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This project investigates the thin-film thermal conduction properties of
Ge,Sh,Tes (GST) phase-change alloys by utilizing a self-assembly apparatus based on
the 3-omaga (3w) method. First, the thermal conduction of silicon dioxide (SiO;) was
measured in order to identify the reliability of experimental tools. The pristine GST
and cerium-doped GST (GST-Ce) thin films were then prepared and their thermal
conductivities were measured by the 3w apparatus. The AC impedance properties of
these chalcogenide layers were also evaluated by an in-situ electrical measurement
system. The data obtained were then implanted in an equivalent circuit model in order
to distinguish the characteristics of grain and grain boundary in the electrical and
thermal conduction properties of chalcogenide layers. Analytical results indicated that
the intrinsic thermal conductivity of amorphous GST (= 0.35 W/m-°K) was lower
than that of crystalline GST (= 0.8 W/m-°K) and the Ce doping causes the decrease of
thermal conductivity in comparison with the GST of the same microstructure.
Electrical analysis revealed grain boundary is the major contributor to the resistance
property of GST. This was further confirmed by the grain refinement in GST-Ce
sample as revealed by x-ray diffraction analysis as well as the increase of
phase-change temperature and activation energy of doped GST layer caused by the
stress-induced barrier due to the incorporation of alien atoms in the sample. An
analysis on the characteristic tangent loss peak shift as a function of temperature
showed that Ce doping amplifies the interfacial polarization in GST. A calculation of
grain-boundary scattering coefficient illustrates the fine grain structure in GST-Ce
induces a severe electron scattering, leading to the decrease of thermal conductivity
and increase of electrical resistance property.

Keywords: Thin films, thermal conduction property, interfacial thermal resistance, 3

omaga method, chalcogenides.
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23 ~ANVGSTHY A2 VERT2Z BT RARE -
ER(°C) 160 180 200 225 250 275 300 325 350
R, 4676 | 47.01 | 4435 | 4147 | 4196 | 4149 | 4713 | 477 | 48.18
R 952 | 8861 | 1026 | 8983 | 9375 | 8885 | 5421 9.1 10.07

C, (nF)[3.33x107°[3.01x107°[3.76x107°| 3.71x107° | 3.76x107> | 3.54x107 | 3.62x107 [ 3.65x107 [ 3.74x107°

Ry, | 101000 [ 37050 | 23861 2957 3055 1545 231.9 182 9254
Cy (nF)[  2.35 2.43 2.33 2.38 2.32 2.29 2.91 2.3 2.36

Ry/R, | 10609.24 | 4181.24 | 2325.63 | 329.1 | 325.87 | 173.89 | 42.78 | 19.9671 | 918.97
Co/Cap |1.42x107° [ 1.24x107° | 1.61x107° | 1.56x 107 [ 1.62x107° | 1.55x107° [ 1.24x107° | 1.57x107| 1.58x107

X |4.25%107]3.72x107° [4.84x107° | 4.68x107° [ 4.86x 107 [4.64x107|3.73x107° [ 4.70x107° | 4.75x107

tano 8.12 6.33 5.78 432 3.06 2.99 2.99 2.30 0.81646
f (Hz) 37600 37600 47850 77600 137600 147600 150100 232600 560100
2 2130 GST-Ce s ¥ A L9 VR R ™ 2 B2 R BRAHLE »
B (°C) 275 300 325 350
R, 56.74 54.66 51.01 58.6
R, 13.08 9.173 11.76 14.27
Cg (nF) 5.27x107° 3.06x107° 5.42x107 5.83x107°
R 193030 68028 64990 37794
Cg» (nF) 1.96 2.87 2.57 1.637
Rgi/Rg 14757.6 7416.11 5526.36 2648.49
Co/Cyp 2.69x107° 1.07x107° 2.11x107 3.56x107°
Xeb 8.07x107 3.20x107° 6.33x107 1.07x107*
tand 9.43 7.16 5.73 2.29
f (Hz) 28600 37600 39200 40100

532 -GST# P2 FET LT
Bl ~B7 GST-Ce 7 B cnR L@ p B AR (10 d B2 jich 7 18 To=

176.16°C » 3> GST e T¢=153.47°C); MAp S V¥ R T e2 & » ¥R B L 4
2T B SR T = FIWA G LA IE R LB A SRR
ET W ;‘;P;Lmi Fl > 2 GST-Ce feniiga > L™ F L3 RE FER -
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BBt A4 2 el R e 2 Eoa B B GST & GST-Ce
BT FEFIEEEIA S BBA AN ’.,’E'_ﬁﬁ: "R R s BRI e
WS TR Ry (Bl & (2) GAn 1 BRI &G T TR LR
E%ﬂawﬁﬁﬁﬁﬁ%?ﬁ%L#@*?lyﬁ Bt o o Sopf pReh
Ry (=L (b) *SEE A=A T » i 300°C 12+ 4 b A% » daipl ™ i
. p FCC A 5 HCP 4p#73k 5 e #h £ & A & dk » GST-Ce 2 fL & ¥ §

i GST -
Ao R B GST Y bR T 2 BT RACRE -

ERCOl 25 100 150 175 200 225 250 275 300 325 350
R, 46.39 57.71 71.9 84.08 88 98.19 92.93 82.8 70.49 100 94.73
R, 227 19.0 14.28 12.75 12.78 11.72 10.43 9.144 8.181 NA NA

C, (nF) [5.38x107 [ 1.12x107° [ 1.21x107*| 7.06x107° [ 5.80x107° [4.31x107° | 3.44x107°|3.40x107°[4.17x107°| NA NA

Rgp 1.29x107 | 3.21x10° | 648490 5254 2520 1512 800.1 399.8 288.8 113.5 78.87

Cg (nF)| 2,01 2.01 2.02 2.30 2.26 2.48 2.59 3.02 3.09 3.04 3.11
Re/R, | 5.68x10° | 1.69x10° | 4.54x10* | 412 197 129 76.7 43.7 353 NA NA
Co/Cqp |2.67x107|5.58x107*[5.99x107°|3.07x107°[2.57x107°| 1.74x107° | 1.33x107°| 1.13x107° | 1.35x10°|  NA NA

Xo [8.01x107 | 1.67x107 | 1.80x107[9.21x107°| 7.70x107°| 5.21x107[3.99x107° | 3.38x107°|4.05x10°|  NA NA
tand NA NA NA 2.81 1.91 1.46 1.06 0.74 0.65 0.36 0.31
F(Hz) | NA NA NA 75092 | 100090 | 127587 | 192580 | 277572 | 370063 | 985001 | 995000

N TR A GST-Ce 2 F LB A T2 E e B E -

ER(°C) 25 100 150 175 200 225 250 275 300 325 350
R; 68.99 82.9 102.1 109.3 117.8 112.6 131.9 125.5 94.56 82.98 91.12
Ry 22.0 20.4 13.76 13.82 12.16 11.8 8.747 6.775 8.79 10.74 1.987

C, (nF) {2.23x107]9.56x107[8.93x107°| 6.58x107° [3.41x107° |3.19x107 | 1.65x107 | 1.03x107| 2.25x107| 4.06x107| 7.65x 107>

Ry | 1.29x107 | 5.70x10° | 2.48x10° | 283710 | 6432 2553 1266 570 424 303 171
Cg (nF)| 2,01 1.94 2.10 2.10 231 2.48 2.67 2.93 2.97 2.97 3.04
Rg/R, | 5.86x10° | 2.80x10° | 1.81x10° | 2.05x10* | 529 216 145 84.1 48.2 28.2 86.1

Co/Cqp | 1.11x1074.93x107*4.25x107°|3.13x107° | 1.48x107° | 1.29x107° | 6.19x107°| 3.52x107%{ 7.58x107°| 1.37x107°|2.52x 10>

Xop  [3.32x107°| 1.48x107°| 1.28x107*9.39x107° [4.43x107° | 3.86x107° [ 1.86x107 | 1.06x1073| 2.27x107°|4.10x107| 7.55x10™
tand NA NA NA NA 15.69 2.75 1.76 | 1.24607 | 0.78 0.68 0.45
F (Hz) A NA NA NA 22597 | 57594 | 85091 | 132586 | 262573 | 355065 | 617538
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Bl (kssion) BAFE N MBS F2 S5t 8> bty £ e 2 Wiz
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(28) V¥ tgsre B B A B 5 50~ 100~ 150 ¥2 200 nm > @ 3# 5 7 fzn55102
E R % 80 nm o ¥t 80 nm 2. ZnS-SiO, 3 F F 5 £ P2 B E A HE kyssior =
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R R R o

Bl= L w b GST chA & @ E ey 35 GST-Ce> g o i 2 £ 18 % thiic
By AL A2 AREGRE ADEARKERITRR A RKHERPRCERT
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= 7.0x10°{ ® GST
o GST-Ce

O
0.0. e®3 e "
0 50 100 150 200 250 300 350
Temperature C)

Bl= -7 ~GST ¥ GST-Ce 2. Rrpr "R K& %1t b % o

24 - GST # GST-Ce 2 & [ # 1 % 48t B & 10 $ & chBE (4 o

GST

R R (°O) 25 100 150 175 200 | 225 250 | 275 300 325 350

# B E %k (WmK) 036 | 041 | 051 | 0.64 | 069 | 0.78 | 0.80 | 0.82 | 0.81 | 0.85 | 0.93

Rrsp(x107° m*/W-°K) 4.53 | 3.85 4.9 1.00 | 2.87 | 1.42 | 0.19 | 0.55 | 0.6.3 | 0.16 | 0.29

GST-Ce

FARECC) 25 100 150 175 200 | 225 250 | 275 300 325 350

#18 E % 3(W/m-°K) 031 | 032 | 039 | 040 | 049 | 0.50 | 0.58 | 0.60 | 0.62 | 0.65 | 0.64

Fod #E(x10° mYW-K) | 3.18 | 1.71 | 453 | 2.63 | 154 | 347 | 323 | 145 | 041 | 0.74 | 0.56
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