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Advanced thermal control technology based on solid-state phase
transformation of Ti-Ni-based alloys and its application
in thermal management of chips

LI Zeyi"*,SUN Zhuangweici"*,LIU Shuxin’, HUO Xueyi"*,L.I Guangi"*,L.I Zhengrui'?,
ZHANG Changshuo"?, LI Peipei’,ZHENG Mingye’,ZHANG Kaichao®,
LYU Chao*, WENG Jun’,HOU Huilong"*

(1 Tianmushan Laboratory , Beihang University , Hangzhou 311115, China; 2 School of Materials Science and Engineering,
Beihang University, Beijing 100191, China; 3 Beijing Institute of Radio Measurement, Beijing 100854, China)

Abstract: Aiming at the contradiction between the high heat flux density heat dissipation requirement and
the confined space of chips in the thin electronic devices, this work proposes a solid-state phase
transformation thermal control technology based on the structure transformation of the alloys to meet the
efficient heat dissipation requirement of chips in confined space. By comparing the thermal response
characteristics of sensible thermal energy storage materials and solid-state phase transformation alloys, the
effects of the type, the thickness of thermal energy storage materials and the heating power on the
temperature rise behavior of the chip are systematically studied. The experiment results show that the Ti-
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Ni-based solid-state phase transformation alloys with martensite <> austenite structure transformation
exhibit significant thermal energy storage advantages benefiting from the synergistic effect of structural
sensible heat consumption and latent heat absorption of phase transformation. The thermal energy storage
capacity per unit volume of the investigative Ti-Ni-based solid-state phase transformation alloys is 285.4
Jeem ™, which is 3.9 times and 2.8 times that of the 6061 aluminum alloys and H62 copper alloys,
respectively. The test results of the chip in the working conditions show that the application of Ti-Ni-based
solid-state phase transformation alloys can reduce the heating rate of the chip by up to 82%, and the time
when the temperature of the chip reaches critical temperature is extended by up to 96% and 73%
respectively compared with the architectural systems of aluminum-6061 alloys and copper-H62 alloys. The
parametric analysis results indicate that the measured time (7.) when the temperature of the chip reaches
critical temperature using the Ti-Ni-based solid-state phase transformation alloys has a quadratic functional
relationship (z.och?®) with the thickness (/) of the thermal energy storage alloy layers, and shows an
exponential attenuation law (z.ccp~'*) with the heating power (p). The solid-state phase transformation
alloys are able to absorb sensible heat through intrinsic specific heat capacity and extend the duration of the
slowly rising temperature of the chip through latent heat effect. Both of the two abilities form a dual-mode
intelligent thermal control response mechanism of “sensible heat absorption-latent heat buffering” during
the heating process. This work confirms that solid-state phase transformation alloys can achieve effective
thermal buffering in millimeter-level narrow space, providing a new solution for compact thermal
management of miniaturized electronic devices.

Key words: solid-state phase transformation; Ti-Ni-Cu alloys; thin electronic device; chip; thermal

management
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Table 1 Overview of existing cooling technologies and physical properties

) ) Specific heat Thermal Thermal Mechanical
. Material/ Density/  Latent i . Thermal ) )
Cooling type B capacity/ conductivity/ . expansion/ strength/ Packaging
structure (grem ™) heat control time i
(Jeg oK™ (Wem LK) (10K MPa
Sensible heat of ~ Aluminum Low No Medium High Short time High High No
structural alloy (~2.7) (=~0.9) (~144) (seconds to (=20) (>>200)
materials Copper alloy ~ High No Medium High one minute)  Medium High No
(~=8.4) (=~0.4) (=~128) (=15) (>200)
Titanium alloy Medium No Medium Medium Low High No
(=~4.3) (=0.5) (=8) (<<10) (>200)
Magnesium Low No High High High High No
alloy (=~1.8) (=~1.1) (=~102) (=25) (>200)
Sensible heat of ~ Solid-state Medium Yes High High Short and Low High No
structural materials phase (=~6.4) (without  phase (without medium time  (=&11) (>200)

~+latent heat of transformation

change:~0.5;

phase change: (seconds to

phase alloy during phase =~12; ten minutes)
transformation (Ti-Ni-based) change:~23.1)  during phase
materials change: ~72)
Latent heat of Paraffin Low Yes High Low Medium time High Low Yes
phase (=~0.9) (=~2.0) (<€0.5) (five minutes (2100) (<2200)
transformation  KNO, Low Yes High Low and above)  High Yes
materials ~2.1) (~1.4) (=0.5) (>>100)
Liquid metal ~ Medium Yes Medium Medium High Yes
(Ga-In-Sn) (=6.4) (=~0.4) (=~17) (>100)
Polyhydric Low Yes High Low High Low Yes
alcohols (=1.0) (=2.0) (<D (=60) (<2200)
Air cooling Fan/ Low No High Low Long time High Yes
air channel (<1.0) (=~1.0) (<) (run (~=34)
Liquid cooling Coolant/ Low No High Low continuously) High Yes
pipeline (=1.0) (=~4.2) (<1) (~=60)
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Fig.2 Experimental setup in the performance test of temperature control

(a)photograph of the experimental setup ; (b)schematic diagram of using Ti-Ni-Cu alloys
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Fig.7 Coupling effects of the thickness of the thermal energy storage alloy layers and heating power on the time to reach critical temperature
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