s 2| 217} vl %2

¥ 323 2¥ 3-4°14 Cr0:H71%9
F7tel wek Aol Badn HAAHH
(a%)& AMC27 A= FHolxx C3FEHE
Az Ay JAEEA[8]Y
A7 dXn, FHH, g4 uF
Aol ast el U

Ed £

3-3. 74 ¥ iy

AEe FHAge el diFg A3

ol @Y ¥y F9 st F2HFAL

(Hystersis) F42] 2%& ##3te zlo]
th. Cr;0s H7Meeo] & g A F
A& AR 3-3¢, oj2%E A4td FAA
(Eo)ot EAAREF(Pw)S & 3-30] U

Bl -

o " a tial\eF
“." ci_: 0.30 [wtx] Cr20 i_ﬁ

%o

K?q

Ab2l 3-2 Crp03 A7betel ME njal2z

etgld. Cr0s H7bgol 0.75[wt% 1% &
= 43F saddNs FHE o]FA R
stn glem, 1.00[wt%]e] R A3
&Ao] Z A & (lossy material)7} 8& X
g3 3ot ol Hoid Cr0; H7tel
g QA WAool Fud d 7| Ro=
C3, C4 A" W X4 3IH HdoAN
Hax 9 o038 dEe] Cr0,8] &3
A7t 0.5[wt% ]9 0.75[wt%]Alolol NS
€ BgFEEs A

23" 7+ AHEY A8 FFHgS B3
-4of Cr0; M7l =& A8YPsEY ¥
38 2% 3-5¢] JeEhdY. £3E 2%

-
"oy
>

SRS
e SR

O£

Photo. 3-2 Micro-structure according to Cr203 additive amount
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O tand "
a: g g}er polips 20
1000F o : ¢r before poling _
- 90 -
& eoor zZ e
soo-

Js0 —

A!k’
L 8 ke
® : Qump
[ 42800
'72\\‘\\/: |
20 - tis00
L \/\&‘ 41000
i uw e o U

Crz0s Additive Weight [wtx]
1% 3-5 Cr.0; 7L TE HEY
Fig.3-5 Various characteristics accord
ing to Cr:0, additive amount

kp_ ke [”]
$ ¢

Sysbols |Density d tan5| Ny Ne k { ke | Qme
{g/cm?)| er1 | er2 J1074|[Hz m]][Hz w}] (5] (%]

Tt 7.91 | 666 | 827 | 14 | 2580 | 2249 |37.3]36.5] 1612

T2(=C0) | 7.88 | 667 | 789 | 18 | 2593 | 2203 |35,3137.5] 2378
hr 7.92 | 681 | BOG | 15 | 2579 | 2272 |38.2(32,5| 1807
c1 7.92 | 752 | 871 | 41 | 2553 | 2253 143.5|41.0| 833
c2 7.91 | 758 | 844 | 63 | 2585 | 2241 [38.3]33.0{ 1059
a 7.95 | 798 | 822 | 50 | 2586 | 2292 {21.9]18.5] 841
c4 7.81 777 | 790 |110 | 2553 } 2190 |27.9117.0{ 850

s T4 specimen was crushed
after hot-pressing

£ry ¢ before poling
&rg : after poling

E 3-4 MZ2A24 Cr03 Yrige] 2
Alme 54

Table 3-4 Characteristics of specimens
according to fabrication conditi

ons and added Cr203 amount

Ao

= ol@ 2E9 97.7[%] ol4elslen, Cr
0.8 A7t ko] weh #3W £3
g Bz gase 2IARY $HE
o w7} 28T Uk o AHE ky k)
Zas oAtz 2o BHES Pedl
Zzo] 2 9ol gk E C3, C4 AHo]
JoAA ky kst 23 A% #AE Aol7}
WE Zophe Cr0:8 2EEA} 05~0.

75[wi%] Heto] A& Az !

“t}. N. Uchida9} T. Ikeda7} (1-x)Pb(Zro.s

_23_

Tis.r) 0:+x(1/2Cr,0;) Aloj A BB AAHL
2 9% A¥dzax 1/2Cr0:9 H7le 3
WS FEAAY x/2-08 ZL2AUG
I RuE3 gichy

ClA & COXHof uls] fHEo]
go2 #Ad I, ky, kS $7H Qup Ec
ZAE 2ol Hrtd Cre FAYJRE
(donor)242] %ol FHE BEH. 2
g Cr H7lFol F7He C2A1¥2 Cl4]
"ol w3 £3% {FALY #A, k, k9
29 Qun B 27} 2H, Cr:0:9 3
7}ego]l F71gtel aie}l Cro] Fx wARE
E(acceptor) 2 42 & = Ach™®

=X

L

3-4. ZO}&H|

Fol&nd ¥IH P¥goz YL vt
He W e, £330 Aad AYY
9] WY (strain)E ¥IF& WY WY
i Zoloh® gaAEgaEs gRE 1/3
Ao XolulE 71x9 E£JFAAN A
Fol wel FAgc ¥ FAGA BF
€ Aol Fopgulzh 1/3Rn AE F3
A5y U EYo] Lold & et P

E 3-5¢] EFHAS Cr.0; F 1ol wb
g Fol&uE vehyc EFAA 12

Symbols
[o)] cl c2 c3 C4
Electric Fleld
12{kV/ca) 0.325 | 0.350 j 0.350 { 0.335 | 0.325
30[kv/ca] 0.325 | 0.325 | 0.325 | 0.325 | 0,315
H¥3-5 Crz203 ¥ 7183 £33 A &
ol




Table.3-5 Poisson ratio according to
added Cr203 amount

and poling electric field

[kV/em]Q o €4 PMN-PZTE ol
Hj7l 1/38ch ZHof, FoFAY ofHA
EZYRSE o4 4AY TWMoRE
A8 4 glen, Cr0; 7t 0.3[wt%] &
7}5l® Folsulrl 0352 Frlstn A&
a4 Cr,0:9 A71FFE welsld £33
Aol BAGel Eot&n|7t FAshe] 1[wt
%] AR Afodr Xolfust ¢4
PMN-PZTY] o2 "ojdt. 44 A
3y U EY E=E o433 £z
71Bez A 4 Ae 4L CrO7}
0.3, 0.5, 0.75[wt%] H7tg Ho|d, 0.75
[wi%] A7l AL FASAHo] Eolx=2
g RHgsig.

Cr:0:% 47t #H/IEe oW Iyt
F78te AL Crojo g A= oy
Aol Zie #Hol doET HAAH,
Cr:0,8] %o] ZF7l%o] wel Fojfuzt
At AL kot FHopAEe AR Ho}
A A7t @4sr] gEeiztn #dE
t}. &4 PMN-PZ = 23470 #AY
o] Xolgu|7} LF o] Foldirt.

3-5. 2 o434y

ANA Cre HAHAZ BERFHI Y2
o, Cre] Hrlel 93] FAHIE 2A st
I RENFAHE FAANE £ Ak ol
3 HEL M. Takahasi, K. Okazaki &
FRHNET s dFsin Yo =
2 olf7t BETES HUM w 4rle
FFol o5l ¥ FAIFESTo]

a73kaate] 713h-8 Pb(Mni aNbz,s2)03 + PZT Azt 2] shdS-ded Crz0: 2} 717t nj2le 9%

=9 Au) & (recientation) & To} F
7] dj&olzle Aok W & T. Ogawa
59 hardA A&Eeol I LoolF (ther-
mal aging)3} YLEFFAY Ao o3l
AAAYo] GHY 3k olsto|E FAYol
A 58 4o dolxlm gt

R=zdgyd 229 Cr0; 7ol oe
—20~70[CIH Yl HA FAFAR$ {,
3 Fo4 .8 JAVVARY AF ke
of ¥ X ASFE 29 3-6, 3-7¢] 1}
Wit

. .-%é 1800
]

- ——
™" 1150 1200

Temp. Coeffi. of fr,fa [ppw/C]
Temp, Coeffi, of ky [ppa/C)

Hot-Pressing Tesperature [‘C]

ag 3-6 stz A 2xo W fr,fa,
kpd] E=AS$
Fig.3-6 Temperature coefficient of fr,

fa,kp according to hot-pressing
temperature

COL

-so )
L_Gfﬂ'__ﬂf [ R :N—J
Cr203 Additive Weight [wtx]

38! 3-7 Cr203 M 718k o}E fr, fa ke

o] EEAS

Temp. Coeffi. of fr,fa [ppa/C]

Temp. Coeffi. of ky [ppm/C]
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Fig.3-7 Temperature coefficient of

fr, fa,kp according to Crz03
additive amount

gz 257t FUMgel ot A AW
of o3& k7} #43n UEF 2 Hop uf
¥l Gy FLEE ¢ F U .
of dE L=UFAL A=Y 25V =
L% volzed, Cr0; A7l F7tg
of wiel AR FAH Gt Cs AlolelA
2z AF¢7 A =¥ FAH 9 (zero)
o A7te AW AL oTUs CE
2AyHEA A3xEz: Adck. B3 Cr0:9 H
71gol Fu1go] weEl 2EAF (+)e
A (—)E o] Boldln 2 FhojA &
EA47F G(zero)Q Aol A 8A €.
Cri0s2] M7hgo] F7igel web x9
ZF7tol W& kX B & A4AHE AL B2
o}, Cr,0:8] Hrlego| F7lgo] u=t ¢
A ESol o A Ho| sfPEFol ¢A
sEidan ME 4 A, Colia g4
ko 2447 AXe FHA xS
& f, i F717F Cr0:8] H7lgFo] &of
U 7142 vifdE F ag3 oy o,
f.8] F7tlM R4 R Wy} Cr0, H7}
%ol F7le] e} d&Eo 2 dejuie A
< FIAFIFRIE2E YA AHE 4
ot
olg HEol P AAFY HHL o
718 BRg dAFoln, A4
g3 AEARZRE C2, CIA o] 259
Aol F3 438 ClAHEHE —20~70
[ClH A 2=As7 fof s 54.8
[PPM/C], f.uis] 16.9[PPM/Cl24 &
Heizte] 7B 4435} shesiee
0.

[o]

=

_25_

4.8 B
gxgayos Az 0.05Pb(MnyNby

3)03+0.95(Zrs ¢Tio.53) O+ a[wt%]  Cr.0s

Aetgae 24, {33, A8 =247
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