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The interstitial doping of Na in the ZnO semiconductors at low temperature

In the previous reports, the defect chemistry was explained with Li in ZnO.*? Na defect

mechanism in the ZnO is very similar to the case of Li as a kind of the alkali metal.
Na-> Na;"+e  (Interstitial) (1)
Na - Na “,,+h"  (Substitutional) (2)

The Na defect mechanism could be demonstrated to both the interstitial doping of Na
and the substitutional doping, that Na have potentials into the 4-fold coordinated O atoms
in ZnO crystal structure by Equation (1 & 2). However, Na easily formed the interstitial
defects more than the substitutional exchange of Zn in the ZnO matrix. Because the
energy of Na substitution exchange is higher than the energy of Na interstitial doping like
the case of Li defect mechanism.®! It means that the interstitial doping is superior on Na
doping in ZnO at low temperature. On the other hand, in order to achieve the
substitutional doping of Na, more Na doping concentration and high temperature sintering

are needed with oxygen gas like the case of P-type doping using the alkali metal.!
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Figure S1. Optical microscopy images were magnified by a factor of 40. Cross-section and
tilted( ® = 45°) FE-SEM microscopy images of patterned ZnO on a SiO, substrate. a—C)
Drying of the solution in the air without methanol. d-f) Direct sintering of the solution in the

air without methanol. g-i) developing of the solution with de-ionized water.



Electronic Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2012

S
—_ —_—
- - "~
- -/
100 pm 100 ;:n\ 10 pm

Figure S2. The optical microscopy(OM) images of various ZnO thin films, which fabricated
by one run; (a) and (b) OM images of patterned ZnO thin films magnified by a factor of 40 ;
(c) Enlarged OM image of side part of the patterned ZnO thin film of figure S5b magnified
by a factor of 500.; (d) and (¢) OM images to show the part of the gap between patterned ZnO
thin films magnified by a factor of 40; (f) Enlarged OM image of side part of the patterned

ZnO thin film of figure S5 magnified by a factor of 500.
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Figure S3. Top views and 3D views of AFM images: (a) The sobel transform image of
intrinsic ZnO thin film (RMS=1.261nm), (b) 3D view of intrinsic ZnO thin film, (c) The
sobel transform image of Na-doped ZnO thin film (RMS=1.121nm), (d) 3D view of Na-
doped ZnO thin film.
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Figure S4. Transfer curves of the patterned intrinsic ZnO TFT after sintering at (a) 100

°C: (b) 200 °C; (c) 300 °C.
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Figure S5. (a) Output curve of patterned Li doped ZnO TFT after sinterring at 100 °C. (b)
Transfer curve of patterned Na doped ZnO TFT after sinterring at 100 °C. (c) The
hysteresis-transfer curves of Na-doped ZnO TFT after sintering at 100 °C with a W/L

ratio of 20.
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