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Abstract

We propose and simulate a new integrated DAC analog
buffer composed of only p-type poly-Si TFTs in AMLCD
and AMOLED. Proposed circuit employs a voltage level
shifter which Vour has a linear functional relation to V.
The proposed scheme enables to allow a constant Vs of

buffer transistor so that the charging speed of pixel data
address is improved.

1. Imtroduction

Low temperature poly-Si (LTPS) is widely used as a pixel
and peripheral circuit in AMLCD and AMOLED due to
high mobility and large on-current [1]. Recently, the
integration of pixel elements and peripheral driver has
attracted a considerable attention for reducing the external
driving circuitry and fabrication cost. For the panel
integration, the building blocks such as shift-register, level
shifter, latch, DAC should be designed for row and column
driver.-

One of the most important circuits is analog buffer which
charges a pixel data voltage through coulmn line. Various
researches such as CMOS op-amp [2], V1 cancelling [3],
double-offset cancelling [4] and Vth cancelling with
bootstrapping [5] have been reported in order to improve
charging accuracy, time, and power consumption. However,
large area consuming {2], additional storage capacitors
[31{4] and many control signals [4], low charging speed of
Vi cancelling type [3][5] may be still problems.

The purpose of our work is to design a p-type poly-Si
analog buffer for DAC integrated in the panel. The
proposed buffer employs a voltage level shifter which
improves charging speed of pixel data address by allowing
a constant charging capability of buffer transistor. Also, a
new two-transistor circuit employing asymmetric active
layer width is proposed for enhancing the charging
accuracy. We successfully verified the circuit operation by
SmartSPICE simulation.
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2. The Proposed Circuit
2.1. Scheme of Improving Charging Speed

As shown in Figure 1, source-follower type buffer
employing Vy cancelling [3] has a problem of low
charging speed because the charging speed decreases as the
charging is to be finished. We have already proposed an
improved analog buffer employing Vry cancelling without
any Vry storage capacitor [5]. It reduces the charging time
by employing a boot-strapping, however, the low charging
speed is still to be solved. In the Vyy cancellation type
source-follower, V g of buffer transistor is decreased to Vyy
value so that the output voltage is slowly charged up to
input voltage value.

We employ a new source-follower type analog buffer of
which the scheme does not employ V1y cancellation. In the
proposed circuit, the output voltages are linearly functional
to the input voltages. Figure 2 shows a proposed scheme
and a voltage level shifter which 1s composed of two p-type
poly-Si TFTs. When T1 and T2 operate in saturation, the
current equation when the charging is finishied is obtained
as follows:

1= (ki /2XW/LY(Vaias—Vop—Vri1)’

= (ka2 (W/LXVin = Vour =Vma)®  weeeeeeeess (1)
(where k =1 Cox, W: width, L: length, p: mobility)

Here, when the conventional line beam of XeCl excimer
laser crystallization is scanned, the mobility and threshold
voltage of T1 and T2 are assumed to be same (Vi1 = Vo)

[6].

VBIAS _ VDD —_ le _ VOUT ..(2a)
VOUT = V]N + (VDD - VBIAS)

Therefore the output voltage (Vour) 1S not the same with
input voltage (Vi) but has a functional relation to V.
Since Vgs (ZVeias—Vop) larger than Vqy is assured even
when the charging is finished, the fast charging would be
obtained.
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Figure 1. The driving operation of the conventional source-
follower type analog buffer. (a) precharge step for Vour
=Vpp , (b) output voltage buffering step in which Vour
reaches V. The charging speed decreases as Vour goes to

VIN.
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Figure 2. (a) The proposed driving scheme of analog buffer
(b) A voltage level shifter of which the circuit does not
employ Vy cancellation scheme (Type ). Vour has a
linearly functional relation to V.
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2.2. Scheme of Accuracy Improvement

The accuracy of proposed analog buffer depends on the
voltage level shifter (Figure 2). T1 and T2 tum on in
saturation regime, however, T1 would turn on in linear
operation when Vour is higher than Vgjas. In order to
prevent the undesirable linear operation of T1, the feed-
back type voltage level shifter is preferable as shown in
Figure 3. The gate and drain node are connected so that Tl
operates in saturation regime as a rule. It is noted that it
does not require an additional Vgias voltage source. In the
proposed feed-back type, the functionality of input and
output voltage is as follows:

Vour— Vbp = Vin— Vour ~ swereeeeeees (2b)
~ Vour =(Vin+ Vpp) /2 ereeennnn(3)
f -
Vin —— Vour Vpp = 6V
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Figure 3. (a) The proposed driving scheme of analog buffer
(b) Feed-back type voltage level shifter (Type II). T1 would
always operate in the saturation regime.

The output resistance (r,) of transistor determines the
saturation characteristics. Figure 4b shows the output curve
of the fabricated conventional single gate p-type poly-Si
TFT. Drain current (Ips) increases slightly as Vpg increases
because r, is not sufficiently large. Then the eq. (2) could
not be solved from eq. (1). It is noted that low r, enlarges
the offset deviation of Vgyr.

In dual gate structure, asymmetric dual gate is effective to
increase r, in SOI [7] and poly-Si devices [8][9]. In this
paper, we propose a new circuit-based structure employing
asymmetric channel width in order to improve the output
impedence for a good saturation current (Figure 4a). The
p+ doped floating region between the dual gate acts as a
sub-source and sub-drain electrode, thus two different TFTs
(narrow-width subTFT1 and wide-width subTFT2) seems
to be connected in series.
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Figure 4. (a) The proposed structure of dual gate poly-Si
TFT with asymmetric channel widths (Type I11). (b) The
comparison of output characteristics. The proposed device

exhibits a large r,. Dotted line is measurement result and
solid line is SPICE simulation result.
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Figure 3. The offset deviation comparison of the proposed
voltage level shifters.
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The reason of the enlarged output impedance in the
proposed circuit is as follows. When Vpg increases in the
saturation, the floated node also increases and the current
increases because the actual poly-Si TFTs have rather low
channel resistances. The conventional dual-gate (symmetric
channel widths) also exhibits the current increase in the
saturation regime. The current of left TFT increases
because the sub-drain node (floating n+) is increased. The
current of right TFT is also increased, even though the
decreased Vs (gate to floating n+ sub-source) suppress the
Ips current increase by the negative feed-back. On the other
hand, in the proposed structure, the current does not
increase largely due to the different current driving
capability of the asymmetric TFTs. In case of subTFTI, the
current increase is reather small compared with the
conventional circuit due to the large channel resistance of
narrow-width channel. In case of subTFT2, the suppression
of Ips current by Vg decrease is more effective due to high
current driving of wide-width channel. Therefore, the
output impedance of the proposed circuit is improved,
resulting in a good saturation current.

In figure 4b, the solid line exhibits the SPICE simulation
result of the proposed device in which the physical
parameters of subTFTs are extracted from the measurement
of the fabricated single gated TFT (dotted line). It is noted
that the output resistance r, is effectively increased in the
proposed device structure. As a simulation resuits the offset
deviation is successfully decreased below 20 mV as shown
in Figure 5. The size of TFTl1 and TFT2 are W/L =

10um/8pum and 40um/8um respectively.

2.3. Analog Buffer and DAC Design

Figure 6 shows the proposed p-type analog buffer with
asymmetric active channel width structure. T1 and T2 build
a voltage level shifter. Vpp 1s 6V, Vg 1s -6V and Vi (-6 ~
0V) is obtained from resistor-string. Column load
capacitance is assumed 20 pF for small size panel (~2 inch).
The signal RS is reset, EN is charge enable, and OFF is
buffer turn off control. First, RS turns on and the column
load is charged to Vpp. When EN turns on, the column is
charged to the fuctional value of Vjy as described in eq. (3).
For low power consumption, then OFF turns on and T2
turns off so that current through T1 and T2 does not flow.

When V{,\ 1S -6V, VOUT is OV and VGS is -6V with nearly
zero offset deviation. When V iy 1s OV, Vour 1s 3V and Vg
is -3V with offset deviation below 20mV, which is the
worst case of slow charging. Consequently, output voltages
are 0~3V for 6-bit gray scale with offset deviation below 20
mV. Figure 7 shows DAC (digital to analog converter)
driving scheme employing the proposed analog buffer. The
decoder would select an input voltage from a resistor-string
and a buffered analog voltage as described in eq. (3) is
obtained from the proposed analog buffer.
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Figure 6. (a) The proposed analog buffer design employing
feed-back biasing and dual gate TFT with asymmetric
channel width structure (Type III). (b) timing diagram of
driving buffer
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Figure 7. The DAC driving scheme employing the
proposed analog buffer. The decoder selects an analog
voltage (Vx) from resistor-string and an output voltage
Vour which has a linear function of F(Vy) is obtained.
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The proposed scheme of DAC driving with analog buffer
may be promising circuit integrated in low voltage driving
AMLCD and AMOLED. It is noted that the proposed
circuit is composed of only p-type poly-Si TFTs. The p-
type analog buffer may be integrated with digital circuit
blocks such as p-type shift-register, level shifter, latch and
decoder for PMOS integration in active-matrix displays

[10][11][12].

3. Conclusions

A new DAC employing p-type poly-Si analog buffer
improving the charging speed of pixel data address for
AMLCD and AMOLED has been proposed. In the
proposed buffer, the output voltages are linearly functional
relation to the input voltages, of which the driving scheme
allows a large and constant V gs of buffer transistor. In order
to improve the accuracy of output buffer, a new two-
transistor circuit with asymmetric active layer widths is
also proposed. We verified the buffer operation by SPICE
simulation and output voltages were 0~3V for 6-bit gray
scale with offset deviation below 20 mV.
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