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Abstract

The electrical resistivity and Seebeck coefficient of Iron disilicide doped with Sn
impurity in the amount of 0.0, 0.1, 0.2, 0.3 and 0.4 atomic percentage at room temperature
were measured. Samples were prepared by mixing of iron and silicon at the 1: 2 atomic ratio
and then melting in the argon atmosphere at a temperature of 1,550 °C and cutting into the
sample size of 10x10x2 mm?®. Electrical resistivity measurement was done following the van
der Pauw method and Seebeck coefficient measurement by using the hot probe technique.

We found that when Sn was added to the samples, the both quantities decreased with
increasing Sn amount. The electrical resistivity decreased from 5.38+0.02 pQ*m for undoped

sample to 2.438+0.009 pQ*m for 0.4%-Sn sample. It can be explained that Sn makes the
sample becomes more metallic with less electrical resistant and less Seebeck effect. For

Seebeck coefficient, Seebeck coefficient are not significantly different for all Sn. It was found

that 0.3%-Sn sample has the highest power factor of 1.04+0.08 uV4/Q*K?.
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1. WmENUTANS 99.99+% B¥o Good fellow
2. nadAnauuIavs 99.998% e Good fellow

3. Unau

3.2 gunsalilld
1. 130e%s 4 Fumis
2. uruezalilleunows
3. DIBUAET
4. frgeaiiun wndeumendlusaululngg
5. il wuudkuAusau (hotplate)
6. \A3D9AR
7. TudinLAdouNaLnas
8. WL Lenton tube furnace model LTF 16/50/180
9. AINNDIUAY
10. unasnuiinnszualni Keithley model 220 programmable current source
11. dafflmes Keithley model 2182A nanovoltmeter
12. wouilimas HP E3634A triple output DC power supply
13. Picotest M3500A 6 Y2 digit multimeter
14. neosiluundiles (Vernier caliper)

%

15. fa@tines Keithley model 2700 multimeter
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Results

Linear model Poly1:
fix) = p1™x + p2

Coefficients (with 9524 bounds): '

pl = 0.0007905 (0.0007. DD07966)

pZ= 45807 (4 ;

3
|
v

Goodness of fit:

SSE: 220

R-square: 1

Adjusted R-square: 0.9999
RMSE: £.633

JUN 3.9 AAnupanefouesoya

1. drdeyailaainnns fitting voslusunsu Matlab Aegud 3.9 Tunsainisnaaeanin

arunmulndy da3uf 3.9 uauiunagnisaes Loy

0.0007966—0.0007844
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2. figduvuifeaiuuinuasianszugliinuisianueaiaedeuueds fegun 3.10 lagl

Ailaflaesoming iseesemnguaniirvainseualiladwmariarianunainiadeuvestoya

LUULAEINUNIADIAIU SIUNINUA 8 A1

current | configl | errorR1 | config2 errorR2 | config3 | errorR3 | configd errorR4
+ 0.00035 | 0.00001 | 0.000791 | 0.000006 | 0.0003 | 0.00001 | 0.00082 | 0.00001
- 0.000358 | 0.00002 | 0.000783 | 0.000008 | 0.0004 | 0.00001 | 0.00079 | 0.000006

average | 0.000354 | 0.00001 | 0.000787 | 0.000007 { 0.0004 | 0.00001 j 0.000805 | 0.000008
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s 1 MmavnaAaueanandeurasameiuia AF (Q) o Qg hay
Qmin >1

' A @ 1 ' £% A & i% |
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R1+AR{ 0.000787+0.000007

= ~ 2.334853 uaz A1 Quin AoA19RTIEIUTENINIAIIY
R,—AR,  0.000354—0.00001

. s g Y Ry—AR; _ 0.000787-0.000007
frunuliihmanidululs wu Q@ = = ~ 2.185464
“ Ry+AR;  0.000354+0.00001

sl 2 mmammaaaadouvesuianesuian AF (Q) o Qpn < 1

nsdifen Qumin < 1 agliflon usaglinduiawaruiialulaalndfinnnnin 1 wu

__ Ry—AR;y __ 0.000265-0.00002

= = ~ 0.967067331 < 1 duiuanduevaiuazla
R,+AR,  0.000246+0.00001

Qmin

1 1
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R2+AR; 0.000246+0.00001
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M19197 4.1 Aranndunulii (p) vesansiegemiienuniosas 0.4 lngornau NIATIALMU

1A 10 58U 2l gunnIvies

5 . anmenuulni ALARALATOU
ATIN
(MQ*m) (uQ"m)
1 2.51 0.03
2 2.45 0.06
3 2.48 1.85
a4 2.47 0.01
5 2.46 0.03
6 2.48 0.03
7 2.51 1.24
8 252 1.27
9 2.41 1.17
10 2.40 1.16
Aade 2.47 0.7
dnudeauunasguvesdnade Wiy 0.01 pe m
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. . ptAp S+ AS P+ AP
I9UATYDINYN
: (R m) (UV/K) (LUVZ/QK?)
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0.1 3.16+0.05 1.50+0.06 0.72+0.06
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Code Mgluntsnaassanndruniulniivesanslosauladalan

= o DA A A
1. 13UINNSHVOUADLAT LN U LUNITNAAD
%% Instrument Connection

% Find a VISA-GPIB object.

objl = instrfind("Type", "visa-gpib®, "RsrcName®, "GPIBO::16::INSTR",

.Tag., --);

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(objl)
objl = visa("NI", "GPIBO::16::INSTR");
else
fclose(objl);
objl = obj1(1);
end

% Connect to instrument object, objl.
fopen(objl);

%%
% Find a VISA-GPIB object.

obj2 = instrfind("Type®", “visa-gpib®, “RsrcName®, "GPIBO::12::INSTR",

.Tag., --);

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(obj2)
obj2 = visa("NI", "GPIBO::12::INSTR");
else
fclose(obj2);
obj2 = obj2(1);
end

% Connect to instrument object, objl.
fopen(obj2);

%%
%% Instrument Connection

% Find a VISA-GPIB object.
obj3 = instrfind("Type®, "“visa-gpib®, "RsrcName®, “GPIBO::7::INSTR",
II);

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(obj3)
obj3 = visa(*NI", "GPIBO::7::INSTR");
else
fclose(obj3);
obj3 = obj3(1);
end

% Connect to instrument object, objl.
fopen(obj3);

"Tag",



%% Instrument Configuration and Control

2. Boudnds neddilnlid ol fiutoyauasdilianenszuaionmn 7 a udaznszuadslise 5
Tufiwafuamnussdnglai 10 Arantishnisedseanuisdndliih uandeviasuiman
5 AnszualifihliuansnsmiasngserinsnsudliiiwazarusisindliinifogaudusiusiFadu
URERHG

% Communicating with instrument object, objl.
%Fprintf(objl, "*IDN?");

%datal = fscanf(objl);

%disp(datal);

%Fprintf(obj2, “"*IDN?");
%data2 = fscanf(obj2);
%disp(data2);

filelD = fopen("FeSi2-1-config2.txt", "w");

["1E-3", *"2E-3", "3E-3", "4E-3", "BE-3", "6E-3", "7E-3"];
size(Y,2);

Y
N
X zeros(N,11);

for(i=1:N)
fprintf(obj2, "D1X");
fprintf(obj2, "V10.0X");

fprintf(obj2, "DOX");
fprintf(obj2, "17+Y(i)+"X");

fprintf(obj2, "F1X");
pause(0.2);

X(1,1)=Y(1);
pause(5);

for(j=2:11)
fprintf(obj3, "FETCh?");
data{j} = fscanf(obj3); %read string
pause(0-3);
%disp(data{j});
%example -1.10568607E+00VDC,+7431.449SECS, +58044RDNG#
data{j} = extractBefore(data{j}.,16);
%disp(data{j});
X(i,jJ) = str2double(data{j});

end

Result = "value-®;
pause(0-30);
end

for (i=1:N)



for(j=1:11)
fprintF(filelD, "%12_9F" ,X(i,})):
end

fprintf(filelD, "\n");
end
fclose(filelD);
%disp(X);
current = X(:,1);
%disp(current);
volt = zeros(N,1);
Vsd = zeros(N,1);
W = zeros(N,1);
for(k=1:N)

volt(k) = mean(X(k,2:11));
end
for(n=1:N)

Vsd(n) = std2(X(n,2:11));
end
for(p=1:N)

W(p) = (I/std2(X(p,2:11)))"2;
end

%disp(volt);

%disp(Vsd);

%plot(current,volt);

%plot data

plot(current,volt,”_");

%Fit

xhim([O 0.008]);

ft = Fittype(“polyl®);

cf = fit(current,volt,ft, "weight",W);
% Plot fit

hold on

plot(cf,"fit",0.99);

e = errorbar(current,volt,Vsd,"0");
%e.Line = "none";
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%% Disconnect and Clean Up

X

t# The following code has been automatically generated to ensure that any
% object manipulated in TMTOOL has been properly disposed when executed
% as part of a function or script.

% Disconnect all objects.
fclose(objl);
fclose(obj?2);
fclose(obj3);

% Clean up all objects.
delete(objl);

clear obj1;
delete(obj2);

clear obj2;
delete(obj3);

clear obj3;
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%% Instrument Connection

% Find a VISA-GPIB object.
objl = instrfind("Type®, “visa-gpib®, "RsrcName®, "GPIBO::5::INSTR",
II);

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(objl)
objl = visa("NI", "GPIBO::5::INSTR");
else
fclose(objl);
objl = obj1(1);

end

% Connect to instrument object, objl.
fopen(objl);

%%
%% Instrument Connection

% Find a VISA-GPIB object.

obj2 = instrfind("Type", "“visa-gpib®, “RsrcName®, "GPIB0O::22::INSTR",

.Ta.g., --);

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(obj2)
obj2 = visa("NI", "GPIB0::22::INSTR");
else
fclose(obj2);
obj2 = obj2(1);
end

% Connect to instrument object, objl.
fopen(obj2);
%% Instrument Connection

% Find a VISA-GPIB object.
obj3 = instrfind("Type®", "visa-gpib®", "RsrcName®, "GPIBO::7::INSTR",
")

% Create the VISA-GPIB object if it does not exist
% otherwise use the object that was found.
if isempty(obj3)
obj3 = visa(*NI", "GPIBO::7::INSTR");
else
fclose(obj3);
obj3 = obj3(1);
end

-Tag- ,

"Tag",
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% Connect to instrument object, objl.
fopen(obj3);

%% Instrument Configuration and Control

% Communicating with instrument object, objl.
FfilelD = fopen("Cu.txt","w");

[0.2", "0.4", "0.6", "0.8", "1.0"]:

size(Y,2);

Y
N
X zeros(N,11);

fprintf(objl, “OUTP ONT");

fprintf(objl, "VOLT:PROT 1.1%);
fprintf(objl, "VOLT:PROT:STAT 1%):

fprintf(objl, "CURR:PROT 0.5%);
fprintf(objl, "CURR:PROT:STAT 1%):

for(g=1:N)
fprintf(objl, "VOLT *+Y(Q));
count = O;
fprintf(objl, “MEAS:VOLT?");
Volt = fscanf(objl);
disp(Volt);
fprintf(objl, "MEAS:CURR?%);
Curr = fscanf(objl);
disp(Curr);
fprintf(obj2, "ROUTe:CLOSe 17%);
fprintf(obj2, "TCOuple:TYPE K");
fprintf(obj2, "MEASure:TCOuple?*);
data{q} = fscanf(obj2);
pause(0-3);
X(q,1) = str2double(data{q});

pause(10);



fprintf(obj2, "ROUTe:CLOSe 1%):

fprintf(obj2, "TCOuple:TYPE K%);

fprintf(obj2, "MEASure:TCOuple?*);
data{q} = fscanf(obj2);

pause(0-3);

X(q,2)

Told
Tnew

= str2double(data{q});

X(q,1);
X(q,2);

whille Tnew-Told > 0.02 && count <= 48

end

pause(10);
Told=Tnew;

fprintf(obj2, "ROUTe:CLOSe 1%);
fprintf(obj2, "TCOuple:TYPE K");

fprintf(obj2, "MEASure:TCOuple?*);
data{q} = fscanf(obj2);

pause(0.3);
X(q,1) = str2double(data{q});
Tnew = X(q,1);

count=count+1;

for(i=1:20)

fprintf(obj2, "ROUTe:CLOSe 1%);
fprintf(obj2, "TCOuple:TYPE K%);

fprintf(obj2, "MEASure:TCOuple?*);
data{i} = fscanf(obj2);

pause(0.3);

X(q,1) = str2double(data{i});
fprintf(obj2, "ROUTe:CLOSe 27);
fprintf(obj2, "TCOuple:TYPE K");

fprintf(obj2, "MEASure:TCOuple?*);
datal{i} = fscanf(obj2);



pause(0-3);
%X(1,2) = str2double(datal{i});

for(J=20+i1:20+1)
fprintf(obj3, "FETCh?");
data{i} = fscanf(obj3); %read string
pause(0.3);

data{i} = extractBefore(data{i},16);

X(qg,jJ) = str2double(data{i});
end

end

Result = "value~;
pause(3);
end

for (g=1:N)
for(i=1:20)
fprintf(FilelD, "%12.9F ",X(q,i));
end
fprintf(FilelD,"\n");
for(J=21:40)
fprintfF(filelD, "%12_.9F " ,X(q,J)):;
end
fprintf(FilelD,"\n");
end
fclose(filelD);
Temp = zeros(N,1);
volt = zeros(N,1);
Vsd = zeros(N,1);
W = zeros(N,1);

Ffor(r=1:N)
Temp(r)

mean(X(r,1:20));
end
for(t=1:N)

volt(t) = mean(X(t,21:40));
end
Ffor(n=1:N)

Vsd(n) = std2(X(n,21:40));
end
for(p=1:N)

W(p) = (I/std2(X(p,21:40)))"2;
end
%disp(Temp);
%disp(volt);
%disp(Vsd);
%disp(W);
plot(Temp,volt,®_");

xim([24 45]);
ft = fittype(“polyl™);
cf = fit(Temp,volt, ft,"weight”,W);



hold on
plot(cf, "fit",0.99);
e = errorbar(Temp,volt,Vsd, "0");

fprintf(objl, "OUTP OFF");
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%% Disconnect and Clean Up

» The following code has been automatically generated to ensure that any
% object manipulated in TMTOOL has been properly disposed when executed
% as part of a function or script.

XXX

% Disconnect all objects.
fclose(objl);
fclose(obj2);
fclose(obj3);

% Clean up all objects.
delete(objl);

clear obj1;
delete(obj2);

clear obj2;
delete(obj3);

clear obj3;
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Py anndumuliin ANNAIALAAEY
AIIN
(u*Qm) (uQm)

0 5.38 0.016527
0.1 3.16 0.045017
0.2 3.00 0.007482
0.3 2.07 0.008657
0.4 2.44 0.009026

ANSIHENINANISNARDIANFNUSEANS T UAYRIES Lasaulnd R lun

5 4 dulsyavsdiun AUARIALAR DY
AT
(LV/K) (LV/K)

0 1.66346 0.070489
0.1 1.50289 0.060141
0.2 1.47456 0.067551
0.3 1.46746 0.054403
0.4 1.47647 0.069497
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