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Preparation of High-Temperature Superconducting Bulk and Thin Films of
Bi-Pb-Sr-Ca-Cu-O System
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Kenichiro TERAMOTO and Tanehiro NAKAU

A high-T. phase of the Bi-Pb-Sr-Ca-Cu-O bulk superconductor was obtained under the
sintering condition of 830°C X 50h. The best starting composition was Bii.s1 Pbo.34 Sri.01
Caz.03 Cus.os-- The sample showed the value of Tcena=99.0K . The lamellar morphology
was appeared on the SEM photograph of the surface of the sample.

Superconducting Bi-Pb-Sr-Ca-Cu-O films were grown on the MgO (100) substrate by

the method of RF magnetron sputtering with three targets;
BiiSriCaiCuz. Bi and Pb targets. The substrate temperature was 550C .The value of
Te.enda =64.9 K was obtained at the annealing condition of 850C X 7h. The free surface
morphology of the sample was recognized by the SEM observation to be a mixture of
needle-like and lamellar types. The composition ratio was analyzed to be ( Bio.os Pbo.ss )1
SriCao.s2 Cuz.34 Oy after the annealing of 850C X 7h by the method of inductively coupled
plasma (ICP ).
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WERER TR (T.) 20Kk, Z/8y SIEICE DR E N AEBEIZEWTY, &K
EFEETTKEH I T3, 512, Bi-Sr-Ca-Cu-0% (T.=110K)?*, TI-Ba-Ca-Cu-O
F (T=125K) % A HHRVTERE SN, EBEE TI3R4 & EH L Tw b, I Bi-
Sr-Ca-Cu-O(BSCCO ) ik HFrHrE+EE s vwaTEHEHENZ LA2LEAHID
BSCCO #idili#, D% <&t 2 DDBEEMH (B0KMED low Ter 110K high T #)
&%, 100KV L TxR2PaiEfia @R T2 2 L IZE#ETH - 75 high T #1D volume
fraction MM & ¢ 254 DKL P L S h. Po DIRNABEHNTH 27,5 =7

AL TIE, 2 D Bi-Pb-Sr-Ca-Cu-O ( BPSCCO ) % {22 &, Bulk # & U thin film O
Bk, EPUEE. XBRITS L USEM BIBOKEREB XA DTH 5.8 9 F /- bulk 12
DV T Bi-Sb-Sr-Ca-Cu-O ( BPSSCO ) %122\ T 4 L < HRAT L 72,0

2. BPSSCO %/VIL Y SEB(zNE

2. 1 HHOMEK

Fig. 1 127" & 912 Bi20O3 . PbO. SrCOs . CaCOs . CuO D¥IKZEE L. RBEL . ¥
Bl Ly MIHERBI L, ABELBRBENC I VA 2 ENRT 3, LAHMBIE
Table 1 1IZEBA~FIZD&RL T, Wh, KA, BliDoWTidlow T FHOMR L

SriCa:Cu=1:1:1:20B % Bi:Pb=0.95:0.05%10.85:0.1512FFL
ESHICABBIZOVWTIECu P LALDTH S, AKC, DIZDVTIHL, high T, fH
%5z MBI iSr:Ca:Cu=2 .22 ! 3XABUHEERESNZELICLALDTH
5, Bj J:Pba){‘ﬂﬁ*/:ﬂ:ﬂ) e 2Ll EER2EH120, E512Sr & CaPbaFHELLE
ftxeThb, ABE, FIZ20TidhighT - M%252%5Bi:Sr=2:.2%Bi:Sh=2 .
26L280DTHY, TDHILB :Pb=1.9:0.1 HLU1.8:0.2LL428DTH3,?

Table 1. Preparation of bulk sample

Sanple Calcination Sintering Composition ratio Tc, end
temp(T) time(h) temp(T) time(h) Bi : Pb : Sr : Ca : Cu (X)
A 850 24 850 90 0.95:0.05: 1 :1 =2 53.3
B 830 24 830 50 0.85:0.15: 1 :1 :1.5 95.6
C 830 24 830 50 1.84:0.34:1.91:2.03:3. 06 99.0
D 830 24 830 50 1.84:0.34:1.97:1.97:3. 06 95. 7
Bi : Sb : Sr : Ca : Cu
E 810 10 810 20 .9: 0.1: 2 2 :3 51.8
F 810 10 810 20 1.8:0.2: 2 2 :3 15.7
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1. Mix Bi;03;, Pb0O, SrC0;, CaCOs;, Cu0 powders
with planetary ball mill for 25 minutes

2. Calcine loose powders at 810~830 T in air

for 24 hours

4

3..Crush ; planetary ball mill for 25 minutes

0

4. Pelletize ; 1.5 mm X 1 cng J

5. Sinter Pellets at 830~850 T in air for
50 hours

6. Spontaneous cooling to room temperature

Fig. 1 A flow chart for superconductor bulk sample.
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M% 5 2 28 Th 54, B BIEB iSr:CasCu=1:1:1:11.5=2:21:2:
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107.9K, Te.ma=104.0K, Te,ena=95.6K D RYF %A 5 h7zo & /2 Pb DIRMIHR
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3, XA OFERIE Fig. 2 (a)IZRT LD 12, high T-H(H) 27T E—-72%<Eoh
3%, 002(H), 004(H), 008(H)AKRITTwd, THIZBMLHEEMHIKIFL THD . BEK
RECHEM % D L L& R NUE Teena AT EL EEEOE -7 2T 28D L Bb N5,
$ 2K (c) 127+ SEM BEROFER 2 5, #5002 MEIR (lamellar ) IROFIEH R 5
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Fig. 2 Characteristics of sample B in Table 1. (a) X-ray diffraction pattern, (b)temperature
dependence of resistivity, () SEM photograph of the surface of the specimen.
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Fig. 3 Characteristics of sample C in Table | . (a) X-ray diffraction pattern, (b)temperature
dependence of resistivity, (¢) SEM photograph of the surface of the specimen.
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Fig. 4 Characteristics of sample E in Table 1. (a)X-ray diffraction pattern, (b)temperature
dependence of resistivity, (C) SEM photograph of the surface of the specimen.
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KIAKIC, Da#T 3 & &%, Tablel O#AULIZEE & LARLHMTH Y T % B
WEES 2 & high T PRS0 3 &) MM TH S, D& &S 2##EICL THRC
T Bi:Pb:Sr:Ca:Cu=0.96:0.18:1:1.06:1.60TH 1, #AEDTIZBi:Pb:Sr
©Ca:Cu=0.93:0.17:1:1 :1.58TH 3, l&IZHWVWT Ca/Sr=1.06 (AEC), 1 (R
BD) THY. £/ Cu/Sr=1.60 BRKEC), 1.58 GRED) % ->Tw3, Ca/Sr tkntHiE
AHEIEFENTREVWI LN bP S, COMHEITMED T I2EEEZ /- DEEDbNS,

V¥ Fig. 3 ICAB CORME4E R, Zh &V Fig. 3 (a)% Fig. 2 (a) &l L T, 002
(L), 0010(H), 0012(H), 0014(H)D&MA»FHKCIiHWTHBBLOMEL T L
Pbh 3o Fig. 3(b) 25 1F Te.on =106.8K, Temia =103.3K, Te.ena =99.0K 15 5 h
720 AT(= Teon— Terena ) =7.8KTH Y, HEBNDAT=12.3K &V £\, Fig. 3 (c)
ERUKHAROBENIBES NS, & T Table 1 12 L ZZMMUHIZMAAS MR TH D . 24
EET (sinter D), HBB LB CIzd 0 TIEZhFh, Srx1 &L T, Bi:PbiSr:
Ca:Cu=1.10:0.13: 1 :1.32:1.66H L 01.26:0.15: 1 :1.32:1.77¢ 5 >T V52
EPEEXBAN (XRF) &V 5N, 2N &Y Bi/Sr, Pb/Sr. Cu/Sr »'%
LEDOKREL Y Ca/SridFasEbLL VI, bhrole TDE) BHEEDELS
Te.enaPEZ95.6K (B)—99.0K (C) izt & ¥ ~BEEHD UV EDIZH 28D EER b3,

KISABE, FEEBT 2L 5, fiZ& b Table ] OMRIIZEASMKTH ., B : S
Ca:Cu=2:2:2:30highTMHEEZ3LDTHD, PbDbVIZSh EHRML
Bi+Sh=2¢L 724D Thb, 27 LAREIXBI :Sb=1.9:0.1, K FIZBi:Sb=1.8
10.28 LT W5, Fig. 4 1B E DM &R T, Table 1 DHEHA & FIRE DT, 00a=51.8
KLA2»Boshd, BB AD low T HE 5 2L 3 THOEEBRBEEIZEVNLDTH-72, N
£ ShifvzhRIZFAE LN &b 57, (HL. Calcination % Sintering DR % D
B2 E 2 WSO RI BN ZTRML S VMIEILITE S v,) T4 Fig. 4 (a) 25613,
Fig. 2 (a), Fig. 3 (a) & L Tlow T HZ 52 24M -7 2% << &5 N, Fig. 4 (b)
DEVEEFERE & K <HIE L 720 Fig. 4 (¢) » 5 1% void *° hole D %\ & ) % REFREAE]
gah, 2hd Fig. 2 (c), Fig. 3 (c)? lamellar ROFFEE LENTEL SHBEL 126 2
noOER»S Po DbV IZSb % high T HISIRINL T T. 2l L& 3%R1%, Table
| DBSLFEGM F TG LARDERE 532 LW b h >k A RORMBETH 3,

3. BPSSCORHBESRBZEGF

3.1 HEOMER

Fig. 512" % & 512.60~100r.p.m. THEEL T 3 & — L & — (IS F M MgO (100)
REDAHH, 3L =y b ASDEIERF v /A MT Y Ay ¥ ) v T EICKDBET 3,
=4y Milow T-HEEZ 3 Bi:Sr:Ca:Cu=1:1:1:2%3%%m (LIFSC &it
¥) &, Bi, bLUPhDHEERETH 3,12 A%y %) v FDFERMFIE Table2 IZRL 2 &
I, SCH—% v MZEMN&E h B RF /87 —%140W—EE L, Bix L UPb ¥ —% v M2
FIiN$ 2 RF 77 — % 0 ~20WO I TEL & ¢ T Wb, A/%y SEEOFMREBE 13550C T
HN ., ARMD RNy ¥ DS SIZ24EMBRGHT 2, Z20O®BT =Y v 7T 30825
D, ZDEEDERME, BisLUPb ¥ —4"v MIEMNY 3 RF /7 —Off & 12 Table 3
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C"? 60~100r. p.m

MgO

Rotating Substrate Holder
(Heated by Lamp Heater)

i
112

2

o OO

3

Target (125mmo x 5t)

1 :Bi(4N)
2 :BiySr,Ca Cuy0y (3N up)
3 : Pb(4N)

Sputtering Gas
Ar +0, (6N)

Fig. 5 Schematic illustration of the sputtering system. Three targets are simultaneously discharged
and the substrate holder is rotated over the targets.
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IR LU 7e GRENT OSBRSS 4 Z{L &4 7=,) Fig. 6 1213 Bi 1 Pb ® RF /37 —DfAD
mapping % 7 L 720 Table 3 @ T, .cna P& L THEID (5 & L) 2L THELE L
TIEVWERREIEL NI Z &b o/

Table 2 . Typical sputtering condition by RF magnetron

Target diameter : 125 ¢ X 5 t (three targets)
RF power in target 1 (Bi) : 0~20 W
target 2 (Bi;Sr,Ca,Cuz0,) : 140 W
target 3 (Pb) : 0~20 W
Target-substrate distance : 150~160 mm
Gas : Ar + 0z = 10 ccn
Gas pressure : 4.5~5.5 x 1072 Torr
Gas ratio : Ar : 0; = 9:1
Sputtering time : 24 hour
Cooling time : spontaneous cooling 20~24 hour
Substrate : Ng0(100) 10 mm X 10 mm X 0.5 t
Substrate temperature : 550 T
Revolution number of substrate : 60~100 r.p.m
Film thickness : 0.6~2.3 um

Table 3 . Preparation of thin film sample

Sample RF power ratio(W) Annealing Tc, end
Bi : Pb (SC=140W) temp(T) time(h) (K)

A 0: 10 850 15 53.1
B 20 : 20 850 15 55.0
C 10 : 15 850 15 55. 2
D 15 : 10 850 15 62. 6
E 20 : 10 850 15 40. 6
F 15 : 20 850 15 35.0
G 10 = 20 850 15 58. 1
i 5: 10 850 15 60. 7
I 5: 15 850 8 —
850 7 64.9

850 5 62.5

830 5 —
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Fig. 6 Relationship between RF power applied on the Bi target and the one
applied on the Pb target.

3. 2 HHoOH

Table 3 DA A D% Fig. 712”T, Fig. 6 KD Z DB AIEB 2#& %7, Bi:Sr
CaiCu=1:1:1:20HRHMHED Y47 FEHEKBEBI DY —47 v b » 6K
LEbDTH B, 74757 MA—512k5 XA (XRD) DR, SIZFEK(b) IR
FTEI low T HEEZ3ERE -7 DAPREES NAY FAREK(b) LD, Teon=
69.9K, Te.ena=61.7K TAT(=Teon~ Terenad) =8.2K £ Rk E WER IR SN &5
IZEIX (¢ ) & 0 I3EHIRD £ TOREAMIFICBE S N, Z it Fig. 2, Fig. 3, Fig.
ANV RETIER S WG P> AHRETH 5,
- JKIZ Fig. 8 121X, Fig. 6 {2+ T Pb RF power 10WD s A 2 5 G A U 23K H,
D, EQORADBEHR SR T, 2 &Y Fig. 7TO#HR%* L€ TH5 &, Bi D RF pow-
er XEMEHTHPO B EHERAMINSH 3 &, RADHIEHSHR (needlelike ) » 5T
FIR (lamellar ) 2B L 2 2 EABARRICBIER a5, £ (c) 25 XIEFE, BFAF,
F6ABIGIVWEI ZFEEFARS D, ThALTFLEEO T IZREMT»T, LA
ABEDHAPRBHEY b Teena 1EEV TDE I high T HMEE 252 EARETE
BZHEMBPHIEATHTHLZNAD LT NIEMRD Z L D low T MFIZHE% UIKPTHEM &
LTldlow T FHTOEAXEN & % 5,
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Fig. 7 Characteristics of sample A in Table 3. (a) X-ray diffraction pattern, (b)temperature
dependence of resistivity, () SEM photograph of the surface of the specimen.
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(a) Sample H (b) Sample D
(Tc,end=60.7K) (T(,end=62-6K)

(c)

Sample E

(T(.end =40.6K )

Fig. 8 SEM photographs of the free surface of (a) the sample H, (b) the sample D,
(c)the sample E in Table 3.

WEFig. 912, ZhoDRBH, D, EOXRDIZKZMEKEERT, ThEFe
DEME =7 L low T HDEDTH B50016(H) =27 DHARBEIZEVWTHMOH, D
DERBDHEL LD L LS RELTWEI LA bA B, DI LM Fig. 8 (c)THESH
BER L XEME (EHF, BHE, F6AK) LMEIS3LDLUbNE, S%OK
AWHEEL A, ‘

Fig.10121. Fig. 6 {242 T Pb RF power 20W® & % /A H D Bi RF power Hhll A EIA~
MU~ L EDRBG, BILOWIHXRD B & UEEHEOERETT., 2N ED Fig. 6
IZHEWTPHbRF -BiRF=1 . 1 D&Y EEORE & TEHOHE TIX. Fig. 7 DA, Fig.
8 MH (l#—needlelike) &. Fig. 8 ®D, E (TFi#i—lamellar ) 12113 EEFEDFH
BLEFBULHEAMDOSZZ bR s, T4bb, HBGIEL [ 10HKEY EHIZd0, HEB
F TR MAETH Y, Fig.10(a), (b)2 52Dk ZHMEFHANE 2 EHTE S,
FRICHREBAL S & S ICAEFRNIEDIEF 2R IK (lamellar) D RERELIBlEs 3 L
DEBbhdy, TE, KB BIXSKADOHKTH D, needle 7" #EF - T F & 12 lamellar
W BMEM L TEETH 5,
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Fig. 9 X-ray diffraction patterns of (&) the sample H, (b)the sample D, (¢)the sample E in Table 3 .
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Fig.10 X-ray diffraction pattern and SEM photograph of the free surface of (a) sample G,
(b) sample B in Table 3 .

ET, BAERSRME AR L 55, Table 3 TH O Teena # TR [ OHME Fig 1112
T FR(c)DERBFED 5 13, needle-like & lamellar % & DDRAEHNED 5 h, Fig.
6N1 . 1DHBTESTIRAMLERT22¢2TE L) ZDEERK(b) &Y Te.ond
=64 9K LB WEAES N, F/2EK(a) 251k, Fig. 7 (a). Fig. 9. Fig.10% &
DXRDDFERENTHELE — 75D LR/ VY — v A BEMIILEh, 202008
AELALDEEDLNS, £2002(L)DOYE—7DESHPHMGMIMOY—27 LD EEE 5
THD, AU Fig.7(a), Fig- 9., Fig. 100 2D &k ) ZFER L EL THS »IZHLE L
TENZNE T low T HEBOKHR) DEENH -7 DEEbN 3,

Fig. 121213, ZOHEK [ OBUIERMGF B S B RO RAEFREOBEER LR, T
Zbb, [AX(a)lziz850CX8h, (b)iZid850T X5h, (c)iZid830C X5h DEHZA DK
RERT (Fig. 1113850C X7h TH 7). TN &V Fig. 11M80C X7h &1 1 K £ v
850C X8h D&M ¥ itk JEMIZE (non-superconducting) &% V. Z2D& &Nk
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Fig.11 Characteristics of sample | in.Table 3. (a) X-ray diffraction pattern, (b) temperature
dependence of resistivity, (¢)SEM photograph of the surface of the specimen.
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Fig.12 SEM photographs of the free surface of sample | under the annealing conditions of
(a)850°C X8 h ( non-superconducting), (b)850C X5 h ( superconducting),
(c)830°C X5 h ( non-superconducting) .

ERE D TH W needle EML T3 T e bho%k, LAHLBOCX5h &)
Fig. 11k V) 2HERID 5 WRIF T CIIKR E L THESIRETH Y Fig.11(c) 12w Rl
AL N, RICBOCTXEh &vr ), 20CHIERVWRAICT &, -IRBIEEIZLD, 20
FETEEIZ I8 needle R 5 N7,

Fig.13121%, Fig. 120 BBERMF G L 2RO X RDDERERT, T kW IEHE
ML BABOHA. 002(L)DIERE -7 DREIFaEL B, BIEEEZ IR TIZZD
VI DEBELTVWBEIEAbhIDE, 2D EH 5 Bi-Pb-Sr-Ca-Cu-0 R H#IKE2(5#H
R TIL low T M1% 52 2D12002(L) DY — 7 ICHR L 24 TH B LD L bh B,
Z 2 TiEH T D as deposited IRFEDMAR L & . Fig.11M850C X7 h M EAMLIE S F TRl
LBt B84 77 X<iE (Inductively coupled plasma, ICP) (& 1 illl
EL72EZA, Sr&1 &L Tas deposited Tl (Bio.ss Pbo.ss) 1 SriCai.16 Cus.ot Oy TH V.
850C X7 h MEMLIRL TIE (Bio.os Pbo.ss) 1 SriCao.oz Cuz.31 Oy % 2HER AR 6 h 7z,
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Fig.13 X-ray diffraction patterns of sample | under the annealing conditions of
(a)850C X8 h ( non-superconducting ), (b)850C X5h ( superconducting )
(c)830°C X5 h ( non-superconducting ) .

— 235 —



4. E%E

LIE, Bi-Pb-Sr-Ca-Cu-0 RO/ 7 i KUM= D 5, 2 DRI OIER & Hk b~/
T4bb, /NN 71220 T high Te Ml (Te.ena=99.0K) #7551, HHEZ D0 Tk low
T Ml (Te.ena=64.9K) #7185 N7,

V¥, Fig.14(b )12 BizSr2Ca2CusOy O high T. % 5 % 5 #& s i & R +.19 4 Dtk
12 Bi-Pb-Sr-Ca-Cu-O £ TH 54 5, ML 2 Pb A EDsite LA D E VI ZEHNEE
TH b, [AK(a)lZR$ &1, Bi, Sty CaBRFDFET 3 & site 12 Pb EFAESRE N
BHTABIERbA b, 2O EHPEHEEICEVTEO AL v, L2 LERIED/ X
WhighT. #4725 FTERKE %2, HX(c)icizCaBaitr 2 kTFHE CuO4 & # NS+
DEE 7Ty 7{LLTRAL 26D 5T+ ¥4 bbCu04Filiz & Cal8 kA THIA
WEDEIZE T Iy FCuOs AL TH Y, 2OKET Iy FEADY T Iy FOMIZ Bi
OEHPIHAENL I E>T VB, Thik, WEBBELMNITAE, COBBAIMER
Hin%EH2#H-THY, BEHOBE LBENGED DT I ABWOELIET Iy N
CuOHNE s ha 2 il % %,
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Fig.14 Crystal structure of the high T, phase in the Bi-Pb-Sr-Ca-Cu-0O system.
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KIZFig.1512 (Bi (Pb) O)2Sr2Caw—1CunOzn+2 & AR T E £L 2B EDn
=1~508EMEE % RT."
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Sr2Ca1Cuz0 8 % 2 221 2405 O low T MO SMIEE A RS T 2, AR DK £+ OERERE TIE
3ODF =4y bDH 5D SC # Bi1SriCaiCuz TH 3 8 Fig. 1112 5 T Te.ena=64.9K L
PESNE Do RD, I NE BizSreCaCus DI D LD EFH W5 Z &12Xk YD, Fig.150
n D% 2 25 3 AHHE & hif high T. Ml Q00K#HZE>E /L7 LEIUE) »Fohd
ThA)o (ABOMFBEELLTTFEL TV 3,)

(c)
(b)
(a)
BiO _ =t |
BiO Cu
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Fig.15 Structure of (Bi (Pb) O)2Sr2Can —1CunOzn 42, in which n is 1-5 representing the number
of CuO; layers between adjacent Bi ( Pb),0; layers.
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5. K8
DEEDFS N2RERIIRDOE) TH B,

(1) Bi-Pb-Sr-Ca-Cu-0 %/ 7 B{RE AR IL 1A BH Bi : Pb - Sr: Ca s Cu=1.84:0.34
$1.9122.0323.06T Teoena =99.0K 224, D& & DEEBHOM I Sr %
1&LTBi:Pb:Sr:Ca:Cu=0.96:0.18:1:1.06:1.60T% 7, (Fig.3 (b))

(2) Teiena=99.0K ? high T, HID RHHIEIL lamellar Z & D TH -7z, (Fig. 3 (c))

(3) ZTPb#%ShIZEML /- AAMAMILEB iSb:Sr:Ca:Cu=1.9:0.1:2:2:
3735/\w7.,fnﬂt BUT Teong=51.8K LIETF L 7, i 2D & X DEFEEIIL
void X hole #*% { ¥4 L =, (Fig.4 )

(4) 3Ly —4"v b, ¥4b b, BiuSriCaiCuz (SC). Bi, PbDE Y —4 v b DEEFZ /<y

5 ¥ 712 K DML 72 Bi-Pb-Sr-Ca-Cu-O RMME(E#IKIZ, ¥ —4% v MO RF /¥

7 =i LT SC:Bi:iPb=140: 5 I 15(W) D&M THMEL . 850C X7 h DEALLIT I
ED Teena=64.9K 2187, (Fig.11)

(5) Pb &I®HIL % Bi-Sr-Ca-Cu-0 Z2DFEHLE Te enq=53.1K L& <. B> % 0 £EHHE
138HIK (needle-like ) Th -7 (Fig.7)

(6) PbORF/¥7—4—EIZL BIORF /7 — &l &4 TWw< &, MO LEIEIL
needle-like 75 lamellar N & ZfL L 7 (Fig. 8)o ZL T I D& & T eng PV EHE
YO02(L) DfER Y — 7 A& CREL T WA I Ehb A -70 (Fig. 9)

(7) Fig. LOBEE T (Te.ena=64.9K) 12350 TEBIRIER] & BN & & - 1) | BRLTRIRFE %
KT s+ 5 LIFBIRBIREEIZ 4 - 72 (Fig.12) 2 DA £002(L) D — 7 DFEH
Rohkh-7s (Fig.13)

(8) high T. oL S E T LVXIZ BN T, Pb,ﬁ%@)\éﬁﬂﬁ’&ﬂ—\'tf:(Fig.l4(a))o
FACuO+FHEEZEL CaaEATHAL TWE YT 3 v FEI CuO:2 B LN, BizO:
& (Fig.14(c)DBRE) 75 DIEFLOBBAIBZELDBERTH 522 L& 7=,

(9) low T HIDAEMIEEDETNIE (Bi (Pb) O)2SreCan—1CunOzn+2 % 3R Tn =
2088 TH -7 (Fig.15)
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