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A Source-Follower Type Analog Buffer Using
Poly-S1 TFTs With Large Design Windows

Ya-Hsiang Tai, Cheng-Chiu Pai, Bo-Ting Chen, and Huang-Chung Cheng

Abstract—New simple source follower circuits using low-temper-
ature polycrystalline silicon thin-film transistors (LTPS-TFTs) as
analog buffers for the integrated data driver circuit of active-ma-
trix liquid crystal displays and active-matrix light emitting diodes
are discussed. In addition to the threshold voltage difference of
driving TFTs, the unsaturated of output voltage arisen from the
significant subthreshold current will also result in the difficulty of
the buffer circuit design. The proposed circuit is capable of min-
imizing the variation from both the signal timing and the device
characteristics.

Index Terms—Active-matrix light emitting diodes (AMOLEDs),
active-matrix liquid crystal displays (AMLCDs), low-temperature
polycrystalline silicon thin-film transistors (LTPS-TFTs) , source
follower.

1. INTRODUCTION

OW-temperature poly-Si thin-film transistors (LTPS-

TFTs) have attracted much attention in the application on
the integrated peripheral circuits of active-matrix liquid crystal
displays (AMLCDs) and active-matrix light emitting diodes
(AMOLEDs) [1]-[3]. In a poly-Si TFT-LCD, poly-Si TFT is
used to implement pixel circuit and driving circuit on a single
glass substrate to reduce system cost and possess compact
module.

Among the many driving circuits employing LTPS TFTs, the
output buffer is indispensable to drive the large load capacitance
of the data bus. There are several requirements for the output
buffer for a flat-panel display column driver [4]. For example, as
resolution gets higher, more analog buffers are needed. There-
fore, its layout area must be reduced. In addition, power dissipa-
tion must be minimized while displays are used toward portable
applications. However, compared to the MOSFETs, LTPS TFTs
suffer from poor electrical characteristics and huge variations.
It will cause the real output voltage to not achieve the target
value and lead to the wrong gray scale. Thus, the output devia-
tion must be decreased as possible.
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Fig. 1. Conventional source follower and output waveform simulation results.

Among these output buffer circuit for displays, source fol-
lower is considered an excellent candidate for the system on
panel (SoP) application [5]-[10].

II. UNSATURATED PHENOMENON OF THE OUTPUT VOLTAGE

The typical model of the LTPS TFTs used in this paper is
represented by the Rensselaer Polytechnic Institue parameters.
In this letter, the charging time is about 50 us and the data line
loading capacitance is assumed 20 pF corresponding to a 2-in
quarter video graphics array LCD. A conventional source fol-
lower and its output waveform are shown in Fig. 1. It is observed
that the final output voltage is not kept constant, but exceeds the
value of Vg5 —V; expected in principle. It is ascribed to the sub-
threshold current. As model used in this work, the subthreshold
swing of LTPS TFTs is about 0.3 V/dec that is much larger than
MOSFETs’ (0.06 V/dec). Consequently, it will be sensitive to
the charging time for various product specifications. An active
load is added to eliminate this phenomenon and simulation re-
sult is also shown in Fig. 2. It is distinct that unsaturated phe-
nomenon of the output voltage is suppressed. Fig. 3 plots the
offset voltage (Vi, — Vout) versus input voltage (Vi,) of con-
ventional source follower and source follower with active load
in different charging time. It is observed that the offset voltage
of conventional source follower and source follower with ac-
tive load varies with different input voltage. The offset voltage
difference of conventional source follower is larger than source
follower with active load with different charging time. Although
offset voltage of source follower with active load larger than
conventional source follower, it can be eliminated by gamma
correction [8], [11]. Therefore, the charging time variation-tol-
erant characteristic of source follower with active load is supe-
rior to the conventional source follower.
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Fig.2. Conventional source follower with an active load and output waveform
simulation results.
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Fig. 3. Comparison of conventional source follower and source follower with
an active load in various charging time.
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Fig. 4. Simulation results of the conventional source follower with an active
load when input voltage 4 to 6 V.

III. DISTRIBUTED PHENOMENON OF THE OUTPUT VOLTAGE

To study the effect of the device variation on circuit perfor-
mance, Monte Carlo simulation with an assumption of normal
distribution is executed where the mean value and the deviation
of the threshold voltage and mobility are 1 and 0.5 V, and 77.1
and 15 cm? /v s, respectively. Each of the TFTs in the circuit
varies independently.

Fig. 4 shows the simulation results of the conventional source
follower with active load when input voltage are 4 and 6 V. It
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Fig. 5. (a) Proposed analog buffer and its timing diagram. (b) Simulation
results of the proposed analog buffer when input voltage ranges from 1 to 10
V and the inset shows the Monte Carlo simulation results when input voltage
4t06 V.

is clear that the circuit suffers from huge variations and output
voltage is not Vi, — Vth due to the LTPS TFTs variation. There-
fore, a new analog buffer is proposed in this paper for the com-
pensation of the device variation.

Fig. 5(a) shows a schematic of the proposed analog buffer
consisting of two transistors, a capacitor, and four switches. The
gate voltage of the TFT as the active load is biased at Vjias.
The driving schemes are as follows. During the first operating
period, S1 and S2 are turned on sequentially, and S3 and S4
are turned off. Thus, a voltage corresponding to the threshold
voltage of driving TFT, the threshold voltage of the active load
and the bias voltage is stored in C,. After sampling period, S3
and S4 are turned on and S1 and S2 are turned off, then the
voltage at the gate of the driving TFT is hold. Thus, the output
voltage is compensated by the voltage stored in C\. These re-
sults can be expressed as follows: (We assumed that the driving
TFT as TFT1 and the active load as TFT2)
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A== 1 1
K> Vig+ (Vori— YVruz + Wiias) = Vous — Vo
— aVin — Va2 + Vbias — aVout = Viias — Va2

= Vout = Vvirr

The formula indicates that the variation of driving TFT and the
active load can be stored for the compensation during the com-
pensation period.

Fig. 5(b) shows the offset voltage (Vi, — V,ut) versus input
voltage (V;,) of proposed source follower and the inset shows
the Monte Carlo simulation results when input voltage 4 to 6
V. The output voltage variation also decreases drastically com-
pared with Fig. 4.

IV. CONCLUSION

A novel source follower has been proposed, where the driving
circuit is formed by only two n-type thin film transistors, a ca-
pacitor, and four switches. Much improved output voltage sta-
bility and simple configuration are achieved by adding the bias
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circuit and the compensation operation. The proposed source
follower is capable of minimizing the variations from signal
timing and the device characteristics.
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