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A Novel Complementary Mirror Type Analog Buffer for
LTPS TFT-LCD Data Drivers
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Abstract; Instead of traditional operational amplifies (OP-AMPs) and threshold voltage compensation type
analog buffers, this work presents a novel complementary current mirror (CCM) type analog buffer for in-
tegrated data drivers of low-temperature polycrystalline silicon thin-film transistor (LTPS-TFT) displays.
The proposed CCM analog buffer makes use of a p-type and an n-type current-mirror-type buffer to achieve
large voltage swing. The proposed buffer does not need capacitors and external control signals, so it fea-
tures compact size and good linearity,
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Low temperature poly-Si thin-film transistors
liquid-crystal displays (LTPS-TFT-LCDs) with in-
tegrated driving circuits on glass substrate have
been developed™™, LTPS-TFT LCDs may elimi-
nate driver ICs and reduce the cost and enhance its
reliability, Driving circuits of TFT-LCDs generally
include data receivers, shift registers, data regis-
ters, digital-analog-converters (DACs), and out-
put buffers™*), Due to heavy RC loads in data lines
and pixel electrodes on a panel, output buffers am-
plify analog voltages from DACs and charge for da-
ta lines and pixzel electrodes,

Because the operation-amplifier-type (OP-AMPs)
analog buffer, usually used in CMOS circuits, needs
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lots of transistor, it causes large chip area and large
variation of electrical characteristics of buffers due to
threshold-voltage mismatch of LTPS-TFTs. There-
fore, source-follower-type buffer is better choice for
LTPS-TFT-LCDs®,

General source-follower-type analog buffers for
LTPSTFTs have two types of architects, one is
threshold-voltage-compensation type (VTC type)=*1,
the other is current-driving-type (CD type)™, The
threshold-voltage-compensation-type buffer raises the
input voltage by a threshold-voltage of the driving
TFT, and passes the voltage from the gate through the
source of the TFT, It just cancels the threshold-volt-
age of the LTPS-TFT. Therefore, the output voltage
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equals to the input voltage. The current-driving-type
buffer converters the input voltage to a drain-to-source
current, by storing a corresponding gate-to-source
voltage in a capacitor. Then the drain-to-source cur-
rent of the driving TFT generates a gate-to-source
voltage, which equals to the input voltage.

1 Three Types of Buffer Circuit

1.1 Push-Pull Analog Buffer

Figure 1 shows the push-pull analog buffer for
LTPSTFT integrated data drivers and its timing
diagram of the control signals™, This buffer com-
pensates the threshold voltage of the TFT and be-
longs to the VTC type source follower. A capaci-
tor is used to store the threshold-voltage. During
period(1), switches 1 and 2 are closed and swit-
ches 3 and 4 are opened, The eapacitor stores the
threshold-voltage of either the P-TFT or the N-
TFT. During period 2, switches 3 and 4 are closed
and switches 1 and 2 are opened. The input analog
signal (Vin) passes through the capacitor and in-
creases the previously stored threshold-voltage.
The gate voltage of the driving TFT becomes the
voltage of *Vin+Vth’, and the output voltage be-
Therefore, the
output voltage will equal to the input one. Howev-
er, this buffer has a dead-band in the middle of the
voltage swing, because it is a class B structure.

comes the voltage of ‘ V-V’ .
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Fig 1 (a) Push-pull analog buffer for integrated LTPS TFT-
LCD data drivers. (b) Timing diagram of control signals
1.2 Threshold-Voltage-Compensation Type Buffer
Figure 2 shows the threshold-voltage-compen-
sation-type analog buffer and its timing diagram of
the control signals™, It consists of two tran-
sistors, a capacitor, and four switches.
During period (1), switches 1 and 2 are closed
and switches 3 and 4 are opened. The threshold-

voltage of the driving TFT is stored in a capacitor,
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Fig2 (a) Threshoid—vqltsge-mmp-ms&ﬁcm type analog
buffer. (b) Timing diagram of control signals
During next period, switches 3 and 4 are closed,
and switches 1 and 2 are opened. The gate voltage
of the driving TFT becomes the voltage of “V.,+
Va’s and the output voltage becomes the voltage
of ‘VauVa’. So, the output voltage follows the
input voltage, However, the threshold-voltage
compensation-type buffer needs a capacitor, a fixed
bias voltage and additional two clock signals to
control the switches,
1.3 Current-Driving Type Analog Buffer
Figure 3 exhibits the current-driving type ana-
log buffer™, It comprises an N-TFT and a P-
TFT, a capacitor, and four switches, During the
sampling period, switches 1 and 3 are closed and
switches 2 and 4 are opened. The N-TFT gener-
ates a drain-source current controlled by the input
voltage, The drain-source current of the P-TFT
will equal to that of the N-TFT and thus P-TFT
generates a corresponding source-gate voltage. The
induced source-gate voltage will store in a capaci-
tor. During driving period, switches 2 and 4 are
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“ig. 3 (&) Current-driving type analog buffer, (b) Tim-
ing diagram of control signals



102 w F B O

closed, and switches 1 and 3 are opened. The
.sourc&gate voltage stored in the capacitor makes the
P-TFT generate the drainsource current. So, the N-
TFT has the same current as the P-TFT, And the N-
TFT will generate the gate-source voltage, which e-
quals to the input voltage, Therefore, the output volt-
age follows the input voltage This current-driving
type buffer can compensate the threshold-voltage and
mobility mismatch of TFTs., However, the capacitor
and extra control signals will consume large area.

In this work, the proposed complementary
current mirror type (CCM type) analog bufler does
not need any capacitor, bias voltages and cloek sig-
nals, so the circuit area can be keep small. By
using n-type and/or p-type current-mirror, the in-
put voltage is duplicated to the output node.

2 Proposed Buffer Circuit

2.1 Proposed Complementary Current Mirror Type
Analog Buffer

Figure 4 shows the schematic and timing diagrams
of the proposed CCM-type analog buffer, It consists of
two P-TFT, two N-TFT, eight switches, and an in-
ternal control-signal-generating circuit, The internal
control-signal-generating circuit will generate two con-
trol signals according to the input signal, as shown in
Fig. 4(c). The generated control signals ‘ Vsp® controls
switches Spy» Spes Spss and Spy,and *Van' controls
switches Sny » Sty o Snp and, Sn,, When the input volt-
age is smaller than 5 V, Sp;s Spys Spy. and Spy are
closed and Sry, Sng, Sny, and Sny are opened. The
CCM type buffer becomes a P-TFT current-mirror
buffer, as shown in Fig. 5 (a). On the contrary, when
the input voltage is larger then 5 V,Sp, »Sp: » Spy s and
Sp, are opened and Sny »Sng »Sn; sand Sny are closed,

(a) Proposed complementary current mirror type analeg buffer
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(k) Internal control-signal-generating circuit.
{c) Timing diagram of the input and control signals
Fig. 4

The proposed buffer acts as an N-TFT current-
mirror buffer, as shown in Fig. 5 (b)., As the in-
put voltage is applied, the input-TFT will generate
the drain-source current, Then, the current mirror
copies the current to another side. Hence, the out-
put-TFT current equals to the input-TFT one.
Based on equation (1), if two TFTs have the same
mobility (u), capacitor of gate dielectric (Cy),
and threshold-voltage (V. ), and because channel
width (W), channel length (L), and drain-source
current (Iz) are the same values, the gate-source
voltages of the two TFTs will be the same. There-
fore, the output voltage will equal to the input
voltage,

Tos = $4Cox % (Vs — Viw)* (1)

(a) (bl

Fig. 5 (a) P-TFT current mirror buffer. (b) N-TFT

current mirror buffer
2.2 Simulation Results

Figure 6 shows the simulation results of the P-

TFT and the N-TFT current mirror analog buff-
ers, For the P-TFT current mirror buffer shown in
Fig. 5 (a) , it is found that when the input voltage
is low, the output voltage almost equals to the in-
put voltage, Contrarily, the output voltage does
not follow the input voltage when the input voltage
is high. This is because when the input voltage is
low, the input-TFT operates in the saturation re-

gion, and the drain-source current is only depend-
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ent on the gate-source voltage. When the input
voltage is high, the input-TFT is in the triode re-
gion. The drain-source current correlates with
both the gate-source voltage and the drain-source
voltage. Moreover, the drain-source voltage of M,
does not equal to that of M, , 50 the output voltage
does not follow the input voltage, These results
can be explained as follows.

(1) For low input voltage (in the saturation

region) ;

In = FpCox 3 (Voss = Vi) Vou = Vi (2)

o = 2 puCox T Voss = Vi)* Vo = Vo (3)
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(2) For high input voltage (in the triode region)
I, = 5 paCox LL2Vess —VrdVis —Vim*] (D

VE‘.SL ey VJN (E}
To, = % 1Cox 1 (Voss = Vru)? (9)
1 O 2V~ Vi Wi W ¥ =
Smlox T I H Vg s, 0] =
L Wy (12)
7 L

(13)
Veaurr 7= Vi (14)

- —w—PN-TFT Current Mirror Buffer
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Fig, & Simulation results of the P-TFT and the N-TFT

current mirror type analog buffers
On the other hand, for the N-TFT current
mirror buffers shown in Fig. 5 (b), the output
voltage follows the input voltage as the input volt-

age is high. Otherwise, the output voltage does
not follow the input voltage as the input voltage is
low. The dc analysis of the N-TFT current mirror
buffer is analogous to equations (2)~(14).

In this work, we combine the P-TFT and the
N-TFT current mirror buffers to obtain the CCM-
type analog buffer as shown in Fig, 4(a), The pro-
posed buffer can switch automatically between the
P-TFT and the N-TFT buffers according to the in-
put voltage, Thus, the buffer does not need exter-
nal clock signals to control the switches. Figure 7
shows the simulation results of the proposed CCM
type analog buffer. The solid dot line exhibits the
output characteristics. It is found that the buffer
has a good linearity from 1 V to 9 V of the input
voltages, Figure 7 also shows the offset voltages
(V,-Vu . blank dot line) of the buffer. The typical
offset voltages are below 65. 1 mV for the input
voltages from 1 V to 9 V.
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Fig. 7 Simulation results of the proposed CCM type buffer

Figure 8 exhibits the Monte Carlo simulation re-
sults of Vi, vs. Vi,. The threshold voltages and the car-
rier mobilities of TFT: are assumed to have a gaussian
distribution. The average threshold voltages are 1 V
and —1 V for N-TFT and P-TFT, respectively, The
average carrier mobility is about 75 am®/Vsec for both
N-TFT and P-TFT. The Monte Carlo simulation has
been executed by 30 times, From Fig, 8,it is found that
the buffer has a good dc characteristic except around
VDD and GND,

Figure 9 shows the offset voltages obtained by the
Monte Carlo simulation, Due to large variation of thresh-
old voltage and carrier mobility of poly-Si TFT, the off-
set voltages vary from - 89.5 mV to + 617 mV.

Table I summarizes the specifications of the
proposed CCM type buffer. The load capacitor is
20 pF. The average and maximum offset voltages
are 30, 9 and 89. 5 IﬁV, respectively, The rising
and falling times are 4. 1 and 4. 9 ps, respectively,
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Fig. 8 Monte Carlo simulation results of Vo, vs Vi

The average power consumption is 136pW.
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Fig. & Monte Carlo simulation results of V..
Table I The specifications of the OCM-type bulfer,

Parameter proposed CCM type buffer
AVETEEE 30,9 mV
Offset Vol
e maximum 89. 5 mV
Rising time (10% —90%4) 4. 1p8
Falling time (50%—10%) 4. 9p8
Average Power Consumption 136uW

3 Conclusions

A new complementary current mirror type analog
buffer has been developed for the integrated data driver
of poly-5i TFT-LCDs. This proposed buffer does not

Author’s Personal Introduction

need any capacitor and external control signals, so it
features compact layout area, The presented analog
buffer achieves good linearity and low average offset
voltage,
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