
Abstract
This paper investigates on the design of two stage Operational Amplifier (Op-Amp) with NMOS input at differential stage. 
This low power Op-Amp designed with Amorphous Silicon Thin Film Transistor (a-Si TFT) and MOS transistor. It is observed 
that the newly designed TFT Op-AMP operates in low voltage at 3V DC, with high gain, high output impedance and high 
phase margin and moderate power dissipation. A detailed design procedure is carried-out to design the proposed Op-Amp. 
HSPICE Circuit Simulator is used for simulation. Obtained results are compared with CMOS Op-Amp which uses the same 
circuit and design procedure. The output behavior of TFT Op-Amp is also compared with the existing work showing good 
agreement. 
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1.  Introduction
Thin-film transistors have undergone extensive evolution, 
development and refinement, since their conception 
in the modern electronic world. As their intended uses 
went from switching systems to low cost computer logic 
to flat panel display addressing new materials, structures 
and fabrication techniques were introduced. Amorphous 
Silicon (a-Si) is most widely used active layer material 
while Poly-Si is increasingly pursued as a next generation 
TFT technology. Thin-film transistors are from Insulated 
Gate FET family. TFT differs from a typical MOSFET in 
that it is composed of very thin layer deposited on an 
insulating substrate, whereas most MOSFETs are formed 
from a semiconductor wafer. TFTs are gaining more 
interest in large area electronics such as flexible displays, 
RFIDs, sensors, switching systems, solar cells, RAMs, low 
cost computer logic, flat panel for image crystallization 
etc,. They draw more attention towards the application of 
different types of TFTs. Mainly a-Si, and Poly-Si, increases 

need for an accurate and efficient material to simulate the 
circuits used on these devices.

This paper is organized into the following sections. 
The Section 2, introduces the structures and modeling 
aspects of thin film transistor. Section 3, dealt about the 
TFT Operational Amplifier circuit. Detailed design pro-
cedure of TFT based Op-Amps and their analysis are 
discussed in section 4. Finally in section 5, the result has 
been discussed and concluded.

2.  Thin Film Transistors
Polycrystalline Silicon (Poly-Si) Thin Film Transistor 
(TFT) technology is critically important for large area 
electronics, especially for flat panel active matrix liquid 
crystal display applications and for high density static 
random access memory circuits1. In particular, various 
research works have been carried out on low temperature 
Poly-Si TFTs because they can be used for integrat-
ing driving circuits and pixel elements on a common 
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substrate in flat panel displays. The reason behind is 
that Poly-Si TFTs have much higher electron mobility 
and drive current compared with a-Si TFTs2,3. However, 
these advantages could not be fully realized in the early 
days of Poly-Si TFT technology. Because of Solid Phase 
Crystallization process was the only source of acquiring 
the Poly-Si films. Due to low-temperature processes that 
have to be used for glass substrates, numerous defects 
in Poly-Si grains and at grain boundaries were exist 
and degraded the device characteristics. In recent years, 
these issues have been mainly overcome by using a vari-
ety of advanced crystallization processes that have been 
developed and explained2-4. Fabrication of Poly-Si TFT 
is possible and can be utilized for various research work 
and implementation.

Due to its low temperature process, Poly-Si TFT 
has become essential device both in low cost Integrated 
Circuits and in microelectronics. An abnormal leakage 
current is the main deficiency of Poly-Si TFT and pres-
ent inconsistently in the device. This current is depending 
strongly on the bias and temperature which has been gen-
erated from grain boundary defects near the drain. The 
main reason of the abnormal leakage current is due to the 
field assisted generation mechanism. 

Figure 1 shows the structure of Poly-Si TFT is a three 
terminal device. The substrate of Poly-Si TFT is float-
ing just like SOI MOSFET. The modelling of Poly-Si 
TFT is the effective medium of approach which treats 
the non-uniform Poly-Si sample with grain boundar-
ies as some uniform effective medium with effective 
material properties. The increase of drain current in 
saturation is caused by the floating body effect. This 

short channel devices show a significant decrease of 
the sub-threshold ideal factor with increasing drain 
voltage. By using this model, the relations of leakage 
current between terminal voltages, temperature of the 
TFT can be obtained. 

The bottom gate structure of a-Si:H TFT is shown in 
Figure 2, which is also a three terminal device. The opera-
tion of a-Si TFT is quite different from that of crystalline 
MOSFET. In the sub-threshold region the drain current is 
a poor function of the gate voltage dictated by large trap 
density in the material in case of crystalline MOSFETs. 
Above threshold most of the induced charge in a-Si:H 
TFT goes into traps and only a small fraction enters the 
conduction band. This fraction increases as the gate volt-
age increases. The field effect mobility increases with the 
gate voltage. 

The simplest Organic TFT models are very similar 
to those for conventional p-channel MOSFETs. The 
field effect mobility might depend on the channel 
length and transport properties are very sensitive to the 
properties of organic semiconductor gate di-electric 
interface. In the structure of organic p-channel TFTs 
uses Pentacene as the active layer. Aluminum acts as the 
gate metal and Parylene as the gate dielectric5. Finally, 
the devices are encapsulated using a Parylene process. 
D.A Johns and K. Martin highlighted the fact that the 
saturation mobility is 0.08 with an on/off current ratio 
greater than ZnO7 and recently, ZnO (and its deriva-
tives) has attracted interest due to its higher mobility 
and electrical stability6,8,9. In our research work, we have 
concentrated on Poly-Si and a-Si TFTs to be used in the 
Op-Amp.

Figure 1.  Poly-Si structure with different layers. Figure 2.  Bottom gate structure of an a-Si:H TFT.



G. Prabhakaran and V. Kannan

Indian Journal of Science and Technology 927Vol 8 (16) | July 2015 | www.indjst.org

3. � TFT based Operational 
Amplifier

3.1  Related Work
An Op-Amp is the core component of surprisingly larger 
application in modern electronic era and undoubtedly one 
of the most useful mixed signal circuitry. An Op-Amp is 
usually, a single-ended output with a differential input of 
an electronic voltage amplifier of high gain. Its differential 
input is either NMOS input or PMOS input. 

Op-Amp, which was first, realized in vacuum tubes 
manifestos in the 1950s. The first semiconductor engi-
neering was introduced with integrated circuit used with 
Op-Amp in 1964, which is used in most analog and mixed 
signal ICs10. Op-Amp is the key component in analog 
processing systems17. The demand for mixed signal ICs 
are considerably increasing, which makes more critical to 
the Op-Amp design. 

The main challenges of Op-Amp are a high dc gain 
and a high bandwidth with a high output swing depending 
on the applications. To achieve a higher gain, multi-
stage Op-Amp can be used by cascading the stages11. If 
the gain is increased the bandwidth will be considerably 
reduced, which is the drawback of the two stage Op-Amp. 
However, it is difficult to compensate and hard to stabilize 
for the two- stage Op-Amp, which is widely used in many 
applications12. 

Frequency compensation technique is necessary to 
avoid closed loop instability. The easiest method for com-
pensation is to connect a capacitor between input and 
output of the second stage10. This method gives high closed 
loop stability with lower bandwidth and results in split-
ting the poles. The Cascade compensation technique has 
been introduced to improve the stability performance13. 
This technique improves the settling performance and the 
output swing is limited to certain range14. Single Miller 
Feed Forward Compensation technique is proposed and 
this technique improves stability and attenuates the band-
width reduction15. However, this method suffers from 
compressed gain bandwidth problem because of very 
high gain of the first stage16.

3.2  Op-Amp using TFT
TFTs operate on low power voltage and low static power 
consumption like MOSFET and CMOS, but they are 
highly immunity to noise. When TFT device is switching 
between on and off states, it is drawn only a significant 

power. Also, they are not producing much heat as 
MOSFETs. These TFT devices also allow a high density of 
logic functions on a chip. 

In our previous work18-22, we designed an Op-Amp 
using a-Si TFT and Poly-Si TFT. Also, we discussed about 
the design constraints and finally approached to the well-
designed Op-Amp and explained that reason for using 
two types of TFT devices such as amorphous Si TFT and 
Poly-Si TFT. We proposed a two stage a-Si TFT based 
Op-Amp circuit which is shown in Figure 3. Simulations 
are carried out on the design of a-Si TFT as well as CMOS 
based Op-Amps. In a-Si TFT based Op-Amp, a-Si TFT is 
used as n-type MOSFET while p-type MOSFET are used 
as complementary devices.

4.  Detailed Designed Procedure
The design procedure of proposed Op-amp is described 
in Figure 4 and required basic fundamental data is given 
in Table 1. The design procedure carried out for the 
Op-amp using a-Si TFT as n-MOS transistor and p-MOS 
transistor. Also, the design procedure and simulation for 
CMOS Op-Amp have been carried out. Simulation results 
are used here to compare and analyze their performance 
along with the existing work.

Determine I(1)	 D5 from the SR specification. Let Cc pF= 1 , 
SR I CSD C= 5 /  I SR CSD C5 = ( )( )  

	

or I
K V X

X uA

SD
N eff

5

2 6 2

6
2

1 35 10 1 8
2

2 187 10 2 2

= =

= =

−

−

( . )( . )

( . ) .

Figure 3.  Two stage Op-Amp with n-channel input stage.
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Figure 4.  Design procedure of an Op-Amp.

Table 1.  Design Parameter

DESIGN AND SPICE PARAMETERS
VDD +3V VSS -3V

Ao ≥1000 GB 2π(20KHz)
SR 2.2V/uS PM >85°
Ro ≤1.5K Λ 0.04

Veff 1.8V –2.65 ≤ CMR ≤ 0.65
Cox 135 E-6 FM-2 Kn = µn X Cox 1.35uA/V2
µn 100 E-4 M²/VS Kp 48.74 uA/V2
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DC gain A(6)	 V0 is computed and compared with the spec-
ification:

	
A g g R R

g g
g g g gV m m

m m

ds ds ds ds
0 2 6 1 2

2 6

2 4 5 6
= =

+ +( )( )

	
=

+ +
g g
I I

m m

SD SD

2 6

2 4 2 5 6 6( ) ( )l l l l

	

= − −
+ − + −

=

( . )( )
( . . )( . )( . . )( . )

1 0 6 110 6
0 04 0 04 1 1 6 0 04 0 04 14 0 6

7

E E
E E

,, ,102 10 000≥

From the output resistance specification Ro≤1.5k, (7)	
(W/L)8 can be determined. The output resistance is 
given by:
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Determine the (W/L) of the current mirrors. First set (8)	
up the current source M10 to 100uA using the biasing 
current source IB. The VGS8 is set up to guarantee it 
and operates at saturation by adding -0.5V beyond 
its threshold voltage of Vtp= -1V. That is VSG10=2.5V. 
(W/L)10 can now be determined as follows:

	

( / )
( )

( )
( . )( . . )

W L
I

K V V

E
E

SD

N GS tp
10

10

10
2

2

2 100 6
1 35 6 2 45 1 5

=
−

= −
− − − 22

164 16= .

The rest of current sources are determined by propor-
tionality as follows:
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Here this procedure completes the design. The results 
are summarized in the Table-2a and 2b:

Adjusted to satisfy the balance condition to minimize 
the input offset voltage, Vos:
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The design has been simulated in HSPCE Circuit 
Simulator using Table-2a and Table-2b. The simulation 
result of DC offset voltage of a-Si TFT Op-Amp is shown 
in Figure 5a while the result of CMOS Op-Amp is shown 
in Figure 5b. The arrow shown in Figure 5a, shows that the 
output voltage Vo=V10 is 58.1174mV at quiescent operat-
ing point. This offset is determined by finding the value 
of VID that makes the output voltage Vo=V(10)=0. From 
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while the graph of CMOS Op-Amp is shown in Figure 6b  
and computed as follows:
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This value is much near to the value obtained in 
simulation using the TF analysis of 11.5409. The common 
mode rejection ratio CMRR is calculated as follows:
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The Op-Amp frequency response of a-Si TFT Op-Amp 
obtained is shown in the Figure 7a (The graph of CMOS 
Op-Amp is shown in Figure7b) and the HSpice simula-
tion results are AV0= 1.2496E+3, Phase Margin=80° and 
f(GB)=1.35MHz

Figure 5.  (a) DC offset voltage: a-Si TFT Op-Amp.

Figure 5.  (b) DC offset voltage: CMOS Op-Amp.

the above graph, this is obtained as –3.74uV. The resulting 
output voltage after modifying the VID in the net list of 
simulation is -688.7476E-6V.

The differential gain can be obtained from the DC 
transfer characteristic by locating two points centered 
about the bias point of VID=Vos=-3.74uV. For accuracy, 
the two points must be far apart. From the graph: 
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This value is very closer to the value obtained in simu-
lation using TF analysis, which is 15.1003K.

The common-mode input range is determined when 
the output cease to follow the input linearly. At the low 
end, it determines VG1(MIN)=-0.0105, and at the high end, 
it determines VG1(MAX)=0.501V. These are very close to 
the corresponding design specifications of VG1(MIN)= 
-0.0105 and VG1(MAX)=0.0501V. The common-mode gain is 
obtained by locating two points as far apart in the linear 
range about the operating point. This is shown in Figure 6a, 

Figure 6.  (b) Common mode voltage range determination: 
CMOS Op-Amp.

Figure 6.  (a) Common mode voltage range determination: 
a-Si TFT Op-Amp.
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Figure 7.  (a) Frequency response: phase and magnitude 
plot of a-Si TFT Op-Amp.

Figure 7.  (b) Frequency response: phase and magnitude 
plot of CMOS Op-Amp.

The theoretical bandwidth and gain bandwidth are 
calculated as follows: 
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Simulation results of a-Si TFT Op-Amp at f1 =8.234Hz, 
f(GB)=120.17KHz, fz and f2 are difficult to obtain accu-
rately from bode plot.

The positive slew rate is the slope of the rising edge of 
the output in Figure 8a and Figure 8b. This is computed 
from the two points on the rising edge. That is,
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Similarly, the new slew rate is computed as follows:
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5.  Results and Discussion
Two Operational Amplifiers of a-Si TFT and CMOS 
transistors are well described and their specification used 
for are shown in Table 1, Table 2A and Table 2B. Using 
HSpice Circuit Simulator, the graph has been recorded 
and summarized in the Table -3 and 4 for comparing 
both the Operational Amplifiers. Figure 5a and 5b shows 
the transient responses to calculate DC offset voltage and 

Figure 8.  (a) Slew rate measurement: a-Si TFT Op-Amp. 
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Figure 8.  (b) Slew rate measurement: CMOS Op-Amp.

Table 2.  (a) Design Specification of- Si TFT Op-Amp 
(L=6.6µ m are used

PAR
Values Obtained After 

Calculation

Values of W and L after 
adjusting to Nearest 

Multiple of λ=0.6, and 
Obtaining Balancing 

Conditions
I (Ua) W/L W (µm) I (Ua) W/L W (µm)

M1 1.1 18.11 101.4 0.9619 18.85 105.9
M2 1.1 18.11 101.4 0.9619 18.85 105.9
M3 1.1 1.11 6.2 0.9619 1.11 6.2
M4 1.1 1.11 6.2 0.9619 1.11 6.2
M5 2.2 37.0 207.2 1.9240 37.5 210.0
M6 14 14.5 81.2 12.03 14.5 81.2
M7 14 236 1321.6 12.03 21.2 118.8
M8 75 2709.6 15173.8 75.33 2742.7 15359.1
M9 75 164.16 991.3 75.33 166.6 933.0

M10 100 164.16 991.3 100 166.6 933.0

Table 2.  (b) Design Specification of Cmos Op-Amp 
(L=6.6 µM and Leff=5.6µ M are used

PAR
Values Obtained After 

Calculation

Values of W and L after 
adjusting to Nearest 

Multiple of λ=0.6, and 
Obtaining Balancing 

Conditions

I (Ua) W/L W (µm) I (Ua) W/L W (µm)

M1 5 6.57 36.9 6.6 5.6 5

M2 5 6.57 36.9 6.6 5.6 5

M3 5 1 3.9 6.6 5.6 5

M4 5 1 3.9 6.6 5.6 5

M5 10 5.333 29.87 6.6 5.6 10

M6 30 6 33.6 6.6 5.6 30

M7 30 16 89.6 6.6 5.6 30

M8 100 156 873.6 6.6 5.6 100

M9 100 53.33 296.86 6.6 5.6 100

M10 100 53.33 296.86 6.6 5.6 100

differential voltage gain. Figure 6a and 6b shows the plot 
for common mode voltage range and determined the com-
mon mode voltage gain and computed the CMRR value. 
Figure7a and 7b shows the frequency response curve as 
phase plot and magnitude plot, there by calculated the 
Unity Gain Bandwidth and Phase Margin. Figure 8a and 
8b shows the transient response to the pulse input voltage 
for computing the positive slew rates.

6.  Conclusion
Differential amplifiers with accurately balanced outputs 
can be easily realized if the differential-mode circuitry 
and the common- mode circuitry are treated equally in 
the design process. A convenient way of accomplishing 

Table 3.  Transistors Aspect Ratio and Their Function 
Op-Amp

Transistors
Aspect Ratio  
(L = 6.6µm) Function

Region of 
Operation

Poly-Si TFT CMOS

M1 & M2 105.9µm & 
105.9µm

36.6µm & 
36.6µm Input drivers Saturation

M3 & M4 6.2µm & 
6.2µm

5.4µm & 
5.4µm

Current 
mirror Active 

load to 
differential 
gain stage

Saturation

M5 210µm 31.3µm Bias current 
Source Linear

M6 81.2µm 32.4µm Active load of 
second stage Saturation

M7 118.8µm 90µm Second stage 
driver Saturation

M8 & M9 15359.1µm 
& 933.0µm

873.6µm & 
300µm

Current 
Buffer Saturation

M10 933.0µm 300µm
Current 

mirror active 
load

Saturation
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Table 4.  Performance of Op-Amp after Simulation

Parameters
Simulation Results

A-Si TFT CMOS
Gain 15.1003k 16.7618 K
UGB 120.17KHz 5.45MHz

CMRR 1.3317K 34.182K
Slew Rate 3.9346V/µS 7.925V/µS

Dc Offset Voltage –688.7476 µV 197.6208µV
Power Dissipation 1.1357m.Watts 1.4690 m. Watts
Output Resistance 10.1345K 1.3919 K

Phase Margin 83.16° 54°
Open loop Gain 

Margin 83.6dB 84.5dB

this is to use a topology that combines the two parts as 
close as possible to the front end of the amplifier. In this 
way most of the design issues such as gain, compensation, 
etc. are addressed at the same time for both the differen-
tial and common-mode signal paths. The design strategy 
discussed in this paper has been verified with both a-Si 
TFT and CMOS Op-Amp. Power dissipation is relatively 
high on both the OP-Amps, while using a large transistor 
at M8. Simulation results indicate that a-Si TFT is per-
forming well and shows good agreement with existing 
work. Unity Gain Bandwidth of a-Si TFT Op-Amp is very 
less, 120KHz compared to CMOS Op-Amp. While per-
formance of CMOS Op-Amp is better in slew rate, UGB 
and CMRR while compared to a-Si TFT Op-Amp. 

Output resistance and Phase Margin of a-Si TFT 
Op-Amp is better compared to CMOS Op-Amp which 
indicates that the stability of a-Si TFT is better and shows 
good agreement with the existing work23. 
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