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Abstract 
 In this paper, we present a novel operational amplifier (OPAMP) 

with cross coupled pair (XCP) topology based on amorphous 

indium-gallium-zinc-oxide (a-IGZO) thin film transistors (TFTs). 

XCP structure is employed to boost the gain of the common-drain 

input stage, thus enabling the OPAMP to achieve a high gain of 

34.2 dB. From the simulation results, the proposed OPAMP was 

confirmed to exhibit 3 dB bandwidth of 48.4 kHz, unit-gain 

frequency of 2.15 MHz, and phase margin of 48◦, respectively. 
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1. Introduction
Thin film transistor (TFT) technology occupies an important role

in advancing the integration of large-area and flexible electronics,

as well as analog and digital building blocks [1], [2]. Among them,

amorphous indium-gallium-zinc-oxide (a-IGZO) TFTs have

attracted much interest as TFT backplane due to their high field

effect mobility, low leakage current, and good electrical stability

[3], [4], [5]. These advantages make a-IGZO TFTs suitable for the

design of display backplane circuits such as the pixel circuit, scan

driver, emission driver, and level shifter. Also, various logic

circuits, such as operational amplifier (OPAMP), low dropout

(LDO) regulator have been studied and demonstrated based on a-

IGZO TFTs [6], [7], [8], [9].

OPAMP is a critical component in display driver integrated 

circuits (ICs) and mixed signal systems such as LDOs, DC-DC 

converters and analog to digital converters (ADCs) [10], [11], [12]. 

In conventional display driver IC systems, due to the relatively poor 

electrical properties of amorphous silicon TFT (a-Si TFT), display 

driver ICs including OPAMP, had to be fabricated based on 

complementary metal-oxide-semiconductor (CMOS) technology 

fabricated on the single crystalline silicon. However, by employing 

a-IGZO TFT based OPAMP instead of conventional single

crystalline silicon semiconductor, it is possible to reduce

manufacturing costs through process simplification and the

elimination of additional module assembly steps [13].

In this work, we present a high gain OPAMP with cross-coupled 

pair (XCP) topology based on a-IGZO TFTs. The XCP topology 

incorporates a positive feedback structure, enabling the load of the 

common-drain differential pair to exhibit negative resistance, 

which significantly boosts the gain. The proposed OPAMP 

achieves excellent performances including open-loop voltage gain. 

Furthermore, based on proposed OPAMP, we provide substantial 

support for the possibility of fabricating other display systems 

within display driver ICs on a glass substrate by using a single a-

IGZO TFT process. 

Figure 1. Measured and simulated transfer characteristics 

of a-IGZO TFT. 

2. Proposed Op Amp & Simulation Result

The proposed OPAMP consists of eighteen n-type a-IGZO TFTs, 

and the whole circuit can be divided into three circuit blocks. Fig. 

1 shows the measured and simulated transfer characteristics of a-

IGZO TFT. The field effect mobility (µFE) is extracted as 11.53 

cm²/V·s, threshold voltage (VTH) is extracted as 0.8 V, and the 

subthreshold swing (S.S) is extracted as 150 mV/dec. Fig. 2 shows 

the overall schematic of the proposed OPAMP which consists of 

only n-type transistors, and table 1 summarizes the geometrical 

dimensions of TFTs used for the OPAMP.  

In the first stage, T1, T2, T3 provides a stable bias voltage to T8 

for the tail current to maintain a stable gain. Common drain 

differential pair (T4, T5) with cross-coupled connected load (T6, 

T7) is adopted to obtain high gain and high impedance through 

positive feedback. The XCP structure (T4-T7) can obtain high 

performance due to the gate and drain nodes of two transistors are 

intersect in a feedback structure.  Thus, the equivalent resistance 

observed at each drain node in the XCP structure has a negative 

resistance. T9-T12 is a differential-to-single-ended converter with 

a current mirror that delivers the signal to the second stage. The 

second stage is composed of common source amplifier with diode-

connected T13 and T14 to obtain high gain and high input 

impedance. Finally, the third stage acts as an output buffer with 

pseudo-CMOS inverter (T15-T18) to achieve a stable output node 

with low output impedance.  

The calculated gain of the first stage is given by following 

equation  

𝐴1𝑠𝑡 =  𝐴𝑣1 [
1

2
(

𝑔𝑚11

𝑔𝑚11+ 𝑟𝑜11
−1 +𝑟𝑜12

−1 )(1 +
𝑔𝑚12

𝑔𝑚11+𝑔𝑚12+𝑟𝑜11
−1 +𝑟𝑜12

−1 )]    (1) 

P-72 / K. Choi

SID 2025 DIGEST • 1715 
ISSN 0097-996X/25/5603-1715-$1.00 © 2025 



 

 

 

 

 

Figure 2. Circuit schematic of the proposed nmos OPAMP. 

 

Table 1. Dimensions of a-IGZO TFTs used for the OPAMP. 

 

Assuming all transistors in the first stage operate in the saturation 

region and their DC currents are same, the first stage’s XCP 

structure half circuit and its small signal model are shown in Fig. 

3(a) and Fig. 3(b). Applying Kirchhoff’s current law (KCL) at VOUT 

in Fig. 3(b), the voltage gain of the XCP structure can be 

 

𝐴𝑣1 =  𝑔𝑚5((𝑔𝑚5 − 𝑔𝑚7)−1|| 𝑟𝑜5||𝑟𝑜7)                 (2) 

 

𝑔𝑚5 and 𝑔𝑚7 represents the transconductances of T5 and T7, 𝑟𝑜5 

and 𝑟𝑜7  represents their output resistances. The equivalent 

resistance observed at each drain node in XCP has a negative 

resistance. A qualitative analysis of negative resistance is that when 

current is applied to T7 drain node, the feedback structure causes 

current to flow in the opposite direction and interferes with the flow 

of the applied current. Due to the XCP connection of the load 

transistor T7, transconductance of T7 (−𝑔𝑚7𝑉𝑂𝑈𝑇) can be replaced 

by a negative resistance (−𝑔𝑚7
−1 ). By properly adjusting W/L ratio 

of T5 and T7, some of the current that flows through 𝑔𝑚5
−1  can be 

absorbed by 𝑔𝑚7
−1 . As a result, the transconductance of T5 (𝑔𝑚5) is 

eliminated by the negative transconductance of T7 (−𝑔𝑚7),  the 

voltage gain of XCP structure in Eq. (2) can be simplified as 

 

𝐴𝑣1 =  𝑔𝑚5(𝑟𝑜5||𝑟𝑜7)                               (3) 

 

 

 

Figure 3. (a) Half-circuit of the common-drain stage with 
cross-coupled pair connected load, (b) its small-signal 

model. 

 

 

Figure 4. (a) The simulated gain and phase margin in 
the frequency domain, and (b) Simulated transient 

waveforms of the proposed OPAMP. 

 

The calculated gains of second and third stage are given by 

following equation 

 

𝐴2𝑛𝑑 =  −𝑔𝑚14(
1

𝑔𝑚13
||𝑟𝑜13||𝑟𝑜14)                          (4) 
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T4 24/3 T10 110/3 T16 5/3 

T5 24/3 T11 30/3 T17 300/3 

T6 120/12 T12 110/3 T18 50/3 
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𝐴3𝑟𝑑 =  −
𝑔𝑚17(𝑟𝑜17||𝑟𝑜18)

1+𝑔𝑚17(𝑟𝑜17||𝑟𝑜18)
× (𝑔𝑚16 (

1

𝑔𝑚15
||𝑟𝑜5||𝑟𝑜7) +

𝑔𝑚18

𝑔𝑚17
) (5) 

By the equations (1)-(5), we can obtain the calculated gain of 19.5 

from the first stage. The voltage gain of the first stage is dominant 

of all stages due to the XCP structure. Common source amplifiers 

in the second stage had calculated gains of 10.1. Finally, the output 

buffer with pseudo-CMOS inverter in the third stage had calculated 

gains of 4.4, resulting in an overall calculated gain of 34 dB.  

The proposed OPAMP has been verified through HSPICE 

simulation tools. Fig. 4(a) shows the simulated frequency response 

of the proposed OPAMP with the DC supply voltage VDD of 15 

V, VSS of ground simulated up to 100 MHz. The results show that 

the proposed OPAMP can have an open loop gain of 34.2 dB, -3 

dB bandwidth of 48.4 kHz, unit-gain frequency of 2.15 MHz, phase 

margin of 48◦. Fig. 4(b) shows the simulated waveforms of the 

proposed OPAMP for a frequency of 100 Hz. VIN+ is a sinusoidal 

input of 8V DC offset and 20 mVpp (peak to peak voltage). The 

waveform of VOUT is 1.1 Vpp, indicating that the AC gain of the 

proposed OPAMP reached 34.2 dB. 

3. Conclusion 
 We propose a novel high gain OPAMP based on a-IGZO TFTs, 

which comprises 18 n-type transistors. Negative resistance was 

obtained by XCP structure in the first stage of OPAMP, and thus 

boosted the gain of the common-drain input stage, resulting in the 

overall voltage gain of 34.2 dB from the proposed OPAMP. The 

simulated 3 dB bandwidth, unit-gain frequency, phase margin were 

verified to have 48.4 kHz, 2.15 MHz, and 48◦, respectively. From 

the experiment results, we could construct high open loop voltage 

gain of OPAMP which would play an important role in advanced 

TFT-based integrated circuits. 
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