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Abstract: In this study, the electrical properties of zinc oxide (ZnO) thin-film transistors (TFTs) based on oxide semiconductors
were analyzed. As interest in next-generation transparent and flexible displays grows, ZnO, which offers high field-effect
mobility and transparency, has emerged as a promising material to overcome the limitations of amorphous silicon (a-Si)-based
TFTs. ZnO has a wide bandgap and optical transparency and can be deposited on various substrates at low temperatures, making
it a suitable channel material for future display devices. In this study, ZnO TFTs were fabricated with an inverted staggered
structure using a p** Si wafer coated with SiOz as the substrate. The ZnO channel layer was deposited by RF magnetron sputtering,
and the ITO source/drain electrodes were formed using an e-beam evaporator. The electrical characteristics was evaluated using
Keithley 4200A-SCS parameter analyzer. Mobility, On/Off ratio, and subthreshold swing (SS) were calculated from the

measurements.
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Fig. 1. Four types of TFT structures.
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Fig. 2. Fabrication process steps of ZnO TFT.
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Fig. 3. Schematic diagram of ZnO TFT.
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Molecular Transistor Drain Current vs Drain Voltage Sweep (mt-vds-ids)
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—y Organic FET Output Characteristics (ofet-id-vds) v

X y

Fig. 5. Holder (black body), positioner (knobs 1-4), probe tip (left  Fig. 7. Selection of ‘JFET Drain Current vs Gate Voltage (jfet-vg-id)’
sharp terminal). in the ‘Test Library’.
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v =il il

fiagure;

plot(alldata(:, xaxis), log_ids, 'bo'); % 23 |_d.s vs Y_as (L2 &)
hold on;

x_range = |inspace(min(x_fitdata), max(x_fitdata), 100);

yv_fitline = slope * x_range + y_int;

plot(x_range, y_fitline, 'r=', 'LineWidth', 2); % WE AN

$224= M X = o g

title('V_{os} vs. log(I_{ds}) (22 23g)");
xlabel (*¥_{gs} [V]1');

vlabel('log(1_{ds}) [A]');

legend('Original Data', 'Fitted Line');

grid on;

% Subthreshold Swing 2 &t

SS =1/ slope; % Subthreshold Swing 24!: SS = dV_gs / d(log |_ds)

% Subthreshold Swing 2t £
forintf('Subthreshold Swing: %.2f mV/dectin', SS = 1000); &% mV/dec HH=Z £

Fig. 14. MATLAB code for the extraction of subthreshold swing.

m oe §42 Fo) 28ns 20, 2eno) 5B
% 2oj55 2Rt ol 20f SSE Atstr] A9t &
Mg ARtk SES AT F, AW S 2 1
ot Al SS o] =& & ==ollA ARt
7Zn0O TFT9] SS+= 1.6 V/deco]t}.

2.6.2 Threshold voltage (V)
B TFTO| A HAAd= iHuoﬂ 7N2jo17} Z7ste] A2l

o clor S B F2T 4 it ¥ R0l
= Alo] ZAA s 32 ABE A3 5, 41 730

A 2ate B MY 2HE 1gstol o) 2Al0) ot

% V_a_s@ |_d_s GIOIEf &ZF
xaxis = 5; % ¥_g_sJ} RIA|E & &S
vaxis = 20 % |_d_s2t ®IAIE & Y5

% 1_d_so| HE828 AIS5i0] A M A&t
sart_ids = sart(abs(alldata(:, vaxis))): % |_d_so| HZ2

% AA MY PAUMAML CIOIE M (Y_g_s 240l what =F)
rangestart = 202; % AlZ&H QIS A
rangeend = 252; X & ol A

x_fitdata = alldata(rangestart:rangeend, xaxis): % V_g_
y_fitdata = sart_ids(rangestart:rangeend): % |_d_s2 M-S Glole

Fig. 15. Selection of data range for the calculation of threshold
voltage.
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om

fit_param = polyfit(x_fitdata, y_fitdata, 1); %
slope = fit_param(1);:
y_int = fit_paramn(2);:

§

[}
oy

% UIE&E 23

]

|

1]

=3
figure:
scatter(x_fitdata, v_fitdata):

hold on:

X = linspace(min(x_fitdata), max(x_fitdata), 100):
yfit = slope *+ x + y_int:

plot(x, wfit, ‘r=*):

xlabel ("Y_g_s [¥]1'):

ylabel ("sart(l_d_s) [A~{1/2}]"):

title('Linear Fit of sart(l_d_s) vs ¥_g_s'):

% LA MY AHA (v = 02 f Y_g_s at)
¥th = -y_int / slope:

x 20 83

forintf("&H A (Vth): %.2f v#n', Yth):

Fig. 16. MATLAB code for the calculation of threshold voltage.

2.6.3 Mobility (x)
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Dielec_t = 5E B
Dielec_e = 3.9; %
vac_e = 8.856-12; /
YEds =N ExR SRl =o= A R DIV

5 AALsE7] A= Ko TAoA
s wol=2 MAsflof stct B =T ofA]
A &1} o] =& AARS 95t VDSQJ HelE 15 Vol
v oo
A

A &t 0155
JLeh= MATLAB Zojt}.

o

s DY2EIE Y5 1.d s &2 JUE AIS
x_fitdata_mobility = alldata(rangestart-l:rangeend-1, xaxis); % V_g_s

y_fitdata mobility = alldata(rangestart-l:rangeend-1, yaxis); % I d s

£

: 4% O
fit_param mobility = polyfit(x_fitdata mobility, y fitdata mobility, 1);
slope_mobility = fit param mobility(1); % J|23|

Fig. 18. MATLAB code for the calculation of mobility.
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5 AAH A S AT} 2 =Fol| A AlAFsE TFTC]
AEe] Zo(L) 5 um, (W) 20 ymo]ct. Ao|E
AAGS 02 Si0E AMEstden g, Si0,0] f4d&
S ol AMAIH A S AlLlstct Alo] E A AutEo] 7
AR A S AASH7] Y5t 2412 ohSaf 2o

Ci=e X gpx = (4)

B 9] Ao|A g S8 A4 2, Si0,9 38449 3.95
Asth gy AFoM 9 A& 2, 8.85x10 “ F/m
ot} HWAIEI AL Ao EQ} Alo] E HAUE, Al A}
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1 710

o o] St Aut ZAct AARSE O = 1x107"°
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gl 7| e Atggion e, AujAlEo] A £ d
= 50%10° molq ZolZl PSR AXE AAIHA
Ci= 6.903%10 “ F/m?o|c}. 9bM A| A8t Afd =} 2

of, e/ AA Adu}F Artet Ay F1149] 71871, A
A RAS A E3h o] 58 ALE 918 2A10] Tl
i Alxkstt). 2 1__\':01]}\'] AARE ZnO TFTS] JA| &
1} o] =% ZHe 6.79%x10 em?/Vso|t}.

% &hstatol cho] MG FMEEF A& (F/cn? )

areal_cap = vac_e * Dielec_e / Dielec_t * 10"°-4; % F/cn*

% 2L2IEl(Mobility) A&

mobility = (slope_mobility + CH_L) / (CH.W + areal_cap + ¥_ds):; % cn® /Y s Et%

Fig. 19. Capacitance and mobility calculation.

2.6.4 On/Off ratio
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