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Figure S1. The maximum gain of the photocurrent (a) 𝐼௣௛௢௧௢ and the maximum gain 
of the detectivity (b) 𝐷௣௛௢௧௢ of the baseline parameter detector under different optical 
power densities at a 365 nm laser. Similarly, (c) depicts the maximum gain of 𝐼௣௛௢௧௢ 
and (d) illustrates the maximum gain of 𝐷௣௛௢௧௢ under various optical power densities 
at a 405 nm laser. 

 

 

 

 

 



 
Figure S2. CuO sputtering power at 120 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at 365 nm laser: (a) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (b) I-t transient responses 
of the device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. CuO sputtering power at 120 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 405 nm laser: (d) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (e) I-t transient responses 
of the device’s (f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. 

 



 
Figure S3. CuO sputtering power at 120 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as a function of power density. (b) The detectivity as a function of power 
density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 
CuO sputtering power at 120 W for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (e) The detectivity as a function of power density. (f) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 

 

 

 

 

 



 
Figure S4. CuO sputtering power at 140 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (b) I-t transient responses 
of the device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. CuO sputtering power at 140 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at 405 nm laser: (d) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (e) I-t transient responses 
of the device’s (f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. 

 

 



 
Figure S5. CuO sputtering power at 140 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as a function of power density. (b) The detectivity as a function of power 
density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 
CuO sputtering power at 140 W for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (e) The detectivity as a function of power density. (f) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 



 
Figure S6. CuO sputtering power at 120 W for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector: (a) Side-view SEM image. (b) EDS spectrum. (c) XRD 
pattern. CuO sputtering power at 140 W for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector: (d) Side-view SEM image. (e) EDS spectrum. (f) XRD pattern. 



 
Figure S7. CuO sputtering time at 15 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 365 nm laser: (a) I-V characteristics of photodetectors under dark 
and laser illumination of different power densities. (b) I-t transient responses of the 
device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power 
density. CuO sputtering time at 15 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at 405 nm laser: (d) I-V characteristics of photodetectors under dark and 
laser illumination of different power densities. (e) I-t transient responses of the device’s 
(f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power density. 

 

 



 
Figure S8. CuO sputtering time at 15 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 365 nm laser: (a) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (b) The detectivity as a function of power density. (c) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢ as a function of power density. CuO 
sputtering time at 15 min for p-CuO/n-ZnO heterojunction pyroelectric photodetector 
at a 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as a function of 
power density. (e) The detectivity as a function of power density. (f) The maximum gain 
of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 



 
Figure S9. CuO sputtering time at 45 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 365 nm laser: (a) I-V characteristics of photodetectors under dark 
and laser illumination of different power densities. (b) I-t transient responses of the 
device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power 
density. CuO sputtering time at 45 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 405 nm laser: (d) I-V characteristics of photodetectors under dark 
and laser illumination of different power densities. (e) I-t transient responses of the 
device’s (f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power 
density. 

 

 



 
Figure S10. CuO sputtering time at 45 min for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as a function of power density. (b) The detectivity as a function of power 
density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 
CuO sputtering time at 45 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (e) The detectivity as a function of power density. (f) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 

 



 
Figure S11. CuO sputtering time at 60 min for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (b) I-t transient responses 
of the device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. CuO sputtering time at 60 min for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 405 nm laser: (d) I-V characteristics of photodetectors 
under dark and laser illumination of different power densities. (e) I-t transient responses 
of the device’s (f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical 
power density. 

 

 



 
Figure S12. CuO sputtering time at 60 min for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector at a 365 nm laser: (a) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as a function of power density. (b) The detectivity as a function of power 
density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 
CuO sputtering time at 60 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (e) The detectivity as a function of power density. (f) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 

 

 



 
Figure S13. CuO sputtering time at 15 min for p-CuO/n-ZnO heterojunction 
pyroelectric photodetector: (a) Side-view SEM image. (b) EDS spectrum. (c) XRD 
pattern. CuO sputtering time at 45 min for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector: (d) Side-view SEM image. (e) EDS spectrum. (f) XRD pattern. CuO 
sputtering time at 60 min for p-CuO/n-ZnO heterojunction pyroelectric photodetector: 
(g) Side-view SEM image. (h) EDS spectrum. (i) XRD pattern. 

 

 



 
Figure S14. CuO sputtering oxygen–argon ratio for pure argon for p-CuO/n-ZnO 
heterojunction pyroelectric photodetector at a 365 nm laser: (a) I-V characteristics of 
photodetectors under dark and laser illumination of different power densities. (b) I-t 
transient responses of the device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power density. CuO sputtering oxygen–argon ratio for pure argon 
for p-CuO/n-ZnO heterojunction pyroelectric photodetector at a 405 nm laser: (d) I-V 
characteristics of photodetectors under dark and laser illumination of different power 
densities. (e) I-t transient responses of the device’s (f) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power density. 

 

 

 



 
Figure S15. CuO sputtering oxygen–argon ratio for pure argon for p-CuO/n-ZnO 
heterojunction pyroelectric photodetector at a 365 nm laser: (a) The maximum gain of 
responsivity 𝛥𝑅/𝑅௣௛௢௧௢  as a function of power density. (b) The detectivity as a 
function of power density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢ as a 
function of power density. CuO sputtering oxygen–argon ratio for pure argon for p-
CuO/n-ZnO heterojunction pyroelectric photodetector at a 405 nm laser: (d) The 
maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢  as a function of power density. (e) The 
detectivity as a function of power density. (f) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 

 



  
Figure S16. CuO sputtering oxygen–argon ratio for oxygen–argon ratio 1:1 for p-
CuO/n-ZnO heterojunction pyroelectric photodetector at a 365 nm laser: (a) I-V 
characteristics of photodetectors under dark and laser illumination of different power 
densities. (b) I-t transient responses of the device’s (c) current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power density. CuO sputtering oxygen–argon ratio 
for oxygen–argon ratio 1:1 for p-CuO/n-ZnO heterojunction pyroelectric photodetector 
at a 405 nm laser: (d) I-V characteristics of photodetectors under dark and laser 
illumination of different power densities. (e) I-t transient responses of the device’s (f) 
current components (𝐼௣௬௥௢ା௣௛௢௧௢, 𝐼௣௛௢௧௢, and 𝐼௣௬௥௢) at each optical power density. 

 

 



 
Figure S17. CuO sputtering oxygen–argon ratio for oxygen–argon ratio 1:1 argon for 
p-CuO/n-ZnO heterojunction pyroelectric photodetector at a 365 nm laser: (a) The 
maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢  as a function of power density. (b) The 
detectivity as a function of power density. (c) The maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢ as a function of power density. CuO sputtering oxygen–argon ratio for 
oxygen–argon ratio 1:1 argon for p-CuO/n-ZnO heterojunction pyroelectric 
photodetector at a 405 nm laser: (d) The maximum gain of responsivity 𝛥𝑅/𝑅௣௛௢௧௢ as 
a function of power density. (e) The detectivity as a function of power density. (f) The 
maximum gain of detectivity 𝛥𝐷/𝐷௣௛௢௧௢as a function of power density. 

 

 



 
Figure S18. CuO sputtering oxygen–argon ratio for pure for p-CuO/n-ZnO 
heterojunction pyroelectric photodetector: (a) Side-view SEM image. (b) EDS 
spectrum. (c) XRD pattern. CuO sputtering oxygen–argon ratio for oxygen–argon ratio 
1:1 for p-CuO/n-ZnO heterojunction pyroelectric photodetector: (d) Side-view SEM 
image. (e) EDS spectrum. (f) XRD pattern. 

 

 

 

 



 
Figure S19. (a) Top-view SEM image of the device with optimal parameters. (b) Side-
view SEM image of the device with optimal parameters. (c) EDS spectrum of CuO with 
optimal parameters. (d) Transmission spectrum of CuO with optimal parameters. (e) 
XRD pattern of CuO with optimal parameters. 
 
 
 
 
 
 
 



 
Figure S20. Surface height of films: (a) CuO; (b) CuO-ZnO; and (c) CuO-ZnO21. 
Tapping phase of films: (a) CuO; (b) CuO-ZnO; and (c) CuO-ZnO-AZO. 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S21. Device response rise time under a 365 nm illumination under different 
sputtering parameters: (a) sputtering time; (b) sputtering time; and (c) oxygen–argon 
ratio. Device response fall time under a 365 nm illumination under different sputtering 
parameters: (a) sputtering time; (b) sputtering time; and (c) oxygen–argon ratio. 
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Figure S22. Device response rise time under a 405 nm illumination under different 
sputtering parameters: (a) sputtering time; (b) sputtering time; and (c) oxygen–argon 
ratio. Device response fall time under a 405 nm illumination under different sputtering 
parameters: (a) sputtering time; (b) sputtering time; and (c) oxygen–argon ratio. 
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Figure S23. Schematic energy band diagram of p-CuO/n-ZnO heterojunction pyro-
phototronic photodetector when light is turned on (a) and off (b). 
 


