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ABSTRACT

Strong candidates for thermosemiconductors are silicon and bis-
muthtelluride. Replacement of the tellurium in bismuthtelluride with
selenium [Bi,(Te,_ySey); system] is expected to lead to a set of new

figures from which a better figure of merits will be selected.

The X-ray fluorescent spectrometry method is then employed to
analyses the value of the better figure of merits. In this analysis,
the semi-fundamental parameter method was chosen. With SFP

method, experimental and theoretical examinations were combined.

The theoretical X-ray fluorescent spectrometry intensity was eval-
uated using (computer) ‘BASIC’ langunage. Experimental evaluation
of intensity was done at five points including the peak and two
points before and after of the peak. These analyses rectifies expe-

rimental errors in calculation of each wave length.

The standard deviations (errors) and coefficients of variance in the
semi-fundametal parameter method are 0.2577~0.5393 and 0.003369~.
0.005544, respectively.
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TABLE 1 X-Ray Fluorescent Spectra of Bismuth, Tellurium
and Selenium Diffracted by LiF Crystal.

Element Bismuth Tellurium Selenium
Spectra BiL, TeK, SeK,

Diffraction | (@ 47.38 18.26 45.70
’ @ 47.37 18.25 45.69
Angle () @ 47.35 18.23 45.67
@ 47.34 18.21 45.65
] ® 47.33 18.20 45.64
Background 49,00 17.25 44. 50
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FIG. 1 X-Ray Fluorescent Spectra of Bismuth (BiL,)
and Selenium (SeK,) Diffracted by LilFF Crystal,
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TABLE 2 Composition of Standard Materials with

Bi, (Te,_,Se,); System in Weight Percents
by Chemical Analysis.

BizTes W, Wire Wse

BigSes (W+%) (W4%) (W %)
00 51.65 48.35 0.00
02 53,65 40.14 6.20
04 55.82 31.29 12.89
06 58.16 21.71 20.13
08 60.70 11.32 27.98
0X 63.46 0.00 36.53
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1 INCIDENT RADIATTON:
HOW MANY DIFFERENT INCIDENT SPECTRA? 1
INCIDENT SPECTRUM NO. 1 ——
TUBE ANODE, OR MONO? RH
VOLTAGE ON TUBE (KV)? 50
ANODE ANGLE (E.G. 26)? 90
MM OF BE (E.G. 0.5)? 0.125
FILTER (BLANKS=NONE)?
PRINT SPECTRUM (Y,N)? N
NEXT QUESTION NUMBER? 2
2 ELEMENTS PRESENT (WHETHER MEASURED OR NOT) LIST ALL
OF THEM ON THE SAME LINE:
?BI TE SE
NEXT QUESTION NUMBER? 3
3 LINES OF INTEREST
FOR EACH LINE, INPUT AS MANY AS NEEDED OF:
ELEMENT, LINE, AND INCIDENT SPECTRUM NUMBER
(END LIST WITH BLANKS)
LINE 1? BI LA
LINE 27 TE KA
LINE 3? SE KA
LINE 4?
LINE1 BI LA 1
LINE 2 TE KA 1
LINE 3 SE KA 1
NEXT QUESTION NUMBER? 4
PREPARING PARAMETER FILES.
NEW PARAMETER FILES ARE READY.
4 SAMPLE GEOMETRY:
ENTER INCIDENCE AND EXIT
ANGLES FOR EACH LINE:
BI LA1? 63 40
TE KA ? 63 40
SE KA ? 63 40
NEXT QUESTION NUMBER? 5
5 COMPOSITION:
ENTER THE AMOUNT OF EACH:
BI ? 51.65
TE? 48.35
SE ? 0.0
GRAMS PER SQ CM? 999
THEORETICAL INTENSITIES
(BY FUND. PARAMS AND ALPHA FACTORS):
BI LAl 0.1014E-+07 0.0000E-+00
TE KA 0.2782E+06 0.0000E +00
SE KA  0.0000E+00 0.0000E 00
NEXT QUESTION NUMBER? 5

._27 .



MR VL ¢ 2V ALY AT ADIEX AP X
BE I e Ty KA K e AT A — ZROFHT GRO)

3. ERBR

stpbh o B ITEE (D & HTEROEIE XL () ot Fiobb I/l
A=, A=A, L EZFAALB L L kv y) 2RO
= o TABLE 3 1% Bi, (Te,_ySey), ORRMEHTH %o I &\ 5 HII0H

TABLE 8 X-Ray Fluorescent Spectra Intensity Ratios of
Bismuth-Tellurium-Selenium, Bi,(Te,_ySey)s.

giz 1522 Isi/Ipsi Ive/Tpre Ise/Ipse
A9 S8 0.607715 0. 346276
A9 9 0.607726 0. 347226
100 0.608531 0.347594
00 B99 0.608710 0.348274
B9 3 0.611137 0. 348164
AVR | 0.608764 | 0.347507 |
A9 8 0.643476 0. 287496 0. 037205
A9 9 0. 645444 0. 287876 0. 037022
100 0.647421 0.287771 0.037021
02 B9 9 0. 647181 0. 287811 0.037132
B9 8 0.649179 0. 287795 0.037166
AVR | 0.646540 | 0.287750 | 0.037109 |
A98 0. 686911 0. 226179 0. 076397
A9 9 0. 687953 0. 226259 0.076212
100 0. 689487 0. 226402 0.076423
04 B9 9 0. 630097 0. 226482 0.076277
B9 8 0.691914 | 0.226854 0.076446
AVR | 0.689272 | 0.226235 0.076351
A9 8 0.738786 0.152887 0.125685
A99 0. 741461 0.152803 0. 125560
100 0. 742800 0. 152896 0.125794
06 B9 9 0.742948 0. 152605 0. 126009
B9S 0. 745761 0.1525%6 0.126197
_AVR 0.742351 0.152755 | 0.125849
A98 0.792767 0. 079499 0.175799
A9 9 0.793501 0.079721 0.176135
100 0.795901 0. 080279 0.176269
08 B99 0.796950 | 0.080449 0. 176725
B9S 0. 799681 0. 080639 0.176454
AVR 0.795760 | 0.080117 0.176276
A9 8 0.856855 | 0. 235539
A99 0.858718 | 0. 235527
100 0. 862386 0. 235966
0X B9 9 0.862347 0. 235983
B9 S8 0. 863420 0. 235943
i AVR 0. 860745 0. 235792
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TABLE 4 X-Ray Fluorescent Spectra Intensity Ratios
of Bi, (Te,_,Sey),.

BT
B;i ng Ii/Ipg; Tee/Ipre Ise/Irso
A998 0.607964 0. 347396
A99 0.€07982 0. 348330
100 0.608785 0. 348684
00 B99Y 0. 608966 0.349373
B938 0.611400 0.349273
J AVR 0.603019 0. 348611
A98 0.643670 0. 288482 0.037233
A99 0. 645637 0. 288847 0.037050
100 0.647612 0. 288729 0.037048
02 B99 0.647373 0.288776 0.037160
B398 0.649376 0. 288769 0.087195
AVR 0.646734 0.288721 0.037137
A998 0. 686946 0. 227018 0.076452
A9 9 0.687957 0. 226081 0.076264
100 0.689522 0.227217 0.076475
04 B99 0.690132 0.227303 0.076330
B98 0.691949 0. 227685 0. 076500
AVR 0. 689301 0.227212 0.076404
A9 8 0.738665 0.153482 0.125768
A99 0.741341 0.153389 0.125642
100 0.742680 0.153473 0.125875
06 B99 0.742828 0.153186 0.126091
B98 0.745638 0.153161 0.126280
AVR 0.742230 0.153338 0.125931
A98 0.792464 0.079832 0.175906
A9 9 0.793202 0.080050 0.176260
100 _0.795603 0.080606 0.176374
08 B99 0.796649 0.080779 0.176830
B9S8 0.799374 0.080972 0.176561
AVR 0.795458 0.080448 0.176386
A998 0. 856248 0. 235662
A9 9 0.858119 0. 235652
100 0.861788 0. 236089
0X B9 9 0.861744 0.236106
B9S 0. 862805 0. 236069
AVR 0.860141 0.235916
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FIG. 2 Experimental and Theoretical Intensities of X-Ray
Fluorescent Spectrometry to Weight Percents on
Bismuth (Bi).
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Tin= 306204 1.21421,4 (8)
% X OV ERRE OBE T,

Tox=—36777+0.82361;y (4)
Dz, — ZF RN TE I, Lied o Ty HERIRE & ST & o MBS
DEIECE I, 2hboiEikzy . — 20 FORTRAN GBI Y - T
WAEAT - 7P [ARGHOERORD 7 = 75 5 Th B,

000001 DIMENSION  X(200), Y(200), W1(200), W2(200)
000002 111 READ(5,500, END =90)N
000003 500 FORMAT(I5)

000004 READ(5,501) (X(D), Y(I), I=1, N)
000005 501 FORMAT(2F12.2)

000006 IF(N.LE.O) STOP

000007 FN=N

000008 XBAR=SUM(X ,N)/FN
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000009 WRITE(6,301)N

000010 YBAR=SUM(Y ,N)/FN

000011 DO 10 I=1, N

000012 W1(D) = (X(I) ~ XBAR)*(Y (1)~ YBAR)

000013 10 W2(I) = (X(I) — XBAR)*#2

000014 B=SUM(W1, N)/SUM(W2, N)

000015 A=YBAR-B+XBAR

000016 WRITE(6,302) X(1),Y(1),A,B, (X, YD, I=2,N)

000017 201 FORMAT(10F12.2)

000018 301 FORMAT (1H,5X, #++ LEAST SQUARES ON II/IPI= A+ BX s+,
¥ 15X, INPUT DATA (N=',12,1H )/
¥ 1H0,15X, 1HX, 19X, THY/)

000019 302 FORMAT(IH , 2F20.6,6X, 3HY =, F12.6, 4H + (,F12.6, 3H)+X/
(1H, 2F20.6))

000020 GO TO 111
000021 90 STOP
000022 END

C  SUB-PROGRAM
000023 FUNCTION SUM(Z, N)
000024 DIMENSION Z(200)
000025 SUM=0.0
000026 DO 20 1=1,N
000027 20 SUM=SUM+Z(1)
000028 RETURN
000029 END

—F EA=A, FAALB LY 0 -Points AP Ly HE A T -
J=n» TABLE b ThH b,
TABLE 5 Average, Sum of Squares, Standard Deviation and

Coefficient of Variations in 5-Points for Intensity
on Bismuth(Bi), Tellurium(Te) and Selenium(Se).

Intensity Ratio
Element A98 A% | B® | B9
Bi 97.05 98.68 99.39 98.05
Te 96.90 98.47 99.30 98. 38
Se 97.95 99.20 98.90 97.71
Average 97.28 98.78 99,21 98.04
SUM SQU. 4.3622 1.8934 0. 9906 1.6365
STN. DEV. 0.5393 0.3553 0.2577 0. 3303
COF. VAR. 0. 005544 0.003599 | 0.002598 ‘ 0.003369
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FIG. 4 Experimental and Theoretical Intensity of X-Ray
Fluorescent Spectrometry to Selenium Weight
Percents(Wg.) on Selenium.
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1/1,(Bi) =0.0288(1—0.0173W) 4 0.01635(1 — 0.00325W) W

—0,00006859(1 —0.00003613W)HW?2 5
CCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeeee
cc KSOC. DATA(AILJ23) o C
cC Y=A +B (X)+C (X)**2 C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeceeee
000001 DIMENSION X(300), Y(300), R(3 , 4)
000002 EQUIVALENCE (R(1, 4), A), (R(2, 4), B), (R(3, 4), C)

000003 111 READ(5 , 500, END = QO)N
000004 500 FORMAT(I5)

000005 READ( , 501) (X(D), Y(I), I=1, N)

000006 501 FORMAT(2F8.4)

000007 IF(N.LE.O) STOP

000008 DO 10 I=1, 3

000009 DO 10 J=1,4

000010 10 R(, J)=0.0

000011 DO 20 I=1, N

000012 R(1,2) =R(, 2) +X(0)

000013 R(1, 3) =R(1, 3)+X(D)#x2

000014 R(1,4) =R, 9)+Y(D)

000015 R(2, 3) =R(2, 3)+X()#3

000016 R(2,4) =R(2, 4)+XD*Y(D)

000017 R(3,3) =R(3, 3) +X(Dsd

000018 20 R(3,4) =R(3, 4)+Y(DX(Dxs2

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOs

000019 R(1,1) =N

000020 R(2,1) =R1, 2

000021 R(2,2) =R(1,3)

000022 R(3, 1) =R1, 3)

000023 R(3,2) =R(2, 3

000024 CALL SWEEPS (R, 3,3, 4, 1.0E-06, ILL)

000025 IFILL. NE.O.0) WRI’IE(b‘ "o TILL

000026 WRITE(S , 601)

000027 601 FORMAT (1H, 5X, = =#Y=A +B(X)+C(X)#+2 OF
¥ EQUATION#+=='/1H , 15X, 1HX, 19X, 1HY/)

000028 WRITE(6,602) X(1),Y(1),A,B,C, (X(D), Y(D),1=2,N)

000029 602 FORMAT(IH , 2F12.6, 6X, BHY = F12.6, 4H + (F126,
¥ SH)*X, 4H + (F12.6, 6H)#Xw2/(1H , 2F12.6)

000030 GO TO 111

000031 90 STOP

000032 END
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TABLE 6 Weight Percents Ratios of Bismuth-Tellurium-
Selenium, Bi,(Te,_ySey), System.

Bi;Tes W/ Wik | Woe/Week | Weo/ Wk
BisSes 100(%) 100(26) 100(%)
A98 98.36 96.84
A9 9 99. 26 98.63
00 100 100. 00 100. 00
B99 99. 62 99.44
BO8 98.87 98.41
A9 8 98.09 97.12 98. 59
A99 99.17 98.76 99. 39
02 100 100.00 100. 00 100. 00
L B99 99.59 99. 25 99.17
- BO9S 98.65 98.27 98.09
A9 8 98.25 97.12 98.02
A9 9 99.22 98.23 99.11
04 100 100.00 100.00 100,00
B9 9 99. 66 99. 28 98. 66
B9S 98.86 98.85 97.67
A98 98.18 97.20 97.93
A99 99.27 98.69 99.18
06 100 100. 00 100. 00 100.00
B9 99.63 99.08 98.99
B9S 98.90 98.07 97.90
A98 98.82 | 96.33 97.74
A9 9 99.73 | 98.07 99.28
08 100 100.00  100.00 100. 00
B9 9 99.70 99. 44 99.07
Bo9s 98. 96 08.71 97.69
A98 98.21 97.82
A9 9 99.16 99.17
0X | 100 100.00 100.00
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B8 98. 80 97.57
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TABLE 7 Average, Sum of Squares, vStandard Deviation and

Coefficient of Variations in 5-Points for Weight
Percent Ratio on Bismuth Tellurium and Selepium.

Weight Percents
Element A98 A99 B99 B98
Bi 93.84 99.64 99. 30 98.32
Te 98. 46 99. 30 98.47 96.92
Se 97.78 98.94 99.23 98.02
Average 98.37 99.32 99.02 97.79
SUM SQU. 15.7140 2.4034 4. 8026 7.0115
STN. DEV. 1.0235 0.4003 0.5658 0.6837
COF. VAR. 0.01040 0.004071 0.005714 0.006992
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