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TFTs can be used as driving or detecting devices for purposes of optical,
chemical, or biological sensing, imaging, displays, etc. Assuming the
stability is not an issue, the poly-Si, IGZO, and a-Si:H TFTs were
compared with respect to the device driving capability. For the drain-
attached device, the maximum available power is determined by the
device’s resistance and the TFT’s on-current. For the gate-attached deyice
the study is based on connecting a resistor and a capacitor in parallel. The
raise or decay of the drain current is dependent orRtheéime delay
Although the high mobility TFT has many advnatages, the low mobility
TFT is adequate for certain applications. In real applications, th
manufactuability and cost are important factors in choosing the TFT.

Introduction

TFTs have been the most popular deviceshe large area active matrix liquid crystal
displays (AMLCDs) for more than 20 years. The a-Si:H TFT is suitable for driving the liquid
crystal in the pixel level not only for its low power consumption, low leakage current, gray scale
capability, etc. but also for the simple, low temperature, and high throughput fabricatiors proces
[1]. However, the low mobility of< 1 cnf/s.v greatly restricts its applications in many other
products. For example, the OLED can potentiatiglace the LCD due to the higher brightness,
better color quality, and wider viewing angles. Due to the high current requirement, the OLED is
impossible to prepare with the one a-Si:H TFT per pixel design. It requires the high mobility
TFT [2]. The amorphous indium gallium zinc oxi@@1GZO) TFT, which has a field effect
mobility about one order of magnitude higher than that of the a-Si:H TFT, has been used in
AMLCDs, AMOLEDs, and electronic pap€j3]. Poly-Si TFTs with very high mobilities, e.g., >
200cn¥/Vs, have also been demonstrated feasible for these applications and even the integrated
circuits (ICs) for many years. In addition to displays, TFTs have been used as the driving devices
in optical, chemical, or biological sensing, detection, or imaging, as shown in T&bi&01
Depending on the specific application, each attached device has its own requirements on the
voltage, current, power, etc. Most of the limitations are related to the tewsgstance and
electrical or physical properties. In this paper, authors investigated limitations of TFTs in driving
different types of devices.
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Table 1 Properties of devices attached to TFTs

Vv I Power Refs.
OLED 15V 10 uA 150 pW [5]
Liquid Crystal 2V 100 nA 200 nW [6]
Photo Sensor 5V 6*10"°A 3nW [7]
Chemical Sensor (K 6.1V 1 pA 6.1 uW [8]
Gas Sensor (C£ 5V 5 mA 25 mWwW [9]
Gas Sensor (B 0.1v 10 nA 1 nW [10]

TFTsUsed in This Study — Characteristics and Preparation Methods

A-Si:H, poly-Si, and IGZO TFTs used in this study were fabricated from different processes
Figure 1 shows their transfer characteristics [11-15]. The corresponding device properties are

shown in Table 2.

1.E-05

Table 2 TFT device properties
Poly-Si TFT " ,.-"‘
Hoe *1GZO-TFT /..'".
gy | THSHHTET Type of TFT a-Si:H | Poly-9 | 1GzO
$ // WIL (pm/um) 90/11 | 12/6 | 20/10
: ,:f Vi (V) 1.5 0.47 15
a LE-10 W
LE1 f Mobility (cm?/Vs) 0.6 235 8.9
w”%“'?@ *W’V" lon/lor 9.2%10° | 2.2¢10 | 1.010
-1 * ’
Cnvemt) S.S. (mV/dec) 986 224 644
_ - Ref. [11-13] | [14] [15]
Fig. 1. Transfer characteristics ofréh

types of TFTs [11-15].

The a-Si:H was fabricated with the 2-photomask process on a Corning 705914/4<y. It
has an inverted staggered tri-layer structure with Mo gate, source, and drain electrodes. The
SisN4/aSi:H/SkNy, tri-layer was deposited by PECVD in one pump down without breaking the
vacuum. The self-aligned source/drain contact was defined with a backlight exposure step
through the gate pattern. The PECVDfitm was used as the ohmic layer for the source and
drain electrodes. After the source and drain electrodes were wet etchéddiierwas etched
with a RIE process. The complete TFT was annealed at 250°C for 30 minutes in air to remove
the plasma damagé¢s3]. The poly-Si TFT was fabricated with the excimer crystallized Sa on
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Corningl737 glas$14]. It has a coplanar and LDD structure. After the 50-nm-thick'(380
PECVD aSi:H was crystallized with a line-shaped beam of 350 mAJ&md 95% overlap ratjo
source/drain in the LDD region are doped using ion implantation and activated @tf68a

hour. The gate dielectric was made of a 40 nm thick PECVD &0 the gate electrode was
made of the sputter deposited MoW film. The IGZO TFT has an bottom gate structure on a glass
substrate[15]. The 300 nm thick 370 PECVD SiQ gate insulator was deposited on the
Ti/Al/Ti gate electrode. After the Ti/Al/Ti source/drain electrodes were formed above theaSiO

30 nm thick alGZO film was deposited by dc magnetron sputtering at room temperature using a
In:Ga:Zn (1:1:1) target in £Ar at 5 mTorr. The device was passivated with a 200 nm thick
PECVD SiQ film and annealed at 330 for 2 hours.

Results and Discussion

Although many types of devices can be attached at different parts of the TFT, in this paper,
the discussions are focused on two simplified cases: a resistor attached to the drain electrode of
the TFT and a resistor a capacitor attached in parallel to the gate electrode of the TFT.

1. Driving a device attached to the drain electrode of the TFT

TFTs have been used to drive various kinds of devices many of which can be taken as a
resistor with specific requirement of power. For some applications, such as the chemical,
biological, optical, or mechanical stress sensing, the resistgnuietlje attached device changes
with the environment. Figure 2 shows a
simple circuit of a TFT with a resistor Ve
attached to the drain electrode. Since the e
device is connected in series with the TFT, the r
drain current of the latter, i.dp, is the same s W Vi
as the current of the former. The voltage drop . —>
across the resistor is the difference between Fig. 2. TFT with an attached resistor.
the drain voltage of the TFT, i.&/p, and the
applied voltage, i.e., .

The b of the TFT in Fig. 2 can expressed by the following equation [16]:

w 1
Ip = T.UCOX [(VG — Vrg)Vp — EVL?] (1)

whereW is the channel width, is the channel lengtly is the field effect mobilityCox is gate
dielectric capacitancd/s is the gate voltage, andry is the threshold voltage. When a resistor
with a resistanceis attached to the drain electrode, the actual drain voltage is:

Vp =Vp —Ipr (2)
Egs. (1) and (2) can be combined into the following equation
Ip = A[BWg = Ipr) =3 (V= Ipr)?| 3)

WhereA = %,LLCOX md B = VG - VTH'
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Therefore, thép can be expressed as a function of physical paranténese devices:

r213 + (34 2Br — 20p7) Ip + (Vi? — 2BV;) = 0 (4)
—(%+23r—2V[’,r)i\/(§+23r—2VL’,r)2—4r2(Vl§2—ZBV[’,)
Ip = — 5)

Figure 3 shows the calculated transfer characteristics of a poly-Si TFT attached with a
resistor of which the resistancevaries

between 10and 18 ohm. The curve with e [roam

the 0 ohm resistance belongs to the actual | g | ~#1ESom

poly-Si TFT. BelowVg = -0.7V, the TFT ZiE07 | 'f‘Ej “:""

is in the off state. The equivalent Ziros e

resistance of the TFT, i.6Rgq iS SO high PLE09 | o —1E9 ohm

that it dominates the total resistance of =1.E-10

the Fig. 2 system. Therefore, theis not gEll Off-state g

affected by the change of WhenVg is gii:z — 4 On-state
increagd e.g., to above 0 V, the TFT is l.E:l:t

gradually turned on. ThBgq of the TFT 1 B8

decreases with the increase of Yigand 2150 -100 50 00 50 100 150
eventually becomes smaller thanThen, Gate Voltage (V)

the total resistance system is dominatefig. 3.V - Ip curves of a poly-Si TFT attached
by the magnitude of. Fig. 3 shows that with a resistor of various resistances.

thelp decreases quickly with the increase

of r from 1¢ ohm to 18 ohm.

Since the TFT operation is dependent on the magnitude ofdhend that of the/p, the
change of the current passing through the attached resistolp,i®ith respect to the voltage
applied to the resistor, i.eVp’, needs to be investigated. The actdglreaching the TFT is
smaller tharVp’, as shown in the following equations:

Vp Vp—Vp

b= Req T ©) S o
or 10.0 -#-r=1E4 ohm
N r=1ES ohm
VD, = ID *7 + VD (7) E 50 —=r=1E6 ohm
E 6.0
Figure 4 shows th¥p vs.Vp’' curves ofa <
> 40

poly-Si TFTin the Fig. 3 structure. Thes is
fixed at 6V and the resistance of the resistor
varies from 16to 1¢ ohm. Wherr is small, e
e.g., 16 ohm, the voltage drop through the o0 o 100' 0 00
resistor is negligible. A large current will pass V' (outside applied) (V)

through the resistor. However, whers large,
a large portion of th®p’ is lost to the resistor.
For exampleat r =10° ohm andVp’ = 18V,
only a small current can pass the resistor due to the®p/through it.

2.0

Figure 4Vp vs.Vp’ curve as a function of the
resistance of the attached resistor.
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Figure 5 shows that the changelgfwith

9.0E-05

respect toVp’, which is derived from Fig..4 .
The resistance of the attached resistor is
critical to the curve. When is small, thelp < .
. . ) g = OUE-O ~+—r=1E3 ohm
increases with/p’ first and then approaesa 5, .
saturation value. It is similar to the curve of a5 _ ~ro1E4 ohm

. H A ee O 4.0E-05 r=1ES ohm
typical TFT. Asr increases, it is more difficult =, = )
to achieve the saturatiomp because the & T ireshm
magnitude of the voltage applied to the TFTis /k/x"
reduced. At the very large e.g., 18 ohm, 005400 :

most of the externally applied voltage is lost 0.0 5.0 10.0 15.0 200
before reaching the drain electrode of the TFT. Vp' (outside applied) (V)
Therefore, thep cannot reach the saturationFigure 5Ip vs.Vp’ curve as a function of the
value within this operation range. resistance of the attached resistor.

Following above discussions, the relationship between the resistance of the attached resistor
and the drain voltage actually reaching the Nplcan be calculated. Figure 6(a) shows\ge
vs. r curves of systems afp” = 10V with the resistors attached to a-Si:H, poly-Si, and 1GZO
TFTs, separately. In order to keep the same valig; elVry= 8.5V, Vs = 10 V was applied to
the a-Si:H and 1IGZO TFTs and; = 9 V was applied to the poly-Si TFIh all cases, whenis
small,Vp remains close t¥p’; whenr is very large, ¥ is almost 0 VIn the high mobility poly-
Si TFT system, the transition occurs at a smalland a wider range than those in the low
mobility a-Si:H TFT system. The maximum available currents for resistors driven by different
types of TFTs have been calculated, as shown in in Figure 6(b). For the same resistor, the highest
mobility poly-Si TFT provides the largest current. However, the low mobility a-Si:H TFT
provides a wider arange of stable current. Whisnlarger 18 ohm, the TFT loses its function in
the system. Since the TFT and the resistor are connected in series, the low equivalent resistance
Req Of the high mobility TFT occupiea smalker portion of the total resistance than that of the
high low mobility. Therefore, the range of the high currgnis reverse to the mobility of the

10 1LOE+00
9 — ——Poly-Si TFT @VG=9,VD'=10
8 IGZO TFT @VG=10,VD'=10
1.0E-02 -~a-Si:H TFT @VG=10,VvD'=10
7
1.0E-03
6
- 1.0E-04
- 5 -
. 1.0E-05
3 1.0E-06 ’ - N
2 4 =+ Poly-Si TFT @VG=9, VD'=10 1.0E-07
IGZ0 TFT @VG=10, VD'=10
14 __ . e ., 1.0E-08
=a-SiH TFT @VG=10, VD'=10
0 = 1.0E-09
1LE+00 LE+01 1LE+02 LE+03 1.E+04 LE+05 1LE+06 LE+07 1.E+08 1.E+09 LE+00 LE+02 LE+04 LE+06 LE+08

r

Fig. 6. (a)Vp vs.r and (b) b vs.r curves of systems with poly-Si, IGZO, and a-Si:H TFTs
In addition to the current, the power available for the attached device is important to its

function. Figure 7 shows the power available for the device attached to the TFT usingnthe
the type of TFT as parameters. For each system, with the increasehef available power

49
Downloaded on 2016-09-16 to IP 130.203.136.75 address. Redistribution subject to ECS’I'terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

ECS Transactions, 64 (10) 145-153 (2014)

increases first and then drops. The maximum posvecéed at the reflection point of thé,-r

curve in Fig. 6(a). If the power required for the attached device is beyond the peak power, it
cannot be fully turned on although the complete system can be physically fabricated. For certain
applications, such as MEMS or LEDs, the peak power can be a good guideline on selecting the
type and size of the TFT, e.g., the mobility and W ratio, or the attached device, e.g., the
cross-sectional area of the resistor. The design of the system is limited by the dimension, e.g., the
size of the attached device, the manufacturability, e.g., the temperature of the process or the
substrate size, and the reliability, e.g. the stability of the TFT. In general, the high mobility poly-
Si TFT is desirable. However, the low mobility a-Si:H TFT has the advantage of the
manufacturability.

1.0E+00
1.0E-01
1.0E-02
1.0E-03
1.0E-04
1.0E-05
1.0E-06
1.0E-07
1.0E-08
1.0E-09
1.0E-10
1.0E-11
1.0E-12
1.0E-13

1.0E-14
LE+00 1.E+01 LE+02 LE+03 1L.E+04 LE+05 LE+06 1.E+07 1.E+08 1L.E+09

Power (W)

—+—Poly-8i TFT @VG=9.VD'=10
IGZO TFT @VG=10,VD'=10
-—a-Si:H TFT @VG=10,VD'=10

Fig. 7. Powers available to resistors attached to Bgl¥cZO, and a-Si:H TFTs.

2. Resistor and capacitor attached to the gate electrode of the TFT

For certain applications, more than one

device can be attached to a TFT electrode. Ve
For example, Figure 8 shows a simplified r1=107 ohm
circuit of a pixel of a touch screen display C1=50 pF

where a resistor and a capacitor are
connected in parallel to the gate electrode of
a TFT [17]. Charges can be stored or
removed from the capacitor through physical
or chemical methods, e.g., mechanical touch
or optical exposure. The similar structure can
be used for applications such as
environmental or biological sensing. The

r
! Tl(.

-

[ = Vo

q

\4
S I

attached resistor or capacitor can change itsg. 8. TFT with a resistor and a capacitor
resistance or capacitance with the variatiogonnected in parallel to the gate electrode [11

of the gaseous or aqueous composition.

The charging and discharging times of the T¥delayed from the attachment of the resistor
and capacitor because of tR€ delay, as shown below [18]:

t=—log((V; —V;)/V)rl«C1 (8)
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wheret is the time Vg’ is the supply voltagé/s is the gate voltagel is the resistance, ar@il

is the capacitancén the Fig. 8 system, if thel is large, e TFT’s response rate will be low,

which can affect its function in driving the other device, e.g., attached to the drain electrode not
shown in the figure.

Figure 9(a) shows an example of tivae required for a poh&i TFT to reach the on-state
with respect to the resistance of the attached resistor, i’e1dpand 18ohm, separately, with
the fixedC1 = 50 pF and/p = 10V. Upon the application of\; of 11V, the drain current raises
gradually until reaching the saturatiop. The Ip raise rate is inversely proportional to the
resistance of the resistdr according to th&C delay principle.

On the other hand, once the capacitor is charged and the TFT reaches the on-dtate, the
can be removed to drain the storaged charges. There is a time lag before the TéStheauff
state. Figure 9(b) shows the influence of the resistehan the trun off rate of the TFT. The
high r1 makes it difficult to turn off the TFT, which favors the long charge retention in the
capacitor. From Figs. 9(a) and (b), a profders necessary in order for the TFT to be turpned
or off ata specific rate. For certain applications, tiecan change with the environment, e.g.,
light intensity or solution composition. Thg vs. time curve like that in Fig. 9(b) can be used to
monitor the change of th@d with the environmental condition. Additionally, the capacitance of
the attached capacitor affects the Figs. 9(a) and (b) result, e.g., €lacga slow down the turn
on and off rates.

1.E-05 1.E-05
mim-o ) —

1.E-06 S LE0c Ty,

1.E-07 Poly-Si TFT, Charge Poly-Si TFT,
_ V'=11V, V=10V Sl Discharge
§ LE-08 =+r=1E5 ohm < 1Eo08 V. Ve'=0V, Vp=10V
§ 1.E-09 -=r=1E7 ohm § o € =+—r=1ES5 ohm
5 1E-10 =1E9 ohm 5 —#-r=|E7 ohm
(: 1.E-11 . : (: 1E-10 % r=1E9 ohm
= Time E 1B 0 Time
& L1E-12 B

1.E-13 1.E-12

LE-14 & 1.E-13 o -

LE-15 I . . g 1.E-14

0.E+00 2.E-04 4.E-04 6.E-04 8.E-04 1.E-03 0.E+00 2.E-04 4.E-04 6.E-04 8.E-04 1.E-03
Time (sec) Time (sec)

Fig. 9. (a) Raise rate and (b) decay ratéwith respect to the resistance of the resistor

The mobility of the TFT can further influence thgs raise and decay rates. Figures 10(a)
and (b) show that with the sard = 50 pF,r1 = 10’ ohm, andVp = 10 V, the time to reach the
on state increases in the order of poly-Si TFT < IGZO TFT < a-Si:H TFT. However, the time
required to drain the stored charges to reach the off state decreases in the order of poly-Si TFT >
IGZO TFT > a-Si:H TFT. The poly-Si TFT has the smallggt of 0.47 V and the largest
mobility among the three TFTs, which makes it easiest to chargefheitor and to reach the
on-state. On the other hand, since all the three TFTs have almost th&/sa®eay vs. time
curve, the poly-Si TFT needs more time to discharge to reach\thevalue.
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1.E-04 1.E-05
1.E-05
1.E-06
1E-07 |

1.E-06
1E-07 | Discharge
V=0V, V=10V

-#-Poly-Si TFT

ol 1.E-08

1.E-09 1.E-09

IGZO TFT

Drain Current (A)
Drain Current (A)

1.E-10 | 1.E-10 .
1E-11 V=11V, V=10V ——a-Si TFT

N e 1.E-11
1 E-12 £ —-=-Poly-8i TFt
1E-13 IGZO TFT 1.E-12 |
1.E-14 —-a-Si TFT 1.E-13 !
1 E-15 1.E-14

0.E+00 1.E-04 2.E-04 3.E-04 4E-04 5E-04 6.E-04 0.E+00  2.E-04 4.E-04 6.E-04 8.E-04 1.E-03
Time (sec) Time (sec)

Fig. 10. (a) Raise rate and (b) decay ratéfvith respect the type of TFT.

Conclusion

Limitations on applying a single TFT to driven a resistor attached to the drain electrode or a
capacitor and a capacitor attached to the gate electrode in parallel have been studied. For the
former, when a fixed voltage is applied to the attached resistor, the actual drain voltage of the
TFT decreases with the increase of the resistance. The magnitude of the current and the size of
the power that can be supplied to the resistor decrease with the decrease of the TFT mobility, i.e.,
in the order of poly-Si TFT > 1GZO TFT >$i:H TFT. However, when the resistor’s resistance
is very large, the TFT mobility is not important because the majority of the input power is lost to
the resistor. For the latter, tiRC delay determines the time for the TFT to reach the on- or off-
state. When the capacitance of the attached capacitor is fixed, the larger the resistance of the
attached resistor is, the longer it takes the TFT to reach the on- or off-state. The high mobility
poly-Si TFT can reach the on-state quciker than the low mobility TFT can. However, it takes the
longest time to reach the off-state because of the small threshold voltage.
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