Electronic Supplementary Material (ESI) for Nanomaterials.
This journal is MDPI

Supporting Information for

Upconversion nanoparticle-based fluorescent film for distributed

temperature monitoring of mobile phone integrated chips

Hanyang Li *, Miao Yu, Jichun Dai, Gaogian Zhou and Jiapeng Sun

a. College of Physics and Optoelectronic Engineering, Harbin Engineering University,

Harbin 150001, China.

*E-mail: hanyang_li@qq.com

Contents

1. Figure S1. HRTEM image, TEM image and size distribution of NaYF4:Yb/Er@NaYFe......... S-2
2. Figure S2. The element maps of UCNPS/PDMS. .......cccoooiiiiiiiiiieiceceeeee e S-2
3. Figure S3. The preparation process of the optical film ...........cccceeviivvieniienieiieececeeee S-3
4. Figure S4. Schematic diagram of fluorescent film temperature sensing device...........ccc.c....... S-3
5. Figure S5. FIR values at different positions of the film............cccoeoeieiiiiiininiceee, S-4
6. Figure S6. The temperature sensitivity of fluorescent film with the thickness of =67um ........ S-4
7. Figure S7. The temperature sensitivity of fluorescent film with the thickness of ~67um......... S-5
8. Figure S8. The temperature sensitivity of fluorescent film with the thickness of ~80um ........ S-6
9. Figure S9. Chip temperature monitoring setup dia@ram ..........cccceceeveeruererereneneeieneeeeeeneeees S-7
10. Figure S10. Distributed temperature measurement at the interval of 10pm ......c..cccoevennennee. S-7

11. Figure S11. The real-time changing spectrum of the chip center points collected of the first

200S. e et S-8

12. Figure S12. The chip surface temperature measured was MediaTek 6752, Huawei Qilin 970, and

Apple A10



Electronic Supplementary Material (ESI) for Nanomaterials.
This journal is MDPI

Count

48 52 56 60 64 68
Particle width sizeimm) Particle length sizeim)

Figure S1 (a) HRTEM image and (b) TEM image of NaYF4:Er**/Yb**@NaYF.. (c and d) The size
distribution charts of NaYF4:Er**/Yb** @NaYF.

Figure S2 The element maps for Si, C, F Na, Y, Yb, and Er of UCNPs/PDMS.
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Figure S3 Step 1: Preparation of the UCNPs/PDMS. Step 2: Fabrication of the film.
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Figure S4 Schematic diagram of fluorescent film temperature sensing device based on

UCNPs/PDMS composite.
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Figure S5 Fitting curves between FIR values and temperature at different positions of the film.
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Figure S6 (a) The image is a photograph of the fluorescent film of 23um. (b) The variation of

emission spectra of the thermometer under temperature changes in the range of 299-349 K. (¢) FIR

versus temperature. (d) Dependence of FIR(Is2s/Is4s) on the temperature (K), measured under

various tensile strains up to 100%.
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Figure S7 (a) The image is a photograph of the fluorescent film of 67um. (b) The variation of
emission spectra of the thermometer under temperature changes in the range of 299-349 K. (c) FIR

versus temperature. (d) Dependence of FIR(Is2s/Isss) on the temperature (K), measured under

various tensile strains up to 100%.
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Figure S8 (a) The image is a photograph of the fluorescent film of 80um. (b) The variation of
emission spectra of the thermometer under temperature changes in the range of 299-349 K. (c) FIR
versus temperature. (d) Dependence of FIR(Is2s/Is4s) on the temperature (K), measured under

various tensile strains up to 100%.
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Figure S9 Schematic diagram of the chip surface temperature sensing device based on

UCNPs/PDMS composite optical film temperature measurement.
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Figure S10 (a)Schematic diagram of the experimental setup for temperature measurement. (b) A
simple schematic diagram of film temperature measurement and the inset is a microscope image for
Er**-doped film. (c) Upconverted fluorescence spectrum image of location point 1. 2 and 3 in b.

(d) Photographs of the relationship of actual measured FIR and guiding distance (d).
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Figure S11 The real-time changing spectrum of the chip center point collected every 5s, the

wavelength range of the first 200s is 500 nm~580 nm.
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Figure S12 The above figure shows the chip surface temperature (a, d, g) measured by MediaTek
6752, Huawei Qilin 970, and apple A10 and the infrared thermal imaging (b, €, H) of the tested chip.

Fig. (C, F, I) comparison between the measured temperature of the film on the chip surface and the

measured temperature of infrared thermal imaging.



